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BILINGUALISM AND COGNITIVE FLEXIBILITY:  
EXAMINING THE NEURAL CORRELATES

The article investigates the neural changes caused by bilingualism in the human brain and its 
relationship to cognitive flexibility. Researchers in a specific area have investigated the relationship 
between bilingualism and brain functioning, executive control, and cognitive advantages. Generally, 
researchers like Ellen Bialystok, Albert Costa, Judith F. Kroll, Teresa Hernandez, and Nuria 
Sebastian-Galles have conducted serious research works in the field of bilingualism and cognitive 
flexibility.

Bilingualism plays an important role in the development of emotional intelligence and empathy, 
as well as expanding vocabulary. Bilingual people have a higher density of gray matter in their 
brain, which means more neurons. Various studies show that bilingualism improves children’s 
cognitive abilities and leads to the development of cognitive flexibility. In general, bilingualism 
causes a number of neural changes in the human brains, these changes mainly express themselves in 
areas related to executive functions and language processing. 

Bilingual children have better problem-solving skills, better memory, and greater cognitive 
flexibility. In this regard, there is a strong relationship between bilingualism and cognitive flexibility. 
Since the second half of the 20th century the close relationship between bilingualism and cognitive 
flexibility has been actively studied. Early research on this topic began in the 1960s, but it has 
become more popular since the 1980s, especially in the 2000s, with the development of neuroscience 
and psychology.

Cognitive flexibility theory is not only against traditional teaching, but also against extreme 
behavioral training methods. Cognitive flexibility refers to the ability to change mental perspective 
and adapt to new situations. Bilingualism has a number of cognitive benefits. For example, bilinguals 
perform better on attention tests. Research in the field of bilingualism and cognitive flexibility also 
has great practical importance in the fields of education, cross-cultural relations, and neurological 
diseases. A deeper understanding of the importance of bilingualism in increasing brain flexibility is 
of great importance, both theoretically and practically.

Key words: bilingualism, cognitive flexibility, emotional intelligence and empathy.

Introduction to the problem. Bilingualism plays 
an important role in the development of emotional 
intelligence and empathy, as well as expanding 
vocabulary. Bilingual people have a higher density 
of gray matter in their brains, which means more 
neurons. Various studies show that bilingualism 
improves children’s cognitive abilities and leads 
to the development of cognitive flexibility in them. 
Generally speaking, bilingualism causes a series of 
neural changes in the human brain, which are mainly 
expressed in areas related to executive functions and 
language processing. Bilingual children have better 
problem-solving skills, better memory, and greater 
cognitive flexibility. In this regard, there is a strong 
relationship between bilingualism and cognitive 
flexibility. 

Relevance of the article. Cognitive flexibility 
theory is not only opposed to traditional teaching, but 
also to extreme behavioral training methods. Cognitive 

flexibility refers to the ability to change mental 
perspective and adapt to new situations. Bilingualism 
has a number of cognitive benefits. For example, 
bilinguals show better results on attention tests. 
Research on bilingualism and cognitive flexibility 
has important practical implications in the fields of 
education, cross-cultural relations, and neurological 
diseases. A deeper understanding of the importance of 
bilingualism in increasing brain flexibility is of great 
relevance, both theoretically and practically.

Research purpose and objectives. The purpose 
of this article is to investigate the neural changes 
caused by bilingualism in the human brain and 
its relationship to cognitive flexibility. To achieve 
this goal, it is necessary to analyze the effect of 
bilingualism on cognitive flexibility, sociocultural 
theories of bilingualism, theoretical framework of 
bilingualism, limitations of neuroimaging methods, 
cognitive flexibility in bilingual children.
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Degree of research development. Researchers 
in a specific area have investigated the relationship 
between bilingualism and brain function, executive 
control, and cognitive advantages. Since the second 
half of the 20th century the close relationship between 
bilingualism and cognitive flexibility has been 
actively studied. Early research on this topic began in 
the 1960s, but it has become more popular since the 
1980s, especially in the 2000s, with the development 
of neuroscience and psychology. In general, scientists 
such as Ellen Bialystok [1; 3; 4; 6; 8; 9], Albert Costa 
[10], Judith F. Kroll [9], Teresa Hernandez [10], 
Nuria Sebastian-Galles [10] have conducted serious 
research in the field of bilingualism and cognitive 
flexibility.

Methods. The research used neuroimaging, 
modeling, qualitative and quantitative research 
methods such as functional magnetic resonance 
imaging (fMRI) and electroencephalography (EEG), 
as well as longitudinal studies and mixed (Mixed) 
methods. Such methods help to systematically study 
the neural changes caused by bilingualism in the human 
brain and its relationship to cognitive flexibility, and 
to scientifically substantiate the obtained data.

1.1 Definition of Bilingualism 
Bilingualism entails the proficiency in two or 

more languages simultaneously. Various forms of 
this linguistic aptitude exist, such as simultaneous 
bilingualism (where multiple languages are learned 
from an early age) to sequential bilinguality where 
a second language is learned after the first. The 
state of bilingualism is not dual; instead, it lies in 
an intermediate range, marked by different levels 
of mastery and usage across contexts. Bilinguals 
can exhibit high proficiency in both languages, but 
some may only be fluent in one language due to 
sociolinguistic factors such as exposure and necessity. 
The sociocultural features of language application 
are also included in the concept of bilingualism. 
Bilingualism focuses on the interplay between 
language, identity, and community.

1.2 Overview of Cognitive Flexibility
Executive functioning is characterized by the 

ability to adjust cognitively as a result of various 
changes in environments, demands, or rules. This fact 
is called cognitive flexibility. It allows the separation 
of work and the creation of several solutions to 
one problem. Effective problem-solving, decision-
making, and learning demand persons to possess 
cognitive flexibility to handle dynamic and intricate 
cases. Research in psychology and neuroscience 
has found that the cognitive flexibility construct is 
dependent on several brain spheres, with prefrontal 

cortex being extremely important in higher-order 
cognitive processes [10].

Different factors, like age, experience, and 
educational background are connected to cognitive 
flexibility. The capacity to shift between various 
tasks and perspectives is vital for both academic 
success and social interactions, as well as emotional 
regulation. Hence, understanding the mechanisms 
behind cognitive flexibility can inform both 
cognitive development and potential interventions for 
populations with deficits in this area [1].

1.3 Importance of Studying the Neural Correlates 
Examination of the neural correlates of 

bilingualism and cognitive flexibility is vital for some 
reasons. Firstly, identification of the brain areas and 
networks included in these processes enhances our 
comprehension of how bilingualism forms cognitive 
functioning at a neural level. Neuroimaging 
techniques, like functional magnetic resonance 
imaging (fMRI) and electroencephalography (EEG), 
made it possible to visualize brain activity associated 
with language processing and cognitive tasks, 
providing important insights into the underlying 
mechanisms.

Also, analysis of bilingualism`s neural mechanisms 
can clarify the cognitive advantages most often 
associated with persons speaking two languages. 
Some works indicate that bilingual persons may show 
better cognitive flexibility than their monolingual 
counterparts, possibly due to the continuous 
switching between various languages. Learning about 
the mechanisms of these advantages in the brain can 
inform educational practices and cognitive training 
programs aimed at improving mental agility for 
individuals, regardless of language proficiency.

Besides that, the examination of neural mechanisms 
linked to bilingualism and cognitive responsiveness 
can facilitate a more comprehensive comprehension 
of cognitive resilience. Bilingualism may act as 
a protective measure against cognitive decline 
in the terms of aging and neurological disorders. 
Comprehension of the neural mechanisms involved 
will invest in devising measures for maintaining 
cognitive health over the lifetime.

To sum up, the interaction between bilingualism, 
cognitive flexibility, and their neural correlates 
represents a rich area of research. This work aims 
to dive deeper into these connections, contributing 
to the growing body of works on understanding the 
interaction of language and cognition in the human 
brain. With the use of comprehensive examination 
of these elements, the research aims to improve our 
understanding of the cognitive benefits provided by 



92

Вчені записки ТНУ імені В. І. Вернадського. Серія: Філологія. Журналістика

Том 36 (75) № 2 2025. Частина 2

bilingualism and the neural underpinnings that assist 
cognitive flexibility [2].

2. Research Objectives
The most important point of this work is to find 

out and analyze the intricate connection between 
bilingualism, cognitive flexibility, and the underlying 
neural mechanisms. The specific research objectives 
are as follows:

To analyze the effects of Bilingualism on Cognitive 
Flexibility.

In particular, the objective seeks to evaluate how 
bilingualism affects cognitive flexibility. The aim 
of the research is to find out whether bilingualism 
is linked to better cognitive flexibility through the 
comparison of monolingual and bilingual individuals’ 
activity on cognitive flexible tasks. The analyzed 
cognitive flexibility dimensions include task-
switching ability, skills of problem-solving, and 
adaptability to changing circumstances.

To Determine the Neural Mechanisms 
Underpinning This Connection

This point is focused on clarifying the neural 
mechanisms moderating connections between 
cognitive flexibility and bilingualism. The research 
aims to identify exact brain areas and networks 
initialized during cognitive tasks by employing 
modern neuroimaging techniques, like functional 
magnetic resonance imaging (fMRI), for both 
bilingual and monolingual participants. The research 
work will examine the impact of bilingualism on 
brain functioning and its structure by exploring neural 
activity patterns, eventually contributing to a deeper 
understanding of the beneficial cognitive features of 
being bilingual.

Through these objectives, the work endeavors to 
contribute valuable insights into the cognitive and 
neural dynamics of bilingualism, advancing the field’s 
understanding of how language proficiency can shape 
cognitive processes.

Significance of the research work
This research is significant because it helps 

to understand the intricate connection between 
bilingualism, cognitive flexibility, and the basic neural 
mechanisms. Bilingualism becomes more widespread 
and globalization takes hold, so the study of its 
cognitive meaning becomes a crucial question as well. 
The research in this section is of great importance 
across various fields, including cognitive psychology, 
education, neuroscience, and mass effects.

3.1 Contributions to Cognitive Psychology
The research on cognitive psychology focused 

on analyzing the mechanisms behind human thought 
and behavior for a long time. With the exploration of 

the impact of bilingualism on cognitive flexibility, 
a key aspect of executive functioning, this research 
advances our understanding of it. These results could 
either contradict or confirm the prevailing theories 
about the “bilingual advantage,” which suggests that 
bilingual persons may show better mental processing 
abilities due to their continuous exercise of switching 
between various languages. Through the use of 
empirical evidence and advanced understanding, the 
research could revolutionize our comprehension of 
cognitive processes and the impact of language on 
thought formation.

3.2 Educational Implications
This research has educational suggestions, which 

are of great significance. A better understanding of 
how bilingualism enhances cognitive flexibility can 
form teaching practices and curriculum design. Ability 
to speak two languages offers educators the cognitive 
advantage of designing effective pedagogical 
strategies that promote cognitive flexibility, whether 
in bilingual or monolingual instruction. Moreover, 
these discoveries could aid in the development of 
bilingual instruction schemes by highlighting the 
intellectual and educational benefits associated 
with being bilingual, thereby motivating language 
acquisition from an early age [1].

3.3 Insights into Neuroscience
The focus of this research is on the neural 

mechanisms behind cognitive flexibility in 
bilingual individuals, drawing from a neuroscience 
perspective. Our understanding of brain plasticity 
and its connection to language processing and 
cognitive tasks can be improved through the 
identification of specific brain regions and 
networks. This information is significant in 
developing targeted interventions for persons 
suffering from cognitive deficits, such as the elderly 
or those with neurodevelopmental disorders. 
Besides, the research has the potential to enhance 
the field of neurolinguistics, exploring the impact 
of bilingualism on brain structure and connectivity.

3.4 Societal Implications
The cognitive benefits of bilingualism have 

wider social suggestions in a multicultural society. 
The interdependence of cultures and their linguistic 
diversity, as well as communication between 
cultures, can be improved through the promotion of 
bilingualism. Through this study, public policy can be 
informed by supporting language education programs 
that acknowledge and praise bilingualism as a 
potential asset. Furthermore, given that societies are 
grappling with issues of immigration and integration, 
it is argued that emphasis on the cognitive advantages 
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of bilingualism can lead to an inclusive attitude 
towards language diversity.

3.5 Contribution to Future Research
The findings of this research are now a model for 

future research in bilingualism, cognitive science, 
and neuroscience. By identifying crucial neural 
mechanisms and cognitive outcomes, the results will 
facilitate longitudinal studies that investigate how 
bilingualism impacts cognitive health over time. 
Moreover, future scholars may expand on this research 
by exploring the consequences of bilingualism in 
diverse populations, such as children, the elderly, and 
individuals with different languages.

To sum up, this examination of bilingualism and 
cognitive flexibility is important through multiple 
fields. It aims to enhance our understanding of 
how bilingualism affects cognitive processes and 
brain activity by combining cognitive psychology, 
education, neuroscience, and social implications. The 
results of this study will serve a practical purpose 
not only in education but also in public policy, as it 
will aid in promoting empathetic representation of 
bilingualism in a more globalized world.

Chapter 2: Literature Review
Theoretical Framework of Bilingualism: An 

In-depth Analysis
The complex fact of bilingualism, which includes 

speaking two or more languages, has been the focus 
of important research in education, linguistics, and 
psychology. Bilingualism theory involves various 
models and thoughts describing people`s learning, 
interpreting, and communicating in multiple 
languages. The cognitive, social, and neurological 
aspects of bilingualism are analyzed using these 
frameworks. They contribute to a comprehensive 
understanding of the bilingual experience.

This examination examines fundamental 
theoretical models of bilingualism, including early 
foundational models, cognitive and neurological 
assumptions, and social perspectives. These 
frameworks can be analyzed to explore the ways in 
which bilingual persons handle two languages and the 
wider suggestions of bilingualism in society.

1. Defining Bilingualism: An Overview
The theoretical framework should be accompanied 

by an explanation of the term “bilingualism.” 
Bilingualism is not a monolithic concept, but rather 
grouped on its own terms. There are individuals 
who are bilingual equally in both languages, known 
as balanced bilinguals, and those who handle each 
language on a different level (dominant bilingualism). 
Besides that, there are multiple ways in which 
bilingualism can manifest, such as early bilingualism 

(a gradual learning of two languages during childhood) 
and late bilingualism (second language later in life).

The cognitive and social dimensions of 
bilingualism can vary depending on the age, level 
of proficiency, and location where the languages are 
learned, which influences researchers’ approach to 
theoretical approaches.

2. Early Theories of Bilingualism
2.1. The Compound-Coordinate Subordinate Model
One of the initial efforts to classify bilingualism 

originated from Uriel Weinreich’s compound-
coordinate subordinate framework, suggested in the 
1950s. As per this model, bilingual individuals can 
be classified into three categories depending on the 
organization of their languages in the brain:

Compound bilinguals: People who acquire 
two languages at the same time within the same 
environment and consequently form a unified 
cognitive representation for both languages.

Coordinated bilinguals: People who acquire 
two languages in different settings, resulting in two 
separate cognitive frameworks for each language.

Subordinate bilinguals: People who acquire 
a second language by depending on their native 
language for understanding and communication.

While this model represented an initial effort to 
classify bilingual experiences, it has faced criticism 
for reducing the intricate methods by which languages 
are structured in the bilingual brain. Current studies 
indicate that the cognitive representations of 
languages in bilingual individuals are much more 
fluid and interrelated than this model implies.

2.2. Threshold Hypothesis
Proposed by Cummins (1976) the threshold 

hypothesis suggests that bilingualism provide 
cognitive benefits, but these benefits are only gained 
when a specific level of proficiency in both languages 
is reached. This hypothesis also suggests that people 
with limited proficiency in both languages might face 
cognitive drawbacks, whereas those who achieve 
greater proficiency in both languages benefit from 
cognitive advantages, including improved mental 
flexibility and improved abilities of problem-solving.

The threshold hypothesis is significant as it 
emphasizes that various types of bilingualism do not 
offer the same level of benefits. The cognitive effects 
of being bilingual are affected by the degree of skill 
and the situation in which the languages are utilized.

3. Cognitive and Neurological Theories of 
Bilingualism

3.1. The Bilingual Advantage Hypothesis
A discussion about bilingualism research revolves 

around whether speaking two or more languages provide 
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a cognitive benefit. The bilingual advantage hypothesis 
posits that bilingual individuals possess enhanced 
executive functions, such as attention regulation, 
working memory, and cognitive adaptability, as a result 
of the ongoing requirement to handle two languages. 
The capacity to alternate between languages, referred to 
as code-switching, and to suppress one language while 
employing another is thought to enhance cognitive 
control processes in the brain [2].

Research using neuroimaging techniques has 
shown that bilinguals have greater activity in 
regions associated with executive control  such as 
the prefrontal cortex and anterior cingulate cortex. 
However, a few studies cast doubt on the bilingual 
advantage, with some researchers suggesting that the 
brain benefits  of bilingualism may not be as powerful, 
or consistent among different bilingual people, as 
originally thought.

3.2. The Inhibitory Control Model
One of the earliest cognitive  frameworks of 

bilingual language processing is the inhibitory control 
model (Green, 1998). This model states that bilinguals 
always activate both languages, but they activate one 
and inhibit the other, in order to avoid interference. 
This act of inhibition is a key component in what it 
means to be bilingual, making it understandable why 
bilinguals are so adept at exerting executive control.

The inhibitory control model also sheds light on 
phenomena such as the bilingual Stroop effect, where 
bilinguals demonstrate greater ease in managing 
conflicting stimuli, further supporting the idea that 
bilingualism strengthens cognitive control [5; 9]. 

3.3. The Adaptive Control Hypothesis
Building on the inhibitory control model, the 

adaptive control hypothesis (Green & Abutalebi, 
2013) proposes that the cognitive control mechanisms 
used by bilinguals are not static but adaptive. This 
theory proposes that bilingual individuals modify 
their cognitive control approaches according to the 
requirements of their language surroundings. For 
instance, bilingual individuals who often code-switch 
or utilize both languages simultaneously may exhibit 
enhanced cognitive control compared to those who 
maintain a separation of their languages.

This theory has significant implications for 
understanding the variability in cognitive outcomes 
among bilinguals, as it emphasizes the importance of 
context and language use patterns in shaping bilingual 
cognitive control [2].

3.4. Sociocultural Theories of Bilingualism
The Sociolinguistic Perspective
Sociocultural theories regarding bilingualism 

examine how bilingual individuals manage the 

social interactions related to language usage. The 
sociolinguistic perspective explores how elements 
like power, identity, and societal norms affect 
bilingualism. For example, bilingual individuals 
might employ one language in official situations and 
another in casual ones, based on social norms and the 
prestige of each language.

This viewpoint additionally examines how 
language contributes to forming and conveying 
identity. Bilingual individuals frequently switch 
languages to express various facets of their identity or 
to blend into specific social circles. Code-switching, 
for example, can br an effective means for bilingual 
persons to show support for a particular group or to 
maneuver through various cultural settings. 

Theories of Language Maintenance and Shift
Another important sociocultural theory is language 

maintenance and shift, which investigates how 
bilingual communities either preserve their heritage 
language or transition to the dominant language 
as time progresses. Elements like globalization, 
migration, and educational policies significantly 
influence whether a community sustains bilingualism 
or undergoes language loss. 

Fishman (1991) investigated the process of 
language shift in communities with minority 
languages, frequently driven by social and economic 
factors that promote the use of the dominant language. 
In contrast, initiatives for language preservation, like 
bilingual education programs, focus on safeguarding 
minority languages and fostering bilingualism as an 
important asset [9].

Gaps in the Literature on Bilingualism and 
Cognitive Flexibility: Examining the Neural 
Correlates

Because of to its potential influence on cognitive 
skills bilingualism has been a focal point in cognitive 
neuroscience for a long time. A usually noted advantage 
of speaking two languages is its positive effect on 
cognitive flexibility – the ability to switch between 
tasks or mental models, mainly when faced with 
contradictory information. Cognitive flexibility is vital 
for tackling issues, handling various tasks, and adapting 
to new situations. While many researchers suggest that 
bilingualism enhances cognitive flexibility, especially 
in tasks involving executive functions such as attention 
and working memory, significant gaps remain in the 
research regarding the neural mechanisms underlying 
these cognitive benefits. Understanding the neural 
links between bilingualism and cognitive flexibility 
could illuminate how and why bilingualism provides 
these advantages, although several significant factors 
remain largely uninvestigated.
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This analysis will review the existing literature on 
bilingualism and cognitive flexibility, focusing on the gaps 
in research related to the neural correlates. It will examine 
three primary areas: age, proficiency, and language use 
patterns; the limitations of neuroimaging methods; and 
the influence of individual differences such as cultural 
background and socioeconomic status [10].

1. Age, Proficiency, and Language Use Patterns
1.1. Age of Acquisition
A major gap in existing studies on bilingualism and 

cognitive flexibility is the inconsistent attention given 
to the age when people learn their second language. 
Multiple studies indicate that early bilinguals, who 
learn both languages from birth or during early 
childhood, might demonstrate greater cognitive 
flexibility than late bilinguals, who acquire a second 
language later in life. This age-related difference may 
suggest that the brain evolves in various ways based 
on the timing of bilingualism onset. Nevertheless, the 
exact neural processes that distinguish early and late 
bilinguals remain unclear, and numerous studies do 
not adequately account for this variable, resulting in 
conflicting results.

Early bilinguals might exhibit varied activation 
patterns in brain areas linked to cognitive control, 
like the prefrontal cortex and anterior cingulate 
cortex, in comparison to late bilinguals. Nevertheless, 
the majority of research concentrates on cognitive 
outcomes instead of neural pathways, creating a gap 
in our comprehension of how the age of acquisition 
influences the brain’s development in bilingual 
individuals [3].

1.2. Proficiency and Language Dominance
An additional important aspect frequently 

neglected is proficiency and dominance in language. 
Cognitive flexibility can vary among individuals 
who are equally skilled in both languages (balanced 
bilinguals) and those who primarily excel in one 
language. It is suggested that high proficiency in both 
languages may impose increased cognitive demands 
on the brain, necessitating enhanced activation of 
executive control networks, especially in contexts 
that involve frequent language switching.

Nevertheless, the literature seldom differentiates 
between these groups in a systematic manner, and 
numerous studies neglect to consider variations in 
proficiency levels when investigating the neural 
correlates of cognitive flexibility. This gap restricts 
our comprehension of how language proficiency 
could influence neural activity in areas such as the 
dorsolateral prefrontal cortex (DLPFC) and the basal 
ganglia, which are essential for cognitive control and 
task switching [9].

1.3. Patterns of Language Use
Language use patterns significantly influence 

the cognitive impacts of bilingualism. People who 
frequently alternate between languages, referred to 
as code-switchers, might cultivate greater cognitive 
flexibility compared to those who separate their 
language usage in designated situations. Code-
switching imposes greater demands on executive 
control functions, as it necessitates handling two 
language systems at once.

Research on this subject is limited, and only 
a small number have investigated how various 
language use patterns are mirrored in brain activity. 
Future studies should focus on examining how 
frequent code-switching affects brain areas related 
to language regulation, like the left caudate nucleus 
and the supplementary motor area (SMA), to better 
comprehend its possible cognitive advantages.

2. Limitations of Neuroimaging Methods
2.1. Lack of Longitudinal Studies
A notable gap in the literature is the absence of 

longitudinal neuroimaging studies that monitor 
alterations in the brain over time in bilingual 
individuals. The majority of research utilizes cross-
sectional approaches, which capture brain activity 
at one specific moment. Although these studies have 
pinpointed brain areas linked to cognitive control in 
bilingual individuals, like the prefrontal cortex and 
anterior cingulate cortex, they do not address how 
these areas may evolve or adjust due to extended 
bilingual exposure. Longitudinal research is crucial 
for grasping the causal link between bilingualism and 
neural adaptability in cognitive flexibility.

2.2. Inconsistent Use of Imaging Techniques
Another problem in the literature is the 

varied application of neuroimaging methods. 
Electroencephalography (EEG) and functional MRI 
(fMRI) are the main techniques employed to explore 
the neural correlates of cognitive flexibility among 
bilingual individuals. However, these techniques have 
drawbacks. fMRI provides great spatial resolution but 
misses the temporal resolution demanded to detect 
quick neural processes associated with switching 
between tasks. EEG, conversely, offers outstanding 
temporal resolution but limited spatial resolution, 
which complicates the identification of the specific 
brain areas engaged.

Limited research has integrated these methods 
to offer a broader understanding of the impact of 
bilingualism on the brain. Multimodal imaging 
research that combines fMRI and EEG data is 
essential for addressing this issue and may provide 
understanding of both the timing and site of neural 
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activity related to cognitive flexibility in bilingual 
individuals.

2.3. Underexplored Subcortical Regions
The majority of neuroimaging research works 

concerning cognitive flexibility and bilingualism 
focused on cortical areas, particularly the prefrontal 
cortex, which plays a role in executive functions 
such as attention and working memory. However, 
subcortical areas like the basal ganglia and thalamus 
also have essential functions in cognitive control 
and task switching. These regions are frequently 
insufficiently examined in the literature, perhaps due 
to the technical difficulties associated with imaging 
them using fMRI.

The basal ganglia, for instance, participate in 
managing motor functions and cognitive activities 
that necessitate transitioning between actions, 
languages, or thought processes. Bilingual individuals 
might depend more on these areas than monolinguals 
when transitioning between languages or cognitive 
activities, although limited research has explored this 
idea. Future studies should focus on examining these 
subcortical areas to enhance our comprehension of the 
neural mechanisms that support bilingual cognitive 
flexibility.

3.	 Individual Differences: Cultural and 
Socioeconomic Factors

3.1. Cultural Context
Cultural context is a factor that is usually 

overlooked in research works concerning bilingualism 
and cognitive flexibility. Bilingual persons coming 
from various cultural backgrounds might utilize their 
languages differently, potentially affecting cognitive 
results. For instance, bilingual individuals residing in 
multilingual communities might encounter increased 
chances to engage in language switching, which 
could boost cognitive flexibility relative to bilinguals 
in predominantly monolingual settings. However, 
the literature available has not deeply researched the 
effects of cultural context on the neural correlates of 
bilingualism and cognitive flexibility.

3.2. Socioeconomic Status
Socioeconomic status (SES) demonstrates another 

aspect that has not been deeply analyzed in the literature 
works. Research works indicate that socioeconomic 
status can have an effect on cognitive growth and 
brain anatomy, implying that it may also affect the 
cognitive advantages associated with bilingualism. 
Bilingual persons from lower SES backgrounds 
might not show the same cognitive benefits as those 
from higher SES backgrounds, most likely because 
of variances in educational resource availability or 
language exposure. In spite of that, only a handful 

of studies have investigated how SES influences the 
neural correlates of cognitive flexibility in bilingual 
individuals, highlighting a notable research gap.

. Although studies on bilingualism and cognitive 
flexibility have progressed notably, many gaps remain 
in comprehending the neural connections involved 
in this relationship. Upcoming research should 
emphasize longitudinal designs, incorporate various 
neuroimaging methods, and investigate both cortical 
and subcortical areas to offer a fuller understanding of 
the impact of bilingualism on the brain. Moreover, a 
deeper examination of individual variations, including 
age, skill level, cultural background, and economic 
status, is crucial for enhancing the applicability of 
results among varied bilingual groups. Tackling 
these gaps will provide greater understanding of how 
bilingualism influences cognitive flexibility and, in a 
wider context, cognitive control.

RESULTS
The Impact of Bilingualism on Cognitive 

Flexibility: An In-Depth Analysis
Bilingualism has become more linked to cognitive 

benefits that extend beyond just language processing. 
A commonly represented benefit of speaking two 
languages is its favorable effect on cognitive 
flexibility – the capacity to alternate between 
considering two distinct ideas or to contemplate 
several ideas at once. Cognitive flexibility is an 
important aspect in executive functions, which enclose 
processes such as working memory, regulation of 
attention, and problem-solving abilities.

This research will find out particular instances 
from research studies and practical situations that 
show how bilingualism affects cognitive flexibility. 
We will investigate different age categories, ranging 
from children to seniors, and analyze how the level of 
bilingualism and language experience may influence 
this cognitive skill. The research will also take into 
account possible confounding factors that may impact 
the identified connection between bilingualism and 
cognitive flexibility.

1. Cognitive Flexibility in Bilingual Children
1.1. Task Switching and Attention Control
An important illustration of the influence of 

bilingualism on cognitive flexibility comes from 
studies involving bilingual children, especially in 
experiments related to task-switching and control 
of attention. In research carried out by Bialystok et 
al. (2004), bilingual children excelled compared to 
monolingual children on tasks that required switching 
between various sets of rules. In a task named the 
Dimensional Change Card Sort (DCCS), children 
were instructed to sort cards according to colors and 
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then unexpectedly change to sorting them according 
to their shape. Bilingual children adjusted to the rule 
change more effectively than their monolingual peers, 
suggesting enhanced cognitive flexibility.

This improved performance can be attributed to 
the cognitive challenges that bilingual children faced. 
Regularly handling two language systems necessitates 
frequent attention shifts, particularly when alternating 
between languages during discussions. This activity 
enhances the brain’s skill to transition between various 
mental frameworks, allowing bilingual children to 
excel in task switching and managing attention [6].

1.2. Inhibitory Control and Flexibility in Problem 
Solving

Besides task switching, children speaking two 
languages usually excel in activities that demand 
inhibitory control, which is another aspect of 
cognitive flexibility. The Stroop task, a widely used 
evaluation of inhibitory control, demands participants 
to identify the color of a word while disregarding the 
meaning of the word (for example, the word “red” 
printed in blue ink). Children speaking two languages 
frequently excel beyond monolingual children in this 
task due to their superior ability to suppress irrelevant 
information (in this instance, the meaning of the 
word) and concentrate on the current task.

This skill to manage inhibition results in enhanced 
flexibility in resolving problems. Bilingual children 
often find themselves in scenarios where they need 
to suppress one language while communicating 
in the other, aiding them in cultivating cognitive 
techniques to manage contradictory information in 
non-linguistic situations. Consequently, bilingual 
children tend to be more imaginative and adaptable in 
addressing problems, discovering innovative answers 
to challenging issues [10].

2. Cognitive Flexibility in Bilingual Adults
2.1.	 Bilingualism and Executive Control in 

Adulthood
In adults, being bilingual continues to have a 

beneficial effect on cognitive flexibility, particularly 
in tasks that require executive control. Studies 
indicate that bilingual adults excel in tasks 
necessitating the switching between various sets of 
rules or categories. An instance of this is a research 
effort by Prior and Gollan (2011), in which bilingual 
adults participated in a task-switching experiment. 
In this work, participants were told to classify items 
according to shape or color, while the task-switching 
condition demanded that they switch between these 
two classifications. Adults speaking two languages 
demonstrated quicker response times and made fewer 
mistakes when switching between tasks than adults 

speaking one language, underscoring their improved 
cognitive flexibility.

This benefit is believed to arise from bilingual 
people’s continuous experience in juggling two 
languages, which consistently demands them to 
utilize cognitive control. Bilingual adults frequently 
activate their executive control networks by either 
switching languages in social contexts or suppressing 
one language to concentrate on another. This ongoing 
practice enables them to excel beyond monolinguals 
in non-linguistic activities that demand comparable 
mental agility [1; 7].

2.2. Bilingualism and Multitasking Abilities
Bilingual adults demonstrate greater skill in 

multitasking, illustrating another instance of cognitive 
flexibility. Multitasking demands that persons switch 
between various tasks effectively, often handling 
conflicting demands. Bilingual people, accustomed to 
handling two languages at once, are inherently better 
at multitasking.

A study by Luo, Craik, and Bialystok (2013) 
explored this through a multitasking experiment in 
which participants had to perform two tasks at the 
same time while monitoring various information 
sources. Bilingual individuals demonstrated better 
performance, transitioning between tasks more 
smoothly and making fewer mistakes than monolingual 
individuals. This research offers additional proof 
that being bilingual enhances cognitive flexibility 
in situations where people need to handle several 
sources of information [1].

3. Cognitive Flexibility in Bilingual Older Adults
3.1. Cognitive Reserve and Aging
The most interesting field of research regarding 

cognitive flexibility and bilingualism covers older 
adults. Cognitive decrease is a typical component of 
aging, but the ability to speak two languages appears 
to produce a “cognitive supply” which might keep 
back the beginning of age-related mental deficits. 
Cognitive supply refers to the brain’s capacity to 
deal with the damage or age-related changes, making 
persons able to maintain cognitive function over a 
longer time period.

Works on older bilingual persons suggest that 
bilingualism throughout life could support protection 
against cognitive decrease, mainly in areas related to 
executive function and cognitive flexibility. In a study 
carried out by Bialystok, Craik, and Freedman (2007), 
older adults speaking two languages outperformed 
their peers speaking one language in tasks demanding 
cognitive flexibility. Although all participants 
experienced a reduction in cognitive flexibility with 
age, the bilinguals demonstrated a more gradual 
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decline. This indicates that speaking two languages 
aids in maintaining cognitive flexibility as people 
age, probably because of the ongoing mental activity 
required to handle both languages [4].

3.2. Delayed Onset of Dementia
The ability to postpone the onset of dementia is yet 

some other significant aspect of bilingualism`s impact 
on cognitive flexibility in elderly persons. A study 
performed by Bialystok and others (2010) found out 
that in bilingual senior adults dementia was found 
about four-five years later than in their monolingual 
counterparts. The cognitive flexibility benefit of 
being bilingual might aid this delay by boosting the 
brain’s capacity to adapt to age-related cognitive 
deterioration.

In this context, cognitive flexibility enables 
bilingual individuals to more effectively adjust to 
shifting cognitive requirements as they grow older. 
Through consistently participating in activities that 
demand executive control and shifting tasks, bilingual 
individuals might be more prepared to combat the 
cognitive deterioration linked to dementia. This 
discovery highlights the lasting advantages of 
bilingualism for cognitive flexibility and general 
cognitive well-being in later life stages [8].

4. Confounding Factors and Considerations
Even though there is substantial evidence 

supporting the positive effect of bilingualism on 
cognitive flexibility, it is significant to consider 
potential confounding factors that may influence 
these findings.

4.1. Socioeconomic Status and Education
The two factors that can influence cognitive 

development and may obscure the perceived link 
between bilingualism and cognitive flexibility 
are socioeconomic status (SES) and educational 
attainment. High SES and education correlate with 
enhanced cognitive outcomes, and bilingual persons 
from elevated SES backgrounds might experience 
more stimulating thinking settings, potentially 
improving their cognitive flexibility. Some studies 
account for these factors, but not all, which makes it 
challenging to discern bilingualism as the exclusive 
factor contributing to improved cognitive flexibility.

4.2. Language Proficiency and Usage
The level of bilingualism, including language 

proficiency and usage frequency, may also affect 
cognitive flexibility. Bilingual individuals who are 
adept in both languages and often alternate between 
them could experience greater cognitive advantages 
than those who are less skilled or use their second 
language infrequently. Research that fails to consider 
these differences in bilingual experiences might either 

exaggerate or downplay the effect of bilingualism on 
cognitive flexibility.

The influence of bilingualism on cognitive flexibility 
is clear in different age groups and cognitive tasks, as 
bilingual people consistently exceed monolinguals in 
aspects such as task switching, controlling attention, 
multitasking, and solving problems. From childhood 
to older adulthood, being bilingual seems to provide 
benefits in cognitive flexibility, probably because of 
the ongoing mental practice involved in handling 
several languages.

Nevertheless, future studies should keep tackling 
possible confounding variables like socioeconomic 
status, education, and differences in language 
proficiency. Taking these variables into consideration 
allows us to gain a clearer understanding of the actual 
degree to which bilingualism improves cognitive 
flexibility and various other cognitive abilities. 
Nevertheless, the current research emphasizes 
bilingualism as an influential asset for enhancing 
cognitive well-being and adaptability across one’s 
life [6].

DISCUSSION
1. Implications of Findings
The findings of this research add to the expanding 

literature that emphasizes the link between 
bilingualism and improved cognitive flexibility, 
particularly at the neural level. This study reinforces 
theories suggesting that bilingualism is a crucial 
element in reorganizing neural pathways related to 
executive function by pinpointing unique patterns of 
brain activation in bilingual people during tasks that 
necessitate cognitive control.

One theoretical implication is the strengthening 
of the hypothesis that bilinguals create more robust 
neural networks related to task-switching and 
inhibitory control. The mental challenges of handling 
two languages, like choosing the right language for 
various situations and inhibiting the other, seem 
to frequently engage these executive functions. 
This supports the Adaptive Control Hypothesis, 
which suggests that continual use of two languages 
improves the brain’s ability to manage conflict 
monitoring, task switching, and working memory [1]. 
Our results build on this theory by pinpointing neural 
correlates – specifically heightened activation in the 
prefrontal cortex and anterior cingulate cortex – that 
highlight bilingualism’s contribution to improving 
cognitive control processes.

An additional significant implication is how these 
discoveries confront conventional models of language 
processing that regarded bilingualism as a possible 
cognitive load. Previous perspectives indicated that 
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constantly managing two languages might lead to 
delays or mental strain. Nonetheless, the present 
findings indicate the contrary: bilingualism enhances 
neural efficiency in handling cognitive tasks. This is 
consistent with current theories of neural plasticity, 
which propose that experience-based alterations, like 
those occurring with bilingualism, enhance brain 
structures engaged in various cognitive abilities.

Furthermore, these results have important 
consequences for the research on aging and cognitive 
deterioration. Earlier studies have indicated that 
bilingual people experience a postponement in 
the appearance of symptoms associated with 
neurodegenerative conditions like Alzheimer’s [4]. 
The present study indicates that the improved neural 
efficiency seen in bilinguals could play a role in this 
cognitive reserve, offering protection against the 
degenerative changes linked to aging. This perspective 
enriches our comprehension of how bilingualism 
improves cognitive flexibility and fosters long-term 
brain vitality [5].

Practical Implications for Education and Cognitive 
Training

The practical applications of this study are 
especially significant in educational environments and 
cognitive skill development programs. If bilingualism 
is proven to improve cognitive flexibility, it advocates 
for the incorporation of bilingual education from a 
young age as a means of fostering cognitive growth. 
Educational systems might highlight language 
learning not just as a cultural or communicative skill 
but also as a cognitive booster that equips students 
for improved problem-solving, multitasking, and 
decision-making capabilities.

Cognitive training programs might also utilize 
these insights to create interventions that replicate the 
neural advantages of being bilingual. For instance, 
cognitive rehabilitation initiatives might include dual-
task exercises that mimic the challenges of switching 
languages, intending to enhance cognitive control in 
those with cognitive deficits. Moreover, this study may 
promote additional investigation into the cognitive 
advantages of acquiring a second language in later 
years. The neural plasticity seen in bilinguals indicates 
that adult learners can also gain cognitive advantages, 
reinforcing the idea that lifelong language learning 
can help sustain or improve cognitive abilities.

The effects also reach individuals with 
neurodevelopmental disorders or cognitive 
impairments. Language training initiatives could 
be customized to enhance cognitive flexibility 
in groups like individuals with ADHD, autism 
spectrum disorders, or traumatic brain injuries. By 

comprehending how bilingualism enhances neural 
pathways linked to cognitive control, we can create 
specialized interventions that improve executive 
functions, offering real advantages for people with 
these issues [1; 8].

2. Limitations of the Study
Methodological Constraints
Although the results of this study are important, 

some methodological limitations require attention. A 
significant limitation is the research’s cross-sectional 
design. The research only offers a glimpse of the neural 
activity linked to cognitive flexibility in bilinguals 
at one specific moment. This design restricts our 
capacity to determine causality. Although we noticed 
specific neural correlates in bilinguals, we cannot 
conclusively assert that bilingualism by itself accounts 
for these variations in brain activity. Longitudinal 
studies are essential to monitor alterations in neural 
activity over time and validate the long-term impacts 
of bilingualism on cognitive flexibility.

A further methodological limitation pertains to 
the size and composition of the sample. While the 
research involved an adequate number of participants 
to identify neural variations, the demographic traits of 
the sample limit the applicability of the results. The 
majority of participants were mainly young adults, 
and there was a lack of diversity regarding socio-
economic backgrounds and language combinations. 
The cognitive impacts of bilingualism might differ 
based on the kinds of languages used, the age at which 
they are learned, and how often they are spoken, 
factors that were not thoroughly controlled in this 
study. Future research should focus on incorporating a 
broader variety of participants to gain a clearer insight 
into how these factors relate to cognitive and neural 
results.

Moreover, the neuroimaging techniques employed, 
like functional magnetic resonance imaging (fMRI), 
although very informative, come with certain 
limitations. fMRI detects alterations in blood flow 
linked to neural activity, but it is unable to directly 
assess the velocity or electrical dynamics of brain 
activities. Therefore, our findings about the timing 
and specificity of neural activities in bilinguals are 
somewhat limited by the technology. Future research 
may incorporate additional neuroimaging methods, 
like electroencephalography (EEG), to offer more 
exact temporal data.

Confounding Variables
The research also encountered difficulties in 

managing potential confounding variables. Aspects 
like the participants’ overall cognitive skills, economic 
status, and level of education might have affected 
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the outcomes. Although attempts were made to 
account for these factors via matching and statistical 
modifications, their influence cannot be completely 
dismissed. For example, bilingual individuals might 
participate in various cognitively stimulating activities 
(such as playing musical instruments, traveling often) 
that enhance their cognitive flexibility, making it 
difficult to attribute neural differences exclusively to 
bilingualism.

Additionally, this study did not fully investigate 
language proficiency and the context of bilingualism, 
including whether participants were balanced 
bilinguals or more dominant in one language. These 
variables might greatly affect the level of cognitive 
flexibility seen, and upcoming studies should focus 
on clarifying the distinct roles of these elements.

3. Future Research Directions
Longitudinal Studies, Diverse Populations, and 

Expanded Neuroimaging Techniques
Considering the constraints of this study, upcoming 

research should implement a longitudinal approach 
to investigate how bilingualism affects neural and 
cognitive growth as time progresses. These studies 
would facilitate a better comprehension of causality 
and could monitor the development of neural 
alterations in people who acquire a second language 
later in life, as well as in those brought up in bilingual 
settings from birth.

Furthermore, studies should focus on investigating 
a wider range of populations, such as elderly 
individuals, children, and people from diverse socio-
economic backgrounds, as well as those with different 

language combinations. The cognitive advantages 
of being bilingual might not be consistent among 
various groups, and a wider sample could offer a more 
thorough understanding of how various elements, 
like the nature of bilingual experience or cultural 
background, influence cognitive flexibility and neural 
factors.

Future research should additionally include more 
sophisticated neuroimaging methods. Integrating 
fMRI with techniques such as diffusion tensor imaging 
(DTI) may shed light on the structural variations in 
white matter connectivity linked to bilingualism, 
whereas EEG could deliver a more detailed temporal 
resolution of neural activities. These multimodal 
methods would offer a comprehensive perspective on 
how bilingualism influences both the brain’s structure 
and its function.

At last, investigators might examine the use of 
neurostimulation methods, like transcranial magnetic 
stimulation (TMS), to study causal links between 
brain areas recognized as essential for cognitive 
flexibility in individuals who are bilingual. This may 
provide additional understanding of how these neural 
pathways can be utilized or improved via focused 
cognitive training.

To sum up, this research determines important 
theoretical and practical implications concerning 
bilingualism and cognitive flexibility, at the same 
time acknowledging methodological limitations and 
outlining future research directions to deepen our 
understanding of the complex neural mechanisms 
underlying bilingual cognition.
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Гурбанова А. БІЛІНГВІЗМ І КОГНІТИВНА ГНУЧКІСТЬ:  
ВИВЧЕННЯ НЕЙРОННИХ КОРЕЛЯТІВ

У статті досліджуються нервові зміни, спричинені білінгвізмом у людському мозку, та його 
зв’язок із когнітивною гнучкістю. Дослідники в певній галузі досліджували зв’язок між двомовністю 
та функціонуванням мозку, виконавчим контролем і когнітивними перевагами. Загалом такі дослідники, 
як Еллен Білосток, Альберт Коста, Джудіт Ф. Кролл, Тереза Ернандес і Нурія Себастьян-Галлес, 
провели серйозні дослідження в галузі двомовності та когнітивної гнучкості. Білінгвізм відіграє 
важливу роль у розвитку емоційного інтелекту та емпатії, а також у розширенні словникового 
запасу. Двомовні люди мають більшу щільність сірої речовини в мозку, що означає більше нейронів. 
Різноманітні дослідження показують, що білінгвізм покращує когнітивні здібності дітей і веде до 
розвитку когнітивної гнучкості. Загалом, білінгвізм викликає низку нейронних змін у мозку людини, ці 
зміни в основному виражаються в сферах, пов’язаних із виконавчими функціями та обробкою мови. 
Двомовні діти мають кращі навички вирішення проблем, кращу пам’ять і більшу когнітивну гнучкість. 
У зв’язку з цим існує сильний зв’язок між двомовністю та когнітивною гнучкістю. З другої половини 
20 століття активно досліджується тісний зв’язок між двомовністю та когнітивною гнучкістю. 
Ранні дослідження на цю тему почалися в 1960-х роках, але вони стали більш популярними з 1980-х років, 
особливо в 2000-х роках, з розвитком нейронаук і психології. Теорія когнітивної гнучкості виступає не 
тільки проти традиційного навчання, але й проти екстремальних методів поведінкового навчання. 
Когнітивна гнучкість означає здатність змінювати розумову перспективу та адаптуватися до нових 
ситуацій. Двомовність має ряд когнітивних переваг. Наприклад, білінгви краще виконують тести 
на увагу. Дослідження в галузі білінгвізму та когнітивної гнучкості також мають велике практичне 
значення в галузі освіти, міжкультурних відносин і неврологічних захворювань. Глибше розуміння 
важливості двомовності для підвищення гнучкості мозку має велике значення як теоретично, так 
і практично.

Ключові слова: білінгвізм, когнітивна гнучкість, емоційний інтелект та емпатія.


