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Abstract: This article explores the main neurophysiological methods used in the study of language activity, 
including semantic processing, syntactic analysis, and the mechanisms of bilingualism. Special attention is given 
to the examination of EEG and ERP signals in the context of language disorders such as aphasia and dyslexia. 
Modifications of contemporary theoretical models of language processing are also presented, taking into account 
the plasticity and adaptability of brain systems. 
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Introduction: Language is one of the most complex and 
inseparable components of human cognition, and its 
study is at the intersection of modern scientific 
disciplines. In recent years, cognitive neurobiology and 
neurolinguistics have placed significant emphasis on 
understanding the neural foundations of cognitive 
functions such as language, memory, communication, 
and consciousness. Especially, neuroimaging 
technologies (EEG, fMRI, PET, etc.) have enabled the 
identification of brain regions involved in language 
processing, as well as the understanding of the neural 
mechanisms behind language disorders and the 
differences in brain activation in bilingual individuals. 
This paper aims to analyze the neural mechanisms 
underlying language processing, their temporal and 
spatial changes, and cognitive adaptation in 
bilingualism based on contemporary neurolinguistic 
research. 

Literature Review 

The field of neurolinguistics has become one of the 
leading areas in modern science, focusing on the 
relationship between brain activity and language. Early 
studies by Kutas and Hillyard in the 1980s identified the 
N400 component as a neural indicator for semantic 
processing, activated in cases of semantic incongruity 
[1]. The subsequent identification of the P600 

component revealed its association with syntactic 
processes and grammatical reanalysis, reflecting the 
brain’s engagement with complex syntactic structures 
[10]. Research by Judith Kroll and Ellen Bialystok 
demonstrated the interconnected systems within the 
bilingual brain, evidenced by changes in the prefrontal 
and parietal cortices during language switching [9]. 
Furthermore, Costa, Caramazza, and Sebastián-Gallés 
demonstrated the positive effects of bilingualism on 
executive functions, particularly inhibitory control and 
attentional shifting [5]. 

METHODS  

This paper is based on empirical studies from the field 
of cognitive neurobiology and neurolinguistics, 
analyzing data derived from neuroimaging methods 
such as fMRI, EEG, ERP, and HBBP technologies. The 
research methodology consists of cognitive 
neurophysiological analysis, comparison of 
experimental results, and interpretation of 
neuroimaging data. The primary methodological 
approach involves the use of techniques that ensure 
high temporal and spatial resolution to examine the 
neural mechanisms underlying language processing. 
Additionally, this study investigates the neural 
networks responsible for language control in bilingual 
individuals, providing insights into the dynamic nature 
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of brain function in bilingual contexts. 

One of the main objectives of cognitive neurobiology is 
to gain a deeper understanding of the neural 
mechanisms underlying cognitive functions such as 
language, communication, memory, and consciousness 
[2:78]. This process involves the complex interaction of 
numerous neural networks that work together to 
support the perception, processing, and production of 
speech signals. Research shows that the frontal, 
temporal, and parietal regions of the brain contribute 
to the execution of cognitive functions, which is 
supported by neuroimaging data. Cognitive activity is 
manifested through the interaction of neural, 
electrical, and neurochemical mechanisms and is 
associated with local changes in the brain's 
electromagnetic field, energy exchange, and cerebral 
circulation. Neuroimaging methods are aimed at 
measuring these temporary and localized physiological 
changes and studying brain activity [8:203]. 

Neuroimaging techniques enable the visualization of 
brain structure and function using tools such as 
magnetic resonance imaging (MRI), 
electroencephalography (EEG), and positron emission 
tomography (PET). These methods allow for a detailed 
analysis of brain activity both at rest and during the 
performance of cognitive tasks. They are employed to 
study the processes of speech perception and 
production in the brain, to identify which brain areas 
are involved in language functions, and to investigate 
brain functioning in the context of various 
neuropsychological disorders such as aphasia, dyslexia, 
or Alzheimer’s disease. Moreover, neuroimaging 
provides an opportunity to explore the dynamics of 
language processing in bilingual individuals, helping to 
reveal differences in the activation of brain networks 
during language switching [4:136]. 

Electroencephalography (EEG) and event-related 
potentials (ERP) are among the primary methods 
widely used in neurolinguistic research. While EEG 
allows for the observation of brain activity in real-time, 
ERP enables the study of language processing over time 
[7:497]. These methods not only analyze the processes 
of language perception and comprehension, but also 
provide insight into language production and the 
brain’s adaptive mechanisms in second language 
acquisition. For instance, the studies by Kutas and 
Hillyard demonstrated that the N400 component is 
activated in cases of semantic ambiguity or incongruity 
[1:1283]. This component serves as an indicator of 
semantic processing and reflects the brain’s response 
to unexpected information in context. Later research 
revealed that the P600 component is associated with 
syntactic errors and grammatical processing [10:1383], 
indicating the complexity of syntactic reanalysis and 

reprocessing. ERP studies also allow for the comparison 
of first and second language processing, thereby 
revealing the neural mechanisms underlying 
bilingualism and cognitive control. 

Important methods used to study and diagnose brain 
activity, such as functional magnetic resonance imaging 
(fMRI) and multichannel EEG, provide more precise 
analysis of language processing in real time [6:389]. 
These methods enable not only the investigation of 
core mechanisms of language processing but also the 
observation of dynamic neural changes during 
language learning and adaptation. Research by Judith 
F. Kroll and Ellen Bialystok has shown that language in 
bilingual individuals is regulated through 
interconnected systems in the brain, as evidenced by 
changes in activity in the prefrontal cortex and parietal 
regions. Moreover, using the HBBP (Hemodynamic 
Brain-Based Processing) method, it became possible to 
monitor how the brain adapts to language switching, 
manifesting as alterations in neural activation patterns 
primarily in the left parietal and frontal regions [9:57]. 

Studies by Costa, Caramazza, and Sebastián-Gallés 
have explored the neurological mechanisms of 
bilingualism, revealing that bilingualism enhances brain 
flexibility and inhibitory control [5:347]. This influence 
is especially evident in the improved performance of 
executive functions required for task execution, a 
finding supported by research on cognitive control and 
neuroplasticity. However, subsequent studies have 
indicated that the neurological impact of bilingualism 
may depend on factors such as age, language pairings, 
social context, and differences between the languages 
involved [3:50]. For instance, language acquisition 
varies individually, with factors such as the age at which 
a second language is learned and the level of fluency in 
both languages playing a significant role. Furthermore, 
research has shown that bilingual individuals exhibit 
increased activation in the dorsolateral prefrontal 
cortex and anterior cingulate cortex, particularly when 
performing tasks that require attentional shifting and 
cognitive control. This suggests that these brain regions 
play a crucial role in language regulation processes. 

Modern research is increasingly focused on 
investigating how language processing unfolds over 
time, which brain regions are actively involved in this 
process, and what underlying causes contribute to 
various language disorders. Of particular interest to the 
scientific community is the functioning of neural 
networks in language activity and their adaptive 
capabilities. For instance, during the acquisition of a 
new language, increased activation has been observed 
in additional brain structures such as the left inferior 
frontal gyrus and the posterior parietal region. Studies 
on neuroplasticity have shown that the human brain is 
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capable of engaging supplementary cognitive 
resources to compensate for language impairments. 
Consequently, EEG and ERP methods are gaining 
growing significance in neurolinguistic research, as they 
enable the investigation of language processing 
mechanisms with high temporal resolution. 

CONCLUSION 

Cognitive neurobiological and neurolinguistic studies 
indicate that language processing is a result of the 
collaboration of complex neural networks. EEG and ERP 
methods provide high temporal resolution for 
analyzing language comprehension and production 
processes. Functional MRI allows for the identification 
of the brain regions engaged during these processes. In 
bilingual contexts, brain plasticity is enhanced, with 
increased connectivity between the prefrontal and 
parietal regions. Additionally, neuroplasticity reveals 
that the human brain can engage additional cognitive 
resources to compensate for language impairments. 
These findings offer scientific evidence for developing 
new approaches and rehabilitation strategies in 
neurolinguistics. 
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