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Abstract: Modern neurolinguistics is an interdisciplinary science that studies language as a
complex phenomenon integrating biological, cognitive, social, and cultural aspects. This article
explores the theoretical foundations of neurolinguistics and its connections with linguistics,
psycholinguistics, neurology, and other sciences. Special attention is given to the role of
neurophysiological, biochemical, and cybernetic methods in the study of language processes, as
well as their application in the diagnosis and rehabilitation of speech disorders. The study
emphasizes the significance of an integrative approach in neurolinguistics, which opens new
perspectives for understanding the nature of language and its practical applications in medicine,
artificial intelligence, and education.

Keywords: neurolinguistics, language, speech processes, interdisciplinary approach, linguistics,
psycholinguistics, neurology, speech disorders, cognitive science, artificial intelligence.

(SO

This is an open-access article under the CC-BY 4.0 license

Introduction

Modern neurolinguistics is an interdisciplinary field where language is studied as a phenomenon
that combines biological, cognitive, social, and cultural aspects. This branch of science is based
on the integration of data from areas such as neurology, psycholinguistics, cognitive science, and
information technology. Special emphasis is placed on the interconnection of neurolinguistics
with linguistics, which examines the structure of language, and psycholinguistics, which
investigates the mechanisms of speech perception and production. These disciplines provide a
foundation for understanding the neural mechanisms governing language activity, as well as for
diagnosing and rehabilitating speech disorders. Neurolinguistics plays a crucial role in developing
methods aimed at restoring speech functions and actively interacts with fields such as artificial
intelligence and biotechnology.

Literature Review

Research in neurolinguistics is rapidly advancing thanks to contributions from numerous scholars.
N. Chomsky laid the foundations of the cognitive approach to language study, and his concept of
universal grammar remains relevant for understanding linguistic processes. P. Piaget's works shed
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light on the relationship between cognitive development and language abilities, particularly in
children. The studies of P. Broca and K. Wernicke formed the basis of neurolinguistic theory by
identifying the localization of speech functions in the brain. R. Schank, M. Gesell, and S. Pinker
expanded the knowledge of cognitive mechanisms and their relationship with language, which has
become a foundation for studying artificial intelligence.

Neurolinguistics is closely connected with biophysics and biochemistry, which examine the
physical and chemical processes underlying information transmission in the nervous system.
Collaboration with cybernetics contributes to the creation of mathematical models of language
processes, opening new opportunities for the development of machine translation technologies
and natural language processing. Contemporary research in molecular biology has revealed
structural analogies between genetic codes and language systems, emphasizing the universality of
data organization principles.

Methodology and Methods

The methodological framework of this study is based on an integrative approach that includes
interdisciplinary analysis. The following methods are used to study language processes:

Neurophysiological methods — registration of brain activity (EEG, MRI) to analyze the
functioning of speech centers.

Experimental psychological methods — testing cognitive and linguistic abilities using specially
designed tasks.

Linguistic analysis — investigation of linguistic structures, models, and systems.
Clinical methods — diagnosis of speech disorders, including aphasia, dyslexia, and dysgraphia.

Mathematical modeling — development of computer algorithms for simulating linguistic
processes.

The application of a comprehensive approach allows for the analysis of speech activity in normal
and pathological conditions, the development of rehabilitation methods, and the enhancement of
natural language processing technologies.

The main part

Modern neurolinguistics is an interdisciplinary field where language is regarded as a complex
phenomenon combining material and ideal, biological and psychological, social and individual
dimensions. This multifaceted understanding of language establishes extensive connections
between neurolinguistics and various sciences, including neurology, psychology, sociology,
cognitive science, and informatics. These connections make neurolinguistics one of the key
research areas aimed at integrating knowledge about the nature of language, its functioning, and
its influence on other aspects of human activity.

A particularly significant aspect is the relationship of neurolinguistics with linguistics and
psycholinguistics, including the theory of speech activity. Full-fledged neurolinguistic research is
impossible without considering these disciplines. Linguistics provides language material,
including units, structures, models, and systems, while psycholinguistics examines the
psychological mechanisms of speech perception, production, and interpretation. This knowledge
is essential for studying the neural mechanisms governing speech activity and for analyzing
disorders resulting from brain damage or other factors.

Many scholars have explored the connections between neurolinguistics and other scientific
disciplines. Significant contributions to the establishment and development of neurolinguistics as
a science were made by researchers such as N. Chomsky, P. Broca, K. Wernicke, J. Piaget, R.
Schank, M. Gesell, and S. Pinker.
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Noam Chomsky is a linguist and cognitive scientist whose works have profoundly influenced the
development of language theory and cognitive sciences. Although Chomsky did not work directly
in neurolinguistics, his concept of universal grammar and the theory of the internal structure of
language significantly impacted the understanding of language processes in the brain and spurred
further development in neurolinguistic research.

Jean Piaget was a psychologist whose research on cognitive development contributed to
understanding how children acquire language. Piaget explored the development of cognitive
functions and linguistic abilities in children, as well as the interaction between linguistic and
mental processes.

Roger Schank and John Searle are prominent figures in artificial intelligence and cognitive
sciences, whose works at the intersection of neurobiology and information technologies are also
relevant to neurolinguistics. Schank, for instance, developed the theory of knowledge
representation, which examines how information is encoded and utilized in the brain—a subject
directly linked to the study of language and speech processes.

Michael Gesell was a psychologist and neurobiologist whose research focused on speech
development in children in the context of neurobiology. His work helps illuminate how the
development of the nervous system affects language acquisition.

Steven Pinker is a linguist and cognitive scientist known for his studies on the evolution of
language and its connection to the brain. Pinker investigates the cognitive mechanisms underlying
human language and pays significant attention to the neurobiological foundations of linguistic
functions.

The close interaction of neurolinguistics with other scientific disciplines not only deepens the
understanding of human linguistic abilities but also facilitates the development of effective
methods for diagnosing and rehabilitating various speech disorders, such as aphasia, dyslexia,
dysgraphia, and others. Such research also plays a critical role in advancing artificial intelligence,
particularly in natural language processing, modeling linguistic processes, and creating machine
translation systems.

Neurology, as a collection of medical and biological sciences, focuses on studying the structure
and functions of the nervous system under normal conditions and in various pathologies.
Investigating and treating speech disorders caused by focal brain injuries require the integration of
several branches of neurology, including neurophysiology, neuropathology, neurosurgery, and
neuropsychology. Each of these areas significantly contributes to the understanding of human
speech behavior.

Neurophysiology is a key discipline for identifying areas of the brain and nervous system
responsible for language activity. It examines the micro-level structure and functioning of neural
tissues, localizes speech functions in the cerebral cortex, and analyzes their interaction with other
organs and systems of the body. The data obtained provide a detailed understanding of the neural
mechanisms underlying speech activity and help localize brain regions responsible for various
aspects of linguistic function.

Neuropsychology investigates the patterns of mental processes, general principles of brain
function, and issues of localizing higher mental functions, such as speech. In combination with
neuropathology, neuropsychology studies the causes and mechanisms of various speech disorders,
including aphasia, as well as changes occurring during speech formation. A critical focus is the
development of methods for diagnosing, treating, and preventing these disorders.
Neuropsychology also analyzes normal speech behavior, explores the processes of verbalizing
thought, speech development in children, and mechanisms for forming utterances.
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Neurosurgery is an essential part of neurolinguistics, as A.R. Luria stated, enabling the testing of
hypotheses proposed by neurolinguists. It provides opportunities to verify theoretical
neurolinguistic concepts in practice, confirming or refuting them through clinical studies and
interventions.

Alexander Romanovich Luria was one of the founders of neuropsychology and neurolinguistics
in the Soviet Union. He actively investigated the mechanisms of language activity and its
impairments resulting from brain damage. Luria studied the connections between language and
brain structures, as well as the role of neuropsychology in understanding speech disorders. He was
a pioneer in exploring the neuropsychological mechanisms of speech functions, laying the
foundation for the development of neurolinguistics as an independent field. For example, his
research on split-brain patients with epilepsy confirmed the strong link between the left
hemisphere and speech activity. These findings provided deeper insights into the functional
asymmetry of the hemispheres and their contributions to speech processes.

The interdisciplinary collaboration between various branches of neurology and neurolinguistics
enables not only the study of speech activity mechanisms but also the development of effective
methods for diagnosing and treating speech disorders. Such cooperation deepens our
understanding of the nature of language and its relationship with human mental, biological, and
cognitive processes.

Neurolinguistics is closely linked to speech therapy, a branch of pedagogical science that
examines the nature, mechanisms, and manifestations of language system disorders. It also
develops methods for their correction and prevention through specialized education and training.
The connection between these disciplines is driven by the need for a comprehensive
understanding of both the biological and cognitive aspects of speech activity.

Paul Broca and Carl Wernicke were two German physicians whose 19th-century research
played a pivotal role in establishing the foundations of neurolinguistics. Broca discovered that
damage to the left anterior cortex of the brain (now known as Broca's area) leads to aphasia, while
Wernicke demonstrated a link between damage to another region of the brain and the loss of the
ability to comprehend speech (referred to as Wernicke's aphasia). These findings were critical for
the further development of neurolinguistic theory.

Speech disorders often result in significant disruptions to social adaptation and can cause
profound social disability. In this context, the role of a speech therapist extends far beyond
teaching activities. It involves working with the semiotics of speech disorders, their diagnosis and
differentiation, as well as conducting restorative training.

For a speech therapist to work effectively, they must possess knowledge of the neurological and
psycholinguistic aspects of speech disorders. This expertise is essential for accurately diagnosing
conditions and selecting the most effective rehabilitation methods. Such work requires a
comprehensive approach, integrating pedagogical, linguistic, and neuropsychological methods,
highlighting the importance of collaboration between speech therapy and neurolinguistics.

This interaction allows for the development of effective speech recovery programs that contribute
to the social and psychological rehabilitation of patients, improving their quality of life and
restoring their ability to engage fully with the world around them.

Neurolinguistics actively collaborates with biophysics and biochemistry, particularly with their
branches that study processes related to the transmission of speech signals in the human body.
Biophysics examines the physical principles underlying the operation of the central and peripheral
nervous systems, including the structures responsible for speech activity. Biochemistry, on the
other hand, analyzes the chemical processes and substances involved in signal transmission
between nerve cells, as well as the biochemical differentiation of various brain regions, including
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those engaged in speech formation. These disciplines contribute to the study of the molecular and
cellular mechanisms underlying speech behavior, which is crucial for understanding its
physiological foundations and for developing methods to correct disorders.

The connection between neurolinguistics and cybernetics, as well as information systems theory,
plays a significant role in creating models of human semiotic behavior. Cybernetics allows
linguistic processes in the brain to be represented as schematic systems based on reflex principles
and mathematical data integration. This approach enables the study of the structure of speech
functions and the development of new algorithms used in high-precision computing and artificial
intelligence systems. Cybernetic models help uncover how the brain processes, stores, and
reproduces linguistic information, which is essential for exploring the nature of human
consciousness and cognitive processes. This direction contributes to the creation of
supercomputers and the advancement of technologies related to natural language processing.

Since the 1960s, a close relationship has been established between neurolinguistics and molecular
biology. One of the key aspects of this integration is the study of structural isomorphism between
the genetic code and natural language. Like language, the genetic code is a system of encoding
and transmitting information based on specific rules, sequences, and structures. These parallels
offer opportunities to explore universal principles of data organization in nature. The foundation
of this idea dates back to the naturalistic concept of the German scholar A. Schleicher, who in the
19th century viewed language as a living organism subject to biological laws. Modern biologists
and linguists continue these studies, aiming to uncover the reasons behind the structural
similarities between linguistic and genetic systems, thereby opening new horizons for
understanding both language and life itself.

Thus, neurolinguistics, positioned at the intersection of biophysics, biochemistry, cybernetics, and
molecular biology, establishes a unique interdisciplinary approach to the study of language. This
enables not only a deeper understanding of the mechanisms of speech activity but also the
application of this knowledge in practical fields such as medicine, artificial intelligence, and
cognitive science.

Conclusion

Neurolinguistics is a unique scientific field that integrates the achievements of biology,
linguistics, cognitive science, and technology. Its interdisciplinary nature facilitates a profound
understanding of the nature of language and the mechanisms underlying its functioning. Research
findings in this field hold significant practical value for medicine, education, artificial intelligence,
and the social adaptation of individuals with speech disorders. Collaboration with other disciplines
not only broadens the horizons of theoretical research but also enables the development of
practical solutions to improve the quality of life for individuals.
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