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ABSTRACT

This article provides a comprehensive analysis of the linguistic foundations of Natural Language Processing (NLP)
technologies in close connection with general linguistic theories. The study examines how the phonetic,
morphological, syntactic, semantic, and pragmatic levels of the language system are modeled within modern
artificial intelligence algorithms. In particular, the role of linguistic theories in the formation and development of
the field of Natural Language Processing is analyzed, along with their integration with mathematical and
statistical models. The paper comparatively explores the functioning mechanisms of neural networks, transformer
architecture, and language models in relation to linguistic categories. Algorithmic representations of processes such
as morphological segmentation, syntactic parsing, semantic role labeling, and discourse analysis are explained with
illustrative examples. Furthermore, the challenges posed by polysemy, homonymy, contextual dependency, and
cultural-linguistic features in NLP systems are critically examined. The empirical component of the study is based
on survey data, test results, and analytical observations conducted among students of Oriental University. The
correlation between students’ linguistic proficiency and their ability to master NLP technologies was identified.
The findings confirm the decisive importance of linguistic knowledge in the effective development and application
of artificial intelligence-based language technologies. The article concludes with recommendations aimed at
strengthening the integration of linguistics and information technologies in higher education, developing NLP
resources in the Uzbek language, and improving scientific and methodological approaches in this field.

KEYWORDS: Natural Language Processing, NLP, artificial intelligence, linguistic foundations, computational
linguistics, morphological analysis, syntactic analysis, Oriental University students analysis.

Copyright: © 2026. This is an open-access article distributed under the terms of the Creative Commons Attribution License.
(https:/ / cre-ativecommons.org/licenses /by /4.0/).


https://orcid.org/0009-0005-3380-3859
mailto:Dildora_Azimova_98@mail.ru
mailto:malika.maxamatova.99@mail.ru
https://orcid.org/0009-0007-1503-5221
mailto:a.marxabo.r@mail.ru
https://orcid.org/0000-0001-9868-599X
mailto:abdutami18@gmail.com
https://orcid.org/0009-0005-1517-5027
https://orcid.org/0009-0009-0017-1321
mailto:selmaozan702@gmail.com

10753

DILDORA AZI1ZQIZI TASHMUKHAMEDOVA et al

I. INTRODUCTION

The rapid development of digital technologies and
artificial intelligence systems in the 21st century has
marked a new stage in human progress. In particular,
the growing need to automate language-related
processes, naturalize human-machine interaction,
and efficiently analyze large volumes of textual data
has led to the emergence and advancement of
Natural Language Processing (NLP) as a distinct
research field. Today, Natural Language Processing
is recognized as one of the most dynamic and
promising areas of artificial intelligence.

Language serves as the primary medium of human
thought, the most essential instrument of social
communication, and a carrier of cultural heritage.
Therefore, modeling language is not merely a
technical challenge but a complex issue
encompassing linguistic, logical, and cognitive
dimensions. General linguistics examines the
internal structure, functions, and developmental
patterns of language. The phonetic, morphological,
syntactic, semantic, and pragmatic levels of language
constitute an interconnected system. These
theoretical foundations provide the methodological
basis for the formal modeling of language within
artificial intelligence systems.

The concept of language as a structured system was
first scientifically established by Ferdinand de
Saussure, whose ideas concerning “language and
speech” and “sign and meaning” remain influential
in modern computational linguistics. Furthermore,
Noam Chomsky’s theory of generative grammar
clarified the relationship between deep and surface
structures of language, laying the theoretical
groundwork for syntactic modeling processes. The
indirect influence of these theoretical perspectives
can also be observed in contemporary neural
language models.

The development of NLP technologies initially began
with rule-based approaches and later evolved into
statistical and probabilistic models. At the current
stage, deep learning methods and neural networks
based on transformer architecture demonstrate high
efficiency in language processing tasks. However,

behind these algorithmic achievements lie
fundamental linguistic = principles, including
morphological segmentation, syntactic parsing,

semantic role labeling, and discourse analysis.

In the process of automatic language processing,
complex linguistic phenomena such as polysemy,
homonymy, metaphorical expressions, contextual
dependency, and cultural factors emerge as
significant challenges. Particularly in agglutinative
languages such as Uzbek, morphological analysis

presents specific difficulties due to the rich system of
affixation. Therefore, adapting NLP technologies to
the structural characteristics of the national language
requires a specialized scientific approach.

This article provides both theoretical and empirical
analyses of the linguistic foundations of Natural
Language Processing technologies. The study was
conducted among students of Oriental University,
examining the relationship between their level of
linguistic competence and their ability to master NLP
technologies. The relevance of this research lies in the
growing need to integrate linguistics and
information technologies within modern higher
education systems.

The primary objective of this study is to reveal the
scientific interconnection between general linguistic
theories and artificial intelligence technologies, to
substantiate the role of linguistic knowledge in
enhancing NLP effectiveness, and to outline
prospects for the development of modern language
technologies in the Uzbek language.

II. LITERATURE METHODOLOGY

To understand the linguistic foundations of Natural
Language Processing (NLP) technologies, it is
essential to first turn to the theories of general
linguistics. The idea of interpreting language as a
systematic phenomenon was first scientifically
established by Ferdinand de Saussure. In his Course
in General Linguistics (1916), he stated that
“Language is a system of signs that express ideas.”
This perspective allows language units to be viewed
as an interconnected system of elements. Similarly, in
modern NLP models, language units are formally
represented as tokens and structured sign systems.
In the field of syntactic modeling, Noam Chomsky’s
theory of generative grammar plays a significant
role. In Syntactic Structures (1957), he introduced the
famous example “Colorless green ideas sleep
furiously,” which demonstrates the distinction
between syntactic correctness and semantic meaning.
This example highlights an important issue in NLP
systems: a sentence may be grammatically well-
formed yet semantically meaningless. Therefore,
syntactic models achieve full effectiveness only when
integrated with semantic interpretation.

In phonology and communicative functions, Roman
Jakobson’s  contributions are  particularly
noteworthy. He argued that “The diversity of
languages lies not in what they may express, but in
what they must express.” This idea emphasizes the
grammatical obligations inherent in different
languages. Such a perspective provides an important

SCIENTIFIC CULTURE, Vol. 12, No. 4, (2026), pp. 10752-10759



10754

THE LINGUISTIC FOUNDATIONS OF NATURAL LANGUAGE PROCESSING (NLP)

methodological foundation for adapting NLP models
to multilingual environments.

In computational linguistics, the work Speech and
Language Processing by Daniel Jurafsky and James
H. Martin is considered a fundamental source. The
authors define NLP as “the art and science of
building systems that understand and generate
human language.” This definition unifies the two
primary objectives of NLP: language understanding
and language generation.

Christopher D. Manning significantly contributed to
the development of statistical approaches in NLP. He
noted that “Statistical NLP is based on the idea that
language use can be modeled probabilistically.” This
perspective justifies the effectiveness of probabilistic
models and corpus-based analytical methods.

The general theoretical foundations of artificial
intelligence were developed by Stuart Russell and
Peter Norvig, who define artificial intelligence as
“the study of agents that receive percepts from the
environment and perform actions.” Language
processing is considered an integral component of
such intelligent agents.

In the development of deep learning theory, lan
Goodfellow and his colleagues made substantial
contributions. They state that “Deep learning allows
computational models that are composed of multiple
processing layers to learn representations of data.”
This approach forms the methodological basis of
modern transformer architectures and neural
language models.

Thus, the theoretical perspectives of general
linguistics (Saussure, Chomsky, Jakobson) and the
contributions of scholars in computational linguistics
and artificial intelligence (Jurafsky, Manning,
Russell, Goodfellow) collectively constitute the
theoretical foundation of NLP technologies. A deep
understanding of structural, syntactic, and semantic
properties of language is essential for the effective
development and application of modern artificial
intelligence systems.

Uzbek linguistics has developed in close connection
with general linguistic theory and has established a
significant scientific tradition in the systematic study
of the national language. In adapting NLP
technologies to the Uzbek language, this scholarly
heritage serves as a critical theoretical foundation.
One of the prominent scholars who scientifically
investigated the grammatical system of Uzbek is
Abdulhamid G’ulomov. In his work Uzbek
Grammar, he systematically describes the
morphological and syntactic structure of the Uzbek
language. He emphasizes the agglutinative nature of
Uzbek and scientifically explains the strict ordering

of affixes. These insights are particularly important
for morphological segmentation and automatic affix
detection in NLP systems.

In the fields of lexicology and semantics, the research
of Shavkat Rahmatullayev is of considerable
importance. In Modern Uzbek Literary Language, he
provides an in-depth analysis of word meaning,
polysemy, and semantic change. Rahmatullayev
considers polysemy to be a natural characteristic of
language, which offers an essential theoretical basis
for addressing polysemy and contextual meaning
determination in NLP systems.

Nizomiddin Mahmudov’s works are significant in
addressing language culture and communicative
approaches. He interprets language not merely as a
grammatical system but as a socio-communicative
phenomenon. According to Mahmudov, speech is
inseparably = connected  with  context and
communicative situations. This perspective is
particularly relevant for pragmatic analysis and
discourse modeling in NLP.

In phonology and structural linguistics, the studies of
A. Mirtojiyev deserve special attention. He
conducted a structural analysis of the phonetic
system of the Uzbek language and revealed the
functional properties of phonemes. These insights
provide a theoretical basis for speech recognition
systems.

Furthermore, scholars such as Sirojiddinov have
contributed to the study of the historical
development and lexical richness of the Uzbek
language. Historical-linguistic data serve as an
essential resource in corpus linguistics and database
construction.

Overall, the scientific heritage of Uzbek linguists
provides a methodological foundation for adapting
NLP technologies to the specific characteristics of the
national language. Without a deep linguistic
understanding of the agglutinative structure,
morphological richness, and semantic complexity of
Uzbek, it is difficult to develop effective NLP models.
Therefore, integrating national linguistic
achievements with artificial intelligence technologies
remains a pressing scientific task.

ITI. MATERIALS AND METHODS

This study is aimed at investigating the linguistic
foundations of Natural Language Processing (NLP)
technologies from both theoretical and empirical
perspectives. It is based on the integration of general
linguistic approaches and contemporary Natural
Language Processing concepts. The research
methodology relied on systemic, structural, and
functional analysis principles and was conducted
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using a mixed-method approach that combined
quantitative and qualitative methods.

The theoretical framework included scholarly
sources from general linguistics, computational
linguistics, and artificial intelligence. Theoretical
concepts developed across phonetic, morphological,
syntactic, semantic, and pragmatic levels of language
were comparatively analyzed alongside the
operational mechanisms of NLP algorithms.
Particular attention was paid to morphological
segmentation, lemmatization, syntactic parsing, and
semantic role labeling from a linguistic perspective.
The empirical research was conducted among
students of Oriental University. A total of 120
students from the 1st to 4th academic years
participated in the study. Respondents were selected
from both Philology and Information Technology
programs, allowing for the examination of the
relationship between linguistic competence and
technological knowledge.

Multiple data collection instruments were employed.
First, a 25-item questionnaire consisting of both
closed and open-ended questions was developed.
The questions aimed to assess students’ theoretical
knowledge of NLP, their understanding of linguistic
concepts, and their practical skills. In addition,
linguistic test tasks were used to evaluate knowledge
of morphological and syntactic analysis. Students
were also assigned practical tasks using a basic NLP
tool, including keyword extraction, morphological
analysis, syntactic structure identification, and short
text generation.

As research material, a small experimental corpus
consisting of more than 500 Uzbek-language texts
was compiled. The texts were selected from scientific,
journalistic, and official sources. Selection criteria
included morphological complexity, the presence of
polysemous units, and syntactic diversity. Based on
this corpus, processes such as tokenization,
morphological segmentation, lemmatization, and
syntactic dependency identification were performed.
Statistical methods were applied in data analysis.
Questionnaire and test results were analyzed using
percentage distributions, mean values, and
correlation coefficients. The relationship between
students” linguistic proficiency and their mastery of
NLP concepts was identified, and the results were
summarized in tables and graphical representations.
Qualitative analysis involved categorizing written
responses and interpreting them thematically.

To ensure research reliability, the questionnaire was
conducted anonymously, the items were validated
by experts, and test tasks were pilot-tested.
Participants” personal data were protected, and the

study was conducted in accordance with ethical
research principles.

The empirical data obtained within the study were
quantitatively processed to determine the statistical
relationship between students’ linguistic proficiency
and their knowledge and skills in Natural Language
Processing. The statistical analysis included
descriptive statistics, correlation analysis, group
comparison (independent samples t-test), analysis of
variance (ANOVA), and reliability testing.

A total of 120 students participated in the study, and
their performance was evaluated using a 100-point
grading scale. According to descriptive statistics, the
mean score for the linguistic test was 72.4, for the
NLP theoretical test 68.7, and for the practical tasks
70.1. Standard deviation values ranged between 8
and 10, indicating relative stability of the results.
These findings suggest that students demonstrated
adequate theoretical preparation in general
linguistics; however, their mastery of NLP concepts
was slightly lower.

The relationship between linguistic knowledge and
NLP performance was determined using the Pearson
correlation coefficient, yielding r = 0.62 (p < 0.01),
indicating a moderate-to-strong positive correlation.
The correlation between linguistic proficiency and
practical NLP tasks was r = 0.68 (p < 0.01). These
results confirm that students with higher levels of
linguistic knowledge performed more effectively in
NLP-based practical assignments.

According to the results of the independent samples
t-test, students in the Philology program
demonstrated significantly higher performance in
the linguistic test compared to students in the
Information Technology program (p < 0.01).
However, no statistically significant difference was
found between the groups in NLP practical tasks (p
> 0.05), indicating relatively equal levels of
technological competence.

The one-way ANOVA conducted across academic
years produced F(3,116) = 3.87 (p < 0.05), indicating
that senior students demonstrated a deeper
understanding of NLP concepts. This finding
confirms the importance of experience and
interdisciplinary integration in the educational
process.

The reliability of the questionnaire was tested using
Cronbach’s Alpha, yielding a = 0.81, which indicates
high internal consistency of the measurement
instrument. The confidence level was set at 95% (a =
0.05).

The statistical analysis confirms a significant positive
relationship between linguistic proficiency and
mastery of Natural Language Processing
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technologies. This demonstrates that knowledge of
general linguistics constitutes an important factor in
the effective acquisition and application of NLP
technologies.

IV.RESULTS AND DISCUSSION

The findings of the study revealed a statistically
significant relationship between the level of
linguistic proficiency and the mastery of Natural
Language Processing (NLP) technologies among
students of Oriental University. According to
descriptive statistics, the mean score for the
linguistic test was 72.4, while the mean scores for
the NLP theoretical test and practical tasks were
68.7 and 70.1, respectively. The relatively low
standard deviation values (ranging between 8 and
10) indicate the stability and consistency of the
results.

Correlation analysis demonstrated a positive
relationship between linguistic proficiency and NLP
theoretical knowledge (r = 0.62, p < 0.01). Similarly,
the correlation between linguistic knowledge and
practical NLP tasks was found to be r = 0.68 (p < 0.01).
These findings confirm that linguistic competence
constitutes a significant factor in the successful
acquisition of NLP technologies.

The results of the independent samples t-test showed
that students majoring in Philology achieved
significantly higher scores in the linguistic test
compared to students in Information Technology
programs (p < 0.01). However, no statistically
significant difference was observed between the
groups in NLP practical tasks (p > 0.05). This
suggests that technological competence is being
developed within the broader educational
framework regardless of academic specialization.
The one-way ANOVA conducted across academic
years revealed that senior students demonstrated a
deeper understanding of NLP concepts (F(3,116) =
3.87; p < 0.05). This finding can be explained by

increased academic experience and interdisciplinary
knowledge integration.

The results of the experimental tasks indicated that
students performed relatively well in morphological
segmentation and keyword extraction tasks, achieving
accuracy rates above 80%. However, performance in
semantic interpretation, contextual analysis, and the
identification of polysemous units was lower, with
accuracy levels ranging between 60-65%. This indicates
that challenges remain at the semantic and pragmatic
levels of language processing.

Overall, the findings confirm that knowledge of
general linguistics serves as both a theoretical and
methodological foundation for mastering NLP
technologies. Students with stronger morphological
and syntactic knowledge were able to understand
algorithmic processes such as tokenization,
segmentation, and parsing more efficiently. This
suggests that understanding the formal structure of
language contributes to the development of
algorithmic thinking.

At the same time, difficulties encountered at the
semantic and pragmatic levels are closely related to
the contextual and cognitive nature of language.
Phenomena such as polysemy, homonymy,
metaphorical expressions, and discourse-based
meaning shifts represent significant challenges not
only for students but also for NLP systems. These
results indicate that even modern neural models are
not yet capable of fully capturing the complexity
inherent in human semantic interpretation.
Furthermore, the study highlights the importance of
interdisciplinary integration between philological and
technical fields. While Philology students demonstrated
stronger theoretical linguistic preparation, students in
technical programs showed greater proficiency in
algorithmic reasoning and software-based tasks. This
confirms that effective development of NLP technologies
requires close collaboration between linguists and
computer scientists.

Table 1. Descriptive Statistics of Students’ Performance (N = 120)

Variable N Mean SD Minimum Maximum
Linguistic Test 120 72.4 8.6 54 89
NLP Theoretical Test 120 68.7 9.3 50 87
NLP Practical Task 120 70.1 10.2 48 90

Note: The mean score for the linguistic test was slightly higher than for the NLP theoretical test. The practical
task results demonstrate moderate variability across participants.

Table 2. Pearson Correlation Between Linguistic Knowledge and NLP Performance

Variables r p-value
Linguistic Test - NLP Theoretical Test 0.62 <0.01
Linguistic Test - NLP Practical Task 0.68 <0.01

Note: The results indicate a moderate-to-strong positive correlation between linguistic competence and NLP

performance, statistically significant at the 0.01 level.
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Table 3. Independent Samples t-test by Field of Stud

Variable Philology (Mean) IT (Mean) t p-value
Linguistic Test 76.2 68.3 412 <0.01
NLP Practical Task 71.5 68.6 1.35 >0.05

Note: A statistically significant difference was found between fields of study in the linguistic test results.
However, no significant difference was observed in the NLP practical task performance.

Table 4. One-Way ANOVA by Academic Year

Source df F p-value
Academic Year 3 3.87 <0.05
Error 116

Note: The ANOVA results show a statistically significant difference across academic years, indicating that

senior students demonstrated higher NLP competence.

The improvement in the performance of senior
students can be explained by factors such as
increased academic experience, engagement in
research activities, and independent learning.
Therefore, for the effective teaching of NLP
technologies, it is advisable to implement a
progressively structured integrative model within
the educational process.

Based on the findings, the following scientific
conclusions can be drawn:

1. Linguistic proficiency has a direct impact on the
effectiveness of mastering NLP technologies.

2. Morphological and syntactic knowledge constitutes
a key factor in the process of algorithmic modeling.

3. Complexities at the semantic and pragmatic levels
require specialized methodological approaches.

4. Interdisciplinary integration is a fundamental
prerequisite for the advancement of the NLP field.
Overall, the research findings scientifically confirm
that integrating general linguistics and artificial
intelligence represents a relevant and strategically
significant direction within the modern higher
education system.

V.CONCLUSION

The results of this research provide strong empirical
and theoretical evidence that the linguistic
foundations of Natural Language Processing (NLP)
technologies are intrinsically linked to the core
principles of general linguistics. The study confirms
that linguistic competence is not merely an auxiliary
skill but a structural prerequisite for the effective
understanding and implementation of
computational language models. Students who
demonstrated higher proficiency in phonetics,
morphology, syntax, and semantics consistently
achieved superior performance in both theoretical
and applied NLP tasks. This finding reinforces the
argument that algorithmic language modeling is
fundamentally dependent on formal linguistic
knowledge.

From a methodological perspective, the moderate-to-
strong positive correlation between linguistic
proficiency and NLP performance substantiates the
hypothesis that linguistic awareness enhances
computational reasoning. Morphological and
syntactic knowledge, in particular, proved essential
for understanding processes such as tokenization,
morphological segmentation,  lemmatization,
syntactic parsing, and structural representation of
textual data. These processes mirror the hierarchical
organization of language described in structural and
generative linguistic theories, thereby demonstrating
the continued relevance of classical linguistic
frameworks in contemporary artificial intelligence
research.

However, the findings also reveal persistent
challenges at the semantic and pragmatic levels.
Lower accuracy rates in tasks related to semantic
interpretation, contextual disambiguation, and
discourse-level processing highlight the complexity of
modeling meaning beyond formal structural patterns.
Polysemy, homonymy, metaphorical expressions, and
context-dependent meaning shifts remain difficult to
operationalize computationally. This confirms that
while neural and transformer-based architectures
have significantly advanced surface-level processing,
they still struggle to replicate deeper cognitive-
semantic mechanisms inherent in human language
comprehension. Consequently, further
interdisciplinary integration between linguistics,
cognitive science, and computational modeling is
necessary to address these limitations.

The study further emphasizes the strategic
importance of interdisciplinary integration in higher
education. The complementary strengths observed
between Philology and Information Technology
students illustrate that linguistic theory and
computational practice function most effectively
when combined. Linguistic expertise contributes
structural and semantic precision, while technical
expertise ensures algorithmic implementation and
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optimization. Therefore, developing integrated
curricula that systematically combine theoretical
linguistics, data science, and artificial intelligence
represents a necessary educational innovation.

From a broader scientific perspective, the study
contributes to the understanding of how national
linguistic traditions can inform global technological
development. In the case of the Uzbek language —
characterized by its agglutinative structure, rich
morphological system, and semantic flexibility —the
integration of linguistic scholarship into NLP design
becomes even more critical. Without a deep linguistic
analysis of affixation patterns, morphological
productivity, and discourse structures, the
development of accurate and culturally adaptive
NLP systems remains limited.

The following major conclusions can be drawn:

1. Linguistic theory provides the conceptual and
structural framework necessary for the development
of effective NLP systems.

2. Higher levels of linguistic proficiency
significantly enhance both theoretical understanding
and practical application of NLP technologies.

3. Semantic and pragmatic modeling remains a
complex interdisciplinary challenge requiring
advanced methodological innovation.
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