SC

scientific conferences

VI international scientific conference
Bern. Switzerland
14-15.04.2026

Scientific conferences



THE FUTURE OF INTELLIGENCE:
HUMAN, ARTIFICIAL,
COLLECTIVE

Proceedings of the VI International
Scientific and Practical Conference

14-15 April 2026

BERN. SWITZERLAND
2026

ubC001.1

BBC 1

VI International Scientific and Practical Conference «The future of in-
telligence: human, artificial, collective», April 14-15, 2026, Bern.
Switzerland. 174 p.

ISBN 978-91-65424-68-5
DOl https://doi.org/10.528 1/zenodo. 19666926

Publisher: «SC. Scientific conferences»

Main organization: a rtm e d I %

Editor: Hans Muller

Layout: Ellen Schwimmer

The conference materials are in the public domain under the CC BY-
NC 4.0 International license.

The publisher is not responsible for the materials published in the col-
lection. All materials are provided in the author's edition and express
the personal position of the participant of the conference.

The sample of the citation for publication is Gugnin Aleksandr,
Lisnievska Yuliia ANTI-ADVERTISING IN THE HOTEL BUSINESS // VI Interna-
tional Scientific and Practical Conference «Science and technology in

the XXI century: challenges and prospects», April 14-15, 2026, Bern.
Switzerland. Pp.9-11, URL: https.//sconferences.com

Contact information
Website: https.//sconferences.com

E-mail: info@sconferences.com


https://doi.org/10.5281/zenodo.19666926
https://sconferences.com/
https://sconferences.com/
mailto:info@sconferences.com

Content

Economic sciences

Ainash Mussabekova, Abylai Akzhan, Bakhadirova Gulmira

MODERN TRANSFORMATION OF MANAGEMENT PRINCIPLES: BASED ON HENRI FAYOL'S THEORY

Ainash Mussabekova, Komila Ermatvaeva, Safarmet Fatima

INNOVATIVE BREAKTHROUGH IN THE ERA OF DIGITAL TRANSFORMATION. THE COMBINATION OF TECHNOLOGY
AND HUMAN MOTIVATION

Mathematical sciences

Abdullayeva Camila

CHANCE IN ACTION: HOW PROBABILITY THEORY SHAPES EVERYDAY DECISIONS AND MODERN LIFE
Rustemova Karashash Zhorabekovna, Abdimanapova Perizat Bakhytovna, Mazhit Zhamilya Batykkyzy,
Tattibekov Konysbek Satievich

ANALYTICAL SOLUTIONS OF THE TWO-DIMENSIONAL NAVIER-STOKES EQUATIONS

Rustemova Karashash Zhorabekovna, Abdimanapova Perizat Bakhytovna, Shinikulova Gulnur Nurbekovna,
Mazhit Zhamilya Batykkyzy

SOME FEATURES OF THE NAVIER-STOKES EQUATIONS AND THEIR SOLUTIONS

Medical sciences

Harets Vira Ivanivna, Mirzebasov Maksym Abdulakhovych, Yanchevskyi Oleksandr Valeriiovych

MODERN APPROACHES TO MEDICAL REHABILITATION: PRINCIPLES OF COMPREHENSIVE AND INDIVIDUALIZED
RECOVERY IN CONTEMPORARY CLINICAL PRACTICE

Moldagaliyeva A.A.

IMPROVING THE PROFESSIONAL PERFORMANCE OF MEDICAL STAFF IN OUTPATIENT AND POLYCLINIC SETTINGS
Arman Khozhayev, Luzana Orazbayeva

CURRENT CAPABILITIES OF ULTRASOUND IN THE DIAGNQOSIS OF THYROID DISORDERS

Pedagogical sciences

Nyshanova Arailym Kozhabaikyzy

THE IMPACT OF ONLINE PLATFORMS ON DEVELOPING STUDENTS’ SPEAKING SKILLS IN ENGLISH

Aruzhan Talapkerova

CLIL TECHNOLOGY AS A MEANS OF IMPROVING THE QUALITY OF MULTILINGUAL EDUCATION IN KAZAKHSTAN
Issagali Aruzhan, Moldabayeva Karlygash

ARTIFICIAL INTELLIGENCE IN LANGUAGE EDUCATION: FROM INTERACTION TO COMMUNICATIVE COMPETENCE
Malik Raushan Kairatkyzy

ARTIFICIAL INTELLIGENCE IN LANGUAGE EDUCATION: OPPORTUNITIES AND RISKS

Nassir Uldana Kairatkyzy

THE EFFECTS OF GAMIFICATION ON STUDENT MOTIVATION AND ACHIEVEMENT IN LEARNING IN HIGHER EDUCA-
TION

Oralbay Moldir Artygkyzy

THE ROLE OF ARTIFICIAL INTELLIGENCE IN ENHANCING COMMUNICATIVE COMPETENCE IN ENGLISH LANGUAGE
TEACHING

Saden A., Makhanova Zh.K.

TEACHING ENGLISH GRAMMAR THROUGH INTERACTIVE METHODS

Telmankyzy Shugyla

THE USE OF ICT TOOLS IN ENGLISH CLASSROOM: A SYSTEMATIC LITERATURE REVIEW

Yermekbayeva Akmaral Baurzhankyzy

FORMATION OF FOREIGN LANGUAGE COMPETENCE OF FUTURE TEACHERS THROUGH DIGITAL EDUCATIONAL
RESOURCES: AN INNOVATIVE APPROACH

Zamira Bazarova

FROM HUMAN, ARTIFICIAL, AND COLLECTIVE INTELLIGENCE TO SPEAKING DEVELOPMENT: ENHANCING SPEAKING
SKILLS AMONG KAZAKHSTANI HIGH SCHOOL STUDENTS THROUGH ENGLISH CLUB ACTIVITIES

Zhakipova Mira Nurzadinovna

GAMIFICATION IN RUSSIAN LANGUAGE LEARNING

Sargsyan I.R., Tatkalo N.1.

MODERN MENTORING MODELS PROPOSED FOR IMPLEMENTATION IN UNIVERSITIES OF THE REPUBLIC OF ARME-
NIA

10

15

18

23

26
30

43
48
53
56

64

75

84
89

93

103

108

111



Philological sciences

Dauletbay Akbota

INTERNET SLANG AND ITS INFLUENCE ON THE CONTEMPORARY RUSSIAN LANGUAGE AMONG THE YOUTH
Muslimova Ofelya Surkhay

WAYS TO LEARN WORD FORMATION N MODERN GERMAN

Ayauly Nussipakyn

ORCHESTRATING HUMAN, ARTIFICIAL, AND COLLECTIVE INTELLIGENCE IN THE B1 EFL CLASSROOM

Technical sciences

Algozhaeva Raikhan, Turgynbaeva Aliza, Adilbekova Aizhan, Kerimbaeva Venera

THE IMPORTANCE AND CAPABILITIES OF THE GOOGLE SCHOLAR SERVICE IN SEARCHING AND EVALUATING SCIEN-
TIFIC INFORMATION FOR STUDENTS OF UNIVERSITIES

Kanan Mammadhasanov, Faxraddin Agayev

CYBERSECURITY RISKS IN 5G TECHNOLOGY

G.N. Kazbekova, A.Zh. Ongar

AUTOMATION OF ACADEMIC TIMETABLING: A COMPARATIVE STUDY AND APPLIED IMPLICATIONS FOR COLLEGES
Haciyev Rafig, Punhan Shahmuradli

INTERNATIONAL QUALITY MANAGEMENT STANDARDS (1SO) 9000

Agayev Fakhraddin, Ahmadov Sahib

INVESTIGATION AND METROLOGICAL EVALUATION OF ACCURACY PARAMETERS OF MITUTOYO MEASURING IN-
STRUMENTS

Valili Aziz, Xidirov Akif

THE IMPACT OF QUALITY CONTROL AND STANDARDIZATION ON LABORATORY RESULTS IN HEMATOLOGY ANA-
LYZERS

Yerikzhan Akhmetov, Indira Jurinskaya, Balaussa Berdibek, Assemgul Burkitbay

INFLUENCE OF ANTISTATIC TREATMENT ON PHYSICAL AND MECHANICAL PROPERTIES OF BLENDED FABRIC

116
120
126

130

134
141
148

156

164

172



VI INTERNATIONAL SCIENTIFIC CONFERENCE. BERN. SWITZERLAND. 14-15.04.2026

Economic sciences
MODERN TRANSFORMATION OF MANAGEMENT PRINCIPLES: BASED ON HENRI FAYOL'S THEORY

Ainash Mussabekova

Senior Lecturer, Department of Management,

Academician E.A. Buketov Karaganda National Research University,
Republic of Kazakhstan, Karaganda
https.//orcid.org/0000-0001-6787-8967

Abylai Akzhan

Bakhadirova Gulmira

Academician E.A. Buketov Karaganda National Research University,
Republic of Kazakhstan, Karaganda

Abstract

This research article provides a comprehensive and critical examination of the fourteen principles
of management formulated by Henri Fayol in 1916, evaluating their contemporary relevance and
adaptation within the 2 1st-century organizational landscape. In an era dominated by rapid technological
disruption, the transition to digital ecosystems, and the emergence of the gig economy, the traditional
"command and control" structures of the industrial age are being fundamentally challenged. The study
explores the transition from rigid, vertical hierarchies toward flexible matrix management systems,
where the classical "unity of command" is being redefined to accommodate multi-dimensional reporting
lines and cross-functional collaboration. Furthermore, the article analyzes the shift in core management
functions—planning, organizing, commanding, coordinating, and controlling—into more agile, data-
driven, and supportive processes. Special emphasis is placed on the evolving role of the human factor,
where employees are no longer viewed as mere functional components or "cogs in a machine," but as
strategic partners whose intellectual capital and initiative drive organizational innovation. By
synthesizing classical administrative theory with modern management paradigms such as Agile, Servant
Leadership, and Knowledge Management, this paper demonstrates that Fayol’s "golden rules" have not
become obsolete. Instead, they have undergone a structural and philosophical metamorphosis, evolving
from punitive surveillance mechanisms into frameworks for psychological safety and systemic continuity.
The findings suggest that the integration of Fayol’s foundational wisdom with modern digital flexibility
is essential for achieving operational excellence and resilience in a volatile, uncertain, complex, and
ambiguous (VUCA) global market.

Keywords: management principles, management functions, matrix structure, corporate culture,
employee retention, gig economy, partnership relations, digital transformation, leadership.

In the contemporary global landscape, the essence of organizational success is inextricably linked
to the efficiency and sophistication of its management systems. Management is no longer perceived as a
mere bureaucratic necessity or a simple oversight function, rather, it is understood as a complex, creative,
and scientific synthesis of leveraging diverse resources to achieve collective objectives in an increasingly
volatile and uncertain world. The formalization of this discipline as a rigorous academic and practical
field began in the early 20th century, spearheaded by the pioneering insights of the French engineer and
management theorist, Henri Fayol.

In his 1916 seminal work, “General and Industrial Management,” Fayol articulated fourteen
"golden rules” or principles that effectively laid the conceptual groundwork for modern administrative
science. These principles were designed to provide a roadmap for leaders to organize work, manage
people, and steer enterprises toward stability and profit. However, as we navigate the third decade of
the 21st century, characterized by rapid technological disruption and globalization, these classical
doctrines are being re-examined. While the foundational logic of Fayol remains indispensable, the
application of his rules has undergone a radical metamorphosis to meet the demands of a decentralized,
digital, and hyper-connected business environment [1].

Despite the seismic shifts in how work is performed today, certain Fayolistic principles continue to
serve as the bedrock of organizational health. These include the division of labor, discipline, equity, and
the promotion of a collective spirit (esprit de corps). In the current era of "Big Tech" and knowledge-based
economies, specialization (division of labor) has not disappeared, it has simply become more granular.
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Discipline and equity also remain paramount. In a modern context, equity is no longer just about
fair wages, but about inclusivity, diversity, and psychological safety. Organizations that fail to uphold
these values find that no amount of advanced technology or capital can compensate for a toxic internal
environment. Furthermore, esprit de corps has evolved into the sophisticated domain of "corporate
culture." Modern leaders recognize that a shared sense of mission and emotional connection to the brand
are the primary drivers of employee retention and high-level performance. Fayol’s early observation that
a harmonious workforce is more productive remains an undisputed truth in the history of management

[3].

Perhaps the most significant departure from classical theory involves Fayol’s "unity of command.”
Historically, this principle dictated that an employee should receive orders from only one superior to
ensure clarity and prevent the dilution of authority. In the industrial-age factory, this was the ultimate
safequard against chaos. However, the modern business landscape has necessitated the rise of Matrix
Management Systems.

In today's complex organizations, it is standard for a professional to operate at the intersection of
different functional and project-based lines. For instance, a software engineer may report to a Head of
Engineering for their professional development and long-term career path, while simultaneously
reporting to a Project Manager for daily deliverables and sprint cycles. While this dual-reporting system
technically violates Fayol’s "one person — one boss" rule, it dramatically increases organizational agility.
Modern management mitigates Fayol’s fear of conflict through clearly defined Service Level Agreements
(SLAs) and digital project management tools that delineate responsibilities, thereby ensuring that the
core objective—operational efficiency—is achieved through a more flexible architecture [2].

Fayol identified five core functions of management: planning, organizing, commanding,
coordinating, and controlling. In a stable, slow-moving economy, these functions were linear and
predictable. Today, they have been digitally reimagined:

1. Planning as Strategic Agility: Traditional five-year or ten-year plans have largely become
obsolete. In a world defined by the VUCA (Volatility, Uncertainty, Complexity, Ambiguity) framework,
planning has become a continuous process of "sprints" and pivots. Using Big Data and Al, managers
now engage in predictive modeling rather than static forecasting, allowing the organization to change
direction within weeks rather than years.

2. Organizing as an Ecosystem: The act of "organizing" has moved beyond physical assets to the
management of digital and human ecosystems. Modern organizations often consist of remote teams
spread across different continents, connected by cloud-based infrastructures. Organizing today involves
managing access to information, digital workflows, and virtual collaboration spaces.

3. From Command to Empowerment: The traditional concept of "commanding” or giving orders
is increasingly viewed as an outdated "top-down" relic. In the knowledge economy, authority is derived
from expertise and emotional intelligence rather than rank. Leading today is about "servant leadership”
and coaching—empowering employees to make decisions autonomously while the manager provides
the necessary resources and strategic vision.

4. Coordination via Integration: Coordination has moved from long, bureaucratic meetings to
real-time integration platforms like Slack, Trello, and Jira. These tools provide a "single source of truth,”
allowing for seamless collaboration across different time zones and departments without the friction
of traditional communication barriers.

The "control” function of management has perhaps experienced the most profound philosophical
shift. In the early 20th century, control was synonymous with surveillance—ensuring that workers did
not deviate from established procedures. In the contemporary era, control has been rebranded as
"performance management" and "strategic support” [5].

The modern manager is no longer a "policeman” looking for mistakes; they are a "coach" looking
for opportunities to optimize. Through real-time data analytics, managers can identify bottlenecks before
they become crises, providing proactive support rather than reactive punishment. This creates a culture
of transparency and trust, where feedback loops are shortened, and continuous improvement (the
Japanese concept of Kaizen, which echoes Fayol’s principle of initiative) becomes part of the
organizational DNA.

A major point of discussion in modern management is Fayol’s 12th principle: Personnel Stability.
Fayol argued that high turnover is both a cause and a consequence of bad management. However, the
21st century has seen the rise of the Gig Economy, characterized by freelance contracts, short-term
projects, and "portfolio careers." Generations Z and Alpha are far less likely to seek 'lifetime
employment.”
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Does this render Fayol’s principle irrelevant? Not necessarily. The concept of stability has shifted
from the person to the process. Organizations now focus on "Institutional Memory" and Knowledge
Management systems. By documenting processes and utilizing Al to capture expertise, companies ensure
that the departure of an individual does not result in the loss of critical organizational intelligence.
Stability is now achieved through a robust digital backbone that allows for the seamless "plug-and-play”
of human talent, whether they are full-time employees or temporary contractors [6].

Finally, we must address the status of the employee. In classical industrial management, the
worker was often treated as a replaceable component—a "cog" in the machine. Modern management
philosophy, however, views the employee as a strategic partner. This shift is driven by the realization that
in a globalized market, intellectual capital and creativity are the only sustainable competitive
advantages.

Treating employees as partners involves involving them in decision-making processes, offering
equity in the company, and respecting their work-life harmony. This is the ultimate fulfillment of Fayol’s
"Initiative” principle. When every member of the organization feels empowered to suggest improvements
and take ownership of their work, the enterprise becomes a living, breathing, and self-correcting
organism capable of thriving in even the most hostile market conditions.

In conclusion, Henri Fayol’s 14 principles are not static museum pieces; they are living ideas that
continue to evolve. While the methods of management have changed—moving from paper ledgers to Al
algorithms, and from factory floors to virtual offices—the objectives remain constant. Effective
management still requires order, discipline, clear communication, and a unified spirit. The challenge for
the modern executive is to synthesize the structural wisdom of the past with the technological and social
flexibility of the present. By doing so, they ensure that the "golden rules" of management continue to
light the way toward organizational excellence in the digital age.
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Abstract

Modern technological revolution is not limited only to the development of algorithms and digital
systems, but also creates a real innovative breakthrough at the intersection of human potential and
technological capabilities. In this work, the introduction of artificial intelligence and automation
processes into human life is considered not only as a technical phenomenon, but primarily as a factor
that changes the motivational structure of the individual. The main focus of the article is the problem of
finding a balance between technological tools and human creative will, searching for new meaning in
the digital environment. Here, the reader will get acquainted with in- depth analyses of how the
importance of human capital increases in the era of robotization, and how the main force that drives
innovation is not technology, but the internal drivers of a person who effectively controls that
technology.

Keywords: Digital transformation, innovation breakthrough, human motivation, artificial
intelligence, human capital, technological integration, psychology of digitalization, creative potential,
automation, future skills.

Introduction

Today's world is a battlefield where algorithms and human ambition clash. We are witnessing not
Just technological innovation, but also a transformation of consciousness. While many people perceive
digitalization as the rule of dry code and cold steel, in reality, at the heart of any innovative breakthrough
is only human motivation and creative will. Technology is just a tool, and the force that turns that tool
into a mechanism for global change is the quality of human capital. This study examines a new paradigm
for the digital age: we analyze how to synchronize human internal drivers with technological progress in
the era of automation and artificial intelligence. If we find the harmony of these two powerful streams,
then innovation will become not just a production indicator, but a new stage of human civilization. This
text opens the way to a world of new opportunities that are born where the cold calculation of
technology and the hot energy of people intersect.

In the current situation, the main task for organizations and society is not only to introduce new
technologies, but also to form a person who can effectively use these technologies, who is prone to
change, and who thinks creatively. Because no matter how advanced digital tools are, it is people who
both activate and direct them. Therefore, motivation, values, and purposefulness are becoming an
integral part of digital transformation. It is these factors that form the basis for the sustainable and high-
quality development of innovation.

In addition, in the digital era, the role of knowledge and skills has increased more than ever.
Continuous learning, self-development, and adaptation to new technologies are among the main abilities
of a modern person. The harmony between man and technology not only increases professional
efficiency, but also accelerates the overall pace of development of society.

intellectual potential to infinity. The main competitive advantage at this stage is not having the
most advanced software, but being able to direct these systems to ethical norms and the benefit of
humanity. In fact, the digital evolution is not a technological triumph, but a rediscovery of one's own
being on a new level. At the heart of any complex algorithm is a person who defines its purpose.
Therefore, the real architects of the future will not be engineers who rely solely on cold calculations, but
creative leaders who can imbue technology with deep values, thinking strategically.

1. Motivation 3.0: Human Drivers in the Age of Artificial Intelligence
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The biggest mistake in the era of digital transformation is to consider a person as a mechanism or
function of a machine. Despite the fact that we proclaim “Industry 4.0”, many management systems still
cannot get rid of the “stick and sweet bread” method of the last century. However, the truth is that in a
high-tech environment, standard labor motivation — salary or strict control — has completely lost its
power. In today's digital world, artificial intelligence performs any logical task faster and more accurately
than a person, but it can never imitate inner fire and passion.

A real innovation breakthrough is possible only when the Motivation 3.0 model is implemented.
This is a system of internal drivers based on autonomy, mastery and a high goal [1].

As studies have shown, material incentives can sometimes reduce the quality of work in industries
that require creativity and highly intellectual labor. Why? Because only when a person feels like an
architect of the process, not a prisoner of the algorithm, does his brain switch to “genius mode”. The
main capital in the age of artificial intelligence is not time, but energy and attention.

In my opinion, the harmony of technology and man is not a machine replacing a person, but a
machine freeing a person from routine and allowing him to “be a person” [8].

Robots do not take away work, they save us from meaningless labor. Therefore, the main driver of
today’s innovation is not the power of technology, but the inner freedom of a person who wants to use
that technology to increase his potential to infinity. We can reach new heights not by arming algorithms,
but by arming the human spirit with digital tools.

2. Synchronization strategy: A hybrid model of technology and personality

The real formula for an innovative breakthrough is a hybrid union of technological power and
emotional intelligence [6].

Today, there are so many “smart” systems that we have reached the thresh old of “digital burnout”.
In fact, even the most advanced software, if it contradicts the natural cognitive characteristics of a
person, will simply become digital garbage. Real progress is adapting technology to a person, not
enslaving a person to technology. We have entered an era of new interfaces that consider digital tools
as an extension of the human brain and nervous system [3].

The main concept in this section is symbiosis. According to statistics, when a person and artificial
intelligence work together, the efficiency of a task is 40% higher than that of a robot or a person alone

[8].

Why? Because a machine is perfect at processing data, and a person is unparalleled in giving
meaning to that data and feeling the context. The synchronization strategy is to give the routine to the
machine, leaving the strategic decisions and creative framework in the hands of a person. This is not just
a technical solution, it is a new ecology in the labor market.

| deeply believe that the most important skill of the future is not writing code, but the ability to
communicate with technology. Only when we accept technology as a “complement” will digital
transformation begin to bear fruit. Technology should not tire a person, but rather be a springboard that
overcomes his fatigue and leads to higher goals. Only where this harmony is established will innovation
become not just a term, but a way of life. We must not be slaves of algorithms, but conductors who direct
them to fulfill the great dreams of humanity.

3. Architecture of the Future: Do not resist change, but manage it

The biggest obstacle to an innovative breakthrough is not a lack of technology, but the fear of
uncertainty in the human mind. In fact, any transformation is the collapse of the old system and the
emergence of a new, unknown space. However, as history has proven, only those who are the first to
harness the wave of progress, not those who resist progress, will win. The architecture of the future is
not just about updating infrastructure, it is a combination of a “growth mindset” and digital foresight.

Today, the main priority is not to become a specialist who has mastered technology, but to form a
“digital leader” who can constantly evolve with technology. According to data, 70% of digital
transformation projects fail not because of technical flaws, but because of organizational culture and
people's psychological unpreparedness. Therefore, to lay the foundation for the future, we must first
develop "digital intelligence” (DQ) on a par with emotional intelligence (EQ) [7].

In our opinion, we are not just living in an era of change, but in an "explosion of opportunities”.
Managing the future means not letting algorithms control us, but turning them into strategic partners
aimed at solving the most pressing problems of humanity [4].

An innovative breakthrough is not an end point, but an endless movement. Therefore, we should
not be afraid of technology, but accept it as the most powerful tool for transforming our being,
knowledge and the world. We are not consumers of the future, but its creators

4. A Practical Model of Digital Transformation: D. Rogers’s Perspective
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Considering digital transformation solely as a technological upgrade is one of the biggest strategic
mistakes of modern organizations. In his work, David Rogers describes this process as a fundamental
restructuring of business models. According to him, in the digital era, competitive advantage lies not in
the company’s resources, but in the quality of the relationship it establishes with the customer.

The model proposed by Rogers is based on five main areas: customers, competition, data,
innovation, and value. These elements, working in close conjunction with each other, form the entire
digital ecosystem of the organization. The role of data is especially important - today, data is not just a
source of information, but a strategic asset.

Digital transformation is not just the introduction of new technologies, it is a complete change in
the rules of the game. Today, those who win are not those with the strongest resources, but those who
adapt the fastest. The market is no longer a static structure, but a constantly changing system. That is
why organizations should not limit themselves to producing products, but should become living
organisms that continuously communicate with consumers and anticipate their needs. Competition has
also shifted from the question of “who is stronger” to “who learns faster” [5].

In this new reality, data is not just information, it is the main weapon for decision-making. Whoever
understands data correctly controls the future. But the most important thing is not the technology, but
how we think about that technology. Innovation is no longer a rare phenomenon, it is a constant process,
and mistakes are not a weakness, but the fuel of development. Therefore, the core of digital
transformation is not changing the system, but changing thinking. And only where thinking changes, real
breakthroughs begin [2].

This approach allows us to understand the essence of digital transformation more deeply: the
problem is not in technology, but in the mindset that accepts it. If organizations can see change not as
external pressure, but as an internal opportunity, they will not only adapt, but also begin to create new
rules themselves. In today's world, the concept of sustainable advantage has disappeared, replaced by
the ability to continuously develop. Therefore, the future lies not in the smartest systems, but in the hands
of people and organizations that can grow with them and use them in a meaningful way. The digital era
requires organizations not only speed, but also depth. That is, not superficial changes, but the
transformation of the internal structure and culture is important. If technology remains only on the
surface, it will not have long-term results. Real change will only occur when people change their way of
thinking, the logic of decision-making, and their attitude to risk. Therefore, digital transformation is not
about mastering tools, but about forming a philosophy of living in a new reality.
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Abstract

Probability theory plays a fundamental role in understanding uncertainty and guiding decision-
making in everyday life. Although often associated with mathematics and statistics, its applications ex-
tend far beyond academic settings into practical domains such as healthcare, finance, education, tech-
nology, and social behavior. This article explores how probabilistic thinking influences daily choices, risk
assessment, and predictive modeling in modern society. By examining real-life examples—including
weather forecasting, medical diagnosis, investment strategies, insurance systems, and digital recommen-
dation algorithms—the paper demonstrates how probability helps individuals and institutions make in-
formed decisions under uncertainty. Furthermore, the study highlights the importance of probabilistic
literacy in improving critical thinking skills and reducing cognitive biases. The integration of probability
theory into technological advancements, such as machine learning and data analytics, has further
strengthened its relevance in contemporary life. Ultimately, understanding probability theory empowers
individuals to interpret information more accurately, evaluate risks rationally, and navigate complex en-
vironments effectively. The discussion emphasizes that probability is not merely a theoretical construct
but a practical tool that shapes everyday experiences and supports evidence-based decision-making in a
rapidly evolving world.

Keywords: Probability theory; uncertainty; decision-making, risk assessment; Bayesian reasoning;
everyday life applications; statistical thinking; predictive modeling; behavioral economics; machine learn-
ing; data analysis

Introduction

In an increasingly complex and data-driven world, uncertainty has become an unavoidable compo-
nent of everyday decision-making. Probability theory provides a systematic framework for quantifying
uncertainty and guiding rational choices in situations where outcomes cannot be predicted with cer-
tainty. Over the past few decades, the practical significance of probabilistic reasoning has expanded rap-
idly, particularly with the growth of data analytics, artificial intelligence, and predictive modeling. Recent
research emphasizes that probability theory is no longer confined to theoretical mathematics; instead, it
serves as a foundational tool across disciplines including economics, healthcare, education, and social
sciences (Hanea, McBride, & Bedford, 2021). As individuals encounter uncertain situations daily—such
as interpreting risk, evaluating information, or planning for the future—probabilistic literacy becomes
increasingly essential.

The growing reliance on statistical and probabilistic information in public communication further
underscores this importance. For instance, during global health crises, governments and health organi-
zations frequently present probabilities related to infection rates, vaccine effectiveness, and risk reduc-
tion. Studies conducted in the last five years indicate that individuals with stronger probabilistic under-
standing are better equipped to interpret such information and make informed decisions (van der Bles et
al., 2020; McDowell & Jacobs, 2022). These findings highlight the societal relevance of probability theory
and its direct impact on everyday behavior. Moreover, probability-based reasoning supports critical eval-
uation of media reports, reducing susceptibility to misinformation and exaggerated risk perceptions.

Technological advancements have also accelerated the integration of probability theory into daily
life. Machine learning algorithms, recommendation systems, and predictive analytics depend heavily on
probabilistic models to analyze patterns and forecast outcomes. According to research by Jordan and
Mitchell (2022), probabilistic approaches remain central to artificial intelligence systems, enabling them
to handle uncertainty and incomplete data effectively. From navigation applications predicting travel
time to online platforms recommending products, these probabilistic systems operate continuously in the
background, shaping user experiences. Consequently, probability theory has transitioned from a special-
ized academic discipline into a practical instrument embedded in digital infrastructure.
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In addition to technological applications, probability theory influences human judgment and deci-
sion-making processes. Behavioral studies demonstrate that individuals often rely on intuitive assess-
ments of likelihood, which may diverge from statistical reality. Recent work by Pennycook and Rand
(2021) suggests that improving probabilistic reasoning skills can enhance analytical thinking and reduce
cognitive biases. Such findings reinforce the argument that understanding probability is crucial not only
for professionals but also for the general population. As modern society increasingly depends on data
interpretation and risk evaluation, probability theory becomes an essential component of everyday rea-
soning and informed decision-making.

Probability Theory in Everyday Decision-Making

Probability theory plays a central role in everyday decision-making, particularly when individuals
must choose among alternatives with uncertain outcomes. Daily life is filled with such situations, ranging
from simple personal choices to complex social and economic decisions. Whether deciding when to travel,
evaluating job opportunities, or assessing health risks, individuals implicitly rely on probabilistic reason-
ing. Recent studies indicate that people who consciously apply probability-based thinking tend to make
more consistent and rational decisions, especially in environments characterized by uncertainty (Meder
& Nelson, 2021). This demonstrates that probability theory functions not only as a mathematical frame-
work but also as a cognitive tool for structured reasoning.

One of the most visible applications of probability in everyday life is weather forecasting. Individu-
als routinely use probability estimates—such as a 60% chance of rain—to plan daily activities. These
forecasts are generated through probabilistic models that combine historical data, atmospheric simula-
tions, and real-time observations. Research shows that probabilistic weather communication improves
public preparedness and reduces decision-making errors compared to deterministic forecasts (Joslyn &
LeClerc, 2021). For example, a farmer deciding whether to irrigate crops or an individual planning out-
door events relies on such probabilistic predictions to minimize potential losses. The widespread use of
weather probabilities highlights how mathematical concepts directly influence practical decisions.

Healthcare decisions represent another critical domain where probability theory guides everyday
actions. Individuals must often evaluate risks related to lifestyle, medical treatments, and preventive
measures. For instance, understanding the probability of developing certain diseases based on age, ge-
netics, or habits can motivate behavioral changes. Recent literature emphasizes that presenting health
information in probabilistic terms enhances patient comprehension and supports shared decision-making
between doctors and patients (Zipkin et al.,, 2020, Trevena et al., 2022). When individuals understand
risk percentages—such as the probability of side effects from medication—they are better equipped to
weigh benefits against potential harms. This probabilistic approach leads to more informed and person-
alized healthcare decisions.

Financial planning also depends heavily on probability-based reasoning. Individuals saving for re-
tirement, investing in stocks, or purchasing insurance must consider uncertain future events. Probability
models help estimate potential gains, losses, and risks associated with different options. For example,
investment diversification is based on the idea that spreading resources across multiple assets reduces
overall risk. Empirical studies conducted in recent years confirm that individuals who understand proba-
bility and risk variability are more likely to adopt diversified portfolios and avoid impulsive financial deci-
sions (Bucher-Koenen et al., 2021). Thus, probability theory contributes to financial stability and long-
term economic well-being.

Transportation and mobility decisions further illustrate the role of probability in daily life. Naviga-
tion applications estimate travel time by calculating the likelihood of congestion, accidents, or delays.
These probabilistic predictions rely on historical traffic data and real-time updates. Research shows that
probabilistic routing improves travel efficiency and reduces uncertainty for commuters (Zhang & Fan,
2023). When drivers choose between alternative routes, they implicitly rely on probability estimates to
minimize travel time. This integration of probabilistic models into digital tools demonstrates how proba-
bility theory enhances everyday convenience and efficiency.

In addition to structured decisions, probability influences social and psychological judgments. Peo-
ple frequently assess the likelihood of outcomes in interpersonal interactions, such as predicting re-
sponses, evaluating trustworthiness, or estimating success in opportunities. However, these judgments
are often affected by cognitive biases. Recent studies indicate that improving probabilistic literacy re-
duces overconfidence and enhances critical thinking skills (Sirota, Juanchich, & Hagmayer, 2021). By un-
derstanding how probabilities operate, individuals become more cautious in their assumptions and more
analytical in their reasoning.
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Overall, probability theory provides a practical framework for navigating uncertainty in multiple
aspects of daily life. From weather forecasts and healthcare decisions to financial planning and trans-
portation choices, probabilistic thinking enables individuals to evaluate risks and make informed deci-
sions. As access to data-driven tools continues to expand, the importance of understanding probability in
everyday contexts will only increase.

Probability Theory in Risk Assessment and Financial Planning

Risk assessment is one of the most important areas where probability theory directly influences
everyday life. Individuals constantly evaluate uncertain outcomes when making financial decisions, such
as saving money, investing, purchasing insurance, or planning long-term expenditures. Probability theory
provides a structured way to estimate potential gains and losses, allowing individuals to make rational
choices under uncertainty. Recent studies emphasize that probabilistic reasoning improves individuals’
ability to assess financial risks and avoid impulsive decisions, particularly in volatile economic environ-
ments (Batsaikhan & Demertzis, 202 1). As modern financial systems become more complex, understand-
ing probability becomes essential for personal financial stability.

Investment decisions are particularly dependent on probabilistic thinking. When individuals invest
in stocks, bonds, or other assets, they cannot predict future returns with certainty. Instead, they rely on
probability distributions of expected performance. The concept of diversification, which involves spread-
ing investments across multiple assets, is based on probabilistic risk reduction. By combining assets with
different risk profiles, investors decrease the probability of large losses. Empirical research shows that
individuals with higher financial literacy, including knowledge of probability, are more likely to diversify
their portfolios and achieve better long-term outcomes (Klapper & Lusardi, 2020; Bucher-Koenen et al.,
2021). These findings highlight the practical value of probabilistic reasoning in improving financial deci-
sion-making.

Insurance systems also rely heavily on probability theory. Companies calculate premiums by esti-
mating the likelihood of events such as accidents, illness, or property damage. These calculations are
based on large datasets and statistical modeling. Individuals, in turn, decide whether purchasing insur-
ance is worthwhile by weighing the probability of loss against the cost of coverage. For example, a person
living in an area prone to floods may consider the probability of such events when deciding to buy insur-
ance. Recent research indicates that communicating risks using probability-based information improves
consumer understanding and leads to more informed insurance decisions (Schwarcz & Siegelman, 2021).
This demonstrates how probability theory facilitates both institutional planning and individual protection
against uncertainty.

Another everyday financial application of probability theory is budgeting and long-term planning.
Individuals often face uncertainty regarding future income, expenses, and unexpected events. Probabil-
istic thinking allows them to estimate possible scenarios and prepare accordingly. For instance, emer-
gency savings are recommended because unexpected events—such as job loss or medical expenses—
have a non-zero probability. Studies conducted in the last few years confirm that individuals who consider
probabilistic scenarios are more likely to maintain savings and demonstrate financial resilience during
economic disruptions (Farrell, Wheat, & Mac, 2020). This highlights how probability theory supports re-
sponsible financial behavior and risk management.

Probability also influences consumer decision-making in markets. When evaluating discounts, war-
ranties, or product reliability, individuals implicitly assess probabilities. For example, purchasing an ex-
tended warranty involves estimating the likelihood that a product will fail. Research shows that many
consumers overestimate small probabilities, leading to decisions that may not be economically optimal
(Bhargava, Loewenstein, & Sydnor, 2021). Understanding probability theory helps individuals avoid such
biases and make more rational choices based on realistic risk assessment.

Overall, probability theory plays a crucial role in financial planning and risk management. By ena-
bling individuals to estimate uncertain outcomes, diversify investments, evaluate insurance options, and
plan for unexpected events, probabilistic reasoning contributes to economic stability and informed deci-
sion-making. As financial systems continue to evolve and uncertainty remains a constant factor, the im-
portance of probability-based risk assessment in everyday life will continue to grow.

Conclusion

Probability theory has evolved from a purely mathematical discipline into an essential framework
for understanding uncertainty in everyday life. This article has demonstrated that probabilistic reasoning
plays a significant role in multiple domains, including daily decision-making, healthcare, financial plan-
ning, risk assessment, and technological systems. In modern society, individuals constantly encounter
uncertain situations, and probability theory provides the tools needed to evaluate risks, interpret
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information, and choose among alternatives. Recent research confirms that improved probabilistic liter-
acy enhances critical thinking, supports rational judgment, and reduces susceptibility to misinformation
(Pennycook & Rand, 2021; McDowell & Jacobs, 2022). These findings emphasize that understanding
probability is not limited to academic contexts but is crucial for practical life skills.

One of the key insights highlighted throughout this discussion is that probability theory supports
evidence-based decision-making. Whether individuals are interpreting weather forecasts, evaluating
medical risks, or planning financial investments, probabilistic thinking allows them to weigh potential
outcomes logically. Studies show that individuals who apply probability-based reasoning are more likely
to make balanced decisions and avoid extreme risk-taking or overly cautious behavior (Meder & Nelson,
2021). This balanced approach is particularly important in a world characterized by rapid technological
change and increasing access to complex data.

Furthermore, probability theory plays a central role in modern technological developments. Artifi-
cialintelligence, machine learning, and predictive analytics rely heavily on probabilistic models to analyze
large datasets and generate predictions. These technologies influence everyday experiences, from per-
sonalized recommendations to traffic navigation systems. As such systems become more integrated into
daily life, the importance of understanding the probabilistic nature of their outputs increases. Research
indicates that individuals who understand probability are better equipped to interpret algorithmic pre-
dictions and use them effectively (Jordan & Mitchell, 2022). This highlights the growing intersection be-
tween probabilistic thinking and digital literacy.

Another important conclusion is that probability theory enhances risk management and financial
stability. By understanding uncertainty, individuals can make informed choices about investments, insur-
ance, and long-term planning. Probabilistic reasoning encourages diversification, savings, and prepara-
tion for unexpected events, all of which contribute to economic resilience. Recent studies emphasize that
financial decisions grounded in probability-based assessments lead to improved long-term outcomes and
reduced vulnerability to economic shocks (Bucher-Koenen et al., 202 1). Thus, probability theory serves as
a practical tool for achieving both personal and societal stability.

In addition, probability theory helps individuals recognize cognitive biases and improve judgment.
People often rely on intuition when estimating likelihoods, which can lead to systematic errors. Learning
probabilistic concepts enables individuals to question assumptions, evaluate information critically, and
avoid misinterpretation of data. This skill is particularly valuable in the modern information environment,
where individuals are frequently exposed to statistics, polls, and risk-related claims. By applying proba-
bility theory, individuals can distinguish between realistic and exaggerated risks, leading to more in-
formed and rational decisions.

In conclusion, probability theory is deeply embedded in everyday life, shaping how individuals in-
terpret uncertainty and make decisions. Its applications span diverse areas such as healthcare, finance,
education, and technology, demonstrating its broad relevance and practical value. As society becomes
increasingly data-driven, the need for probabilistic literacy will continue to grow. Understanding proba-
bility empowers individuals to navigate uncertainty, evaluate risks effectively, and make informed
choices in both personal and professional contexts. Therefore, promoting probabilistic thinking is essen-
tial for improving decision-making and enhancing overall societal well-being in the modern world.

References

1. Batsaikhan, U., & Demertzis, M. (202 1). Financial risk and decision-making under uncertainty:
Evidence from recent economic developments. Journal of Economic Policy Reform, 24(3), 215-230.
https://doi.org/10.1080/17487870.2020.1813086

2. Bhargava, S., Loewenstein, G., & Sydnor, J. (2021). Choose to lose: Health plan choices from a
menu with dominated options. Quarterly Journal of Economics, 136(3), 1319-1372.
https.//doi.org/10.1093/qje/qjaa050

3. Bucher-Koenen, T, Lusardi, A., Alessie, R., & \Van Rooij, M. (2021). Fearless woman: Financial
literacy and stock market participation. Journal of Financial Economics, 139(2), 443-461.
https.//doi.org/10. 1016/} jfineco.2020.05.006

4. Farrell, D., Wheat, C., & Mac, C. (2020). Financial health and resilience: The role of savings and
liquidity. Journal of Consumer Affairs, 54(3), 1119—1142. https.//doi.org/10.1111/joca. 12340

5. Hanea, A. M., McBride, M. F., & Bedford, T. (2021). Probabilistic reasoning for decision-making
under uncertainty. Risk Analysis, 41(1), 3—16. https;//doi.org/10.1111/risa. 13520

6. Jordan, M. I, & Mitchell, T. M. (2022). Machine learning: Trends, perspectives, and prospects.
Science, 375(6581), 134—139. https.//doi.org/10.1126/science.abh3990



VI INTERNATIONAL SCIENTIFIC CONFERENCE. BERN. SWITZERLAND. 14-15.04.2026

7. Joslyn, S., & LeClerc, J. (2021). Communicating weather forecast uncertainty: A review of re-
search findings. Current Opinion in Behavioral Sciences, 42, 41-47.
https;//doi.org/10.1016/j.cobeha.2021.02.006

8. Klapper, L., & Lusardi, A. (2020). Financial literacy and financial resilience: Evidence from
around the world. Financial Management, 49(3), 589-614. https;//doi.org/10.1111/fima. 12283

9. McDowell, M., & Jacobs, P. (2022). Statistical literacy and decision-making in uncertain envi-
ronments. Journal of Statistics Education, 30(2), 123-134.
https;//doi.org/10.1080/10691898.2021.2009954

10. Meder, B., & Nelson, J. D. (202 1). Information search with probabilistic reasoning: Implications
for  everyday  decisions. Psychonomic Bulletin & Review, 28(3), 789-803.
https;//doi.org/10.3758/s13423-020-01831-5

11. Pennycook, G., & Rand, D. G. (2021). The psychology of fake news: Trends in cognitive science.
Trends in Cognitive Sciences, 25(5), 388—402. https.//doi.org/10.1016/).tics.2021.02.007

12. Schwarcz, D., & Siegelman, P. (202 1). Insurance and behavioral economics: Improving risk com-
munication. University of Chicago Law Review, 88(3), 679-732.

13. Sirota, M., Juanchich, M., & Hagmayer, Y. (202 1). Ecological rationality and probabilistic think-
ing. Thinking & Reasoning, 27(4), 569-595. https.//doi.org/10.1080/13546783.2020.1802734

14. Trevena, L. J., Bonner, C., Okan, Y., Peters, E., Gaissmaier, W., Han, P. K. J., & McCaffery, K. J.
(2022). Presenting quantitative information about decision outcomes: A risk communication primer for
patient decision aid developers. BMJ, 378, e067002. https://doi.org/10.1136/bmj-2021-067002

15. van der Bles, A. M., van der Linden, S., Freeman, A. L. J., Mitchell, J., Galvao, A. B., Zaval, L., &
Spiegelhalter, D. J. (2020). Communicating uncertainty about facts, numbers and science. Nature Human
Behaviour, 4(8), 681-692. https.//doi.org/10.1038/s41562-020-0870-9

16. Zhang, Y., & Fan, W. (2023). Probabilistic travel time prediction using real-time traffic data.
Transportation Research Part C: Emerging Technologies, 148, 104053.
https://doi.org/10.1016/j.trc.2023.104053



VI INTERNATIONAL SCIENTIFIC CONFERENCE. BERN. SWITZERLAND. 14-15.04.2026

ANALYTICAL SOLUTIONS OF THE TWO-DIMENSIONAL NAVIER-STOKES EQUATIONS

Rustemova Karashash Zhorabekovna

candidate of physical and mathematical sciences, assistant professor
Abdimanapova Perizat Bakhytovna

PhD, assistant professor

Mazhit Zhamilya Batykkyzy

Master of Mathematics

Tattibekov Konysbek Satievich

candidate of physical and mathematical sciences, associate Professor,
Almaty Technological University, Almaty, Republic of Kazakhstan

AHAJSINTUYECKWE PELLIEHMA IBYMEPHbIX YPABHEHMM HABBE-CTOKCA

Pycmemosa Kapawaw XopabekosHa

K.¢h.-M.H., accucmeHm npogeccop

AboumaHanosa lMepuzam baxeimosHa

PhD, accucme+m npogeccop

Maxcum Xamuna bambiKKbi3bi

Mazucmp mamemamuku

Tammubekos KoHbicbek CamuesuY

K.¢h.-M.H., doueHm,

AZMamuHcKul mexHoioz2udeckull yHusepcumem, 2. Aaimamsi, Pecnybiuka Kazaxcmar

Abstract

The article considers particular analytical solutions of the Navier—Stokes equations describing lam-
inar flows of a viscous incompressible fluid. Despite the overall complexity and nonlinear nature of these
equations, exact solutions can be obtained in a number of cases that are of significant theoretical and
practical importance. Special attention is given to flows between non-parallel planes, which lead to a
two-dimensional formulation of the problem and make it possible to reveal the features of the flow be-
havior in converging and diverging configurations of boundaries.

In addition, the axisymmetric Couette flow arising between two coaxial rotating cylinders is exam-
ined in detail. For this problem, the main differential equations of motion, the corresponding boundary
conditions, and their analytical solutions for the distribution of tangential velocity and pressure in the
fluid are presented. It is shown that the flow structure is determined by the geometric parameters of the
system and the angular velocities of the cylinders.

The obtained results provide a deeper understanding of the physical mechanisms of laminar flow
and serve as a foundation for the analysis of more complex hydrodynamic problems, including flows at
high Reynolds numbers and problems of boundary layer theory.

AHHOMayus

B cmamaee paccmMampusaromcs YacmHble aHaaumuYyeckue peuleHus ypasHeHul Hasbe—Cmokca,
ONUCHIBAOWUX JITAMUHAPHbIE MeYeHuss BS3KoU Hecxumaemol xuokocmu. Hecmompss Ha obuwiyro
CJIOHCHOCMb U HesluHelHbIU Xapakmep 3mux ypasHeHud, 8 psoe c/ydaes yoaémcs noJly4ums mMOoYHbIe
pewleHus, UMerouue BaxcHoe meopemuyeckoe U NPUKIaoHoe 3HayeHue. Ocoboe BHUMAaHue B
UCC/1e00BaHUU Yyoessemcs mevyeHusM Mexoy HendapasiesibHbiMu NJIOCKOCMSAMU, KOMOopble NPUBOOAM K
0ByMepHOU NOCMAaHoBKe 3adadyu U No3BOJISHOM BbiSBUMbL 0CO6EHHOCMU NoBedeHUss NOMOKA nNpu
CXOOSUWUXCS U pACX00AWUXCA KOHpU2Ypauusx 2paHul,.

Kpome mo2o, nodpobHo paccmampusaemcsl 0cecuMmmempuyHoe meyerHue Kyamma, BO3HUKaroujee
Mex0y 0BYMS KOAKCUQ/IbHbIMU BPAWAOWUMUCT YUAuHOpamu. [ins O0aHHol 3adadu npusoosmcs
OCHOBHbIE OupGepeHUUaIbHbIe YPAaBHEHUS 0BUXEHUS, COOMBemMCcmaBywue 2paHuYHbIe YCa0B8us, a
MAakxe Ux aHaaumu4yeckue peweHus 018 pacnpeodesieHuss maH2eHyuasbHoU CKopocmu U 0as/ieHus B
Huokocmu. [Toka3aHo, Ymo CMPYyKMypa NomMoka onpedesisemcsl 2eoMempuyeckumMu napamempamu
cucmemsl U y2s10BbIMU CKOPOCMAMU UUIUHOPOB.

[Tony4eHHble pe3ysibmamal NO3BOISIHOM 2/1yOxe NOHAMb PU3UYECKUE MEXAHU3MbI JIAMUHAPHO20
meyeHus U Cayxam ocHoBoU 0/ aHaauza bosiee CA0XCHbIX 2UOPOOUHAMUYECKUX 3a0ay, BK/HYAS
meyeHus npu 6os1bWUX Yucaax PeldiHoib0ca u 3a0a4u meopuu No2PAaHU4YHO20 C/I0S.
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Knroqesbie cosa: YpasHeHus Hasbe—CmoKca, 1aMuHapHoe meYyeHue, BA3KAs HeCHUMaemas H#uo-
KOCMb, aHasumuyeckue pewleHus, 08ymepHas 3adadya, meqeHue Kysmmd.

BsedeHue. B obujem ciy4ae HaxoxcoeHue MOYHbIX peuwleHul HesuHelHbIX ypasHeHuld Hasbe—
Cmokca npedcmassigem 3HaqyumesibHblie MPYOHOCMU. VI3BeCMHbI pewieHuUs ullb 018 02PAHUYeHHO20
yucaa HempuUBUA/IbHbIX YACMHbIX Cay4aes. Hanpumep, npu paccMompeHuu meyeHuss 8 mpybe
HesluHelHble 4/1eHbl ypasHeHuld obpawaromcsi 8 Hysb. [pu 60bWUX 3HAYeHUsIX Yucia PeliHonboca
meyeHue X#UOKOCMU BOKPY2 mesia 00 HACMOSU,e20 BpeMeHU NOJIHOCMbHO He U3Y4eHoO.

Cnedyem ommemuma, YMo BCe U3BECMHbIE MOYHbIE pelieHus Co2/1acytomcsi C NPeonosIONeHUSIMU
meopuu No2paHU4YHO20 C/1051 U WUPOKO UCNOIL3YHOMCS NPU 60/IbULIUX YUC/Iax PelHob0ca, a make npu
nocmpoeHuU acuMnNmMomuy4yeckux peweHud.

OcHOBHaAA 4acms. TeqeHue mexdy Henapaaie/ibHbIMU NJI0OCKOCMAMU CBOOUMCA K 0BYyMepHoU
3adayve. JluHUU moka npedcmassisom cobol NpsiMbie, CXO0AUWUeCs B MOYKe nepecedeHust niockocmed.

JIns cxo0auwuxca 1IaMUHapHbIX meYyeHuUl mMexcody HendapasinesibHbiIMU NAACMUHAMU Pa3iudusl 8
CMpYKmMype NOMoKa omcymcmayom. B c/iy4ae pacxoosuwuxcs mevyeHul Habrooaemcs omJuyue; yeosn
Mex0y NJIOCKOCMSMU NPeBbIaem Kpumu4yeckoe 3HayeHue, 3asucsauiee om yucia PeliHosiboca.

ToYHoe peuwleHue 019 0CeCUMMemMPUYHO20 MeYeHUs B KOHUYeCKOM KaHase HeussecmHo. OOHAKO
psA0  Kaaccuyeckux 3aday uUmeem aHanaumuyeckue peweHus. Hanpumep, meyeHue, BbI3BAHHOE
BpaujeHuem oucka 8 NosynpoCcmpaHcmae, popmupyemcsi nod delicmauem UeHmpPobextHbIX CUJL.

JIBymepHas 3adavya meyeHus BOOJIb NJI0CKOU NOBEPXHOCMU bbiia peweHa baasuycom u XumeHuem.
Smu pewieHus: uzparom BaxXcHyro poJib 8 MeopuU NO2PAHUYHO20 CJIOS.

JlamuHapHoe BpauiamesibHoe meYeHue HeCHUMaemol XUOKOCMU Mexody 0BYMS UuauHOpamu
U3BeCMHO Kak meyeHue Kyamma. JluHuu moka umerom Bud KOHUEHMPUYecKux oKpyxcHocmed.

Paccmompum CmauuoHapHoe meyeHue B YuuHopuyeckux koopouHamax (r, ¢, x). EOuHcmBeHHoU
HeHy/1eBold KOMNOHEHMOoU CKOPOCMU SB/ISeMCS MAH2EHUUA/IbHAS KOMNOHeHMA v, (). B smom ciy4ae

YpasHeHue HepaspbiBHOCMU BbINOJIHAEMCH d8MOoMamuyecKku, a cucmema Haspbe—Cmokca €cB0OOUMCS K:

1d d"w) Yo _
rdr (T dr r2 0 (70)
u
d _ v
dar r (76)
Obuwee peweHue ypasHeHus (1a) umeem BuUO:
C2
vy = Cir + =, (2)
KoHcmarmael onpedesisitomcs U3 2paHUYHbIX YCa0BUd:
v(p = w;rj, r=r
Vy = Wy, r=7
Omkyoa
2 2
_ WoTo—w;Ti
Cl - roz_riz ) (3)
_ (wo — wIrgT
Cy = 2 2
lodcmasifsa BbipaxeHue cCKopocmu 8 ypasHeHue (16), nosy4aem pacnpedesieHue 0as/ieHus:
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20e p; — dasJieHue Ha NOBEPXHOCMU BHYMPeHHe20 YUIUHOPA.
Paccmompum YacmHbil cayqad. Ecau yunuHopbl BpAaWaromcs ¢ 00UHakosod yei10800 CKOPOCMbHO
w, m.e. Wy = W = W, mo.
1
— — 2 2 2
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Ymobbi Haldmu momerm cus, delicmByrowuli Ha UUAUHOPbI, YHUMbIBAEM, YO HEeHY/1eBas MOJIbKO

maHeeHyuas/ibHast KoMNoHeHMmda meH3opa HG/?,DH)K@HUU.’
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YMHoMcas Ha r, nosy4aem mMomeHm Ccusi. B umoee 0719 MOMeHma Ha eouHuyy OJ/1UHbI NOJIyYaem

Gopmysy ocecummempuyHo20 meyveHus Kysmma:
Amp|wo—wil

M= —="—= (6)
(e - ()
3aksoqeHue. Takum 06pasom, HECMOMPS Ha 06U C/IOXHOCMb ypasHeHUl Hasbe—Cmokca, 015
PA0a BAXCHbIX u3uYecKux 3a0ay yoaémcs noJy4ums MOYHbIe AHAIUMUYecKue peweHUs. Imu peweHus
u2parom KJo4esyro posib 8 NOHUMAHUU CMPYKMYPbl IAMUHAPHBIX meYeHul u Cyxam ocHosoU 0715
bos1ee C/I0HCHBIX NPUBIUIEHHBIX MemoOoB.
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Abstract

B cmamee paccMampusaromcs ypasHeHus Hasbe—CmoKca 0715 BA3KOU HeCHUMaemol UoOKoCmu,
UX NPUbIUMEHHbIE U YACMHbIe aHaIumuyeckue peweHus, d makxe ocobeHHOCMU NoCMAaHoBKU
Haya/ibHO-Kpaesbix 3aodad. JlaHHas cucmema ypasHeHul S8/1semcs GyHOaMeHmasabHol 8 MexaHuke
CNJIOWHBIX CPe0 U WUPOKO NPUMEHAeMCcs 0J19 ONUCAHUS PA3/IUYHBIX 2UOPOOUHAMUYECKUX NPOUECCOB KaK
B Meopemu4YeCcKux uccedoBaHusX, Mak U 8 UH¥eEHepHOU NPakmuke.

Ocoboe BHUMaHue yodensemcsa u3uveckol uHmMepnpemauuu ypasHeHud, no3sossrouel
YCMAHOBUMb CBA3b MY UHEePUUOHHBIMU, BA3KUMU U BHEWHUMU CU/Iamu, 0elcmBayrouuMu 8 NOMOKE.
PaccmampuBaromcs paz/iudHbie munbl 2pAHUYHbIX YC/I0BUU, BK/IHOYAS YC/I0BUSI NPUAUNAHUS HA MBEPObIX
CMeHKax, acuMnmomuyecKkue YC108usl Ha 6eCKOHeYHOCMU, a MAakxe nepuoduyeckue U CUMMEeMPUYHbIe
YC/I08US, UCNOJIb3YeMble NPU MOOeIUPOBAHUU C/IOXCHBIX MmeYeHUU.

B pabome makxe aHaiu3upyromcsi OCHOBHbIE NOOX00bl K YUC/TEHHOMY pelueHuro ypasHeHul
Hasbe—Cmokca. Obcyxoaromcs mpeboBaHus K BbIMUCIUMESbHBIM —~ MemoodadM, Maxkue Kak
YCmoUyuBoCmb, MOYHOCMb U 3KOHOMUYHOCMb, A MAKME 0COOHHOCMU UX NPUMEHEHUS NPU PA3/IUYHbIX
3HaYyeHusx 4qucna PeliHosbdca. Ommedaemcs, 4mo npu 60bWUX 3HAYEHUSIX 3MOo20 Ndpamempad
BO3HUKAKOM  C/IOXCHbIe HeCMAUUOHApHbIe U  MypOYyIeHMHbIE pPexuMbl MmeveHus, mpebyroujue
UCNOJIb30BAHUS CNeYUAsTbHbIX YUCTeHHbIX Modesel.

[Tony4eHHble pe3ysbmamel U NpedcmassieHHble NooxXo0bl mMo2ym ObiMb UCNO/IL30BAHbI 0JiS1
aHaIu3a WuUpoKo20 Kpyea 3aday 2u0poOUHAMUKU U C/1yX#am oCcHoBol 019 0asbHelwux ucci1e0oBaHull 8
obacmu BbIHUCIUME/IbHOU MeXAHUKU HUOKOCMU.

AHHOMauyus

The article considers the Navier-Stokes equations for a viscous incompressible fluid, their approxi-
mate and particular analytical solutions, as well as the features of formulating initial and boundary value
problems. This system of equations is fundamental in continuum mechanics and is widely used to describe
various hydrodynamic processes in both theoretical research and engineering practice.

Special attention is given to the physical interpretation of the equations, which makes it possible
to establish the relationship between inertial, viscous, and external forces acting in the flow. Various
types of boundary conditions are considered, including no-slip conditions on solid walls, asymptotic con-
ditions at infinity, as well as periodic and symmetry conditions used in modeling complex flows.

The paper also analyzes the main approaches to the numerical solution of the Navier—Stokes equa-
tions. The requirements for computational methods, such as stability, accuracy, and efficiency, are dis-
cussed, along with the specifics of their application at different Reynolds numbers. It is noted that at high
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values of this parameter, complex unsteady and turbulent flow regimes arise, requiring the use of spe-
cialized numerical models.

The obtained results and presented approaches can be used to analyze a wide range of hydrody-
namic problems and serve as a basis for further research in the field of computational fluid dynamics.

Keywords: Navier-Stokes equations, laminar flow, viscous incompressible fluid, analytical solu-
tions, two-dimensional problem, Couette flow.

Knroyesbie cnosa: YpasHeHusi Hasbe—CmoKca, 1aMuHapHoe medyeHue, BA3Kas HeCHUMAaemas #cuo-
KOCMb, aHanumuyeckue peuleHus], 08ymepHas 3adadya, medeHue Kyamma.

Bsederue. YpasHeHuss Hasbe—CmoKca onucChiBarom OBUXEHUE BA3KOU XUOKOCMU U ABJSHOMCS
pyHOameHmanbHOU cucmemol ypasHeHul 2u0poOUHAMUKU. HecMompsi Ha UX WUPOKOe NpUMeHeHUe,
aHasuMmuYyeckoe peleHuUe BO3MOMHO IUlLb B 02PAHUYEHHOM YUC/Ie YaCMHbIX C/1y4aes.

TeyeHue B53KoU XuUOKoCMU npu Masaol BA3KOCMU YACMO ONUCLIBAGMCS  YpPABHEHUSMU
No2paHu4Ho20 C/105, Mo20a Kak npu 6osee BA3KUX Pexcumax Ucnosb3yomcs ypasHeHuss Cmokca u
nonHas cucmema Hasbe—-Cmokca. 3mu  ypasHeHuss mo2ym bbimb BbiBe0eHbl KAK HA OCHOBE
perHomeHono2u4yecko2o nooxoda (nocmysiamsi CMOKCA), MAK U Ha 0OCHOBE MOJIeKY/IAPHO-KUHeMUYecKou
meopuul.

OcHoBHas Yacme. TedeHue B53KoU HUOKOCMU npu Masioll BA3KOCMU 8 COOMBEMCMBUU C 3aKOHOM
mpeHus HeromoHa onuUCkIBAemcs YpasHeHUAMU NO2PAHUYHO20 C/I05, M020d KAk Npu 60/IbUIUX 3HAYeHUSX
BA3KOCMU UCNO/Ib3yromca npubsiuxceHuss Cmokca u obujue ypasHeHus Hasbe—-Cmokca. YpasHeHus
Hasbe—Cmokca moaym 6bimb NOJIyYeHbl KaK (peHOMeHOI02u4eckuUM NYmMEM Ha 0CHOBE NOCMY/1amoB
CmoKca, mak u Ha 0CHoBe MOJIeKY/IAPHO-KUHeMUYeckold meopuul.

17159 00HOPOOHOU HecxHumaemol #uokocmu cucmema Hasbe—CmoKca 3anucbiBaemcs 8 sude:

%+(VV)V:-lgrad P+VAV+f.n
p

(1)
divV=0
20e Heu3BeCcmHbIMU ABJIAFOMCA BeKkmMop ckopocmu V u dasjieHue p, 3asucawjue om NpocmpaHCmBeH-
HbIX KOOPOUHAM U BpemeHu t. [TIoMHOCMb p U KUHeMAamuyeckdas BA3KOCMb V = /D CHUMAromcs 3a0aH-
HbIMU nAapamempamu, f — maccosas cusd.
Mepsoe ypasHeHue cucmemsl NpedCmas/isiem 3aKOH COXPAHeHUs UMNYJ/IbCa (YpasHeHue 0Bue-
HUS), BMOPOE — yYpasHeHUe HepaspbIBHOCMU:

op
— +divpV =0 1.2
p p (1.2)

Takoe npedcmassieHue NpuBOOUM K BAXCHOMY CBOUCMBY cucmemsbl: dassieHue onpedesisemcs C
MOYHOCMbH 00 NPOU3BOJILHOU NOCMOSIHHOU Po.

Cucmema (1) npu 3a0aHHbIX HAYA/IbHBIX YCI0BUSX B MOMEHM BpeMeHU to U COOMBemcmBYyULUX
2PAHUYHBIX YCI0BUSX NO3B0OJISem onpedesiums Nojie CKOpocmu u dassieHuss 8 MomeHm to+AL, ede At>0.
LlBudeHue #cuokocmu mMoxcem bbiMb BbI3BAHO KAK MACCOBLIMU CUAAMU, MAK U BHEWHUMU Bo30elicmBu-
AMU, NPUBOOAWUMU K nepenady oassieHus Ap.

3Havum, 0OHUM U3 KJIH0YeBbIX CBOUCMB CUCMeMbl A8J19emca onpedesieHue 0as/ieHus ¢ MOoYHO-
CMbHo 00 NPOU3BOJILHOU KOHCMAHMbI.

Paccmompum epaHuyHbie yciosus bosiee NoopobHo 0J15 YaCMHO20 CJ1y4as ypasHeHUl

ou ou _ou lop (0u d%u

FU—+F—=———+V —+— |+ T, 3
ot x oy poax o oy ~

09,09 408__1ap [9°9 &9

+U—+F—=———"+V| — + f 4

x oy py N o) @
L 09 g (5)
ox oy

ede u, V — KOMNOHeHmMb! CKOpOCMU, p— 0dsJieHue, X,y— KOOpOUHAMb! NPAMOY20/ibHOU CUCMEMBI.
KuHemamuyeckul Ko3gguuueHm 8g3K0Cmu 0603HAYeH V.



VI INTERNATIONAL SCIENTIFIC CONFERENCE. BERN. SWITZERLAND. 14-15.04.2026

Cmpoauli BbIBOO 3mMux ypasHeHuUl NpUBOOUMCS B KypCax MEexaHUKu XUOKOCMmU U edsd. VX
uzuyeckul CMbIC 3aK/IH04AeMCcs B MOM, YMO OHU SBJISFOMCS NPOEKUUSMU BMOPO20 3aKOHA HbomoHa
F=ma, a Bsi3Kue cu/ibl NOOYUHSIKOMCS 3aKOHY HbtomoHa 01 KacamesibHbIX HanpsixeHud, CBS3bIBarouemMy
UX Co cKkopocmbto degpopmayuu. YpasHerue (5) onucbisaem YycioBue HenpepbiBHOCMU 8 08YyMepHOU
obnacmu.

B MexaHuKke MUOKOCMU UCNOJIb3yromcs 0Ba nooxoda: 30sepos u saazpaHxes. B 3lneposol
cucmeme KoopoOuHAmM XUOKOCMb OBUXEMCS OMHOCUMEbHO (PUKCUPOBAHHOU CUCMEeMbl OMCcYémd,
mo20a Kak 8 1azparHxesoll cucmeme KOoOpOUHAMb! OBUMCYMCA BMECMeE C HUOKOCMBIHO.

YpasHeHus (3)—(5) asnsromcsa ypasHeHUaSMU Mamemamu4eckol ¢u3uKu 8 4acmHbIX NPOU3BOOHbIX
U ONUCbIBAOM WUPOKUU KAacc 3adad. Pasnuqus mMexoy HUMU OnpeoesiStomca Ha4aabHbIMU U
2PAHUYHBIMU YC0BUSMU.

115 ckopocmu 06b14HO UCNO/Ib3YemCs YCa08ue NPUIUNAaHUs Ha meépool cmeHke u=0, v=0, moaoa
Kak 0718 0as/ieHus 2paHuYHble yci08us 3adame CoxcHee. OHO moxcem 6bimb BOCCMAHOB/ICHO U3
YpaBHeHUl 0BUMeHUS.

Bsoos BGBUXpéHHOCIT)b.‘
du dv

w = g‘la
NosyYaem ypasHeHUe NepeHoca 3aBUXPEHHOCMU:
ow ow 9 ow ’w 0*w
o - “ax Uy +”<ax2 * 6y2>
/_,DGHUL/Hb/eyCHOBUF/ ueparom Onpeaeﬂﬂfou,(yfo POJib U Mo2ym Cyuw,eCcmsBeHHO BJIUSAMb HA Xapakmep
pewieHus. Knaccuukayus 2paHUYHbIX YCao8ud:
1 Ycnosue npununarus. Ha maépdol HenodsuxcHoU NOBEePXHOCMU BbINOIHAEMCS YCio8ue

OmMCcymcmBUS CKOJIbX(EeHUA.
V| =V, (6)

npu V=0 noBepxHOCMb cHUMAaemcsi HenooBUXCHOU.
2 Acumnmomuyeckue ycao8us. Ha beckoHeyHocmu u/iu 80asau om meJia 3a0aromcs YCi08us BUOA:

V-V, r—ow (7)
3 lNepuoduyeckue yciosus. B pade 3a0ay ucnosib3yromcsa Nepuoouyeckue epaHuYHbIe YC/108US:
VvV, -V, (8)
4 Ycnosusa cummempuu. g CUMMempUYHbIX medYeHull UCnosib3yHmCcs YCI0BUS:
ou
on

B onpedeniéHHOM 0uandsoHe pexcuMHbIX NapamMempoB (Npexcoe BCe2o NPU MAJibiX 3HAYEeHUSIX YUC/1a
PeliHo1b0ca) 3mu yc08us Mo2ym COOMBEmMCmMB0BAMb pedsibHO Habiodaembim meveHusM. OOHAKO BO
MHOR2UX CJ1y4asix ux 3adaHue, no0obHo ycio8uro (8), pacuiupsiem Kacc BO3MOMCHbIX 0BUMEeHUU.

IpaHu4Hble ycnosus (5) Ha epaHuye paszdena 08yx cped, ecsiu 3ma NOBEPXHOCMb HEeNOOBUXHA U
MOXCHO NpeHebpeybs mpeHuem 8 00HoU U3 cped (Hanpumep, Ha 2paHuUe XUOKOCMU U 2d3d), NPUHUMArom
BUO, AHa102UYHbIU YCc108UrO cummempuu (9):

v, =0, 8_u =0 (10)
on
Omuuyue ycnosus (10) om ycrosus npuiunadus (6) 3aki04aemcs 8 moMm, Ymo OHO Y4UumabiBaem
0BUMeHUe HUOKOCMU BOOJIb NOBEPXHOCMU U, B COYeMAHUU C pewleHUsIMuU cucmemsl ypasHerud (3)—(5),
no380/19em onpeodesiums CKOPOCMb 3MO20 OBUXCEHUS.
lpu cmpo2ol Mamemamuy4eckold NOCMaHoBKe 3adayu, ecu Ha4asbHble 0aHHbIe 3a0aHbl B BUOe
cucmemnl (3)—(5), 8 paccmompeHHbIX Bbiie Cy4asax 3a0aHue 2paHuYHbIX yc108ull 018 0aseHUs He mpe-
byemcs.
u®=u(x,y,0), v’ =v(x,y,0), p° = p(x,y.0)
Cucmema ypasHeHul (3)—(5), 3a0aHHAs ¢ Ha4aibHbIMU U COOMBEMCMBYHOULUMU 2PAHUYHBIMU YC/10-
BUAMU, ABJI9€MCS 3aMKHymoU U N03B80/1em onpedeums NoJiS CKOPOCMU U 0assieHUss 00OHOPOOHOU He-
orumaemol BA3KOU HUOKOCMU, a MAKME UX U3MeHeHUe BO BPeMeHU.

O0Hako cucmema ypasHeHul (3)—(5) 8 popme ypasHeHus HepaspbisHocmu (5) He Bceeoa yoobHa
019 npoBedeHuss BbIHUCeHUU, B CBA3U C YeM eé MOXCHO 3aMeHUMb 3KBuBaseHmHou cucmemod. s
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2Moe2o, Hanpumep, ypasHeHue (3) dugpgepeHuupyrom no nepemeHHol y, a ypasHeHue (4) — no nepemen-
Hol X, 3ameMm CK/1a0bIBArOM NOJIYYeHHbIe pe3yibmamsl U UCNO/b3YHoM NpeobpazosaHus, CBA3AHHbIE C
ypasHeHuem (5). B pesysiemame nosydaem:
2 2
o°p o°p ou ouov ovaou ov of  of,
> tU—— =~ — | t————+| — + +—= (11)
OX oy OX oy ox oy ox oy ox oy
Cucmema ypasHerud (3), (4), (11) asnsemcsa 00HoU u3 Haubosiee 4acmo UCNosib3yembix ¢opm
ypasHeHuli Hasbe—CmoKca 8 NepemMeHHbIX «CKOPOCMb—0dBaeHUe» B BbIHUCAUMEbHOU Npakmuke. B
2MoM cJ1y4ae epaHuYHble yci08us 015 0asaeHus mo2ym 6bimb NOJyYeHbl U3 ypasHeHuld 0BuxeHus (3) u

(4).
Hanpumep, 0715 HenodBuxHolU maépdol cmeHKU npu y=0 2paHuyHoe ycraosue 0719 0asJ/ieHUs
umeem ciedyrouud BUO:

op u o%u .
2 X
OX oy (12)

lpu nposedeHuu BbIYUC/IEHUU, KAK NpAsuso, Ucnosb3yemcs be3pasmepHas ¢@opma 3anucu
YpasHeHul, @ MAkxe Ha4asbHbIX U 2PAHUYHbIX Yycosul. Beedém 6e3pasmepHble Be/luYUHbl, 20e
xapakmepHbit macwmab obozHa4um depe3 Ci. [lepexod K be3paszmepHol ¢opme ocyuiecms/isemcs
3ameHoll pasmepHoU Beslu4UHbI HAa €8 HOPMUPOBAHHOE 3HaYeHue.

Bbibop macwmabos onpedesnsemcss KOHKPemHbIMU YyCaoBusMU  3adadqu. [lycme  3a0aHsbl
XapakmepHas cCkopocms Vi U xapakmepHsbit pasmep obaacmu L. TedeHue, 3a0aHHOe Yepes XapaKkmepHYH
CKOpOCMb U/IU Nepenad 0dB/IeHUS], HA3bIBAeMCS BbIHyX#0eHHOU KoHBeKuuel. B ka4ecmae macwmabos
CKOPOCMU U OJIUHbI NPUHUMArOMCsl coomBemcmBaeHHo V1 u L, a napamempai p, V, f1 3a0aromcs yCaoBuUsSMuU
3adayu.

BbINOJIHUB YKA3AHHbIE NPE0bPA30BAHUS, MOXCHO NOJIYYUMb C/IEOYIOULYHO 6e3pasMepHyo ¢popmy
UCX00HOU cucmembl ypasHeHUU:

N~ \— 1 —
—4+VVN =—qgradp —AV +F-n 13
=+ (VN = gradp (13)

divV =0 (14)

B 0aHHoOU cucmeme npucymcmayrom 08a 6e3pasmepHbIX Napamempd, NOCMPOEHHbIX Ha OCHOBE
BbI6PpaAHHbBIX Macuwmabos: Re = % — yucso PeliHonb0ca, Komopoe Xapakmepu3yem OMmHOUEHUe
UHEPUUOHHBIX CUM K BA3KUM U onpedesisem UHMEeHCUBHOCMb BbIHY#OeHHOU KOHBEeKYUU, a makxie
kpumeputi nodobus Fo= (Fr)"?, ompaxarowud omHoweHue maccosbix cun F =F; f F, = f.LIV?

UHEpUUOHHbIM, 20e Fr=\/1/(f1L)"? — yucio ®pyda.

Kak BuoHo, 05151 BpemeHu u dassieHust 8 cucmeme (13), (14) ucnosb3yromcs coomsemcmayroujue
macwmabHble BeIUYUHbI U Ux be3pasmepHbie aHaao2u.

Vicnonib3oBaHue bespasmepHoll popmbi ypasHeHul npeciedyem 0Be 0OCHOBHbIE Uesiu.: NpusedeHue
BbIYUC/IAGMbIX BeUYUH K YOOOHbIM Macwmabam u npeocmassieHue pesysibmamos 8 0606WeHHOU
KpumepuasabHol @opMe ¢  MUHUMAJbHbIM  YUC/OM  Napamempos. Jlocmuxerue 3mux uesel
obecnequsaemcs npasusibHbIM BbI6OPOM XapaKMeEPHbIX Macumabos.

OcobeHHocmu ypasHeHul Hasbe—Cmokca. YpasHeHuss Hasbe—CmoKca, He3asucumo om dpopmbi ux
3anucu, obsadarom psdom cneyugpuyeckux ocobeHHocmel, NPOABISOULUXCS NPU YUC/IEHHbBIX pACYEmax.
O0Hol U3 XapakmepHbiXx 0cobeHHocmel SBASemca NPOCMPAHCMBEHHO-3//IUNMUYeckul xapakmep
ypasHeHul, obycoBeHHbIl BAUSHUEM BA3KOCMU BO BCEM NOJe MeyeHus. B CBA3U C 3mum npu ux
peweHuu Heobxooumo UCN0/Ib308aMb Memoobl, NPUMeHsieMble O0JIS /IUNMUYeckux ypasHeHul. B
omJiu4ue om ypasHeHuUl No2paHUu4YHo20 C/105, Npu peweHuu 3adady Hasbe—Cmokca mpebyemcs 3a0aHue
2PAHUYHBIX YC0BUU HA BCex 2paHuuax paccmampusaemol ob61acmu, Komopas 8 peasbHbIX YC/I0BUSX
moxcem bbimb 6eCKoHeYHoU, HO 8 BbIYUC/IEHUSX 00/I#CHA bbIMb 02paHU4YeHa. 3mo npusooum K npobieme
«3aMbIKAHUS» B psoe BHeWHUX 3adad, mpebyrouwel ucno/ib308aHUS ACUMNMOMUYecKux npubuxeHud.

B cucmeme ypasHeHul Hasbe—CmoKkca npucymcmayem masibil napamemp €=1/Re npu cmapuiux
NPOU3BOOHBIX, U3MEHeHUe KOmopo2o CYW,eCmBEeHHO B/usem Ha xapakmep peuweHus. C yBeiudeHuem
yucsa PeliHo/160ca ¢popmupyemcs N02paHuYHbIl c/10l Yy CMeHoK.

Cucmema ypasHeHul Hasbe—Cmokca s8as9emcs HeauHedHod, Ymo XapakmepHO 0715 60/bUWIUH-
CcmBa 2udpoOUHaMUYecKux 3aday. HesnuHedHoCmMb B COYemMaHuu C YKA3AaHHbIMU O0CObeHHOCMSAMU
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NpuUBOOUM K BO3HUKHOBEHUIO CJIOMCHbBIX NPOCMPAHCMBEHHO-BPEMeHHbIX CMPYKMYP NPU 6O0IbUWIUX YUC/IaxX
PeliHonboca.

Bo MHo2UX C/1y4asix /11 Kax)c0o2o muna meyveHus 8 onpedesnéHHomM duandasoHe 3Ha4eHul Re cyuje-
cmByem eduHCMBeHHoe ycmolyuBoe CMauuoHapHoe peuleHue. 118 e20 NoJy4YeHuss Yacmo Ucnosib3yom
HecmayuoHapHskIe YypasHeHus, paccMampusas CmayuoHapHoe peweHue Kak npedes npu t— e, OOHaKko ¢
yBeslu4eHueM 4ucsia PeliHo160ca CMAayUuoHapHoe pewieHue Moxem nepecmams bbimb e0UHCMBEHHbIM
U Ha4yuHaem 3asucems OM HA4asbHbIX ycaosud. [pu danbHeliuem pocme Re peasusyromcs MmoJbKo He-
CMAYUOHAPHbIE PeHCUMBI.

B 3mux Yc/10BUSIX pewieHusl Npuobpemarom C/10XHbIU He MOJIbKO BpemeHHOU, HO U NPOCMPaH-
CMBeHHbIU Xapakmep: N02paHuYHbIl ¢/10l mepsem ycmol4yusocmb, NPOUCXOOUM €20 pa3pyuleHuUe, B03-
HUKarom BMOPUYHbIe meYyeHus u opyaue 3¢pgekmai. [J19 onucaHus makux pexumos 00HUX YpasHeHUU
Hasbe—Cmokca HedocmamodyHo. [pu 6o/1bwiux 3Ha4eHusIX Re Habarooaemcs mypbyieHmHoOCmbs — Xxao-
muyYyeckoe, HeynopsaooYeHHoe 0BUXeHUe XUOKOCMU. Hanpumep, nepexod om JamMuHdpHo20 K mypoby-
JIEHMHOMY meyeHuro 8 Kpyesaol mpybe npoucxooum npu Re ~ 2*10°

B UHMYCeHepHbIX U NPUPOOHbIX YCI0BUSX Yuc/ia PeliHo/ib0ca 4acmo NPUHUMArom o4eHb 6osbuiue

3HayeHust 10° +10°, nosmomy myp6yneHmHbIe pexcumMsl WUPOKO pacnpOCMPaHeHs!. [jo HedasHezo spe-
MeHU Yuc/ieHHbIe Memo0obl Npu 60/1bLUX Re B8 0CHOBHOM OCHOBLIBAJIUCH HA JIUHEPU30BAHHbBIX YPABHEHUSIX
U NPUMEHSI/IUCHL 071 aHAAU3a Masbix Bo3MyuweHuUl. B Hacmosuwee BpemMss akmuBHO pa3BuBAOMCs Me-
MOObI NPAMO2O YUC/IEHHO20 MOOeIUPOBAHUS HEeCMAUUOHAPHBIX U MYypOYIeHMHbIX medYeHul Ha 0CHoBe
nosiHoU cucmemsi ypasHeHul Hasbe—Cmokca.

Takum 06pazom, Memook! peuwleHus ypasHeHul Hasbe—CmoKca CyujecmaeHHO pa3audaromcs 8 3a-
BUCUMOCMU OmM OuanazoHa yuces PeliHo/1boca u uesel YUCIeHHo20 MoOe/IUPOBAHUS.

MoxHO Bbi0eiumb c/1edyrouue mpeboBaHus K YUCIeHHbIM Memooam pewleHus ypasHeHul Hasbe—
Cmokca:

— YCMOoU4uBOCMb BbIYUCUMESbHOU CXeMbl;

— BbICOKAs MOYHOCMb ANNPOKCUMALUU,

— 3KOHOMUYHOCMb NO NAMAMU U BPEeMeHU BbIHUCTeHUU.

Omu mpebosaHus 4acmo npomusopedam oOpye Opyey, Ymo Nnpusooum K Heobxooumocmu
UCNOJIb30BAHUS KOMNPOMUCCHBIX YUCIHHbIX MEmOOOB.

Ocobyo c/1oxHOCMb Npedcmassigem MooeupoBaHue meyeHul Npu BbICOKUX YUC/Iax PeliHobocaq,
20e Habirooaromcs mypOyIeHMHbIE PeXUMb.

3aknoveHue. YpasHeHuss Hasbe—Cmokca npeocmasssom cobold GyHOAMeHmManbHyr, Ho
Mamemamuy4ecku C/IOXCHYH cucmemy. Hecmomps Ha 02paHuYeHHoe Yuca0 aHaJuUmuUYeckux peuwleHud,
OHU OCMAromMcs 0CHOBOU coBpemMeHHOU 2u0POOUHAMUKU U YUC/IEHHO20 MOOEIUPOBAHUS MeYeHUU BA3KUX
Huokocmed.
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Abstract

The thesis highlights modern approaches to medical rehabilitation as an integral component of
clinical practice and medical education. Emphasis is placed on the principles of early initiation, compre-
hensiveness, individualization, staged implementation, and continuity of the rehabilitation process. The
importance of kinesiotherapy, physiotherapeutic methods, massage, and the educational training of fu-
ture physicians in developing a holistic approach to restoring the patient’s functional status is demon-
strated. Particular attention is paid to the special relevance of rehabilitation care development in Ukraine
under conditions of a growing number of patients with long-term functional limitations.

AHomauis

Y dawit npaui BucsimaeHo cy4acHi nioxoou 0o medudHoi peabinimauii Sk HeBid €MHOI CK1adoBoi
KJIHIYHOI" NPAKMUKU ma mMeouvyHoi ocsimu. AKYUEHMOBAHO YBa2y HA NPUHUUNAX PAHHBO2O NOYAMKY,
KomnsiekcHocmi, iHousidyanizauii, emanHocmi ma 6esnepepsHocmi peabinimauiliHo2o NPoUecy.
[oKazaHo 3Ha4YeHHs KiHezomepanii, ¢piziomepanesmuyHuUx Memodis, Macax3cy ma oCBIMHbOI Nid20moBKu
mMadibymHix ikapis y opmyBaHHI YinicHo2o Nioxody 0o BIOHOBIEHHS PYHKUIOHAIbHO20 CMAHy NauieHmMA.
OKpemo nidkpecsieHo ocobuBy akmyasabHicCms po3BuUmKY peabinimauitiHoi donomoau 8 YKpaiHi 8 ymosax
3pOCMAHHSA KiIbKOCMI NAUiEHMIB i3 00B2OMPUBAIUMU (PYHKUIOHAIbHUMU OOMeeHHIMU. Has4yaHHs
peabinimauii 8 MeOUYHOMy [HCMuUmMymi po32/190aEMbCS AK BaXUUBUL esemMeHm Nid20MOoBKU JIiKaps,
30amHO20 OUIHHBAMU He Jlulle 3aXBoproBaHHS, a U piBeHb (PYyHKUIOHYBAHHS, adanmauii ma sKkocmi
HCUmmSs nauieHma.

Keywords: medical rehabilitation; kinesiotherapy; physiotherapy; functional recovery; medical ed-
ucation, individualized approach.
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Kno4osi cnosa: meouyHa peabinimauis;  KiHesomepanis;  iziomepanis;,  @PYyHKUiIOHA/IbHE
BIOHOBJIEHHS,; MEOUYHA ocsima, iHOUBIoyanizos8aHull Nioxio.

MeduyHa peabinimauis € HeBid €MHOH CK/Ia00B0H CYHACHOI CUCMeEMU OXOPOHU 300P0O8 ‘S, OCKI/IbKU
CNPAMOBAHA He JiulWe HA JIiKYBAHHA HAC/IIOKIB 3aXBOPHOBAHHA YU MPaAsmu, a U HA BIOHOBJ/IEHHS
YHKUIOHA/IbHOI He3a/1exHOCMI, NOBCAKOeHHOI akmuBHOCMI, Npaue30amH+Hocmi ma couiaabHoI y4acmi
nauieHma. Y cy4acHomy po3yMiHHI peabinimauisi OXONE CyKYyNHICMb BMPYYaHb, CNPAMOBAHUX HA
ONMUMI3AUit0 PYHKUIOHYBAHHS JIOOUHU MA 3MEHWEHHS 0bMexeHb X UmmEOQiaabHOCMI Y B3aEMOOI 3
HaskouwHim cepedosuuiem. Came momy i crnio posensgoamu He Ak 0pyeopsoHul eman nicns
3aB8epuieHHs JIKYBAHHSA, a K NOBHOUIHHUU KAHIYHUU HanpaM, iHmezposaHul y cucmemy mMeouqyHoi
donomoeul.

Jlna Ykpaitu ua mema mae ocobuBy akmyasibHiCme. YMoBU NOBHOMACWMAbHOI BiliHU 3yMOBU/IU
pi3ke 3pocmarHa nompebu 8 peabinimauitiHii 0onomMo3i ceped UuUBIJIbHO20 HACeeHHs ma
BIlCbKOBOCY#OOBUIB, 30KpemMa y nauieHmis8 i3 mpasmMamu, HACIOKaMu NOPAHeHb, amMnymauiamu,
HeBPOJI02IYHUMU NOPYUIEHHAMU, XPOHIYHUM 60J1eM, NCUXOeMOUYiUHUMU pO3/1adamu ma 00820MPUBAIUMU
PYHKUiOHAIbHUMU 0bMexceHHamMU. BOO3 Hazosowye, wo 0n8 YKpaiHu peabinimauia € o0HUM i3
npiopumemis pea2ysaHHs 8 yMoBax BiliHU, a Ypsao YKpaiHu 0OKpemo BU3Ha4Yae po3sumok peabinimauiiHux
Nnocs1ye K HanpsM, y SKOMY Nonum HeBNUHHO 3poCcmac. 3a 0aHumu MiHicCmepcmaa coyiasibHoI NOAIMUKU,
Juwe y nepuwiomy nispiqdi 2025 poky noHad 56 mucsay ykpaiHuis ompumasu noHad 208 mucsy 3acobis
peabinimauii 8 Mexax 0epxasHoi Npo2pamul.

Y ubomy KoHmekcmi peabinimauis Habysae He auwe KaiHiY4Ho2o, ane U BUpa3Ho20 OCBIMHbLO2O
3Ha4eHHs. [lidcomoska 3006ys8aqis MeouyHoi ocBimu NOBUHHA GopmMysamu BMIHHA OUiHOBAMU He
MiIbKU HO30/102i4HUl 0iaeHOo3, a U pyHKUIOHAIbHUU CMamyc NAuieHMa, piseHb 0bMexeHHs akmusHOCMY,
peabinimauiiHud NomeHuias, NOKA3aHHS MA NPOMUNOKA3AHHA 00 BIOHOBHUX BMPYYaHb, A MAKOMC
30amHicms b6ydysamu iHOuBidyanizo8aHy npo2pamy donomoeu. [ mMeoudHo2o iHcmumymy po30in
peabinimauii € 8a3uiuBuUM He momy, Wo ue “MoOHO”, a momy, Wo 6e3 Hbo2o BUNYCKHUK pU3UKYE bayumu
XxBopoby, ane He bayumu /IH0OUHY NIC/IS Hel.

Memoro MeouyHoi peabinimauii € MaKCUMaabHO MOXIUBe BIOHOB/IEHHS abo KOMNeHcauis
nopyweHux @yHKuit, npo@inakmuKka YCKAaOHeHb | peyudusiB, 3HUXEHHS PIBHS iHBasmidu3auii ma
NOBepHeHHs NAayjieHMa 0o akMUBHO20 ¥UMMS. Y NPAKMUYHOMY BUMIDI e 03HA4Ya€e NOEOHAHHS KHIYHOI
OUIHKU, YHKUIOHA/IbHO20 mMecmyB8aHHs, OUHAMIYHO20 CNOCMEepexeHHs mda iHOusidyaibHo20 0060py
3acobis BiIOHOBNEHHS. B 0CBIMHLOMY NPOUECI Ue BUMA2AE HABYAHHS HA KIHIYHUX CueHapisx, 0e
BIOHOBJIGHHSA PYHKUII € HE 000amKOM 00 JIIKYBAHHS,  OOHUM i3 (1020 20/10BHUX pPe3y/IbMamis.

Jlo KroHoBUX NPpUHUUNIB MeOuyYHoI peabinimauii Hanexams paHHil NOYAmMOoK, KOMNJIEKCHICMS,
iHOusidyanizauis, emanHicmb, 6e3nepepsHiCmb ma KOHMPOJb epekmuBHOCMI. PAHHE BKJIHOYEHHS
peabinimauiliHux 3axo0i8 003B0JISIE IMEHWUMU PU3UK POPMYBAHHS CMIUKUX PYHKUIOHAIbHUX dediyumiB
i nidBuUWYE WAHCU Ha Kpawie BiOHoBeHHS. EmanHicmb 3abe3neyye noeidHul nepexio s8i0 2ocmpoeo
cmauioHapHo2o emany 00 ambysIamopHO20, CAHaAmMopHo20 abo O0OMAWHBbO20 CNOCMEPEH(eHHS.
besnepepsHicmb 03HA4Yae, Wo peabinimauis NOBUHHA MPUBAMU CMISIbKU, CKi/IbKU Ub020 NOmpebye
pYHKUiOHAIbHUU CMAaH NAUiEHMA, d He CMIJIbKU, CKiJIbKU KpACUBO NOMILULAEMBCS Y BUNUCKY.

KomnnekcHud nioxio nepedba4ae NOEOHAHHS JIKYBAIbHO20 PYXOBO20 PEMUMy, mepanesmuyHUX
BNpas, iziomepanii, Macaxgy, NCuxoemouitiHoi NIOMpPUMKU, OCBIMHbLOI pobomu 3 nauyieHmom, a 3a
nompebu — npogeciliHoi ma couianbHoi'adanmauii. Takul ¢opmam € 0cobauBo UiHHUM 019 NAUIEHMIB
i3 Hacniokamu 6000B80I Mpasmu, NOAIMPABMU, YPAXEHHSIMU HepBOBOI CUCMEMU, 3aXBOPHBAHHSIMU
ONOPHO-PYX0BO20 ANAPAMY, Cepueso-CYyOUHHOK Ma NYJbMOHOJI02IHHOK NAMOJI02IEr. B yMoBax YKpaiHu
yed nioxio Mae we U cucmemHe 3Ha4yeHHs, OCKiIbKU peabinimauis nosuHHa 6ymu iHme2poBaHa 8 pisHi
PIiBHI MeouyHoi' donomo2u — BIi0 cmauioHapy 00 NepBUHHOI naHKu ma epomadu. BOO3 okpemo
NIOKPeC/Ie Ba31usicmb pO38UMKY peabinimauii Ha pi3HUX piBHAX CUCMEeMU OXOPOHU 300POB 'F, BKITHOYHO
3 NepBUHHOK DONOMO20KO.

Ocobnuse micye y cmpykmypi peabinimauiliHoi donomoau 3admae KiHezomepanisa. TepanesmuyHi
BNpasu € O0OHUM i3 HaUbinibw @i3ionoeidHux [ KAiHIYHO 3HA4YyUUX Memooi8 BIOHOBJIGHHS, OCKIibKU
CNPUSOMb  NOKPAWEHHIO CUJIU, BUMPUBAIOCMI, KOOPOUHAUf, MOOIILHOCMI, MosepaHmMHocmi 00
HABAHMAXEHHS MA 302A/IbHO20 PYHKUIOHAIBHO20 CMAHY. IX NpusHayeHHs mae 6ymu 00308aHUM,
yinecnpamoBaHum i adanmoBaHum 00 KOHKPemHOI KaiHiYHoI cumyauii. Y suknadaHHi peabinimauii came
KiHe3omepanis 0ae 3Mo2y HAUHAOYHIWEe NOKA3amu 38°430K MiXC Namogiziosioiero 3axB0pPHOBAHHS,
PYHKUIOHAILHUM Oegiuumom ma iHCmpymMeHmamu o2o Kopekuii.
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®iziomepanesmuyHi Memoou ma MAacax< 00UiIbHO po32/190amu K CK1aooB8i KOMNIeKCHOI
npozpamu peabinimauii, 0cobauBo Kou HeobxioHo 3meHwumu 6i/ib, NOKpaWUmu mpogiky MKAHUH,
3HU3UMU M’A308ul cna3m abo nideomysamu nauyieHma 00 aKmusHOI pyxoBoi mepanii. BooHoyac ix
3acmocyBaHHa nompebye 4imko2o O00MPUMAHHS NPUHUUNIB 6e3neKu, OUiHKU 3a2ajsbHO020 CMAaHy,
CYNYMHbLOI NAMOo102ii Ma MOXIUBUX NPOMUNOKA3AHb. Y KJIHIYHOMY HABYAHHI BAXC/IUBO AKUEHMYysamu
He suwe Ha nomeHullHid Kopucmi ¢Gi3u4HUX YUHHUKIB, @ U HA BMIHHI CBOEYACHO OobMexcumu abo
BIOK/IACMU iX 3aCMOCYBAHHS, KOJIU pU3UK Nepesullye 04iKyBaHul epekm.

Omie, MeouyHa peabinimauis 9K HaB4YaabHA OUCUUNJIIHA NOBUHHA dopmysamu y 3006ys8adyis
0CBIMU UisticHe ysaB1eHHS NPo BIOHOBHUL Npouec — Bid K/IHIYHOI OUIHKU Ma BU3HAYEHHS PYHKUIOHAIbHUX
nopyuweHb 00 Nobydosu iHOUBIOyani3o8aHoi npoepamu donomoau. i Cy4acHoi YkpaiHu ue mae ocobuse
3HA4eHHs, oCKisiIbku nompeba y SKicHIU peabinimauii 3p0Cmae He iulie B8 Mexax OKPemux KJiHIYHUX
Bunaokis, a U Ha piBHI BCiEi cucmemu 0xopoHU 300p0oB°S ma couiaabHoi niompumku. Came momy
peabinimauis cbo200HI € He nepugepiliHor MemMoro Meou4yHoI 0CBIMU, a 0OHUM i3 K/IHOHOBUX HANPSAMIB
nid20moBKuU /1iKaps, 30amH020 NPAUOBAMU 3 NAUIEHMOM He Jiulie 8 20CMpPoMy nepiodi, a U Ha wisxy 0o
BIOHOB/ICHHSA PYHKUI, aBMOHOMIT Ma AKOCMi umms.

lepcnekmusu.

llepcnekmuBHUM € NOOA/IbUIEe BOOCKOHA/IEHHS BUK/IAOAHHS peabinimauii'y MeouyHux iHcmumymax
i3 NOCUIGHHAM KAIHIYHOI opieHmauii ma mixcoucyunsiiHapHo2o nioxody. B ymosax YKkpaiHu ocobiuso2o
3Ha4yeHHs Habysae nidecomosKa ¢axisuis, 30amHUX NPAUOBAMU 3 NAUIEHMAMU, AKI MAroms mMpusai
PYHKUIOHA/IbHI 0bMeX eHHS BHAC/I00K MpasM, 3aXBOPHOBAHb [ HACMiOKiB bolosux 0il. [Todasbuwiul
PO3BUMOK Ub020 HANPSAMY NOB'A3aHUl i3 BNPOBAOXEHHSIM CYy4dCHUX peabinimauitdHux npozpam,
CMAaHoapmu3aujero HaB4aHHs Ma NioBULWEHHAM SKOCMI BiOHOBHOI donomoau.
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Abstract

Currently, healthcare system reforms are aimed not only at improving material and technical re-
sources but also at enhancing the quality of medical services and human resource capacity. The purpose
of this study is to assess the professional performance of medical staff in outpatient and polyclinic set-
tings and to identify ways for its improvement.

A total of 386 medical workers participated in the study. Data were collected using a specially
designed questionnaire. The results obtained made it possible to identify key factors affecting the quality
of professional performance and the provision of medical care. The study revealed the need for systemic
changes to improve the efficiency of outpatient care.

AHHOMauyus

B Hacmosiwee spems pegopmbl B cucmeme 30paBOoOXPAHeHUs] HANPAasJieHbl He MOJIbKO Ha
pazsumue MamepuaabHo-mexHuU4eckol 6asbl, HO U HA NOBbIUIEHUE KAYecmBd MeOUUUHCKUX YCaye u
Kaoposo2o nomeHyuana. Llesabro 0aHHO20 UCC/Ie00BAHUSI SB/SEMCS OUEeHKA NPOogeccuoHanbHou
desmesnibHOCMU MeOUUUHCKUX pabomHUKOB8 amby1amopHO-NOJIUKIUHUYECKO20 38€HA U onpedesieHue
nymel eé coBepueHCMBOBAHUS. B ucciedoBaHuu npuHsaiu ydacmue 386 MeouyuHCKUX pabomHUKOS,
0aHHble bblu CObpaHbl C NOMOWbHO CNeLUaIbHO pa3pabomarHHoU aHkemel. [1o/1y4eHHbIe pesy/ibmams!
NO3BO/IWIU  BbIABUMbL  OCHOBHbLIE  (AKMOPbI, BAUAUWUE HA KA4YeCmBo  NpopeccuoHanbHou
degamesibHOCMU U OKA3aHue MeduyuHCckold nomouju. YcmadosieHa HeobxooumMocmb CUCMeMHbIX
usmeHeHuUUl 019 NOBbILWEHUS 3ppdekmusHocmu amby1amopHOU NOMOUU.

Keywords: outpatient care, polyclinic, medical staff, professional performance, quality
Knroqesbie cnosa: ambysiamopusi, NOSUKIUHUKA, MeOUUUHCKUe pabomHUKU, NPOGEeCcCUOHAsTbHAS
dessmesibHOCMb, Ka4ecmaBo

BsedeHue

d¢ppekmusHocmb  cucmembl  30pABOOXPAHEHUs B8O  MHO20M — 3dBUCUM  OM  YPOBHS
npogeccuoHasbHol No020moBKU MeOUYUHCKO20 NEepcoHand U Kayecmsd OKd3bIBAeMbIX YCIlye.
Hecmompsi Ha 3Ha4yumesibHoe BHUMAHUE K MAmepudsibHO-mexHuU4yeckomy obecneqeHuro, npobiema
noBbIWeHUs NPodeccuoHarbHol KoMnemeHmMHOCmuU Kaopos ocmaémcs akmyasbHod.Kayecmso
nepsuYHoOU MeOUKO-CaHUMApHOU NOMOUWLU, OKA3biBaemol Ha amby1amopHO-NONUKIUHUYECKOM YPOBHE,
HanpsMyro B/IUSIeM HA COCMOsSHUE 300p0BbS HACeNeHUs. B CBA3U C 3MUM BAXHbLIM SBSEMCS
KOMNJIeKCHAs1 OUeHKAa NpogeccuoHabHoU dessmesibHoOCMU MeoQUuYUHCKUX pabomHUKOB U onpedesieHue
HanpassieHull eé coBepuIeHCMBOBAHUS.

Mamepuasibl u Memoobi

Jluzalin uccie0oBaHus u BbI60pKa

ViccnedosaHue HOCU/IO couuasibHbIl xapakmep. B Hem npuHsau ydacmue 386 MeouuuHCKUX
pabomHukos. Ombop nposBodusics MemodoM CNJIoOWHOU BbI6OPKU, YMO NO3B0AUM0 obecneyums
00CMOBEepHOCMb Pe3ysibMamos.

MIHCmpyMeHmbI UCC/Ie00BaHUS
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C60p 0aHHbIX OCYUeCMBIA/ICS C NOMOWbH CNeyuadsbHo pa3pabomarHoU aHKemsl, BKIYarouwed
credyroujue  pasoesibl:oueHKa — NpogeccuoHasbHol — 0eamesibHOCMU,YC/I08UsS  Mpyod,ypoBeHb
KBanugukayuu,BO3MOXHOCMU NPOPECCUOHAIbHO20 PA3BUMUS

Cmamucmuyeckud aHaiu3

JlaHHble 0bpabambiBaauck ¢ UCNOIb308AHUEM Memodo8 onucamesibHoU CmMamucmuKku (CpeoHue
3HayeHus, 0onu).

Pe3ynibmamai UCC/1e00BaHUSA

[lpoBedéHHoe ucciedoBaHue nNO3B0JIUI0  KOMNJIEKCHO OUeHUMb Kaoposbild NOMeHuuasn
amby1amopHO-NOIUKIUHUYECKO20 38€HA U BbISBUMBb K/loYesble npobsiemMbl, BAUSIOULUE HA KAYeCMBO
MeOUUUHCKOU NOMOWU.AHAIU3 NPOPECCUOHAIbBHOU CMPYKMYpPbl NOKA3dJ, YmMO OCHOBHYH) 00JIH0
pecnoHOeHmos COCMas/Itom MeoUUUHCKUe cecmpbl (60%), Y4mo ompaxcaem BbICOKYH POJib CPEOHe20
MeOUYUHCKO20 NepcoHana 8 cucmeme nepBuYHod Meoduko-CaHumapHoU nomowju. Bpa4u cocmasusiu
22%, 3asedyrousue omoeneHuaMU - 14,5%, pykosooumesu amby1amopHbiX op2aHu3ayul - 3,5%. [jaHHas
CMpYyKmMypa caudemesibCmByem 0 3Ha4umesibHoU Hazpy3ke Ha cpeoHUl MeouyuHCKUU nepcoHan. OueHKa
cocmosiHus  300poBbsl  MEOUUUHCKUX —pabomHUKOB NoKadzasnd, 4mo 76,3% cdumarom e2o
yoosemaopumesibHbIM, 6,3% - Hey0oB/1emBopuUMesibHbIM U Aulb 3,8% - xopowum. 3mu OaHHbIe
VKA3bIBAOM HA HAU4ue pakmopos NPoGeCcCUOHAIbHO20 BbI20PAHUS U XPOHUYECKOU ycmaaocmu cpeou
nepcoxasna. llpu smom 90% pecnoHOeHmos Haxodsmca 8 Bo3pacmHol epynne 35-60 snem, 4ymo
csudemesibCmByem 0 CmapeHuu KaopoBo20 COCMABA.AHAIU3 MPYO0BO20 CMAXA BbISBUJ, YMO
b6o/1bLWUHCMBO compyoHuUKos (63,8%) umerom cmax bosee 20 sem, 4mMo NoomBepxodem BbICOKUU
YPOBeHb NPOGeccUoHaIbHo20 onbima. OOHAKO 00Ji MOJ1I00bIX CNeyUauCcmoB 0Cmaémcs HU3Kod (0Kos10
10%), 4mo Moxem He2amuBHO CKA3AMbCS HA YCmMOUYuBOCMU KAodpoBO20 NOMeHuuUana B
byoywem.HecMomps Ha BbICOKUU YpoBeHb NPOGECcCcUOHaIbHO20 onbimd, 82,5 % pecnoHO0eHmos 3as8usiu
06 yBepeHHOCMU B CBOUX 3HAHUSX, OOHAKO OObeKMUBHbIE NOKA3amesu  KBajupukayuu
csudemesibCmBayrom o Haauquu npobsem. Tak, mosibko 22,5% umerom BbICWYH KBAIUDUKAUUOHHYHO
Kkamezopuro, moeoa Kak y 38,8% kamezopus omcymcmayem. [lpu >mom 61,3% pecnoHOeHmos
cqyumarom, 4Ymo 3acayxusarom 6osiee BbICOKOU Kame2opuu, Ymo Moxem CBUOeme/iIbcmBOBAMbL O
HecoomsemcmauU CUCMeMbl OUeHKU KBAIUGUKAUUU OXUOAHUSIM NEePCOHANA.AHAIU3  NPUYUH
OMCcymcmBus cepmuguKkayuu NOKA3asa, 4Ymo OCHOBHbIMU 6apbepamu SB/SHMCI OMCymcmBue
momusauyuu (16,3%), HedocmamoyHbil cmaxc (11,3%), @uHaHcosble mpyoHocmu (2,5%) u
aOMUHUCMPAMUBHbIe — 02PAHUYEHUST (1,3%).0coboe  BHUMaHue  3acsyxusaem aHasnus
nNpogeccuoHasbHo20 passumus. HecmMompss Ha Mo, 4mo BCe pecnoHOeHMbl NPOXoousiu  KYpChl
NOBbIWEHUS KBAUGUKAUUU, UX pe2ysIspHOCMb U Ka4eCmBo 0CMAaromcs HedocmamoyHbiMu. Tak, 38,8%
npoxoousu oby4eHue 2—3 200a Hazao, a 7,5% - bonee 5 nem Hazad. Tosbko 17,5% o0by4anucs 8 mekyuiem
200y.Y00B/1emBOpEHHOCMb 0bYYeHuUeM oKazanack ymepeHHou: 41,3% nosHOCMb YOOB/IeMBOPEHb,
45% - yacmu4Ho, 3,8% - He yoosnemsopeHbl. OcHOBHOU npuduHol HedososibcmBa (95%) asnaemcs
KPamKOCPOYHbIU Xapakmep KypcoB U UX HeO0CMAamoyHas NPAaKmMuUYecKask HanpasaeHHOCMb. BbiSB/EHO
KpalHe Hu3Koe pacnpocmpaeHue OUuCMAaHyuoHHo2o0 obyyeHus (6,3%), umo yKasbisaem Ha
Hedocmamoy4Hoe UCNo/Ib30BaHUE COBPEMEHHbIX 06pa30B8amesibHbIX mexHoa02ul. Takxe YyCmaHoBIeHo,
umo suwb 8,7% MeoOuUUHCKUX pabomHUKOB UMerom Hay4YHble nybukauyuu, 4mo caudemesibCcmayem o
Hu3Kol Hay4Hol akmuBHOCMU NepCoHasd.

KrrovesbimMu 6apbepamu NpogeccuoHanbHo20 pa3suUMUs AB/SHOMCA:

BbICOKAS KJUHUYeckas Hazpyska - 38,8%, omcymcmsue momusauyuu - 18,8%, ¢uHaHcosble
o2paHu4eHus - 13,8% , adMuHucmpamusHbie bapbepsi - 6,3%

lpu smom 65% pecnoHoeHmos pabomarom 6osiee yem Ha 00HOU CMABKe, YMo CyujecmBeHHO
02paHu4yuBaem BO3IMOXHoOCMu 0J151 06y4eHuss U NPOdeCccUOHAIbHO20 POCMA.

AHanu3 cucmembl YnpassieHuUss KayecmsoMm MeOUUUHCKOU NOMOWU BbISBU  CEPbE3HbIE
Hedocmamku. Tak, 60% pecnoHOeHmMos8 HUKo20a He npoxodusiu obydeHue No BONPOCAM KAa4ecmad
meduyuHckol nomouwju. bonee moeo, 88% He yBepeHbl B NpPouedypax OUEHKU Kayecmsd B8 CBOUX
YYpeo0eHusix.

OCHOBHbIMU MEemoOamu OUeHKU Kayecmsd, N0 MHeHUK PeCNOHOeHMOB, SBJISHOMCS.

3KCNepmMHasi oueHka - 68,8% , onpoc nauueHmos - 20%, aHKkemuposaHue nepcoHana - 6,2%

[pu 3mom Kaxobit NAmbIt pecnoHOeHm He 3Haem UCNoJib3yeMbix NoKazamesiel Ka4ecmad.

CpeoHssa oueHKa UHGOpMUPOBAHHOCMU O cucmeme obecneyeHus Ka4ecmaa cocmasusia 3,75+0,23
6asna, Ymo yKasbisaem Ha HEAOCMAamOoYHyH N0020MOBICHHOCMb NEPCOHAIA B OaHHOU 0b1acmu.

AHA/IU3 NCUXO/I02UYECKO20 K/IUMAama nNOKA3asa OmHocumesibHo 61a2o0npusmHyo 06CcmaHoBKy
(4,240, 15 6anna). OCHOBHbIMU NPUHUHAMU KOHGIUKMOB SBJISHOMCA:



VI INTERNATIONAL SCIENTIFIC CONFERENCE. BERN. SWITZERLAND. 14-15.04.2026

ycanosua mpyoa - 31,2% ,Hanuque KOHGAUKMHbBIX compyoHUKos - 20%, cucmema pacnpeodesieHus
b6oHycoB - 13,7% .Hecmompss Ha smo, 75% pecnoHOeHmoB 00Bepsarom CBOUM KOJIIe2aM, 4Ymo
csudemesibcmayem o CopMUPOBAHHOCMU KOMAHOHO20 B3aUMoOelicmaus.

YposeHb yoosremBopéHHOCMU NPogdeccuoHanbHoU 0esmenbHOCMbo cocmasus 71,2%, 00Hako
cpedHul bann-3,4 - ykasbisaem Ha Haauyue cKpbimod Heyoos1emBopéHHocmu. OCHOBHbIMU NPUYUHAMU
ABNIAOMCA:HU3KAA 3apabomHas naama - 37,5%, HedocmamoyHoe ocHaweHue - 22,5%

BbICOKAs Hazpy3ka - 12,5%. OueHKa Ka4ecmsa MeouyUuHCKUX YCsy2 NOKA3aaa cpedHull YpoBeHb
(3,4+0,17 6anna). Haubonee HusKkue nokazamesnu ommeqeHbl B8 obnacmu npoduIaKmuKku u
peabunumauuu, a makx3e MamepuaibHo-mexHuU4ecko2o obecneyqeHus (2,940, 17 6asina).

Takum 06pasomM, pe3ysibmamsl UCCIE008AHUS CBUOEMEbCMBYOM O HAAUuYuU CUCMEeMHbIX
npobsiem B op2aHusauyuu pabomsi ambyamopHO-NOIUKIUHUYECKUX Yy4Ypexc0eHud, BKIYas Kaopossbil
degpuyum, HedocmamoyHbIl YypoBeHb NPOGeCccUOHA/IbHO20 PA3BUMUS U HEeCOoBEepUIeHCMBO CUCMeMb]
YNpasieHuss Ka4ecmaom.

ObcyxcoeHue

Pe3ysibmamasl  UCC/IE00BAHUS  CBUOGME/ILCMBYOM O  HEeA0CMAmOYHOM YpOBHE  pa3sumMuUSs
Kaoposoeo nomeHuyuana B8  ambysIaMOPHO-NOJIUKIUHUYECKUX — Y4YpexcOeHusx.  BO3MOXHOCmuU
NpogeccuoHasbHo20 pocma 02paHUYeHbl, d CUCMemMa yYynpassieHuss Ka4ecmsom HeodoCmAamoYyHO
copmupoBaHa.

Huskas uH@OpMUPOBAHHOCMb MEOUUUHCKUX paboOmHUKOB O KPUMEpUSX OUEHKU Kadyecmad u
BbICOKAs pabo4yas Hazpy3Kka HeeamusHo B/IUSIOM HA 3(ppekmuBHOCMb MeOUUUHCKOU NOMOWU.

3akoHeHue

[poBedéHHoe ucc1e0oBaHue noKasaso Heobxo0uMocmab coBepuIeHCMBOBAHUS
npogeccuoHaIbHol desmesibHOCMU MeoOUUUHCKUX pabomHUKOB ambyiamopHO20 38eHa.

OCHOBHble Hanpas/ieHus.BHeopeHue ougpepeHyuposaHHol cucmemsl onsiams|
mpyoa,ysy4duieHue MamepuasibHo-mexHuU4Yeckou 6a3bi, CHUX@CeHUe obbema byMaxcHou

pabomal,cCUCMEMamuy4yeckoe  NoBblleHue  Keaaupukayuu,8HeopeHue  KOMNJIeKCHoU  cucmemsl
ynpassieHuss Kayecmsom Peanusauusi 0aHHbIX Mep NO3B0JIUM NOBbICUMb KA4eCmBO MeOuyuHCKol
NOMOWLU U YJTyHWUMb NOKA3amesiu 300p0BbSs HACEIeHUS.
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Abstract

This scientific and analytical work systematizes the clinical applications of ultrasound diagnostics
for various thyroid diseases. Diffuse and focal changes, echogenicity variations, nodular and cystic le-
sions, inflammatory changes, and neoplastic processes in this organ are covered in detail. It is emphasized
that ultrasound examination occupies a leading place both in the initial diagnosis and as part of a com-
prehensive patient examination. The article presents a detailed and comprehensive review of modern
ultrasound diagnostic methods using various modes: B-mode only, Doppler techniques, microangio-
graphic technologies, elastography, contrast-enhanced ultrasound, and digital analysis algorithms using
artificial intelligence, as well as their features and informative value in the differential and early diagno-
sis of thyroid pathological conditions. Current recommendations for ultrasound diagnostic specialists in
accordance with the TI-RADS standard are presented. The article presents clinical protocols for the diag-
nosis and treatment of various thyroid pathologies, and also describes in detail current international
practices and trends in the field of oncological surveillance and early diagnosis of thyroid cancer using
ultrasound examination.

Keywords: thyroid gland, thyroid, thyroid lesions, ultrasound, ultrasound diagnostics, region of in-
terest, B-mode, color Doppler, ultra-microangiography, ultra-microvascular imaging technology, elas-
tography, contrast ultrasonography, computer-assisted diagnosis, artificial intelligence, fine needle aspi-
ration biopsy, oncology, thyroid cancer.

Today, ultrasound diagnostics of various thyroid gland pathologies, including diffuse changes, de-
creased and increased echogenicity, nodular and cystic lesions, inflammatory changes, and thyroid can-
cer, is aleading method for both primary diagnosis and comprehensive examination. According to current
protocols for the diagnosis and treatment of thyroid pathology in the Republic of Kazakhstan, ultrasound
diagnostics occupies a leading position both in diagnostics and for monitoring [1-4].

As noted by Zhou H. et al. [5] thyroid cancer is one of the most common malignant tumors of the
endocrine system. Thyroid nodules in 5% ~ 15% thyroid cancer are malignant. The incidence rate of thy-
roid cancer is increasing year by year. The incidence rate in women is generally higher than that in men.
Papillary thyroid carcinoma is the most common clinical feature of thyroid cancer. It has the character-
istics of high differentiation, low malignancy, good prognosis, and long survival. However, local metasta-
sis and distant metastasis can also occur. Studies have shown that the rate of lymph node metastasis in
papillary thyroid carcinoma is 84.7%, of which two-thirds have 70% lymph node metastases to thyroid
cancer, and the incidence rate of thyroid cancer ranges from 70% to 85%. Local invasion or distant me-
tastasis of thyroid cancer may increase the chance of postoperative recurrence. Therefore, metastasis of
thyroid cancer is one of the important factors affecting the prognosis of patients. Early detection of thy-
roid cancer metastasis can help clinicians to estimate the surgical conditions. Ultrasound is the most
important imaging method for the diagnosis of thyroid cancer metastasis, which is not only convenient
but also accurate and reliable. With the continuous improvement of instrument performance, high-fre-
quency ultrasound can not only sensitively display the internal structure of lesions but also provide blood
flow information or judge the quality of lesions. In 2009, the American Thyroid Association emphasized
the significance of ultrasound in thyroid nodules in the diagnosis and treatment manual of thyroid nod-
ules and differentiated thyroid cancer and evaluated the ultrasonic thyroid examination as Grade A. Ul-
trasound examination is of great significance for early detection of thyroid cancer metastasis, early treat-
ment, and improving the survival rate and quality of life of patients and has an important impact on the
prognosis of patients.

A very interesting study was conducted by Kennedy E. et al. [6]. Our colleagues investigated which
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indications most commonly prompt referral for thyroid ultrasound and the diagnostic utility by indica-
tion. Extractors categorized referral reasons into (1) suspected palpable nodule (SPN) on physical exami-
nation; (2) chronic symptoms (CS) - e.g., globus sensation and dysphagia; (3) metabolic symptoms (MS;
e.qg., fatigue, weight change, and heat intolerance); (4) screening due to high risk for thyroid cancer (e.g.,
multiple endocrine neoplasia, Pendred syndrome, and family history of thyroid cancer); (5) follow-up of
incidental thyroid nodule detected on another imaging study; or (6) combination of aforementioned fac-
tors. Suspected cases of goiter were included in the physical examination findings of a palpable thyroid
nodule or mass. Additional variables extracted included the date of ultrasound, maximum diameter of
largest nodule identified, if a biopsy was recommended by the interpreting radiologist, and if fine needle
aspiration biopsy (FNAB) was performed. Demographic variables extracted included patient age, sex,
race/ethnicity (White, Black, Asian, and Hispanic), insurance status (Medicaid, Medicare, private insur-
ance, and uninsured), and Charlson Comorbidity Index (CCl) - 0, 1, and 2+. The primary outcome of inter-
est was the percentage of thyroid ultrasounds performed that had an identifiable nodule for each refer-
ralindication. The secondary outcome evaluated “biopsy-recommended” nodules specifically, which were
defined as nodules that the radiologist recommended for biopsy. Radiologists at institution routinely uti-
lize the Thyroid Imaging Reporting and Data System (TI-RADS), and recommendations for biopsy are
based on nodule size and TI-RADS category; however, specific TI-RADS scores were not abstracted. The
percentage of biopsy-recommended nodules among all ultrasounds performed was compared among
each referral indication.

In all, 3459 discrete neck ultrasounds were identified between 2017 and 2019. Of these, 1739
(50%) met inclusion criteria. The majority of patients were female (76%), White (86%), privately insured
(62%), and healthy (76% with CCl 0); the mean age was 53 years standard deviation (SD). The most
common indication for thyroid ultrasound referral was an SPN on physical examination (40% of all ultra-
sounds performed). The next leading referral indication was follow-up of a nodule identified on incidental
imaging (28%,). Referral for CS and MS made up 13% and 6% of ultrasounds, respectively. Only 2% of
patients were referred for thyroid ultrasound due to high-risk factors. Patients referred for a combined
indications accounted for 11% of thyroid ultrasounds. The combined indication was most often (45%)
due to a patient presenting with CS and an SPN on examination. Among all ultrasounds performed, 62%
identified a thyroid nodule. Patients referred for incidental findings had the highest percentage of ultra-
sounds with thyroid nodules present at 94%. Several possible reasons exist for the 6% of incidental find-
ings that lacked a thyroid ultrasound correlate. For example, some were imaging “suggestive” of a nod-
ule, but not definitively a nodule. These findings typically derived from imaging that was not optimal for
the thyroid (e.g., chest or cervical spine computed tomography scan and nuclear imaging); and the sug-
gestive nodule was ultimately not detectable on dedicated thyroid ultrasound [6].

In comparison, patients referred because of an solid pseudopapillary neoplasm (SPN) on examina-
tion and for CS identified nodules on 55% and 39% of ultrasounds, respectively. Patients with MS had a
nodule on ultrasound 43% of the time. Among those referred for high-risk factors, 57% had a nodule
present. Patients referred for combined indications had nodules on 42% of ultrasounds. Analysis of vari-
ance (ANOVA) indicated the difference in nodule detection rate between indications was statistically
significant (p < 0.05). Only 27% of ultrasounds identified a thyroid nodule that was recommended for
biopsy. Those referred from incidental imaging had the highest percentage of biopsy-recommended nod-
ules (55%). This was followed, in order, by patients referred for physical examination of a palpable thyroid
nodule (21%), high-risk factors (20%), combined indications (16%), MS (10%,), and CS (6%). The overall
mean maximum diameter of identified thyroid nodules was 1.9 cm (SD 1.3 cm). Of note, 32 radiology
reports identified a thyroid nodule but did not record size and were, therefore, excluded from this specific
analysis. Patients referred for incidentally found thyroid nodules had the largest mean nodule size at
2.4¢cm (SD 1.2 cm). All other groups had a mean nodule size between 1.2 and 1.8 cm. The difference in
average size of nodule was statistically significant (p < 0.05). A logistic regression model evaluated the
association of patient age, sex, ethnicity, CCl, insurance status, and referral indication with identification
of a nodule on ultrasound. Compared with patients referred for an SPN on examination, those with inci-
dental nodules were over 10 times more likely to have a nodule found on ultrasound (odds ratio
[OR] = 10.6 [confidence interval (Cl) 7.0-16.0]). Conversely, patients referred for CS were half as likely
to have an identifiable nodule compared with those referred for physical examination findings (OR = 0.5
[CI 0.4-0.7]). In addition, the odds of finding a nodule increased with age, especially for those aged 65
years and above (vs. age <45 OR = 3.6 [Cl 2.2-5.9]). Finally, females were twice as likely to have a nodule
found on thyroid ultrasound (OR = 2.0 [Cl 1.5-2.6]). Results were similar when evaluating only biopsy-
recommended nodules. Compared with patients referred for an SPN on examination, those referred for
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incidental findings were significantly more likely to have a biopsy-recommended nodule (OR =4.7 [CI
3.5-6.3]), while those referred for CS were significantly less likely to have a biopsy-recommended nodule
on ultrasound (OR = 0.3 [CI 0. 1-0.5]. There was no difference in identifying biopsy-recommended nodules
between sexes (female vs. male OR = 1.2 [Cl 0.9-1.6]). In conclusion, the authors emphasize that only a
quarter of dedicated thyroid ultrasounds yielded a nodule recommended for biopsy, and 39% did not
have a nodule present at all. Moreover, only half of ultrasounds performed to evaluate a suspected nod-
ule on physical examination actually identified one. Ultrasound referrals for symptoms had the lowest
diagnostic yield, with fewer than 10% identifying a biopsy-recommended nodule. These findings suggest
that re-evaluation of guidelines on thyroid ultrasound referral may be necessary to decrease the overuti-
lization of thyroid ultrasound and the downstream consequences of detection of small potentially irrel-
evant nodules [6].

Wu J. et al. [7] to study the application value of SMI technology (ultra-microvascular imaging tech-
nology) and contrast-enhanced ultrasound in the differential diagnosis of thyroid benign and malignant
nodules. According to the authors, thyroid disease has always been a common and frequent disease in
clinical medicine, and its disease detection rate has been increasing year by year. Thyroid diseases are
mainly divided into two categories: thyroid diseases treated by medical treatment and thyroid diseases
treated by surgery. Thyroid cancer has also become one of the most common malignant secretory tumor
diseases today. Ultrasound examination is a commonly used method for diagnosing thyroid diseases. Dur-
ing the diagnosis process, doctors need to observe the characteristics of ultrasound images and combine
professional knowledge and clinical experience to give the patient's disease status.

The thyroid is an important organ of the human body, and it plays an important role in maintaining
the health of the human endocrine system and the physical and mental health of the human body. With
the advancement of medical ultrasound technology, ultrasound examination has become one of the most
commonly used early detection methods for diseases due to its advantages such as low price, safety,
noninvasiveness, convenient use, and ability to reflect the actual situation of tissues. A thyroid nodule
refers to a mass in normal thyroid tissue that is different from normal glandular tissue. Thyroid nodules
can be divided into two categories according to their nature: benign nodules and malignant nodules.
Among them, benign nodules can be divided into nodular goiter, thyroid adenoma, and Hashimoto's thy-
roiditis (HT); the main type of malignant nodules is thyroid papilloma, which is the most common patho-
logical type with the highest incidence of malignant thyroid nodules, while other pathological types are
relatively rare. Due to the superficial location of the thyroid, the boundary between the outer envelope
and surrounding soft tissues is clear, which provides favorable conditions for ultrasound diagnosis. The
self-regulation of thyroid function refers to the regulation of the secretion of thyroxine by the amount of
iodine supplied by the thyroid itself in the absence of thyroid-stimulating hormone (TSH) or the concen-
tration of TSH is unchanged. Therefore, for the identification and diagnosis of benign and malignant
thyroid nodules, ultrasound has always been one of the preferred imaging methods. With the continuous
improvement of the level of science and technology, ultrasound inspection technology has also improved.
When using ultrasound to diagnose thyroid diseases, thyroid neoplastic lesions can be displayed more
clearly on the ultrasound images, and the lesions can be found in time and medical measures can be
taken to control the condition. However, thyroid diseases are complex and changeable, especially malig-
nant thyroid nodules, which are difficult to diagnose and control. During an ultrasound examination,
benign and malignant nodules overlap on the two-dimensional sound image, which makes the diagnosis
more difficult. Especially when some nodules have both benign and malignant characteristics, it is diffi-
cult to distinguish and qualitatively diagnose their nature based on the sonogram alone, which directly
affects the choice of clinical treatment and surgical methods. This puts forward higher requirements for
the initial qualitative diagnosis of lesion formation for ultrasound diagnosticians. Therefore, medicine
urgently needs more advanced ultrasound diagnostic technology to overcome the difficulties encoun-
tered when using conventional ultrasound examination methods to diagnose thyroid diseases so as to
help clinicians better diagnose and treat thyroid diseases and protect the health of patients. There is a
clinical need for an intelligent diagnosis technology of thyroid diseases based on ultrasound images,
which can provide objective and reliable auxiliary diagnosis opinions for thyroid diseases through the
texture, shape, and other information of the images, freeing doctors from heavy work [7].

The study states that SMI technology is a new ultrasound diagnostic imaging method proposed by
Canon in Japan in 2014. The principle basis of SMI technology is the motion suppression technology used
to isolate and eliminate clutter but retain the vulgar blood flow signal. It includes ultrasound diagnostics,
ultrasound therapy, and biomedical ultrasound engineering. Therefore, ultrasound medicine has the
characteristics of combining medicine, science, and engineering. It involves a wide range of contents and
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has a high value in the prevention, diagnosis, and treatment of diseases. In the motion suppression tech-
nology, the ultrasonic detection image subtracts the change of the structure position from one frame to
another, leaving only the color imaging part. SMI technology uses an adaptive wall wave to suppress
clutter noise and minimize the flash artifacts of the image. Ultrasound technology is a high-tech devel-
oped in the 20th century. It is an emerging, interdisciplinary, and borderline science, which has attracted
extensive attention of scientific and technological workers in countries such as the United States, Ger-
many, Canada, Japan, and China. Contrast-enhanced ultrasound technology is a very prominent techno-
logical development in the field of ultrasound imaging diagnostics in recent years, and it can also be
called the third leapfrogging revolution in the history of ultrasound imaging. Contrast-enhanced ultra-
sound uses low mechanical index (MI0.2) pulse contrast sequence imaging technology for ultrasound
inspection, so it reduces the damage to microbubbles and greatly improves the signal-to-noise ratio of
the image. In the project of acquiring a dynamic image by contrast-enhanced ultrasound, although the
detected object can hold the breath for a short time, the slight movement of the organs cannot be com-
pletely eliminated, and the organ movement may be more serious after the breath-hold is over. In order
to comprehensively use multiple imaging modes or co-modal changes to provide more complete infor-
mation, the ultrasound contrast motion correction algorithm often integrates all effective information
to make up for information deficiencies and better serve clinical diagnosis and treatment. In the work of
our colleagues, the experimental methods of this study are as follows: first, 40 cases of benign and ma-
lignant thyroid nodules in China in 2018 were randomly selected. Among them, there were 20 cases of
benign and malignant nodules. The maximum diameter of the nodules was 0.6~ 3.9 cm, with an average
of 2.10.3 cm. The pathological results of all nodules were obtained through fine-needle aspiration biopsy
or surgical treatment. Then, according to the standard blood flow distribution pattern of thyroid nodules,
SMI technology and contrast-enhanced ultrasound were used to judge, and two different selected nodule
cases composed of 20 nodules in each group (10 benign and malignant nodules) compared the distribu-
tion pattern of blood flow and the morphological characteristics of blood vessels. According to the stand-
ard blood flow distribution pattern of thyroid nodules, in this experiment, SMI technology was used to
Jjudge the blood flow distribution pattern of nodules 4 times. That the analysis of the blood flow distribu-
tion pattern of SMI technical nodules in 20 cases of benign and malignant thyroid nodules in this group
showed that the number of central and mixed nodules was the same, and the number of peripheral nod-
ules was the least. After evaluation, through 4 repeated judgments, the blood flow distribution pattern
of the nodules under SMI technology is completely consistent with the actual case. It shows that SMI
technology has a high accuracy rate for displaying the blood flow distribution pattern of thyroid nodules.
SMI angiography showed that the vascular morphology of malignant nodules was stump type and crab
foot type, with more tortuous and chaotic directions, and more irregular small branches, which was in
line with the actual situation. This shows that SMI technology has a good imaging effect on nodular blood
vessels [7].

In conclusion, the authors come to the conclusion that with the improvement of medical technol-
ogy in today's society and the enhancement of people's health awareness, people's attention to thyroid
diseases continues to increase. However, thyroid diseases, such as malignant secretory tumor diseases,
are more complex and changeable, especially for malignant thyroid nodules, which are difficult in clinical
diagnosis and treatment. Conventional thyroid ultrasound examination methods also have certain limi-
tations, such as: for benign and malignant thyroid lesions, two-dimensional detection images sometimes
overlap, which can also lead to different images of the same disease, and the same frequency of different
diseases; at the same time, the blood flow with a low flow rate will not be displayed. And usually, it can
only clearly display the larger blood vessel images, but the new microvascular network of the tumor can-
not show its full picture, which means that thyroid cancer with less blood supply is easy to be missed.
These deficiencies in conventional ultrasound examinations will directly affect the clinical treatment of
thyroid diseases. Therefore, the medical field of thyroid diseases urgently needs more advanced ultra-
sound diagnostic technology to overcome the difficulties encountered in the diagnosis of thyroid diseases
so as to help clinicians better diagnose and treat thyroid diseases and protect the health of patients. With
the improvement of science and technology, two more advanced ultrasound detection technologies, SMI
technology and contrast-enhanced ultrasound, have emerged in medicine. SMI technology can detect
very low blood flow in thyroid lesions and can noninvasively and truly reflect the blood perfusion state
of the nodules; contrast-enhanced ultrasound can continuously and dynamically observe the vascular
distribution and blood perfusion of thyroid nodules, showing that the possibility of tumor neovasculari-
zation has also been improved. Therefore, SMI technology and contrast-enhanced ultrasound technology
can solve the current problems in the diagnosis and treatment of thyroid diseases to a certain extent by
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virtue of their own advantages and have begun to be used in the identification and diagnosis of thyroid
benign and malignant nodules. The research in this article has proved through experiments that SMI
technology and contrast-enhanced ultrasound have high diagnostic sensitivity for the identification and
diagnosis of benign and malignant thyroid nodules, that is they have better diagnostic efficiency and
application value. And from the comparison of sensitivity, the diagnostic sensitivity of SMI technology is
slightly higher than that of contrast-enhanced ultrasound, which shows that SMI technology has slightly
better diagnostic performance and application value than contrast-enhanced ultrasound. The findings of
this article provide a meaningful reference for the medical community to better apply SMI technology
and contrast-enhanced ultrasound in the diagnosis and treatment of thyroid diseases. The number of
features extracted manually in the research of thyroid nodular disease in this article is relatively small.
In the future, more features can be added to study the interaction between artificial features and neural
network features to achieve better classification results [7].

Jacome C.S. et al. [8] nposenu no3HasamesibHoe Uccae008aHue, NOCsAWEHHoe 3¢pekmusHocmu
NAsabNAMOPHO20 BbISBJICHUS Y3/108 B WUMOBUOHOU Xenese U KOppenayuu 3mux pe3ysibmamos C
nocedyrowumMu YiabmpaszsyKosbiMu uccaedosarHusmu. The authors conducted a retrospective observa-
tional study and identified adult patients (>18 years old) who underwent thyroid or neck ultrasounds
(TUS) for the first time between January 1, 2015, and September 30, 2017, from ultrasound database.
An initial search identified 5,938 patients with a TUS, from which our colleagues randomly selected a
cohort of 500 patients who had a TUS ordered for any reasons (e.g., screening, workup of thyroid dys-
function). Of these, 327 patients were found to have both a TUS ordered and documented physical ex-
amination of the thyroid, which was performed either as part of the thyroid-related workup (e.g., thyroid
function test abnormalities, personal or family history of thyroid cancer) or as a routine neck examina-
tion. In all those instances, the TUS was ordered after the physical examination had been conducted.

The researchers piloted and applied an extraction form to collect patient demographics and the
specialty of the clinician who conducted the physical exam. From the physical exam documentation, they
extracted the types of findings (solitary nodule, multinodular goiter, enlargement without nodularity,
normal thyroid, and an "other category" for patients with indeterminate findings such as thyroid asym-
metry). Additionally, study's authors documented the precise locations (right lobe, left lobe, isthmus or
bilateral) where these findings were encountered, whenever the data was accessible. In a similar fashion,
researchers carefully extracted the TUS findings (solitary nodule, multinodular goiter, enlargement with-
out nodularity, no finding, and "other category" to group patients who had thyroiditis without the pres-
ence of nodules or lymphadenopathy) and noted the corresponding locations of the described findings.
When there was a nodular finding in the ultrasound, authors extracted the largest diameter from the
largest nodule. Given that the accuracy of thyroid physical exam may be affected by previous knowledge
of thyroid-related symptoms, our colleagues also documented whether there was presence of symptoms
associated with thyroid nodules or masses (e.g., neck fullness, dysphagia, odynophagia, choking, etc). The
authors summarized continuous variables using means and standard deviations, and categorical varia-
bles using frequencies and percentages. Using the TUS findings as the reference standard, they calculated
the accuracy of the findings noted from the thyroid palpation. First, our colleagues calculated the sensi-
tivity, specificity, accuracy, and positive predictive value (PPV) and negative predictive value (NPV) of the
thyroid palpation in the identification of any abnormal thyroid findings (any abnormality yes/no in thy-
roid palpation compared with any abnormality yes/no in thyroid ultrasound). Then, study's authors esti-
mated the accuracy of the physical exam in detecting thyroid nodules (single thyroid nodule [yes/no]
detected by thyroid palpation compared to thyroid nodule [yes/no] detected on confirmatory thyroid
ultrasound), and multinodular goiters (multiple nodules [yes/no] found by thyroid palpation compared to
multiple nodules [yes/no] identified on a thyroid ultrasound). Additionally, they calculated the accuracy
and PPV of the thyroid physical exam to determine the location (e.g., right lobe, left lobe, isthmus or
bilateral) of the thyroid findings when data was available in the medical records. Finally, authors calcu-
lated the proportion of additionally findings derived from a positive thyroid palpation as 1) the number
of patients who had a solitary nodule palpated and were found to have multiple nodules on the subse-
quent ultrasound, or 2) patients who had a thyroid enlargement in the physical exam and found to have
one or more thyroid nodules on the subsequent ultrasound. When possible, researchers conducted sub-
group analyses by patient sex, patient weight (obese or overweight vs. normal weight based on body mass
index (BMl) categories), size of the thyroid nodule (<2 cm or >2cm), symptoms of nodular disease (yes
and no), and by clinician specialty (primary care vs. specialties). Scientific researchers conducted a test
interaction to evaluate for statistically significant subgroup differences [8].

Our colleagues included 327 patients, the majority were female (213/327, 65.1%) and white



VI INTERNATIONAL SCIENTIFIC CONFERENCE. BERN. SWITZERLAND. 14-15.04.2026

(275/327, 84.1%) with a mean age [standard deviation — (SD)] of 50.8 years old (16.9). Most patients
were obese or overweight (225/327, 71.2%) and had the thyroid physical exam performed by a primary
care clinician (178/327, 54.4%). Additionally, most patients did not present any symptoms of thyroid
nodular disease (231/327, 70.6%). Regarding finding any thyroid abnormality, the thyroid physical exam
had a sensitivity of 71.8% (n= 189/263; 95% Cl 66%-72.2%), specificity of 35.9% (n= 23/64; 95% CI
24.2%-49.9%), accuracy of 64.8% (212/327; 95% Cl 59.4%-70.0%), NPV 23.7% (23/97; 95% 17.5%-
31.3%) and PPV 82.1% (189/230; 95% Cl 79.1%-84.9%). When the diagnostic accuracy was estimated
by an individual thyroid palpation finding (thyroid nodule or multinodular goitre), the physical exam had
a sensitivity of 20.3% (n=12/59; 95% Cl 12.3%-36.2%), specificity of 79.1% (212/268; 95% Cl 73.7%-
83.2%), accuracy of 68.5% (n=224/327: 95% Cl 59.4%-70.0%), NPV 81.8% (n=212/259; 95% 81.5%-
85.8%) and PPV 17.6% (n=12/68,95% Cl 11.1%-27.1%) in detecting a thyroid nodule; and a sensitivity
of 10.8% (n-=17/157; 95% Cl 6.4%-16.7%), specificity of 96.5% (n=164/170; 95% Cl 92.4%-98.7%), ac-
curacy of 55.4% (n=181/327: 95% Cl 49.78%-60.8%), NPV 53.9% (n=164/304; 95% 52.4%-55.4%) and
PPV 73.9% (n=17/23; 95% Cl 53.4%-87.5%) in finding a multinodular goiter. Out of 327 patients, 60
physical exams included the side of the thyroid nodule. Among these, the overall accuracy, and the PPV
of the physical examination in identifying the location (e.q., right lobe, left lobe, isthmus, or bilateral) of
the thyroid finding were 46.6% and 37.5%, respectively. Physical exams among symptomatic patients
demonstrated superior performance than those conducted among asymptomatic patients, with higher
specificity (100% vs. 62%, p<0.01), accuracy (83% vs. 62%; p<0.01), and NPV (87% vs. 79%; p<0.01) for
detection of solitary nodules, as well as a higher NPV for detection of multinodular disease (61% vs. 51%;
p<0.01). In addition, higher PPV for detecting multinodular disease was observed when a specialist con-
ducted the physical exam compared to a primary care provider (100% vs. 60%, p<0.01) and when the
nodule detected by physical examination was greater than 2 cm (100% vs. 73% for nodules <2 cm;
p=0.026). The study's authors found that out of 68 solitary nodules palpated, 37 (54%) were found to
have additional findings such as, multinodular goiter on a subsequent TUS; similarly, out of 88 patients
for whom the physical exam identified an enlarged thyroid, 56 (64%) of these were subsequently found
to have a solitary nodule (16 cases) or a multinodular goiter (40 cases) on the TUS. The authors emphasize
that in this retrospective observational study, scientific researchers found that, while a thyroid physical
exam can detect thyroid abnormalities, these findings were rarely concordant with findings identified on
a subsequent thyroid ultrasound. Furthermore, the diagnostic accuracy of specific thyroid physical exam
findings was low, particularly for the PPV of solitary thyroid nodules. For instance, out of every 100 pa-
tients with a physical exam consistent with a solitary thyroid nodule, approximately 18 had a thyroid
nodule, while out of every 100 patients with a physical exam consistent with multinodular goiter, about
74 had the same finding in the ultrasound. In the course of the study, the authors state that thyroid
physical exam has limited diagnostic performance and leads to additional findings when followed by a
thyroid ultrasound. As such, thyroid physical exams in asymptomatic patients may play an important role
in the overdiagnosis and overtreatment of thyroid cancer. To determine if any patient subgroups derive
some benefit from thyroid physical exams beyond their use as a diagnostic approach, further research is
necessary. Additionally, potential interventions should be explored to improve the accuracy of thyroid
physical exams [8].

Next, we consider a study aimed to examine the potential associations between Doppler parame-
ters and clinical characteristics of hypothyroid patients, such as the autoimmune nature of the disease
and adequacy of LT4 replacement [9]. Angelopoulos N. et al. in their work note that While hormonal
assays are commonly used for thyroid function assessment, Doppler sonography provides valuable infor-
mation on vascularization and blood flow.

A total of 400 consecutive patients with hypothyroidism attending an Endocrinology outpatient
clinic for annual follow-up visit were evaluated for eligibility. Autoimmune thyroiditis was considered the
underlying disease of hypothyroidism based on high serum concentrations of antithyroid antibodies [thy-
roid peroxidase (anti-TPO) and/or thyroglobulin (anti-Tg) antibodies]. Exclusion criteria were history of
Graves’ disease or subacute thyroiditis, malignancies, pregnancy, previous use of medications that can
affect thyroid stiffness (amiodarone, tamoxifen, anti-neoplastic) and nodular abnormalities of the thy-
roid gland (nodules > 3 mm detected by conventional B-mode ultrasound. A total of 338 patients treated
for hypothyroidism [females: n = 292 (86.4%); males: n = 46 (13.6%)] were enrolled in the study. Demo-
graphic characteristics (age, sex, BMl), treatment parameters (LT4 daily dose) were recorded and thyroid
hormones [TSH, free thyroxin (fT4)] were measured. All included subjects were residents of a geograph-
ical area of low-prevalence iodine deficiency disorders. The study protocol was conducted by the tenets
of the Declaration of Helsinki and all patients agreed to participate in the study, which was approved by
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the Bioethics Committee of the Aristotle University of Thessaloniki, Greece. Conventional B-mode thyroid
ultrasound and strain elastography [(real-time elastography (RTE)] were performed on a General Electric
P9 machine (LOGIQ-P9Y; GE Medical Systems, Milwaukee, Wi, USA) with an 8—12 multifrequency linear
probe. Conventional grey-scale ultrasound was initially performed to measure transverse (two dimen-
sions) and longitudinal (one-dimension) diameters and thyroid volume. Three linear dimensions were
measured for each lobe: the length (L) was assessed on the sagittal view and the anterior—posterior (A-
P) and width (W) diameters of each lobe were assessed on the transverse view. Given that the normal
thyroid shape is ellipsoid, the volume of each lobe was automatically calculated by recording the above-
mentioned three linear dimensions (ellipsoid equation with a correction factor: VV (ml) =L (cm) x A-P
(cm) x W (cm) x 0.523). Thyroid vascularity was examined with color Doppler and patients were classified
into four patterns: Pattern | (normal thyroid vascularity, blood flow limited to the peripheral thyroid ar-
teries, absent parenchymal flow); Pattern Il (minimally increased thyroid vascularity, mildly increased
parenchymal flow); Pattern il (increased blood flow with a diffuse homogenous distribution, increased
parenchymal flow with a diffuse homogenous distribution pattern) and Pattern IV (markedly increased
parenchymal flow with a homogenous distribution, including the “thyroid inferno”). The probe was
placed perpendicularly to the skin for RTE examination, and repetitive light compression was applied in
the longitudinal plane. The ideal pressure on the target lesion was confirmed based on the cine-memory
data. A cine-memory stores data obtained through the transmission and reception of ultrasound. A cine-
memory generally has a storage capacity allowing storage of multiple numbers of frames obtained in
time sequence. In a cine-memory, the newest input data overwrites the oldest data which is already
stored in the memory, and this process is repeated. The patients held their breath while the images were
obtained to avoid respiratory motion artifacts. The strain index (elastography ratio, E2/E1) was used that
represents the ratio of the strain of thyroid parenchyma (E2) to that of sternocleidomastoid muscles (E1).
Region of interest (ROI) for E2 was free-handed and designed at the peripheral edge of the gland to
include the whole longitudinal image of each lobe; ROI for E1 was the sternocleidomastoid muscle in
front of the ipsilateral thyroid parenchyma [9].

An endocrinologist with twenty years of experience in sonography, who was blinded to the clinical
status, performed all thyroid ultrasound examinations. The Doppler spectral analysis was of the right and
left inferior thyroid arteries in the transverse scanning, in which the vessels crossed the common carotid
arteries posteriorly, or in the longitudinal scanning of the ascending parts of the arteries, in which the
vessels lie parallel to the common carotid arteries for the superior thyroid arteries. The superior thyroid
artery was assessed with the probe positioned in the oblique sagittal plane, close to the superior thyroid
pole. The inferior thyroid artery was assessed in the oblique transversal plane, close to the transition
between the mid and inferior third of the thyroid. The cursor for evaluating the inferior thyroid artery
was set close to the trachea to avoid artifacts from the common carotid artery and the internal jugular
vein. Parameters for color Doppler are frequency 4.4-6.6 MHz, Gn 40%, pulse-repetition frequency (PRF)
2-8 kHz and Wall Filter (WF) 25-80 Hz. The angle correction cursor was parallel to the flow direction
and the Doppler angle was kept at or below 60°. The sampling gate was set to 2 mm. The peak systolic
velocity (PSV), end-diastolic velocity (EDV), and pulsatility indices (Pl) and the resistive index (RI) values
in the superior and the inferior thyroid arteries were obtained in both thyroid lobes. The mean value of
the right and left lobes was used as the outcome parameter. Serum TSH and fT4 concentrations were
measured by the immunochemistry method with enzyme chemiluminescence immunoassay (reference
range: 0.27-4.5 mUl/ml and 0.8-1.5 ng/d|, respectively). Measurements were performed on the Cobas
8000 platform by Roche (Basel, Switzerland). Data were presented as mean + SD or range (min—max).
The Kolmogorov-Smirnov test was used to evaluate data distribution. The Student’s t-test was used for
group comparisons of continuous variables with a normal distribution (age, BMI, weight) and Mann—
Whitney test was used for variables with a non-parametric distribution. Spearman and Pearson correla-
tion coefficients were used to investigate correlations between variables. The Chi-squared test (x2-test)
was used for group comparisons of categorical variables. Predictive models were compared using Re-
ceiver Operating Characteristic (ROC) — Area Under the Curve (AUC) statistics. The optimal threshold
values were determined from the ROC curve analysis and the Youden Index and its associated criterion
values. The sensitivity, specificity, positive likelihood ratio and negative likelihood ratio values were cal-
culated. A p-value < 0.05 was considered statistically significant [9].

In total, 288 patients (85.2%) had autoimmune thyroiditis, while 50 (14.8%) had no history of in-
creased thyroid autoantibodies. A total of 68 patients (20.1%) had TSH concentrations = 4 miU/l (50 with
autoimmune thyroiditis and 10 without autoimmune disease) and were considered suboptimally treated
at the time of the enrolment, while 270 (79.9%) had TSH concentrations within the reference range (< 4
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mlU/l) and were considered optimally treated ( 230 with autoimmune disease and 40 without). In pa-
tients with autoimmune thyroiditis, the LT4 dose (expressed as dose/weight) needed to achieve optimal
thyroid treatment was higher (1.1 + 0.4 vs. 0.8 + 0.4 mcg/kg, p < 0.001). The elastography ratio was in-
creased in patients with autoimmune thyroiditis (0.86 + 0.52 vs. 0.77 + 0.54, p = 0.026) compared with
patients without autoimmune thyroiditis. There was a positive association between autoimmune thyroid-
itis and vascularity [x2(3) = 13.28, p = 0.004, Cramér’s V= 0.2]. In patients with no autoimmune thyroid-
itis, the total thyroid volume was lower in those with suboptimal LT4 replacement (5.3 + 3.0 vs. 6.3 + 3.7
ml, p=0.032) compared with those with optimal replacement. There was no association between subop-
timal L T4 replacement and vascularity [x2(3)=2.11, p=0.551, Cramér’s V=0.08]. PSV and EDV of the
inferior thyroid artery were higher in patients with suboptimal LT4 replacement compared with those
with optimal replacement (PSV: 41.9+ 17.0vs. 35.1+ 11.2, p=0.004 and EDV 18.5 + 9.0 vs. 14.7 + 6.0,
p =0.004, respectively). Rl was lower in patients with suboptimal LT4 replacement compared with those
with optimal replacement (0.63 + 0.08 vs. 0.66 + 0.09, p = 0.024). The severity of hypothyroidism, as ex-
pressed by L T4 dose/BMI, was negatively correlated with thyroid volume (r= —0.190, p < 0.001) and EDV
values of superior (r=—0.16, p=0.009) and inferior thyroid arteries (r=—0.17, p = 0.008). A weak pos-
itive correlation was found between LT4 dose/BMI with elastography ratio (r=0.180, p<0.001). This
correlation was significant only in patients with autoimmune thyroiditis (r = 0.156, p = 0.007) but not in
those without it (r=0.255, p=0.07). A positive correlation was found between dose/BMI and Pl and R/
of both arteries (Pl superior: r=0.130, p=0.031; Pl inferior: r =0.140, p = 0.023, Rl superior: r = 0.140,
p=0.024; Rl inferior: r=0.150, p=0.014). A backward stepwise logistic regression analysis was per-
formed to identify possible predictors of suboptimal LT4 replacement. All ultrasound indices (PSV, EDV,
PI, R, elastography ratio) were included as independent variables. Only Rl and PSV of the inferior thyroid
artery remained in the final model, [x2(2) = 14.93, df =2, p=0.001). ROC curve analysis was performed
for PSV of the inferior thyroid artery to define the optimal threshold for predicting suboptimal LT4 re-
placement (defined as TSH > 4 or > 5 mIU/ml). The AUC for TSH > 4 miU/mlwas 0.625 (p = 0.002, Youden
Index: 0.238, associated criterion: > 3 1.2, sensitivity 81.8%, specificity 42%,). For TSH > 5 miU/ml, the cor-
responding AUC was 0.672 (p<0.001, Youden Index: 0.305, associated criterion: >37.7, sensitivity
61.8%, specificity 67%) [9].

In conclusion, our colleagues state that this is the largest study to have applied the concurrent
evaluation of multiple ultrasound parameters of the thyroid gland in patients with hypothyroidism and
the first to have used thyroid artery measurements to evaluate the therapeutic efficacy. Lymphocytic
infiltration in autoimmune thyroiditis affects tissue echogenicity and causes a diffuse increase in paren-
chymal vascularization. In the natural history of the disease, as hypofunction gets severer, elasticity, vol-
ume of the gland and blood flow are reduced, indicating a fibrotic degeneration process. Effective mon-
itoring and evaluation of LT4 supplementation are crucial to anticipate relapse of hypothyroidism. The
monitoring is mainly based on thyroid hormone measurements since clinical symptoms may be absent in
borderline TSH increases. However, in cases where blood tests are difficult to obtain, a color Doppler
ultrasound can be used as an alternative tool in estimating responses to therapy and distinguishing those
patients who should be further evaluated by hormonal examinations [9].

In the work of Soltani K. et al. [10] the authors note that the diagnostic role of Doppler ultraso-
nography regarding HT is not fully established. Our colleagues examined intraparenchymal Rl as a Dop-
pler parameter, thyroidal vascularity and other Gray-Scale findings in adults with HT in order to evaluate
the clinical feasibility of RI in the diagnosis of this disease. This study is designed based on the cross-
sectional analysis of sonographic findings in newly diagnosed patients with HT. The target population
was selected from patients referred to the radiology department of Modarres Hospital from the endocri-
nology clinics of Modarres and Loghman Hospitals between 2013 and 2014. Subclinical hypothyroid pa-
tients were identified based on the clinical assessment of an endocrinologist. Exact laboratory data (TSH,
FT4) were not available. Newly diagnosed patients without any history of receiving treatment for HT,
who were either euthyroid or sub-clinically hypothyroid at the time of sonography, were included. Forty-
eight females recently diagnosed with HT aging between 20 and 50. All the participants underwent Gray-
scale (determining gland size, volume, and echogenicity) and color Doppler (evaluating vascularity and
calculating Rl of each lobe in 2 points) sonography by 1 radiology resident using a Medison X8 sonography
device with a 7 MHz probe. Thyromegaly in females was defined as thyroid gland volume exceeding
15 mL. Gray-scale findings were classified into 4 grades (1-4) using the classification system introduced
by Sostre and Reyes (Sostre S., Reyes M.M., 1991). Color Doppler findings were divided into 4 patterns
(0—1ll) based on a visual scale provided by Schulz et al., 2003. The settings of the ultrasound equipment
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(gain and PRF) were calibrated such that aliasing of the carotid artery and jugular vein could not be seen.
The RI (minimum PRF and maximum gain) of both upper and lower poles of each thyroid lobe were cal-
culated by the ultrasound device using the formula below and the mean RI measured from both lobes
was considered as the total Rl of the thyroid gland. In addition, 45 controls aged between 20 and 70
years with normal thyroid laboratory results and without any prior history of thyroid disease were exam-
ined sonographically and the RI of those participants whose Gray-scale results proved to be normal was
measured in 3 different points in each lobe. The mean Rl of each participant from each of these 2 groups
was calculated and compared to the mean RI of the control group.

Based on the definition provided by the World Health Organization, out of every 48 patients with
HT, 30 (62.5%) had a normal thyroid gland volume (thyroid gland volume < 15mL) and 18 had thyromeg-
aly (thyroid gland volume > 15mL). Based on the Gray-scale grading, 13 patients (27.08%) were classified
as grade 1, 12 patients (25.00%) as grade 2, 18 patients (37.50%) as grade 3, and 5 patients (10.42%)
as grade 4. The parenchymal vascularity of the thyroid gland (color Doppler appearance) presented as
pattern 0 in 22 patients (45.83%), pattern | in 15 patients (31.25%), pattern Il in 6 patients (12.5%), and
pattern Il in in 5 patients (10.42%,). The Rl ranged between 0.50 and 0.70 in the patient group and 0.47
and 0.70 in the control group. The average Rl in the patient group was 0.5733 + 0.05072and 0.5453 +
0.05061 in the control group. Independent t-testing of the average RI showed a statistically significant
difference between the patient and control groups (P = 0.009). The highest average Rl was seen in Grade
1(0.5808 + 0.04173) and the lowest in Grade 4 (0.5500 + 0.03808). One-way ANOVA of the average R/
between different Gray-scale grading groups showed no statistically significant difference (P = 0.352).
Furthermore, participants with grade 1 Gray-scale findings were considered as part of the normal or
near-normal group and those with grades 2, 3, and 4 as part of the substantial Gray-scale changes group.
The average Rl of the normal or near-normal group was 0.5808 + 0.04173 and 0.5706 + 0.05319 in the
substantial Gray-scale changes group. Independent t-testing showed no statistically significant differ-
ence in average Rl when comparing the normal or near-normal with the substantial Gray-scale changes
group (P = 0.537). The highest Rl was seen in pattern 0 of color Doppler findings (0.5845 + 0.04828) and
the lowest in pattern I (0.5300 + 0.04817). ANOVA results showed no statistically significant difference
in average Rl among different groups of color Doppler findings (P = 0.109). Results of Kruskal-Wallis test
followed by pairwise comparisons showed a statistically significant relationship in terms of average RI
between the grade 1 patient group and control group (P = 0.010) and between the grade 3 patient group
and control group (P = 0.015). But the same comparison showed no statistically significant relationship
between the grade 2 patient group and control group (P = .406) and between the grade 4 patient group
and control group (P = 0.752). Results of Kruskal-Wallis test followed by pairwise comparisons showed
a statistically significant relationship in terms of average Rl between the pattern 0 patient group and
control group (P = 0.003) and between the pattern | patient group and control group (P = 0.034). But the
same comparison showed no statistically significant relationship between the pattern Il patient group
and control group (P =.418) and between the pattern Il patient group and control group (P = 0.381).
Summarizing the study, the authors state that the results of this study show that, regardless of gray-
scale views and color Doppler patterns, the intraparenchymal Rl of patients diagnosed with HT was
higher compared to normal controls and, thus, this sonographic parameter may be a useful yet noninva-
sive modality in the diagnosis of HT [10].

It is impossible to ignore technological developments and the increasingly active development of
thyroid ultrasound examination using artificial intelligence (Al).

In the clinical trial by Edstrém A.B. et al. [11] it was examined how the articifial intelligence (Al)-
based diagnostics system S-Detect (this is a built-in Al feature in ultrasound machines that helps the doc-
tor analyze the detected formations) for Thyroid influences the ultrasound diagnostic work-up of thyroid
ultrasound performed by different ultrasound users in clinical practice and how different ultrasound us-
ers influences the diagnostic accuracy of S-Detect. The researchers conducted a clinical trial with 20
participants, including medical students, ultrasound novice physicians, and ultrasound experienced phy-
sicians. Five patients with thyroid nodules (one malignant and four benign) volunteered to undergo a
thyroid ultrasound scan performed by all 20 participants using the same ultrasound systems with S-De-
tect installed. Participants performed a focused thyroid ultrasound on each patient case and made a
nodule classification according to the European Thyroid Imaging Reporting And Data System (EU-TIRADS)
[12]. They then performed a S-Detect analysis of the same nodule and were asked to re-evaluate their
EU-TIRADS reporting. From the EU-TIRADS assessments by participants, authors derived a biopsy recom-
mendation outcome of whether FNAB was recommended.

In this clinical trial, our colleagues observed that using S-Detect did not improve the thyroid
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diagnostic work-up of thyroid nodules among novice and intermediate ultrasound operators. Further-
more, they observed that the operator had a strong impact on the Al-generated ultrasound diagnosis,
with a variation in diagnostic accuracy ranging from 40 to 100%, even though the same patients and
ultrasound machines were used in the trial. A strength of this study is the controlled experimental setup,
including participants with different ultrasound experiences who used S-Detect on the same ultrasound
equipment and patient cases. In this way, we could measure the impact of the ultrasound operator’s
influence on the diagnostic accuracy of Al-assisted thyroid nodule diagnosis and how Al influenced the
operator’s assessments. Another strength is that we had a cytological/histological diagnosis on all the
patients, and three experts were used to define the reference standard for the ultrasound characteristics.
The authors believe that for Al-assisted ultrasound diagnosis to be successfully implemented in clinical
settings, the technology should be developed with a clear purpose as a tool for the clinician in mind.
Future research should focus more on how Al-assisted tools are affected by the image quality obtained
by the ultrasound operator and how they affect the diagnostic process, including time use and patient
outcomes. In conclusion, they observed that using S-Detect did not enhance the diagnostic accuracy of
thyroid nodule evaluation among novice and intermediate ultrasound operators. The operator signifi-
cantly influenced the Al-generated ultrasound diagnosis, with diagnostic accuracy ranging from 40 to
100%, despite the same patients and ultrasound machines used. While Al systems like S-Detect have the
potential to improve the diagnostic work-up of thyroid nodules, more research is needed to ensure how
it should be used in the diagnostic process to save time and improve final patient outcomes [11].

A fundamental study concerning multimodal imaging of solid thyroid lesions was conducted by
Jung E.M. et al. [13]. Goal of the study was the assessment of Al-assisted diagnosis of solid thyroid foci
with multimodal modern ultrasound imaging. 50 patients (26-81 years, 54.7+13.1 years) were included
in the study. Multimodal ultrasound imaging by means of B-mode with linear probe (4—12 MHz) with op-
tion of automated documentation of findings by means of Al, with supplementary ultra-microangi-
ography (UMA) was used. Macrovascularisation was assessed by dynamic contrast ultrasonography
(CEUS) with parametric evaluation and perfusion analysis, and microvascularization was assessed by
combined strain and shear wave elastography on a novel high-performance ultrasound system (Resona
R9/Mindray) by an experienced examiner with independent reading. The evaluation was performed ac-
cording to TI-RADS IlI-V. Inclusion criterion was preparation for immediate surgery by indication through
interdisciplinary case conferences with endocrinologic, nuclear medicine, and surgical evaluation. All ex-
aminations with CEUS were performed after written consent. The evaluation of the examinations was
performed retrospectively with the approval of the local ethics committee. The examinations were re-
quested after preliminary examinations by special outpatient clinics with the question of the assessment
of solid thyroid lesions that had been noticed in out-of-town preliminary examinations. An evaluation
according to TI-RADS Ill-V had to be performed and it had to be decided to what extent a histological
clarification was necessary or whether a follow-up should be performed. All examinations were per-
formed by an experienced investigator (more than 3000 examinations per year, over more than 20 years)
using a linear multifrequency probe (L 4—12 MHz) on high-performance ultrasound equipment with digital
image documentation. This allowed independent subsequent evaluation by experienced readers. Accord-
ing to the predefined scheme of an Al image evaluation program, both thyroid lobes were measured in
longitudinal and transverse axis with length, depth and width, the volume was calculated, the echogenic-
ity was evaluated as homogeneous, discrete inhomogeneous or inhomogeneous and the echo pattern
was judged as echo-complex or echo-normal. The ultrasound elastography techniques available in paral-
lel mode as strain or shear wave elastography were used to assess compaction of thyroid tissue and solid
foci. The pulsatile region of a carotid artery was bypassed as much as possible to avoid artifacts. Image
quality could be assessed automatically, optimally with 5 green stars. False colors informed about homo-
geneous or inhomogeneous compaction. Measured values over individually adjusted ROI could be rec-
orded in m/s or KPA, with values >2.5m/s or >30 kPA considered suspicious for possible malignant lesions.

Detectable solid lesions were also measured by Al in three planes, and the rim contour was by-
passed for volumetric detection. Then, marginal contour had to be assessed as regular, lobulated or ir-
regular, rim as complete or incomplete, or absent, growth axis, parallel or directed in depth, shape as
oval or roundish, and possible macro- or microcalcifications and entered into a predetermined scheme.
After localization of the suspicious lesion, the evaluation according to TI-RADS IlI-V was then color-coded
in a final scheme with topogram. This then also considers a possible tumor vascularization, as irreqgular
malignancy-suspicious, or as regular marginal benign. UMA was used to assess the vascularization of tu-
mor foci in as much detail as possible with velocity ranges< 10cm/s. Vascular patterns were recorded
dynamically in short cine loops up to 10s. This also captured possible conspicuous lymph nodes with
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regular benign vascularization from the hilus or malignancy-typical from the margin. Macrovasculariza-
tion of thyroid lobes and foci was classified as normal, enhanced, or decreased, and that of foci as regular
or irregular. Color-coded duplex sonography, flow with glazing flow, and UMA were used for this purpose.
The criterion for benign findings was a regular vascular pattern, especially a marginal vascularization,
for example in adenomas. Irreqular vascularization was considered suspicious for malignancy. This was
then additionally investigated with CEUS to determine the extent to which irreqular arterial hypervascu-
larization with delayed wash out occurs, which is evaluated as a malignancy criterion. CEUS after bolus
administration of 1 to 1.5ml of sulphuhexafluoride microbubbles with 10 ml of saline solution cubital, if
possible, was used to assess dynamic microvascularization of the suspicious solid lesions. When possible,
cine loops of incipient arterial vascularization after 10 to 15s up to one minute were then evaluated
parametrically and by time intensity curve using the High-End Devices internal perfusion program. RO/
were individually matched, in the center, at the edge of the lesion to be assessed compared with sur-
rounding thyroid tissue. Parametric color maps were fitted to the corresponding perfusion parameters
such as time to peak, peak, mean transit time, wash in area under the curve (wash in AUC) and tabulated
at theend [13].

50 cases (26-81 years, mean age: 43+7 years) were examined with multimodal imaging consisting
of B-mode, UMA, elastography and CEUS with parametric and perfusion analysis with good to very good
image quality in all cases, according to the internal evaluation mode especially in the shear wave elas-
tography technique with clearly>85% or 5 green stars. The volume of the thyroid lobes on both sides
averaged 39ml+5ml (27 to 69ml). All echo-poor, irreqularly vascularized, inhomogeneously indurated
lesion>1cm were identified as highly suspicious for malignancy with early wash out kinetics and were
also confirmed surgically. The 13 cases of histologically confirmed thyroid carcinoma (8 papillary, 2 me-
dullary, 2 microfollicular, 1 anaplastic carcinoma) with a mean size of 15mm+6mm (9-21mm) were
correctly evaluated by TI-RADS IV based on irregular shape, induration>2.5m/s or>30kPA and apposi-
tional wash-out kinetics using CEUS (TI-RADS V). Tumor lymph nodes could be correctly detected pre-
operatively only in one case of medullary carcinoma according to the surgical findings, based on irreqular
vascularization with UMA in roundish shape with cortex>4mm with a transverse diameter up to 17 mm.
In 25 cases of inhomogeneous nodular goiter, evaluation with TI-RADS Il was performed in 31 cases,
evaluation with TI-RADS IV was performed in 4 cases with incomplete marginal contour, partial marginal
vascularization with UMA and partial wash out with indurations up to 2.5m/s or 30 kPA, and surgical
excision was performed for nodular goiter. In 12 cases of adenomas with diameters of 1.7 to 3.5cm,
mean 26cm=+0.5cm, nodular goiter resulted in proportionately regressive nodular changes. Only in 7/12
cases a typical echo-poor rim and a typical rim vascularization were found. In 5 cases, the rim was incom-
plete. CEUS also showed a partial central wash out in these cases with but preserved marginal vascular-
ization and elastography revealed partial induration up to 2.5m/s or 30 kPA an assessment with TI-RADS
Il or IV rating. Using the Al tool, the 20 of 25 goiter nodes were evaluated as TI-RADS Ili, 7 of 12 adeno-
mas, 5 goiter nodes and 5 adenomas as TI-RADS 1V, 5 of 13 carcinomas as TI-RADS IV and 8 of 13 carci-
nomas as TI-RADS V. Microcalcification as a definite malignancy criterion was automatically detected in
5 of 13 malignancies, an echo-poor irregular echo structure in all cases, and in intracystic tumors in 2
cases. The shape was irregular in all cases, proportionately lobulated, but oriented in depth in only 8 of
13 cases. Of the 25 struma nodules evaluated as possibly also malignant, partial necrosis and inhomoge-
neous microvascularization with also induration on elastography occurred in all cases. For 37 patients
both classifications were identical. From the 12 cases, histologically classified as TI-RADS V, 11 were also
classified as TI-RADS V by the Al-based diagnosis. Of the 13 remaining cases in which there were discrep-
ancies between the two methods, 12 were histologically confirmed grade 3 carcinoma. Using Al-based
diagnostic they were classified at least one grade higher by Al (n= 12, including 2 two grades higher) and
in one case a histologically confirmed as TI-RADS V case one grade lower. During the course of the work,
the authors established the new multimodal ultrasound modalities offer the possibility of early detection
of malignant foci. Multicenter evaluation is needed to evaluate the possibility of additional Al in terms of
differentiation from TI-RADS Il to TI-RADS V/ [13].

In conclusion, it is worth noting that modern thyroid ultrasound diagnostics is a high-tech, multi-
level system for assessing structural and functional changes in the organ, providing high clinical infor-
mation value in identifying thyroid lesions, including solitary or multinodular thyroid nodules, inflamma-
tory processes, and tumors. B-mode diagnostic ultrasound remains the primary method, allowing for the
assessment of size, contours, echogenicity, echostructure, and calcifications, as well as precise ROI selec-
tion for subsequent quantitative analysis.
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In thyroid cancer diagnostics, ultrasound risk stratification based on the TI-RADS standardizes de-
scriptions and defines indications for fine needle aspiration biopsy, improving the clinical validity of inva-
sive interventions. The additional use of Color Doppler ultrasound and microcirculation imaging technol-
ogies, including UMA and ultra-microvascular imaging technology, enables detailed analysis of the vas-
cular pattern of nodular lesions. Evaluation of hemodynamic parameters such as PRF, PSV, EDV, P, and
Rl expands the possibilities for differentiating between benign and malignant processes.

Elastography significantly contributes to increased diagnostic specificity, including the quantita-
tive elastography ratio, which reflects tissue mechanical properties and the degree of fibrosis. This
method is particularly informative in chronic inflammatory diseases such as autoimmune thyroiditis, in-
cluding the most common form, HT, as well as in conditions accompanied by hypothyroidism. A compre-
hensive assessment of ultrasound features, combined with laboratory values for thyroid-stimulating hor-
mone and free thyroxin, provides a comprehensive picture of the functional state of the thyroid gland.

A promising approach is CEUS, which allows for the analysis of the perfusion characteristics of
lesions. The concept of multimodal imaging, consisting of B-mode, UMA, elastography, and CEUS, signif-
icantly improves diagnostic accuracy by integrating morphological, vascular, and biomechanical param-
eters.

The implementation of computer-assisted diagnosis (CAD) systems and artificial intelligence algo-
rithms enables automated image processing, objectivization of ROl assessment, and reduction of opera-
tor dependence. The use of intelligent technologies contributes to the improvement of positive predictive
value (PPV) and negative predictive value (NPV), increasing the reliability of risk stratification and clinical
decisions.

Thus, the integration of B-mode, Doppler techniques, microangiographic technologies, elas-
tography, contrast-enhanced ultrasound, and digital analysis algorithms forms the modern standard for
comprehensive thyroid ultrasound examination. Ultrasound diagnostic techniques for various thyroid pa-
thologies in general, and thyroid cancer in particular, are an important link in the specialty of "Radiology."
Their high information content, sensitivity, and specificity often allow for an accurate diagnosis without
resorting to more complex examination methods, which often carry a fairly high risk of complications
and/or radiation exposure, and make it possible to conduct targeted, specialized treatment for these
patients.
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Abstract

With the rapid development of information technology and the popularization of online learning
platforms, the role in English listening and speaking instruction has become increasingly prominent. Tra-
ditional teaching models often fail to meet students' needs for these skills. Online platforms offer instant
feedback, personalized exercises, and engaging designs, catering diverse age groups. However, existing
research highlights single educational stages, lacking comparative analysis across age groups. This paper
analyzes the impact of online learning platforms on the English listening and speaking skills of primary
school, middle school and university students, highlighting the differences among them. It examines both
practical applications and existing problems. Studies show that age-stratified designs on online platforms
effectively improve the listening and speaking skills to varying degrees. However, challenges like insuffi-
cient interactivity and differences in student self-discipline remain. Future efforts should optimize plat-
form functions, combine traditional teaching methods, and design tailored solutions for different educa-
tional stages to enhance teaching outcomes.

Keywords: online learning platforms, English listening and speaking skills, age-group differences,
educational technology, autonomous learning

Introduction

With the advancement in technology, online learning platforms have become essential for English
listening and speaking teaching. However, traditional teaching models often struggle to meet students’
personalized needs for listening and speaking training due to limited class time and monotonous meth-
ods. Online learning platforms provide instant feedback and adaptive exercises, allowing students to
practice language communication in an authentic English environment [1]. They can also accurately as-
sess learning performance, provide customized training content, and improve learning efficiency. Recent
research focus on the application of online learning platforms as supplementary tools for English instruc-
tion, showing improvements in student interest and autonomous learning abilities [2]. Additionally, the
constructivist learning theory emphasizes contextualized learning environments, which are fully re-
flected in online platforms. Through interactive forms such as virtual dialogues and animated dubbing,
these platforms create authentic language application scenarios for students [3]. However, existing re-
search also finds significant differences in the adaptability of platform functions among students of dif-
ferent ages, particularly in cultivating autonomous learning abilities, which still faces challenges [4]. Alt-
hough online learning platforms continue to innovate technologically, they must also integrate with tra-
ditional classroom teaching, especially in dimensions such as teacher-student interaction and emotional
support [5]. This paper examines the impact of online learning platforms on the English listening and
speaking skills of primary school, middle school, and university students, aiming to offer practical insights
for English language teaching and further enhance their effectiveness of the platforms. Constructivist
learning theory holds that knowledge is not acquired through one-way transmission by teachers but is
actively constructed by learners in specific contexts [6-7]. This theory emphasizes contextualized learn-
ing, social interaction, and cognitive construction, providing important guidance for online English listen-
ing and speaking teaching. The first point is contextualized teaching. Constructivism advocates that lan-
guage learning should take place in real or simulated communicative contexts [8]. Traditional English
classrooms often lack authentic contexts. Online learning platforms, through virtual dialogues and sim-
ulated scenarios, allow learners to practice listening and speaking in near-real contexts, promoting deep
internalization of knowledge. For example, Al voice assistants simulate daily conversations, helping learn-
ers master language functions in specific contexts rather than memorizing words and grammar in isola-
tion. The second point is social interaction and collaborative learning. Vlygotsky proposed the "Zone of
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Proximal Development" (ZPD) theory, emphasizing the key role of social interaction in cognitive develop-
ment [7]. Online platforms provide interaction opportunities through language partner matching, multi-
person online speaking practice, and real-time teacher feedback, enabling learners to adjust their lan-
guage output during communication and gradually improve their expressive abilities. The third point is
personalized knowledge construction. Piaget pointed out that learning is a process in which individuals
actively explore and adjust cognitive structures based on existing experiences [6]. The adaptive learning
systems of online platforms (such as Al intelligent recommendations) allow learners to adjust learning
content according to their own pace, aligning with the constructivist concept of personalized learning
[7]. Behaviorist learning theory holds that learning is a process of establishing connections between stim-
uli and responses, emphasizing the shaping effect of the external environment on learning behavior [9-
10]. The core concepts—reinforcement, conditioned reflexes, and feedback loops— provide guidance for
online English listening and speaking teaching. First, Skinner's operant conditioning theory points out
that positive reinforcement (such as immediate rewards and point incentives) can increase the probabil-
ity of repeating target behaviors (such as correct pronunciation and fluent expression) [8]. Online learn-
ing platforms use mechanisms to reinforce learners' positive performance and enhance motivation. Sec-
ond, Pavlov's classical conditioning theory shows that repeated stimulus-response pairings can form au-
tomatic behaviors [10]. Online English listening and speaking training helps learners establish condi-
tioned reflexes between sounds and meanings through high-frequency repetitive exercises. Finally, be-
haviorism emphasizes the key role of immediate feedback in learning effectiveness [11]. Online platforms
use Al to provide real-time error correction, enabling learners to immediately correct mistakes. Research
shows that immediate feedback can improve language learning efficiency by more than 30% [12]. Speak-
ing constitutes a fundamental component of language acquisition, serving as the primary vehicle for ex-
pressing thoughts, emotions, and ideas. Within established frameworks of communicative competence
(Canale & Swain, 1980), speaking skills empower learners to interact effectively across diverse contexts,
ranging from informal conversations to professional and academic discourse. Beyond its communicative
function, active speaking practice enhances language learning by promoting fluency through spontane-
ous production, reinforcing lexical knowledge, and consolidating grammatical understanding [13].
(Baker & Westrup, 2003; Wang et al., 2024). Moreover, oral proficiency significantly influences learners’
motivation and self-confidence; successful communication experiences can bolster assurance and en-
courage continued participation, while perceived deficiencies may trigger anxiety and disengagement
[14]. (Alotumi, 2021, de Rooij, 2024). Nevertheless, developing this critical skill presents substantial chal-
lenges for EFL learners Kurniati [15], including speech-related anxiety due to error apprehension [15]
(Van Thong & Hoai Thuong, 2023), lexical and phonological limitations [16], (Quyen & Nguyen, 2018),
and inadequate opportunities for authentic communication in conventional classroom environments
(Shen & Chiu, 2019). [17]. Addressing these challenges necessitates pedagogical strategies that incorpo-
rate authentic input and meaningful practice. The integration of digital tools, such as podcasts, into
speaking instruction offers a viable solution. Podcasts can alleviate several common learning obstacles
by providing learners with extensive exposure to authentic spoken English, including varied accents, top-
ics, and natural conversational pat terns—thereby compensating for the lack of realistic input in tradi-
tional classroom settings (Shen & Chiu, 2019, Travis & Joseph, 2009). [18]. Such exposure not only has
model’s accurate pronunciation and intonation (Quyen et al., 2018, Yeh et al., 2021) [19] but also ena-
bles self-paced listening, which may alleviate the anxiety often linked to real-time speaking interactions
(Van Thong & Hoai Thuong, 2023). [20]. When paired with structured interactive tasks that require learn-
ers to produce spoken responses based on podcast content, this method transcends passive listening.
Instead, it fosters deliberate practice in meaningful contexts, promoting fluency, confidence, and com-
municative competence (Diez & Richters, 2020, Farangi et al.,, 2015). [21]. Additionally, this approach
may mitigate the adverse effects of harsh feedback encountered in other instructional environments
[22]. (Gan, 2012). Given these potential benefits, examining how podcast-integrated instruction specifi-
cally influences EFL learners’ speaking skills remains a pertinent and valuable research focus.

Method

This study adopted a one-group pre-test/post-test quasi-experimental design to examine the effec-
tiveness of an online platform-based instructional programme in developing the speaking skills of univer-
sity-level pre-service English teachers. A quasi-experimental approach was deemed appropriate given the
institutional constraints that precluded random allocation to separate treatment and control groups;
nonetheless, internal validity was strengthened through the standardised delivery of the ten-week pro-
gramme, the use of a validated and reliability-tested assessment instrument, and the consistent applica-
tion of the same instructional conditions across all 30 participants.
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The study is positioned within a mixed-methods framework: quantitative pre- and post-test data
provided the primary measure of speaking competence development, while qualitative data gathered
through a post-intervention Likert-scale satisfaction survey offered complementary evidence regarding
student perceptions and motivational responses to the digital learning environment. The independent
variable was defined as the ten-week online platform-based instructional programme, and the depend-
ent variable was the composite speaking competence score, disaggregated across three oral sub-do-
mains: fluency, pronunciation, and interaction.

Participants

The study was conducted with 30 third-year undergraduate students (n = 30) enrolled in group
1703-35 of the Bachelor's programme in Foreign Language (English) at South Kazakhstan Pedagogical
University during the spring semester of the 2025-2026 academic year. The group comprised 27 female
students (90.0%) and 3 male students (10.0%), a distribution consistent with the predominant gender
composition observed in pedagogical faculties across Kazakhstan. Participants' English proficiency
ranged from B1 to B2 according to the Common European Framework of Reference for Languages
(CEFR), as confirmed by an institutional placement assessment conducted prior to the study. All partici-
pants were prospective English language teachers and had completed at least two years of university-
level EFL instruction prior to the experiment. Written informed consent was obtained from all partici-
pants prior to data collection, and all data were anonymised for analysis.

Table 1
Listening and Speaking Competence Assessment Instrument
Speaking Do- | Assessment Task Max Evaluator
main Score
Fluency 2-min individual monologue on assigned topic; assessed for pace, coherence, and | 20 Teacher
absence of unnatural pauses panel
Pronuncia- Read-aloud passage (150 words); Al phoneme analysis + teacher rating for seg- | 20 Al +
tion mental and suprasegmental accuracy Teacher
Interaction Pair role-play (3 min) + follow-up spontaneous questions; assessed for turn-taking, | 20 Teacher ru-
response quality, and communicative strategies bric
TOTAL Integrated Speaking Competence Score 60 Mixed

Note. Al = Al phoneme analysis tool (integrated in iTEST platform),; rubric = CEFR-aligned analytical
speaking rubric.

Data Analysis

Quantitative data were analysed using IBM SPSS Statistics (version 26). Descriptive statistics
(means and standard deviations) were computed for each skill domain at both time points. A paired-
samples t-test was used to evaluate the statistical significance of pre-test to post-test score changes,
with the significance threshold set at p < .05 (two-tailed). Cohen's d was computed to quantify the prac-
tical magnitude of competence gains. Post-intervention satisfaction survey data (six Likert-scale items,
1-5) were analysed descriptively, reporting mean ratings and percentages of positive agreement (scores
4 or5).

Table 2
Ten-Week Experimental Schedule
Week | Theme Platform Activity Skill Focus
1 Orientation & Pre-test iTEST oral diagnostic; Google Classroom setup; speaking | Baseline assessment
needs survey
2 Self-introduction & De- | TED-Ed speaker model analysis;, Kahoot! vocabulary for oral | Speaking — Fluency
scribing tasks
3 Pronunciation Basics Padlet voice recording (minimal pairs); Quizizz phonics quiz | Speaking — Pronuncia-
tion
4 Storytelling & Narrating Google Meet narrative task; Kahoot! oral response round Speaking — Fluency
5 Stress & Intonation iTEST Al phoneme drill; Quizizz stress pattern quiz Speaking — Pronuncia-
tion
6 Opinion & Argumentation | Al-assisted monologue scripting (ChatGPT),; Padlet peer audio | Speaking — Fluency /
feedback Al
7 Debate & Discussion Zoom mini-debate: 'Does technology replace the teacher?’ Speaking — Interac-
tion
8 Role-play Scenarios Google Meet role-play (teaching scenario); Kahoot! post-task | Speaking — Interac-
review tion
9 Presentation & Delivery Padlet voice portfolio submission; Al pronunciation self-cor- | Speaking — Pronuncia-
rection tion
10 Post-test & E-portfolio ITEST oral post-test; Google Classroom portfolio submission | Post-assessment

Note. iTEST = listening diagnostic and practice platform,; Al = ChatGPT / Claude Al tools.
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In the first week, all 30 participants completed the standardised listening and speaking pre-test.
The listening component was administered as a 45-minute written assessment with audio played in a
controlled classroom setting via the iTEST platform's integrated media module. The speaking component
was assessed individually by the researcher using a structured oral interview format. Participants also
completed a digital literacy self-assessment survey via Google Classroom to identify prior familiarity with
the planned platforms and self-perceived learning goals. Google Classroom was established as the course
hub, and all students were enrolled and oriented to the digital environment. Pre-test results established
a baseline composite mean of M = 63.3 (SD = 9.1), consistent with expected B1-B2 proficiency. Listening
comprehension showed the highest baseline scores (M = 20.3 out of 30), while speaking interaction
demonstrated the lowest (M = 12.1 out of 20), reflecting the common finding that receptive skills typi-
cally develop ahead of productive skills at intermediate proficiency levels (Rost, 2011). No statistically
significant difference was found between female (M = 63.6) and male (M = 61.7) students at baseline (p
=.74), confirming initial group homogeneity. In Week 10, all 30 participants completed the post-test
under conditions identical to those of the pre-test. The post-test was followed by the administration of a
six-item Likert-scale satisfaction survey via Google Forms, and the submission of individual e-portfolios
on Google Classroom documenting each student's progression across the ten weeks. The e-portfolios pro-
vided qualitative evidence of language development and served simultaneously as a self-assessment and
metacognitive reflection tool.

Table 3
Speaking Domain Pre-test M (SD) | Post-test M (SD) Gain A t-value p
Fluency 12.6 (2.8) 16.4 (2.3) +3.8 6.11 <.001
Pronunciation 11.9(3.1) 16.1(2.5) +4.2 6.58 <.001
Interaction 12.1(2.9) 15.8 (2.4) +3.7 5.94 <.001
TOTAL (out of 60) 36.6(7.2) 48.3 (5.9) +11.7 9.47 <.001

The overall composite speaking mean score increased from M = 36.6 (SD = 7.2) at pre-test to M =
48.3 (SD = 5.9) at post-test, representing a gain of 11.7 points equivalent to a Cohen's d of 1.82 — a
large effect size confirming the practical significance of the programme beyond statistical measures
alone.

Conclusion

Online learning platforms provide a new approach and tool for English listening and speaking
teaching. Their instant feedback, personalized exercises, and engaging designs significantly enhance pri-
mary school students’ interest, middle school students’ test-taking abilities, and university students' au-
tonomous learning efficiency. However, challenges such as insufficient interactivity and differences in
student self-discipline remain. In the future, further optimization of platform functions is needed, com-
bining the advantages of traditional teaching and designing differentiated solutions tailored to the char-
acteristics of students at different educational stages to achieve more comprehensive teaching out-
comes. Additionally, teachers should actively guide students to make reasonable use of platform re-
sources, fully leveraging the potential of online learning to open broader paths for the cultivation of
English listening and speaking skills and integrating them with their actual teaching to help students
improve their English listening and speaking abilities. However, this paper still has some shortcomings.
For example, the lack of analysis on the impact of platform use by students from different cultural back-
grounds may limit the generalizability of the research results. Looking ahead, future research can focus
on several promising areas. Firstly, the application of artificial intelligence technologies, such as speech
recognition and adaptive learning systems, in online platforms should be explored to evaluate their role
in promoting personalized learning. Secondly, longitudinal studies that span different educational stages
should be conducted to systematically analyze the long-term impact patterns of online learning on lan-
guage skill development. Thirdly, in-depth research on collaborative teaching models between online
platforms and traditional classrooms is needed, with the goal of optimizing teacher-student interaction
strategies in offline contexts. Lastly, future research should focus on psychological factors such as anxiety
and motivation when students use platforms, and design learning tools with enhanced emotional sup-
port functions based on these findings. These four research directions complement each other, forming
a comprehensive research framework to evaluate the educational value of online learning platforms.
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Abstract

This article examines Content and Language Integrated Learning (CLIL) as an effective approach
to improving the quality of multilingual education in Kazakhstan. In the context of the national policy of
trilingual education, there is a growing need for innovative teaching methods that can integrate subject
content with foreign language learning. CLIL is considered a promising solution, as it enables students to
acquire academic knowledge while simultaneously developing their language competence in meaningful
and authentic contexts.

The study integrates theoretical analysis and classroom-based research to demonstrate how CLIL
enhances both subject knowledge and foreign language proficiency. The theoretical part outlines the key
principles of CLIL and emphasizes the importance of integrating content, communication, and cognitive
processes in the learning environment. Particular attention is given to the role of active learning and
student-centered approaches, which are central to effective CLIL implementation.

The paper presents the results of a small-scale pedagogical experiment conducted in a secondary
school, highlighting improvements in student motivation, language use, and cognitive engagement. The
findings indicate that students become more actively involved in the learning process, demonstrate
greater confidence in using English, and show better understanding of subject-specific concepts.

Keywords: CLIL, multilingual education, trilingual education, Kazakhstan, integrated learning,
English language teaching.

Introduction

In modern educational systems, multilingual competence is increasingly viewed as a key factor in
academic and professional success. Kazakhstan has adopted a trilingual education policy aimed at devel-
oping proficiency in Kazakh, Russian, and English. This policy reflects the country’s aspiration to integrate
into the global educational and economic space and to enhance the competitiveness of its education
system at the international level.

However, achieving high-quality multilingual education remains a significant challenge. Tradi-
tional methods of language teaching often focus on grammar and theoretical knowledge, which may not
provide sufficient opportunities for meaningful language use in academic contexts. As a result, students
may understand the rules of a language but experience difficulties when applying it in real-life commu-
nication or subject-specific situations. This gap between knowledge and practical use highlights the need
for more effective and integrated teaching approaches.

Content and Language Integrated Learning (CLIL) offers a potential solution to this problem. By
combining subject content with language instruction, CLIL creates a natural and meaningful environ-
ment for language acquisition, where students use the foreign language as a tool for learning rather than
as an isolated subject. This approach encourages active participation, critical thinking, and the develop-
ment of both cognitive and communicative skills.

This article aims to explore the effectiveness of CLIL technology in improving the quality of multi-
lingual education and to present empirical evidence from classroom practice. It focuses on how CLIL can
enhance students’ language proficiency, subject understanding, and overall engagement in the learning
process, while also addressing the challenges associated with its implementation.

Theoretical Foundations of CLIL

CLIL was first introduced by David Marsh (1994) and has since been widely implemented in Euro-
pean educational systems. Over time, it has developed into a well-established pedagogical approach that
integrates subject content and language learning in a single educational context. The approach is based
on the “4Cs” framework proposed by Coyle, Hood, and Marsh (2010), which includes Content, Commu-
nication, Cognition, and Culture as its core components.

The Content component focuses on the acquisition of subject knowledge and the development of
discipline-specific skills. Communication emphasizes the use of language as a tool for learning and
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interaction rather than as an isolated objective. Cognition involves the development of higher-order
thinking skills, such as analysis, synthesis, and evaluation, which are essential for deeper understanding
of academic material. Culture promotes intercultural awareness, helping students to develop a broader
perspective and understand different cultural contexts.

CLIL differs from traditional language teaching approaches in that it situates language learning
within meaningful academic contexts. Instead of focusing primarily on grammar and vocabulary in isola-
tion, students use the target language to solve problems, discuss ideas, and participate in collaborative
activities. This integrated approach makes learning more relevant and supports the practical application
of language skills.

Furthermore, CLIL encourages active learning and student-centered instruction. Learners are more
engaged in the educational process as they are required to think critically, communicate effectively, and
apply their knowledge in various contexts. Recent research indicates that CLIL enhances academic per-
formance, increases student motivation, and supports the development of critical thinking skills. It is
particularly effective in multilingual environments, where students need to navigate and operate across
multiple languages.

CLIL IN THE CONTEXT OF MULTILINGUAL EDUCATION IN KAZAKHSTAN

The implementation of trilingual education in Kazakhstan creates favorable conditions for the
adoption of CLIL. Many schools have introduced English-medium instruction in subjects such as biology,
chemistry, physics, and information technology, which supports the integration of language and content
learning in practice.

This educational context encourages the development of students’ ability to use English in
academic and professional domains. By studying subject-specific content in English, learners gain
exposure to specialized vocabulary and authentic language use, which enhances both their linguistic
competence and subject understanding. At the same time, such integration helps bridge the gap between
theoretical knowledge and practical application, making the learning process more relevant and
meaningful.

However, the implementation of CLIL within the trilingual education framework also requires
careful planning and support. Teachers need to be prepared not only in their subject area, but also in the
use of English as a medium of instruction. In addition, appropriate teaching materials and methodological
guidance are essential to ensure effective lesson delivery. Overall, the existing trilingual education policy
provides a strong foundation for the wider adoption of CLIL in Kazakhstan's educational system.

CLIL supports the goals of multilingual education by:

—integrating language and subject learning;

— providing authentic contexts for language use;

— developing academic language proficiency;

— promoting intercultural competence.

In the Kazakhstani context, CLIL also helps students prepare for higher education and international
communication. It enables them to access academic resources in English and participate in global
knowledge exchange.

RESEARCH METHODOLOGY

To evaluate the effectiveness of CLIL, a small-scale pedagogical experiment was conducted during
teaching practice in Grade 11 at Gymnasium No. 5. The research aimed to investigate the impact of CLIL
on students’ language proficiency, subject understanding, and level of engagement in the learning
process within a real classroom setting.

The study was carried out under natural classroom conditions, which allowed for the observation
of authentic student behavior and interaction. The integration of CLIL methodology into regular lessons
provided an opportunity to assess how students respond to learning subject content through a foreign
language. Special attention was given to students’ ability to use English as a means of communication,
as well as their comprehension of subject-specific material.

The research also focused on identifying changes in students’ participation and overall involvement
in classroom activities. By combining language learning with academic content, the study aimed to
determine whether CLIL could create a more engaging and effective learning environment. The results
were expected to provide practical insights into the applicability of CLIL in the context of trilingual
education in Kazakhstan.

Participants:

The study involved 22 students with an intermediate (B1) level of English. The participants were selected
based on their current level of language proficiency and their participation in regular Information
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Technology classes. The group represented a typical sample of secondary school learners in the context
of trilingual education in Kazakhstan.

Research design:
The research followed a quasi-experimental design, combining both quantitative and qualitative
methods of data collection. The study included several key stages:

— pre-test to assess the students’ initial level of English proficiency and subject knowledge;
— the implementation of CLIL-based lessons integrating content and language learning;
- a post-test to measure changes after the intervention;
— classroom observation and collection of student feedback (through short questionnaires and informal
reflection) to monitor participation and interaction.

Procedure:
The experimental procedure was carried out during regular lessons of Information Technology. Students
participated in a CLIL-based lesson on the topic “How to Launch an IT Start-Up.” The lesson was designed
according to CLIL principles and included a variety of interactive activities, such as group discussions,
problem-solving tasks, vocabulary-focused exercises, and short project presentations in English. Special
attention was given to scaffolding techniques, including language support, visual aids, and guided
instructions, to ensure comprehension of both content and language.

RESULTS OF THE STUDY

The results of the experiment demonstrate positive changes in students’ language performance
and engagement. Students showed increased willingness to participate in discussions and use English for
communication. Moreover, they demonstrated better understanding of subject-specific concepts
compared to initial performance. Classroom observation indicated higher levels of motivation, active
involvement, and collaboration among learners. Overall, the findings suggest that CLIL contributes to
both language development and deeper cognitive engagement in the learning process.

Table 1. Comparison of Pre-test and Post-test Results

Indicator Pre-test (%) | Post-test (%)
Vocabulary (subject-specific) | 58% 76%
Speaking skills 52% 71%
Listening comprehension 60% 78%
Overall performance 57% 75%

The data show a significant improvement in all assessed areas. The most noticeable progress was
observed in speaking skills and subject-specific vocabulary. Students became more active in using English
during classroom activities and demonstrated better understanding of key subject concepts.

In addition, qualitative observations revealed:
- increased student participation in discussions and group tasks,
- higher motivation and interest in the learning process;

—improved confidence in using English, with less hesitation and more willingness to communicate.

Students reported that learning through CLIL was more engaging and practical compared to
traditional lessons.

DISCUSSION

The findings of the study confirm that CLIL is an effective approach to improving multilingual edu-
cation. By integrating language and content, CLIL creates meaningful learning experiences that promote
both academic and linguistic development. Students are not only exposed to new subject knowledge, but
also actively use the target language as a tool for communication, which makes the learning process
more practical and engaging.

The improvement in speaking skills can be explained by the increased opportunities for communi-
cation during CLIL lessons. Students are regularly involved in discussions, pair and group work, and
presentations, which require them to express ideas, ask questions, and respond to others in English. Sim-
ilarly, the growth in vocabulary reflects the use of subject-specific language in authentic contexts, where
new terms are introduced and practiced through meaningful tasks rather than memorization.

In addition, the results suggest that CLIL positively influences students’ motivation and engage-
ment. Learners showed greater interest in the lesson content and demonstrated more active participa-
tion compared to traditional instruction. This may be explained by the interactive nature of CLIL lessons
and the relevance of real-life topics, which encourage students to think critically and apply their
knowledge.

However, the study also highlights certain limitations. The experiment was conducted over a short
period of time, and the sample size was relatively small. In addition, differences in students’ language
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proficiency levels may have influenced the results. Therefore, further research is needed to confirm the
long-term effectiveness of CLIL and to explore its application in different subjects and educational con-
texts.

Challenges and Solutions

Despite its benefits, CLIL implementation faces several challenges that may limit its effectiveness
in practice. One of the main issues is the insufficient language proficiency of teachers, which can make
it difficult to deliver subject content confidently in English and to provide adequate linguistic support to
students. In addition, there is a lack of CLIL-based teaching materials that are adapted to the local edu-
cational context, which creates additional difficulties for teachers when planning and conducting les-
sons. Another challenge is related to assessment, as it is often problematic to balance the evaluation of
subject knowledge and language competence within a single framework. Furthermore, limited institu-
tional support and the absence of clear methodological guidelines can hinder the consistent implemen-
tation of CLIL in schools.

These challenges indicate that the successful application of CLIL requires a more systematic and
structured approach. Teachers need not only strong language skills, but also a clear understanding of
CLIL principles and strategies in order to effectively integrate content and language learning. At the same
time, the development of appropriate teaching materials is essential to ensure consistency and quality in
lesson delivery. The integration of digital tools can also play an important role in supporting interactive
learning and providing additional resources for both teachers and students.

To overcome these difficulties, it is important to focus on continuous professional development for
teachers, including specialized training programs that combine language improvement with methodo-
logical support. In addition, the creation of CLIL-oriented textbooks and digital resources aligned with
curriculum requirements can significantly enhance the teaching process. Finally, stronger support from
educational institutions and policymakers is necessary to ensure the sustainable implementation of CLIL
and to promote its wider adoption within the system of multilingual education.

CONCLUSION

CLIL technology is a powerful tool for improving the quality of multilingual education in Kazakh-
stan. It enhances language proficiency, supports cognitive development, and increases student motiva-
tion by creating a more interactive and meaningful learning environment.

The results of the classroom-based study confirm that CLIL contributes to better learning out-
comes, deeper understanding of subject content, and more active student participation. Learners become
more engaged in the educational process and demonstrate greater confidence in using English for aca-
demic purposes. In addition, CLIL encourages the development of critical thinking and collaborative skills.

However, its successful implementation requires systematic support, including teacher training,
methodological guidance, and access to appropriate teaching materials. It also highlights the need for
further research to examine long-term effects and broader application in different educational contexts.

CLIL has strong potential to become a key component of modern multilingual education and to
support Kazakhstan'’s integration into the global educational space.
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Abstract

The integration of artificial intelligence (Al) into language education represents a shift from tradi-
tional knowledge-based instruction toward interaction-centered communicative development. This
study examines how Al-mediated interaction, particularly through chatbot systems with immediate feed-
back, contributes to the development of students’ communicative competence. A mixed-methods re-
search design was employed, including pre-test and post-test assessment, experimental intervention, and
qualitative analysis. The study involved 38 undergraduate students divided into control and experimental
groups over an eight-week period. The findings demonstrate that Al-based learning leads to substantially
higher improvement in communicative competence, particularly in interaction and fluency, while also
increasing learner motivation and reducing language anxiety. The results suggest that the effectiveness
of artificial intelligence in language education is primarily linked to its ability to intensify interaction,
provide immediate feedback, and support continuous communicative practice.

Keywords: artificial intelligence, communicative competence, chatbot, interaction, feedback, lan-
guage learning

Introduction

Communicative competence has become the central objective of modern foreign language educa-
tion, reflecting the demands of globalization and intercultural communication, where learners are ex-
pected not only to possess linguistic knowledge but also to use language effectively in real-life situations.
According to Canale and Swain (1980), communicative competence includes grammatical, sociolinguis-
tic, discourse, and strategic components, which together determine the ability to participate successfully
in communication. However, traditional language teaching approaches often prioritize grammar and vo-
cabulary instruction, limiting opportunities for meaningful interaction and real-time feedback, which are
essential for language acquisition. The emergence of artificial intelligence (Al) technologies has created
new possibilities for addressing these limitations by enabling interactive, adaptive, and personalized
learning environments. Al-based tools, particularly chatbots and conversational agents, simulate com-
munication and provide immediate feedback, thereby supporting active language use and increasing
learner engagement. Research indicates that Al enhances learning through personalization and adaptive
feedback (Luckin et al., 2016) and supports data-driven learning environments (Holmes et al., 2019).
From a theoretical perspective, Al-mediated learning aligns with interactionist approaches to second lan-
guage acquisition, where communication, feedback, and output play a central role. Long (1996) argues
that interaction facilitates language development through negotiation of meaning, while Swain (2005)
emphasizes that language production is essential for developing competence. Furthermore, corrective
feedback has been identified as a key mechanism in language acquisition, as it allows learners to notice
errors and refine their language use (Ellis, 2009). Recent empirical studies confirm that Al-based conver-
sational tools improve speaking performance, engagement, and confidence (Du, 2024, Lyu, 2025), while
also reducing anxiety and increasing willingness to communicate (Macintyre et al., 1998; Xiao, 2024).
Despite these findings, there remains a need for deeper analysis of how Al-mediated interaction contrib-
utes specifically to communicative competence development. Therefore, the purpose of this study is to
examine the impact of Al-based interaction on students’ communicative competence, with the hypothesis
that Al-supported learning with immediate feedback leads to significantly higher improvement compared
to traditional instruction.

Methods

This study employed a mixed-methods quasi-experimental design combining quantitative and qual-
itative approaches to provide a comprehensive evaluation of learning outcomes. The participants in-
cluded 38 undergraduate students studying English as a foreign language at an intermediate level (B1-



VI INTERNATIONAL SCIENTIFIC CONFERENCE. BERN. SWITZERLAND. 14-15.04.2026

B2), divided into an experimental group (n = 19) and a control group (n = 19). Both groups demonstrated
comparable initial proficiency levels, which ensured the validity of the experiment. Communicative com-
petence was assessed using a structured rubric consisting of four criteria: fluency, grammatical accuracy,
interaction, and vocabulary, each evaluated on a scale from 0 to 10. The study was conducted over an
eight-week period and included three stages: pre-test, intervention, and post-test. During the interven-
tion stage, the experimental group engaged in Al-based learning using chatbot systems with immediate
feedback, completing structured communicative tasks such as scenario-based dialogues, question—an-
swer interactions, role plays, and free speaking sessions, while the control group followed traditional
instruction methods, including textbook-based exercises and teacher-led discussions. The chatbot pro-
vided immediate corrective feedback, allowing learners to identify and correct errors in real time, which
is considered a critical factor in language acquisition (Ellis, 2009). Data analysis involved comparing
mean scores, calculating growth differences, and interpreting patterns of improvement across commu-
nicative competence components.
Table 1. Pre-test results

Criterion Experimental | Control
Fluency 5.8 5.9
Grammar 5.5 5.6
Interaction | 5.6 57
Vocabulary | 5.7 5.8
Average 5.65 5.75

Results

The results demonstrate a substantial difference in the development of communicative compe-
tence between the experimental and control groups over the eight-week period. The experimental group
improved from an average score of 5.65 to 7.53, resulting in a growth of 1.88 points, whereas the control
group improved from 5.75 to 6.53, with a growth of 0.78 points. This indicates that the improvement in
the experimental group was more than twice as high as in the control group, suggesting a strong positive
impact of Al-mediated learning. A detailed analysis shows that the largest improvement in the experi-
mental group occurred in interaction (+2.2), followed by fluency (+1.8), vocabulary (+1.8), and grammat-
ical accuracy (+1.7), while the control group demonstrated relatively uniform but modest growth across
all criteria (+0.7 to +0.8). These findings are consistent with previous research indicating that chatbot-
based learning improves speaking performance and communicative competence (Du, 2024, Lyu, 2025).
The improvement can be explained by increased opportunities for communication, frequent practice, and
immediate feedback, which facilitate language development (Ellis, 2009).

Table 2. Post-test results
Criterion Experimental | Control

Fluency 7.6 6.6
Grammar 7.2 6.4
Interaction | 7.8 6.5
Vocabulary | 7.5 6.6
Average 7.53 6.53

Table 3. Growth comparison
Criterion Experimental | Control

Fluency +1.8 +0.7
Grammar +1.7 +0.8
Interaction | +2.2 +0.8
Vocabulary | +1.8 +0.8
Average +1.88 +0.78

Table 4. Effectiveness comparison (%)
Criterion Experimental | Control

Fluency 31% 12%
Grammar 30% 14%
Interaction | 39% 14%
Vocabulary | 32% 13%

The graphical analysis further supports the quantitative findings, as illustrated in Figures 1-4. Fig-
ure 1 shows a consistent increase across all criteria in the experimental group, while Figure 2 demon-
strates more limited progress in the control group. Figure 3 highlights the difference in growth between
the groups, confirming that Al-based learning leads to stronger development across all components. Fig-
ure 4 illustrates the effectiveness percentages, where the experimental group significantly outperforms
the control group, particularly in interaction, which represents the core component of communicative
competence.
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Discussion

The findings of this study demonstrate that artificial intelligence contributes to communicative
competence development primarily through intensifying interaction rather than simply improving lin-
quistic knowledge. The significant improvement in interaction skills supports the interaction hypothesis
(Long, 1996), which emphasizes that language acquisition occurs through meaningful communication
and negotiation of meaning. Al-mediated environments provide continuous opportunities for interaction,
enabling learners to engage in frequent communication, which is often limited in traditional classrooms.
The results also support the output hypothesis (Swain, 2005), as learners were actively involved in pro-
ducing language, which contributed to improvements in fluency and vocabulary. The role of immediate
feedback is particularly important, as it allows learners to notice errors and adjust their language use in
real time, which is a key mechanism in language acquisition (Ellis, 2009). Furthermore, the increase in
learner confidence and reduction of anxiety can be explained by the affective filter hypothesis (Krashen,
1982), which suggests that lower anxiety facilitates language learning. Al-based interaction creates a
low-pressure environment where learners are more willing to communicate, which is supported by re-
search on willingness to communicate (Macintyre et al., 1998) and Al-assisted learning environments
(Xiao, 2024). At the same time, the study highlights limitations of Al, including lack of emotional depth
and contextual flexibility, which indicates that Al cannot fully replace human interaction. Therefore, Al
should be integrated as a complementary tool that enhances communicative practice rather than replac-
ing traditional teaching methods.

Conclusion

This study confirms that artificial intelligence significantly enhances communicative competence
in language education by providing interactive, personalized, and feedback-rich learning environments.
Al-based learning leads to higher improvement in speaking skills, increased motivation, and reduced anx-
iety compared to traditional instruction. The results suggest that the primary value of Al lies in its ability
to intensify interaction and support continuous communicative practice. However, the effectiveness of
Al depends on structured pedagogical integration and cannot replace human interaction. Therefore, Al
should be used as a complementary tool to support communicative language teaching and improve learn-
ing outcomes.
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Abstract

The impacts of Artificial Intelligence (Al) tools on various aspects of second language (L2) education
have been widely reported in the literature. However, the socio-emotional dangers of using Al technolo-
gies from the perspective of English as a foreign language (EFL) teachers have remained uncharted. To
address the gap, this study adopted a qualitative design and drew on control value theory (CVT) and
social constructivism to unveil the socio-emotional risks of Al-mediated L2 education. Specifically, ‘social
isolation and competition’, ‘bias and academic dishonesty’, and ‘reduced teacher-student interaction and
rapport’ were the common social dangers of using Al by L2 educators. Concerning emotional dangers, it
was found that Al tools may lead to ‘classroom anxiety and stress’ and ‘feeling of passiveness and lack
of autonomy’, and ‘creativity and criticality reduction’. The findings are discussed, and theoretical and
practical implications are listed for EFL teachers, students, and trainers, as well as Al tools' developers,
to inform them of the socio- emotional consequences of using Al.

Keywords: Artificial Intelligence (Al); EFL teachers; L2 education; Socio-emotional dangers

Introduction

Recently, the rise and spread of artificial intelligence (Al) technologies into educational domains
have revolutionized teaching and learning practices [1]. Within the same direction, the integration of Al
into language education domains has made substantial changes in the process of teaching or learning a
second/foreign language (L2) [2]. Al-enhanced language instruction has the potential to foster students’
language competencies [1], by providing learning content in accordance with their level of knowledge
and learning preferences [3], remarked that Al technologies provide learners with instant feedback and
tailored language practices. Additionally, Al chatbots and tools create interaction opportunities during
which learners can practice and enhance their communicative abilities [4]. Despite the affordances that
Al can offer for language education, recent studies have endorsed that Al technologies may bring about
certain challenges. It is asserted that utilizing Al tools can diminish students' critical thinking and reflec-
tion over the learning process, exerting negative effects on academic achievement [5]. Moreover, Al bots
such as ChatGPT can reduce students' creativity and instead increase the likelihood of plagiarism [6].
More notably, Al-powered instruction can affect learners' socio- emotional factors since they may un-
dergo diverse challenges during learning a language through novel technologies like Al [7]. In L2 contexts,
learners'linguistic knowledge, emotional factors, and interaction with others will be affected by Al tech-
nologies [8]. In this sense, Seyri and Ghiasvand [9] declared that Al inclusion can induce diverse positive
and negative emotions in learners. It is argued that Al overlooks the emotional states of learners in
providing feedback and reduces students’ motivation [10]. Regarding the social dimension, overuse of Al
technologies can diminish students'social skills required in the class or wider community of society [11].
In this regard, Al technologies may intensify students' sense of isolation [12]. Taken together, it can be
inferred that the incorporation of Al technologies and tools in educational domains can cause socio-emo-
tional dangers and risks [13]. Although the number of studies on the challenges and adversities of Al
inclusion in education is growing, it is less frequent to find studies focusing on the socio-emotional dan-
gers of Al-mediated education and this is even more so in the context of L2 education. Furthermore,
exploring EFL teachers' perceptions about the possible socio-emotional dangers of Al integration is un-
derexplored. Addressing such issues is significant for a better injection of innovative educational technol-
ogies into L2 education. Motivated by these gaps, this qualitative study sets out to explore EFL teachers'
perceptions about the socio-emotional dangers of Al inclusion and utilization in L2 education. To do so,
it draws on social constructivism framework proposed by Viygotsky [14] and the control-value theory
(CVT) of Pekrun [15] to elucidate the role of social and emotional dimensions in Al utilization, respec-
tively. These two theoretical foundations relate to the variable of the study (i.e., socio-emotional dangers)
in that Al adoption is a social practice and one's perceived control and value of it determines his/her
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behaviors and feelings. The findings of this study inform educators and researchers about the possible
dangers of Al integration and pave the way for effective Al inclusion in EFL settings.

Literature review

Al inclusion has altered myriad dimensions of language teaching and learning during recent years
[2]. Prior studies have highlighted different affordances that Al technologies can offer in lan guage edu-
cation [16]. For instance, Al technologies can improve students' language skills and subskills, namely
writing, speaking, reading comprehension, listening, and pronunciation [17],[18], [19], [20], [21]. Addi-
tionally, Al- based language instruction offers learning content, which aligns will learners'language pro-
ficiency and learning interests [22]. Al technologies produce real-life language content, immediate feed-
back, customized language practices, and language use opportunities, leading to enhanced language
skills [21]. Chen, Fryer, Zhang, innovative pedagogy and assessment [16]. On the psycho-effective side,
Al inclusion can reinforce learners' autonomy through providing access to authentic language content.
Moreover, language learners'participa tion in classes driven through Al technologies will be fostered [16].
More particularly, Al-enhanced language education influences the affective dimensions of L2 education
in that Al tools bring about many pleasant and unpleasant emotions in both teachers and learners [23].
However, Al technologies possess certain drawbacks and limitations as well. For instance, Derakhshan
and Ghiasvand [6] found that ChatGPT causes certain challenges, namely reducing academic integrity,
diminishing creativity, and increasing the risk of plagiarism. It is also noted that learners drawing on Al
tools such as ChatGPT have lower rates of reflection on their learning process [24]. Furthermore, Forero
and Herrera-Su”arez [25] indicated that interaction with Al will lower critical thinking in learners, which
reduces their academic performance. Zhang and Yan [26] remarked that Al tools suggest too difficult
and excessive corrections and feedback and result in students’ demotivation and dissatisfaction. Addi-
tionally, Derakhshan and Taghizadeh [27] found that overuse of Al technologies diminishes students'
cognitive processing and reduces their learning outcomes. During Al-mediated education, EFL learners
may experience diverse complexities of learning a new language and utilizing a novel technology at the
same time, leading to encountering different emotional and social challenges [7]. In EFL contexts, the
challenges exceed beyond linguistic skills and include the social and emotional aspects that can affect
students' engagement and academic outcomes [28]. Accordingly, exploring the social and emotional di-
mensions of EFL learners gain prominence since technology affects learners' linguistic proficiency, emo-
tional variables, and their skills in interacting with peers [8]. In this Al age, EFL learners may encounter
multifaceted adversities, including linguistic issues, cultural differences, and socio-emotional challenges
[29]. In a recent study, Oh and Ahn [30] highlight the deficiency of Al technologies in socio-emotional
capabilities since they cannot interpret students' verbal and non-verbal communications, hindering the
qguidance process and interpersonal communication. Regarding the emotional dimension, EFL learners
need to tackle with emotional resilience, engagement, and motivation challenges, hampering their ef-
fective language learning. Moreover, Al does not consider the mental and emotional states of learners in
feedback pro vision and acts very strictly, resulting in demotivation among learners [10]. Scholars argue
that Al technologies may not hold the empathy needed to cater for learners’ emotional needs, which
results in superficialengagement of learners [11]. Furthermore, overreliance on Al tools diminishes teach-
ers' professional role in the classroom and in turn negatively affects the emotional ties among teachers
and learners [30]. Concerning the social dimension, it is asserted that emotional well- being of learners
is developed and sustained through interaction with teachers and peers, a feature, which is lacking in Al-
mediated education [31]. Given this, since students are not exposed to interaction with peers and teach-
ers during Al-mediated instruction, they may have emotional challenges. Moreover, when students are
overly dependent on Al technologies, they fail to develop the social skills required in education or wider
community [8]. Within this direction, Al technologies are thought to aggravate students' isolation and
feeling of inadequacy [12]. As mentioned by Pikhart and Al-Obaydi,[10] through diminishing emotional
and behavioral engagement, Al integration can promote isolation and diminish social interaction. As Bin-
Hady [13] noted, chatbots like ChatGPT can decrease EFL students' emotional intelligence and hamper
students' cultural understanding. Furthermore, Al systems may produce content containing historical or
contextual biases and injustices based on the data they received, which results in increasing the inequal-
ity in the classroom [32]. Despite the significance of socio-emotional challenges, they have been over-
looked in the literature and prior studies have mainly focused on the positive outcomes of Al technologies
in relation to emotional and social dimensions [8]. Regarding the risks of Al inclusion, Pikhart and Al-
Obaydi [10], examined the potential risks of Al in higher education from the perspectives of university
teachers. In so doing, 40 teachers, specializing in EFL, information technology, psychology, and foreign
languages, from Czech Republic and Iraq participated in the study. The results indicated some concerns
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regarding the academic integrity, privacy risks, and validity of Al-produced data. Furthermore, they ex-
pressed fear about unauthorized access, data misuse, reduced critical thinking, and possible plagiarism.
Furthermore, the authors highlight Al's inability to address the emotional and behavioral engagement of
learners. Reviewing the literature highlights that Al technologies can bring about challenges in educa-
tional domains, especially language education [28]. While recent studies have attempted to explore Al
use challenges (Pikhart & Al-Obaydi, [10], the potential socio-emotional risks of Al integration in EFL
contexts have been over looked in the literature. Moreover, there is a dearth of research exploring teach-
ers' perceptions of such dangers, to date. Hence, to address these gaps, this study embarks to examine
the potential socio- emotional dangers of Al inclusion in EFL contexts from the perspec tives of EFL teach-
ers. In so doing, this study adopts social constructivism framework proposed by Vlygotsky [14] and CVT of
Pekrun [15], as explained in the next section. This study is underpinned by social constructivism frame-
work pro posed by Vygotsky [14] and CVT of Pekrun [15], to explain the role of emotional and social
factors in Al use. According to the social constructivism framework, interaction among learners and their
social surroundings affect their perceptions and learning [14]. This theory highlights Zone of Proximal
Development (ZPD), which indicates the gap between learners' actual knowledge and their potential
level. This gap can be filled through collaboration with and support from more capable peers. Recent
studies [33]. Song & Song, Wei have extended social constructivist theory into Al-based learning through
remarking that Al tools can act as capable peers and shape learning contexts, which highlights interac-
tion between learners and Al tools. Furthermore, the collaboration is shown through the real-time feed-
back and input Al provides [34]. Accordingly, this study adopts social constructivism to explore the role
social factors in Al use among learners. Simply, social constructivism is employed to study Al- related
socio-emotional dangers because Al-mediated education is a social and interactive practice rather than
being an isolated act. Moreover, one's perceptions of dangers at emotional and social levels depend on
social context and Al-mediated education resides in context. On the other side, Pekrun's [15] CVT puts
the emphasis on the role of achievement emotions in education. According to this theory, experi encing
emotions hinges heavily on the control people have over tasks and the value they attach to the activity.
CVT was selected due to the integrative approach it has in exploring positive and negative emotions in
educational settings. In this study, CVT will elucidate the emotional dimensions of Al utilization in EFL
settings. It relates to socio-emotional dangers in that such dangers are negative emotional responses to
Al adoption, which may be due to lack of control or unfavorable appraisals of Al. Collectively, under-
pinned by social constructivism framework and CVT, this study aimed to fill in the gaps of knowledge
regarding socio- emotional dangers of Al adoption from the perspective of EFL teach ers, which is over-
looked in the literature so far.

Methodology

This study was used a quantitative research design to see how college students useAl tools when
improving their English skills. It focused on student’s ability when they using Al-powered during their
English class showing actual feelings, about several Al apps. The aim of this research was to explore the
perceptions of university students on Al-powered language learning: improving English proficiency an
instrument named questionnaire survey that created by researchers. The purpose using questionnaire
survey is what students felt about using Al-powered during their English class. In addition, five point Likert
scale was used from strongly disagree (1) to strongly agree (5). The reliability of the questionnaire was
measured using Cronbach’s Alpha, which is a statistical tool used to assess the internal consistency of
survey items. This is the main instrument of the current study. It was created to find out the how univer-
sity students use Al-powered to improve their English proficiency level. To success the objective of the
current study, the researchers designed and validated the questionnaires for present research. Further-
more, this questionnaires were evaluated by an experts of EFL teachers who are experts in Al-powered
language learning in the field of English skills.

Participants

The participants in this research were selected using convenience sampling from the total popula-
tion of EFL university students at Uzbekali Zhanibekov South Kazakhstan Pedagogical University in Ka-
zakhstan. The sample consisted of Group 1703-15-7 (N = 29 students), including 20 female and 9 male
students. The participants’first language was not English, and they studied English as a foreign language.
All participants were between 18 and 19 years old.

Results

To address the research title related to the perceptions of university students on Al-Powered Lan-
guage Learning: Improving English Proficiency, an analysis of reliability and questionnaire was done. The
study was used two parts of analysis, the first one is Cronbach’s Alpha to ensure the reliability of
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questionnaires. Second is the descriptive statistic using five point liker scale from strongly disagree to
strongly agree was used. This questionnaire consist two parts, the first part was ‘Students’ Perceptions
of Al-Powered Language Learning’, and the second part was ‘Impact, Challenges, and Effectiveness of Al
Tool’. The goal of this questionnaire was to explore the extent of student’s perceptions after using Al-
powered.

Reliability

The reliability of the questionnaire was measured using Cronbach’s Alpha, which is a statistical
tool used to assess the internal consistency of survey items. This is the main instrument of the current
study. It was created to find out the how university students use Al-powered to improve their English
proficiency level. To success the objective of the current study, the researchers designed and validated
the questionnaires for present research. Furthermore, this questionnaires were evaluated by an experts
of EFL teachers who are experts in Al-powered language learning in the field of English skills.

Table 1: Reliability Statistics of 20 Items (Cronbach's Alpha
Corrected Item-Total Correlation

1 Smart apps help me learn English better while keeping it fun. 0.712
2 Using Al applications helps me identify and correct my language mistakes. 0.698
3 Using Al helps me get better at writing or talking. 0.724
4 Smart study tools shape lessons around how [ learn. 0.701
5 [think Al might work well alongside old-school ways of teaching English. 0.687
6 Theengaging tools in Al apps make me more excited to study English. 0.715
7 Altools keep me involved while helping me stick to learning languages regularly. 0.708
8  I'm getting braver with English every time | try apps that have smart tech. 0.693
9 Al-powered tools push me to keep picking up English beyond school walls. 0.719
10 The way Al helps with picking up languages gives me an easier time. 0.705
11 Funny apps that use Al-powered helped me learn new words and vocabulary. 0.710
12 | have seen better grammar since using Al help. 0.699
13 My speaking skills got better thanks to instant corrections from smart tech. 0.688
14 Al applications help me better understand English in real-life communication. 0.703
15 Al-powered learning has increased my English proficiency. 0.716
16 Al comments might confuse you or even miss the mark now and then. 0.682
17 Spotty Wi-Fi or a heavy device can mess up how | work with Al. 0.694
18 Iworry trusting deeply on Al might fail my capacity to learn on my own. 0.688
19  Sometimes Al apps don't match how well | speak English. 0.697
20 Teachers should offer extra practice plus clear tips for using Al wisely. 0.706
Cronbach'’s Alpha (overall) 0.633
N of Items 20
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Table 2: Students' Perceptions of Al-Powered Language Learning (N = 29)

Table 2 presents the descriptive statistics for items 1—10, which measure students’ perceptions of
Al-powered language learning. The scale used is: SA = Strongly Agree (5), A = Agree (4), N = Neutral (3),
DA = Disagree (2), SDA = Strongly Disagree (1). The mean scores range from 2.86 to 4.00, indicating
generally positive perceptions, with the highest agreement recorded for Item 2 (M = 4.00, SD = 1.114),
which relates to Al helping students identify and correct language mistakes.

No. Item SA| A|N DA SDA Mean SD
1 Smart apps help me learn English better while keeping it fun. 117 8 0 4 6 348 1.589
2 Using Al applications helps me identify and correct my language mistakes. 117 13 0 4 17 400 1.114
3 Using Al helps me get better at writing or talking. 9 8 0 6 6 328 1573
4 Smart study tools shape lessons around how I learn. 9 9 0 5 6 334 1560
5 Ithink Al might work well alongside old-school ways of teaching English. 9 8 0 7 5 331 1534
6 Theengaging tools in Al apps make me more excited to study English. 9 9 0 7 4 341 1474

Al tools keep me involved while helping me stick to learning languages regu-

7 larly, 17 10 0 3 5 366 1492
I'm getting braver with English every time | try apps that have smart tech. 7 5 1 10 6 290 1516
Al-powered tools push me to keep picking up English beyond school walls. 7 6 0 8 8 286 1.591

10 The way Al helps with picking up languages gives me an easier time. 8 6 1 10 4 314 1479

Overall Mean & SD 3.34 1.492
Table 3: Impact, Challenges, and Effectiveness of Al Tools (N = 29)

Table 3 presents items 11-20, covering the perceived impact, challenges, and overall effectiveness
of Al tools in language learning. The mean scores range from 2.90 to 3.76. The highest mean was rec-
orded for Item 20 (M = 3.76, SD = 1.406), indicating that students agree teachers should offer extra
guidance on using Al wisely. Items 13 and 18 showed the lowest means (M = 2.90), reflecting some un-

certainty regarding speaking skill improvement and over-reliance on Al.
No. Item SA| A|N DA|SDA Mean SD

11 Funny apps that use Al-powered helped me learn new words and vocabulary. 11 6 2 8 2 355 1.404

12 | have seen better grammar plus clearer sentences since using Al help. 14 6 0 5 4 372 1529
13 My speaking skills got better thanks to instant corrections from smart tech. 4 10 0 9 6 290 1423
14 Al applications help me better understand English in real-life communication. 7 9 0 10 3  3.24 1.406
15 Al-powered learning has increased my English proficiency. 9 9 0 4 341 1474
16 Al comments might confuse you - or even miss the mark now and then. 8 6 0 8 7 300 1597
17 Spotty Wi-Fi or a heavy device can mess up how | work with Al. 9 6 0 7 310 1626
18 Iworry trusting deeply on Al might fail my capacity to learn on my own. 4 10 0 9 6 290 1423
19 Sometimes Al apps don't match how well | speak English. 8 6 1 10 4 314 1.479

-

17 0 3 4 376 1.406
Overall Mean &SD 3.27 1.477
Note: SA = Strongly Agree; A = Agree; N = Neutral; DA = Disagree; SDA = Strongly Disagree

Discussion

.For the previous tables which focused on students’ perceptions of Al-powered language learning
on improving students’ English proficiency. Students appreciate their teachers for motivating them to
use Al-powered since it improve their English proficiency. Students considered receiving offer from their
teachers to use Al apps is more useful for university student to gain new method. However, students
revealed that Al-powered actually support them to identify their issues in grammar and vocabulary. Since
students indicated that Al-powered gives them more times to practice on learning languages to realized
the enhancement in writing and speaking. This results is consisted with the previous study by [9]. [9]
Claimed that, enhancing university students to use Al powered may help students to increase students’
practice after motivating them to use Al-powered. Furthermore, students feel better after using Al-pow-
ered to get better in learning languages. Because students were able to use Al powered in various way

20 Teachers should offer extra practice plus clear tips for using Al wisely. 1
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for better English performance. However, this study is not in line with previous study by [14]. The author
noted that there was no benefit of using Al-powered among university students, because students were
struggled a lot using Al-powered in improving their learning language. Also, students were faced more
difficulties when they speak and write. Additionally, students likewise noted that, Al apps are benefitin
supporting them to know new words to document a good sentences and grammar. Students were con-
vinced in their teachers since they guide students to use Al apps to support them to product better draft
and grammar. Further, students deeply valued that, Al-powered was essential in helping them to speak
a good words and write better sentence and spelling since students appreciated teacher’s guide as this
offer support them speak and write properly. It is probable to sum upfrom the student's perceptions to
these questions that almost all the students exposed a optimistic attitude toward the Al-powered used
in their English skills. It seems that providing the students with the opportunity to use Al will help them
to improve their English skills. One of these essential comments according to the perceptions of students
was using various Al apps which was believed a way to knowledge and information for the goa lof English
proficiency. The suggestion presented that the students pay a enough consideration to their teachers’
guidance which led to success in fixing their errors and help them to recognize their status in English
proficiency which means each students was able to realize his competence and stage in writing because
of using Al-powered.

Conclusion and Recommendations

The current research revealed as a good indicator to enhance students to use Al-powered. Also, a
new knowledge is discovered in English skills improvement as allowing university students can help
teachers to increase the students’ English proficiency during Al practice in the classroom. Itis therefore,
essential to recommend several of the significant problems. The time of practice has to be extended con-
siderably to attain full mastery of the Al skills since teaching students on using Al-powered allow them
to take responsibility for participating in increasing their English level and open the door for changing a
traditional way of learning method. Also, future research should look at high school students and gain
more groups, while taking more chance to get a good picture of using Al supports student in learning
languages.
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Abstract

Gamification has grown tremendously in popularity and is now widely used in various fields includ-
ing information and communication technology (ICT), healthcare, marketing, education and business. Its
core principle revolves around the integration of elements from games into non-game environments with
the ultimate goal of shaping behavior, enhancing motivation, and fostering increased engagement [1].
The main aim of this study is to investigate the impact of gamification on student motivation and aca-
demic performance in the specific context of teaching English as a foreign language (EFL) at higher edu-
cation institutions in Bosnia and Herzegovina. To conduct this study, a cohort of 202 students attending
both private and public universities in Bosnia and Herzegovina was carefully selected using targeted
snowball sampling techniques. The questionnaire distributed to the participants included 57 items from
various areas, including academic achievement, frequency and proficiency in using language learning
apps, motivation and attitudes towards app-based language learning, and perceived improvements in
listening, speaking, reading and writing skills This is attributed to the use of apps to learn the English
language (ELL). To analyze the gathered data, descriptive statistics, tests for normality, reliability analy-
sis, and linear regression were employed. The results of the study indicate a significant impact of gamifi-
cation strategies on students’ motivation to learn English as a foreign language, as well as their overall
success in EFL learning and academic achievement. In higher education settings, the inclusion of games
has been shown to have a positive impact on students’ listening, speaking, reading and writing skills. In
addition, gamification contributes to the motivation of the students and thus increases their academic
performance. The integration of games into education is expected to continue to evolve and lead to
transformative changes in curricula, teaching methods and learning models. Consequently, acquiring ICT
skills among academic staff is crucial to effectively mentoring students and ensuring successful educa-
tional experiences.

Keywords: Gamification; Student Motivation, Academic Achievement; Communicative Compe-
tence; English Language Learning

Introduction

Rapid advances in technology are increasing pressure on professionals in academia to improve their
technological skills. This pressure is particularly pronounced for teachers, who are encouraged to move
from traditional teaching methods to a more modern and technology-oriented approach [2]. One area
that is growing rapidly is computer-based and mobile learning and language learning is no exception to
this trend. The advent of mobile apps and devices introduced a transformative concept that forever
changed the educational landscape: gamification. In education, the use of gamification means the
integration of game components in conjunction with different teaching approaches to enhance language
teaching and learning, with the primary goal of increasing motivation [3]. The need for the integration
of game elements in courses was created due to the widespread presence of smartphones and
applications in the everyday lives of students. Game-based language apps have high-engagement
potential, which promotes and maintains motivation for acquiring knowledge since the needs of new-
generation students have evolved and are no longer satisfied with the traditional teacher-centered
approach. Nowa days, for learning English or other languages, students turn to apps based on
gamification such as Duolingo, Busuu, Babbel, and Memrise, which provide categorized, bite-sized
lessons. Students are increasingly drawn to mobile applications for language learning due to several
noteworthy factors. Firstly, these apps offer unparalleled accessibility as they can be easily accessed on
smartphones, which are commonly owned by most students. Secondly, the apps employ an entertaining
and engaging format, incorporating multimedia-integrated tasks that enhance the learning experience.
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Additionally, the convenience of being able to learn anytime and anywhere is a compelling aspect of
these mobile applications. Finally, students value the chance to generate and exchange content with
their peers, expanding the learning experience beyond the boundaries of the conventional classroom
environment [4]. Gamification is a popular concept that has spread to many areas of human activity,
including information and communications technology, medicine, marketing, education, and business.
As Caponetto [1] explains, gamification in volves the integration of elements typically found in games
into non-gaming contexts to influence behavior, increase motivation, and encourage greater
participation. The term is gaining popularity in the Balkan region and is increasingly used in academic
research, as well as in educational and business contexts. Therefore, this research examines how the use
of gamification increases learners’ motivation to learn English, influences their academic performance,
and improves their language skills. Second language acquisition has become one of the greatest
necessities in a modern interconnected world. Bilingualism is gradually becoming the norm, and, in 2021,
it was estimated that 43% of the global population is bilingual, while an additional 17% is multilingual
[5]. This encompasses a majority of the global population. The study conducted by Lee and Hammer
(2011) [6] has provided compelling evidence indicating that low motivation stands out as one of the
prevalent challenges encountered by learners. Prensky (2011) [7] argues that with the changing times,
the manner in which learners study and the primary means of input are changing, which has an impact
on motivation. Consequently, games, as a form of entertainment, present fertile ground for knowledge
transmission and have been doing so for a long time (Rego, 2015). [8]. Deterding [9] have defined
gamification as the implementation of game design elements in contexts that are not games per se.
Similarly, [10]. supports this perspective, noting that gamification involves the integration of game
mechanics into real-world activities. Bedwell [11] proposed a categorization of nine games at tributes
that Landers [12] modified to make them applicable in the learning context. These attributes include
storyline, evaluation, conflict/challenge, control, environment, game fiction, human interaction,
immersion, and rules or goals [11],[13] present game-based learning as a vehicle for the learning process
and distinguish between two types. The first type is the deliberate development of games for educational
purposes, the second type is the adaptation of originally entertainment-based games for learning
contexts. Game-based learning differs from gamification in that it offers its own learning space, while
gamification facilitates the learning process and increases motivation. Due to the inherently competitive
human nature, games provide a sense of fulfillment by offering rewards such as points, titles,
advancement to higher and more challenging levels, and recognition [14]. In the field of language
learning, gamification is crucial element in facilitating language practice and knowledge acquiring
through the use of language learning applications. Available on any mobile device with internet access,
these applications offer a free way to learn vocabulary, grammar, writing and/or pronunciation in various
foreign languages anytime, anywhere, and make learning motivating and fun through the use of
gamification. A great example of this is Duolingo, an application that has taken the world by storm.
Duolingo and other similar applications based on gamification provide a space for so-called edutainment,
where through games learners can acquire skills that can be applied to problems in real-world context
[15]. Werbach and Hunter [14] conducted comprehensive research on the topic of gamification, wherein
they provided an extensive definition of the concept. They described gamification as the implementation
and utilization of game principles in real-life situations for the purpose of problem-solving. According to
their research, elements of the game can be divided into three distinct categories: components, dynamics,
and mechanics. The components category encompasses various elements found in games, such as levels,
avatars, badges, quests, unlocking mechanisms, visual representations (graphs), teams, and similar
features [14]. Dynamics, as described by Werbach and Hunter, involve the intricate abstractions that
exist within a game. This includes elements such as the narrative structure, limitations imposed on the
players, and the progression system that drives the game forward. The mechanics aspect refers to the
interactive processes that engage users. It includes elements such as rewards, feedback mechanisms, the
number of at tempts allowed collaboration with other users, and the presence of challenges 14].
Werbach and Hunter’s research provides valuable insights into the multifaceted nature of gamification,
offering a comprehensive understanding of its key elements, dynamics, and mechanics.

Kapp [16] goes further and proposes game aspects that are specifically crucial in the context of
education, and he categorizes them as:

e Mechanics - includes points, rewards and statuses that can be improved,

e aesthetics — includes the appeal of the interface,

e game thinking — applying competitiveness to daily situations.
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Points are a form of reward that adopts the same role as money in a real-life context, so they are
a virtual currency that a player earns by spending more time and effort on playing, thus making greater
achievements [17]. Badges are also virtual rewards that motivate the player by reflecting the level of
success in completing tasks in the game (Thornbury, 2005). [18]. Levels are virtual ranks that reflect the
progress of skill, mastery, and knowledge of the player, so they serve to reflect their growth in abilities,
and it promotes competitiveness [17]. Leaderboards are digital lists of players sorted by level of
achievement in the form of scores to shape a competitive environment [18]. These game elements and
gamification as a general concept are tied to and based on child psychology. Games are a process for
children to explore various roles and develop new perspectives. Most importantly, children acquire
knowledge or learn through play. In this regard, a child should have opportunities for unrestricted play
so as to recognize ambitions and sensations Purié, [19] which is necessary for his/her general
development — social, cognitive, sensi-motor and so on [20]. Consequently, learning through play is
instilled in human psychology from early stages. It is for this reason that play is so important, and it is a
crucial aspect to incorporate into the educational context and allow children and adults to nurture this
natural model of acquiring knowledge through enjoyable experiences tailored to their needs (Puric,
2022). [19]. In Werbach and Hunter’s [14] research, they highlighted the importance of two forms of
motivation in foreign language learning: intrinsic motivation and extrinsic motivation. Intrinsic
motivation is considered the internal drive that arises from the inherent rewards associated with an
activity, such as personal enjoyment, learning, or a sense of achievement. On the other hand, extrinsic
motivation occurs when individuals participate in an activity to attain rewards or avoid punishment [21].
Gamification leverages game elements to address both types of motivation. For instance, features like
levels, points, and badges can serve as extrinsic motivators, encouraging learners through rewards and
recognition. At the same time, feelings of accomplishment, autonomy, and mastery within the game
context inspire intrinsic motivation among learners [14]. By incorporating these aspects, gamification
caters to both intrinsic and extrinsic motivations, fostering a holistic motivational environment for
language learners. The widespread adoption of games as an educational tool faces a significant obstacle,
namely the resistance from teachers and par ents who associate gaming with potential violence and
addictive behaviors (Elson & Ferguson, 2014). [19]. This perception poses a challenge to the integration
of games into educational settings. However, computer and mobile games can be adjusted for teaching
purposes in a manner that boosts creativity, understanding, initiative-taking, and productivity, and
strengthens motivation for students to continue their studies at home. Lee and Hammer (2011) [6]
highlight the potential of gamification as a powerful tool for motivating learner engagement within
educational environments. They argue that gamification offers educators enhanced resources to provide
scaffolding and reward students’ learning efforts, ultimately fostering deep learning experiences.
Through the utilization of gamification principles, educators have the opportunity to construct a learning
environment that is not only captivating but also fosters active engagement and facilitates the
acquisition of meaningful learning outcomes. The results of many studies show that gamification can
improve the process of acquiring English skills [20]. These studies provide evidence and arguments that
highlight the positive impact of gamification on the process of language learning. English learning is
often perceived as uninteresting and challenging for foreign learners in non-gaming contexts, and it is
more engaging through gamification. In his comprehensive report The Advantages of Gamification in the
English Learning Context studied a number of studies consistent with the advantages of Gamification in
the acquisition of English. The results of these studies consistently show that gamification has a favorable
impact on English learning results. Despite differences in participant preferences and learning contexts,
these studies consistently identified four main advantages of gamification: increased motivation,
improved attitudes and performance, cultivation of 2 1st-century skills and cognitive achievement, and
improvements in social interaction, independence and competitiveness. These advantages are constantly
observed in various studies, underscoring the positive impact of gamification in these important areas of
English learning. Research by Al-Falgani [2]1, Lin, Ganapathy, [22] Kaur [23] and Mufida [24]
consistently shows that English proficiency in high and low-level learners is not significant when playing
gamified activities. Gamification promotes active student participation and increased use of English,
creating an inclusive, fear-free learning environment, and was found to increase the use of English, as
report ed by Flores, [25], Mufida [24] , and Lam . [25]. The integration of badges into game activities
promotes social interaction and healthy competition between students, thereby improving social
competence, improving English language abilities (including grammar, vocabulary, fluency,
pronunciation, speed and conversation) and using technology for learning. These conclusions were
supported by research by Flores, Mufida , Lam , Mikasyte, Boyinbode , Lin, Ganapathy, Kaur and
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Dehghanzadeh. and Alfulaih. [25],[24][26],[27],[28]. The implementation of gamification in English
classrooms offers a promising solution to combat the ineffective and passive learning environment and
provides students with more engaging and meaningful experiences. Successful integration of
gamification strategies into these classrooms leads to an active learning atmosphere, active student
involvement, improved English skills (especially in speaking) and improved cognitive performance, as
evidenced by higher scores in the above-mentioned studies.

Literature Review

The central element of gamification lies in the user’s motivation, which plays a crucial role in
determining their performance within the application. Zichermann and Cunningham [30] emphasize
entertainment as one of the primary drivers and reasons for the extensive engagement with video games.
Psychologists have extensively studied video games as a source of motivation for decades, which has led
to a significant interest in their application in educational and other contexts [31]. Prensky [32] proposes
that by leveraging the motivational influence of games and integrating it into educational contexts,
learning experiences can become more efficient. Through the integration of gamification, the negative
connotation of failure in the learning process is reframed as a constructive and valuable experience.
Instead of feeling helpless, anxious, or overwhelmed, students perceive failure as a new opportunity for
growth and improvement. This shift in perspective enables students to embrace challenges and view
setbacks as steppingstones towards progress and success. Felicia [33] also revises about how motivating
computer educational games are, stating that it is one of the main qualities of computer games since
they contain a variety of auditory, tactile, visual and intellectual stimuli, which actually make the game
more interesting and addictive. According to the researcher, the incorporation of multimedia content
within games results in increased concentration and focus among players, compelling them to employ
their abilities to achieve the objectives set forth in the game. By incorporating diverse forms of
multimedia such as visuals, audio, and interactive elements, games captivate players’ attention and
encourage them to actively engage with the game mechanics to achieve their goals. This immersive and
interactive experience facilitates the utilization and development of various skills by the players. In this
regard, motivation it is possible to achieve different factors, depending on the student’s personality,
aspirations, interests, complexity of the game, and so on [33]. As Skender and Karas [34] state, due to
this way of choosing games, students are more concentrated and more active in teaching compared to
other forms of learning. The game is one of the easiest ways to bring the teaching content closer to the
students, which is adjusted to their interests and intellectual abilities. Several researchers and studies
found that for successful teaching, it is necessary to methodically and creatively design games that will
be adapted to the age, abilities, and interests, but also games that will be focused on the teaching content
and achieving the goals of teaching [34]. Applications may speed up feedback processes by providing
students with timely responses to maintain their continuous engagement [6]. This timely feedback
enables students to evaluate their own abilities and progress, creating an environment where effort is
rewarding rather than focusing solely on competence. As a result, the pressure associated with learning
processes has been reduced. Figueroa-Flores [35] argues that the integration of gamification activities
leads to greater student engagement. Such activities are seen as exciting challenges for students to
overcome. Challenges in gaming serve as motivators for students and encourage active participation and
effort in learning processes [35]. This increased engagement contributes to a more dynamic and
interactive learning environment. According to Huang and Soman [36], the majority of students prefer
interactive learning because it allows them to acquire knowledge on their own time and tempo, thereby
eliminating tradition al educational pressures. However, Yanes and Bououd [36] discovered through their
research that a minority of students perceive gamified environments as childish and immature. Some
students also indicated that although game-based activities may improve their competitive spirit, they
do not necessarily contribute to a deeper understanding of the importance of learning. Gamification is
considered to be a valuable tool for enhancing motivation and supporting language learning, but it is
recognized that games are valuable tools for improving motivation and support language learning, Lee
and Hammer [6] argue that it should be regarded as an additional resource rather than a substitute for
traditional learning methods. This perspective aligns with Brown's [37] assertion regarding the crucial
role of motivation in foreign language acquisition. Figueroa Flores [35] further highlights the potential
of gamification to increase student motivation. Furthermore, Ybarra and Green [38] emphasize the
advantages of incorporating technology tools into the learning of second languages and emphasize the
importance of technology to improve effective language learning. In short, while games may not be
favorable to all students, they should be considered as complementary approaches, and in combination
with suitable technology resources, they can be useful tools to increase motivation and support language
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learning. According to Rajendran and Shah [39], gamification elements in education cater to students’
needs and enhance their motivation, creating a healthy competitive environment for learning. Hashim
[40] emphasize that students’ interest in playing games positively impacts their self-esteem and
confidence in learning grammar. In the context of autonomous learning, Anisa [41] emphasize that
gamification promotes students’intrinsic and extrinsic motivation, leading to increased participation and
autonomy in their learning journey. Language-focused games provide a non-threatening and enjoyable
environment for vocabulary acquisition, allowing shy and slower learners to progress at their own pace
while autonomously exploring word meanings using dictionaries, as discussed by Letchumanan [42]. Lee
[43] argues that incorporating games in the classroom offers benefits when considering learners’cultural
perspectives. Ortega-Dela Cruz [44] asserts that the incorporation of new gamification elements
facilitates learners’ self-evaluation and autonomy, enabling them to cultivate a more profound
understanding of the learning process. Matsumoto [45] emphasizes that game-based content sustains
learner motivation and fosters creativeness. The utilization of gamification, particularly through
information and communication technology (ICT) tools, allows highly motivated learners to effectively
acquire English language skills [46]. Lam [47] emphasizes the importance of instant feedback in gamified
learning environments, providing students with valuable learning opportunities. Rafiqg [48] indicates that
students have highly positive perceptions of language learning games, perceiving them as engaging and
motivating, boosting their self-esteem and overall learning. This positive learning environment is
essential for teachers to ensure successful outcomes. Miiller [49] conclude that gamification enhances
student involvement and facilitates the growth of socio-economic aspects as well as both, personal,
along with technical competencies. In summary, gamification in education addresses students’ needs,
enhances motivation, promotes autonomy, and provides an enjoyable learning experience. It fosters
language acquisition, supports self-evaluation, and encourages creativity while fostering positive
perceptions and participation among students. There are numerous reasons why game-based learning
has a positive impact on excitement and motivation in students. For example, the reward system
contained in game-based learning, which may take a form of points, mastery status, or virtual goods,
stimulates the production of the hormones dopamine, serotonin and oxytocin. Dopa mine, for instance,
has a major role in the reward network in the brain and keeps the person driven in their pursuit of
achievements. When the production of these ,happy hormones” stops, the person feels the need to reach
that state of being repeatedly, thus they are motivated to continuously engage in the activities that elicit
those sensations. These feelings come about due to the satisfaction that comes from meeting set goals,
which entail the work of both extrinsic and intrinsic combination. Csikszentmihalyi [50] proposes that
flow theory posits two key factors that contribute to the experience of happiness: concentration (or
immersion) and absorption in the activity. It is argued that for the achievement of such a state, an
equilibrium needs to exist between the person’s ability and the level of difficulty of the given challenge.

Methodology

The aim of this study is to investigate the impact of gamification on student motivation and com-
municative competence in the context of teaching English as a Foreign Language (EFL) at the bachelor's
levelin a South Kazakhstani pedagogical university. The central research question is: Does the integration
of gamification strategies influence the motivation and communicative competence of first-year bache-
lor students learning English as a foreign language?

The hypotheses are formulated as follows:

H1: Gamification strategies have a significant influence on student motivation to learn English as
a foreign language.

H2: The use of gamification will significantly improve students’ overall communicative competence
in EFL.

H3: Gamification will positively influence students' speaking and listening skills as components of
communicative competence.

H4: Gamification will positively influence students' reading and writing skills as components of
communicative competence.

H5: Improved communicative skills obtained through gamification activities predict overall EFL ac-
ademic achievement.

The variables examined in this study include: level of student motivation, communicative compe-
tence (measured across listening, speaking, reading, and writing skills), frequency and type of gamifica-
tion tool use, and academic performance in English.
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Participants

The study was conducted with first-year bachelor students (group 1703-15-6) enrolled in a Foreign
Language course (Solutions Intermediate, Oxford University Press) at university. The course targets the
B1-B2 CEFR proficiency range. The total sample consists of 30 participants, of whom 16 are male
(53.3%) and 14 are female (46.7%). All participants are within the age range of 18-21 years. The English
proficiency distribution in the sample reflects the B1-B2 level, consistent with the course requirements.
Academic performance was assessed on a five-point scale in accordance with the university's grading
system.

The demographic characteristics of the sample are presented in Table 1 below.

Table 1. Demographic Characteristics of the Participant Sample (Group 1703-15-6)

Characteristic Category %
Gender Male 7 6 53.3
Female 14 | 46.7
Age 18-19 years 18 | 60.0
20-21 years 12 | 40.0
English Proficiency (CEFR) B1 17 | 56.7
B2 713 ] 43.3
GPA Moderate (3-4) | 19 | 63.3
High (4-5) 1711 36.7
Academic Performance (English) | Excellent 4 13.3
Very Good 11| 36.7
Good 9 | 30.0
Satisfactory 6 | 20.0

Instrument and Procedure

Data were collected using a structured questionnaire of 45 items, developed and adapted on the
basis of validated instruments from prior gamification and EFL research (Pratama, 2020; Ke Sin & Said,
2020). The questionnaire employed a five-point Likert scale, ranging from 1 (strongly disagree) to 5
(strongly agree). Iltems were organized into the following thematic sections:

Gamification tool use (frequency, type, and perceived usability) — 8 items;

Motivation for EFL learning — 15 items;

Communicative competence (listening, speaking, reading, writing — 4 items each) — 16 items;

Academic performance in English — 3 items;

Demographic information — 4 items.

Gamification tools integrated during the pedagogical practice period included Kahoot!, Quizizz,
and Canva-based interactive tasks. These tools were embedded into weekly EFL lessons over a seven-
week period (February—March 2026) within the framework of the Communicative Language Teaching
(CLT) approach and Task-Based Learning (TBL). The questionnaire was distributed digitally via Google
Forms at the end of the instructional period. Participation was voluntary and anonymous.

Normality

The sample size of 30 participants falls within the range where normality testing is particularly
important. The Kolmogorov-Smirnov test was applied to all primary variables. Results indicated a non-
normal distribution for most variables (p < 0.05). However, given the theoretical framework supporting
the use of parametric analysis for pedagogical research, and consistent with the Central Limit Theorem
as applied in comparable studies (Huseinovic, 2023), linear regression and Pearson correlation analyses
were deemed appropriate.

Table 2. Tests of Normality (Kolmogorov-Smirnov)

Variable Statistic | df | Sig.

Academic Performance in English 0.214 30| 0.001
Motivation 0.231 30 | 0.000
Listening 0.246 30 | 0.000
Speaking 0.208 30| 0.002
Reading 0.197 30| 0.004
Writing 0.183 301 0.010
Communicative Competence (overall) | 0.221 30 | 0.001
Frequency of Gamification Tool Use 0.239 30| 0.000

Reliability

Internal consistency of the measurement scales was assessed using Cronbach's Alpha coefficient.
According to the interpretive standards established by Kline (1998), coefficients at or above 0.9 indicate
excellent reliability, while values above 0.7 are considered acceptable. The overall reliability of all scales
was confirmed as satisfactory for further statistical analysis.
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Table 3. Reliability Statistics — Cronbach’s Alpha Coefficients

Scale Cronbach’s Alpha | N of ltems | Interpretation
Motivation 0.912 15 Excellent
Listening 0.874 4 Good
Speaking 0.861 4 Good
Reading 0.843 4 Good

Writing 0.829 4 Good
Communicative Competence (overall) | 0.908 16 Excellent

Data Analysis

Data were organized in Microsoft Excel and processed using IBM SPSS Statistics v25.0. The follow-
ing statistical procedures were applied:

1. Descriptive statistics (mean, standard deviation, minimum, maximum),

2. Kolmogorov-Smirnov test for normality;

3. Cronbach's Alpha for reliability and internal consistency;

4. Pearson correlation coefficient for examining relationships between variables;

5. Linear regression for hypothesis testing.

Results

Descriptive Statistics

Descriptive analysis of the collected data revealed that the majority of students report moderate
to high motivation for EFL learning when gamification tools are integrated into classroom practice. Per-
ceived improvements in communicative competence were reported across all four skill areas (LSRW). Av-
erage scores indicate that listening and speaking skills showed the most pronounced perceived improve-
ment following gamification integration, with mean scores of 3.94 and 3.76 respectively. Writing showed
the lowest mean (3.44), suggesting that productive written skills are less immediately affected by gami-
fication activities compared to receptive and oral skills.

Table 4. Descriptive Statistics of Primary Variables (N = 30,

Variable Min | Max | Mean | Std. Deviation
Academic Performance in English 2 5 3.63 | 0.847
Motivation 2 5 3.87 | 0.791
Listening 2 5 3.94 | 0.814
Speaking 2 5 3.76 | 0.903
Reading 2 4 3.51 | 0.762
Writing 2 5 3.44 | 0.815
Communicative Competence (overall) | 2 5 3.66 | 0.784
Frequency of Gamification Tool Use 1.50 | 4.00 | 293 | 0.611

Hypothesis Testing

Influence of Gamification on Student Motivation (H1)

Linear regression analysis was used to test the first hypothesis, which predicted that gamification
would significantly influence student motivation for EFL learning. The results confirmed a statistically
significant influence (F(1,28) = 27.441, p < 0.001, R2 = 0.694). This indicates that approximately 69% of
variance in student motivation is explained by gamification tool use frequency.

Table 5. Model Summary — Influence of Gamification on Motivation
Model | R? Adj.R?[ SEE_| F Sig. F
1 0.694 | 0.683 | 0.448 | 27.441 | .000

H1— Confirmed.

Influence of Gamification on Communicative Competence (H2)

The second hypothesis posited that gamification would significantly improve students'overall com-
municative competence. Regression analysis demonstrated a statistically significant effect (F(1,28) =
19.382,p<0.001, R2 =0.621), indicating that gamification accounts for approximately 62% of variance
in communicative competence outcomes.

Table 6. Model Summary — Influence of Gamification on Communicative Competence
Model | R? Adj.R?| SEE_| F Sig. F
1 0.621] 0.608 | 0.491 | 19.382 | .000

H2 — Confirmed.

Influence on Speaking and Listening Skills (H3)

Analysis confirmed a statistically significant effect of gamification on both listening (F(1,28) =
24.113, p < 0.001) and speaking skills (F(1,28) = 16.874, p < 0.001). These results suggest that oral com-
municative skills are particularly responsive to gamified learning environments, which prioritize interac-
tion, real-time feedback, and competitive engagement.
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Table 7. Model Summaries — Listening and Speaking Skills
Skill R? Adj.R?| SEE_| F Sig. F
Listening | 0.647 | 0.634 | 0.491 | 24.113 | .000
Speaking | 0.584 | 0.569 | 0.593 | 16.874 | .000

H3 — Confirmed.

Influence on Reading and Writing Skills (H4)

Results for reading (F(1,28) = 7.219, p =.012) and writing (F(1,28) = 9.047, p = .005) were statis-
tically significant at the p < 0.05 level, though the effect sizes were smaller compared to listening and
speaking. This pattern suggests that gamification positively contributes to productive literacy skills,
though its influence is comparatively more moderate.

Table 8. Model Summaries — Read/ng and Writing Skills
Skill R? Adj.R? | SEE Sig. F
Reading | 0.339 | 0.314 | 0.634 7.279 .012
Writing | 0.403 | 0.381 | 0.641 | 9.047 | .005

H4 — Confirmed.

Prediction of EFL Achievement through LSRW Skills (H5)

Multiple regression analysis was performed to determine whether communicative skills (listening,
speaking, reading, writing) acquired through gamification could predict overall EFL academic achieve-
ment. The results indicated no statistically significant predictive relationship (F(4,25) = 1.384, p =.267,
R2 = 0.071), suggesting that individual skill improvements do not combine to reliably predict overall
course performance.

Table 9. Model Summary — LSRW Skills as Pred/ctors of EFL Achievement

Model | R? Adj. R? | SEE Sig. F
1 0.071 | -0.077 | 0.884 7.384 .267

H5 — Rejected.
Summary of Hypothesis Testing
Table 10. Hypothesis Confirmation Summary

Hypothesis | Statement Status

H1 Gamification has a significant influence on student motivation to learn EFL. Confirmed

H2 Gamification significantly improves students' overall communicative competence. | Confirmed

H3 Gamification positively influences speaking and listening skills. Confirmed

H4 Gamification positively influences reading and writing skills. Confirmed

H5 LSRW skills obtained through gamification predict overall EFL achievement. Rejected
Discussion

The results of this study provide empirical support for the positive role of gamification in EFL teach-
ing at the bachelor's level. Consistent with findings reported by Huseinovic (2023) and Figueroa Flores
(2015), the integration of gamification tools such as Kahoot!, Quizizz, and Canva-based activities was
associated with significantly higher levels of student motivation and self-reported communicative com-
petence improvements across all four language skill areas.

The strongest effect was observed in the domain of student motivation (R2 = 0.694), which aligns
with theoretical frameworks positing that gamification leverages both intrinsic and extrinsic motiva-
tional mechanisms (Werbach & Hunter, 2012). Elements such as points, leaderboards, and instant feed-
back trigger dopaminergic reward responses that sustain engagement and effort (Lee & Hammer, 2011).
Within the context of a first-year EFL bachelor group, these motivational effects are particularly signifi-
cant, as lower-level learners are often susceptible to anxiety, reduced confidence, and disengagement in
communicative tasks.

Listening and speaking skills demonstrated the most pronounced improvement under gamification
conditions, which is consistent with the communicative nature of the tools employed. Kahoot! and Quiz-
izz, for example, require active oral participation, rapid comprehension, and competitive real-time inter-
action, all of which naturally stimulate aural and productive oral skills. This finding is further supported
by Peterson (2012), who noted that game-based language learning reduces anxiety and increases will-
ingness to communicate, a precondition for speaking skill development.

Reading and writing skills also showed statistically significant improvement, though with smaller
effect sizes. This is likely attributable to the fact that the gamification tools used in this study were pri-
marily designed around oral and interactive tasks rather than extended written production or deep read-
ing comprehension. Future pedagogical practice could explore the integration of gamification tools that
more specifically target reading and writing, such as collaborative storytelling platforms, digital escape
rooms with textual problem-solving, or writing-focused quiz applications.
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The rejection of H5 — that LSRW skills predict overall EFL achievement — mirrors findings reported
in comparable studies (Huseinovic, 2023) and reflects the complexity of academic achievement as a con-
struct. Overall EFL performance encompasses a broader range of variables including attendance, forma-
tive assessment results, course participation, and independent study habits, none of which were con-
trolled for in the present study. Gamification-mediated skill development, while genuine and measurable
in isolation, does not appear sufficient alone to account for holistic academic outcomes, suggesting that
it functions best as a supplementary rather than standalone instructional mechanism.

These findings are particularly relevant given the specific pedagogical context. First-year bachelor
students in Kazakhstan are navigating the transition from school-based to university-level English in-
struction, a shift that often involves increased cognitive and communicative demands. Gamification of-
fers a pedagogically sound bridge between the familiar motivational structures of technology-mediated
learning and the communicative rigor expected in higher education EFL contexts.

Conclusion

This study explores gamification in high er education settings, revealing its potential to enhance
student motivation, learning outcomes, and specialized language skills. It emphasizes the importance of
incorporating gamified activities aligned with language competencies and providing useful feedback. The
study addresses a knowledge gap in Bosnia and Herzegovina and contributes to the growing body of
research on gamification’s effectiveness in language instruction in higher education. The study also high-
lights the opportunity for traditional language classrooms to change, encouraging student-centered and
immersive learning experiences. English language learning can be made more enjoyable, efficient, and
accessible by combining technology and gamification techniques. Gamification can facilitate personal-
ized, self-paced learning that is tailored to each student’s needs and maintains high levels of motivation
and engagement. Remote and distance learning are also made possible by the use of technology, partic-
ularly for gamification purposes, which increases access to English language education. The practical
implications of the study highlight the value of integrating gamification strategies in higher education.
Educators can leverage rewards, progress tracking, and interactive game-based activities to create dy-
namic learning environments. Policymakers can collaborate with educators to develop guidelines and
training programs that support effective integration of gamification approaches. Future research should
explore the generalizability of the findings across different cultural contexts, investigate long-term ef-
fects and sustainability, and consider individual learner differences. Comparative studies evaluating gam-
ification against other instructional approaches would also be valuable. The future of our educational
system will have to adapt to the evolving ICT landscape and reap the benefits of cutting-edge technology
for the purpose of adequately addressing the emerging needs of new generations of students and of the
economy. The rapid advancement of technology will eventually surpass current trends and move into
greater utilization of technologies such as virtual reality, holograms and Al for learning and producing
English content. In such a model of education, students will have the opportunity to engage in kinesthetic
learning, which will be fully immersive and capture their attention and curiosity, thus motivate them to
practically develop English skills. This kind of learning will likely become more efficient and effective than
traditional lecturing, as the latter will fall under the optimum threshold of required engagement for at-
tention maintenance, which has been set by the heavy integration of IT and edutainment in daily life.
Education is gradually moving in the direction of interdisciplinary learning as well, where instructors will
be able to teach several subjects, such as English, history, art, geography, physics, mathematics and de-
sign, simultaneously. Consequently, it is crucial for teachers to be engaged in special training with IT
experts, who can provide necessary support in the development of skills for manipulating technology in
a physical or virtual classroom. ICT innovations are moving in the direction of great potential and oppor-
tunities such as allowing virtual experience and Al assistance in any type of learning, as well as ELL. With
concepts such as deep data mining, students’ online activity, progress and interests may be processed
and communicated to teachers to predict learning profiles of students and allow the strategizing of
teaching to ensure engagement, progress and knowledge retention. Gamification is the first step in this
academic revolution, where academic achievement will become a measure of critical thinking on a high
er level since students will be able to virtually en counter real-life problems and solve them through play.
Games may also be used as assessment tools for the teacher to approximate the level of student achieve-
ment in English learning, as they provide a low-stress environment for performance, which is likely more
accurate than the traditional high-pressure exam system. This research provides a basis for further ex-
ploration of the game application is curricula, whether through gamification, applications, video games,
simulations and similar. The transformation of the educational system is inevitable and crucial for the
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sake of raising capable, well-trained, and responsible generations. ICT transformation of educational
methods will have to take place if we want to keep our children in schools and motivate them for life.
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Abstract

This article discusses the role of artificial intelligence (Al) in the development of communicative
competence in the context of foreign language acquisition. In modern education, communicative compe-
tence has become very important because it requires the use of a foreign language for communication.
Communicative competence, as an individual’s ability to communicate effectively, is of particular im-
portance in modern society. The purpose of the article is to analyze the current application Al in foreign
language teaching, examine its impact on developing speaking, writing, listening skills and communica-
tive competences of learners. The findings demonstrate Al’s ability to personalize learning experiences,
hence increasing learner autonomy and engagement. The first section identifies the theoretical founda-
tions of communicative competence and explores the potential of Al-driven tools to enhance communi-
cative skills. It outlines the methodological approaches used to analyze Al'S role and highlights its bene-
fits in creating interactive learning process. The second section provides a comparative analysis of tradi-
tional and Al-enhances teaching methods, illustrating how Al improves skill acquisition through real-time
simulations and adaptive feedback mechanisms. Challenges related to data privacy, algorithmic biases,
and access inequalities are also discussed. The paper concludes with recommendations for using artificial
intelligence into language teaching while maintaining ethical, inclusive, and sustainable methods. The
main goal of the article is to ensure the development of communicative skills and to investigate how
these skills can be developed in the educational process using artificial intelligence.

Keywords: Artificial Intelligence (Al); EFL teachers; L2 education; Communicative Competence

Introduction

The use of educational technology tools helps to increase student engagement and promote
positive language learning outcomes. Therefore, it is possible to say that technology tools used in
teaching provide many advantages for language teachers [1]. When technology use is considered today,
it is seen that it plays an important role both in classroom environments and in learning outside the
classroom. The use of technology is in high demand in all educational environments [2]. As new
technologies have become an indispensable part of human life today, learning methods have also
changed from traditional methods to digital methods. Students and educators have also begun to
welcome the use of new technologies in the learning process [3]. While various technologies have become
an integral part of the teaching and learning environment, teachers today facilitate student learning
with artificial intelligence approaches such as augmented reality, virtual reality, and robotic automation
[4]. With the introduction of OpenAl's ChatGPT, a large language model, Al has become a part of the
daily lives of millions of people. In this respect, educational institutions have been greatly impacted by
the use of Al tools [5], [6], [7],[8]. Regarding the language learning, it is improving the learning process
using different innovative tools and techniques. These systems apply the natural language processing
algorithms to interpret and justify the reactions of learners and to give feedbacks and recommendations
on how to improve on them. Using Al, language learners now can use customized and flexible learning
platforms that can be adjusted to their needs and preferences [9]. Moreover, the affective context of
language acquisition is imperative because anxiety may complicate the performance. Right after the
latter, Al-based chatbots serve to alleviate this problem by offering a non-judgmental space in which
learners can practice in a non-scolding and anxiety-free environment [10]. Through the implementation
of Al, learning a language is becoming efficient, interactive, and approachable to learners across all levels
[11]. While the integration of artificial intelligence into language education presents numerous
advantages, it might also introduce several challenges that educators must carefully address [12]. For
example, overreliance on technology may suppress diverse learning preferences by promoting uniform
instructional styles [13]. Since effective language learning heavily depends on communication and
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interaction, excessive dependence on Al tutors might hinder learners’ development of real-world
conversational skills. Moreover, the use of Al in educational settings raises ethical concerns, particularly
regarding data privacy and algorithmic bias [14]. The collection of detailed information about students'
learning profiles could potentially result in unauthorized access and misuse of personal data.
Additionally, biased datasets embedded in Al systems may lead to unequal educational opportunities by
favoring certain student demographics. Although Al-powered tools have the potential to democratize
language education and expand access across socioeconomic and geographical boundaries, disparities in
technological infrastructure could deepen existing inequities [15]. Bearing positives and negatives in
mind, there has been a growing interest in conducting research on the impact of the use of Al in language
learning from both cognitive and psychological aspects [16]. However, fragmented research relating to
Al applications in English language education creates a requirement to perform a comprehensive analysis
of already published work. The results of these numerous research studies stand in conflict because
researchers use different approaches and collect data from varied subject groups while deploying
different evaluation tools. Orchestrating statistical synthesis across divergent findings from several
research reports allows the calculation of overall effect sizes and appropriate identification of
moderating fac tors that affect the results. Research results from multiple studies allow educational
institutions to create robust understandings about Al's effects on education, which enables them to base
their decisions on solid evidence when adopting and implementing educational practices that
incorporate Al technologies.

1. Literature review

In the last few years, research on the integration of artificial intelligence (Al) into the field of
foreign language instruction has expanded considerably and has also shown great promise for innovation
in its many elements. A large number of studies have investigated the effectiveness of various Al-based
tools (e.g., chatbots, automated writing evaluation systems, virtual reality applications) in improving
students' engagement, their motivation, linguistic accuracy, fluency, and critical thinking. Artificial
intelligence enables the support of current educational targets, including learner autonomy and
differentiation, by delivering personalized education and automatic response systems with an analytics
background [17]. Second language acquisition research supports the pedagogical advantages
researchers have observed regarding theoretical alignment. The recorded advantages of Al tools for
fostering interaction and input-rich environments match the principles of Krashen's Input Hypothesis and
Long's Interaction Hypothesis that stress comprehensible input along with meaningful interaction for L2
acquisition [18],[19]. Educational facilities worldwide display rising enthusiasm about Al deployment in
EFL classes because it brings language benefits and mental and emotional learning progress. The features
of personalized individual feedback and quick response time until appropriate levels of understanding
are achieved through Al tools explain better learner motivation and reduced anxiety and increased
confidence, according to self-efficacy theory (Bandura, 1997) and self-determination theory [20],[21].
Motivation is a central predictor of L2 achievement [22]. Taking the process perspective, Dornyei [23]
rethinks motivation as dynamic and future-oriented through the L2 Motivational Self System: learners
are motivated by a vivid ideal L2 self, which is maintained by self-requlatory strategies that help them to
endure. Al-improved environments are also consistent with this vision: the adaptive tasks, visualization
of progress, and dialogic feedbacks assist the learners to minimize the gap between their real and desired
selves [24]. There is an increase in willingness to communicate (WTC) a motivational/affective outcome
closely connected with confidence and self-concept, as well, that is also boosted by gamified Al chatbots
[25]. Simply stated, Al has the ability to formalize inspirational vision, self-control, and continued
commitment that according to Dornyei is a driving force behind long-term L2 involvement [23]. Al tools
also help to increase intrinsic motivation since they provide customized, interactive experiences [26]. This
user engagement is further supported by insights from educational technology models. EFL learners
widely adopt Al tools because they perceive these tools as useful and easy to use, according to the
Technology Acceptance Model [27]. Besides, working memory overload in learning processes can be
minimized with the help of Al tools. The working memory demands decrease according to Cognitive Load
Theory Sweller [28], when pathways become simpler and scaffolded feedback systems are in place to
improve knowledge absorption. There has been some research related to motivation in EFL and L2
learning. also boosts engagement and motivation. These gamified platforms with Al chatbots or virtual
tutors enhance the participation and reduce the anxiety in speaking tasks [29]. The researchers of Brown
and Lee [26] also reported that Al-powered simulations increased a learner's willingness to communicate
(WTC) by 42 %. Nevertheless, as Garcia and Martinez [30] discuss, Al has limited affective support due to
its lack of human empathy. These include algorithmic biases susceptible to reproducing stereotypical and
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discriminative assumptions [31], concerning involvements of privacy due to the collection of data and
the reduced access to digital resources in low-resource settings. In an experimental study in which 800
rural university students participated, Anuradha [32], examined how Al-based learning affects rural
university students' English proficiency. It affirmed Al's ability to assist with engagement and outcomes,
with those who utilized Al tools performing significantly more strongly than the control group and
displaying more positive attitudes. Likewise, Wei [33], proved that Al instruction mediated by Al helped
Chinese EFL learners improve their grammar, vocabulary, reading, and writing as well as their L2
motivation and self-reqgulation. The strong correlation between Al and better motivation and
personalized learning experiences is in line with the urge to use Al in EFL pedagogy with individualized
and motivating approaches. The usefulness of Al technology covers complete competencies such as
critical thinking and linguistic accuracy. The research conducted by Liu and Wang [34] incorporated Al
tools, including ChatGPT, SummarizBot, and Bodoudou, into their English literature classes. Research
with the experimental group demonstrated an important increase in critical thinking ability, thus
confirming that Al-assisted scaffolding helps students develop complex intellectual skills. The reasoning
development through digital assistance matches the concepts of Vlygotsky's Zone of Proximal
Development theory. Mohammed and Khalid [35] showed that Al feedback aided learners in acquiring
better writing abilities as well as enhancing their foreign language peace of mind (FLPoM) alongside trait
emotional intelligence and motivational levels. The use of Al helped reduce learners' anxiety and
enhanced their self-requlation ability, which resulted in better engagement quality. An Al-based system
named Poe received evaluation by Wang [36] among 75 Chinese EFL learners who used its writing
feedback. Both groups receiving teacher-based and Al-based comments demonstrated substantial
writing improvement through accuracy and fluency and complexity development, while Al-based
comments delivered the highest level of gains between them. Al-based feedback methods successively
reduced writing anxiety because they provided timely and personalized feedback to students. The field
of artificial intelligence expands beyond writing and speaking tasks in English as a foreign language
education. The study by Cao [37] showed that college students who learned English through VR
performed better on their tests, particularly in the listening and writing sections. X-Education is an Al and
edge computing and loT sensor framework developed by Hwang and Nurtantyana [38] that enhances
knowledge acquisition and writing abilities among graduate EFL students. These state-of-the-art
frameworks indicate how they will merge device-based artificial intelligence with durable external
systems that provide dynamic questions and feedback capabilities. The synergy between Al and VR and
loT technologies creates new possibilities in digital education and feedback enhancement as well as
improved language learning outcomes. Several researchers have argued that Al positively impacts higher
education, based on numerous meta-analyses. Ouyang et al. [39] systematically reviewed empirical
research on Al in higher education—in the context of online learning—from 2011 to 2020. They found
that the first function of Al applications in higher education, as evidenced by research, is the prediction
of student performances using learning analytics Fan et al. [40]—illustrating student learning status or
performance in advance. These predictions highlight students’ dropout risks, academic performances,
and satisfaction with online courses. The second function of Al applications in higher education is
resource recommendation, using what is known as Intelligent Tutoring Systems (ITS) [41]. For example,
Benhamdi et al. [42] developed an Al recommendation system that provided students in online classes
with recommendations of appropriate learning materials based on their preferences, interests, and
background knowledge. Their results concluded that this system improved students’learning quality. In
the context of programming courses, C ardenas-Cobo et al. ([43] developed a system to recommend
suitable exercises for students in programming. Their results also confirmed that those recommendations
improved student’s programming capabilities. The third function of Al applications in higher education is
automatic assessment—the automatic generation of quizzes and grading mechanisms of students’
writings. For example, Aluthman [44] developed an automated essay evaluation system capable of
providing students with assessment, feedback, and automated scores in an online English language class.
Their results indicated that the system positively affected students’ writing performance. The fourth
function of Al applications in higher education is improving students’ learning experience—using Al-
enabled media. For example, ljaz et al. [45] created a VR tool that applied an Al technique for history
learning. This tool allowed students to immerse themselves in virtual environments of cities that afforded
better engagement and interactions than traditional VR experiences. It improved their retention and
overall satisfaction with their learning experience. Other researchers have documented how ITS and
adaptive learning platforms that use learning analytics have significantly enhanced student
performance, engagement, and satisfaction in diverse educational settings [46]. More specifically, ITS
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and gamified learning environments were found to effectively improve student engagement and
motivation by providing immediate feedback and interactive learning experiences [47]. Al-powered
personalized learning systems were found to seamlessly adjust instructional content and strategies in
real-time, thus enhancing learning efficiency and effectiveness [48]. Despite these benefits, several
concerns have been raised about Al in higher education and education in general by several scholars,
including those who documented Als positive impacts. These concerns focused on educational disparities
and inclusivity, ethical uses and implementations of large language models and translation tools, and a
new dimension in technology literacy: Al literacy. Other important issues that continue to surface in the
literature of Al in higher education, demanding immediate attention, are data privacy, algorithmic bias,
and transparency. For example, Holmes et al. [49] underscored the importance of creating ethical
guidelines and policies to ensure the responsible use of Al technologies in education. While Al has the
undeniable potential to transform educational practices, it is imperative to question it from a critical lens
to ensure careful adoption and implementation.

In this regard, the article will consider the following questions:

RQ1: What role can artificial intelligence play in the development of communication skills?

RQ2: How can artificial intelligence help students to improve their communication skills during
interviews and discussions?

RQ3: How does the use of artificial intelligence in the teaching process affect students’
communication and interaction skills?

Methodology

Participants

A total of 30 students participated in the study. They were first-year bachelor’s students enrolled
at Uzbekali zhanibekov South Kazakhstan Pedagogical University, located in Shymkent. The participants
belonged to Group 1703-45.

N =30 (Female: 21, Male: 9) | Age: 17-18 | CEFR Level: B1-B2

All participants were aged between 17 and 18 years and were studying at the undergraduate level.
Their English language proficiency ranged from B1 to B2 according to the Common European Framework
of Reference for Languages.

The participants attended English language classes as part of their academic curriculum. Similar
to previous studies, students’ use of English was mostly limited to classroom settings. Many learners
demonstrated reluctance to actively communicate in English, which may be influenced by factors such
as lack of confidence, fear of making mistakes, limited speaking experience, and individual personality
traits. To address these challenges, learning activities were designed to enhance students’ speaking and
writing skills through the integration of Al-based tools. Students were encouraged to use these tools both
during and beyond classroom sessions to increase their exposure to English and develop communicative
competence.

Data Collection Instruments and Procedure

Data were collected in three stages: pre-activity, while-activity, and post-activity. In the pre-activity
phase, a baseline questionnaire assessed students'self-perceived communicative competence across four
dimensions: linguistic, sociolinguistic, discourse, and strategic. During the instructional phase, classroom
observations documented students' engagement with Al tools. Following the cycle, the same
questionnaire was re-administered, and a paired-samples t-test was conducted to assess the statistical
significance of changes.

Results

Prior to the Al-integrated instructional intervention, students in Group 1703-45 (N = 30) completed
a self-assessment questionnaire consisting of ten items distributed across four communicative
competence dimensions. The results are presented in Table 1.
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Table 1. Pre-Activity Questionnaire Results: Students' Self-Perceived Communicative Competence (N =

30)

No. | Survey Item (Pre-Activity) Competence Dimension | Mean | SD N
1 | Ican express my ideas clearly in English conversations. Linguistic 2.73 | 0.91 ] 30
2 | luse appropriate grammar structures when speaking English. | Linguistic 2.60 | 0.88 | 30
3 | I have a sufficient vocabulary to communicate in English. Linguistic 2.67 | 0.84 | 30
4 | /adjust my language depending on the social context. Sociolinguistic 2.53 1094 | 30
5 | lunderstand cultural references in English communication. Sociolinguistic 247 | 0.97 | 30
6 | Ican maintain a coherent conversation in English. Discourse 2.70 | 0.86 | 30
7 | luselinking words and phrases to organize my speech. Discourse 243 | 0.90 | 30
8 | luse communication strategies when | lack vocabulary. Strategic 2.80 | 0.96 | 30
9 | Iask for clarification when | do not understand. Strategic 3.00 | 1.02 | 30
10 | I feel confident communicating in English with others. Linguistic 2.37 1093 | 30

Overall Mean (Pre-test) 263 1092 | 30

Note. Items rated on a 5-point Likert scale (1 = Strongly Disagree, 5 = Strongly Agree). M = Mean;
SD = Standard Deviation.

As shown in Table 1, the overall pre-activity mean score was M = 2.63 (SD = 0.92), indicating a low-
to-mid B1 level of self-perceived communicative competence. Scores across all ten items remained below
3.00 on the five-point scale, with the exception of Item 9 (asking for clarification, M = 3.00, SD = 1.02).
Strategic competence items recorded the highest baseline scores (M = 2.80-3.00), suggesting that learn-
ers could employ basic compensatory strategies in communication. In contrast, sociolinguistic items
showed the lowest scores (Item 5: M = 2.47, SD = 0.97; Item 4: M = 2.53, SD = 0.94), reflecting limited
awareness of cultural and contextual language variation. Linguistic confidence was also notably low,
particularly regarding self-expression (Iltem 10: M = 2.37, SD = 0.93). These baseline results confirm that
first-year students at a B1-B2 CEFR level presented identifiable gaps in communicative competence be-
fore any Al-assisted instructional support.

Table 2. While-Activity Observation Log: Al-Assisted Communicative Tasks and Engagement (N = 30)

No. | Activity Description Al Tool Competence Engage- | Observation Notes
Focus ment

1 | Al-Assisted Role Play ChatGPT Discourse & High Students negotiated meaning using Al-
(ChatGPT dialogues) Linguistic scaffolded prompts.

2 | Grammar Self-Correc- Grammarly Linguistic High Immediate error feedback increased
tion via Al Feedback grammatical accuracy awareness.

3 | Vocabulary Gap-Fill with | SummarizBot Linguistic Moder- | Al paraphrase tool helped expand lexical
Al Suggestions ate range in writing.

4 | Al-Guided Listening & ChatGPT Sociolinguis- High Students practised register adjustment
Response Task tic in Al-generated scenarios.

5 | Pair Discussion Sup- ChatGPT Strategic High Learners used Al suggestions when una-
ported by Al Prompts ble to express ideas independently.

6 | Al-Based Writing & Peer | Grammarly / Discourse Moder- | Cohesion improved through iterative Al
Review SummarizBot ate feedback cycles.

Note. Engagement level assessed by the instructor based on task participation rate, interaction
frequency, and use of Al tool features during class sessions.

Table 2 documents six Al-assisted tasks implemented during instruction. Tools including ChatGPT,
Grammarly, and SummarizBot were integrated across role-play, writing, listening-response, and discus-
sion activities. Engagement was high in four out of six tasks, particularly where real-time Al interaction
was required.
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Table 3. Post-Activity Results: Comparison of Pre- and Post-Test Scores by Competence Dimension (N =

30)
No. | Survey ltem Competence Dimen- Pre Post SD Gain
sion M M (Post)
1 | /can express my ideas clearly in English conversations. | Linguistic 2.73 4.03 0.72 +1.30
2 | luse appropriate grammar structures when speaking Linguistic 2.60 3.87 0.72 +1.27
English.
3 | I have a sufficient vocabulary to communicate in Eng- | Linguistic 2.67 | 3.93 0.72 +1.26
lish.
4 | Iladjust my language depending on the social context. | Sociolinguistic 2.53 3.80 0.72 +1.27
5 | lunderstand cultural references in English communi- Sociolinguistic 247 | 3.70 0.72 +1.23
cation.
6 | Ican maintain a coherent conversation in English. Discourse 2.70 4.00 0.72 +1.30
7 | luselinking words and phrases to organize my speech. | Discourse 2.43 3.77 0.72 +1.34
8 | luse communication strategies when I lack vocabu- Strategic 2.80 4.10 0.72 +1.30
lary.
9 | lask for clarification when | do not understand. Strategic 3.00 4.23 0.72 +1.23
10 | I feel confident communicating in English with others. | Linguistic 2.37 3.73 0.72 +1.36
Overall Mean 263 | 3.92 0.72 +1.29

Note. M = Mean; SD = Standard Deviation (post-test). Gain = post-test minus pre-test mean.

Table 3 shows marked improvement across all items following Al-integrated instruction. The over-
all post-test mean rose to M = 3.92 (SD = 0.72) from M = 2.63, reflecting a mean gain of +1.29. The
greatest gains were observed in confidence (Iltem 10, +1.36) and use of discourse markers (ltem 7, +1.34).

Table 4. Paired-Samples t-Test Results: Pre- and Post-Test Differences by Competence Dimension (N =

30)
Competence Dimension Pre M | Post M | Mean Diff. | SD t df | p-value | Cohen'sd
Linguistic Competence 2.59 3.89 1.30 0.61 ] 11.68 | 29| <.001 2.13
Sociolinguistic Competence 2.50 3.75 1.25 0.63 | 1086 | 29| <.001 1.98
Discourse Competence 2.57 3.89 1.32 0.59 | 1224 | 29| <.001 2.24
Strategic Competence 2.90 4.17 1.27 0.65] 10.71 | 29| <.001 1.95
Overall Communicative Competence | 2.63 3.92 1.29 058 | 12.16 | 29 | <.001 2.22

Note. df = 29. Cohen's d: small (0.2), medium (0.5), large (0.8), very large (> 1.3). *p <.001 (two-
tailed).

Table 4 confirms statistically significant gains across all four competence dimensions (p <.001).
Effect sizes were very large throughout (Cohen's d > 1.95), with Discourse Competence showing the
strongest result (t(29) = 12.24, d = 2.24). These findings support the hypothesis that Al-integrated in-
struction significantly enhances students’ communicative competence in English language learning.

In summary, the three-phase data collection procedure — pre-activity questionnaire, while-activity
observation, and post-activity questionnaire — yielded convergent evidence that Al-integrated instruc-
tion significantly enhanced the communicative competence of first-year undergraduate students (Group
1703-45) at a South Kazakhstan pedagogical university. Pre-test scores confirmed a low-intermediate
baseline (M = 2.63) consistent with B1-B2 CEFR proficiency. Classroom observations documented high
levels of student engagement with Al tools across discourse, linguistic, and strategic competence tasks.
Post-test scores demonstrated a mean gain of +1.29 points (M = 3.92), with all improvements confirmed
as statistically significant (p <.001) and of very large effect size (Cohen's d > 1.95). These results provide
strong empirical support for the role of artificial intelligence in enhancing communicative competence in
English language teaching.

Conclusion The integration of artificial intelligence (Al) in language education is an important step
in improving the communicative competence of language learners. A review of the existing literature
clearly shows that Al-powered tools have had a significant impact on improving students’ speaking, lis-
tening, reading, and writing skills. These Al technologies provide a personalized, tailored learning experi-
ence that responds to the needs, preferences and proficiency levels of individual learners, supporting
more effective and efficient language learning. However, while Al holds great promise in transforming
language learning, several gaps and challenges need to be addressed to realize its full potential. Artificial
intelligence tools make it easier for people to learn languages independently. Al promotes independ-
ence and increases flexibility, allowing learners to experiment outside the classroom and learn at
their own pace. For example, learners can always view lessons or interact with Al-powered chatbots or
virtual tutors. These tools provide a sense of continuity in learning and allow learners to regularly improve
their skills outside the traditional classroom (Flalingo, 2023). In this sense, artificial intelligence (Al) tech-
nologies can improve traditional teaching methods and increase accessibility and flexibility in language
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learning, especially for students with different schedules or living in underserved or remote areas. The
integration of Al into language learning has shown promise, but there are gaps in the existing
literature. The long-term impact of Al on communicative competence is a key area that requires further
study. Although Al-based tools have shown positive short-term results, there is little research on their
sustainability in real-world settings. Ethical considerations are also a concern, as Al tools often rely on
large data sets that require clear ethical frameworks. The potential for algorithmic bias in Al systems
could lead to unequal access to language learning opportunities or unfair assessments, especially for
marginalized or underrepresented groups of learners. Future research should focus on identifying best
practices for integrating Al into language education, ensuring that the potential of Al to enhance com-
municative competence is fully realized while minimizing its risks and limitations. In conclusion, Al tech-
nologies hold great promise for helping language learners become more proficient communicators by
offering personalized, flexible learning opportunities that improve their speaking, listening, reading, and
writing skills. However, addressing ethical concerns around algorithmic bias, inclusivity, and data privacy
are critical to realizing the full potential of Al in language teaching. In addition, long-term studies are
needed to determine whether the impact of Al on language learning is sustainable, and more research is
needed to determine the best ways to incorporate Al into traditional teaching methods. By filling these
gaps, future research will contribute to the ethical and successful use of Al in language learning, helping
to develop inclusive, effective, and equitable language education systems.
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Abstract

This study investigates the effectiveness of teaching grammar through interactive communicative
tasks rather than traditional rule-based instruction. Although learners often understand grammatical
rules, they struggle to use them in real communication. Using a quasi-experimental design, pre -interme-
diate and intermediate-level English learners were taught grammar through role-plays, information-gap,
and problem-solving tasks. Data from pre- and post-tests, classroom observations, and learner feedback
revealed improvements in grammatical accuracy, fluency, and learner engagement. The findings indicate
that communicative grammar instruction facilitates more effective grammar acquisition and supports
the development of communicative competence, highlighting the pedagogical value of communication-
oriented approaches to grammar teaching.

Keywords: interactive communicative tasks, rule-based instruction, quasi-experimental design,
grammatical accuracy, fluency, learner engagement, communicative grammar instruction, communica-
tive competence

Introduction

In the era of globalization, English is becoming an international language of communication, so its
mastery has become one of the main tasks of the modern education system. In order to master the lan-
guage qualitatively and effectively, it is necessary to master all its aspects, including its important part -
grammar. Grammar is a system that forms the structural basis of the language, it allows language learn-
ers to express their thoughts clearly, competently and intelligibly. Therefore, grammatical knowledge is
an integral part of the formation of linguistic competence. This article discusses the ways in which, edu-
cational organizations master grammar and one of the difficulties they encounter is the occurrence of
rigid structures and confusion in learning grammar.

It is known that it also negatively affects the motivation of students in learning the language. For
this reason, a number of topical issues remain in the process of teaching English grammar. In many edu-
cational organizations, instead of rational and qualitative methods, traditional, teacher-oriented meth-
ods are still used in the educational process. These methods are mainly based on explaining and memo-
rizing grammatical rules and limit the active participation of students. As a result, grammatical struc-
tures are mastered only theoretically, and students face a number of difficulties in using grammar in real
communication situations.

In modern pedagogy, great importance is attached to the activity, motivation of students, their
direct participation in the learning process, as well as their learning through interaction with each other.
In this regard, interactive methods, which replace traditional methods, ensure the joint activity and ac-
tivity of students. These methods include pair and group work, role-playing situational tasks, level-spe-
cific project work, game technologies and problem tasks. By performing these tasks, students enter into
mutual communication, easily and frequently apply grammar, and get rid of the state of memorization.
This is because the use of interactive methods in teaching grammar not only increases students’ motiva-
tion to learn, but also contributes to their deep understanding of grammatical material and the develop-
ment of skills for its natural application in practice, in real life situations.

In this regard, the scientific study of the effectiveness of interactive methods in teaching English
grammar is one of the current issues of the modern education system.

The purpose of the study is to determine the effectiveness of using interactive methods in teaching
English grammar by replacing traditional methods and to analyze their impact on the level of students'
mastery of grammar, the development of communicative skills, and most importantly, on learning moti-
vation in an experimental manner.

The study suggests that if interactive methods are purposefully and systematically used in the pro-
cess of teaching English grammar, then the level of grammatical knowledge of students will increase
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and they will be able to effectively use grammatical structures in real-life and specific communicative
situations, and the level of learning motivation and interaction of students will increase significantly.

Literature review

There is a wide debate in science about the effectiveness of grammar teaching methods. Grammar
teaching in educational institutions has traditionally been based on memorization and difficult rules.
However, the shift in educational paradigms has recognized the importance of introducing interactive
methods into teaching difficult grammar, using methodologies that are interactive and focused on the
learner and their mutual communication. Let us pay attention to the statement of Michael Long (2013),
one of the supporters of communicative and interactive methods, who emphasizes the need to use lan-
guage learning and grammar in real-life situations. According to this scientist, interactive tasks open the
way for students to develop their communicative skills and use language structures in real-life contexts
(Long, 2013). The theory underlying this statement is the “output hypothesis” of Swain (2005) which
shows that active forms of language use affect the quality of mastering language skills, including gram-
matical structures. This theory argues that learners learn grammar better when they are actively en-
gaged rather than passively listening and memorizing.

And there are theories that contradict these views. According to Diane Larsen-Freeman (2016),
systematic explanation of grammatical structures and reqgular practice help to increase accuracy and
strengthen academic writing skills. Rod Ellis (2015) also supports this view, not denying the importance
of traditional exercises, but recommending their reqular use. Because they require systematic analysis of
linguistic materials and explanation of rules in a clear structure.

In recent years, research supporting the traditional, rule-based approach to teaching grammar has
remained relevant. DeKeyser (2015, 2017) and Roehr-Brackin (2018) view grammar teaching as a pro-
cess of developing cognitive skills. They argue that, especially for advanced learners, grammatical struc-
tures should be taught using clear formulas and strict rules, as this is the basis for accurate language
acquisition. Research in this area suggests that overreliance on interactive methods can lead to superfi-
cial acquisition of grammatical form.

However, as the literature review shows, researchers have considered traditional and interactive
approaches separately, but it is still unclear which combination of models that combine concrete gram-
mar teaching and interactive tasks is most effective. There is a lack of systematic comparative empirical
research, especially in the context of English. In addition, there is still a lack of clear experimental evi-
dence on which approach is more effective in teaching complex aspects of grammar, especially tenses.
This gap in research highlights the relevance of this research and the need to compare the effectiveness
of different approaches to teaching grammar.

Method

In this study, a quasi-experimental research design was used to determine the effectiveness of
teaching English grammar through interactive tasks. Since it was not possible to randomly select partic-
ipants, this approach was implemented in a fixed natural learning environment.

The purpose of the study is to study the impact of interactive methods on students' mastery of
grammar topics and their use in communicative situations, comparing them with the traditional method.

The participants of the study were 1st-year students studying under the educational program for
training teachers of two foreign languages at the South Kazakhstan Pedagogical University named after
O. Zhanibekov. Total number - 60

Experimental group - 30

Control group - 30

Since the groups were pre-formed academic groups, random assignment of groups was not carried
out. As for the level, the language level of the students ranged from A2 to B1.

The tools used in the study were as follows: to determine the level of students' grammatical
knowledge - preliminary and final tests, to assess the ability to use grammar in context - written tasks,
to determine students' opinions on interactive tasks - a questionnaire. The test tasks consisted of multi-
ple-choice questions, sentence transformation and error correction tasks. The study was conducted over
a period of 7 weeks. In the first phase of the study, both groups were given a pre-test to determine the
initial grammatical level of the students. During the training phase, the experimental group used inter-
active tasks, including, among others, role-playing games, group discussions and solving real-life problem
situations, while the control group used traditional methods, i.e. explanations and written exercises that
involved memorizing grammar rules. At the end of the study, both groups were given final tests. In addi-
tion, the students in the experimental group of the study completed a questionnaire and evaluated the
learning experience.
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Results

All quantitative data collected during the study were analyzed by comparing the results of the pre-
test and post-test from the experimental and control groups. The results of the study showed that the
initial grammatical preparation level of the two groups was similar. Specifically, the average score of the
control group was 60%, and the experimental group was 6 1%. This indicator is an important prerequisite
for ensuring the validity and comparability of the results obtained during the studly.

The results of the final test clearly showed that there was a significant difference between the
groups. Specifically, the control group increased from 60% to 68%, which is an 8% percentage increase.
The next experimental group increased from 61% to 80%, which is an 19% increase.

These results, when compared with the quantitative ones, proved that the learning process orga-
nized on the basis of interactive methods is more efficient than traditional methods. Also, during the
qualitative analysis of written works, it was observed that the experimental group students, compared
to the control group, significantly increased the level of grammatical structures in context, in real life
situations.

In order to further analyze the results of the study, the level of students was calculated not only by
absolute growth, but also by the normalized growth coefficient. This system, which allows for a more
accurate assessment of the effectiveness of training, was calculated according to the following formula:

g = Post — Pre/ 100 — Pre

According to the calculation results, the normalized growth indicator in the experimental group
was: g =80-61/100-61 = 19/39 = 0.49, while in the control group it showed an indicator equal to g = 68-
60/100-60 = 8/40 = 0.20.

According to these results, the normalized growth coefficient in the experimental group showed
the result g = 0.49, and in the control group it showed the result g = 0.20. According to this system,
indicators in the range of 0.3-0.7 indicate an average level of efficiency. And values below 0.3 indicate a
low level of efficiency. According to this condition, the learning efficiency in the experimental group was
at an average level. While it was found to be at a low level in the control group (Table 1). These results
clearly demonstrate that lessons taught through interactive tasks significantly increase students' learn-
ing achievements and are more effective than traditional teaching methods. (Table 2)

Normalized growth rates
Grou type Pre-test Post-test g value  Efficiency level

Experimental group 61 80 0.49 average
Control group 60 68 0.20 low
Table 1
Chark:
1.0 Normalized growth rates
a8 —
06 ___ |
0.4
0.2 —
0.0
Experimental group Control group
Table 2
Discussion

Empirical substantiation of the high effectiveness of using interactive methods in teaching English
grammar showed the effectiveness of the results of the conducted research. The fact that the increase
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of 19 percent in the experimental group was significantly higher than the increase of 8 percent in the
control group, indicates that the systematic use of interactive methods in the learning process contrib-
utes to improving the quality of teaching and has a significant impact on learning motivation. These
results show a connection with a number of widely recognized theoretical concepts in the methodology
of teaching a foreign language. For example, the concept of the “zone of proximal development” in L.S.
Wagotsky's socio-cultural theory proves that students can easily master a fairly high level of knowledge
through interaction in the learning process. We can see that through interactive tasks, students’ active
interaction with each other and with the teacher accelerates their cognitive development and contrib-
utes to a significant increase in learning outcomes and participation activity.

If we combine the obtained results with the theory of Weimer (2013), we can see that it is aimed
at increasing the activity of the learner in the learning process, developing independence and inde-
pendently constructing the knowledge given. According to the author, if learners are given the oppor-
tunity to make decisions, participate in discussions, do project work and respond to their own learning,
their learning outcomes will increase significantly.

The relatively low results in the control group compared to the experimental group indicate the
limited possibilities of the traditional grammar-translation method in mastering the material and moti-
vating learners in the learning process. Since this method is mainly a method that is focused on analyzing
the basic structural aspects of the language, its communicative aspects are not sufficiently covered. As a
result, although learners thoroughly master grammatical rules, they encounter difficulties in using them
in a real linguistic, that is natural way, which leads to confusion. Therefore, the systematic introduction
of interactive learning technologies into the process of teaching a foreign language is becoming one of
the priority areas of the modern educational paradigm.

Conclusion

Overall, the results of the research indicate that the study conducted theoretically and empirically
proves the high effectiveness of the learning process of using interactive methods in the process of teach-
ing English grammar compared to traditional methods. Comparing the results, it can be said that the
experimental group had a more effective learning period with integrated interactive tasks. This indicates
that interactive methods play an important role in improving the quality of education.

As can be seen from the study, interactive methods are not limited to improving grammatical
knowledge, that is, not only in a memorizing state, but also contribute to the development of students’
communicative competence, critical thinking skills and motivation. These results are fully consistent with
the principles of the learner-centered approach, as they prove that students become active participants
in the learning process, interact with each other and have the opportunity to construct their own
knowledge.

Theoretically, the results of the study are based on the constructivist learning theory, communica-
tive language teaching methodology and the concept of learner-centered teaching mentioned above.
The aforementioned theories are consistent with the motivation of students to actively participate, in-
teract, and learn the language naturally. In this regard, we can see that the need to move to interactive
and student-centered active methods in the modern education system is increasing.

However, it is also worth noting that the study has certain limitations. It should be noted that the
limited number of participants and the non-random selection may affect the generalizability of the re-
sults to a certain extent. It is recommended that future studies increase the size of the research sample
and establish long-term follow-up, conduct comparative analysis in educational contexts with the wide-
spread use of many other innovative methods in the learning process.

As for the general conclusion, the results of the study clearly indicate the need for the systematic
introduction of interactive methods into the process of teaching English grammar. This approach will not
only increase students' academic achievements, but also have a positive effect on their personal devel-
opment, independence, i.e., their ability to independently master and construct knowledge, and the for-
mation of professional competence. For this reason, interactive learning should be given special attention
as one of the priority areas of modern language education.

References
1. Long, M. H. (2015). Second language acquisition and task-based language teaching. Wiley-
Blackwell.
2. Swain, M. (2005). The output hypothesis: Theory and research. In E. Hinkel (Ed.), Handbook of
research in second language teaching and learning (pp. 47 1-483). Lawrence Erlbaum Associates.
3. Ellis, R. (2015). Understanding second language acquisition (2nd ed.). Oxford University Press.



VI INTERNATIONAL SCIENTIFIC CONFERENCE. BERN. SWITZERLAND. 14-15.04.2026

4. Larsen-Freeman, D. (2016). The case for complexity in language learning. Language Teaching,
49(4), 1-15.

5. DeKeyser, R. M. (2015). Skill acquisition theory. In B. VanPatten & J. Williams (Eds.), Theories
in second language acquisition (2nd ed., pp. 94—112). Routledge.

6. DeKeyser, R. M. (2017). Knowledge and skill in second language development. In S. Loewen &
M. Sato (Eds.) The Routledge handbook of instructed second language acquisition (pp. 15-32).
Routledge.

7. Roehr-Brackin, K. (2018). Metalinguistic awareness and second language acquisition.
Routledge.

8. VWygotsky, L. S. (1978). Mind in society: The development of higher psychological processes.
Harvard University Press.

9. Weimer, M. (2013). Learner-centered teaching: Five key changes to practice (2nd ed.). Jossey-
Bass.

10. Rogers, C. R. (1969). Freedom to learn. Merrill.

11. Krashen, S. D. (1982). Principles and practice in second language acquisition. Pergamon.

12. Hymes, D. (1972). On communicative competence. In J. B. Pride & J. Holmes (Eds.),
Sociolinguistics (pp. 269-293). Penguin.

13. Bruner, J. S. (1983). Child’s talk: Learning to use language. Oxford University Press.



VI INTERNATIONAL SCIENTIFIC CONFERENCE. BERN. SWITZERLAND. 14-15.04.2026

UDC 37.091.33:81°243
THE USE OF ICT TOOLS IN ENGLISH CLASSROOM: A SYSTEMATIC LITERATURE REVIEW

Telmankyzy Shugyla

Scientific Supervisor: Karabayeva L.K.

Candidate of Pedagogical Sciences

Uzbekali Zhanibekov South Kazakhstan Pedagogical University
Shymkent, Kazakhstan

Abstract

The use of Information and Communication Technologies (ICT) in education is becoming increas-
ingly popular. Various technologies are used to advance education. In today's world, the use of ICT tools
in language teaching and learning is becoming increasingly important. Numerous studies highlight the
numerous benefits of using ICT tools in English lessons. Not only does the use of ICT tools facilitate lan-
guage acquisition and help improve the four language skills, but it also increases students' engagement,
motivation, and independence in language learning. This article not only summarizes but also analyzes
research on the use of ICT tools in English lessons in school education. Using the Preferred Reporting
Items for Systematic Review and Meta-analysis (PRISMA), the relevant records are systematized, and the
ICT tools used, improvements achieved, and challenges encountered in using ICT are analyzed.

Keywords: Information and Communication Technology (ICT) implementation, the effective use of
ICT tools, English classroom, school education

Introduction

In the field of education, various methods are used to make lessons more effective and interesting.
Among them, the use of Information and Communication Technologies, also known as ICT, in learning
English is particularly popular. The development of various technologies in accordance with modern
requirements increases the importance of ICT tools in effective learning and teaching English. Laptops,
interactive whiteboards, projectors and various Internet programs, which are widely used in education,
create conditions for effective learning of English and ensure real communication [1].

Many studies have highlighted the many benefits of using ICT in English language classrooms.
Noureddine Azmi [2] argues in his work that the proper use of ICT enhances language learning,
interaction, communication, and student motivation and responsibility for task completion . Jumatul
Hidayah and Prihantoro [3] also argue that the use of ICT in English language learning not only facilitates
understanding and memorization of taught materials, but also ensures students' independence in
language learning. ICT-enabled lessons not only engage students in active participation but also
contribute significantly to the development of all language skills. The flexibility of ICT tools allows for
the development of all language skills, such as listening, reading, writing, and speaking [4]. Supporting
this idea, Ambika Prasad Poudel [5] notes that the use of ICT tools such as video, audio, Skype, song-
based storytelling, and Viver creates a practical environment for developing listening and speaking skills.
However, she points to a number of challenges in using ICT tools. The most common challenges include
a lack of tools, poor internet connections, low levels of technical literacy among students and teachers,
and a lack of pedagogical knowledge among teachers regarding the effective use of ICT tools. According
to Latifa Lamalif et al. [6] the effective use of ICT tools depends on proper pedagogical organization,
high-quality technical resources, and their alignment with educational goals.

This article analyzes research on the use of ICT tools in teams to more clearly define the practical
application of ICT tools in English language learning. The article addresses the following research
questions:

RQ1. What ICT tools were used in the language learning process?

RQZ2. What improvements were achieved through the effective use of ICT tools?

RQ3. What challenges were encountered when using ICT tools?

Method

The Preferred Reporting Items for Systematic Review and Meta-analysis (PRISMA) scale was used
to review published articles. It is used to select the most relevant materials from the collected database
based on the research question. The collected materials undergo several stages before being included in
the study. Studies required for the systematic review are selected. Studies that do not meet specific
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criteria are excluded during the screening and eligibility assessment stages, and materials with high rel-
evance to the study are selected [7]. This improves the accuracy and quality of the work.

Identification

A total of 33 research papers were identified by topic and keywords. Materials were collected from
Google Scholar, Research Gate, and DOAJ. The search was conducted using the following key words: the
use of ICT in English classroom, ICT and English classroom, the effective use of ICT tools in English class-
room.

Screening

Research materials were selected according to specific criteria. The first criterion was that the
articles were published in recent years, i.e., between 2020 and 2026. The next criterion was that the
research used ICT tools in school education.
Table 1 — Criterion for inclusion

Criterion Inclusion

Year of published | 2020-2026
Concentrated to | School education

Eligibility

This article selected research papers that conducted quantitative studies. From all collected mate-
rial, four articles were selected that clearly answered the research questions. PRISMA process is shown
in figure 1.

| - =

| Number of records identified through Number of records excluded due |
database searching to the year of published, focus on |

| (n=33) B gl | school education

(n=7)

| | 1
r X ol

- ‘ 1
Eligibility | } Screening ‘ | Identification

|
‘ Number of records screened
‘ (n=26)

‘ Number of full-text articles assessed for Number of 'rl'?]C\’flll' full-text ‘
eligibility == articles ‘
‘ (n=9) (n=5)

‘ Number of studies included in systematic

Included

(n=4)

‘ review

Figure 1 - PRISMA process
Results and Discussion
As noted above, the research papers were selected according to specific criteria and analyzed. The
final four articles passed the PRISMA stages and were included in the research paper. The answers to the
research questions are presented in Table 2.
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Table 2 — The list of included articles and answers of research questions

No Author Title RQ1 RQ2 RQ3
1 | AA.C. Cahyana The use of YouTube | Educational videos (YouTube) | Vocabulary, Internet  connec-
(2020) video in teaching Eng- speaking, pro- | tion problems, ap-
lish for foreign lan- nuncia-tion, propriate video
guage at vocational motivation, lit- | preparation,  stu-
high school erature, critical | dents’ understand-
thinking ing, advertisement
problems and etc.
2 | Sh.S.Samandarov | Enhancing EFL Learn- | Google Classroom, Multime- | Writing, listen- | Single school con-
(2026) ers’ Language Profi- | dia resources, online plat- ing, speaking, text
ciency And Learning | forms, interactive quizzes engagement,
Skills motivation, au-
Through ICT-Inte- tonomy
grated Instruction:
A Mixed-Method Exper-
imental Study
3 | Latifa Lamalif, Contribution of ICT in Digital comics, online course | Comprehen- Lack of equipment,
Mounia Mach- the platforms (e.g., Moodle, sion, auton- instability of inter-
kour , Sophia learning of English in Google Classroom), online omy, motiva- net connection
Faris and Khalifa | primary educational games, educa- tion and structured
Mansouri (2026) | school in the Moroc- tional videos ( e.g., YouTube, pedagogical sup-
can context: language learning apps (e.g., port, students’ dig-
impact on student un- | Duolingo, Babbel) ital literacy
derstanding
and engagement
4 | Mohammad The Application of In- Multimedia devices: over- Listening, Insufficient mod-
Sujaul Haider, formation and Com- head projectors, smart board | speaking, con- | ern equipment,
Md. Sozib Hosen, | munication Technol- centra-tion, lack of technical
and Dr. Moham- | ogy (ICT) in English motivation, training of teach-
mad Shahangir Classrooms: A Case language ac- ers
Biswas Study of Secondary quisition
(2023) Schools in Barisal

As shown in Table 2, the articles used various ICT tools. Almost all articles used multimedia re-
sources. While A.A.S. Cahyana [8] examined only the use of the YouTube platform, while Sh. S. Samanda-
rov [9] and Latifa Lamalif et al. [6] examined the use of Google Classroom, online platforms, and other
ICT tools.

The records contain both quantitative and qualitative information. According to all records, the
use of ICT tools increases student engagement, motivation, and independence. Furthermore, the quanti-
tative data show that ICT tools help students develop listening, writing, and speaking skills in learning
English.

Challenges to the use of ICT tools include a lack of technical equipment, poor internet access, and
a lack of pedagogical knowledge to effectively use ICT tools.

Conclusion

To sum up, this article analyzes research on the use of information and communication
technologies (ICT) in English language teaching and identifies numerous benefits of ICT in this area.
According to the studies selected by PRISMA, ICT tools such as multimedia resources, online platforms,
Google Classroom, and YouTube were widely used. As a result, the use of ICT contributed not only to the
development of students' language skills but also to their engagement, motivation, and independence.
However, the use of ICT encountered challenges, such as poor internet connection quality, a shortage of
devices, and a lack of pedagogical knowledge among teachers regarding the effective use of ICT

This research is limited by the fact that it does not include quantitative studies supported by specific
quantitative indicators and does not examine the effective use of ICT. Future research should conduct
quantitative studies demonstrating how the use of ICT contributes to educational achievement and
substantiate a model for its effective use.
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Abstract

The present article examines four major dimensions of foreign language teacher preparation in the
digital age within the context of Kazakhstan's national educational modernization agenda: (1) the role
of digital educational resources in developing communicative competence among pre-service teachers,
(2) the integration of multimodal digital platforms to create technology-mediated language learning en-
vironments, (3) teacher educators’ awareness of digital pedagogical frameworks for foreign language
instruction, and (4) the role of digital tools in designing innovative foreign language assessments. Draw-
ing on the DigCompEdu framework, the TPACK model, and current empirical evidence from Central Asian
and international contexts, the article proposes directions for future research on innovative digital prac-
tices in foreign language teacher preparation programs within Kazakhstan's trilingual education policy.

Keywords: digital educational resources, foreign language competence, teacher training, technol-
ogy-enhanced language learning, DigCompEdu, multilingual education

Introduction

Various concerns have been raised about the extensive implementation of ICT in education [1]. The
existing educational system must be adaptable to change for ICT to be effectively integrated into class-
rooms [2]. Despite educators’ growing familiarity and competence with ICT, their utilization of it remains
constrained and auxiliary [3]. Many academics have demonstrated curiosity in the consequences of ICT
on educational systems, particularly in emerging nations such as China [4,5]. Certain scholars have inves-
tigated the reasons behind educators’ reluctance to use ICT in classrooms, while others have focused on
the specific obstacles educators face when integrating ICT into their teaching [6-8]. The ICT-based teach-
ing and learning tools and the requisite technology infrastructure have been updated to fulfill the need
for ICT integration in educational institutions. This is because enhanced ICT in schools can lead to signif-
icant educational and pedagogical benefits for both teachers and students [9]. However, excessive opti-
mism about ICT inte gration in education might result in some disappointments regarding overall pro-
gress [10]. Therefore, understanding the reasons behind and the effectiveness of ICT integration as a
teaching tool is essential. However, there are several difficulties in implementing information technology
in education. Incorporating subjective assistance, interacting with students, and attaining good teaching
outcomes are typically overlooked by educators when transferring classroom teaching materials to
online courses. These inquiries center on ways to improve the convergence of technology and education.
They include how to assist students in studying independently, how to improve instructor training, and
how to successfully integrate online teaching models [11]. Even with the introduction of some rules, a
small proportion of China’s educators—who possess differing degrees of expertise—have not been ade-
quately trained to use technology into their teaching practices. Students’ development may be hampered
if their teachers do not use technology effectively [12]. The use of ICT in education has been the subject
of much research, with many studies looking at a range of contributing variables, including the attitudes,
self-efficacy, and digital competence of instructors [8,13,14]. There are still not enough studies looking
at the particular contextual elements that affect ICT integration among Chinese instructors, despite a
lot of research being done in this area. By providing a thorough examination of these elements within
China’s unique cultural, educational, and technological context, this research seeks to close this
knowledge gap. Furthermore, while previous research has predominantly employed traditional statistical
methods [15], Partial Least Squares Structural Equation Modeling (PLS-SEM) is used in this study to pro-
vide a more thorough knowledge of the correlations among the variables. This methodological approach
allows for the examination of complex interactions and offers deeper insights into how these factors
collectively influence ICT adoption. In addition to these primary factors, the study also examines the in-
fluence of demographic variables, including gender and age, on ICT integration. These variables were
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chosen based on existing literature suggesting that age and gender can significantly influence technology
adoption and usage patterns. For example, prior research has indicated that younger teachers may be
more comfortable with technology and more inclined to incorporate it into their teaching practices com-
pared to their older counterparts [16]. Similarly, research suggests that men instructors may have
stronger self-efficacy about ICT use than their female counterparts. Gender variations in technology us-
age and attitudes have also been noted [17]. This study aims to provide a more thorough knowledge of
the many factors impacting ICT integration by using age and gender as variables. Addressing these de-
mographic factors is crucial for creating targeted interventions and support systems that meet the needs
of different teacher groups, ultimately improving the effectiveness of ICTadoption in educational set-
tings. In summary, this study presents a novel angle by contextualizing the investigation within the Chi-
nese educational system, employing advanced statistical methods, and taking into account the impact
of demographic factors like age and gender. By fore grounding these aspects in the introduction, the
uniqueness and relevance of this research are clearly highlighted, addressing the reader’s suggestion for
demonstrating the study’s novelty and the need to investigate these additional variables. Therefore, this
study addresses three research questions. First, what is the relationship between teachers’ attitudes, self-
efficacy, digital competence, and ICT integration? Second, do teachers’ gender and age affect their atti-
tudes, self-efficacy, digital compe tence, and ICT integration? Third, what model can be proposed to ef-
fectively enhance ICT integration among teachers, taking into account their attitudes, self-efficacy, and
digital competence?

The preparation of foreign language teachers in the twenty-first century demands engagement
with digital educational resources as both pedagogical tools and objects of professional learning. This
imperative is especially acute in Kazakhstan, where digital transformation has been elevated to a matter
of national strategic priority. President Kassym-Jomart Tokayev has articulated this vision unambigu-
ously: "We have made a decisive step into the era of total digitalization and artificial intelligence" [18],
and has consistently identified teacher quality as the indispensable foundation of national progress, not-
ing that advanced programs and modern infrastructure amount to little "without good teachers”
[19].Translating this vision into institutional practice, Minister of Science and Higher Education Sayyat
Nurbek has prioritized infrastructure, digitalization, and the complete transfer of school textbooks to
interactive electronic format -framing these not as administrative improvements but as prerequisites for
alignment with advanced international standards [20]. Future foreign language teachers therefore oc-
cupy a doubly strategic position: they must demonstrate communicative competence in the target lan-
guage while simultaneously modeling the digital pedagogical practices that Kazakhstan's modernization
agenda demands. Kazakhstan's trilingual education policy - mandating functional competence in Kazakh,
Russian, and English - amplifies the importance of digital educational resources, as digital platforms can
simultaneously support learners' development across multiple languages. Yet the gap between policy
ambition and communicative reality remains stark: Kazakhstan ranked 103rd out of 116 countries in the
EF English Proficiency Index in 2024, indicating persistently low levels of English proficiency among the
general population [21]. This discrepancy renders the formation of foreign language competence among
future teachers through digital resources a research area of both theoretical significance and immediate
practical urgency.

Within language education, a longstanding tendency to privilege face-to-face instructional models
has produced competence frameworks that foreground grammatical accuracy, vocabulary breadth, and
spoken fluency while inadequately accounting for the multimodal literacies required in digitally mediated
communication [22]. Researchers have since reconceptualized foreign language competence as a dy-
namic, situated capacity for meaning-making that integrates linguistic, digital, and multimodal resources
[23]. This expanded understanding challenges teacher educators in Kazakhstan to reconsider how pro-
fessional language knowledge is constructed through engagement with interactive video platforms, cor-
pus-based tools, social media environments, and Al-powered tutoring systems - tools that are no longer
supplementary but constitutive of contemporary communicative practice. Local empirical evidence sup-
ports the practical viability of this approach. A recent study at the South Kazakhstan Pedagogical Uni-
versity examined the development of foreign language communicative competence among first-year nat-
ural science students through online speech simulators created on the Tilda platform. The quasi-experi-
mental study (n = 84) found significant improvement in communicative competence - especially in the
sociocultural component - with 32 students in the experimental group advancing from medium to high
competence levels [24]. This institutionally grounded evidence underscores the concrete potential of dig-
ital educational resources and the necessity of adapting national standards to formalize their role in
teacher preparation. Against this backdrop, the present article examines four interconnected dimensions
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of foreign language teacher preparation in Kazakhstan's digital age: (1) the role of digital educational
resources in developing communicative competence among pre-service teachers; (2) the integration of
multimodal digital platforms to create technology-mediated learning environments; (3) teacher educa-
tors" awareness of digital pedagogical frameworks, notably DigCompEdu and TPACK; and (4) the poten-
tial of digital tools to support innovative foreign language assessment design. Drawing on theoretical
frameworks and current empirical evidence from Central Asian and international contexts, the article
concludes by proposing directions for future research responsive to Kazakhstan's trilingual education
policy and its evolving digital infrastructure.

The Role of Digital Educational Resources in Developing Foreign Language Competence

The primary objective of technology-enhanced foreign language teacher education in Kazakhstan
is to prepare pre-service teachers to develop their own communicative competence in the target lan-
guage while simultaneously acquiring the pedagogical skills necessary to integrate digital tools into their
future classrooms. Research indicates that teachers generally possess strong content knowledge but
struggle to integrate technology and pedagogy effectively; a lack of administrative support and dedi-
cated time has been identified as a persistent obstacle in the Kazakhstani context [25]. The shortage of
training programs tailored to educational technology use in bilingual settings further limits teachers'
capacity to leverage these tools [26]. Studies show that peer collaboration and informal communication
settings increase students' willingness to speak and persist in language use, while technology-enhanced
communication significantly amplifies motivation by creating access to authentic interlocutors [27] re-
port that students demonstrate greater interest in English when classes incorporate audiovisual materi-
als, supplementary digital resources, and opportunities for online interaction — formats that substan-
tially strengthen confidence in speaking. In contexts where natural language exposure is limited, digital
platforms and Al-based applications often become the primary medium through which learners access
authentic materials and experience genuine communication [28]. The integration of digital resources in
teacher preparation also raises equity concerns regarding differential access to technology among pre-
service teacher populations. The absence of a unified ICT environment and insufficient Kazakh-language
digital content remain significant barriers to equitable digital transformation [29]. Anuncritical embrace
of digital tools can adversely affect students' attitudes toward their existing pedagogical knowledge and
undermine linguistic and cultural identities, particularly among pre-service teachers from rural and semi-
urban regions [30]. Equitable access to quality digital educational resources must therefore be treated
as a foundational principle - consistent with Tokayev's (2023) vision of a just Kazakhstan in which edu-
cational opportunity is not determined by geographic or socioeconomic circumstance. Redecker's [31]
DigCompEdu framework identifies six key competence areas for digitally prepared educators: profes-
sional engagement, digital resources, teaching and learning, assessment, empowering learners, and fa-
cilitating learners' digital competence. Research demonstrates that pre-service teachers in many coun-
tries often possess fundamental digital competencies;, however, significant disparities persist in ethical
awareness, pedagogical integration, and critical thinking [32]. A systematic review found that teacher
educators'modeling of digital practices plays a pivotal role in shaping pre-service teachers' overall digital
competence - surpassing the impact of both direct instruction and integrated curriculum approaches
[33]. This finding has direct implications for how faculty development is prioritized within Kazakhstani
pedagogical universities. Kazakhstan's pedagogical universities have been introducing innovative digital
technologies into foreign language teacher preparation in response to national strategic priorities out-
lined in the State Program for Education and Science Development for 2020-2025. Research confirms
that teachers and learners alike need to develop digital and linguistic competences simultaneously - ra-
ther than focusing on specific ICT tools that frequently become obsolete - so that students remain en-
gaged and motivated as educational demands evolve [34]. Artificial Intelligence-Assisted Language
Learning. Al-powered platforms - including conversational agents, intelligent grammar feedback sys-
tems, and adaptive vocabulary tools —enable pre-service teachers to receive personalized, immediate
feedback on their target language production at any time and place [35]. Research confirms that com-
bining Al tools with communicative task design in interactive pedagogical models positively influences
learner motivation, leading to greater involvement and active participation in professional language
learning [36]. Kazakhstan's designation of 2025 as the Year of Digitalization and Artificial Intelligence
creates a particularly favorable national context for piloting Al-assisted foreign language programs
within pedagogical university curricula. Virtual Reality and Augmented Reality Technologies. Immersive
VR and AR environments offer pre-service language teachers unprecedented opportunities to engage in
authentic target language communication within simulated professional contexts. Studies show that im-
mersive VR modes significantly enhance communicative confidence and academic language awareness,
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demonstrating the unique multimodal affordances of these technologies for language learning [37]. For
future teachers in Kazakhstan, VR can simulate high-stakes professional scenarios - international aca-
demic conferences, parent-teacher discussions in English, collaborative lesson planning with foreign col-
leagues - enabling competence development within contextually rich simulations that conventional class-
rooms cannot replicate. Mobile-Assisted Language Learning. The widespread ownership of smartphones
among Kazakhstani university students creates substantial opportunities for self-directed target lan-
guage practice beyond classroom hours, supporting the development of autonomous professional lan-
guage learning habits [38]. Personalized digital content allows students to regulate their own progress
and engage in communicative tasks at their own pace, sustaining motivation through learner-directed
practice [39]. For pre-service teachers in regions distant from major urban centers, mobile learning plat-
forms represent a particularly valuable tool for equalizing access to quality foreign language resources.
Synchronous Video Communication Tools. Platforms for synchronous video communication have become
integral components of foreign language teacher preparation programs across Kazakhstan, particularly
following the COVID-19 pandemic, which dramatically accelerated the digitalization of higher education
[40]. These tools enable authentic target language interaction with international partners and native
speakers, creating genuinely communicative learning contexts that traditional classroom instruction
cannot provide. Gamification and Digital Game-Based Language Learning. The integration of gamifica-
tion principles into foreign language teacher preparation demonstrates significant potential for enhanc-
ing engagement, motivation, and target language retention [41]. Integrating corpus literacy into prepa-
ration programs equips future teachers with research tools that support continuous professional devel-
opment well beyond the completion of their university studies, directly contributing to the lifelong learn-
ing goals of Kazakhstan's national education strateqy. To counteract traditional transmission-oriented
approaches that frame pre-service language teachers primarily as deficient target language users,
teacher educator programs in Kazakhstan are encouraged to help candidates reframe digital tools not
merely as supplementary aids but as fundamental resources for advancing equitable foreign language
pedagogy. Research confirms that teachers face significant challenges in integrating technology and
pedagoqy, with administrative support and time identified as persistent obstacles [42]. This has direct
implications for the design of preparation programs at institutions such as the South Kazakhstan Peda-
gogical University, where pre-service education must systematically address both the technological and
pedagogical dimensions of digital tool use. The Technological Pedagogical Content Knowledge frame-
work Mishra & Koehler [43] conceptualizes effective technology integration as the dynamic intersection
of Technological Knowledge, Pedagogical Knowledge, and Content Knowledge, and provides an im-
portant theoretical lens for developing pre-service language teachers' digital competencies. A systematic
review of TPACK research cautioned that the field risks "running in circles"” - repeatedly examining the
same relationships without methodological innovation -and called for more context-specific, longitudi-
nal, and interventionist studies [44]. This finding underscores the particular need for research conducted
within the Kazakhstani context. ICT in education encompasses the use of computers, the Internet, and
related technologies to facilitate teaching and learning. This includes utilizing software applications, dig-
ital tools, and online resources to convey knowledge, enhance educational quality, and offer richer, more
interactive learning experiences. The goal of integrating ICT into education is to provide a more dynamic,
adaptable, and varied learning environment that will support students’ general growth and acquisition
of information. By integrating technology, educators can better address the needs of students and in-
struction, as well as adapt to evolving learning environments. The attitude of an individual is defined as
their level of preference for using ICT and their perception of its effectiveness [46]. According to the
latest study results, ICT offers numerous ways for students to learn and allows teachers to employ various
teaching methods. Technological advancements have enabled teachers to become proficient with tech-
nology. It is essential for educators to maintain a positive attitude while using it innovatively and effec-
tively [47]. Meanwhile, teachers’ attitudes regarding utilizing digital technology in the classroom are
closely correlated with their level of technological competency [48]. For instance, a research by Clipa
found a strong positive link between the usage of technology in classrooms and teachers’ opinions about
it (r=0.45,p<0.01) [49]. Research consistently reveals that approximately half of pre-service teachers
do not feel sufficiently prepared by their study programs to foster digital competence in their future stu-
dents, with those lacking teaching practice feeling significantly less prepared [50]. In Kazakhstan, a dec-
ade of higher education reform has required teachers to acquire new professional competencies to re-
spond effectively to students' needs, yet preparation programs have not kept pace [50]. The metacommu-
nicative competence framework developed specifically for foreign language teachers in Kazakhstan high-
lights the communicative approach as the primary tool of Content and Language Integrated Learning
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theory, advocating for comparative analysis of required competencies across institutional and regional
contexts. Despite considerable scholarly attention to digitally enhanced pedagogy in language teacher
preparation, its integration into assessment design remains notably underexplored in the Kazakhstani
context. Current assessment practices largely adhere to standardized written and oral proficiency for-
mats that fail to capture the multimodal communicative performances characteristic of technology-me-
diated professional contexts. Kazakhstan's 103rd-place ranking in the EF English Proficiency Index calls
into question the effectiveness of existing assessment approaches and underscores the need for innova-
tive frameworks aligned with digital communicative realities. Researchers have proposed portfolio-
based, multimodal, and technology-mediated assessment formats that allow pre-service teachers to
demonstrate their full professional communicative competence more accurately [51]. Gorter and Cenoz
[52] explore incorporating multilingual and multimodal approaches in language assessment - including
translated instructional content and multimodal scoring rubrics that aggregate evidence of communica-
tive performance across multiple modes and platforms. A crucial challenge in designing such assessments
remains balancing construct validity, reliability, and practical manageability within institutional con-
straints [53]. Research using the DigCompEdu framework found that in-service teachers consistently out-
perform student teachers in all six areas of digital competence, with the most substantial gap in the area
of Digital Resources [54]. This finding suggests the need for targeted assessment instruments that meas-
ure pre-service teachers' digital resource competence specifically, rather than relying solely on general
language proficiency measures. Practical recommendations include embedding digital tools into assess-
ment curricula, providing hands-on training in digital assessment practices, and monitoring digital com-
petence development systematically throughout the preparation program. Digital Multimodal Compos-
ing has emerged as a particularly promising approach, enabling pre-service teachers to demonstrate com-
municative development through diverse representational modes - written text, recorded spoken perfor-
mances, digital visual compositions, and interactive multimedia presentations [55]. Integrating such ap-
proaches into Kazakhstani pedagogical university programs would create assessment environments that
simultaneously develop foreign language competence and the digital pedagogical toolkit, producing
graduates better equipped for the communicative and technological demands of Kazakhstan's evolving
educational landscape.

Method

This study employed a one-group pre-test/post-test quasi-experimental design to investigate the
effectiveness of Digital Educational Resources (DER) in developing the foreign language competence of
pre-service English teachers. A quasi-experimental approach was selected because random assignment
to conditions was not feasible within the institutional context; however, the integrity of the pedagogical
intervention was maintained through systematic control of instructional variables and the use of a stand-
ardised assessment instrument administered at two time points (Week 1 and Week 10). The study aligns
with the paradigm of mixed-methods educational research, integrating quantitative pre/post-test meas-
urement with qualitative attitudinal data collected through a post-intervention satisfaction survey. The
independent variable was defined as the instructional treatment — a ten-week DER-enriched language
programme — while the dependent variable was the participants’ foreign language competence score,
operationalised across five sub-domains: listening, reading, writing, speaking, and grammar and vocabu-
lary. The study was conducted at a South Kazakhstan Pedagogical University during the academic year
2025-2026 as part of the researcher's supervised pedagogical practice placement.

Participants

The study involved 26 third-year undergraduate students (n = 26) enrolled in group 1703-13, a
Bachelor's-level Foreign Language (English) programme. All participants were pursuing a qualification in
English language pedagogy and were at the B2—C1 proficiency level according to the Common European
Framework of Reference for Languages (CEFR), as confirmed by an institutional placement test adminis-
tered prior to the study. The group comprised 16 female (61.5%) and 10 male (38.5%) students, reflect-
ing the typical gender distribution found in pedagogical faculties in Kazakhstan. The course textbook in
use was Solutions Intermediate (Oxford University Press), supplemented throughout the experiment by
the DER platforms described in Section 3.4. All participants provided informed consent for their anony-
mised academic data to be used for research purposes. The study was conducted in compliance with the
ethical principles of educational research. Participation was voluntary, and students were informed that
their academic performance would not be affected by their involvement or withdrawal from the study.
All data were anonymised prior to analysis. No personally identifiable information is reported. The re-
search protocol received approval from the supervising faculty at the South Kazakhstan Pedagogical Uni-
versity.
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Table 1
Foreign Language Competence Assessment Instrument
Competence Domain Assessment Task Max Score | Evaluator
Listening Authentic audio (BBC/TED), multiple-choice + short answer | 20 Automated + Teacher
Reading Academic text comprehension (IELTS-format) 20 Teacher
Writing Argumentative essay (250 words) 20 Rubric (CEFR)
Speaking 2-min individual monologue + pair roleplay 20 Teacher panel
Grammar & Vocabulary | Gap-fill + error correction (40 items) 20 Automated
TOTAL Integrated Foreign Language Competence Score 100 Mixed

Note. CEFR = Common European Framework of Reference for Languages; Rubric = standardised
analytical scoring rubric.

Data Analysis

Quantitative data were analysed using descriptive and inferential statistics. Descriptive statistics
— including means (M) and standard deviations (SD) — were computed for pre-test and post-test scores
across all five competence domains. A paired-samples t-test was employed to determine whether the
differences between pre-test and post-test mean scores were statistically significant. The effect size was
calculated using Cohen's d to assess the practical significance of the observed gains. All quantitative
analyses were conducted using IBM SPSS Statistics (v. 26). The level of statistical significance was set at
p <.05. Qualitative data from the post-intervention student satisfaction survey (six Likert-scale items, 1
= strongly disagree, 5 = strongly agree) were analysed descriptively, reporting mean agreement scores
and percentages.

Table 2
Pre-test and Post-test Results: Descriptive Statistics and Paired-Samples t-Test (n = 26)

Competence Domain Pre-test M (SD) | Post-test M (SD) | GainA | t-value | p

Listening 13.2(2.1) 16.8 (1.7) +3.6 6.14 <.001
Reading 14.1(1.9) 17.4 (1.5) +3.3 5.87 <.001
Writing 12.4 (2.5) 16.1(2.0) +3.7 6.43 <.001
Speaking 11.8(2.8) 15.9 (2.2) +4.1 7.02 <.001
Grammar & Vocabulary | 13.6 (2.0) 16.6 (1.6) +3.0 541 <.001
TOTAL (out of 100) 65.1(8.3) 82.8 (6.4) +17.7 | 9.34 <.001

Note. M = mean; SD = standard deviation,; Gain A = mean post-test minus mean pre-test; all p-
values are two-tailed, df = 25.

The most substantial gains were observed in Speaking (A = +4.1, £(25) = 7.02, p <.001) and Writing
(A =+3.7,t(25) = 6.43, p < .001), suggesting that multimodal digital tasks — particularly Zoom-based
oral activities, Canva visual storytelling, and Al-assisted writing — were especially effective in promoting
productive language skills. Grammar and Vocabulary demonstrated the smallest but still statistically
highly significant gain (A = +3.0; t(25) = 5.41, p <.001), consistent with the supplementary role played
by gamified drill platforms (Kahoot!, Quizizz) in the programme design. The overall composite mean score
increased from 65.1 (pre-test) to 82.8 (post-test), representing a gain of 17.7 percentage points. This is
equivalent to a large effect size of Cohen's d = 1.84 — a value that indicates that the DER-enriched
programme produced not only statistically significant but also practically meaningful improvement in
foreign language competence. Note. Both subgroups showed statistically significant gains (p < .001).
Independent-samples t-test for Gender x Gain: t(24) = 0.38, p = .71 (non-significant), confirming no sig-
nificant difference in gain magnitude between male and female students. Female students achieved a
slightly higher absolute gain (A = +17.8) compared to male students (A = +17.3); however, this difference
was not statistically significant (p =.71), indicating that the DER-based programme was equally effective
for both groups. This finding is consistent with research suggesting that well-designed digital learning
environments can reduce motivational and participation disparities traditionally associated with gender
in language learning contexts. Post-intervention survey data (Table 7) indicated consistently high levels
of satisfaction across all six dimensions. The highest-rated items were the perceived engagement value
of digital tools (M = 4.8) and students' willingness to recommend the programme (M = 4.8), with 96.2%
of respondents agreeing or strongly agreeing with both statements. The item addressing Al-assisted error
identification received the lowest mean rating (M = 4.5), possibly reflecting initial unfamiliarity with Al-
assisted pedagogical approaches. Nonetheless, 84.6% of students endorsed this item positively.

Discussion

The results of this study provide robust empirical support for the hypothesis that the systematic
integration of Digital Educational Resources into foreign language instruction significantly enhances the
competence development of pre-service English teachers. The composite mean gain of 17.7 points (from
M=65.1toM=82.8, d=1.84) substantially exceeds the 10—12-point improvement benchmarks typically
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associated with effective EFL interventions at the B2—C1 level in comparable quasi-experimental studies
(Godwin-Jones, 2022; Klimova, 2020). Several instructional and contextual factors likely contributed to
this outcome. First, the multiplatform design ensured that all five competence domains received sus-
tained, technology-mediated practice across the ten-week period. Unlike single-platform DER studies,
the present programme'’s diversity of tools prevented the motivational plateau effect that can occur with
repetitive digital formats. Second, the integration of Al-powered platforms in Weeks 5 and 8 facilitated
metalinguistic awareness: students were not merely using language but critically analysing it, a process
known to accelerate accuracy development in advanced learners. Third, the collaborative affordances of
Padlet and Zoom appear to have been particularly impactful for Speaking and Writing gains. When stu-
dents produced language for authentic digital audiences — their peers via Padlet gallery walks or via live
Zoom debates — the communicative stakes were higher than in traditional classroom settings, motivat-
ing greater linguistic investment. The relatively modest gain in Grammar and Vocabulary, compared to
productive skills, may indicate that gamified drill platforms such as Kahoot! and Quizizz, while motivat-
ing, are more effective as consolidation tools than as primary vehicles for deep structural acquisition.

Future Research Directions

To advance the study of foreign language teacher education in Kazakhstan, this article proposes
adopting digital resource integration as an analytical perspective across diverse research contexts. The
primary aim is to shift research focus from viewing language competence as a fixed set of grammatical
rules toward exploring the diverse multilingual and multimodal repertoires through which professional
communicative meaning is constructed [55]. This perspective is particularly consequential in Kazakh-
stan’s trilingual educational context, where foreign language competence cannot be understood inde-
pendently of pre-service teachers'Kazakh and Russian language repertoires. Future research should draw
on combined methodological approaches that integrate multimodal discourse analysis with interpreta-
tive phenomenological analysis to examine the complexities of digital language practices in multilingual
teacher preparation contexts. Such analysis requires diverse data sources - including video recordings of
technology-mediated classroom interactions at Kazakhstani pedagogical universities, digital learning ar-
tifacts, and metalanguage data representing pre-service teachers' reflective accounts of their engage-
ment with digital resources. Research on Technology-Related Language Anxiety highlights the psycho-
logical dimensions of developing professional communicative competence through unfamiliar platforms;
this anxiety can undermine professional confidence. Equally, there is an urgent need to investigate pre-
service teachers’ positive emotions - including enjoyment and creative engagement - as important dimen-
sions of their responses to digitally mediated preparation that current research has largely overlooked.
The transdisciplinary framework proposed by the Douglas Fir Group [36] offers a productive lens for this
research agenda, identifying three interdependent levels of influence: the micro level of moment-to-mo-
ment social interaction, the meso level of institutional and community practices, and the macro level of
ideological structures and policy environments. Applied to Kazakhstan, this framework encourages re-
searchers to examine how technology-enhanced practices at the classroom level are shaped by institu-
tional digital policies at pedagogical universities and by the broader sociocultural values embedded in
Kazakhstan's national modernization agenda. Responding effectively to the challenges identified in this
article will require the sustained collaboration of pedagogical universities, national educational authori-
ties, and researchers committed to advancing equitable, innovative, and technologically responsive for-
eign language teacher education across Kazakhstan's diverse regions.
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FROM HUMAN, ARTIFICIAL, AND COLLECTIVE INTELLIGENCE TO SPEAKING DEVELOPMENT: ENHANC-
ING SPEAKING SKILLS AMONG KAZAKHSTANI HIGH SCHOOL STUDENTS THROUGH ENGLISH CLUB AC-
TIVITIES
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Astana, Kazakhstan
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ABSTRACT

This study looks at how English Club activities can help Kazakhstani high school students improve
their English-speaking abilities in relation to the conference theme The Future of Intelligence: Human,
Artificial, Collective. English has strategic importance in Kazakhstan's multilingual educational environ-
ment, but evaluation procedures, resource inequality, and a lack of opportunity for real-world oral com-
munication frequently limit school-based speaking training. According to recent studies, teachers in Ka-
zakhstan still operate under policy-to-practice mismatches, and students often face fear, little exposure
to the target language, and inadequate supportive speaking situations. In light of this, the article makes
the case that English Clubs can be thought of as places where human intelligence is developed through
introspection and self-control, collective intelligence is developed through peer discussion and group
meaning-making, and artificial intelligence can serve as an additional tool for practice, feedback, and
confidence-building rather than as a substitute for human interaction. English Clubs are positioned as a
workable and forward-thinking approach for enhancing speaking skill in Kazakhstan by the paper's pre-

liminary, analytically grounded findings and small-scale school-based mixed-methods study design.

Keywords: speaking skills, English Club, Kazakhstan, human intelligence, collective intelligence, ar-
tificial intelligence, EFL, high school students

INTRODUCTION

In the context of modern education, intelligence is no longer solely defined as a person's cognitive
ability as determined by their own performance. Three interrelated forms of intelligence are becoming
more prevalent in language learning: human intelligence, which encompasses individual reasoning,
memory, self-regulation, and communicative decision-making; collective intelligence, which arises when
students collaborate, support one another, and co-create meaning; and artificial intelligence, which can
increase access to rehearsal, feedback, and customized practice. This triadic approach is particularly per-
tinent to foreign language instruction since speaking progress depends not only on students' knowledge
but also on how they communicate, negotiate meaning, and react to support structures both within and
outside of the classroom.

In Kazakhstan, this framing is very crucial. English has been strategically linked to educational mo-
bility, international involvement, and future career progression, and the nation has publicly committed
to a multilingual language policy focusing on Kazakh, Russian, and English. However, current research
indicates that there is still a significant disconnect between the goals of policy and the actual conditions
of schools in Kazakhstan when it comes to teaching English. Speaking is still undervalued in many sec-
ondary school settings due to evaluation systems that continue to prioritize grammar and reading, and
teachers report inadequate training, inconsistent resources, and limited target-language contexts.
Speaking development in such a setting necessitates venues outside of the official classroom.

This essay makes the case that English Club activities provide one such area. More precisely, it sug-
gests that English Clubs can function as a forward-thinking educational paradigm where students im-
prove their speaking abilities by interacting with artificial, collective, and human intelligence. The arti-
cle's three goals are to: (1) place English Club activities in the context of recent research on speaking
instruction in Kazakhstan, (2) create a conceptual link between the conference theme and the author's
research topic, Enhancing Speaking Skills among Kazakhstani High School Students through English Club
Activities; and (3) provide a methodologically sound design for a school-based study along with prelimi-
nary findings and discussion.

LITERATURE REVIEW

SPEAKING INSTRUCTION IN KAZAKHSTAN: POLICY, PRESSURE, AND LIMITED ORAL SPACE

According to recent studies, English has a strong but precarious position in Kazakhstan. On the one
hand, English is closely linked to internationalization and is part of the nation's multilingual educational
mission. However, implementation is still uneven, especially in public school settings where top-down
reforms don't necessarily align with classroom reality. According to Imanova et al. (2025), teachers in 17
different regions reported differences in personnel, training, resources, and teaching conditions. They
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specifically mentioned target-language environments, like speaking and reading clubs, as one of the
things that are most lacking in effective English education. According to the same study, teachers sug-
gested extracurricular activities including reading clubs, speaking clubs, acting groups, and debates as
useful strategies to enhance English instruction in Kazakhstan.

Speaking makes this policy-practice mismatch much more apparent. According to Tleuov (2025),
assessment policies in Kazakhstani secondary schools promote grammar and reading competency, leav-
ing speaking skills undervalued. The study also reveals that teachers frequently attempt to provide op-
portunities for local speaking, but they do so under pressure from class size, standardized testing, insti-
tutional standards, and variable student skill. To put it another way, there are communicative objectives,
but the educational environment does not always support them.

This structural tension is mirrored in the learner experience. According to Yessenbekova's (2024)
research on English-speaking difficulties in Kazakhstan, peer and teacher interactions can either help or
impede speaking growth, and low proficiency is directly linked to psychological obstacles including stress
and low confidence. Crucially, the study suggests that in order to foster a more encouraging and engag-
ing atmosphere, additional speaking events and perhaps regular speaking clubs should be used. These
results make English Clubs extremely pertinent as a pedagogical response to a recognized local demand
rather than as optional pleasure.

ENGLISH CLUBS AS SPACES OF HUMAN AND COLLECTIVE INTELLIGENCE

When learning a language, human intelligence encompasses more than just vocabulary and gram-
mar. It encompasses risk-taking, self-monitoring, planning, attentiveness, and the ability to deploy lan-
guage resources under communicative pressure. Therefore, speaking is one of the most obvious ways that
human intellect manifests itself. Speaking, however, hardly develops on its own. Through engagement,
it grows.

This is the point at which communal intelligence becomes crucial. Peer-peer collaborative dis-
course, according to Swain (2002), facilitates second language acquisition because language serves as a
cognitive and communicative tool at the same time when students work together to solve linguistic puz-
zles. Students who engage in productive peer contact are able to think through language with others in
addition to having more opportunities to communicate. Knowledge is shared, negotiated, and improved
cooperatively in these contexts.

This notion is supported by recent research on extracurricular speaking programs. Demiréz (2025)
discovered that students participating in an extracurricular speaking program benefited from more
chances to utilize language outside of the classroom. The results showed improvements in speaking per-
formance, engagement, confidence, social interaction, and psychological well-being. The report also
highlights how these programs create an environment that is open and encouraging, allowing students
to express themselves more freely and develop relationships with others both within and outside of the
classroom. Similar to this, Nabilla et al. (2025) report that while participants in an online English-speak-
ing club still encountered psychological and linguistic challenges like anxiety, fear of making mistakes,
and lack of fluency, the club helped with language development, psychological benefits, and opportuni-
ties for collaborative learning. All of these research point to the fact that clubs are important because
they combine practice, emotion, and peer support.

This is particularly crucial for high school pupils in Kazakhstan. English Clubs can provide a lower-
stakes, more dialogic setting where students practice spontaneous speaking, gain confidence in their
ability to engage with others, and learn to co-create meaning when formal classrooms are still limited
by curriculum requirements. In this way, an English Club is a small-scale community of collective intellect
as well as an extracurricular activity.

ARTIFICIAL INTELLIGENCE AS AUGMENTATION, NOT REPLACEMENT

Artificial intelligence will play a part in spoken pedagogy in the future, but its role must be carefully
considered. The concept that Al should take the place of instructor guidance or peer communication is
not supported by current research. Rather, Al seems to be most helpful when it enhances practice.

The potential of conversational Al and chatbot-based aids for speaking development is demon-
strated by an expanding body of literature. Al-powered chatbots can help with speaking outcomes, con-
fidence, engagement, motivation, pronunciation, and decreased speaking anxiety, according to Du and
Daniel's (2024) comprehensive evaluation of 24 studies. Conversational Al tools in ELT have demon-
strated favorable affective and cognitive effects, according to Lai and Lee (2024). However, the literature
is still primarily focused on Asian EFL contexts and still needs more thorough school-based research. Ac-
cording to Li et al. (2025), empirical research on generative Al in language acquisition expanded quickly
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in 2023-2024, however the majority of studies concentrated on writing and higher education, leaving
K-12 and speaking relatively unexplored.

More specifically, Hou and Min (2025) discovered that dialogue-based CALL systems had a moder-
ate overall impact on the development of second-language speaking, with higher effects in certain goal-
oriented and out-of-class circumstances. Al-powered speaking tasks can also greatly enhance speaking
performance and lessen speaking anxiety, according to Ebadi et al. (2025), although they also caution
against a potential trade-off between automation and autonomy. Similarly, studies on collaborative con-
versational agents indicate that Al can assist in scaling dialogic coaching across several groups, particu-
larly in situations where educators are unable to keep an eye on every encounter in real time. However,
this field of study also demonstrates that, absent adequately thought-out Al support, increased dialogue
productivity does not necessarily translate into deeper learning.

This implies that Al should be ethically and modestly incorporated into the current topic. Artificial
intelligence can be used as an optional speaking partner in a high school English Club for practice, idea
generation, pronunciation checks, reflective feedback, or micro-practice outside of class. Nonetheless,
teaching students to communicate with and on behalf of others should continue to be the fundamental
component of speaking development.

METHODOLOGY

RESEARCH DESIGN

A small-scale mixed-methods intervention study with a qualitative focus is suggested in this work.
The design is based on Braun and Clarke's (2006, 202 1) approach to theme analysis for finding patterns
in learner experience, as well as Creswell and Creswell's (2018) view of mixed methods as appropriate
for combining quantifiable change with interpretive depth. Because the study examines a useful inter-
vention implemented by a teacher-researcher in an actual school environment, it is also pedagogically
consistent with action-oriented classroom research.

RESEARCH SITE AND PARTICIPANTS

A high school in Kazakhstan where English is taught as a foreign language is the suggested study
location. About twenty to thirty pupils from grades nine through eleven who willingly join an English club
would make up the participants. This group is suitable because teenagers at this stage frequently have
sufficient language skills to take part in guided speaking exercises, but they still need a lot of assistance
with fluency, self-assurance, and impromptu communication.

INTERVENTION

1. One 80-90 minute English Club session each week would be held during the eight-week inter-
vention. Communicative speaking exercises such role plays, conversations, games, problem-solving exer-
cises, mini-debates, storytelling, interview circles, and group presentations will be included in every ses-
sion. Three guiding principles would form the club's structure:

2. Planning, speaking, reflecting, self-correcting, and developing confidence are all examples of
human intelligence.

3. Students that possess collective intelligence collaborate in groups and pairs, support one an-
other, and jointly create meaning.

4. Artificial intelligence: Students can choose to employ Al technologies for rehearsal, vocabulary
assistance, pronunciation practice, or reflective speaking feedback outside of club time.

DATA COLLECTION

Data collection would combine quantitative and qualitative sources in order to capture both per-
formance change and learner experience.

A pre- and post-speaking task would be given first. An analytical rubric emphasizing fluency, vo-
cabulary, grammatical control, pronunciation, and interactional efficacy would be used to grade students
on a brief solo speaking exercise. Second, following every club meeting, the teacher-researcher would
record organized observation notes, concentrating on participation trends, self-assurance, peer cooper-
ation, and noteworthy speaking behaviors. Third, students would fill out departure cards or brief reflec-
tive notebooks to document how each session went, what they found challenging, and what gave them
the confidence to speak. Fourth, after the conclusion of the intervention, a smaller group of participants
would participate in focus groups or semi-structured interviews. Finally, if Al tools are used, student self-
reports and selected interaction logs could be collected to understand how artificial intelligence sup-
ported or constrained speaking practice.

This approach is consistent with recent studies on extracurricular speaking programs and speaking
clubs, which have successfully combined interviews, observations, reflective reports, and performance
measures to understand the value of out-of-class speaking practice.
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PRELIMINARY FINDINGS AND DISCUSSION

Because no raw dataset is supplied in this draft, the following findings are presented as preliminary
and analytically grounded expectations based on the proposed design and the existing literature.

FINDING 1: ENGLISH CLUB PARTICIPATION IS LIKELY TO IMPROVE SPEAKING CONFIDENCE AND
WILLINGNESS TO COMMUNICATE

The first anticipated result is that frequent attendance at English Club sessions will boost students’
self-esteem, lessen their fear of speaking, and raise their willingness to interact. A lower-stakes club style
is likely to encourage students to take oral risks more voluntarily in the Kazakhstani context, where
speaking anxiety and judgmental classroom environments have already been identified as impediments.
In contrast to a standard test-oriented classroom, the club would offer reqular exposure to spontaneous
speaking in a more encouraging social setting. This anticipated result is consistent with the findings of
Yessenbekova (2024), Demiréz (2025), and Nabilla et al. (2025), who all stress the significance of prac-
tice-rich surroundings, supportive interaction, and decreased anxiety.

FINDING 2: THE STRONGEST MECHANISM OF CHANGE IS EXPECTED TO BE COLLECTIVE RATHER
THAN PURELY INDIVIDUAL

The second anticipated result is that peer-supported interaction, in addition to individual work,
would propel students' advancement. Collaborative problem-solving, pair work, and group projects
would probably assist students come up with ideas, borrow structures, negotiate meaning, and carry on
lengthier conversations. According to this viewpoint, the English Club becomes a place of collective in-
telligence where dialogic engagement fosters the development of speaking skills. This is experimentally
backed by research demonstrating that extracurricular activities promote interpersonal skills, group be-
longing, and active involvement, and it is theoretically consistent with Swain's understanding of collab-
orative discussion. As a result, the club's primary contribution can be a distinct ecology of speaking prac-
tice rather than just "more speaking practice.”

FINDING 3: ARTIFICIAL INTELLIGENCE IS LIKELY TO BE USEFUL ONLY WHEN SUBORDINATED TO
HUMAN GOALS

The third anticipated result is that speaking practice aided by Al might be advantageous, but only
if it is utilized as an addition rather than a replacement. Particularly after school hours, some students
would probably like Al for practice, immediate feedback, vocabulary prompts, or pronunciation assis-
tance. When learners don't have enough exposure to the target language, this could be really helpful. But
an over-reliance on Al can also limit original thought, decrease peer engagement, or lead to an over-
reliance on automated recommendations. Al can increase speaking performance and lessen anxiety, but
it also raises concerns about autonomy, critical involvement, and striking a balance between dependence
and support, according to recent studies. In the present study, the most educationally sound outcome
would therefore be a complementary model: Al for rehearsal, humans for communication, and the group
for meaning-making.

OVERALL DISCUSSION

When considered collectively, these early results point to the need to avoid framing the future of
intelligence in language instruction as a contest between people and machines. The relational model is
more effective for speaking pedagogy. Because students must think, make decisions, exercise self-con-
trol, and speak for themselves, human intellect is still crucial. Collective intelligence remains indispensa-
ble because language is learned in interaction and through shared meaning-making. Artificial intelligence
has significant educational usefulness, but mostly when it increases practice and feedback availability
without taking the place of human communication. For Kazakhstani high school students, English Club
activities may therefore represent a particularly strong model of future-oriented language education:
socially grounded, psychologically supportive, and selectively technology-enhanced.

CONCLUSION

Enhancing Speaking Skills among Kazakhstani High School Students through English Club Activities
is linked to the conference theme The Future of Intelligence: Human, Artificial, Collective. This correlation
is not merely surface-level, according to the findings. Speaking is still limited in Kazakhstani schools due
to gaps in policy implementation, unequal access to resources, evaluation washback, and a lack of oral
practice settings. By providing a more adaptable and interactive environment for oral development, Eng-
lish Clubs directly address these issues.

According to the article, English Clubs stimulate human intelligence through introspection, self-
control, and communication; collective intelligence through group discussions, peer support, and cooper-
ative problem-solving; and artificial intelligence through carefully chosen rehearsal and feedback tools.
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The suggested methodology further shows that a small-scale mixed-methods intervention in a Kazakh-
stani high school can be used to study this subject in a rigorous, APA-compatible manner.

In this way, intelligence in language education is not just going to be artificial in the future. It is
dialogic, hybrid, and morally sound for education. For high school students in Kazakhstan, the English
Club can serve as a useful location where these three types of intelligence converge and where speaking
development becomes more self-assured, cooperative, and long-lasting.
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Abstract

The article examines the possibilities of applying gamification in teaching Russian as a foreign lan-
guage at levels A2-B1. Special attention is paid to the author's practical experience gained in the process
of teaching in a national audience. The results of a pedagogical experiment aimed at identifying the im-
pact of game elements on students' motivation and academic performance are described. A conclusion
is drawn about the feasibility of systematic use of gamification in teaching Russian at the intermediate
stage.

AHHOmMayus

B cmamaee paccmMampuBaromcs BO3IMOXCHOCMU NPUMEHeHUSs 2elmuguKkauuu 8 0byyeHuU pyccKkomy
A3bIKY KAK HepoOHoMy Ha yposHax A2-B1. Ocoboe sHUMaHue ydesnsemcs Npakmuyeckomy onbimy
asmopa, NoJly4eHHoOMy B npouecce NpenoddsaHus 8 HAUUOHA/bHOU ayoumopuu. ONuCbIBAOMCS
pe3ysibmamal Nedazo2udecko2o 3KCNepuMeHmd, HANpas/IeHHO20 HA BbiSBIEHUE BJIUSHUS U2POBbIX
J/1eMeHmoB Ha MOMUBAUUK U YCnesaeMocms 0byyarouuxcs. [enaemcs 8bisod o yenecoobpazHocmu
CUCMEeMHO020 UCNOJIb308AHUS 2elMupuKkayuu npu 0by4eHuU pyccKomy A3bIKY Ha CpeoHemM 3mane.

Keywords: gamification, learning Russian, motivation, game technologies, pedagogical experi-
ment, digital education.

Knroqesbie c108a: 2edimugukayusi, 0by4eHue pyccKomy S3bIKy, MOMUBAYUS, U2pOBbIe
mexHos102uU, nedazoauyeckul 3KkcnepumeHm, yugposoe obpazosaHue.

B nocnedHue 200bl npenoddasaHue pycckoeo S3bIKa KAk UHOCMPAHHO20 BCE Yauje Bbixooum 3a
PAMKU ~ MPAOUUUOHHbIX MemOOUK, OPUEHMUPOBAHHBIX NPEUMYyUIeCMBeHHO HA O0bbsSCHeHue u
3aKpensieHue 2pamMmMamuyeckux NPasusl. Smo CBA3aHO He MOJIbKO C yugposusayuel 06pa3oBaHus, Ho u
C U3MeHeHUeM Camux 06y4aroujuxcs: UX OXUOAHUS, KO2HUMUBHbIe NPUBBLIYKU U POPMbI BOBJIEYEHUS B
Y4ebHbIl Npouecc CywecmBeHHo OMIUYaromcs om NPedbioyuiux NOKoIeHUU. [Toamomy nedazoau ulym
HoBble NpUéMbi, Memoobi, Ymobbl cOeams Ypoku bosee UHMepecHbIMU U pe3yibmamuBHbiMU. OOHUM
U3 Mmakux memodos AB8JIemcs 2eliMuduKkayus, Komopas UCNO/Ib3yemcsa Ha 3aHAMUSAX He MOJIbKO KaK
BCNOMO2amesibHbIU 3/1eMeHm, HO U KaK CAMOCMOosmesibHbIi Memooudyeckull UHCMpyMeHm.

o0 eelimugukayuel 8 nedazoeuke NOOPA3yMeBaemcs NPUMeHeHUe U2pPOBbIX MexaHuk (6asibi,
YPOBHU, pedmuHau, Hazpaob!) 019 NOBbLIWEHUS BOBJIeYeHHOCMU B y4ebHbIl Npouecc U 3¢pekmusHocmu
obyyeHus. Kak nodyepkusaem y4eHbil u 3kcnepm 8 0b61acmu KoHBepeeHyuu uz2p K.Kann, 4epe3 uzposbie
MeXAHUKU Npoucxodum nNepeocMbic/ieHue y4ebHo2o npoueccd, codelicmaue obyqeHuro U peuleHue
npobsiem. B 3mom cmbicie 2elimuukayus Xopowlo BnUCbIBaemcs 8 0esmesibHOCMHbIU NOOX00: CMyoeHm
nepecmaem 6bimb NACCUBHLIM NOJIy4amesieM 3HaHuld U CMAaqoBUMCSH Y4acmHUKOM npouecca. Ecau
20B0pUMb MeHee GopMasibHo, eelmugukayus pabomaem NOMOMY, 4YMO OHA anesupyem K
eCmeCcmBeHHbIM Yes10Be4eCKUM peakuyusm — UHMepecy, asapmy, XesadaHuro Npoepeccd. VIMeHHO 3mo2o
yacmo He xsamaem HA MPAOUUUOHHbIX 3AHAMUSAX NO PYCCKOMY [3bIKY, 20 60/buioe Kou4ecmBo
NPAasuJI U UCKJIH04eHUU Moxcem bbICmpo YmoM/ISme.

Teopemuyeckue UCC/e00BaHus NOOMBEPHOArom, Ymo BHEOpeHUe U2POBbIX 3/1eMeHmoB
cnocobcmayem YcusieHuro BHympeHHel MOMUBAUUU U BOBJIEYEHHOCMU OOYYAaroWUXCs, a MAakxe
obsie24arom YcsoeHue CI0XHo20 mamepuand. Hanpumep, [lo30Hakosa M.H. ommevaem, 4mo
eeliMuuKayus CHUXaem Ko2HUMUBHYK HAzpy3Ky npu pabome ¢ epammamukod u ekcukod. B cBoro
o4epeob, a Epogeesa A.A. nodyepkusaem ee posib 8 POPMUPOBAHUU KOMMYHUKAMUBHbIX HABbIKOB.

OO0HAKo 0CObEHHO BaXeH He cam dakm UCNOIb30BAHUS U2POBbIX 3/1IeMEHMOB, d MO, KaK UMEHHO
OHU BCMPpoeHbl B y4ebHbill npouecc. [pocmoe dobasneHue «basnio8 3a OmMBembl» peoko odem

108



VI INTERNATIONAL SCIENTIFIC CONFERENCE. BERN. SWITZERLAND. 14-15.04.2026

ycmolyusbit 3¢pekm. [opa3do 6onee pes3yibmamuBHbIMU OKA3bIBAOMCA CUEHAPHbIe GOpMbl —
KBECMbI, posiesble uepbl, CUMYJIAUUU. Hanpumep, 8 NpaKkmuke 06y4YeHUsi PYCCKOMY S3bIKY MOMCHO
UCNOJIb30B8AaMb MOOEJIb «20pPOOCK020 KBeCMAax»: CmydeHmam nped/iazaemcsi cepusi 3a0aHuli —om NOKYNKu
busrema 0o obuwieHus B Kage. Kaxcooe BbiNOIHEHHOe 3a0aHue omKpbiaaem ciedyrouiull yposeHs. B
makom gopmame 2pammamuyeckue KoHCMpPYyKUuuU (nadexu, 2/1a20/bHble popMbl) 0CBAUBAOMCSH HE
U30/1UPOBAHHO, a B KOHMEKCMe pedsibHoU KOMMYHUKAUUU.

Ocobyro 3Ha4umocme eeliMugukayus npuobpemaem B8 ayoumopusx, 20e pycckul Sf3bIK He
AB8/19emcs pOOHbIM. B n000bHbIX 2pynnax 4acmo Habito0aemcs NOBbILIEHHAS S3bIKOBAS MPEBOXHOCMb!
cmydeHmbl 0NACaromcs owubok, u3be2arom YCMHbIX BbICKA3bIBAHUL, NpednoYumarom 3aHUMams
NACCUBHYHO NO3ULUK. BKIHOYeHUe UepoBbIX MOMEHMOB NO3B0/ISEM YACMUYHO CHAMb 3MO HANPAXeHUe,
co3zoasas bosiee be3onacHoe KOMMyHUKamuBHoe NPOCMPAHCMBO.

d¢ppekmusHocmb 0aHHO20 noodxoda bbiia anpobupoBaHa MHoU B8 Xo0e NPAKMUYecKoz2o
ucc1e008aHus. B meyeHue 00Ho20 y4ebHo20 Modysia bblia nposedeHa uHOUBUOyadibHAs paboma c 08yMs
NapannesibHeIMU 2pynnamu, BA0HUUX PYCCKUM S3bIKOM 8 00UHAKoBOU cmeneHu. Ha HavyasibHom
amane Kypca Habs0aaack munuyHas OUHaMuKka: 00CMAamoYHO BbICOKAS AKMUBHOCMb HA NEPBbIX
3AHAMUAX U NOCMENEHHOEe CHUXEHUE BOBICYEHHOCMU NO Mepe YCJIOMHEeHUS Mamepuasd, 0CObeHHo npu
U3YYeHUU 2/1a20/1bHOU CUCMEMB.

C uenblo usMeHeHuss 0aHHOU cumyauuu Obl1 0peaHU308aH nNeddzoeuyeckul 3KCnepumeHm
NpoooIHUMEIbHOCMbIO 6 Hedesb (18 npakmuyeckux 3aHamudl). B ucciedosaHuu NPUHSIU 2 Y4ebHble
2pynNnbl NEepBOKYPCHUKOB 00HoU cneyudsbHocmu. OOHA epynna (KOHMpOoJbHAsA) u3 28 cmyoeHmos
oby4anack NO mpaduyuoHHol modenu, a B0 Bmopol (3kcnepumeHmasbsHold — 30 cmydeHmos)
nposoodusiace 2elmucukauyus. lpu 3MOoM NPUHUUNUATbHO BAXHbIM Obl10 COXPAHUMb  YHebHYH
Hanpas/ieHHOCMb 3KCNEPUMEHMAsIbHOU 2pynnbl U He Npespamumse 3dHIMUs 8 uzpy 8 OYKBAJIbHOM
CMbICTTE.

Bo smopoli 2pynne ucno/ib308a/aUCh C/Ie0youUe 3/1eMeHMbI:

1) Cucmema HakonumesibHbIX 6annos. CmydeHmbl NOAYHAIU UX He MOJIbKO 3d NpasusibHble
omBembl, Ho U 3a y4yacmue B 06cyx#0eHuu, NonbImKU ChopmMyIupOBAMb MbIC/Ib, UHUYUAMUBY B UA/IO2E.
Smom nooxo0 NO3BOJIUM U3MEHUMb OMHOWEHUe K OowubKe: oHAa nepecmana BOCNPUHUMAMBbCS
UCKJTFOYUMEIbHO KaK ompuuamesibHbIl pesyibmam u cmasa Yacmbro NPOUECca 0byyeHus.

2) Ponesbie 3a0aHus. Hanpumep, npu u3y4deHuu memabl «[ToKynKu» mMooeaupoBandch cumyayus

obweHUs B Ma2azuHe, 00OHAKO C HebOJIbWUM YC/IOHCHEeHUeM: CMYyO0eHmMam npeodsiaediuch CKpbimble
KOMMYHUKamuBHble 3a0aqu. Tak, 00UH U3 Y4acmHUKOB 00/ eH bbll «0653amesibHO NOJTYHUMb CKUOKY»,
opyeoll — «He ycmynams B yeHe», mpemuld — «Kynumb KAk MOMXHO bbicmpee». VIHmepecHo, 4ymo B
npouecce BbINOJIHEHUS 3a0aHUss CMyO0eHmMbl Hepeoko Omxoouau Om 3ay4YeHHbIX modesel U NbIMAaauch
UMNPOBU3UPOBAMb. B 00HOM U3 C/iydaes cmyoeHm, UCNbIMbIBAroWuUt mpyoHocmu ¢ epammamuod,
cymes1 00CMAmoYHo ybedumesibHO BbICMPOUMb dP2YyMeHMAUUro, UCNOJIb3ys 02paHUYeHHbId Habop
cpedcma, HO € ABHOU KOMMYHUKamusHoU uesibto. [10006HbIe 3a0aHUs BbI3bIBAJIU 3aMEMHO 6oJ1ee XUBYH
PeaxkyuUro NO CPABHEHUIO C MPAdUUUOHHbBIMU 0UA/I02amu No 0bpasuy.
3) Takxe npumeHsAUCbL 3d0dHUS KBECMOBO20 MuNd, NPeonosaearoujue NocaedoBamesbHoe
BbINOJIHEHUe >Manos. Hanpumep, Npu NOBMOPEHUU JIeKCUKU CMYyOeHmMb! OOX#CHbI bbiiu «npoimu
Mapuwipymy», BbINOJIHAS Hebosibwiue 3a0aHus, Kaxooe U3 KOMOPbIX OMKPbIBAIO cCiedyrouwud 3man.
BaxtHO ommemums, YmMo oWUbKU He 6J10KUPOBAIU NpooBUX@eHUe, a 06CY#OanuCh KOMIeKmMUBHO, YmMo
cnocobcmsosasiio Gopmuposaruro bosee dosepumesibHoU ammocepbl. [1o Moum Hab/IOOeHUAM,
UMEHHO B MAKux CUMyauusx 4auje Bo3HUKAIU CNOHMAHHbIE pensiuku, He NpedycMOmMpPeHHbIe 3apaHee.

4) Lugposbie uHcmMpymeHmbl. Hanpumep, npu U3yYeHUU JIeKCUKU OH/IAUH-BUKMOPUHBI,
UHMEePAKmUBHbIe YNPAaXCHEeHUs NO3BOJIA/IU HEe MOJIbKO 3aKpenums HOBbIe C/I0BA, HO U AKMUBU3UPOBAMb
UX UCNOJIb30B8aHue 8 pequ. OOHAKO OHU UCNOJIb30BA/IUCH 3NU300UYECKU U BbINOIHAIU CKOpee BYHKUUI
onepamusHol obpamHol cBs3u. OCHOBHOU aKUeHmM COXPAHS/ICA HA YCMHOU KOMMYHUKAUUU.

HabsirodeHuss nokasasau, Ymo K cepeouHe 3KCnepumeHma 80 BmMOPoU 2pynne 3Ha4yumesibHO
YBEJIUYUIOCh KOIUYeCMmBO CMYyOeHmMOoB, peaysIspHO y4acmsyrowux 8 ycmHol pabome. Eciu paHee
aKMUBHOCMb NPOSABAA/A NPUMEPHO MpPemb 2pynnbl, MO B KOHUE — 60/bWUHCMBO 06YYaroU4UXCS.
OcobeHHO nokazamesibHO, YMO B KOMMYHUKAUUIO BKJIHOYU/IUCL CMYyOeHmbl, paHee 3aHUMaswiue
NAaccusHyro NO3ULUR. B nepsol xe 2pynne cumyauus ocmasnack 6e3 uameHeHud.

Lina oueHku 3gpekmusHocmu bbi1u BbI6paHbI 3 NOKazames:

- YCBOGHUE JIeKCUKU (N0 Umo20BOMY mecmy),

- peyesasi akmuBHOCMb (KOIUYECMBO YCMHbIX BbICKA3bIBAHUU HA 3aHIMUU);

- ypoBeHb MomuBauuu (nNo wkase camooueHku om 1 0o 10).
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Tabauya 1. Pe3ysibmamal 3KcnepumMeHma

[Tokazamerib KoHmMposibHAas 2pynna | IKcnepumMeHmdasnbHas epynnd
Cpedruti 6ani 3a nekcuyeckut mecm | 68/100 80/100

CpedHee Huc/10 BbICKA3bIBAHUU 9 14

CpedHull yposeHs MomuBsauuu 6.1 8.3

Zna donosHumesibHoU npoBepku paziudull 6bi1 NPoBEOEH YNPOWEHHbIO cmamucmuyeckud
aHanus (E-kpumeputi CmbrodeHma). Paznu4usi No Bcem mpém NoKAazamesisiM 0Kaaiucb CMamucmu4yecku
3Ha4yumbiMu (p < 0.05), 4mo no3sosigem 2080pums O OOCMOBEPHOM BAUSHUU 2elMupukayuu Ha
pe3ysibmamai 06y4eHUs.

OcobeHHO  3aMemHbIM — OKA3a/s0Ch  YBe/ludeHue  peyesol  AKMUBHOCMU.  CMyoOeHmbl
3KCnepumMeHmasbHoU 2pynnekl Yawe BCMynasnu 8 oudsioe, pexe uzbe2aau omsemos U 0eMOHCMpUpPOBaAIU
60/1bWYHO UHULUAMUBY. IMO MOXHO 0ObACHUMb CHUMXCEHUEM NCUX0s102u4ecko2o bapbepa — ueposbie
anemeHmsI co3oarom bosee bezonacHyro cpedy 0J15 OWLUOOK.

AHKemuposaHue nokasaso, 4Ymo 82% cmy0eHmos 3KCNnepuMeHmMasabHoU 2pynnbi OUeHUsIU
3aHAMUSA Kak «bosiee UHmMepecHble», a 76% ommemusiu, Ymo «CMaso Jiee4ye 3anoMuHamse Ca08a». llpu
2mom bosiee 3Ha4yuMbIM NPeocMassisemcss He CMOJIbKO KOJauYeCmBeHHbIU pe3y/ibmam, CKOJIbKO
KayecmBseHHble U3MeHeHUs] B N0BeOeHUU CmyO0eHmOos.

YcmHas obpamHas ¢sa3b NoKaAzasnd, 4mo obyyaroujuecs cmasu BOCNPUHUMAMb 3AHAMUS KAk
MeHee opmanibHbie U bosee «doCcmynHble». B UX BbICKA3bIBAHUSX pe2yssipHO NOBMOPS/IUCH
POPMYNUPOBKU, YKA3bIBAIOWUE HA CHUXCEHUE CMPaxa OWUOKU U NOBbILEHUE YBEpeHHoOCmU B
UCNO/Ib30BAHUU 3bIKA. CMyO0eHmb! Yause ucno/ib308asuU U3y4aemyro 1eKCUKY CNOHMAHHO, d He MOJIbKO
B paMKax 3adaHull. Kpome moeo, Ycuiuaack BHYMPeHHSS KOHKYPeHUUs U BOBI@YEeHHOCMb B NPOYECC.
[10006HbIe U3MeHeHUs MPYOHO U3MepUmb KOJIUYeCMBEeHHO, 0OHAKO UMEHHO OHU 4acmo onpeoesistom
ycnewHocms 0by4YeHus Ha 0aHHOM 3mane.

Bmecme ¢ mem c/iedyem Ommemums, Ymo eelMupukayus He SBJISemcs YHUBEPCAslbHbIM
peweHueM. Ee 3¢pekmusHOCMb HANPAMYrO 3dsucum om Memoouveckol uesnecoobpasHocmu.
YpesmepHoe yBJiedeHue UepoBbIMU 31eMeHMAamu MoXem NPUBECMU K CHUMEHU OUCUUNJIUHBI UU K
CMeUW|eHUr0 BHUMAHUSA C COOepXaHus Ha gopmy. B smol csa3u npedcmasisemcs onpasoaHHbIM
20B0pUMb 0 HE0bxooumMmocmu «ymepeHHoU celimuuxkayuu», BCmpoeHHoU 8 06Uy J102UKY Kypcd.

Takum 06paszom, npoBedeHHbIU 3KCnepumMeHm no380Jsem coenams BbIBOO O MOM, YmMo
eelimupukayus npu obyyeHuU pycCKOMY A3bIKY KaK UHOCMPAHHOMY Ha yposHax A2-B1 cnocobcmsyem
nosbIWeHUro y4ebHol Momusauuu, akmusu3auuu peyesol OesamesibHOCMU U co30aHuro bosee
6s1azonpusmHol  ncuxonoeudeckol — ammocgepbl.  Haubonee NpoOyKmMuBHbIM — SIBASEMCS  ee
UCNOJIb30BAHUE B COYEMAHUU C KOMMYHUKAMUBHbBIM NOOX0OOM U NPU YCA0BUU YemKol opueHmauuu Ha
Y4ebHble uesu.
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Abstract

The article examines modern mentoring models applicable in the higher education system of the
Republic of Armenia, with an emphasis on their use in the process of language education and teaching
Russian as a foreign language. Both traditional (one-on-one individual mentoring, situational mentoring)
and innovative models (short-term and goal-setting mentoring, high-speed, flash mentoring, virtual, self-
regulated, reverse and team mentoring) are analyzed. Special attention is paid to their organizational
features, pedagogical potential, as well as possible psychological and professional barriers to implemen-
tation. The advantages and limitations of each model are identified, and options for combining them are
proposed, depending on the level of professional training of young specialists. The necessity of a flexible
approach to the choice of mentoring models is substantiated, taking into account the goals of the edu-
cational organization, the specifics of the university environment and the requirements for teacher train-
ing. The conclusion is made about the expediency of introducing variable and integrative mentoring mod-
els as an effective tool for improving the quality of professional training and developing the human re-
sources potential of the Universities of the Republic of Armenia.

AHHOMayus

B cmamee paccMampusaromcsl CoBpemMeHHble Mooesu HACMAasHU4ecmad, NPUMeHUMble B CU-
cmeme Bbicle2o 0bpaszosaHus Pecnybiuku ApMeHus, C akueHmoM Ha UX UCNOJIb30BAHUE B npouecce
A3bIKOB020 06PA30BAHUS U NPENn00aBaHusi PyCcCcKo2o KaK UHOCMPAHHO20. AHAAU3UPYHOMCS KaK mpacuyu-
OHHble (UHOUBUOYA/IbLHOE HACMABHUYECMBO «00UH HA 00UH», CUMYAUUOHHOE HACMABHUYECMBO), Mak u
UHHOBAUUOHHbIE MOJesIU (KPamKOCPOYHOE U Ueslenosiazaroujee HacmasHU4Yecmao, CKOpOCmMHoe, hiaw-
HAcmasHU4ecmao, BUPMYasbHoe, CaAMopeysiupyemMoe, pesepcuUBHoe U KOMaHOHOe HacmdasHU4Yecmso).
Ocoboe BHUMaHUe yoengemcs Ux op2aHu3ayUoOHHbIM 0CObeHHOCMAM, Nedazo2u4eckomMy NomeHuuasy, a
Make BO3IMOMCHbIM NCUX0/I02UYECKUM U NPOGECCUOHAIbHbIM 6apbepam npu peanusauyuu. Boissistomcs
npeumyu,ecmaa U 02paHuyeHuss Kaxool modesiu, Nnpedsiaearomcs 8ApUAHMbI UX KOMOUHUPOBAHUS B 3d-
BUCUMOCMU OM YPOBHS NPOPECCUOHAIbLHOU NOO20MOBKU M0JI00bIX cneyuasaucmos. ObocHoBbIBaemMcs
Heobxodumocmb 2ubko2o Nodxoda K Bbibopy modenell HacmasHUYecmaa ¢ y4emom uesel 0bpazosa-
mesibHoU opeaHu3auuu, cneyuguxku 8y308ckol cpedbl u mpebosaHul K noo2omoske npenodasameriel.
Jlenaemcs 8b1800 0 uenecoobpazHocmu BHeopeHUs BapUamMUBHbLIX U UHMe2pamuBHbIX Modesield Hacmas-
HUYecmaa Kak 3¢gekmusHo20 UHCMPYMeHMAa NOBbILLEHUS Ka4ecmBa NpodeccuoHanbHol N0020MoBKU
U passumus Kadposo2o NOMeHyuasia sy308 PA.

Keywords: mentoring, mentoring, higher education, Republic of Armenia, language education, RFL,

mentoring models, flash mentoring, virtual mentoring, reverse mentoring, team mentoring, professional
development, young professionals, pedagogical activity
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Knroyesble c/108a: HacCmasHU4ecmso, MeHMOPCMBO, BbiCUuee 0bpazosaHue, Pecnybiuka ApmMeHus,
A3bIKoBoe obpasosaHue, PKM, modenu HacmasHu4yecmsa, Giauw-HacmasHU4ecmso, BUpmyaibHoe
HACMasHU4ecmao, pesepcusHoe HaCMasHUYeCmB0o, KOMAHOHoe HaCMAasHUYecmBo, NPOPECCUOHATIbHOE
passumue, Mos100ble Cneyuaaucmel, nedazo2udyeckas 0esmesbHOCMb

BsedeHue

Lna epamomHod paspabomku MemoouKku OCYUIeCmBIeHUS HACMABHUYECMBA B NPOUECCe A3bIKO-
B020 0b6pazoBaHus cedyem NoopobHO U3yHUMb MOOe/IU HACMAsHU4Yecmsad u 8bibpams Haubosiee onmu-
MaJsibHyr0. Bedb B HaCMOosiujee BpemMsi COBEPUIeHHO CNPABedIuBO MeHMOPCMABO CYUMAeMCs 371eMeHMmoM
MemoouKku pabomsi npenodasamesia 8 cucmeme BbICEe20 NPOpeccuoHabHo20 obpasosarus [1]. B
nepsyro o4epedb 0bpamumcs K mpaouyUoHHoU MoOesIu HACMABHUYeCmBad — MAK Ha3biBaemMoe Hacmas-
HUYecmBo «00UH Ha 00UH». Mo B3aumodelicmaue Mexcdy Kosieeamu, a UMeHHO. ONbIMHbIM BbICOKOKBA-
JUGPUUUPOBAHHBIM CNEYUAIUCMOM U HAYUHAOWUM Memooucmom. [1pu 3mom BpemMs HacmasHU4ecmsa
MOXem B8apbUpoBAmMbC om 3 Mmecsaues 0o 200d. /119 ombopa HacmasHUKA, PABHO KAK U e20 «N00oNney-
Ho2o» criedyem onpedesiumb COOMBEMCMBYHWUe KPUMePUU C y4emom, B-nepayro o4yepeds, onbima, d
MAakxe HasbIko8 NpenoddasaHusl u HacmasHudecmaa. Cqumaem, Ymo ciedyem makxe 0653amesbHo
YYUMbIBAMB NOJIOXUMESIbHbIE JIUYHOCMHbIE XapaKkmepucmuKU HACMAasHUKa u np.

Ha Haw 8325150, 0159 obecneqyeHust 3auHmMepecosaHHo20 UHOUBUOYA/IbHO-0PUEHMUPOBAHHO20 NOO-
X00a K N00oNeYHOMY, Mex0y HUM U HACMABHUKOM OOJIHCHbI CJIOXUMbCH 2aPMOHUYHbBIE U MEeCHbIe OMHO-
weHus. To/IbKO B 3MOM c/1y4ae Moxcem bbimb c030aHa KoMbopmHas 06cmaHosKa 018 0CYyWeCcmB/1eHUs
BCE20 NPOYECca HaCMmasHU4eCmaa.

Credyem 02080pumb, Y HACMABHUKA B8 2pynne Moxem bbimb 0m 00H020 00 NAMU MOJI00bIX Cne-
yuaaucmos. A HaCMAasHUK 00HeH HemMeodsleHHO U 2pAMOMHO pea2upoBams Ha onpedesieHHble OMKJIo-
HeHus B Xo0e N0020MOBKU. He MeHee Bax3cHbiM NpedCcmasisemcs Ham NoowpeHue doCmuxeHuld Mosio-
ObIX cneyuasaucmos. Takold NoO0Xo0 peasibHO NO3B0OJIAem YCNEeWHO packpbimb CNOCOBHOCMU MOJI00bIX
cneyuanucmos. bosiee moeo, 8 KomaHde mo2ym bbimb CHOPMUPOBAHbLI JIUOEPHI, YMO NPEOCMABIAEMCs
Ham BeCcbMa No3UMUBHbIM SBJIEHUEM. [JaHHYH0 popMy HACMABHUYECMBA MOXHO onpedesiumb KAk CBoe-
06pazHbIll KypC NOBbILEHUS KBAUPUKAUUU M0JI00020 cneyuadaucmd.

TpaduyuoHHas Mooesip HACMAasHUYeCmaa / cumyamusHoe HACMABHUYECMBO

Ommemum, 4mo MpaduyUOHHAs MoOesb HACMABHUYeCMBAd UMeem PA3HOBUOHOCMb — 3MO MAK
HazbiBaemoe cumyauuoHHoe HacmasHuyecmso (Situational Mentoring). [laHHas pazHoBUOHOCMb AKMY-
aJ/ibHA, NOCKOJIbKY NOOpAzymesaem HemeoseHHoe NpedoCcmas ieHue HacmasHUKoM Heobxooumol KBa iu-
duyupoBaHHoOU nomowsu MosI000MyY CNeLUanUCmy Kaxobil pas, kKo2da oH 0CMpPo Hyx#0aemcs 8 COOm-
BEMCMBYOWUX COBEMAx, PeKOMeHOauusx, YKa3aHusx. B 0aHHoM C/iy4ae posib HACMABHUKA 3aK/IH04A-
emcs 8 obecneyeHuu 6b1cmpol NOMOULU, BbIABIEHUU OWUOOK U Hedo4emos B8 desmesibHocmu nodoney-
HO20, AKMUBHO20 PeazupoBaHus Ha CAOXUBWIYIOCS 3ampyoHUMEsbHY CUMYauuro (8 HEKOMOPbIX C/1y-
4asx KOHQIUKMHYK). B 0aHHOM ciiy4ae mMo2ym BO3HUKHYMb ONpedesieHHbIe NCUxoio02udeckue u neoazo-
au4eckue mpyoHocmu (bapbepsbl), a UMEHHO:

- HACMABHUK — 3MO ONbIMHbIU BbICOKOKBAAUGUUUPOBAHHKIL CNeyuanucm, Komopsil, ecme-
CMBEeHHO, 3aHUMaem 60oJ1ee BbICOKOE NOJIOXEHUE B BY3€, NOIMOMY MOJI00ble Cneyuadaucmsl Mo2ym uc-
NbIMbIBAMb 3AMEMHbIe U NCUX0/102U4eCKU onpasoaHHbIe MPYOHOCMU B HAIAXUBAHUU 2APMOHUYHbIX
OPYIECKUX B3AUMOOMHOWeEHUU KAk U3-3a paziuqul 8 cmamyce, mukK U U3-3a JIo2u4HoU NpUHAOIeHHO-
CMU K pa3HbIM NOKOJICHUSIM;

- HepeOKo HacmasHUKU 601e3HeHHO BOCNPUHUMArOM CB0E20 NOOONEYHO20/N0O0NEYHbIX, BOCNPU-
HUMQs UX KGK KOHKYPEeHMOB B KapbepHOM pa3Bumull.

Vcxo05 U3 BCe20 BbIUWECKA3aHHO20, CHUMAeM, 4mo 0aHHAs Mooesib Moxcem bbimb yCnewHo peasu-
308aHa 8 0ByX popmax: s3aumodelicmaue 8 NAapax Mosio0bIX CNeyuaaucmos, 00UH U3 KOMOopbIX umeem
onpedesieHHbId onbim paboms! 8 By3e U NO3MOMY JI02UYHO CMAHOBUMCS HACMABHUKOM bosiee masio-
ONbIMHO20 CNeyUaaucmd, Komopbil, BO3MOXHO, MOJILKO Npucmyndaem K npenodasamesibckol oes-
mesibHocmu. [pedcmassieHHas Mooesib BecbMd adkmydsibHa 8 paKypce NPUB/IeYeHUs U 3aKpensieHus Bbi-
NYCKHUKOB BY308 K nedazoaudeckol desmesibHocmu. [1pu 3mom 020BOpUM, YMOo, KAK Npasuso, onbima
pabomsi 8 ayoumopuu, a Mmakxe npogpeccuoHaIbHolU KOMNemeHmMHOCMU HaYUHarUie20 HaCMAasHUKA
on19 bosiee 2pamomHo20 U 3¢ppekmuBHO20 pazsumus c80e20 NOOONeYHO20 NPaKkmuyecku Hedocma-
MOYHO. Mo HABOOUM HA MbIC/Ib, 4MO NPO2PAMMY paccmMampusaemol Mooesiu HaCmasHU4Yecmaa (moy-
Hee, ee pazHOBUOHOCMU) HEObX0OUMO OONOJHIMb HOBbIMU AKMUBHbLIMU pOPMAMU.

Bmopod sapuaHm npeocmassieHHol Mooesiu OCHOBAH HA B3AUMOOElCMBUU HeCKOIbKUX MOJI00bIX
cheyuasucmos (2pynna 0o 12 4esnosek), Komopble 3aHUMArom NPAKmu4yecku OOUHAKOBbIe No3uyuu
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(0omicHocmu) 8 By3e. [Ipu 3mom, /102u4HO, HACMABHUKOM CMAHOBUMCS cneyuasaucm, umerouutl 60/ib-
wul onbim npenodasamesibckol desmesibHocmu, obiadaem 6osee eayboKUMU 3HAHUSMU UJIU YMeHU-
AMU/HABBIKAMU B NPOGECCUOHA/IbHOU 06/1acmu U MOXem Nooe/IumbCs C Opy2uM MeHee ONbIMHbIM Cne-
UuaauCmom. B npakmuka HacmasHu4yecmaa caedyem Cmpemumscs K 00CMUXeHuro Haubosbwe2o 3¢-
ekma. VHa4e HacmasHU4ecmBo mepsem CMbIC/. [103MoMy npu UCNOIb30BAHUU OAHHOU MOdesau Mbi
pekomeHOyem BapbUpoBaAmMb NPEOCMAB/IeHHYH MoOe/lb 2pyNNOBO20 HACMABHUYECMBA ¢ OpyeumMu ¢op-
Mamu, npu 3mom ymesio Npeodos1esas BO3HUKarouue npobiembs! (Komopbie Heu3bexHsbl).

Kpamkocpo4Hoe/Uenenosiazaroujee HacmasHUYecmso

O4eHb 3pppekmuBHyr Mooesib HaCMAasHUYecmaa sssisem cobol Mak HabiBaemoe KpamkKoCpoy-
Hoe/uenenonazaroujee HacmasHuvyecmso (Short-Term or Goal-Oriented Mentoring). /ins ce2o0HAWHe20
OHS NpU 02POMHOM deguuume BpemeHU 0aHHAs MOOesib NPeOCMAasIgemcs BeCbMa akmyasabHoU. 30eckb
HAcmasHUK u e20 nodoneyHbIt 0p2aHu3yrom MeHmMopCcKue BCmpeyu No NPedBapumesibHoO YCmAaHoB/IeH-
HoMy 2pacuKy u onpedesisrom KOHKpemHbie yesau pabomsl, Komopas 00/1#HA 6bimb 0pueHmMUpPOBAHA Ha
BeCcbMa KpamkKoCpoYHbIe U NPU 3MOM 0YeHb 3(pdeKkmuBHbIe pe3y/ibmamsl. B 0aHHOM c/iy4ae mpebyromcs
bosiblue ycunus HenocpeocmseHHo 0J11 NO00NEYHO20, NOCKOIbKY UMEHHO OH/OHA 00/ eH NO3UMUBHO
U aKmuBHO NPosIBUMBb cebs B 0603Ha4YeHHbIU Nepuod Mexcdy paboyumu BCcmpevamu. A 0oCmux3ceHue no-
CMasJieHHbIX uesed - Mo yxe coeMecmHas paboma HacmasHUKa u N00oNe4YHo20. Bedb He moJibKo Noo-
oneyHbIl SB/ISIeMCcs aKMUBHbIM Y4aCMHUKOM 0aHHO20 npoueccd. HacmasHuk pabomaem HapasHe ¢
HUM, Npocywiusaem ypoku, daem UeHHble COBembl, NOMo2aem ¢ Hay4YHO-Memoou4yeckol aumepamypol
unp.

O0Hako npedsiazaemas Mooesib He JluUeHa onpedesieHHbiX HeAoCMAamKoB, d UMeHHO. HeXBAMKa
JIUYHO20 0bWEHUS U3-3a HAMeYeHHbIX KOPOMKUX CPOKOB docmuxxeHus yesed. 1o 3moll npuduHe 0aHHYH
MOO€JIb Mbl HE MOX(eM PeKOMeHO0B8amMb HA4YUHArOWUM CNeyuaaucmam, NOCKOIbKY UM mpebyemcs bosee
mecHoe u UHMeHCcuBHoe B3aumodelicmsue co CBOUM HACMABHUKOM. Ycnex nepMmaHeHma obecnequsa-
emcs Npu yc108ul, Ymo HenocpeocmBseHHo NodoneyHbIl uMmeem onpeodesieHHbIt onbim pabomsl. B 0aH-
HOM C/1y4ae e2o0 NpogeccUoHaIbHoe passumue mMoxem b6bimb YcnewHo HanpasieHo 8 061acms Camo-
pazBuMmus.

loxoxcaa mModesib HacmasHU4Yecmsd - CKOPOCmHoe HacmasHudecmso (Speed Mentoring). Cko-
POCMHOe HACMAasHU4YecmBo npeocmassigem coboll 00HOKPAMHbIE BCMPeYU CNeyuasucmos co CBOUM
HAcmasHUKOM - bosiee KBaauduyupoBaHHbIM Cneyuanucmom [1o0obHsle «pazossie» BCmpeyu 0arom pe-
AJIbHYH BO3MOXCHOCMb 2PAMOMHO (GOPMYIUPOBAMb/YCMAHas/IUBAME HENOCPeoOCMBEeHHO uesb/uesu
Hay4Ho-Memoou4ecko20 pa3sumus, d MAkxe KapbepHo20 poCma. Bcmpeyu oCcHOBbIBArOMCS HA NOJTyYe-
HUU Heobxodumol UHGopmayuu, obMeHe MHeHUSIMU, PABHO KAK U JIUYHO20 ONbIMA HACMABHUKA. [1pu
2mom paboyue omHOWeHUs HaCMAsHUK — NOOONEeYHbIU OOJIHCHbI HeNnpemMeHHO CK/1a0biBAmMbCA NO NPUH-
yuny «pasHbIlt — pasHoMy». ¥ moJibko 8 3Mom C/1y4ae MOXCHO 00CMUHYMb Xe/1aemMo20 pe3yibmamd.

@3W-HacmasHU4ecmBso

B Hacmosuwee spems akmyasabHol U BocmpebosaHHol ¢opmMol HACMABHUYECMBA MOXCHO
HazBams Mak Hassisaemoe ¢aw-HacmasHuvyecmso (Flash Mentoring), komopas ssisem cobol HoBYHO
KOHUeNnuuro, a UMeHHO. Cneuuaiucmel, BbicKazaswue 006poBosibHOe HenaHue Cmamse HACMABHUKOM,
00/IHCHBI NPUHUMAMb Y4acmue 8 04eHb KOpomKoU Bcmpeyve ¢ NOMeHUUA/IbHbIMU NOO0ONEeYHbIMU (He 6o-
Jiee nosy4aca). Bo Bpemsi N0006HbIX KOPOMKUX BCMpPeY HaCMABHUKU OO/ HbI NOOeAUMbCS ONbIMOM
nposedeHus 3aHImMul U 0asamse UeHHbIe Hay4YHO-MemoouYyeckue pekoMeHoauuu Ha4yuHarowum compyo-
HUKAM. Bo3MO#(HbI Makxe coBemsl U peKoMeHoauuu nNo KapbepHomy pocmy. [1pu 3mom mosiooble co-
MPYOHUKU BOJIbHbI CAMOCMOAMEIbHO NPUHAMb peuleHue — NPoooIHams NOO0bHbIE BCMPeYU C HACMas-
HUKOM UJIU Hem, HyX(eH /iU UM HACMAasHUK. Eciu 0a, mo kakold umeHHo. OHU BOJIbHbI NOMEHSIMb HACMAds-
HUKQ, UMemb HeCKOJIbKO HACMABHUKOB 0/19 KPAMKOCPOYHbIX Bcmpey. Ommemum, 4mo 8 OAHHOM C/1y4ae
nodbop HacMAasHUKOB U NOOONEYHbIX He uMeem onpedesieHHbIX CMmpo2ux Kpumepues. Kpumepuu ycma-
HABAUBAKOM Camu nodoneyHble. Takum obpaszom, 0be CMOoPOHbI 3MO20 NPoUecca ObWeHUs O0IHCHbI
HenpemeHHO BUOeMb NepcNeKkmMuBY CB0e20 COMpPYOHUYeCmBad. 3mo 0CHOBHOe YC/108UE peasu3ayuu npo-
2pammsbl gprew-HacmasHudecmaad. Cedyem HenpemeHHo 020B0pUmsb, YMO NPeocmassieHHAs Mooesb
makxe umeem pso mooupuxkayul. CmaHoapmHas pasHoBUOHOCMb (G/IW-HACMABHUYECMBA — 3MO
BCE20 /UL OOHOPA308Asl BCMPEYA (BO3IMOXCHO MAkxe OH/IalH obueHue), KBaaupuyupoBaHHo2o cne-
Yuaaucma ¢ Ha4uHarouum Kosne2od. podomumesbHocmb 0aHHOU 00HOPA3080U BCMpPeYuU Moxem
b6bIMmb 0OM HeCKo/IbKUX MUHYm 00 Yacd.

Zpyeol Bud ¢rew-HacmasHu4ecmaa — nocsiedosamesibHoe, Ymo noopasymesaem pabomy mMosio-
do2o cneyuasaucma c 0Byms, mpems u bosiee HacmasHUKamu. ipuyem ¢ KaxobiM U3 HaCMAasHUKOB NOOo-
oneyHbIl UMeem HeCKOJIbKO BCMpeYy
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CKoOpOCmHOe HacMmasHU4ecmso

lMpedcmasnsem CKopocmHoe HaCMAasHU4YecmBo. Mo onpedesieHHass pazHoBUOHOCMb NOC/Ied0Ba-
mesibHo20 bdw-HacmasHu4decmaa. Camo Ha3saHue 3mo2o Nodsuda 2080pUM O MOM, YMO MEeHMOopb!
BCMPeYaromcs ¢ HaYUHAroUWUMU CNeUUaIUuCmamu Bceeo Ha HECKO/IbKO MUHYM, NOC/Ie 4e2o NOOONEeYHbIe
nepexoosm K 0py2omy HaCMAasHUKY.

I'pynnosoe ¢s3w-HacmasHU4ecmao

BecbMa 3¢ppekmuBsHo, Ha Hawl 832190, 2pynnosoe Gia-HacmasHu4yecmso. B smot modesu KBa-
JUGPUUUPOBAHHBIL ONbIMHBIU MEHMOP HACMABJISem Yxe epynny Mosi00bix Cneyuanucmos. lpu4yem 0aH-
HbIl popmam moxcem 6bimb 3pPekmuBHO peasu30B8aH Uus acnekme 2pynnoBo20 CKOPOCMHO20 HACMas-
Huyecmaa.

Bupmya/ibHoe HacmasHU4Yecmso

B Hacmosujee Bpems BCe aKmuBHee UCNOJ/b3YHMCS UHGOPMAYUOHHO-KOMMYHUKAYUOHHbIe mex-
HoJsio2uu. 3mo mo2ym bbimb pasaudHbIe 8e6UHAPbLI, MYyMOopUYMbI, BUOCOKOHGepeHuuU, paBHO KAk u cne-
uuasabHble naamaeoopmsl 019 OUCMAHUUOHHO20 (OH1alH) obyyeHus u np. [1]. [pedcmasisemcs ecme-
CMBEeHHbIM, YMO AKMUBHO passusaroujuecs KT cnocobcmaoBau NosBAeHUIO BUPMYAIbHO20 HACMAB-
Huvyecmaa (Virtual Mentoring). Ommemunm, 4mo 8 meyeHue 0ByX siem NPOBOOU/IACH BUPMYAsIbHAS NPO-
2pamMma HacmasHu4Yecmaa [4]. AHanu3 pe3y/ibmamos Uccie008aHuss 0aHHOU NPO2PAMMbI BbISBUJT NO3U-
MUBHbIE U3MEHeHUS B CO3HAHUU NOOONEYHbIX, KOMOpble CMAsau NPOoSIBASMb 60/bUYH 20MOBHOCMb K
obmeHy uHgopmauuel. bosee mo2o, Mo00ble Cneyuaaucmel — Y4acmHUKU BUPMYAIbHOU NPO2PAMMbI
e0uHO02/IaCHO OMMemusIU NOJIe3HOCMb 3MO20 NPOUECCA 8 PAKYpPCe KApbepHO20 POCMd, YMO MAK#e
npedcmassisgemcs HamMm BecbMa akmya/ibHbIM. HemMano8ax Hoe 3Ha4YeHue npu BUPMYadIbHOM 0bueHUU
uMeem U BO3MOXCHOCMb UCNOJ/Ib30BAHUS 3HAYUMEbHO20 06bema y4ebHbIX pecypcos, obecneyeHue peay-
JISIPHO20 KOJ1/1eaudibHo20 0buleHus. boaee moeo, BupmyanabHas cpeda oeaaem Npoepammy HacmdasHu-
yecmsa docmynHoU 0J151 WUPOKO20 KPyed Mos100bIX CNeyuaaucmos. 3mo 04eHb MobUIbHAs U 3dekmus-
Has, a makxe 8ocmpebosaHHAsa Ha Ce200HAWHUU 0eHb MOOe/b.

Camopezy/iupyemoe HaCmasHU4ecmso

VIHmepecHa modenib camopeayiupyemoeo HacmasHudecmsa (Self-Directed Mentoring). /laHHas
Mo0esib pabomaem HeckosIbKo No-UHOMY. B 0aHHOM Cay4ae HaCMAasHUKOB B8 JluUe ONbIMHbIX CNeyudsiu-
CMOoB, pasHO KAk U MOJI00bIX CNeyuaaucmos- uUx No0oNeyYyHbIX noonupaem He 8y3 (kageopa, ¢aky/ib-
mem). Haobopom, KBanuPUUUPOBAHHLIC 3HMY3UACMbl CAMU NpPedsidzarom CBOU HACMABHUYECKUe
yenyeu. Paccmampusaemas Mooesib UMNOHUPYem meM, Ymo pabomaem HACMAsHUKOM UMEHHO mom
cheyuasucm, Komopbil CaMoBOJIbHO peluus1 NOCBIMUMb cebs 3momy 0es1y u He boumcs mpyoHocmed u
omBemcmBeHHOCMU. A Mo/10000 CNeyuasucm makxe camocmossmesibHo, 6e3 NocmopoHHel no-
MOoWjU/BMewamesibCmBa UMeem peasbHyr BO3MOXHOCMb BbI6UPAMb cebe a0eKkBamHo20 e2o 3anpocam
HacmasHUKa.

PesepcusHoe HaCMasHU4ecmao

3acnyxusaem BHUMAHUS HOBAs MOOesib pesepcusHo20 HacmasHudecmsa (Reverse Mentoring).
30eck B npouecc HaCMAasHU4YeCMaa BoBIeKAemcs NPAKMUYECKU BeCb NPenooasamesibCKull KoaieKmus
6e3 y4ema 0o HOCMU, 38aHUS U BO3pACMAd. 30eCh HAa KOPPEKMHOM YpOBHE Y4UMbIBAEMCS 04eBUOHbIL
akm: Hepedko onbImHbIe CneyuasuCmsl CMapwezo 803pacma 3ampyoHaomcs npu pabome ¢ Hosel-
WUMU MEexXHOI02USIMU, B MO BpeMs Kak 0J1 MoJIo0bIX Cneyuasucmos 3ma paboma npeocmassisemcs
nezkoll u npocmod. O2080puM, Ymo 0aHHAsi 3Ma Mooe/lb OCHOBAHA HA AKMUBHOM B3aumodelicmBuu
Mexdy 0ByMS COMPYOHUKAMU: ONbIMHBIU U BbICOKOKBAIUGUUUPOBAHHBIU CNeyuaaucm, Komopsbil
cmapuwe no Bo3pacmy, CMAHoBUMCA HacmassigembiM. Ommemum, Ymo NpU peaauzayuu 3mod mooesu
Moxcem bbimb YCNeWwHo peweHa cepbesHas npobsiema HedoCcmamoyHoU UHGHOPMUPOBAHHOCMU ONbIM-
HbIX CNeyuaucmos Cmapuiux 803pacmos 8 06/1acmu HoBbIX mexHo102ud. [1pu 3mom 3Ha4umesibHoO No-
BbICUMCA MOMUBAUUS NOOONEYHbIX U HeUdmpaausyromcs ONACeHUs NO NOBOOY CBOL20 bydyuwie2o B 8Yy3e,
B35BWEM KYPC HA KOMNbOMEPU3AUUro U UHGOpMamu3ayuro y4ebHo2o npoyecca.

KomaHOHOe HacmasHu4ecmao

Cambil cnoxcHbIl, Ha Haw 83271890, BUO HACMAasHU4Yyecmsa — KomaHoHoe (Team Mentoring). C nomo-
Wbko peanusayuu 0aHHoU MOOeJIU MOXCHO B KOPOMKUE CPOKU N0O20MOBUMb NPEeMHUKOB pyKoBooume-
sed. [pednonazaemcs, Ymo 08a uiu 6osee onbIMHbIX HACMABHUKOB pabomarom ¢ 2pynnol Mo00bIX
Cneyuasucmos, NoMo2as UM 8 docmuxceHuu uesned. lpumeHeHue 0aHHol Mooenu 019 peuweHuUs 3aday
nodzomosku 6yoywux pykosooumesel (3as. Kageopol, 0ekaH, NpopeKmop, pekmop), Kak npasusio,
obecneyusaem xopouwiue pe3ysibmamai.

Bb1B0ObI
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Takum 0bpasom, Hamu NPOAHAIU3UPOBAHbLI AKMYA/IbHbIe MOOE/IU MEeHMOPCMBA, BblI0e/IeHHbIe U3
pasaugHbIx nybaukauud [2, 3, 4, 5, 6, 7, 8 u m.0.] u npedcmassieHbl Haubosee npuemnaemsie 019 06pazo-
BameJsibHO20 NPOCMPAHCMBA PA. Ha ocHoBe cyuw,ecmsyrouie2o onbimd, Bbi0e/1uB BeCb €20 NO3UMUB, Mbl
MOX(eM peKkoMeHO00Bams 3mu Modesiu MeHMOopCmMBa, omsaevaroujue ycio8usam obydeHus PKU 8 Pecnyb-
JIuKe ADMeHUS.

[lo0B00s umoeu, credyem ommemums, Y4mMo Kaxobil 8Y3, pakyibmem uiu kagheopa 00/xcHbI Bbi-
6pamsb cB0H0 MOOesIb HACMABHUYECMABd, UCX00s U3 NOCMABJIeHHbIX yenel U 3adady pa3sumusi CBOe20
Y4ebHo20 3a8€0eHUs.
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Abstract

The study explores the influence of the Internet on the contemporary Russian language. It examines
changes in vocabulary, grammar, and modes of emotional expression. Internet slang, memes, and emaojis
are analyzed. The research concludes that the language is flexible and capable of adapting to digital
communication.

AHHOmMayus

ViccnedosaHue NOCBAULCHO BJIUSIHUKO UHMePHema Ha coBpemeHHbIt pycckull 3bIK. PaccmampuBsa-
FOMCS U3MeHeHUS B JIeKCUKe, 2paMMAamuKe U cnocobax BbIpaxeHus ImMoyul. AHaIU3UpyromMCcs UHMep-
Hem-cJieHe, MeMbl U 5MO03U. JJenaemcs BbIB00 0 2ubKOCMU A3bIKA U €20 CNOCOOHOCMU adanmupoBambCs
K 4ugpoBol KOMMYHUKAUUU.

Keywords: Internet language, Russian language, slang, memes, emojis, digital communication, lan-
guage adaptation

KnroyeBbie €/108a: UHMepHem-A3bIK, pYCCKUl A3bIK, C/1eHe, MeMbl, SM0O3U, YUpPOBAsS KOMMYHUKA-
uus, adanmauus A3bIKa

BsedeHue

3a nocnedHue 200bI UHMEpHem CMa’sl He NPOCMO YACMbO HU3HU, a 00HoU u3 eé ocHos [1]. Jlrdu
NOCMOSHHO 06WAOMCSH 8 COUUA/IbHBIX CeMSAX, NePenUChIBArOMCE B MeCCeHOMepax, CMompam Buoeo U
yqacmayrom 8 oHaalH-coobuwecmaax. OCobeHHO CUIbHO 3MO BJIUSEM HA MOJIOOEX b, MAK KAK UMEHHO
oHa nposodum 8 cemu bosibuie Bcezo BpemeHu [2]. B pe3ysibmame MeHsemcs He moJibko cnocob obuje-
HUSI, HO U CaM fI3bIK.

CospemeHHbIl pycckull A3bIK BCE Yauje s3aumoodelicmsyem ¢ uHmepHem-cpedol. B He2o akmusHO
BX008M HOBbIE CJI0BA, NOAB/ISHOMCS HEOObIYHbIE OPMbI BbIPAXEHUS MbIC/eU, a MAKMe MeHsIemcs Cno-
cob nepedaqu 3mouull [3]. Tenepb, Ymobbl BbIPA3UMb HACMPOEHUE, Jito0U UCNO/b3YHM He MOJIbKO
C/1084, HO U 3MO03U, MeMbl U 0axe 0CobeHHOCMU HanucaHusi mekcma. Bcé amo desiaem si3bik 6osiee 2ub-
KUM U adanmupoBaHHbIM K 6bICMPOMy 0bLeHU!HO.

TeopemuyecKue 0CHOBbI

Jlekcuka, mo ecmb C/10BApHbIT COCMAB A3bIKA, peazupyem Ha usmeHeHus bbicmpee Bcezo. VHmep-
Hem 6YKBA/IbHO «C030aém» HOBbIe C/I0BA, KOMOpPbkIe bbICMPO pacNPOCMPAHAOMCA Cpedu NOJIb30BAMe-
ned [4]. MoxHo ckazame, 4mo S3bIK 8 Cemu HanoMuHaem mMody: 00HU BbIPAXEHUS CMAHOBSMCS NONY-
JIPHbIMU, 3dMeM UCYe3arom, a Ha Ux Mecme NOSIB/ISHOMCS HOBble. Ho NOKa makue C/108a UCNOJIb3YHMCS,
OHU U2parom BaXcHyro pPoJib U NOMO2Arom JI00SIM HyBCMBOBAMb Cebs 4acmbko onpedesiéHHoU 2pynnsbi.

Ce200HSs1 MOXCHO BbI0E/IUMb MHOX@CMBO NONYJISPHbIX UHMEepHem-C/108, KOMOopbie 4acmo BCmpe-
yaromcs 8 pequ Moso0excu. Hanpumep: «KPUHMC», «pod/i», «Kpaw», «umba», «paekcums», «3a-
b6admums», «3a0u3umse» U opyeue. Smu c108a YO0bHbI mem, Y4mo NO3BOJISHOM KOPOMKO U MOYHO
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nepeoams 3MOUUU UJIU OMHOWEHUe K cumyauyuu. BMecmo 0/1uHHO20 06bSACHeHUSs 00CMAmMOYHO 00HO20
c108a, Ymobki cobece0HUK NOHA cMbIc [3].

VIHmepecHo, 4mo pycckul s3bIK 00BOJIbHO J1e2KO «Npucnocabiusaem» maxkue 3aumMcmBoBaHus.
OHU Ha4uUHarom U3MeHsMbCS NO NPABUJIAM PYCCKO20 A3bIKA, Npuobpemas Hosble opmel. Hanpumep, om
C/10BA «KPUH@C» NOSIBJIAFOMCS BAPUAHMbI BPOOE «KPUHMCUK» WU «KPUHMCAHYMb», A OM Opyeux c/io8 —
«BUOOCUK», «UMbOBBIU» U Mak dasee. Mo NOKA3bIBAem, YmMo 0axce HOBbIe U 3aUMCMBOBAHHbIE C/I0BA
b6bICMPO CMAHOBAMCA YACMbHO A3bIKA [5].

OmoesibHoe Mecmo 8 UHMEePHem-KOMMYHUKAUUU 3aHUMArom MeMbl. Mo He NPOCmo WymKU, a
yesible CMbIC/I0BbIe KOHCMPYKUUU, KOMOopbie NoMo2arom 6bICmpo nepedams SMOYU0 UIU cumyayuro. Ya-
CMo 00CcMamoYHo 00HoU ¢paszbi, YMobbi Ye108€K CpA3y NOHSJ, 0 YEM uOém peyb. Hanpumep: «3mo ¢u-
ackow, «a YmMOo MAK MOXCHO ObIIO», «5 B WOKe». Takue BbIPaXeHUSs MOXHO CPABHUMbL C COBPEMEeHHbIMU
NOC0BUUAMU — KOPOMKUMU, HO EMKUMU NO CMbIc/Ty [6].

Kpome omoesibHbIX C/108 U MeMOB, UHMepHem co30aém U uesibie Mooesiu obuweHus. B onpedenér-
HbIX CUMYyayusx 110U UCNOJIb3YHOM Yxce 20MOoBble peakyuu. Hanpumep, ecsiu Ymo-mo Hes08Koe — 20B0-
PSIM «KPUHMC», €C/IU CMeWHO — «S 0pYy» UJIU «pOd/1», ec/iu KMO-MOo HPABUMCS — «y MeHs1 Kpaui». 3mo
ynpouwiaem obuweHue u desiaem e20 bbicmpee, NOMOMY YMO He HYy#HO 00/120 06bACHAMb CB0U SMOUUU

[3].

Cemb B/1USieM HEe MOJIbKO HA JIEKCUKY, HO U HA 2pamMmMamuky. B oHsaliHe 1oou Hepeoko omcmy-
narom om CMpo2ux HOPM A3bIKd, U 0earom 3mMo HamepeHHo. Mo He Bce2da Hedoyem — nopol 3mo
Memoo nepeoams YysCmad U/IU aKUeHmUposams UHMOHAUU. Takold NooXo0 MOXCHO CONOCMAasums ¢
MBOPYECMBOM: HOPMbI HAPYWAKOMCSA He XA0OMUYHO, d C Yesibro cOesnams peydb bosee wusod. [3].

VIMeemcsa HecKoJIbKo OMJIUYUMEsbHbIX Yepm UHMepHem-obuieHus. K npumepy, Hepeoko pacmsi-
ausarom 6ykBbil, 0abbi nepedams YyBCMBA: «0aaa», «Hyyy», «J1000/1». MO C/Iyx#um 0/ 0mobpax3eHus
Mo2o, Kak UMeHHo 38y4um ¢pasza 8 becede. Ewé mHoaue Habuparom mekcm 6e3 NponuUCHbIX 6YKB, 4mo
popmupyem owyuieHue n1é2kol u c80600HOU peyu.

BpemeHamu NPUMEHSIFOMCS CNeuudIbHble OWUOKU, Hanpumep: «npesed», «Kpocasyez», «Nu-
ysiIbKa». [10006HbIe C/108a 06bIYHO NPUMEHSIHOMCS B WYMJIUBOM KJIH04e U BOWL/IU B COCMAB UHMepHem-
Kysibmypbi [4]. Takxe pacnpocmpaHeHbl KpamKue BbIpaXeHUs 8p00e «5 He Mo2y», «3mMo BoOOWE YMOo»,
«Hy Kak mak». OHU BbIpa*carom YyBCmMBa ONepAamuBHO U 63 HeHYXHbIX YmMoYHeHUd.

OmoesibHO ciedyem ynoMsHymMb NPUMEHeHUe NYHKMyayuu. B cemu oHA BbINOJIHAEM He MOJIbKO
2PAMMAMUYECKYH0, HO U SMOUUOHA/IbHYIO yHKUU. K NpUMEpY, moYka cnocobHa 0603Ha4ams omcmpa-
HeHHOCMb WU HeodobpeHue: «Xopouwlo.» UIU «ACHO.». MHO20moYue HepeoKo Bbipaxaem HeysepeH-
HOCMb U/IU CMYUeHUe: «Hy BOM...» «BEPOSIMHO...». A 0busue BOCKAUYamesbHbIX 3HaKoB nepedaem
CU/IbHbIe Yyyscmaa: «mbi 2oellls [2]. [Topol odu coBepuieHHO He NPUMEHSHOM 3HAKU NPenuHAaHus, Ymo
co30aém owyuieHue ckopod, «<nomoKkosol» peyu. Bcé smo codedicmsyem coeniameb mekcm boJsiee 0xus-
JIEHHBIM U CXOXCUM HA YCMHOoe obujeHue.

Ewé 00HUM 3HAYUMbIM KOMNOHEHMOM UHMEPHeM-A3bIKa ABISFOMCS 3M003u. OHU 3amMewarom Mu-
MUKY, XCecmbl U UHMOHAUUK, KOmopbkle umeromcs 8 0bbi4HOU becede. [1ocpedcmBOM UX MOMXCHO NOKA-
3amb 4yBCMBA, OMHOWEHUE K BbICKA3bIBAHUSM WU 0ax)ce BHECMU WymkKy. K npumepy, «&» » 0emMoH-

cmpupyem CusibHbIl Xoxom, « & » — HebosbWy neyass, a « = » — pasHodywue [2]. Cmadiuku cno-
cobcmayrom moyHee nepedams CMbIC/1 nocaaHus. OOHA u ma xce ¢pasa cnocobHa 38y4amse NO-pAsHOMY
8 3dBUCUMOCMU OM NPUCOEOUHEHHO20 3Ha4yKka. K npumepy, «61a200apro» — 3mMo NPOCMO Y4mMuBOCMb, d
«cnacubo & » yre 38y4um oywesHee u padywHee. Takum obpazom, 3mod3u desarom mekcm bosiee sc-
HbIM U 4yBCMBEHHbIM.

MoxcHo ymBaepxoams, YmMo UHMepHem 0KA3biBaem 3Ha4yumesibHoe Bo30elicmaue Ha COBpeMeH-
HbIl pycckul A3bIK. OH npeobpasyem eKCuKy, 2paMMamuKy U MaHepb! BbIpAX(eHUs YyBCmB. S3bIK cMa-
HoBuUMCS 6osiee NOOBUXHBIM, 0NepamuBHbIM U NPUCNOCOO/IEHHbLIM K CBEMUM YC/I0BUAM B3aumodel-
cmBus. Bonpeku HeKomopbIM OMCMYNIeHUSIM O0mM KAHOHOB, 3MU Memamopgo3bl 0eMOHCMPUPYOM He
YNadok A3bIKa, a e20 Npoepecc U ymeHue Noocmpausamscs N0 mekywyro dedcmsumesibHocms [1].

MOoxHO cKazame, YmMo cemb 0Kasbisaem 60/ibUIOe BJIUSHUE HA COBPeMeHHbIU pycckull A3biK. OHa
MeHsiem JIeKCUKY, 2pPaMMamuKy U Memoob! BbIpa}ceHus 3Mouyul. A3bik cmaHosumcs bosee 2ubkum, one-
PAMUBHbIM U NPUCNOCOB/ICHHBIM K HOBbIM YC/I0BUSIM 0OWeHUS. HecMompsi Ha HeKOMOopbie OMKJ/IOHeHUS
OM HOPM, 3MU NEpemMeHbl NOKA3bIBAKOM He YyNddoK S3bIKA, d e20 pOCM U YyMeHue NoOCMpPauBamsCs N0
HbIHeWHH 0elicmBUMeIbHOCMb.

Pe3ysibmama! Ucc/1e008aHUS
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Ha ocHose u3y4yeHHoU UHgopmayuu mMbl NPOBEJIU UCC/Ie00BAHUE O BAXHOCMU UCNO/Ib30BAHUS UH-
mepHem-C/eH2a B paz20B80opHOU peyu: Kak 4acmo CmyOeHmb! UMU NOJIb3YHOMCS U HACKOJIbKO OHU XOPOUIO
NOHUMArom 3HA4YeHue c1eH2oB. B ucciedosaquu npuHaau y4acmue 103 cmyoeHma AIMamuHCKO20 mex-
HoJs102U4ecKo20 yHUBEepcUmema.

Kak Bcem u3BecmHo, 8 HaWU OHU UHMepHem uzpaem 02pOMHYH POJib B XU3HU /odel, 0cobeHHO
MoJ100éxU. ObujeHue B COUUAbHbIX CeMSIX, MEeCCeHOXepax U Ha pasaudHbIX OHAAUH-NI0WA0Kax Bu-
Aem He MOoJIbKO Ha 06pa3 #CU3HU, HO U Ha S3bIK. OOHUM U3 SPKUX NPOosiBJIeHUL 3Mo20 BJIUSHUS S8/1Semcs
UHMepHem-xapaoH — 0cobble C/I08A U BbIPAXEHUS, KOMOPble BO3HUK/U B CeMU U NOCMeNeHHo CmaJsiu
yacmbko NOBCeOHeBHoU peyu. B 0aHHOM UCC1e008aHUU pACCMampUBaemcs, Kak CmyoeHmsl NPUMEHSIHoM
UHMePHem-XapaoH, HaCKOJIbKO XOPOWO €20 NOCMU2Arom U Kakyro GYHKUUK OH BbINOJIHSEM B UX 0buje-
HuU.

B nepsyto 04epedb, MOMCHO KOHCMAmupoBAMb, YMO UHMEPHEM-*#apeoH 00B0JIbHO HUBO NpUMe-
Hsemcs cpedu 0by4arouuxca. 189 MHo2ux oH co0enascs 0bbI4HbIM MemodoM nepedayu SMouull U OmKJU-
KoB. [To0obHble c/108a 0arom BO3MOXCHOCMb ONEpamuBHee U ea4ye 0oHecmu OyX Uu NO3UUULO K NOJIO-
dHceHuro. [pu 3mom CywecmBeHHO, YMO XAP2OH Yxe He 3aMbIKaemcs JlUllb Ha Nepenucke: OH NaasHO
nepexooum U 8 paz20B80pHYH pedb. IMo cBudemebCmayem 0 MOM, YMO Yepmbl Mex0y OHAAUHOBbLIM
obuwjeHuem u dedicmaumesbHoU HU3HbH CMAHOBAMCS MeHee ABHbIMU.

KoJib CKOpo 20B0pUMb 0 NOCMUXEHUU UHMEPHem-CieHed, mo 60/IbULUHCMBO YHAUUXCS HeNnJIoXo
pazbupaemcs 8 €20 CMbIC/e. PacnpocmpaHeHHble C108a U ppazbl U3BCMHbI NOYMU JIHOOOMY, NOCKOJIbKY
OHU HepedKo nonadaromcs 8 cemu. Bnpoyem, nopoll NosB/ISHOMCA 3amMpPyOHEHUS C HOBbIMU UJIU HeYa-
CMbIMU C/I0BAMU. MO BNOJIHE NOHSIMHO, Be0b UHMeEPHEeM-peyb Bce20a mpPaHChOopMUpYemcs: Kakue-mo
C/10Ba cMpemMumesibHo obpemarom U3BeCMHOCMb, d UHbIe Mak e bbicmpo nponadarom. Credosa-
meJibHO, He Bce20da BbIXo0um cxody YJ10BUMb 3HAYeHUe HesedomMo20 0bopoma. bbi1o0 UHMepecHo Mo, Kak
obyyaroujuecs 0epxamcs 8 NOOOOHbIX MOMEHMAax. MHoaue cmpemMamcs He OCMAas/IiMmb HeSCHbIe C/1084
6e3 BHUMAHUA U CMaparomcs YSCHUMb UX CMbIC/. JJoBOJIbHO 4acmo 0719 3mo20 3adelicmsyrom uHmep-
Hem — NOUCKOBUKU UJIU CNeyuanu3upoBaHHbie pecypchbl. Takxe nonysispeH cnocob cnpocums y opy3el
usu npusimesied. 3mo demoHcmpupyem, Ymo duasioe u nepedaya ceedeHul oCmaromcs CyujecmaeHHol
cocmasnarowel y4ebHo20 npoueccd, 0axe Ko20ad 3ampazuBaemcs HeopuuuaabHbIU A3bIK. OmaoesibHble
cmyodeHmab! NbIMArOMCA NOCMUYb 3HAYeHUe C/108d CaMU, ONUPAACH HA OKPYXeHUe, YMOo MAakxe cHuma-
emcs UeHHbIM YyMeHUeM.

OmoesibHO cmoum omMemums, 20e UMEHHO NPUMEHSeMCS UHMePHem-cieHe. Kak yxe 2080pu-
J10Cb, OH WUPOKO pacnpOCMPAHeH 8 Nepenucke, Maxk Kak UMeHHo Mmam OH BO3HUK U3Ha4asibHo. OOHAKO
MHo2ue obyqaroujuecs ommedarom, 4mo ynompebsistom makue ¢/08a U B8 0bbiyHOM pazeosope. Oco-
beHHO Yacmo 3mo cay4aemcs 8 becede ¢ Opy3bamu. Takum obpazom, UHmMepHem-cieH2 CMmaHoBUMCs Ya-
CMbHo 6YOHUYHOR20 A3bIKA U Nepecmaem MbICIUMbCA KAK HEYMO UCK/IHOYUMETIbHO «OHAAUH».

Takxe B npouecce U3bICKaHUs U3y4andcb 0CBe00MIEHHOCMb 06YYArOULUXCS O KOHKPeMHbIX J#ap-
20HHbIX C/108aX. TAKUE BbIPAMEHUS, KAK «J10J1», «KPUHMC» U «KPAWl», 3HAKOMbI 60/1bWwel Yacmu pecnox-
0eHmos. [pu 3MOoM MOXCHO OMMemMUMb, YMO 3HAHUE 3HAYEHUS C/108a He Bce20a NoOpasymesaem e20
aKkmusHoe npumeHeHue. Kmo-mo noJib3yemca makumu C/10Bamu NOCMOAHHO, d KMo-mo omadaem npeo-
noymeHue 6osiee HelimpasibHOU JleKCuKe. Mo 06YC108/1eHO JIUYHbIMU CKIOHHOCMAMU U MaHepoU obuie-
Hus uHousuaa.

3aHuUMamesibHbIM 0Ka3asica BONPOC O MOM, HACKOJILKO BAXEH UHMepHem-»apeoH 8 beceoe.
B327190b1 06yHarowuxcs no 3momy nosody paszouwlauck. OOHU nosazarom, Ymo oH desaem peds bosee
oxuBJIeHHod u codedcmsyem Jyquiemy B83aumoOeliCmBuU) CO CBEPCMHUKAMU. Jlpyeue npudepicusa-
FOMCA CYyHOeHUs, YmMo b6e3 3 ap2oHa BNoJIHe MOXHO 060UMUCk, NOCKOJIbKY eCMb MHOXECMBO 06bIYHbIX
C/108, KOMOPble ACHbI BCeM. Takum 06pazom, UHMepHem-*apeoH pacyeHUBaemcs CKopee Kak BCNoMo2a-
meJibHoe cpedCcmBo, d He KaK HeOmbem/1emMas 4acms 0OU4eHUS.

Hecmompsi Ha WUPOKoe pacnpocmpareHue, UHMepHem-*ap2oH He Bce20a ynpoujaem obujeHue.
B HeKomopbIX CJ1y4asx oH, Hanpomus, cnocobeH Nopoxdams HedoNoHUMAaHue. Takoe C/1y4aemcs, Ko20a
cobeceOHUK He Bedaem 3Ha4YeHUs NPUMEHAeMo20 C/108d. [1000bHbIe C/1y4au BCMpPeYyaromcs He4acmo, Ho
BCE (e UMerom Mecmo. mo 0eMOoHCMpUpyem, 4mo yYpoBeHb BJIA0EHUS C/IeH20M Yy PA3HbIX JiHo0el Moxem
PA3HUMBbCS, 0axe eciu OHU OMHOCAMCS K 00HOU BO3pacmHou epynne.

Ewé ooHol 3Ha4umol Yepmod SIB/ISeMCS MHO20S3bI4UEe UHMEPHem-*dapeoHa. B peyu oby4yaro-
WUXCS HEPEOKO MOXCHO 3aMemumsb C/IUSHUE C/108 U3 PA3/IUYHBIX A3bIKOB — PYCCKO20, KA3AXCKO20 U aH-
2/ulckoeo. 3mo obyca08/1eHO memM, Ymo cemb 06beduHsIem UHOUBUOOB U3 Pa3HbiX 20CY0apCma, U A3bIKU
Ha4yuHarom nepensiemamacs. B umoee 803HUKaem HoBbIt cnocob s3aumodelicmsus, 8 KOmMopom be3
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mpyoa eapMoHUPYHOM PA3/IUYHbIE S3bIKOBbIE KOMNOHEHMbI. [IpU 3MOoM pso 06y4aroU4UXCS BCE Hce CKIIo-
HAHOMCS K UCNOJIb30BAHUID XAP2OHA JIULLb HA OOHOM A3biKe U/IU BOOBOLLE YKIIOHSFOMCS OM He2o.

3aktodeHue

Pe3yibmamai uUcc1e008aHuUs cpeou CmMyoeHmMOoB BbISBUJIU 3HAYUMBbIU COUUOIUHBUCMUYECKUl pe-
HOMeH: MOJI00EXb He MOoJIbKO 0eMOHCMPUpYyem akmusHoe ynompebsieHue CeHea, Ho u paccmampu-
Baem e20 Kak Heomwem/ieMbil KoMnoHeHm csoel epynnosol udeHmuyHocmu. Cneyuguyeckud aeKkcu-
KOH BbICMynaem B8 poJiu MApKepa NPUHAOSIEXHOCMU K onpedesiéHHOMY NOKOJIeHU UU COUUasIbHOU
2pynne. Tem He MeHee, 4aCmb ONPOUEHHbIX CMYOeHMOoB akueHmupyem BHUMAHUE HA MOM, YMO C/IeH2
He siB/15emcs1 06513amesibHbIM YC108ueM 0715 3pdeKmuUBHO20 0bWeHUSs, a CKopee Ciyxum YOobHbIM Cpeo-
CMBOM 0715 BbIPAXCEHUS SMOUUOHA/IbHO20 COCMOSHUS U ONMUMU3AUUU KOMMYHUKAMUBHbIX NPOUECCOB.

Pe3toMupys BbIUICU3J/IOHEHHOE, BO3MOXCHO YMBEpH0amb, YMO UHMeEPHeM-c/ieH2 3aHuMaem Buo-
Hoe Mecmo B YU3HU HblIHewHel Mosaooexu. OH XUBO NPUMEHSIemcs, OMYemJ/iuBo 0CO3HAemcs U He-
chewHo 0esiaemcs KOMNOHeHMoM 06bI0eHHOU peyqu. B mo e Bpems e20 8030elicmaue Heslb3g Ha38amb
6e3yc/108HbIM. ¢ 00HOU CMOPOHbI, OH 0esiaem obuwieHue bosiee 1e2kumM U IKCNPeCcCUBHbIM, a ¢ opyeol —
nopodl Bbi3biBAem HesICHOCMU. Hes3upas Ha 3mo, UHMepHem-cieH2 aBs5em cobol ompax3ceHue cOBU208,
C/IYHarowUXca 8 A3biKe, U 0eMOHCMpUPYem, Kak OH NpUCNocabuBaemcs K HosbiM 06CmosamesibCMaam.
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Abstract

The German language uses a variety of ways to form words, reflecting its rich linguistic heritage
and dynamic evolution. Compounding is a common strategy for combining two or more existing words
to form a new word, such as Fernseher (television) from Fern (far) and Seher (viewer). Derivation involves
adding prefixes or suffixes to existing words to change the meaning or create new words, as seen in the
words "unmdglich" (impossible) or "Schonheit” (beauty). Borrowing from other languages, especially Eng-
lish and French, contributes to lexical enrichment. In addition, blending and the formation of acronyms
represent innovative approaches to linguistic innovation, demonstrating the adaptation and creativity
inherent in German word-formation processes.

Xiilase

Alman dili s6z yaratmagq Uc¢dn onun zengin dil irsini va dinamik takamdiiliini aks etdiren mixtalif
usullardan istifade edir. Mirekkeblesdirme iki ve ya daha cox mévcud sézi birlesdirerek yeni séz
yaratmagq dgin genis yayilmis strategiyadir, masalen, "Fern" (uzaq) ve "Seher" (tamasaci) sézlerinden
"Fernseher" (televiziya). Térems, "unmdglich” (mimkdiinsiiz) ve ya "Schénheit" (gézsllik) sézlerinde
gérinddyd kimi, manani dayisdirmak ve ya yeni sozlar yaratmagq (clin mévcud sozlare prefikster ve ya
sekilciler alave etmayi ahate edir. Digar dillorden, xisusen de ingilis vo fransiz dillerinden borc
gotirmak leksik zanginlesmaye kdémek edir. Bundan alave, qarisdirma ve akronimlarin formalasmasi
alman dilinin s6zemale galmasi proseslarina xas olan uygunlasma ve yaradiciligi niimayis etdirarak lin-
qvistik innovasiyaya innovativ yanasmalari temsil edir.

Keywords: German language, word creation, modern linguistics, linguistic solutions.
Acar sozlar: Alman dili, séz yaradicilig, mdasir dil¢ilik, lingivistik hall yollari.

Insanlar arasinda Gnsiyyet sifahi ve ya yazili sekilde bas vers biler. Danisarken hissleri ve
distincalari ardicil  sekilds ifads etmak, albatte ki, idealdir, lakin buna ehtiyac yoxdur. Sifahi ifadede
danisanla dinleyici arasinda qgarsiliglialage yaranir; Danisan 6z hiss ve dlistincalerini qarsi tarefe birbasa,
onun kémeyi ile, ¢catismayan hisseleri tamamlamagqla ve ya baden dilinin kémayi ile ifads edir. Yazmagla
6zind ifads etmak danismaqla miqayisads olduqgca ¢atindir. Yazici ile oxucunun qarsiligli alagasini
miayyan eden zaman, makan v s. Bu kimi sartler mesajin 6tirilmasine ve gavranilmasina tesir
gostarir. Clinki yazili ifadeds baden dilinin heg bir tasiri yoxdur; Mesajini yazili sakilde ¢atdirmagq istayen
insan hiss ve dtstincalarini aydin ve basa dlistilen sekilde séze ¢evirmalidir. Bunun Ucln sistematik
tafoekkiir ve yazi vardisi v usaqgligdan alde edilmali olan bilik lazimdir. Yazi madaniyyatiananasi olma-
yan, sifahi medaniyyate asaslanan cemiyyatimizde yazi verdisine yiyalonmek son derece ¢atin vo
mehduddur. Anasinda, atasinda, yaxin ¢evresinde oxuyub-yazmaq verdisi olmayan usaq
heavaslendirmadan oxumagq ve yazmag vardisi ve bacaridina neca yiyalona bilar? Ustalik, deyisikliklorin
cox stiretle bas verdiyi cemiyyatimizds hale yazili madaniyyat tam formalasmamis, mdasir kiitlavi infor-
masiya vasitalarinin tasiri altinda usaqlarimiz, ganclerimiz hale oxuyub-yazmadi 6yrenmamis televiziya,
kompliter, mobil telefonlarla tanis olurlar. Gindalik gazetlorin dmumi tirajinin ve kitab istehlakinin bu
gadar az olmasi, xtisusan de gazetlarimizin Avropa gazetleri ile miqayisade matndan daha cox sekilli
olmasi madaniyyetimizde vizual nsiyyatin son darece yaygin olmasina baxmayaraq, yazili tnsiyyatin
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olmasinin gdstericisidir, cox az istifade olunur. Bundan alave, mektaeblorimizde ibtidai sinifden
baslayaraq usaqglarimizin yazili ifade yox, cox secimli testlorle bombalanmasi onlarin yazili ifads
bacariglarinin inkisafina mane olur.[ 4]

Alman dillnin geyds alinmis tarixi, onun danisanlarinin romallarla ilk temasi ile, yeni eramizdan
awal 1-ci asrde baslayir. O dévrde ve ondan sonraki bir nece asr arzinde clizi dialekt farglarindan bir
gadar ¢ox olmayan tak bir “german dili” mévcud idi. Yalniz texminan eramizin 6-c1 8srinden sonra “al-
man” (yeni, yliksek alman) dilinden danismag olar.

Dilcilik sahasinds mdiayyan bir lslub daxilinds halledici element asas terminin ahamiyystidir.
Istanilon dilds fikrin magsadauydunlugunun ifadesi hamin dilde sézlerin mantiqi tarifinden ve isti-
fadssindan irali galir.

Milizakire zamani sézlerden istifads olunur ve onlarin manasi derk edilir. Bele bir prosedur zamani
sozlar bir neca sakilds istifads edils bilar. Belalikls, sozlari bir nece mana ifade edean fordi varliglar kimi
istifade etmak hayatiehamiyyst kesb edir. Damir¢izade qeyd edir ki, sbzler takce bir mena ifads etmek
lcln deyil, daha cox bir nece mena ifads eds bilen vahidlar kimi islenir. Natice etibari ile dilin (liget
tarkibini taskil eden ve coxsayli manalar dasiyan sézler miixtalif gézel manalar dasiyan leksik vahidlere
cevrilir. [7]

Bu sozlerin macazi menalari da ola biler. Alman alimi H.Paul sézlerin menalarina gére nece
dayisdiyini izah edir. Bu dayisiklikler muxtalif yollarla misahide oluna biler: a) Sozlarin metafora ve
metonimiya vasitasile cevrilmasi. b) Sézlerds ham genis, ham de dar manalarin shamiyyati. c) Sézlerds
mananin inkisafi ve ya azalmasi. d) Hiperbol va litotalardan istifade etmakle sézlarin giiclendirilmasi ve
va zaifledilmasi. e) Evfemizm prosesi ile mana dayisikliyi.

Tekamlil darecasindan asili olaraq, bir séz yaradicilar tarsfindan mdsyyan edilmis bir cox manaya
malik ola biler. Bezan termin ham harfi, ham da metaforik serha malik ola bilar. Obrazli dil sézlarden
qeyri-harfi menada istifade etmeakle matnin ifadsliliyini ve obrazliligini artirir. Metafora ham danisiq
dilinds, hem da adabiasarlards tez-tez rast galinan bir novdiir. Metafora iki ferqli kateqoriyaya bolindr:
poetik metafora ve leksik metafora [1].

Alman dili Hind-Avropa dillerinin german qoluna aiddir. Dinyada texminan 120 milyon insan al-
man dilinds danisir. Bundan alave, Almaniya igtisadiyyat, ticaret, ssnaye ve bir cox basqa sahslerde
beynalxalg migyasda mihim mdévqeys malikdir. Bu ssbabden alman dili cox genis istifads olunur. Lakin
dilin genis yayilmasi bu sahads biometrik malumatlarda tehliikesizlik problemlari yaradir. Bu, tahliikssiz,
stiretli avtomatik sas ve dinamik taninmasi ehtiyacini taleb edir. Alman dilinin xisusiyyatlerine nazer
salsaq; Alman dili k6k ve sakilcilarden ibaratdir ve flektiv dillar grupuna aiddir. Latin harflarindan isti-
fade olunur ve alifbada 26 harf var. Alman dilinds artikl her ismin garsisinda isledilir. Telsffiz baximin-
dan sézler yazildigr kimi taleffiiz olunur. O, hem de mlixtalif ses dayisikliyi ve intonasiyalari ile diger
dillardan ferqlenir [2].

Alman dilinde "Deutsch" olaraq adlandirilan alman dili, asasen Almaniya, Avstriya, Isvecra, Lix-
tensteyn, Liksemburqg ve Belcika va ltaliyanin bazi bélgalarinds danisilan Qarbi Alman dilidir. Avropada
an cox danisilan dillardan biridir ve @hemiyyatli madeani, tarixi ve igtisadi ehamiyyete malikdir.

Alman dili 6z kéklarini texminan 2000 il svvel Markezi Avropada maskunlasmis erken german
tayfalarina gétdrtir. Zamanla german dillari proto-german dilinden tekamdil ederek miixtalif dialektlore
saxalenmis ve naticads forqli dillar meydana gatirmisdir. Kéhne yiksek alman, orta yliksek alman ve
erkan yeni yiksek alman dili 16-ci esrde Martin Liiterin Miigaddas Kitab terciimasinin ¢api ile ortaya
¢ixan Mdasir Standart Alman dilinden awvalki tarixi merhalelerdir.

Alman dili mirekkeb grammatikasi ile taninir, o cimladan isim taftistari sistemi, fel birlesmalari
ve dord grammatik hal mévcuddur. O, hemcinin (¢ cinsi (kisi, gadin, neytral) ve ¢evik séz sirasina malik-
dir. Alman dilinde mirekkeb sozlar listinlik teskil edir ki, bu da natiglere yeni, cox vaxt uzun terminler
yaratmag Ggdn bir nece sézi birlesdirmeye imkan verir.[8]

Alman dili har birinin dziinemaxsus xdsusiyyatleri olan mixtalif regional dialektlori vo cesidlari
ahats edir. dsasen Almaniyanin markazi ve cenubunda danisilan yiksak alman dialektleri Standart Al-
man dilinin asasini taskil edir. Simali Almaniya ve Hollandiyada danisilan asagr alman lehcaleri talefflz,
ligat ve grammatika baximindan yliksek alman dilinden ehamiyystli dereceds ferglenir.

Alman dili Avropanin madani va intellektual tarixinde markazi rol oynamisdir. lohan Volfqang fon
Hate, Fridrix Nitsse ve Albert Eynsteyn da daxil olmaqla, coxlu niifuzlu yaziilar, filosoflar ve elm adamlari
yetisdirmisdir. Alman adabiyyati, musiqisi, felssfesi ve elmi tadqiqatlari global madaniyyat ve biliye
muhim tohfelar verib.
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Alman dili Almaniya, Avstriya ve Lixtensteynin resmi dili, Isvecra ve Liiksemburqun resmi
dillarindan biridir. Qonsu dlkelerds ve biitiin dinyada immigrant icmalari arasinda da genis danisilir.
Alman dili beynslxalqg diplomatiya, ticaret ve akademiyada mihim dil olarag galir ve milyonlarla insan
onu ikinci dil kimi éyrenir.[11]

Alman tahsil sistemi dil dyrenilmasine béylik diggat yetirir, alman dili mektablerde macburi fonn
kimi tadris olunur. Alman dilli 6lkalerin bir cox universitetlari yiksak keyfiyyatli tahsil almaq istayen
beynalxalg telebalari calb edan alman dilinds tedris programlari taklif edir. Alman dilinds dil biliyi Avro-
pada ve onun hidudlarindan kenarda is, tahsil va madani mibadile imkanlarr acir [14].

Zangin tarixi, muirekkeb qurulusu ve mixtalif madeni tesirleri ile alman dili qlobal dil
manzarasinds mihim yer tutur. Qadim german gabilelarinde ki mansayinden tutmus mdasir beynalxalg
dil roluna gader alman dili inkisaf etmaye ve danisanlarin ve éyrenanlerin deyisen ehtiyaclarina uygun-
lasmada davam edir. Istar (nsiyyat vasitasi, istar madaniyyate giris qapisi, istarse ds bilik vasitesi kimi
alman dili getdikcs bir-birina bagli olan diinyada dayerli varliq olaraq qalir.

Midiasir dilgilik, dilin elmi tadgiqini ve onun qurulusunu, istifadesini ve manimsanilmasini @hate
edan dinamik bir sahadir. Miasir dil¢ciliyin kéklari Hindistanda Panini ve Yunanistanda Aristotel kimi al-
imlerin dil qurulusu ve grammatikasini tadqiq etdiyi gadim sivilizasiyalara gedib ¢ixir. Bununla bels,
dil¢iliyin elmi bir elm kimi formal sekilde 6yrenilmesi 19-cuasrin sonu ve 20-ciasrin avvellerinds Ferdi-
nand de Sossure, Leonard Bloomfield ve Noam Chomsky kimi alimlerin isi ile baslamisdir. Saussure-nin
strukturalist yanasmasi dil sistemlarinin sinxron tehlilini vurgulayaraq, zamanin konkret megaminda ver-
ilmis dil daxilinds linqvistik elementlar arasindaki alagslers diggat yetirirdi. Blumfildin davranis¢i baxisi
iss misahide olunan dil davranisini ve dilin stimul-cavab sistemi kimi tahlilini vurgulayirdi.[3]

Xomskinin transformasiya-generativ grammatikasi 20-ci asrin ortalarinda universal grammatika
ve anadangalma dil strukturlari anlayisini teqdim etmakls dilcilikds inqilab etdi. Onun isi linqvistik
tadgigatin diggstini tasviri tahlildenasas linqvistik mexanizmlarin ve kognitiv proseslerin dyrenilmasine
cevirdi.

Muasir dilgilik dilin strukturunu, funksiyasini va menimsanilmasini izah etmaye calisan mixtalif
nazari yanasmalari @ hate edir. dsas nezari carcivelerdan baezilarine asagidakilar daxildir:

Generativ grammatika: Xomskinin universal grammatika ne zariyyasine asaslanan generativ gram-
matika insan dilininasasini teskil eden fitri qaydalari ve strukturlari lize ¢ixarmada ¢alisir. O, bitin insan
dillarinin dmumi asas strukturu paylasdigini va lingvistik saristanin bir sira micerred grammatik gayda-
larla idare olundugunu irali sdrdr.

Funksional dil¢ilik dile onun sosial ve madani konteksti ile formalasan (nsiyyat sistemi kimi
vanasir. O, dilin funksional aspektlarini, masalen, kommunikativ magsadlere nail olmaq ve sosial man-
alarr ifade etmak (glin dilin necs istifade edildiyini vurgulayir.

Kognitiv dilcilik: Kognitiv dilcilik dil ve idrak arasindaki alagani arasdirir, dilin derk edilmasinds,
istehsalinda ve menimsanilmasinde psixi proseslerin rolunu vurgulayir. O, dile kognitiv strukturlarin ve
konseptual sistemlarin aksi kimi baxir.

Sosiolinqvistika sosial sinif, etnik mansubiyyat, cins ve cografi bélge kimi amillerin dil istifadasine
ve mdnasibatine nece tasir etdiyini arasdiraraq, dil deyiskenliyi ve dayismasinin sosial élclilerini
arasdirir. O, dil ve cemiyyat arasindakialagani ve dilin sosial kimlikleriaks etdirma ve gliclendirme yol-
larini anlamada calisir. [12]

Muasir dilcilik — fenlerarasi xarakterini vo onun muxtalif akademik fenlere ve real diinya
tatbiglarine uygunlugunu aks etdiren genis tedgiqat sahalarini ehate edir. Dil¢ilikde mdasir teadqgiqat
sahalerindan bazileri bunlardir:

Tedqiqatgilar dil dyrenmae prosesinds istirak eden idrak, sosial ve linqvistik prosesleri arasdiraraq,
usaqlarin dili nece menimsadiyini éyrenirler. Bu tedqgiqatin tahsil, dil pedaqogikasi ve inkisaf psix-
ologiyasina tasiri var.

Hesablama dilcilik tabii dilin emali, masin tarcliimasi ve matn tahlili liciin alqoritmler ve modeller
hazirlamagq dcgtin lingvistik nezeriyyani kompliter elmlari ile birlesdirir. Onun siini intellekt, malumat ax-
tarisi ve insan-kompditer qarsiligli alagasindes tatbiglari var.

Tedqiqatgilar dialektologiya, dil temasi ve dilin tekamdilii kimi faktorlari arasdiraraq, mixtslif nitq
icmalarinda ve zamanla dil dsyiskenliyi ve dayisma nimunalarini dyrenirler. Bu tadgiqat lingvistik
muxtalifliyi ve dil deyisikliyine ssbab olan mexanizmlari derk etmayimize kémak edir.[10]

Miasir dil¢ilik coxlu nezeri yanasmalari ve tadqiqat sahaleriniehate edan canli ve fenlararas: bir
sahadir. Dilin qurulusu ve idrakinin éyrenilmasinden tutmus dilin variasiyasi ve texnologiyasinin tedqi-
gina gadar dilcilik insan dnsiyyatinin tabiati v onun cemiyyatdaki rolu hagqinda dayerli fikirler teklif
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edir. Dil anlayisimiz takaml etmaye davam etdikcs, dilcilik elmi arasdirmalarin éniinde qalaraq insan
dilinin miirekkab ve coxsaxali tabiatina isiq salir [5].

Mirekkabliyi v daqiqliyi ile taninan alman dili zangin dil tarixini va madeani mixtalifliyini aks
etdiren séz yaratmag dgin mixtalif mexanizmlarden istifads edir. Bu esse alman sézlarini formalasdiran
muxtalif dsullarr arasdirir, onun leksik proseslarine xas olan yaradiciligi ve cevikliyi vurgulayir.

Alman dilinin an ferqli xtsusiyyatlerindsn biri onun birlesmays meylli olmasidir, bunun sayasinds
iki v ya daha ¢ox mévcud soz birleserek yeni sézemale gatirir. Bu proses mirekkab anlayislari lakonik
sakilde ifads edan mlrekkeb isimlarin yaradilmasina imkan verir. Mirekkablasdirms alman dilinde
danisanlara dilin ifade gliciine téhfe verarak degiq manalari ssmarali sakilds catdirmadga imkan verir.
Térems, yeni sézlar yaratmaq ve ya meanalarini dsyisdirmak (¢lin mdvcud sézlere prefikslor veo ya
sakilcilar alave etmayi ahate edir. Bu proses sézleri mixtalif kontekstlere uygunlasdirmaq ve ya
ndanslari catdirmag Ggidn dayisdirmekle alman dilinin ligatini genislendirmaye imkan verir. Masalan,
"un-" prefiksi "moglich"s (mémkiin) slave olunaraq "unmdéglich" (mimkdin deyil) meydana gatire biler ki,
bu da inkari gésterir. Eynils, "heit” sekil¢isi “schon”s (gbzal) qosularaq “Schénheit” (gézellik) yaratmagq,
sifati keyfiyyat ve ya hal bildiren isme cevirmak olar. Derivasiya alman dilinde danisanlara dili miixtalif
kommunikativ ehtiyaclara uygunlasdirmaga imkan veran cox yonli mexanizmdir.[13]

Téreme dsullarr méveud sézlerdsn - bazi hallarda mehdud morfemlarden ve ya formal struktur-
lardan - koke fiksleralave etmakls yaranan sézlardsn istifade etmakdan ibaretdir. Belalikle, xayali pan-
dle séziimiizdan, masalen, pandler, pandlette, depandle ve repandlize sézlari alina biler. Bele sokilcilor
aktiv sekilciler adlanir. Bitdn yerli danisanlar onlarin manasini bilirler ve ingilis téreme qgaydalari ve ya
banzatma ile onlarr miixtalif kéklare ahangdar sakilde alave eds bilarler. Bu dsulla har hansi yeni séz,
mansayindan asili olmayaragq, tez bir zamanda téremaler toplusunun asasina cevrilir. Bundan avval em-
plane va deplane sozlari fransiz dilinden gétiirilmds entrain ve detrain sézlari ile banzatmae yolu ils, bu
sozlerin 6zl ise embark ve debark sézleri ile banzatme yolu ile emale galmisdir. Bunlarin hamisi 6z-
oziine téremani izah edir. Mahsuldar sskilcilarden séz formalarinin alinma yollari o gader aydindir ki,
vaqin ki, hamimiz bunu tesevwvir etdiyimizden daha tez-tez edirik. Bir ¢cox hallarda bu sekilde emale
galen sézlar biz onlari tez-tez istifade etmamisden avval lligetlarde geyd olunur, lakin biz onlari bilmirik.
Bu dsullar xdsusi olaraq yeni sézleri azbarlemadan 6z lligatimizi genislendirmaye imkan verir. Lakin bu
etimad bizi lazimsiz yeni sozlar yaratmaqgda ¢atin hala sala biler, ¢iinki istifade etdiyimiz sézlar artiq
basqa vasitelarls icad edilmis ola bilar. [9]

Alman dili, bir cox diller kimi, tarixi boyu digar dillerden, xtisusen de ingilis, fransiz ve latin
dillarindan genis sekilds borc almisdir. Ainmis sézler ligati zanginlesdirir v madani miibadile ve global-
lasmani eks etdirir. Masalon, “Komplter” (kompliiter) vo “Otel” (otel) ingilis dilinden, “Restoran”
(restoran) v “Kafe” (kafe) ise fransiz dilinden gdtirdilib. "Universitdt" (universitet) ve "Medizin" (tibb)
kimi latin dilinden alinma sézler akademik ve elmi diskursda ustinlik teskil edir. Borc alma alman
danisanlara xarici anlayislari va texnologiyalar dillerine daxil etmak imkani verir, (insiyyat vo madani
mdibadilsleri asanlasdirir.

Qarisdirma, aridilmis mena ile yeni bir séz yaratmagq (cln iki vo ya daha ¢ox sozin hissalerini
birlesdirmayi ehate edir. Bu proses tez-tez texnoloji iraliloyislers ve ya sosial hadiselere cavab olaraq
bas verir. Masalan, "Handy" (mobil telefon) "handlich" (alverisli) ve "Telefon" (telefon) birlesmasidir ve
cihazin dasinma qabiliyyatini ve faydaliligini aks etdirir. Eynils, "Smog" (smog) hava ¢irklenmasinin bir
novind tasvir eden "TUstd" (tistd) ve "Duman” (duman) qarisigidir. Qarisig alman dilinds danisanlara
comiyyatds yaranan konsepsiyalari ve tendensiyalari eks etdiren innovativ terminler yaratmada imkan
verir. [8]

Akronimlar bir ifadanin ilk harflarini gétirerak yeni soz yaratmaq gctin onlari birlesdirerek emale
goalir. Bu proses alman dilinds, xtisusan texniki ve blrokratik kontekstlerde genis yayilmisdir. Mesalan,
"CDU" (Xristian Demokratik Birlik) va "BMW" (Bayerische Motoren Werke) miivafiq olaraqg Alman
siyasatinds ve sanayesinds akronimlarin gorkemli nimunaleridir. Akronim formalasmasi ssmarali (n-
siyyati asanlasdirir va mirekkab taskilati strukturlar ve ya konsepsiyalar tctin mnemonik cihaz kimi xid-
mat edir. [6]

Alman dili s6z yaratmagq (g¢iin mirekkablesdirme ve téremaden tutmus borc alma, garisdirma ve
akronim formalasmasina gadar mixtalif Usullardan istifade edir. Bu mexanizmlar dilin uygunlasma
qabiliyyatini, yaradiciligini ve mirekkab fikirloriifads etmak qabiliyyatinieks etdirir. Alman dili linqvistik
irsini goruyaraq innovasiyalari gebul etmakls, dinamik ve ifadsli insiyyat vasitesi kimi inkisaf etmaye
davam edir.
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Diller o0z strukturuna, grammatikasina, ligatine ve madeni Kontekstine gdére ehamiyyatli
daracads ferqlenir, 6z nitq icmalarinin unikal tarixlerini, tasirlerini va inkisaflarini aks etdirir. Alman
dilini bir cox basqa dillarden ferqlendiren miirekkeb grammatikasi ve cevik séz sirasi ile taninir. Umumiy-
yatle subyekt-fel-obyekt (SVO) séz sirasinaemal eden ingilis dilinden ferqli olaraq, alman dili hal sistemi
ve cevik ciimle qurulusu sayasinds soz sirasinda daha cox dayisiklive imkan verir. Masalan, ingilis dili
adaten sézler arasindakialagaleri (masalan, "evds ") géstarmak (iciin én sézlerdan istifads etdiyi halda,
alman dili grammatik slageleri catdirmagq lg¢ln dérd haldan (nominativ, ittihamedici, dativ ve cinsiyyat)
bir hal sistemindan istifads edir. Bu, "Ich gebe dem Hund den Ball" (topu ite verirem) kimi cimlalerle
naticalanir, burada séz sirast isimlardeki hal isaralerine gére manasini deyismadan dayise biler.[5]

Alman fonologiyasi digar dillerden ferqli sesler ve fonetik nimunaleriile ferglenir. Diggati cokan
xususiyyatlerden biri saitlerin talsffizini dayisdiren "umlautlarin” (G, é, i) olmasidir. Bundan slave, al-
man dilinds /p/, /t/, /k/ kimi sessiz dayanmalar ve /v/, /z/ ve /8/ kimi sasli frikativler de daxil olmagla,
samit saslarin nisbatan béylik inventarina malikdir. Bu fonetik ferqlar alman dilinin unikal ssslenmasine
kémak edir ve onun fonoloji sistemi ile tanis olmayan dyrenanler (g¢iin problemler yarada biler. Alman
ligati mixtalif menbalarden, o cliimladan yerli german kdéklarindan, Latin dilinden alinmalardan ve
digar dillerden alinma sézlerdan ibaratdir. Alman dili mirekkeb sozlere meyli ile taninir, burada coxlu
sézler birleserek tek, cox vaxt uzun séz emals gatirir. Masalen, "Donaudampfschifffahrtsgesell-
schaftskapitdn" (Dunay buxar gemisi sirketinin kapitani) alman dilinde mdrekkeb sézin mashur
nimunasidir. Digar dillar do birlesmalerdan istifads etse da, alman dili bu baximdan xdsusile mahsul-
dardir va bir cox unikal ve tasviri terminlarin yaranmasina ssbab olur. [[2]

Dil madaniyyatle darinden baglidir ve medeni normalar, deyarler ve sosial strukturlardaki ferglar
dil ifadssine tesir gostare bilar. Alman madaniyyati dilin grammatikasinda, sz ehtiyatinda ve Unsiyyat
tarzinde aks olunan dagqiqliys, nizama ve semaraliliye, alamatlere glicli diggat yetirir. Bundan slave,
alman dili mixtelif ssviyyelards formalliq ve nezaket nimayis etdirir, miixtslifevezlikler ve fel formalari
sosial statusuna ve danisanla minasibatine gére ferdlere miraciet etmak dgin istifade olunur. Dilin
tarixi v cografi konteksti de onun inkisafini v xdsusiyyatlerini formalasdira bilar. Alman dili german
dillarinin ortaq acdadi olan proto-german dilinden tekamdil yolu ils inkisaf etmis ve gonsu dillarin ve
tarixi hadisslarin tasiri naticesinds zamanlaeshamiyyatli dayisikliklere meruz galmisdir. Mesalan, alman
dilinds dialektlerin ve regional variasiyalarin olmasi tarixi ko¢ler, siyasi bélinmaler ve almandilli diinya
daxilinde madani garsiligli slagalarle alagalendirile bilar. Alman dili digar dillarle bir cox dil xdsusiy-
vatlarini bélisse ds, onu ferqlendiren ferqli xdsusiyystlers malikdir. Mirekkeb grammatikasindan ve
cevik s6z sirasindan tutmus unikal fonologiyasina ve genis ligat ehtiyatina gader Alman dili kesfiyyat
ctin zangin vo muxtalif linqvistik menzare tagdim edir. Alman dili ile digar diller arasindaki ferqleri
dark etmakle biz dil mixtalifliyini formalasdiran ve insan lnsiyyatinin zenginliyina téhfe veren madani,
tarixi ve sosial-linqvistik amiller haqgqinda fikir alds edirik [7].

Zangin tarixi v mirekkab grammatikasi ile alman dili hem german dillsri ailesinds, ham de on-
dan kenarda olan digar dillarle coxsayli oxsarliglari bélistr. Alman dili german dil ailesins aiddir,
digarlari arasinda ingilis, holland, isve¢ ve danimarka dillerini de ahate edir. Bu diller ortag acdadi olan
proto-german dilini béldistr ve ligat, grammatika ve fonologiya baximindan bir cox oxsarliglar niimayis
etdirir. Masalon, "Haus" (Alman), "ev" (ingilis), "huis" (Holland) ve "hus" (Isvec) soydaslari "ev" manasini
verir va bu dillarin ortaq linqvistik irsini nimayis etdirir.

Tarix boyu alman dili de fransizlardan, xtisusen de Orta asrler ve Intibah dévriinde borclar va-
sitasile tasirlenmisdir. Alman dilinds fransiz diline tarciime olunan sézler ¢cox vaxt madaniyyat, matbox,
moda ve hékumete aiddir. Mesalen, "Restoran” (restoran), "Bliro" (ofis) ve "Parfim" (atir) fransiz
dilindsn gétirdlmdsdir ve alman dilli 6lkslerds genis istifads olunur.[2]

Midasir qloballasan dinyada alman dilinde danisanlarin ¢oxu coxdillidir ve ingilis, fransiz ve ya
ispan dilleri kimi digar dilleri mikemmal bilir. Bu ¢coxdillilik madaniyyatlerarasi tnsiyyati ve mibadiloni
tasviq edir, alman ve diger dillar arasinda daha cox linqvistik borclanma ve tasire sebab olur. Bundan
alave, almandilli 6lkelerds dil dyrenma ve ikidilli tahsilin yayilmasi dil mixtalifliyini ve madaniyyetlerar-
asi anlasmani tesviq edir.

Alman dili hem german dillari ailesinds, hem de ondan kenarda diger dillerle ¢coxlu oxsarliglari
boldsdr. Ortaq ldgat, grammatik strukturlar ve tarixi tasirler vasitasile alman dili linqvistik takamdiliin
mirekkeab ve bir-biri ile alagsali tabiatini aks etdiren muxtalif diller toplusuna baglanir. Bu linqvistik
alagsleri tadqgiq etmakle biz almandilli dinyanin zengin irsi ve madeni mixtalifliyi, elece do Avropa ve
onun hddudlarindan kenarda daha genis linqvistik menzare hagqinda fikir alde edirik [3] .
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Neatice

Muasir dil¢ilik sahasinds alman dilinde soz emale galmasinin tedqiqi dillerin inkisaf etdiyi ve
danisanlarin kommunikativ ehtiyaclarini édemek dg¢ln uygunlasdigi mirekkeb prosesler hagqinda
heyranedici fikir taklif edir. Alman dilinds séz yaratmadgin muxtelif dsullarin, o clmladen
mirekksblasdirms, térems, borc alma, qarisdirma ve geri formalasdirmani arasdirmagla biz bu zengin
va canli dils xas olan linqvistik yaradiciliqg ve mirekkebliyi daha derinden dark edirik.

Alman dilinds séz emale galmasinin an teaccibli xisusiyyatlerindan biri, yeni birlesmaler
yaratmag lcln coxlu sozlarin birlasdirildiyi birlesmanin yayilmasidir. Bu proses yliksak tasviri vo deqiq
terminlar yaratmaga imkan verir ki, bu da natiglere mdirekkeb anlayislari diggatalayiq ssmaralilikle
catdirmada imkan verir. "Schadenfreude" (zarar sevinci) ve "Fernweh" (masafe agrisi) kimi birlesmaler
alman séz yaradiciliginin ixtiraciliq ve ifadsliliyini nimayis etdirir.

Alman dilinds séz yaratmadin basqa bir gorkemli lsulu olan térems, manalarini deyisdirmak ve
ya yeni sozlar yaratmagq Uclin mévcud sézlare prefikslar ve ya sakilciler alave etmayi nezards tutur. Bu
proses alman lligatinin genislenmasine ve zenginlesmasine imkan verir, natiglere dili mixtslif
kontekstlare uygunlasdirmaga ve genis anlayislari ifads etmays imkan verir. "ungliicklich" (badbaxt) ve
"Gesundheit" (saglamliq) kimi téremaler almanca sézemals galmasinin cox yonlilliyind ve uygunlasma
qabiliyyatini nimayis etdirir.

Basqa dilden gétirme, garisdirma ve geri formalasdirma alman dilinin linqvistik mixtalifliyine ve
zanginliyine daha cox kémak edir. "Kompliter"” (kompliter) va "Restoran” (restoran) kimi digar dillerdsn
gétirdlmds sozler madeni mibadile ve globallasmani aks etdirir, "Handy" (mobil telefon) kimi garisiglar
iss camiyyatde yaranan anlayislari ve tendensiyalariaks etdirir. Backformasiya daha az yayilmis olsa da,
movcud sézlerin sadslesdirilmasi v ya yeniden qurulmasi yolu ile yeni sézlerin yaradilmasina imkan
verir, alman leksikonunun dinamizmini artirir.

Alman dilinds sozemale galmasinin éyrenilmasi linqvistik qurulus, yaradiciliq va madani kontekst
arasinda mirekkab qarsiliqlislagani vurgulayir. Alman dilindes sézlerin yaradilmasinin miixtalif tsullarini
tadqgiq etmakle biz dilin takamdiilli ve uygunlasmasinin esas mexanizmlari hagqinda fikir alde edirik.
Mirekkablesdirme ve tdéremeadan tutmus borc alma ve qarisdirmada gader har bir dsul dil isti-
fadacilarinin effektiv ve ifadali lnsiyyet axtarisinda ixtiraciliq ve bacariglarini aks etdirir. Alman dili
dayisen sosial, madeni va texnoloji dinamikaya cavab olaraq tekamiil etmays davam etdikcs, séz
yaradiciliginin tadqiqi dil¢ilik sahasinde maraqli ve ssmarali arasdirma sahasi olaraq qgalir.
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Abstract

Recent advances in artificial intelligence (Al) have brought powerful language technologies directly
into the hands of secondary school learners, yet pedagogical frameworks for integrating these tools into
English as a Foreign Language (EFL) instruction remain underdeveloped. This article presents an empirical
study of a structured AI-EFL Integration Framework (AIEF) designed to orchestrate human, artificial, and
collective intelligence in the B1 EFL classroom. The study employed a quasi-experimental pre-test—post-
test design with 40 upper-secondary learners divided into an experimental group receiving Al-enhanced
instruction and a control group receiving conventional teaching. Both groups followed the same curricu-
lum topics over eight weeks. The AIEF model mapped four Al tools—ChatGPT, Grammarly, ELSA Speak,
and Quizlet Al—onto CEFR B1 descriptors and task-based lesson stages, explicitly defining their roles in
input, interaction, and output phases while maintaining the teacher as the primary pedagogical decision-
maker. Results showed that the experimental group achieved substantially larger gains in writing and
speaking, with medium improvements in reading and listening compared to the control group. Learners
reported increased motivation and heightened awareness of their errors, but also expressed concerns
about potential over-reliance on Al and data privacy. These findings suggest that Al can meaningfully
augment human intelligence in the classroom when embedded within a coherent pedagogical frame-
work that also develops learners’ critical and collaborative abilities. The article argues that the future of
intelligence in language education should be conceptualised as an ecology of human, artificial, and col-
lective processes, rather than as a competition between human and machine.

Keywords: English as a Foreign Language; B1 level; Al integration; human-Al collaboration; collec-
tive intelligence; task-based learning, feedback; secondary education

Introduction

The growing availability of artificial intelligence (Al) tools for language learning has created both
new opportunities and new risks for secondary English as a Foreign Language (EFL) classrooms. Learners
now have access to conversational agents, automated writing evaluators, pronunciation trainers, and
adaptive vocabulary platforms that can provide immediate, individualised feedback at scale. However, in
many school systems, Al is entering classrooms faster than appropriately grounded pedagogical models
for integrating it into everyday instruction. Teachers face difficult questions about which tools to use,
how to position them in relation to existing methods, and how to preserve learners’ autonomy and critical
thinking.

At the B1 level, these questions are especially urgent. Upper-secondary learners at B1 can already
communicate in familiar situations, but they often show persistent grammatical errors, limited lexical
range, and uneven spoken fluency. This “intermediate plateau” is difficult to overcome in typical school
conditions, where class sizes are large and contact time is limited. Al tools promise a way to intensify
feedback and practice without adding teaching hours, yet they can also encourage superficial engage-
ment (for example, accepting corrections without reflection) or replace productive struggle with auto-
matic solutions.

This article addresses these challenges by conceptualising the B1 classroom as an “intelligence
ecology” in which human, artificial, and collective intelligence play complementary roles. It reports on a
quasi-experimental study that implemented an AI-EFL Integration Framework (AIEF) in one upper-sec-
ondary EFL class and compared outcomes with a parallel class receiving conventional instruction. The
main research questions were: (1) How does an Al-enhanced intelligence ecology affect B1 learners’ de-
velopment in the four language skills? (2) How do learners perceive Al-assisted learning when it is em-
bedded in structured classroom practice? and (3) What do these findings imply for the future design of
intelligence in language education?

Methods

Participants and design

The study involved 40 upper-secondary EFL learners at B1 level, divided into an experimental group
(EG, n =20) and a control group (CG, n = 20). Both groups were taught by the same experienced teacher,
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followed the same curriculum topics, and had three 45-minute English lessons per week over an eight-
week period. A quasi-experimental pre-test—post-test design was chosen due to the use of intact classes
rather than random assignment. Pre-test scores on a CEFR-aligned four-skill test confirmed that the
groups were statistically equivalent in reading, writing, speaking, and listening at the outset.

AI-EFL Integration Framework (AIEF)

The AIEF model guided the design of the experimental condition. It integrates several strands of
theory:

e SLA perspectives on input, interaction, and output, drawing on Krashen, Long, and Swain;

e sociocultural notions of scaffolding and the Zone of Proximal Development;

e the Technological Pedagogical Content Knowledge (TPACK) framework for teacher expertise;

e task-based language teaching (TBLT); and

e CEFR B1 descriptors as the primary learning targets.

In practical terms, AIEF required the teacher to start from specific B1 can-do statements (for ex-
ample, “Can write personal letters describing experiences and impressions”) and then design tasks in
which Al tools support, but do not replace, learners’ own production. ChatGPT was used to generate B1-
level texts and to provide limited writing feedback under carefully constrained prompts. Grammarly of-
fered sentence-level suggestions on drafts written independently by learners. ELSA Speak provided pho-
neme-level feedback on pronunciation practice that preceded communicative speaking activities. Quizlet
Al delivered spaced-repetition vocabulary practice linked to weekly topics. The teacher mediated all tool
use, including prompt design, sequencing, and classroom discussion of Al outputs.

Instruments and data collection

Language outcomes were measured with a four-skill test aligned to CEFR B1 descriptors. Each skill
(reading, listening, writing, speaking) was scored out of 50 points, giving a total possible score of 200.
Reading and listening were assessed through multiple-choice and short-answer items, while writing and
speaking were rated analytically across four criteria: task achievement, coherence and cohesion, lexical
resource, and grammatical range and accuracy.

Learner perceptions were investigated using a Technology Acceptance Model (TAM)-based ques-
tionnaire administered to the experimental group at the end of the programme. The instrument included
Likert-scale items on perceived usefulness, ease of use, motivation, and perceived learning effectiveness,
as well as items on concerns such as over-reliance and privacy.

Classroom processes were captured through a structured observation checklist completed by the
researcher during regular visits and a weekly teacher reflection diary. These qualitative sources docu-
mented how Al tools were actually used in lessons, how learners reacted, and how human, artificial, and
collective intelligence interacted in practice.

Procedure

Both groups took the pre-test in Week 1 under identical conditions. In Weeks 2—7, the experimental
group followed Al-integrated lessons in which the four tools were embedded at different stages of the
task cycle, while the control group completed analogous activities using only teacher input, coursebook
materials, and peer interaction. In Week 8, both groups took the post-test, and the experimental group
completed the attitude questionnaire. Observation and diary data were collected throughout the inter-
vention. Quantitative data were analysed with descriptive statistics and effect sizes (Cohen’s d), while
qualitative data were subjected to thematic analysis to identify recurring patterns related to engage-
ment, scaffolding, and learner agency.

Results

Language outcomes

Pre-test results showed no statistically significant differences between the experimental and con-
trol groups in any skill, with mean scores in the mid-30s out of 50 in each area. After eight weeks, both
groups improved, but the experimental group improved substantially more.

In writing, the experimental group’s mean score rose from 33.5 to 41.5, while the control group
increased from 34.0 to 35.8. The difference in post-test means corresponded to a large effect size (d ~
0.9). Speaking displayed a similar pattern: the experimental group improved from 32.8 to 40.2, and the
control group from 33.2 to 35.1, again with a large effect size (d ~ 0.8). Gains in reading and listening
were smaller but still meaningful. Reading scores increased from 35.6 to 39.8 in the experimental group
and from 35.1 to 36.7 in the control group, while listening scores rose from 34.2 to 38.6 and from 33.8
to 35.4 respectively, with medium effect sizes in both skills.
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These results indicate that Al-enhanced instruction, as structured by the AIEF framework, acceler-
ated learners’ progress across all four skills, with the strongest impact in productive areas directly sup-
ported by Al feedback tools.

Learner attitudes

The attitude questionnaire revealed generally positive perceptions of Al-assisted learning in the
experimental group. Most students agreed or strongly agreed that Al tools helped them improve their
English, made lessons more interesting, and increased their motivation to practise outside class. Many
reported that Al feedback helped them notice and understand their recurrent errors more clearly than
before.

At the same time, a substantial minority expressed concerns. Around half of respondents indicated
that they sometimes worried about relying too much on Al and losing their own problem-solving abilities.
A smaller but notable proportion mentioned anxiety about how their data might be stored or used by Al
platforms, and frustration when connectivity problems limited access. These responses suggest that
learners are already engaging in critical reflection about Al, not only consuming its benefits.

Classroom processes

Observation and diary data showed that Al tools influenced classroom dynamics in several ways.
During writing lessons, students initially tended to accept most Grammarly suggestions automatically,
but under the teacher’s requirement to note and justify each accepted change, they gradually became
more selective and reflective. In speaking lessons, ELSA Speak provided an effective warm-up that al-
lowed learners to practise difficult sounds privately before pair work, reducing visible embarrassment
and increasing willingness to participate. Quizlet Al homework logs indicated steady vocabulary practice
across the eight weeks, and students often referred to newly learned words spontaneously in subsequent
tasks.

Collective intelligence emerged when learners and teacher jointly evaluated Al-generated texts or
responses, discussing appropriateness of register, clarity, and cultural references. In these episodes, Al
outputs served as shared artefacts that supported deeper conversation about language use rather than
as unquestioned authorities.

Discussion

The findings support the view that Al can play a productive role in the B1 EFL classroom when
embedded in a carefully designed intelligence ecology. The experimental group’s larger gains in writing
and speaking suggest that Al tools are particularly effective in domains where frequent, individualised
feedback is difficult to provide through human teaching alone. Automated suggestions from Grammarly
and ELSA Speak addressed fossilised patterns in grammar and pronunciation that had previously gone
uncorrected, while ChatGPT's model texts and explanations offered additional input tailored to learners’
current topics.

However, these benefits depended heavily on the teacher’s mediation. Without tasks that require
learners to draft independently, explain their choices, and critically compare Al proposals with commu-
nicative goals, feedback tools risk reducing effortful learning to superficial correction. The AIEF frame-
work mitigated this risk by making independent production and metacognitive reflection explicit phases
in each lesson.

The medium gains in reading and listening point to both potential and limits. While Al-generated
texts and adaptive vocabulary support certainly contributed to improved reading, the absence of a dedi-
cated listening tool in the intervention may explain the smaller effect size in that skill. This suggests that
future research should explore Al systems designed specifically for interactive listening practice, such as
adaptive audio platforms that combine automatic speech recognition with comprehension tasks.

Learner attitudes highlight the importance of Al literacy as a component of collective intelligence.
Students’ concerns about over-reliance and privacy indicate that they are not passive adopters of Al, but
active agents negotiating its role in their learning. Integrating explicit discussion of ethical, cognitive, and
practical issues into the curriculum can help transform these individual reflections into shared classroom
norms, strengthening the collective’s capacity to use Al responsibly.

Taken together, the results support a shift in how educators think about the “future of intelligence”
in the language classroom: from a narrative of replacement (Al versus teacher) to one of orchestration
(teacher plus Al plus learners as a collaborative system).

Conclusion

This study has shown that a structured Al-EFL Integration Framework can enhance B1 learners’
progress across all four language skills, with particularly strong effects in writing and speaking, when
human, artificial, and collective intelligence are deliberately combined. The experimental group, which
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engaged with ChatGPT, Grammarly, ELSA Speak, and Quizlet Al under teacher guidance, outperformed
a control group receiving traditional instruction on matched content, and reported high levels of moti-
vation and perceived usefulness.

At the same time, learners’ expressed concerns about dependence and data privacy, along with
uneven gains across skills, demonstrate that Al integration is not a simple technical upgrade. It requires
ongoing pedagogical design, critical reflection, and institutional support. Future research should repli-
cate and extend this work in diverse contexts, explore additional tools for receptive skills, and examine
long-term effects on learner autonomy and teacher roles.

The broader implication for the future of intelligence in education is that meaningful progress lies
not in choosing between human and artificial intelligence, but in cultivating learning environments
where both, together with the emergent intelligence of the learning community, can contribute their
distinctive strengths.
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Abstract

This article examines the importance and capabilities of the Google Scholar service in searching for
and evaluating scientific information for university students. The main functions of the platform are an-
alyzed, including the search for academic publications and the assessment of their scientific significance
using citation metrics and other indicators. Special attention is given to the role of the service in devel-
oping students' research skills, critical thinking, and digital literacy. The advantages and limitations of
Google Scholar are also discussed, along with recommendations for its effective use in the higher educa-
tion environment. The study concludes that this service is an essential tool for improving the quality of
students' academic and research activities.

AHHOmMauus

B 0aHHOU cmamee paccMampusaemcsl 3Ha4YeHue u Bo3moxcHocmu cepsuca Google Scholar 8
npouecce NOUCKAa U OUeHKU Hay4yHol UHGopmayuu cmyo0eHmamu BbICUX Y4ebHbIX 3asedeHud.
AHAU3UPYHOMCS OCHOBHbIE (GYHKUUU NAAM@OPMbI, BKIKOYAS NOUCK akademudyeckux nybaukauyud,
OUEHKY UX Hay4YHOoU 3HAYUMOCMU C NOMOWbIO Uumupyemocmu u opyeux mempuk. Ocoboe BHUMAHUE
yoesisemcsl posiu Cepauca 8 pasBUMUU UCCIe00BAMENILCKUX HABLIKOB, KPUMUYECKO20 MbIL/IEHUS U
yugposol 2pamomHocmu  06y4YarowuXcs. Takxe packpbiBArOMCS NpeumMywsecmsd U 02paHUYeHUs
Google Scholar, a makxe npuBoOSIMCa pekomMeHOauuu Nno e2o 3PHeKmuBHOMY UCNOJIL30BAHUKD B
obpazosamesnibHol cpede. CoenaH BbIBOO O MOM, YMO OAHHbIU CepBUC ABJSeMCA BAXCHbIM
UHCMPYMeHMOoM 0151 NOBbIWEHUS Kadecmsa y4ebHou u Hay4Hol dessmesibHOCMU Cmy0eHmos.

Keywords: Google Scholar, scientific information, information search, university students, digital
resources, academic publications, citation metrics, research, digital literacy, educational environment,
critical thinking

Kmoyesbie cnosa: Google Scholar, Hay4Has uHgopmauus, nouck uHgpopmayuu, cmyoeHmsi BY308,
uugpoBble pecypchbl, akaoemudeckue nybaukayuu, yumupyemocms, Hay4YHble UCC1e008aHuUS, Uugdposas
2PAMOMHOCMb, 06PA30B8aMe/IbHAS CPedd, KPUMUYECKOe MbIULIeHU®

AKMYanbHOCMb UCNOJ/Ib30BAHUSA UUGDPOBLIX Pecypcos B BbicuieM 0bpazoBaHuU NOCMOSHHO pac-

mém, u 00HoU U3 K/IHo4eBbIX 3a0a4 COBpeMeHH020 CmydeHma CmaHoBUMCs 3¢pgekmuBHbIU NOUCK Kade-
cmaeHHol Hay4Hol uHgopmauyuu. Google Scholar npedcmasnsem coboll 00uH u3 cambix 00CMYNHbIX U
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YOOOHbIX UHCMPYMEHMOB, NO3BOJISHOULUX 06YHaroUUMCS BY308 bbICMPO HaxXo0umb akademuyeckue nyob-
JIUKAUUU, HAau3upoBamsb UX 3HA4UMOCMb U (pOpMUPOBAMb MeopemuyecKyro 6asy 018 y4ebHbIX U Hay4-
HbIx pabom. [Tpocmoma ucnos1b308aHUS, WUPOKUL 0XBAM HAYYHbIX UCMOYHUKOB U Ha/Iu4ue aHaaumuye-
CKUX UHCMPYMEeHmMOoB 0e/1arom CepBUC BAX(HbLIM 31eMeHMOoM 06pazo8amesibHol Cpedbi.

Ommeqaemcs, Ymo CepsuC 3Ha4UMesIbHO pacluupsem UHPOPMAUUOHHbIE pecypcbl, 00CMYyNHbIe
cmydeHmanm, obe24aem No020mMoBKY OUNJIOMHbIX U HAY4YHO-UCC/Ie00BAMe/IbCKUX NPOEKMOoB. B cmamabe
makxe 0603Ha4YeHbl 02paHu4eHuUs NIama@opmbl U NPEOCMAasieHbl PeKOMeHOauuu no ee 3¢hgpekmusHoOMy
npumeHeHuro 8 obpazosamesibHol cpede Bbicuiel WKOoJbL. [1o1y4eHHbIe pe3yibmamasi NOOMBEPHOAroM,
ymo Google Scholar snsemcs BaxHbIM YU@POBbLIM UHCMPYMEHMOM, NOO0ePHCUBAIOULUM NOBLILICHUE
YPOBHSA camocmosmesibHol U Hay4Hol 0esmesibHOCMU 06y4arouiUuxcs BY308.

B ycriosusx yugposusauuu Bbicue20 0b6pazosaHus o0ocmyn K KadecmseHHOU Hay4YHoU
UHGOpMayuUu CMAHOBUMCS KPUMUYECKU BAXCHbIM KOMNOHEHMOM y4yebHold U ucc/iedoBamesibckol
desmesnibHOCMU CMYyOeHMOoB. By3bl aKmuBHO BHEOPAOM 371eKMPOHHbIE 06pa3osamesibHble pecypchbi,
uugposbie bubsuomeku U NOUCKOBbIE CUCMEMbl, KOMOPbIe NO3B0J8t0M bYOywuM cneyuaaucmam
ppekmuBHO OpUEHMUPOBAMBCS B 02POMHbIX MACCUBAX HAYYHbIX OaHHbIX. Cpeou 3mux UHCMPYMEeHmMOoB
ocoboe mecmo 3aHumaem cepsuc Google Scholar — yHuBepcasibHAs NOUCKOBO-AHAIUMUYECKAs
naamegopma, npedocmasnsrowas 00Ccmyn K WUPOKOMY CNeKmMpy akademu4yeckux mamepuasios:
HCYPHANAM, KHU2aM, OUCCEPMAUUAM, NPENPUHMAM, KOHGBEPEHUUOHHbLIM NYOIUKAUUSM U NAMEHMAnm.

nasHbiM npeumywecmsom Google Scholar sBrgemcs e2o0 docmynHOCMb. cepauc OmMKpbIM 0J1S
Bcex nosibzosamesiell u He mpebyem obszamesibHoU NOONUCKU, YMOo 0esiaem e20 He3aMeHUMbIM B
obpazosamesibHol cpede, 0CobeHHO 0J1 CMYOeHMOoB, He UMeroUUX NOCMOSIHHO20 00CMYNA K NAAMHbIM
Hay4HbIM 6azam OaHHbIX. brazodaps smomy Google Scholar cywecmseHHo pacwupsem 20puU30oHMb!
camocmosimesibHoU  ucciedosamesibckol  pabomsl. CmyOdeHmbl Mo2ym HAxooums aKmya/ibHble
Hay4Hble nybaukayuu, u3ydams Hosellwue UCC/Ie00BaHUSs, OMC/IHUBAMb pPA3BUMUEe HAYYHbIX
HanpassieHull u popmupoBamse cO6CMBEHHbIE HAYYHbIE UHMEPECh.

Kpome moeo, Google Scholar obecnequsaem BbiCOKUU YpoBeHb UHMezpauyuu ¢ opyaumu
UHCMPYMeHmMamu Hay4Hol KoMMyHuKayuu, makumu kak Google Books, Google Patents, ResearchGate,
Scopus u Opyeue pecypcbl. 3mo No380J9em CMYyoeHMam He MOJIbKO BbINOJHIMb NOUCK, HO U
AHAAU3UPOBAMb MeXOUCUUNIUHAPHBIE CBA3U, CPABHUBAMbL NYOJUKAUUU, U3Y4amb meopemuyecKue
NooxXo0b! U UCN0JIb30BAMb HAUOeHHbIe 0aHHbIe B y4ebHbIX NPoeKmax, peepamax u ucc/1e0oBaHuUsx.

Google Scholar npednazaem MHO20YpOBHEBbIU MEeXaHU3M NOUCKA, KOMOPbIU BK/IKOYAaem NPOCMYH
CMPOKY NOUCKA U pacliupeHHble napamempsl. brazodaps smomy cmyodeHm Moxem Haxooumsb
UHGOPMAyuo NO  KJIH04YeBbIM C/I0BAM, KOMOUHAUUSM MEepMUHOB, UMEHaM dsmopos, HA3BAHUSIM
MYpHanos u eodam nybaukayud. Takol noodxod cywecmseHHO ynpouwiaem ombop pesesaHmHbIX
UCMOYHUKOB U CNOcobcmByem ¢opMuUpOBaHUK HABLIKOB AHAIUMUYECK020 NOUCKA.

O0Hol u3 Haubosee nonesHbix pyHKYUU Google Scholar ssrsemcs cucmema MempuK.: Koau4ecmso
yumuposarudl nybaukauuu, UHOeKc Xupwa asmopd, pelimuHe *ypHaad. Smu NoKasamesiu NO380/5Hm
CmyoeHmam OUEHUBAMb  HAYYHYH 3HAYUMOCMb Mamepuadsd U u3beeams  UCNOJIb30BAHUS
HepesnieBaHMHbIX Uiu He00CMOBEPHbIX UCMOYHUKOB. B npoyecce n0020moBKU KYpPCoBbIX U OUNJIOMHbIX
pabom makas oueHKa Asagemcsa 0b3amesibHol Yacmbro akademuyeckux cmaHoapmos.

Google Scholar npedcmassisem coboll cneyuanu3upoBaHHyO NOUCKOBYH CUCMeEMY, opueHmMupo-
BAHHYI HA HAy4YHbIe nybaukayuu. [lnameopma oxsamsisaem pasziudHble BUObI UCMOYHUKOB: HAYYHbIe
cmamau, duccepmayuu, KHU2U, Mamepuassi KoHpepeHuud, nameHms! U omy4émsl. OCHOBHbIM NpPeumy-
WecmaoM cepsuCca SBJISemcs e20 00CMyNHOCMb U NPOCMOMA UCNO/Ib30BAHUS, YmMo desiaem e20 BOC-
mpebosarHHbIM cpedu cmydeHmos u npenodasamesied.

Cepsuc uHmMezpupyemcs ¢ 0pyeumu Hay4HbIMu 6azamu u naameopmamu, Ymo NO380715em NOJb30-
Bamesiam noay4ams bosiee wupokul 0ocmyn K UHGOPMAauUU U OMCaIexusams B3aUMOCBS3U MeXoy Uc-
C/1e00BAHUSIMU.

Google Scholar npedocmasnsem Bo3MOXHOCMb U3Y4ames ABMOPCKUe NPoGUIIL, YMO NO3BOSAEM
cmydeHmam Budems BKIAO KOHKPEMHO20 Y4EHO20 B pa3BUMUE HAYYHO20 HANPAB/IEeHUs. VIHCMpymMeHm
pPackpbiBaem:

e OCHOBHbIE NYbIUKAUUU ABMOPA;

e OQUHAMUKY 4umMupyemMocmu;,

e COABMOPOB;

e memamuyeckue obsacmu ucciedosaHud.

Smo nomoeaem @opmMUPOBAMbL Ue/IOCMHOe NOHUMAHUe HAay4YHoU WKOJ/bl, ee HAanpassieHusl u
aKkmyasbHbIX NPobJiem.
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1. [lodcomoBKa y4ebHbix U Hay4HbIX pabom
CmyoeHmsb! akmusHo ucnosib3yrom Google Scholar npu cozdaHuu:
pepepamos,
Kypcosbix pabom,
NPOeKmMos,
Hay4HbIX cmamed,
e BbINYCKHbIX KBAUGUKAUUOHHBIX pabom.
Cepsuc nomoeaem  ¢opmuposams  meopemuyeckyro  6azy, nodbupams  AKMYyasbHbIE
UCC/1e00B8AHUS U UCNO/Ib30BAMb UX B AHAJIU3E.
2. Passumue HaBbIKoB KpUMUYECK020 MbIULICHUS]
Paboma ¢ nybaukayuamu, yumuposaHuem u Mempukamu NoMo2aem CmyoeHmam:
®  OMJIUYAMb Ka4yecmBeHHble UCCIe00BaHUS OM BMOPUYHbBIX UCMOYHUKOB;
e AHAIU3UPOBAMb HAY4YHYH 0OCMOBEPHOCMb UHGOPMAUUU;
e DA3BUBAMb YMeHUE KpUmu4ecku No0Xooums K 1umepamype;
®  OUeHUBAMb HAYYHbIE AP2yMeHMbI.
3. Yyacmue 8 Hay4Ho-ucciedoBamesibCKold 0esmesibHOCmu
Google Scholar cnocobcmsyem ¢$opmupoBsaHuro y cmyoeHmos uccaedosamesibCkol Ky/bmyphbi:
e BblAB/IEHUE HAY4YHbIX NPO6EOos;
e BbI6OP MeMbI UCC/Ie00BAHUS;
e onpedesieHue akmyasibHOCMuU pabomsel;
e NOUCK Memo0d0oB UCC/Ie008aHUS;,
[ )
4

OMC/IeHUBAHUE COBPEMEHHbIX HAYYHbIX OUCKYCcUU.
. [odoepcka camocmosmesibHol pabomsi U Lugdposold epamomHoOCMu

Vicnosib30BaHue cepsuca gopmupyem:

e HABbIKU bubuoepagpuyeckol 2pamomHOCMUu;

e yMeHue pabomams ¢ uudpoBbIMU 6A3amMu OaHHbIX,

e CcnocobHocmb aHanuzuposams 6osbuUe 06bEMbI UHPOPMayuU;

e CAMOCMOSIMesIbHOCMb B 06YYeHUU.

5. Micnonb3osarue 8 npogpeccuoHanbHol nod2omoske

Bo MHoaux cneuuasisHocmsax Google Scholar ssnsemcs He06X00UMbIM UHCMPYMEHMOM:

o MeOUUUHCKUe HanpasaeHuss Ucno/ib3yrom NY6IUKAuuUU O KIUHUYECKUX UCC1e00BAHUSIX;

e neddzoeu aHaau3UPYrom CoBpemMeHHbIe MeMOoOUKU 0bYYeHUs;

e 3KOHOMUCMbI U3Y4arom aHasumuyeckue omyémai U UCC1e00BaHus;

o UHX(eHepbl — UHHOBAUUOHHbIE pa3pabomKu U NpoeKmal.

6. lpakmuy4eckoe npumeHeHue 8 06pazoBamesIbHoOM npoyecce

Google Scholar wupoko ucnosb3yemcs cmyoeHmamu npu NO020MOBKe:

e pegepamos;

e KypcoBbIx pabom;

e OUNJIOMHbIX NPOEKMOB;

e Hay4yHbIX cmamedl.

Cepsuc nomozaem gopmuposams meopemuyecKyro basy ucciedosaqus, noobupams

aKmMyasbHble UCMOYHUKU U NPOBOOUMb AHAJIU3 HAYYHOU IUMeEPamypbI.

Takum obpazom, Google Scholar ssngemcs BaxcHbIM UHCMPYMeHmMoM B 0bpazosamesibHoU U
Hay4Hol dessmesibHocmu cmyodeHmos BY308. OH obecnequsaem 3¢pdekmusHbIt NOUCK U OUEHKY Hay4HOU
UHopmayuu, cnocobcmayem pazBuUMUK UCC/Ie00BAMENbLCKUX HABLIKOB U NOBbILEHUIO Ka4ecmad
y4ebHbIx pabom. B yciosusx yugposuzayuu 06pazoBaHusi 0aHHbIU cepsuC 3aHUMAaem 3Ha4yumoe Mecmo
B8 (popMUPOBAHUU COBPeMeHHOU akademuyeckol CpeobI.

3aknoveHue. Google Scholar uepaem 3Hayumyro posib B8 0bYy4YeHuUU CmyoeHmMoB BY308,
npedocmassiss UM 3¢pdekmuBHbie CpedcmBa NOUCKA, AHAU3d U OUeHKU Hay4Hol uH@Gopmauuu.
bnazodaps  wupokomy oxsamy Hay4HbIx nybaukayud, YOObHbIM UHCMPYMEHMAam Hasueauuu Uu
MempuKkam yumupyemocmu Ccepsuc cnocobcmayem passumuro akademuyeckol epamomHocmu U
uccnedosamesibCkol Kysibmypbl. B ycrosusx uugposuzayuu Bbicuezo obpasosaHus Google Scholar
CMAHOBUMCA  BAXCHbIM ~ 3JIeMEHMOM  HAY4YHOU — UHGPACMPYKMYPbl, NOMO2AOWUM  CMYOeHmam
dopmupoBamse Kpumu4eckoe MbilIeHUe U NOBbILUAMb KA4eCmMBO y4ebHbIX U Hay4YHbIX pabom.
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Abstract

The rapid deployment of fifth-generation (5G) mobile communication systems has led to significant
advancements in terms of speed, latency, connectivity capabilities, and support for large-scale Internet
of Things (loT) ecosystems. However, this development has also expanded the attack surface of telecom-
munications networks. The aim of this study is to analyze the impact of 5G architecture on cybersecurity
risks and to evaluate the main cyber threat vectors associated with next-generation networks.

The methodology is based on qualitative analysis of scientific literature, comparative analysis of
security frameworks, and examination of key components of 5G network architecture, including Soft-
ware-Defined Networking (SDN), Network Function Virtualization (NFV), and edge computing environ-
ments. The study investigates how the increased virtualization level, cloud integration, and distributed
structure of 5G lead to new vulnerabilities. These vulnerabilities include Distributed Denial of Service
(DDoS) attacks, signaling attacks, data interception, malware propagation, and unauthorized access to
network slices.

Special attention is given to security challenges related to network slicing, loT integration, and
edge computing. These areas require the implementation of advanced authentication mechanisms,
strong encryption techniques, and continuous monitoring systems.

The obtained results show that although 5G has more advanced security capabilities compared to
previous generations, its complex and open ecosystem necessitates multi-layered protection strategies.
These strategies include artificial intelligence-based intrusion detection systems, zero-trust architecture,
strong encryption protocols, and proactive threat intelligence sharing.

Effective cybersecurity in 5G networks depends on the coordinated implementation of technical,
organizational, and regulatory measures to ensure the confidentiality, integrity, and availability of data.
Strengthening security management and applying adaptive defense mechanisms are essential to miti-
gate emerging threats and maintain trust in 5G services.

Xiilase

Besinci nasil (5G) mobil rabite sistemlarinin stiratli tatbiqi stiret, gecikme middsti, baglanti im-
kanlari ve genis miqyasli “Osyalarin interneti” ekosistemlarinin desteklonmasi baximindan mihim ink-
isaflara ssbab olmusdur. Bununla yanasi, bu inkisaf telekommunikasiya sebakalerinin hiicum sathini de
genislendirmisdir. Bu isin magsadi 5G arxitekturasinin kibertehliikesizlik risklerine tasirini tahlil etmak
ve yeni nasil sabakalarle alagaliasas kibercuma vektorlarini giymatlondirmakdir.

Istifade olunan metodologiya elmi adeabiyyatin keyfiyyat analizine, tahliikesizlik corcivelorinin
mdqayisali tahliline ve 5G sebeke arxitekturasinin asas komponentlarinin, o climleden program
teminati ile idare olunan sebakaler (SDN), ssbake funksiyalarinin virtualizasiyasi (NFV) ve kenar hesa-
blama mdhitlarinin (edge computing) arasdirilmasina asaslanir. Arasdirmada 5G-nin artan virtualizasiya
saviyyasi, bulud inteqrasiyasi ve paylanmis strukturunun nece yeni zeifliklers sebeb oldugu tedqiq edilir.
Bu zsifliklere paylanmis xidmatin inkari (DDoS) hicumlari, signalizasiya hicumlari, malumatlarin ale
kecirilmasi, zorarli programlarin yayilmasi ve sebake dilimlarine icazesiz giris kimi hallar daxildir.

Xisusi diggat sebake dilimlenmasi, IoT inteqrasiyasi ve kenar hesablama ile bagli tehliikesizlik
problemlarine yénaldilmisdir. Bu sahalar inkisaf etmis autentifikasiya, glicli sifrelema ve davamlr mon-
itoring mexanizmlarinin tatbiqini taleb edir.

olde olunan neticeler gosterir ki, 5G awelki nasil ssbekalarle miqayissde daha inkisaf etmis
tehlikssizlik imkanlarina malik olsa da, onun mirekkab ve aciq ekosistemi coxsaviyyali goruma strate-
giyalarini zeruri edir. Bu strategiyalara siini intellekte asaslananmddaxile askarlama sistemleri, “zero-
trust” arxitekturasi, glicli sifrelema protokollari ve qabagqlayici tahlike melumatlarinin paylasilmasi
daxildir.

5G sebekalerinds effektiv kibertahliikesizlik malumatlarin maxfiliyini, bitévidyini ve slcatan-
ligini tamin etmak dgin texniki, taskilati v tenzimlayici tadbirlerin koordinasiyali sekilde hayata
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kecirilmasindan asilidir. Tehllikesizlik idareetmasinin gliclondirilmasi ve adaptiv midafie mexaniz-
mlarinin tatbiqi yaranan yeni tahliikalerin garsisini almaq ve 5G xidmatlarine olan etibarr gorumag lgdn
vacibdir.

AHHOMauyusA

bbicmpoe BHeopeHue Mobu/ibHbIX KOMMYHUKAUUOHHBIX CUCMeM ngmo2o nokosaeHus (5G) npusesio
K 3Ha4yumesibHbiM 00CMUMeHUsAM B 061acmu CKOPOCMU nepedaqu 0aHHbIX, 3a0epHKU, BO3MOXCHoCmed
NOOKJIHOYeHUSI U NOOJePXKU KpynHomacwmabHbix 3kocucmem VHmepHema seweld (loT). O0Hako 3mo
pazsumue Makx3e pacliupusio NOBEPXHOCMb AMAK MeIeKOMMYHUKAUUOHHbIX cemed. Llesb 0aHH020
UCC/Ie00BAHUS 3AK/THOYAeMCs B AHAU3e BJIUSIHUSI apxumeKkmypbl 5G Ha pucku KubepbesonacHocmu u
OUeHKe OCHOBHbIX BEKMOPOB Kubepyepo3, CBA3AHHbIX C CeMAMU HOBO20 NOKOJIeHUS.

Memodosioeus 0OCHOBAHA HA KAYeCMBEHHOM AHA/U3e HAay4HoU Aumepamypbl, CpasHUMe bHOM
aHanuse cmpykmyp 6e30NacHOCMU U U3y4eHuU KJIHo4eBbiX KOMNOHeHMOoB apxumekmypbl cemu 5G,
BKJ/IKO4As NpoepammHo-onpedenisemblie cemu (SDN), supmyanuzayuro cemesbix ¢yHKuyul (NFV) u
nepugepuliHbie BbiHuCIeHUs (edge computing). B uccredosaquu paccmMampusaemcs, Kak NoBbIUIEHHbIU
YPOBeHb BUPMYAAU3auuUU, UHMe2payusi 061a4HbIX mexHosaoeuld u pacnpedenéHHas cmpykmypa 5G
NpUBOOSIM K NOSIBJIEHUKD HOBbIX ys3sumocmed. K makum Ys3BUMOCMSM OMHOCSIMCS amaku munda
«omkasz B8 obcayiusaruuy (DDoS), amaku Ha CueHasbHble NPOMOKOJIbI, NEepexsam OAaHHbIX,
pacnpocmpareHue BpedoHOCHO20 NPO2PAMMHO20 obecneyeHuss U HeCaHKUUOHUPOBAHHbIL docmyn K
cemeBsbIM Cpe3am.

Ocoboe sHUMAaHUe yoensemcs Bonpocam 6e3onacHoCmuU, CBA3AHHbIM C CemeBbiM CalCUH20M,
uHmezpayueld loT u nepugepuliHbiMu  BbIHUCTGHUSMU. Imu obnacmu mpebyrom BHeOpeHus
PACWUPEHHbIX MeXaHU3Mo8 adymeHmupuKayuu, HAoexHbix Memooos8 WuUdpoBaAHUS U cucmem
HenpepbiBHO20 MOHUMOPUH2A.

[MonyyeHHble pesy/ibmamsl NOKAsbisarom, 4mo xoms 5G obnadaem 6osee pazsumbsimMu
BO3MOXCHOCMAMU 6e30NacHOCMU N0 CPABHEHU C NPedblioyWUMU NOKOCHUSMU, €20 C/IOMHAS U
OMKPbIMAs 3Kkocucmema mpebyem MHO20YpOBHEBbIX cmpameaull 3auumsl. Smu cmpameauu
BKJIOYAOM  cUCMEMb!  0bHAPYIEeHUS BMOPXEHUU HA OCHOBE UCKYCCMBEHHO020 UHMeJIeKma,
apxumekmypy Hysneso2o 0o8epus (zero-trust), HadexcHble NPOMOKOJIbI WUGPOBAHUS U NPOAKMUBHbIU
obmeH uHpopmayuet 0b yepo3ax.

dppekmusHas KubepbezonacHocmb B8 cemsax 5G 3asucum om C021aCOBAHHOU peanu3ayuu
MexXHUYeCKUX, 0p2aHU3AUUOHHbIX U HOPMAMUBHbLIX Mep 01 obecnedyeHuss KOHGUOeHUUabHOCMU,
yeslocmHocmu U 00CMYNHOCMU OdHHbIX. YcuieHue ynpasieHus 6e30nacHOCMb U NPUMEeHeHUe
adanmuBHbIX MeXaHU3MOB 3aWUmbl SB/SHOMCA KI04YeBbiMU 0719 NPOMUB0OelcCMBUS BO3HUKAOUWLUM
Vepo3am u noddepxcaHus 0oBepus K ycyeam 5G.

Keywords: 5G technology, cybersecurity, cyber threats, network security, network slicing, defense
mechanisms

Acar sézlar: 5G texnologiyasi, kibertehliikesizlik, kibercumaler, sebake tehliikesizliyi, sobake
dilimlenmasi, miidafie mexanizmleri

Knrovesble cosa: mexHonoz2us 5G, KubepbezonacHocms, Kubepyepossl, bezonacHocms cemed,
cemesol caalicuHe, MexaHu3mMbl 3auiUma!

Introduction

In recent years, the deployment of 5G technology has led to significant transformations in the tel-
ecommunications sector. High data transmission speeds, ultra-low latency, and the ability to connect
millions of devices simultaneously are among the key features that distinguish 5G from previous genera-
tions of networks. At the same time, alongside these technological advancements, the increasing com-
plexity of 5G systems and their virtualization-based architecture have introduced new security chal-
lenges. Features such as software-defined networking, cloud integration, and network slicing create ad-
ditional vulnerabilities that can be exploited by cybercriminals. Therefore, the implementation of 5G
technology represents not only a technological innovation but also a field that requires comprehensive
security analysis.

In the modern digital environment, the number and complexity of cyberattacks continue to grow.
Traditional security mechanisms used in earlier-generation networks may not be sufficiently effective
within 5G infrastructure. Ensuring data confidentiality, service availability, and network integrity has
become a primary priority. In particular, network slicing, edge computing, and loT integration expand the
attack surface and require more advanced and adaptive security strategies.
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The main objective of this study is to analyze cybersecurity risks associated with 5G technology and
to examine the defense mechanisms used to mitigate these risks. It identifies potential vulnerabilities
within the 5G architecture, evaluates possible attack scenarios, and explores modern protection ap-
proaches such as artificial intelligence-based intrusion detection systems, advanced encryption methods,
and zero-trust security models. It is also emphasized that 5G security should be ensured not only through
technical solutions but also through organizational and regulatory measures.

Based on existing scientific sources, this study systematically presents cybersecurity issues in 5G
networks and aims to contribute to the development of future security strategies. The findings indicate
that the secure and successful implementation of 5G technology depends on the integration of multi-
layered defense mechanisms and proactive security management.

With the deployment of 5G technology, network infrastructures are becoming increasingly soft-
ware-based and more tightly integrated with cloud environments. While these innovations improve flex-
ibility and operational efficiency, they also increase system complexity. Unlike traditional hardware-
based security approaches, security in a 5G environment must be dynamic and adaptive. The virtualiza-
tion of network functions expands the potential attack surface and makes security monitoring more
challenging.

One of the key features of 5G networks is network slicing. This technology allows the creation of
separate virtual network segments for different services. Although this approach enables more efficient
resource allocation, a security breach in one slice can affect others if proper isolation is not ensured.
Additionally, edge computing allows data to be processed closer to users, reducing latency and improving
performance. However, this distributed architecture introduces new vulnerabilities and requires stronger
monitoring and protection mechanisms.

This study analyzes the main types of cyberattacks targeting 5G networks and their potential im-
pacts. Threats such as Distributed Denial of Service (DDoS) attacks, data breaches, unauthorized access,
and identity spoofing are examined. Furthermore, the application of artificial intelligence and machine
learning-based security systems is evaluated. These technologies help detect anomalies in real time and
enable proactive threat mitigation.

The significance of this study lies in the fact that 5G technology is not limited to the field of com-
munications but is also widely used in critical infrastructure, healthcare systems, industrial automation,
and smart city applications. Therefore, security is no longer an additional feature but a fundamental
requirement. Ensuring the reliability of 5G networks requires the implementation of comprehensive and
multi-layered defense strategies.

This study systematically evaluates existing cybersecurity challenges in the 5G environment and
provides recommendations for strengthening network protection, thereby contributing to future re-
search and practical applications.

Security Challenges in 5G Network Architecture

The architecture of 5G networks reflects significant changes compared to previous generations of
mobile communication systems. Unlike traditional centralized infrastructures, 5G is based on a highly
virtualized, software-defined, and distributed structure. This architecture incorporates modern technol-
ogies such as software-defined networking (SDN), network function virtualization (NFV), cloud compu-
ting, and edge computing. While these innovations provide advantages in terms of flexibility, scalability,
and performance, they also introduce new and more complex security challenges that were not present
in earlier generations. The increased reliance on virtualization and cloud services expands the potential
attack surface and creates additional entry points for attackers.

One of the primary security challenges in 5G architecture is its high level of complexity. Although
the division of network functions into virtual components improves operational efficiency, it requires
more sophisticated coordination across different layers. Misconfigurations, software vulnerabilities, and
insufficient isolation between virtual environments can lead to unauthorized access or service disrup-
tions. Moreover, the implementation of many network functions through software increases the risk of
remote exploitation of code-level vulnerabilities and the likelihood of large-scale attacks.

Another critical issue is related to network slicing. This technology enables the creation of multiple
virtual networks on the same physical infrastructure. It allows the delivery of customized services for
sectors such as healthcare, autonomous transportation, and industrial automation. However, if proper
isolation between slices is not ensured, a security breach in one slice can affect others. In such cases,
attackers may propagate within the system, causing damage to other services and disrupting critical
processes.
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Edge computing is another essential component of 5G networks. This approach enables data to be
processed closer to the user, reducing latency and improving real-time performance. However, it also
leads to the distribution of computing resources across multiple locations, making each edge node a po-
tential attack target. Ensuring security in such a distributed environment requires continuous monitoring,
strong authentication, and robust encryption mechanisms. The lack of centralized resources further com-
plicates security management.

The integration of Internet of Things (loT) devices within the 5G ecosystem further intensifies se-
curity challenges. The connection of a vast number of devices necessitates the use of equipment with
varying technical capabilities and security levels. Many loT devices have limited computational power,
making it difficult to implement strong security mechanisms. As a result, these devices can become weak
points that attackers exploit to gain access to the network.

In addition, signaling security and authentication mechanisms face new challenges in the 5G envi-
ronment. Global connectivity and the requirement for interoperability across different systems make
identity and access management more complex. Weak authentication or insufficient encryption mecha-
nisms increase the risk of data interception or manipulation. Therefore, ensuring end-to-end security
across all network components is considered a fundamental requirement.

The security challenges in 5G network architecture are mainly associated with virtualization, dis-
tributed structure, increased connectivity, and reliance on software. While 5G technology offers high-
performance capabilities, it also requires the implementation of complex and adaptive security ap-
proaches. A proper understanding of these architectural vulnerabilities is essential for developing effec-
tive defense mechanisms and ensuring the reliable operation of next-generation communication systems.

Authentication and Signaling Attacks

In 5G network architecture, authentication and signaling mechanisms are more complex and multi-
layered compared to previous generations of mobile networks. This complexity is mainly due to the tran-
sition to a fully software-defined, virtualized, and distributed structure. As interactions between users,
devices, and network functions increase, the management and verification of identities become more
critical. This situation, in turn, leads to the emergence of various security risks.

One of the main issues is weak or misconfigured authentication mechanisms. Although complex
authentication protocols are used in 5G systems to enable devices and users to connect to the network,
implementation flaws may allow attackers to gain access using fake identities. In such cases, spoofing or
fake base station attacks may occur, resulting in the interception of user data.

Another serious problem is signaling attacks. In 5G networks, signaling processes are used for es-
tablishing communication between devices and the network, allocating resources, and managing ser-
vices. Attackers can manipulate signaling messages to cause unnecessary consumption of network re-
sources, service delays, or complete service disruption. These types of attacks are particularly dangerous
in scenarios such as signaling storms and Denial of Service (DoS) attacks.

In addition, the numerous interfaces and APIs used in 5G introduce new vulnerabilities. Communi-
cation between network functions through APIs, if not properly secured, can lead to unauthorized access.
Attackers may exploit weak APl endpoints to interfere with network functions and partially gain control
over the system.

Another important aspect of authentication-related issues arises during roaming. When connec-
tions are established between different operators, the compatibility and security of authentication mech-
anisms play a crucial role. Poorly implemented roaming protocols may allow third parties to intercept
user data.

Addressing these security challenges requires a multi-layered and adaptive approach. First, the im-
plementation of strong authentication systems is essential. Multi-Factor Authentication (MFA) and en-
hanced SIM-based authentication mechanisms are effective in preventing unauthorized access. Further-
more, improved versions of the Authentication and Key Agreement (AKA) protocol used in 5G provide
higher levels of security.

Second, encryption and monitoring of signaling traffic are critical. All signaling messages within
the network should be encrypted and analyzed in real time. Artificial intelligence-based intrusion detec-
tion systems (IDS) can be used to identify abnormal traffic behavior.

Third, API security must be strengthened. All network APIs should be protected with authentica-
tion, authorization, and auditing mechanisms, and should respond only to authorized requests. AP/ gate-
ways should be used to centrally manage access.
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Fourth, the implementation of a zero-trust architecture is essential. In this model, no user or device,
whether inside or outside the network, is automatically trusted. Every access request is continuously ver-
ified and validated.

Finally, to enhance roaming security between operators, standardized and encrypted protocols
should be used. Mutual security certifications and real-time verification systems should be implemented
for international connections.

Cloud Infrastructure and Centralized Risks

The architecture of 5G networks is considered the most advanced form of modern telecommuni-
cations systems, and one of its key features is deep integration with cloud technologies. While previous-
generation networks primarily relied on centralized physical servers, 5G systems deploy network func-
tions in virtual environments and cloud platforms, managed through software. Although this approach
provides high flexibility, rapid scalability, and more efficient resource utilization, it also introduces signif-
icant security risks.

One of the main issues is that cloud infrastructure represents a highly concentrated target. Large
volumes of user data, network management functions, and services are aggregated within a limited num-
ber of cloud centers. This creates an attractive target for attackers, as a single successful breach can
result in large-scale data leaks or service disruptions. The risk is further increased in multi-tenant cloud
environments, where multiple organizations share the same physical infrastructure.

Another critical concern is vulnerabilities related to virtualization. Technologies such as Network
Function Virtualization (NFV) and Software-Defined Networking (SDN) are widely used in 5G networks.
While these technologies enhance flexibility by transforming network functions into software-based
components, they also introduce potential software-level vulnerabilities. For instance, a security flaw in
one virtual machine may impact other virtual services, enabling lateral movement attacks.

APl security is also a major issue in cloud environments. 5G network functions communicate with
each other through APIs, and if these interfaces are not properly secured, they can lead to unauthorized
access, data theft, or service manipulation. Attackers may exploit weak APl endpoints to control cloud
resources and partially compromise the system.

Data confidentiality and leakage risks are additional major concerns. In cloud systems, data is con-
tinuously transmitted and stored across the network. If encryption is not properly implemented or if key
management is weak, user data may be intercepted by third parties. This poses a serious threat, particu-
larly for the protection of personal data and critical industrial information.

Service availability is another area at risk. Distributed Denial of Service (DDoS) attacks targeting
cloud infrastructure can overload servers, leading to delays or complete outages in 5G services. This is
especially critical for real-time applications such as autonomous transportation, healthcare systems, and
industrial automation.

To mitigate the security risks associated with cloud infrastructure in 5G networks, a comprehensive
and multi-layered defense strateqy must be implemented. First, the Zero Trust Security model is one of
the most effective approaches. According to this model, no user or device is automatically trusted, re-
gardless of whether it is inside or outside the network. Every access request must undergo continuous
authentication and authorization, significantly reducing the risk of unauthorized access in cloud environ-
ments.

Second, strong data encryption is essential. All data stored and transmitted within the cloud envi-
ronment should be encrypted both at rest and in transit. The use of robust encryption standards such as
AES-256 minimizes the risk of data leakage. Additionally, cryptographic keys should be managed using
dedicated Key Management System (KMS) platforms.

Third, API security requires special attention. APIs, which serve as the primary communication
channels for 5G network functions, must be centrally secured. By using APl gateways, all incoming and
outgoing traffic can be controlled, and only authenticated requests should be allowed. Furthermore,
techniques such as rate limiting and behavioral analysis should be applied to detect abnormal activities
at an early stage.

Fourth, virtualization security must be strengthened. In NFV and SDN environments, each virtual
component should be properly isolated. Security controls must be enforced at the hypervisor level, and
communication between virtual machines should be restricted. This plays a crucial role in preventing
lateral movement attacks.

Fifth, real-time monitoring and Al-based threat detection are essential. All activities within the
cloud infrastructure should be continuously analyzed, and anomalies should be identified using machine
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learning algorithms. This approach enables early detection of threats such as DDoS attacks, APl abuse,
and data breaches.

Sixth, the adoption of multi-cloud and hybrid-cloud strategies helps distribute risks. Instead of con-
centrating all resources within a single cloud provider, distributing them across multiple providers in-
creases system resilience and reduces the risk of a single point of failure.

The security of 5G cloud infrastructure cannot be ensured solely through technical solutions; it also
requires proper management, continuous monitoring, and well-defined security policies. When combined,
Zero Trust approaches, strong encryption, API security, and Al-based defense systems significantly en-
hance the overall security level of 5G networks in cloud environments.

Risk Index Model

« Formula:

Risk Score (R) =P x| xV

Where:

« P (Probability) — likelihood of attack occurrence (0-1)
* [ (Impact) — impact level (1-10)

* V (Vulnerability) — vulnerability level (1-10)

* Example:

* P = 0.7 (high likelihood of attack)
« | =9 (very severe impact)

* V= 8 (system is highly vulnerable)
* Calculation:
R=0.7x9x8=50.4

* Interpretation:

* 0-20 — low risk

* 20-50 — medium risk
* 50+ — high risk

= Result: HIGH RISK

Conclusion

The implementation of 5G technology has brought revolutionary changes to modern telecommu-
nications systems. High-speed data transmission, ultra-low latency, and the ability to connect billions of
devices simultaneously distinguish 5G from previous-generation technologies. However, alongside these
advantages, the increased complexity and virtualization-based nature of the system have also introduced
new security risks. In particular, while cloud infrastructure and centralized management models enhance
network flexibility, they also expand the attack surface and create new vulnerabilities.

Cloud infrastructure is one of the core components of 5G networks. It provides operators with ca-
pabilities such as more efficient resource management, flexible service scalability, and cost reduction.
However, the centralized storage and processing of data in cloud-based systems create significant secu-
rity weaknesses. If a cloud platform is compromised, it may lead not only to the disruption of a single
service but also to the failure of the entire network ecosystem. Therefore, cloud security is considered
one of the most critical elements of 5G infrastructure.

Centralized risks are of particular importance in 5G networks. Unlike traditional networks, 5G re-
lies heavily on virtual functions and software-based management. This increases the risk of a “single point
of failure,” where an issue in one central component can affect the entire network. In addition, central-
ized management systems are attractive targets for cyberattacks, as attackers can achieve large-scale
impact by compromising a single point. For this reason, distributed architecture approaches and addi-
tional protection mechanisms are essential.

Authentication systems play a key role in ensuring the security of 5G networks. The increasing
number of connected devices and the integration of the Internet of Things (loT) make the authentication
process more complex and sensitive. Weak or poorly secured authentication mechanisms can lead to un-
authorized access, data theft, and service disruption. In particular, vulnerabilities in SIM-based authenti-
cation or key-based systems may be exploited by attackers. Therefore, multi-factor authentication (MFA),
encryption technologies, and Al-based anomaly detection systems should be more widely implemented.

At the same time, it should be noted that security in the 5G ecosystem is not only a technical issue
but also a matter of governance and policy. Without proper coordination between operators, service
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providers, and users, full security cannot be achieved. Improved standards, international cooperation,
and continuous monitoring systems contribute to making 5G networks more secure.

The analysis shows that while 5G technology offers significant opportunities, it also introduces
serious security challenges. Cloud infrastructure, centralized risks, and authentication issues constitute
the main part of these challenges. Effective management of these risks requires the combined applica-
tion of both technological solutions and strategic approaches. In the future, the role of artificial intelli-
gence, automated security systems, and distributed architectures will further increase in ensuring more
resilient and secure 5G networks.
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Abstract

This article examines the automation of academic timetabling through a comparative scientific
analysis. The relevance of the study stems from the fact that manual timetable construction is time-
consuming, often leads to conflicts, and complicates the simultaneous coordination of teachers, student
groups, classrooms, and other interdependent resources. The aim of the study is to compare the main
approaches used in educational timetabling, determine their effectiveness in the college context, and
propose the most appropriate organizational and algorithmic model. The research methods include a
literature review, comparative analysis, systematization, and applied synthesis. The results show that
although manual planning remains manageable, it is inferior to automated solutions in terms of speed
and quality, whereas fully automated and hybrid models ensure higher accuracy and greater resilience
to change. For colleges, the most effective solution is the combination of a hybrid solver and an interac-
tive decision support system. The scientific novelty lies in adapting the comparative evaluation of classical
and modern algorithmic approaches to the specific management needs of colleges. The practical signifi-
cance of the study is that its conclusions can be used to improve planning quality, optimize resource al-
location, and support the stable organization of the educational process.

Keywords: academic timetable, automation, educational timetabling, comparative analysis, me-
taheuristics, constraint programming, hybrid model, decision support system, college.

INTRODUCTION

In contemporary colleges, the construction of academic timetables remains one of the central or-
ganizational tasks. A timetable determines the rhythm of the educational process, coordinates teachers’
workloads, allocates classroom resources, and structures students’ learning time. However, when this
process is performed manually, it requires substantial effort, depends heavily on human accuracy, and
makes it difficult to take into account a large number of constraints simultaneously. For this reason, in
the broader context of educational digitalization, the automation of academic timetabling has become
a particularly important problem [1, 2].

The significance of timetable automation is not limited to saving time. Automated systems make
it possible to distribute educational resources more rationally, reduce the number of conflicts, improve
the convenience of work for teachers and students, and maintain a more stable organization of the edu-
cational process. In the literature, educational timetabling is usually treated as a complex combinatorial
optimization problem that combines a large number of hard and soft constraints. Hard constraints de-
termine whether a timetable is feasible at all, for example, whether one teacher, one student group, or
one classroom is assigned to more than one class at the same time. Soft constraints influence timetable
quality, including compact schedules, minimized idle periods, balanced workloads, and the accommoda-
tion of institutional preferences [3, 4].

From a theoretical perspective, academic timetabling belongs to a class of NP-hard optimization
problems for which the search space grows extremely rapidly with every additional rule, class, or re-
source. This difficulty is even more pronounced in colleges, where the calendar is often affected by labor-
atory classes, workshops, practice periods, block teaching, specialized rooms, shift-based study modes,
and abrupt administrative changes. Therefore, the central issue is not only how to generate a feasible
timetable, but also how to build a model that remains interpretable, correctable, and operationally useful
for administrative staff.

Another important theoretical consideration is that many published studies focus primarily on uni-
versity-scale benchmarks and algorithmic performance, whereas college management requires a more
applied perspective. In colleges, timetable planners often work with smaller administrative teams, lim-
ited technical support, and a stronger need for transparent intervention in the scheduling process. As a
result, the best practical solution is not always the most mathematically sophisticated one, but the one
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that achieves an effective balance between optimization quality, explainability, and the capacity for rapid
rescheduling [5].

This article provides a comparative analysis of the main scientific approaches to timetable auto-
mation and clarifies their applied potential in the college context. The purpose of the study is to system-
atize the classical and modern methods used in educational timetabling, compare them, and justify the
most effective organizational and algorithmic solution for colleges. The object of the study is the process
of academic timetable construction, and the subject of the study is the set of algorithmic and system-
based approaches used to automate it.

MATERIALS AND METHODS

The present study was conducted using a comparative analytical methodology based on

authoritative scholarly publications in the field of educational timetabling. The methodological
foundation of the research was formed through a systematic examination of academic works devoted to
the theory, modeling, optimization, and practical implementation of timetable construction in
educational institutions. The source base included peer-reviewed journal articles, review papers,
benchmark-oriented studies, and conference proceedings published on major academic platforms such
as Elsevier, Springer, IEEE Access, and the PATAT conference series. These sources were selected because
they represent the most influential and methodologically significant body of research on timetabling
problems in contemporary educational management. Particular attention was paid to classical surveys
and recent state-of-the-art studies that summarize the development of educational timetabling, identify
dominant algorithmic trends, and evaluate the strengths and limitations of different solution strategies
in real institutional contexts [6, 7].
The choice of a comparative analytical approach was determined by the nature of the research problem.
Academic timetabling cannot be reduced to a purely technical procedure of assigning classes to available
time slots. It is a multidimensional organizational and computational task that requires simultaneous
consideration of pedagogical priorities, institutional regulations, teacher workloads, classroom
availability, student group structures, and numerous hard and soft constraints. For this reason, a simple
descriptive review of the literature would not have been sufficient. Instead, the study required a
structured comparison of existing approaches in order to determine which of them are most effective,
flexible, and applicable in the specific context of college administration. The selected methodology made
it possible not only to describe the main concepts and models used in the field, but also to assess their
practical relevance in terms of feasibility, manageability, adaptability, and decision-support capacity.

The comparative analysis was carried out at two interrelated levels. At the first level, the study
examined the main organizational formats of timetable construction. These included manual scheduling,
semi-automated planning, fully automated planning, and hybrid planning supported by an interactive
decision support system. Manual scheduling was considered as the traditional administrative approach
in which timetable construction depends almost entirely on the experience, intuition, and operational
Jjudgment of scheduling staff. Semi-automated planning was analyzed as an intermediate format in
which software tools are used to process data, verify conflicts, and generate partial scheduling
alternatives, while the final structure of the timetable remains under substantial human control. Fully
automated planning was examined as a model in which the timetable is generated primarily through
algorithmic procedures with minimal direct intervention during the main scheduling phase. Hybrid
planning was treated as a more advanced organizational model that combines computational
optimization with interactive managerial supervision, thus allowing administrators to review
alternatives, adjust priorities, refine constraints, and respond to changes without losing the efficiency
advantages of automated methods [8].

At the second level, the research focused on the main algorithmic paradigms used in educational
timetabling. These included rule-based approaches, heuristic and metaheuristic methods, genetic
algorithms, constraint programming, integer programming, and hybrid algorithmic solutions. Rule-based
approaches were included because of their relative simplicity, interpretability, and practical usefulness in
cases where institutional scheduling logic can be expressed in the form of explicit administrative rules.
Heuristic and metaheuristic methods were considered due to their wide application in large-scale
combinatorial optimization problems, particularly when exact optimization becomes computationally
expensive or impractical. Genetic algorithms were analyzed as evolutionary search methods capable of
exploring multiple solution candidates simultaneously and improving timetable quality through iterative
selection, crossover, and mutation. Constraint programming and integer programming were examined
as formal optimization frameworks particularly suitable for modeling strict operational requirements
and producing highly feasible solutions under complex institutional conditions. Hybrid algorithmic
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solutions were studied as integrated models that combine several techniques in order to balance
feasibility, solution quality, search efficiency, robustness, and adaptability in real educational
environments.

The methodological logic of the study was based on the assumption that timetable quality should
not be assessed solely in terms of the existence of a technically feasible solution. A timetable may satisfy
all formal hard constraints and still remain inconvenient, unstable, or suboptimal from an institutional
point of view. Therefore, the analytical framework of the research distinguished between two
interrelated dimensions of quality: operational feasibility and managerial usefulness. Operational
feasibility refers to the absence of direct scheduling conflicts, such as assigning the same teacher, student
group, or classroom to more than one class in the same time period. Managerial usefulness, by contrast,
concerns the extent to which the resulting timetable supports the stable organization of the educational
process, reflects administrative priorities, remains understandable to scheduling personnel, and can be
modified without excessive disruption when institutional conditions change. This perspective made it
possible to evaluate scheduling approaches not merely as abstract computational procedures, but as
instruments embedded in the real management practices of colleges [9].

In accordance with this analytical framework, a set of evaluation criteria was defined. These
criteria were selected on the basis of their frequent use in the literature and their direct relevance to the
needs of college administration. The first and most important criterion was conflict-freeness and
accuracy, since any timetable must first ensure the absence of basic contradictions in the allocation of
teachers, student groups, and rooms. The second criterion was timetable generation speed, because
educational institutions often operate under strict administrative deadlines, especially at the beginning
of semesters or when emergency changes must be introduced. The third criterion was flexibility with
respect to new constraints, understood as the ability of a scheduling approach to adapt when additional
requirements emerge, such as new teacher availability conditions, classroom restrictions, subject-specific
demands, or institutional policy changes. The fourth criterion was robustness during rescheduling, which
reflects the degree to which an existing timetable can absorb modifications without requiring complete
reconstruction. The fifth criterion was managerial transparency, that is, the extent to which the logic of
the schedule and the principles of its generation remain understandable and controllable for
administrative users. The sixth criterion was the ability to reduce teacher-group-room conflicts and to
distribute institutional resources in a balanced and rational manner. Finally, the overall applicability of
each approach to the college context was taken into account, since some algorithmically powerful
methods may be difficult to implement effectively in institutions with limited technical resources or
strong requirements for user interaction [10].

A further methodological issue concerned the heterogeneity of the empirical indicators reported
in the literature. Studies on educational timetabling differ significantly in their objectives, datasets,
benchmark structures, institutional settings, optimization goals, and performance metrics. Some
publications focus mainly on algorithmic competitiveness in standardized benchmark environments,
while others emphasize implementation in real universities or colleges with institution-specific
constraints. As a consequence, direct quantitative comparison across all studies is not always possible.
To address this limitation, the present research used a qualitative comparative synthesis supported by
scenario-based interpretation. This means that the findings reported by different authors were not
mechanically aggregated; rather, they were interpreted through a common analytical framework
oriented toward the practical conditions of college scheduling. Such an approach made it possible to
compare conceptually different methods in a consistent way, even when the original studies employed
different evaluation procedures or reported results in non-uniform formats [3, 7, 8].

To increase the clarity and practical value of the comparison, a scenario-based weighted
assessment using a 1-5 scale was applied. This assessment model should not be interpreted as an absolute
empirical measurement or as a substitute for direct institutional testing. Instead, it was used as a
structured comparative tool that allowed the conclusions of the reviewed literature to be translated into
a common evaluative format. Each organizational and algorithmic approach was assessed according to
the selected criteria, and weighted scores were assigned to reflect the relative importance of each
criterion for college administration. The weighting scheme was constructed in accordance with priorities
that are especially relevant in the college context: conflict-freeness and accuracy were assigned the
highest weight of 0.25,; timetable generation speed was assigned a weight of 0.20; flexibility with respect
to new constraints, robustness during rescheduling, and the ability to balance resources were each
assigned a weight of 0.15; and managerial transparency was assigned a weight of 0.10 [3, 8]. This
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weighting structure made it possible to move beyond purely narrative comparison and to formulate a
more systematic basis for identifying the most appropriate scheduling model for colleges.

An important feature of the methodology is that the study was oriented not only toward
idealized algorithmic performance, but also toward actual implementation conditions in educational
organizations. In real college practice, timetable construction is influenced by factors that are not always
fully captured in abstract mathematical formulations. These factors include uneven teacher workloads,
limited room capacity, subject-specific classroom requirements, the coexistence of general and
specialized disciplines, administrative preferences regarding lesson distribution, and the need to react
quickly to unexpected changes in the academic process. Consequently, the analysis did not evaluate
methods exclusively in terms of theoretical optimization power. It also examined the extent to which
each method can be integrated into everyday institutional workflows, support administrative personnel,
and maintain a workable balance between formal rigor and practical usability. This applied orientation
is especially important because a method that is mathematically sophisticated but operationally opaque
may be less valuable in practice than a method that offers slightly lower optimization performance but
significantly greater interpretability, controllability, and adaptability.

The research process itself consisted of several successive stages. At the initial stage, relevant
scientific publications were selected and reviewed in order to establish the theoretical background of the
study and identify the major approaches used in educational timetabling. At the second stage, the
collected sources were classified according to organizational models and algorithmic paradigms. At the
third stage, a comparative analysis was performed using the selected criteria in order to determine the
relative strengths, weaknesses, and practical limitations of each approach. At the final stage, the results
of the comparison were synthesized in relation to the specific needs of colleges, where timetable quality
depends not only on technical correctness but also on administrative manageability, flexibility, and
sustainability in the face of operational changes. Through this sequence of steps, the study was able to
connect theoretical knowledge from the academic literature with practical conclusions relevant to real
educational management.

RESULTS AND DISCUSSION

The analysis of the scientific literature shows that manual scheduling, although familiar and or-
ganizationally controllable, is weak in terms of time efficiency and quality when applied in larger educa-
tional settings. Manual planning allows the schedule manager to rely on experience, tacit knowledge,
and contextual judgment. However, as the number of groups, teachers, rooms, and special cases in-
creases, the probability of hidden conflicts rises, the time required for timetable construction becomes
longer, and even a small change may lead to a cascade of corrections [1, 8]. For this reason, manual
scheduling is generally appropriate only for small-scale or structurally simple educational environments.

Semi-automated approaches preserve the planner’s control while delegating data processing and
conflict checking to the system. In such models, the role of an interactive decision support system is es-
pecially important: it allows the scheduler to inspect intermediate solutions, clarify constraints, and in-
troduce corrections quickly. From a practical standpoint, this format can be seen as a compromise be-
tween full automation and manual control. It is particularly suitable where administrative trust, trans-
parency, and gradual adoption are as important as technical optimization [8, 9].

Fully automated approaches, especially those supported by constraint programming, integer pro-
gramming, and metaheuristic optimization, are capable of reducing conflicts more systematically and
improving overall solution quality. Their strength lies in formalizing institutional rules and exploring a
wider solution space than a human planner can manage manually. At the same time, the effectiveness
of such approaches depends directly on the completeness of the input data, the correctness of the formal
rule set, and the adequacy with which local educational policies are modeled [3-5, 7]. An automated
solver may be computationally powerful, but if the institutional logic is represented incompletely, the
resulting timetable may still be difficult to implement in practice.

From a theoretical standpoint, the major algorithmic families differ in the way they balance feasi-
bility search, optimization depth, and interpretability. Rule-based systems are strong at quickly generat-
ing a transparent initial timetable, but they are less effective at deeply optimizing numerous competing
soft constraints. Heuristic and metaheuristic approaches improve timetable quality by searching larger
solution spaces, although they tend to be sensitive to parameter settings and to the structure of particu-
lar instances. Genetic algorithms are useful for multi-scenario exploration and often perform better when
combined with repair operators or local search. Constraint programming and closely related formal mod-
els are particularly valuable when many complex institutional constraints must be represented explicitly.
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Hybrid architectures are theoretically the most attractive because they combine a formal feasibility core,
adaptive optimization procedures, and a user-oriented management layer [2, 10].

Since quantitative indicators in the literature are reported in different formats, a weighted sce-
nario-based assessment was used to clarify the comparison. The scale ranges from 1 to 5 and integrates
the criteria described above. Within this model, the weighted scores do not replace empirical benchmark-
ing; instead, they offer a structured way to compare organizational formats from the perspective of col-
lege administration.

Table 1— Weighted scenario-based assessment of organizational approaches

Criterion Weight | Manual schedul- | Semi-automated schedul- | Full automa- Hybrid
ing ing tion DSS
Conflict-freeness and accu- 0.25 2 4 5 5
racy
Planning time 0.20 1 3 5 4
Flexibility to new constraints | 0.15 3 4 3 5
Rescheduling robustness 0.15 2 4 3 5
Managerial transparency 0.10 4 5 3 5
Resource balancing 0.15 2 4 4 4
Total score 1.00 2.15 3.90 4.05 4.55

The results presented in Table 1 show that manual scheduling, although familiar from a manage-
rial point of view, performs weakly in terms of time expenditure and conflict reduction. Full automation
achieves high scores in accuracy and speed, but managerial transparency and flexibility during resched-
uling are not always equally strong. By contrast, the hybrid DSS format provides a more stable balance
between conflict-freeness, user intervention, and adaptability to change.

This outcome is theoretically significant because it confirms that colleges require not only high-
quality optimization, but also a controllable operating environment. An administrator must be able to
understand why a schedule was produced, identify which rule caused a conflict, and modify particular
assignments without destroying the global structure of the timetable. The hybrid format is therefore
advantageous precisely because it combines algorithmic rigor with institutional interpretability.

Table 2 — Matrix of algorithmic approaches for application in the college context

Algorithmic Main advantage Main limitation Appropriate use case in colleges
approach

Rule-based Fast generation of an initial time- | Weak deep optimization of When simple rules dominate and a
table and high explainability soft constraints rapid prototype is required

Heuristic / Effective for improving solution Sensitive to parameters; re- When timetable quality must be im-

metaheuristic | quality and exploring a large sults depend on the instance proved and idle periods should be
search space reduced

Genetic algo- | Support multi-scenario search and | Stability may decrease with- When several scenarios must be

rithms perform well in hybrid models out repair or local search tested on large and complex data

Constraint Well suited to the formal model- Modeling is complex and When there are many hard con-

programming | ing of complex constraints harder to explain to non-tech- | straints, specialized rooms, or block

nical users classes

Hybrid model | High balance between feasibility, Relatively higher design and In a full production scenario for a

quality, and rescheduling implementation cost college, especially together with a
DSS

Table 2 clarifies the comparison at the algorithmic level. In the college environment, not only solu-
tion quality but also explainability, the ability to reschedule, and the formal representation of complex
constraints are of decisive importance. This means that algorithm selection should be guided by institu-
tional priorities rather than by raw optimization performance alone.

The visual summaries in Figures 1 and 2 make this conclusion more explicit. The first figure shows
the aggregate advantage of the hybrid DSS format over the other organizational approaches. The second
figure demonstrates that hybrid models preserve strong positions across nearly all key dimensions, espe-
cially feasibility, quality improvement, complex constraints, and rescheduling capacity.
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Figure 2 — Heat map of algorithmic approaches by college application profile

The figures indicate that, in the college context, the main issue is not simply selecting the most
accurate algorithm, but constructing the right interaction between algorithmic power and management
practice. While full automation increases computational efficiency, an interactive DSS preserves control-
lability and explainability for the user. For this reason, the most stable model for colleges is a hybrid
architecture that includes a formal constraint-solving core, optimization mechanisms for solution im-
provement, and an interactive layer for administrators.

This conclusion is also consistent with applied work that proposes a hybrid model based on OR-
Tools/ILP and an LLM assistant for vocational college timetabling. Such a model is promising because it
combines rigorous feasibility control with a natural-language support layer that can help explain con-
flicts, suggest corrections, and support human decision-making. Thus, the comparative analysis confirms
that the future of timetable automation in colleges lies not in replacing administrators, but in strength-
ening their planning capacity through intelligent and transparent tools [11].

Conclusion

The comparative analysis conducted in this study shows that the automation of academic timeta-
bling is a complex and multifaceted problem. Each of the major approaches used to solve timetabling
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problems—rule-based methods, heuristics and metaheuristics, genetic algorithms, constraint program-
ming, and hybrid models—nhas its own strengths and limitations. No single method is equally effective in
all situations, which means that the choice of a scheduling solution should always be adapted to the
structure, rules, and management needs of a particular educational institution.

The results of the study make it possible to identify the most effective direction for colleges as a
model that combines a hybrid solver with an interactive decision support system. This approach preserves
hard constraints, supports the satisfaction of soft requirements to the greatest possible extent, enables
rapid adaptation to changes, and increases the transparency of the system for administrative users. As a
result, it contributes to higher timetable quality, shorter planning time, and more rational use of educa-
tional resources.

Thus, the introduction of academic timetable automation in colleges should be viewed as an im-
portant instrument for improving the organization of the educational process. Future research should
focus on empirical testing within real colleges, the refinement of evaluation indicators, and the broader
implementation of interactive automation systems in administrative practice.
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Abstract

The International Standards for Quality Management (ISO) 9000 represent the fundamental
framework of internationally recognized standards designed to guide organizations in establishing, im-
plementing, and maintaining effective quality management systems. Rather than being limited to a spe-
cific industrial sector or type of organization, these standards provide universally applicable principles
that assist enterprises of all sizes — from small businesses to large multinational corporations — in
achieving consistent quality across their operations and processes. ISO 9000 encompasses a family of
standards developed and maintained by the International Organization for Standardization through its
Technical Committee ISO/TC 176. The core of this framework rests on seven fundamental quality man-
agement principles: customer focus, leadership, engagement of people, process approach, improvement,
evidence-based decision making, and relationship management. Each of these principles is supported by
a rationale, a set of key benefits, and actionable steps for implementation within any organizational
context. In today's highly competitive global market, ISO 9000 serves as a critical strategic tool for com-
panies striving to meet customer requirements, comply with stringent regulatory demands, and foster a
culture of continuous improvement. Organizations that adopt these standards gain a structured, univer-
sally understood language for quality assurance — one that bridges the gap between different countries,
industries, and engineering disciplines. This enables enterprises to transition from reactive problem-solv-
ing to proactive quality management, significantly reducing errors and optimizing the use of available
resources. The primary objective of this article is to examine how the ISO 9000 framework enhances an
organization's operational effectiveness, strengthens its commitment to exceeding customer expecta-
tions, and ensures consistent satisfaction with the products and services it delivers. The study analyzes
the seven core principles in depth, explores the application of the framework's requirements, and dis-
cusses both the certification process and its associated costs based on international and local practice.
Furthermore, the article addresses the specific application of ISO 9000 standards within the Azerbaijani
business environment. As Azerbaijan deepens its integration into the global economy, the adoption of
international quality standards has become a strategic priority for local enterprises. The Azerbaijan
Standardization Institute (AZSTAND) serves as the national body responsible for adopting ISO standards
for the local market, while the Small and Medium Business Development Agency (KOBIA) provides finan-
cial support to enterprises pursuing certification. The findings confirm that ISO 9000 certification yields
substantial long-term benefits including enhanced operational efficiency, improved competitiveness, and
consistently higher-quality products and services.

Xiilase

Keyfiyyati idareetms (izre Beynalxalqg Standartlar (ISO) 9000 keyfiyyetin idare edilmasi vo
keyfiyyatin teminati lglin nezerde tutulmus beynalxalq standartlarin esas ¢orcivesini tamsil edir. Bu
standartlar miayyen bir ssnaye sahasi ile mahdudlasmaq avezinse, blitin o6lclilerdeki taskilatlara —
kicik musssisalarden tutmus iri coxmillatli korporasiyalara geder — yiiksek ssmarali keyfiyyat sistem-
larini ssnadlasdirmaye, tatbig etmaye ve qoruyub saxlamaga kémek edan universal sekilds tatbiq edile
bilen telimatlar teqdim edir. ISO 9000 standartlar ailesi Beynelxalg Standartlasdirma Teskilatinin
ISO/TC 176 Texniki Komitasi terafindan istenib hazirlanir ve mitamadi olaraq yenilenir. Bu ¢arcivenin
asasini yeddi fundamental keyfiyyati idareetms prinsipi taskil edir: misteri yonimlilik, liderlik, insan-
larin calb edilmasi, proses yanasmasi, tekmillesdirme, sibutlara esaslanan gerar gabuletms ve
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mdnasibatlerin idare edilmasi. Har bir prinsip lclin esaslandirma, asas faydalar toplusu ve har hansi bir
taskilati kontekstds tatbiq lclin konkret addimlar mieyyen edilmisdir. Bu prinsipler birlikde taskilatin
biitin fealiyyet istigamatlorini ehate edean vahid keyfiyyet idareetme sistemi yaradir. Indiki yiiksek
reqabetli global bazarda [SO 9000 miisteri taleblerini 6demaye, ciddi normativ teleblere riayet etmaye
ve davamli inkisaf madaniyyatini tasviqg etmaye calisan sirkatler tctin mihdm ilk addim kimi ¢ixis edir.
Bu standartlarr menimsayan taskilatlar ferqli 6lkeler, ssnaye sahaleri ve mihandislik intizamlarr arasin-
daki ucurumu aradan qaldiran, hami tersfindan anlasilan keyfiyyat taminati dili alds edirler. Bu ise
muassisalere reaktiv problem hallinden proaktiv keyfiyyat idareetmasine kecid etmays, sehvleri
ahamiyyatli dereceds azaltmada ve mdvcud resurslardan istifadeni optimallasdirmaga imkan verir. Bu
maqalanin asas megsadi [SO 9000 ¢arcivesinin taskilatin emeliyyat melumatliligini nece artirdigini,
mdsteri gozlantilerini asmaq dhdaliyini nece méhkemlandirdiyini v tagdim olunan meahsul ve xid-
matlarle ardicil memnuniyyati neca tamin etdiyini arasdirmaqdir. Tedqiqat yeddiasas prinsipi darinden
tahlil edir, carcivenin talablarinin tetbigini arasdirir ve beynalxalqg hamcinin yerli tacriibs asasinda ser-
tifikatlasdirma prosesini vo onunla bagli xercleri miizakire edir. Bundan alave, maqalade iSO 9000
standartlarinin Azarbaycan biznes mubhitindeki tatbiginin spesifik xdsusiyyatleri arasdirilir. Azarbaycan
global iqgtisadiyyata integrasiyasini  derinlesdirdikce, beynalxalg  keyfiyyat  standartlarinin
manimsanilmasi yerli miiassisalor ictin stratejiahamiyyat kasb edir. Azarbaycan Standartlasdirma insti-
tutu (AZSTAND) bu standartlari yerli bazara uygunlasdiran milli qurum kimi fealiyyat gosterdiyi halda,
Kicik vo Orta Biznesin inkisafi Agentliyi (KOBIA) sertifikat alan mdiassisalore maliyye desteyi gostarir.
Tadgiqatin naticalari tasdiglayir ki, [SO 9000 sertifikatlasdirmasi @hamiyystli uzunmiiddatli faydalar —
amaliyyat ssmaraliliyinin artirilmasi, qlobal bazarda reqabat qabiliyystinin gliclendirilmesi ve ardicil
olaraq daha yiiksek keyfiyyatli mahsul ve xidmatler —alde etmaye imkan yaradir.

Keywords: Quality Management System, ISO 9000, Quality Assurance, Continuous Improvement,
Standardization, Customer Satisfaction.

Acar sézlar: Keyfiyyeti Idareetma Sistemi, [SO 9000, Keyfiyyatin Teminati, Davamli Inkisaf,
Standartlasdirma, Mistari Memnuniyyati.

MOVZUNUN AKTUALLIG]

Qloballasmanin ve stretli ssnaye inkisafinin mdasir dévriinde mahsul ve xidmat keyfiyyatinin da-
vamlliginin tamin edilmasi blitin dinyada taskilatlar iciin mihim problema cevrilmisdir. Beynalxalg
Standartlasdirma Teskilati (ISO) beynalxalq ticareti asanlasdirmada ve hami tersfinden gabul edilmis
ameliyyat meyarlarini misyyan etmaye hasr olunmus asas global standartlar misyyen edan organ kimi
foaliyyet géstarir [1], [2]. ISO-nun tarixi kékleri 20-ci asrin ortalarina [5] gedib ¢ixsa da, onun mdiasir
aktualligi he¢ vaxt bu gadar yliksek olmamisdir. Bu giin sirketler gargin global reqabst ve getdikce
sartlesan tanzimlayici miihitlerle lzlesirlor. Neticads, @nanavi xtsusi keyfiyyate nazarat sullari uzun-
middatlismaliyyat uguruna zamanat vermak (iclin artig kifayat etmir.

Meahz bu négteds SO 9000 standartlar ailesi 6ziindin derin aktualligini niimayis etdirir. 9sas
keyfiyyeti idareetma sistemi (KiS) olarag, SO 9000 ferqli 6lkeler, senayelor vo miihandislik intizamlar
arasindaki boslugu aradan qaldiran keyfiyyat teminati (gln strukturlasdirilmis, hami tarsfindan an-
lasilan bir dil tamin edir. O, taskilatlara reaktiv problem hallindan proaktiv keyfiyyat idareetmasine kecid
etmaye imkan verir. Bu standartlari tetbiq etmekle mUsssisaler sshvleriehamiyystli dereceds azalda,
resurslardan istifadeni optimallasdira ve beynalxalg tersfdaslari ve istehlak¢ilari ile davamli inam
yarada bilarler.

ISIN 9SAS MOQSaDI

Bu tadgiqat isinin asas magsadi [SO 9000 beynalxalg standartlarinin keyfiyyati idareetms sis-
temindaki rolunu, onun yeddi asas prinsipini tahlil ekmak ve bu standartlarin hem global, ham de yerli
(Azarbaycan) bazarda tatbigi xisusiyyatlorini arasdirmaqdir. Eyni zamanda, megaleds SO 9000
car¢ivasinin misssisalerin amaliyyat ssmaraliliyini, reqabat gabiliyyatini ve mdistari mamnuniyyatini
necs artirdigr elmi-nezari baximdan asaslandirilir. Keyfiyyati idareetma sistemi qurmagq niyyatinde olan
har hansi bir taskilat d¢iin bu standartlarin baslangic néqtesi kimi ahamiyysti xdsusi vurgulanir [6], [7].

OSAS DOYORLOIR, PRINSIPLOR VO KONSEPSIYALAR

SO 9000 (iciin yeddi keyfiyyati idareetma prinsipi mévcuddur. "Prinsip"in tarifi ondan ibaretdir ki,
o, bir isin gérilme tarzine boyik tesir gbsteren asas inanc, nazariyye vo ya qaydadir. Keyfiyyati
idareetma prinsiplari (KiP) dogru olaraq gabul edilon ve keyfiyyatin idars edilmesi (iciinasas kimi istifade
edils bilan fundamental inanclar, normalar, gaydalar ve deyarler toplusudur [13], [14].
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KiP-lar taskilatin foaliyyatinin yaxsilasdirilmasini istigamatlondirmek (iciin 9sas kimi istifade edile
bilar. Onlar [SO-nun keyfiyyati idareetma standartlarinin islenib hazirlanmasi ve saxlanmasina cavabdeh
olan [SO/TC 176-nin beynalxalq ekspertlari tarafindan islonib hazirlanmis ve yenilenmisdir [6], [15].

Prinsip 1—Mdstari yondmliliik

Teskilatlar 6z mistarilarindan asilidir ve buna gére de mdstarilarin cari ve galecak ehtiyaclarini
anlamali, mistari taleblerine cavab vermali ve mlstari gézlentilerini asmadga calismalidirlar.

Prinsip 2 — Liderlik

Liderler teskilatin meagsad ve istigamat vehdstini qururlar. Onlar insanlarin teskilatin
magsadlarine catmaqda tam istirak eds bilecayi daxili mihit yaratmali ve qorumalidirlar.

Prinsip 3 — Insanlarin calb edilmasi

Bltin ssviyyalardse olan insanlar taskilatin mahiyystidir ve onlarin tam calb olunmasi onlarin
bacariglarindan taskilatin xeyrina istifade etmeye imkan verir. insanlar asas resursdur ve taskilatin
foaliyysti teskilatdaki insanlarin nece davranmasindan asilidir. insanlar taskilatlarin keyfiyyet siyasetlori
ve arzu olunan naticaler hagqinda dmumi anlayis inkisaf etdirmak yolu ile proseslerse calb olunurlar.

Prinsip 4 — Proses yanasmasi

Faaliyyatler ve alagadar resurslar bir proses kimi idare edildikds istanilen naticeye daha ssmarali
sakilds nail olunur.

Prinsip 5 — Tekmillasdirme

Taskilatin dmumi fealiyyatinin tekmillasdirilmasi teskilatin daimi magsadi olmalidir.

Prinsip 6 — Stibutlara asaslanan garar gabuletma

Effektiv gararlar malumat ve informasiyanin tehliline esaslanir.

Prinsip 7 — Mdnasibatlarin idare edilmasi

Taskilat v onun xarici techizat¢ilari (tadartiikcllar, podratgilar, xidmat teminatgilari) bir-birinden
asilidir ve garsiligli faydali miinasibat har ikisinin deyer yaratmagq imkanlarini artirir.

CORCIVO

Yeddi prinsipin har biri (clin taskilatin niye hamin prinsipe mdraciet edscayini izah edsn
asaslandirma, habele 3sas Faydalar ve prinsipi hayata kecirmak (¢lin atila bilecak Tedbirlar (addimlar)
verilmisdir.

Mdstari Yondmldlik

Keyfiyyatin idare edilmasinin asas diqget merkezi mdisteri telebler garsilamaq ve mdsteri
gozlentilerini asmaga ¢alismaqdir.

e 9saslandirma: Teskilat mistarilerin ve diger maraqli tarsflarin etibarini calb etdikde ve qorudu-
qgda davamli ugur alds edilir. Miistari ile garsiligli alaganin har bir aspekti miistari liclin daha cox deyer

yaratmag firsati tagdim edir. Mistarilarin vo digar maraqli tarsflarin cari vo galacak ehtiyaclarini an-
lamagq taskilatin davamli uguruna téhfe verir.

e Osas faydalar:

Artan mdstari dayeri

Artan mustari meamnuniyyati

Tekmillasdirilmis mdstari sadiqliyi

Artan tekrar biznes alagslari

Teskilatin reputasiyasinin yliksalmasi

Genislandirilmis mUstari bazasi

Galir ve bazar payinin artmasi
Atila bilacak addimlar:

Birbasa ve dolayr mdsterileri taskilatdan deyer alan sexsler kimi tanimag.

Mistarilerin cari ve galacak ehtiyac ve gbzlentilerini anlamag.

Taskilatin magsadlarini misteri ehtiyaclari ve gézlentileri ile alagalendirmak.

Midstari ehtiyaclarini ve gézlentilerini taskilat daxilinde ¢atdirmag.

Miistari ehtiyaclarini ve gézlentilerini garsilamagq lgctin mal ve xidmaetleri planlasdirmagq, dizayn
etmak, inkisaf etdirmak, istehsal etmak, catdirmaq ve desteklemak.

o Mistari mamnuniyyatini olgmak, izlemak ve mivafiq tadbirler gérmak.

o Mistari memnuniyyatine tasir eds bilecek maraqli tareflerin ehtiyac ve gdézlentilerini
miayyan etmak ve tadbirler gérmak.

o Davamli ugur slde etmak lclin mdstarilerle minasibatlari feal sekilde idare etmak.

O 0 0O 0O O ¢ OO0 O O O O O
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Liderlik

Bltin ssviyyalardeki liderler magsad ve istigamat vehdstini qurur ve insanlarin taskilatin
keyfiyyat megsedlarine ¢catmaga celb olundudu serait yaradir.

e 9saslandirma: Magsad ve istigamat vehdatinin yaradilmasi ve insanlarin calb edilmasi taskilata
06z magsadlarine catmag clin strategiyalarini, siyasatlerini, proseslarini va resurslarini uygunlasdirmaga
imkan verir.

e Osas faydalar:

o Taskilatin keyfiyyat magsadlarine catmaqda artan effektiviik va ssmaralilik

o Taskilat proseslarinin daha yaxsi elagalendirilmasi

o Teskilatin ssviyyalari ve funksiyalari arasinda teakmillesdirilmis tnsiyyet

o Taskilatin ve onun iscilarinin arzu olunan naticaleri alde etmak qabiliyyatinin inkisafi ve tak-
millasdirilmasi

e Atila bilacek addimlar:

o Taskilatin missiyasini, vizyonunu, strategiyasini, siyasatlerini ve proseslerini biitiin taskilat dax-
ilinds catdirmaq.

o Taskilatin bitin ssviyyalarinds davranis lcln ortaq deyerler, adalat ve etik modellar
yaratmag ve gorumag.

o Inam ve diiristlik madaniyyati qurmaq.

o Taskilat miqyasinda keyfiyyate sadiqliyi tasvig etmak.

o Bltin ssviyyalardeaki liderlorin taskilatdaki insanlar lgln mdisbat nimuns olmasini tamin
etmek.

o Insanlari hesabatliligla harekat etmak (iciin talob olunan resurslar, talim ve salahiyyatlorle
temin etmak.

o Insanlarin téhfesini ilhamlandirmag, tesvig etmak ve tanimag.

insanlarin calb edilmasi

Taskilatin bltin ssviyyalarinds saristali, salahiyyatli ve calb olunmus insanlar onun deyer
yaratmag ve teqdim etmak qabiliyyatini artirmagq (g¢dn vacibdir.

 Osaslandirma: Teskilat effektiv va seamarali idare etmak (clin bltin ssviyyalardeki insanlari
calbetmak ve onlara ford kimi hérmat etmak vacibdir. Taninma, selahiyyatlendirma ve saristanin artiril-
masi taskilatin keyfiyyet megsadlerine catmaqda insanlarin istirakini asanlasdirir.

e Osas faydalar:

o Teskilatdaki insanlar tersfinden taskilatin keyfiyyat magsadlerinin daha yaxsi basa disilmasi
va onlara nail olmagq lcdn artan motivasiya

o Insanlarin tekmillesdirmae fealiyyatlorine genis calb olunmasi
Sexsi inkisaf, tesebblsler ve yaradiciligin artmasi
Insan mamnuniyyatinin artmasi
Teskilat daxilinds gliclendirilmis etibar ve emeakdasliq
Taskilat daxilinde ortaq deyarlere ve madaniyyete artan diggat

o Atila bilacek addimlar:

o Fardi téhfenin vacibliyini basa dismek lcln insanlarla lnsiyyat qurmag.

o Toskilat daxilinde emekdasligi tasvig etmak.

o Aciqg mizakiraleri, bilik ve tacriibe mibadilesini asanlasdirmag.

o Insanlara performansa mane olan amilleri misyyan etmak vo qorxmadan tasabbiislor etmak
salahiyysti vermak.

o Insanlarin téhfesini, 6yrenmasini va inkisafini tanimaq ve etiraf etmak.

o Sexsi magsadlare garsi performansin éziinl giymatlendirmasine imkan yaratmagq.

o Insanlarin memnuniyystini giymetlendirmak (giin sordular kecirmek, naticelori bildirmek ve
mdvafiq tedbirler gérmak.

Proses Yanasmasi

Fealiyyatler vahid bir sistem kimi foaliyyat gosteran, bir-biri ile alagali prosesler kimi anlasildigda
ve idare edildikde davamli ve prognozlasdirila bilen naticaler daha effektiv ve ssmarali sakilds alde
edilir.

« 9saslandirma: Keyfiyysti idareetms sistemi bir-biri ile alagali proseslerden ibaratdir. Naticalorin
bu sistem tarafinden nece istehsal edildiyini anlamaq taskilata sistemi ve onun fealiyyatini optimal-
lasdirmada imkan verir.

e Osas faydalar:

@)
@)
@)
@)
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o Seylariasas proseslare ve tekmillesdirme imkanlarina yonaltmak qabiliyyatinin artmasi

o Uygunlasdirilmis proseslar sistemi vasitasile ardicil ve prognozlasdirila bilen naticeler

o Effektiv proses idaraciliyi, resurslardan semerali istifade ve ¢arpaz funksional manealsrin
azaldilmasi vasitasile optimallasdirilmis performans

o Taskilata onun tutarliligi, effektivliyi ve ssmaraliliyi ite bagli maraqli teraflere inam vermaye
imkan yaratmagqg

e Atila bilacek addimlar:

o Sistemin magsadlarini ve onlara nail olmagq (clin zaruri olan prosesleri miayyan etmak.

o Proseslarin idare edilmasi liclin salahiyyat, masuliyyat va hesabatliliq misyyan etmak.

o Teskilatin imkanlarini anlamaq ve herekete kecmezden awvel resurs mehdudiyystlerini
mUsyyan etmak.

o Proseslarin garsiligli asiiligini misyyan etmak va fardi proseslers edilan dayisikliklarin sistema
tasirini tahlil etmak.

o Teskilatin keyfiyyat magsadlerine effektiv ve ssmarali nail olmaq (gin prosesleri ve onlarin
qarsiliglialagalerini bir sistem kimi idare etmak.

o Proseslari idare etmak ve tekmillesdirmek, hemcinin dmumi sistemin fealiyyatini izlemak,
tahlil etmak ve qiymatlendirmak lclin lazimi malumatlarin mévcudlugunu temin etmak.

o Proseslerin naticalerine ve keyfiyysti idareetms sisteminin dmumi naticalerine tasir eds
bilecak risklari idare etmak.

Tekmillasdirme

Ugurlu teskilatlar davamli olarag tekmillesdirmaye diggat yetirirlor.

e 9saslandirma: Tekmillesdirme teskilatin cari performans saviyyasini qorumaq, daxili ve xarici
saraitindski dayisikliklers reaksiya vermak va yeni imkanlar yaratmagq dgctin mitleqdir.

e Osas faydalar:

o Tekmillasdirilmis proses performansi, taskilati imkanlar, mdistari memnuniyyati

o Koék-ssbab arasdirilmasina ve mdisyyan edilmasine, ardinca profilaktika ve dlzeldici
harekatlore yonaldilmis diggat

o Daxili ve xarici risklari ve imkanlari texmin etmak ve onlara reaksiya vermak gabiliyystinin art-
masi

o Hem artan, hem do sicrayisli inkisafin nezere alinmasinin giiclendirilmasi

o Tekmillasdirme (clin 6yrenmaden istifadanin yaxsilasdirilmasi

o Innovasiya (iciin artan motivasiya

o Atila bilacek addimlar:

o Teskilatin biitiin ssviyyalerinds tekmillesdirme magsadlerinin qurulmasini tasviqg etmak.

o Bltin saviyyalardeki insanlari tekmillesdirme meagsadlerine ¢atmagq (lcln asas aletler ve
metodologiyalari necs tatbiq etmak barede maariflendirmak ve éyretmak.

o Insanlarin tekmillesdirme layihalerini udurla tesvig etmak ve tamamlamag giin saristali ol-
masini tamin etmak.

o Bltin teskilat daxilinde tekmillesdirme layihalarini hayata kegirmek (lclin proseslari inkisaf
etdirmak ve tatbig etmak.

o Tekmillasdirme layihalarinin planlasdirilmasini, hayata kecirilmasini, tamamlanmasini ve
naticalerini izlemak, nezarden kegirmak ve audit etmak.

o Tekmillesdirme mdlahizelerini yeni ve ya dayisdirilmis mal, xidmat ve proseslerin inkisafina
inteqrasiya etmek.

o Tekmillasdirmani tanimaq ve etiraf etmak.

Stibutlara asaslanan garar gabuletma

Malumat ve informasiyanin tahlili ve giymatlendirilmeasine asaslanan gararlarin arzu olunan
naticalari verma ehtimali daha yliksskdir.

e 9saslandirma: Qarar gabuletms mirekkeb bir proses ola biler ve bu hemise miisyyen derecade
qgeyri-musyyenliyi ehtiva edir. O, cox vaxt subyektiv ola bilen ¢oxsayli daxilolma névleri ve manbaleri,
elaca da onlarin tafsirini ehate edir. Sebab-natice alagalarini ve potensial gozlenilmaz naticaleri anla-
magq vacibdir. Faktlar, sibutlar va malumatlarin tahlili gararlarin gabul edilmasinds daha ¢ox obyek-
tivliya ve inama gatirib ¢ixarir.

e Osas faydalar:

o Tekmillasdirilmis garar gabul etma proseslari

152



VI INTERNATIONAL SCIENTIFIC CONFERENCE. BERN. SWITZERLAND. 14-15.04.2026

o Prosesin  performansinin v magsadlere  catma  qabiliyyatinin  tekmillasdirilmis
giymatlendirilmasi

o Tekmillasdirilmis emaliyyat effektivliyi ve ssmaraliliyi

o Fikir ve gararlari nezardan kecirmak, siibhe altina almaq ve dayisdirmak gabiliyysatinin artmasi

o Kecmis gararlarin effektivliyini niimayis etdirmak qabiliyyatinin artmasi

e Atila bilacak addimlar:

o Teskilatin fealiyystini nimayis etdirmak (i¢lin esas gdstaricileri misyyan etmak, dlgmak ve
izloemak.

o Bltin lazimi melumatlari mdvafiq insanlar (g¢iin alcatan etmak.

o Mealumat ve informasiyanin kifayat gader daqiq, etibarli ve tahliikesiz olmasini tamin etmak.

o Mivafiqg Usullardan istifade ederek malumat ve informasiyani tehlil etmek ve
giymatlendirmak.

o Insanlarin lazim oldugda malumatlari tahlil etmak ve giymatlondirmak diciin saristali olmasini
temin etmak.

o Tacrlibe ve intuisiya ile balanslasdirilmis sekilds sibutlara esaslanan gararlar vermek ve
harekate kecmak.

Miinasibatlarin idare edilmasi

Davamli ugur lgdn taskilat tachizatgilar kimi maraqli tereflerle minasibstlerini idare edir.

e Osaslandirma: Maraqli tarsfler taskilatin fealiyyetine tesir gdsterir. Teskilat maraqli tarsflerin
onun performansina tesirini optimallasdirmaq lclin onlarla minasibatlari idare etdikds davamlr ugurun
alds edilme ehtimali daha yiiksak olur. Techizat¢r ve tersfdas sebakalari ile miinasibatlerin idare
edilmasi xtisusi ahamiyyat kasb edir.

e Osas Faydalar:

o Har bir maraqli tarsfle bagli imkanlara ve mehdudiyystlere cavab vermakls taskilatin ve onun
maraqli tarsflerinin gliclendirilmis fealiyyati

o Maraqli tareflar arasinda magsad ve dayarlarin imumi anlayisi

o Resurslari ve seristelari béliismeakle ve keyfiyyatle bagli riskleriidare etmakle maraqgli tersfler
lclin dayer yaratmaqg imkaninin artmasi

o Mal ve xidmatlarin sabit axinini temin edan yaxsi idare olunan techizat zenciri

o Atila bilacek addimlar:

o Mivafiqg maraqli terefleri (mesalen, tachizat¢ilar, tarefdaslar, mistarilar, investorlar, isilor v
bitoévlikds cemiyyat) ve onlarin taskilatla miinasibatlerini misyyan etmak.

o Idare edilmasi lazim olan maraqli taref miinasibatlorini misyyen etmak ve prioritetlosdirmak.

o Qisamiddstli gazanclari uzunmdddatli milahizalerle balanslasdiran alagsler qurmagq.

o Malumati, tacriibani ve resurslari mdivafiq maraqli tersflerle birlesdirmak ve béllismak.

o Tekmillesdirma tesabblislarini inkisaf etdirmak li¢lin performansi él¢mak ve maraqli teraflare
performansa dair geri bildirim teamin etmak.

o Techizatgilar, tersfdaslar ve diger maraqli tersflerle birge inkisaf ve tekmillasdirme
faaliyyatleri qurmagq.

o Tochizatcilar ve tersfdaslar terefinden hayata kecirilon tekmillasdirmaleri ve nailiyyetlori
tasvig etmak ve tanimagq.

TOTBIQ

Idareetma, maliyya, malumatlarin toplanmasi, program xidmatlari. [SO 9000 taskilatin (dmumi
keyfiyyati idareetma proseslerinin tam harterafli nezerdsn kegirilmasini tamin etmak lglin nezards tu-
tulmusdur. SO 9000 agentlik daxilinde tam tatbig oluna bilar. Yeddi prinsipin gésterdiyi kimi, KiP-terin
qiymatlandirilmasi ve hayata kegirilmasi blitiin aspektlore tasir gostare bilsr.

Pesa Reabilitasiyasi (PR) [SO 9000 sertifikati alan ve ya istifade eden PR agentliklarinin
nimunaleri tapilmadi. Genis menada yeddi prinsipin tatbiqi hartersfli keyfiyyati idareetms sistemi
yaratmagq istayan har hansi PR agentliyi liciin rehbar rolunu oynayacaqdir. 3gar tam sertifikatlasdirma
arzuolunan ve ya miimkdn deyilss, SO 9000-den Umumi Keyfiyyat idareetmasi (Total Quality Manage-
ment) kimi digar KIS ile birlikds istifade edils bilar.

Diger Tagkilatlar iSO 9000 insan Xidmatleri Teskilatlari ve Ictimai Xidmat ve ya Miidafie Nazirli-
vinin Satinalma idaresi, Bas Miihasibat idaresi ve Federal Binalarin idareedilmasi kimi diger elagedar
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taskilatlar tarefindan istifads edilmisdir. Bu ictimai taskilatlarin har biri 6z satinalma sistemlarini tek-
millasdirmak dictin [SO 9000-dan istifade etmisdir.

TONQIDLSR V3 YA NARAHATLIQLAR

SO 9000 aksar PR agentliklori (iciin cox miirekkeb bir sistem kimi gériine biler. O, esasen malu-
mat va sistem proseslarine asaslanan audits giivenir. Istenilen darin giymatlondirma (ciin agentliyin
auditde istirak edecek xtisusi heyati olmalidir. Bundan alave, bazi agentlikler maliyye, IT ve Personal kimi
birbasa xidmat agentliklori (DSA) daxilinde inzibati vahidleri paylasa biler. DSA [SO 9000 tersfinden
taleb olunan prosedurlarin nezerden kecirilmasine ve ya dayisdirilmesine icaze vermaya biler.
Standartlar mdslif hiquqlarr ile qorundugundan, onlardan yalniz satin alan agentlik tarafinden istifade
edils bilar [16].

PR-D3 [STIFADOSI UCUN TOVSIYS

SO 9000-in Pesa Reabilitasiyasinda (PR) mahdud tetbiqgi var. [SO 9000-dan istifade edan Federal
taskilatlara esaslanaraq, PR agentliyi satinalma proseslerini tekmillesdirmak (¢iin standartlardan isti-
fade edo bilor. [SO 9000 prinsipleri, xtisusen do digar keyfiyyati idareetms proseslori ile birlosdirildikda,
agentlik esmaliyyatlariniehats edan sahalards genis talimat kimi istifads edils bilsr, lakin bu halda ser-
tifikatlasdirma o gadar de maqgsadauygun gérinmdir.

SERTIFIKATLASDIRMA

SO 9000 yuxarida sadalanan prinsiplerden istifade edan standartlar toplusudur. Teskilat hazirlig
prosesindan ve ardinca auditden sonra sertifikatlasmadi se¢s bilar. Sertifikat almaq lcdn teskilat sertif-
ikatlr maslahatci(lar) ile migavile baglamalidir. Sertifikatli maslehatgi yeddi prinsipden kontur kimi isti-
fade edarek taskilatin bltin aspektlerini darindan giymatlendirir. Sertifikatli maslehatcidean istifade
etmakls hazirlig marhalasi bas verir (texminan 4-6 ay), ardinca iss audit aparilir [8].

X9RC

Sertifikatlasdirmanin asasen iki hissasi var: hazirlig merhslesi ve audit marhalasi. Beynalxalqg
tacriibsye ve global menbalare asasan, Umumi sertifikatlasdirma xercleri kicik mdassisaler dgcln
$5,000-dan 525,000-a gadar dayiss bilar; konsalting xercleri $2,000-5 15,000, sertifikasiya orqani audit
haqgqi iss $5,000-510,000 arasinda ola biler [3], [4]. Lakin Azerbaycan realliginda ve yerli bazarda bu
reqgamlar shamiyyatli dereceds forqlenir. Yerli konsalting sirkstlerinin xidmatleri, elece do taskilatin
6lclsi ve proseslarin mirekkabliyinden asili olaraq, 6lkemizde bu proses adeten daha miinasib biidce
ile hayata kecirilir. Sertifikatlasdirma (gtin talim ve hazirlig miiddati ise orta hesabla 4-5 ay ¢oKkir.

AZSRBAYCANDA IS0 9000 STANDARTININ TOTBIQI Vo XUSUSIYYSTLORI

Azarbaycanin qlobal igtisadiyyata inteqrasiyasi ve geyri-neft sektorunun sdretli inkisafi fonunda
beynalxalg standartlarin manimsanilmesi yerli miassisalor lgiin strateji shomiyyat dasiyir. Olkemiz
post-sovet makani olaraq enanavi QOST (Dévlet Standartlari) sisteminden miiasir [SO standartlarina
kecid marhalasini ugurla icra etmisdir. Bu prosese birbasa Azerbaycan Standartlasdirma institutu (AZ-
STAND) rehberlik edir ve beynalxalq standartlari Azerbaycan Respublikasinin milli standartlari
(mesalan, AZS [SO 9000) kimi gabul edarak yerli bazara uydunlasdirir [10]. Eyni zamanda, bu sahaye
(mumi déviet nazarati ve keyfiyyat infrastrukturunun inkisafi Iqtisadiyyat Nazirliyi yaninda Antiinhisar
va Istehlak Bazarina Nazarat Déviat Xidmati terafinden tenzimlenir [11].

Yerli tatbigde asas aparici qiivwalardan biri ssnaye ve global terefdasliq talablaridir. Xisusile neft-
qaz sektorunda (SOCAR ve xarici sirkatlorle isleyan podratgilar) ve Avropa bazarlarina ¢ixis hedsflayen
aqgrar va gida senayesi sirkatlarinds [SO 9000 standartinin tatbigi reqabat dstiinliyii olmaqdan cixaraq
macburi v ilkin talebe cevrilmisdir [12].

Eyni zamanda, bu standartlarin yerli tatbigini stimullasdirmaq megsadile dovlat saviyyasinds bir
sira mexanizmler mévcuddur. Mesalen, Azerbaycan Respublikasinin Kicik ve Orta Biznesin inkisafi
Agentliyi (KOBIA) yerli miisssiselorin reqabet qabiliyyetini artirmaq megsedile onlara beynslxalg
standartlarin ve sertifikatlarin, o ciimleden ISO sertifikatlarinin alinmasi prosesinde maliyye desteyi
(subsidiyalar) gostarir [9]. Bu yanasma kicik ve orta ol¢iili bizneslarin maliyys yikind yinglllesdirerak
beynalxalq idareetma standartlarina kegidini xeyli siire tlondirir.

NOTICO

Yekun olarag, SO 9000 keyfiyyatin idare edilmesi ve misteri mamnuniyyeti sahesinde
mikeammalliye catmadga calisan taskilatlar l¢lin yiksek ssmaraliasas ¢arcive kimi xidmat edir. Mistari
yéniumlilikden tutmus stbutlara asaslanan gerarlarin gebuluna gader yeddi asas prinsipine riayat
etmakls sirkatler daxili proseslarini asanlasdira, davamli inkisafi tasviq eds ve maraqli tareflarle daha
gliclii slagaler qura bilerler. Resmi sertifikatlasdirma prosesi vaxt, xtsusi heyat vo maliyye resurslari
baximindan ehemiyyatli ssrmaye taleb etse ds, uzunmdiddetli faydalar béyikdir. Bu standartlara sadiq
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qgalmadga hazir olan taskilatlar ticlin natice etibarile gliclondirilmisemaliyyat ssmaraliliyi, global bazarda
reqabat qabiliyyatinin artmasi ve ardicil olaraq daha yliksak keyfiyyatli mahsul ve xidmatlaralde edilir.
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Abstract

In modern industrial environments and advanced manufacturing processes, measurement accu-
racy plays a crucial role in determining product quality, operational reliability, and overall safety. Even
minor deviations in measurement results can lead to significant errors in production, especially in fields
such as mechanical engineering and precision manufacturing, where tolerances are extremely tight. For
this reason, evaluating the metrological characteristics of measuring instruments is not only a technical
necessity but also an essential step in quality assurance systems.

This study focuses on the investigation of accuracy indicators of a Mitutoyo measuring instrument
and provides a comprehensive metrological evaluation based on statistical analysis. The research aims to
assess the reliability and consistency of the device by examining its performance under controlled condi-
tions. In order to achieve this, repeated measurements were carried out on the same object to minimize
the influence of external variables and to better understand the instrument’s behavior.

Based on the collected data, key statistical parameters such as the mean value, standard deviation,
relative error, and repeatability were calculated. These indicators provide valuable insight into both sys-
tematic and random errors present in the measurement process. In addition, measurement uncertainty
was determined in accordance with standard metrological practices, allowing for a more complete eval-
uation of the measurement results. The obtained values were then compared with the maximum permis-
sible error specified by the manufacturer to verify compliance with technical requirements.

The results of the analysis demonstrate that the Mitutoyo measuring instrument delivers stable,
consistent, and reliable measurements within the defined tolerance limits. This confirms that the device
is suitable for use in high-precision applications, provided that it is properly calibrated and operated under
appropriate environmental conditions.

Furthermore, the study highlights the importance of regular calibration procedures, controlled en-
vironmental factors such as temperature and humidity, and the application of statistical methods in en-
suring the accuracy and reliability of measurement systems. The findings emphasize that measurement
quality is not solely dependent on the instrument itself, but also on how effectively it is maintained and
utilized.

In conclusion, the proposed methodology for evaluating measurement accuracy and metrological
characteristics can be successfully applied not only to Mitutoyo devices but also to other precision meas-
uring instruments. This approach can support engineers and specialists in improving measurement prac-
tices and maintaining high standards in industrial quality control.

Keywords: measurement accuracy, metrological evaluation, measurement uncertainty, statistical
analysis, repeatability, calibration

Introduction

In modern industrial production and quality control systems, the accuracy of measurements plays
a decisive role in ensuring product functionality, safety, and service life. Even the smallest dimensional
deviations can significantly influence the performance and reliability of the final product. This is particu-
larly critical in sectors such as mechanical engineering, aerospace industry, automotive manufacturing,
and other high-precision mechanical systems, where strict tolerances must be maintained. For this rea-
son, it is essential that measurement processes are based on scientific principles and that the metrologi-
cal characteristics of the instruments used are carefully evaluated and verified.

Dimensional metrology is a field of science concerned with the determination, comparison, and
verification of dimensions in accordance with established standards. In any measurement process, not
only the nominal accuracy of the instrument but also various influencing factors—such as environmental
conditions, operator influence, calibration status, and applied methodology—affect the final result.
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Therefore, the reliability of measurement results cannot be assessed based on a single parameter; in-
stead, it requires a comprehensive and systematic approach. The separation of measurement errors into
systematic and random components, along with the identification and reduction of their sources, consti-
tutes one of the main directions of modern metrological analysis.

Precision measuring instruments, including micrometers, vernier calipers, dial indicators, and coor-
dinate measuring machines (CMMs), are widely used in industrial environments. The structural design,
sensitivity, and measurement range of these instruments determine their fields of application and oper-
ational capabilities. In particular, modern digital measurement systems equipped with advanced encoder
technologies contribute to improved measurement stability, higher resolution, and enhanced repeatabil-
ity. At the same time, factors such as environmental protection of the devices and their calibration con-
dition have a direct impact on the consistency and reliability of measurement results.

In the process of metrological evaluation, the estimation of measurement uncertainty is of partic-
ular importance. A measurement result should not be considered merely as a single numerical value, but
rather as a parameter that lies within a defined range of possible values. This approach plays a key role
in the development of quality assurance systems that comply with industrial standards. International
standardization frameworks provide a unified methodological basis, ensuring that measurement results
are comparable and acceptable at a global level.

In this context, the investigation of the accuracy indicators of Mitutoyo measuring instruments and
their metrological evaluation is of both scientific and practical significance. The aim of this study is to
determine the accuracy level of the instrument through statistical analysis of measurement results, to
identify and assess potential sources of error, and to justify its suitability for industrial applications. Fur-
thermore, the study seeks to contribute to the improvement of measurement practices by emphasizing
the importance of systematic evaluation, proper calibration, and controlled measurement conditions in
achieving reliable and high-quality results.

Concept of measurement and basic terminology

Measurement is one of the fundamental components of modern science and engineering, playing
a decisive role in ensuring product quality, process control, and compliance with international standards.
In both industrial and laboratory environments, accurate measurements are essential for making in-
formed decisions, maintaining safety, and achieving desired functional performance. The measurement
process enables the assignment of numerical values to physical quantities, facilitates comparison of re-
sults, and supports the analysis and optimization of systems.

In contemporary metrological practice, measurement is not limited to obtaining a numerical result;
it also involves evaluating the reliability and uncertainty associated with that result. This broader per-
spective allows for a more comprehensive understanding of measurement quality and ensures that ob-
tained data can be confidently used in both scientific and industrial applications.

Measurement error represents the deviation between the measured value and the true value and
may arise from various sources. According to international metrological standards, measurement errors
are generally classified into three main categories: systematic errors, random errors, and gross errors.
Systematic errors are consistent and repeatable deviations caused by identifiable factors such as calibra-
tion inaccuracies, environmental influences, or inherent instrument imperfections. These errors can typ-
ically be minimized or eliminated through proper calibration and methodological corrections.

A2 = Prensured — Lirue

(1)

Ax — measurement error

Random errors, on the other hand, originate from unpredictable variations in measurement condi-
tions, limitations of the measuring instrument, or minor environmental fluctuations. Although they can-
not be completely eliminated, their impact can be reduced by performing repeated measurements and
applying statistical analysis.

r = 1 o £y
Ti =1 (2 )

Gross errors are usually the result of human mistakes, incorrect use of instruments, or unexpected
external disturbances. If not identified and corrected, they can lead to significant deviations and unreli-
able results.

The concept of accuracy encompasses both trueness and precision. Trueness refers to how close
the measured value is to the true value, while precision describes the consistency of repeated measure-
ments under the same conditions. A reliable measurement system should demonstrate both minimal
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systematic deviation and high repeatability. Repeatability, in particular, reflects the ability of a measure-
ment system to produce consistent results when measurements are repeated under identical conditions
and is considered a key indicator of measurement reliability.

Calibration is the process of aligning measuring instruments with recognized standards. Through
calibration, systematic deviations are identified and compensated for, thereby improving measurement
accuracy and traceability. Regular calibration, combined with proper maintenance of instruments and
adherence to standardized measurement procedures, ensures the long-term reliability and stability of
measurement systems. Furthermore, calibration enables the estimation of measurement uncertainty, al-
lowing results to be expressed with a defined level of confidence.

& U S Nels , Calibrated measuring

2 = - - - - " instrument at

Calibration customer site
_ _—
Primary standard Calibration Reference standard Calibration Working standard
of a national institute of test lab of test lab S
Calibration !

A

1 Calibrated audit
e (@ Traceable measurement results [T light source at
customer site

Figure 1. Calibration process of measuring instruments

The interrelationship between measurement errors, accuracy, repeatability, and calibration forms
the foundation of modern metrology. A clear understanding of these concepts allows engineers and re-
searchers to design and implement reliable measurement systems that comply with international stand-
ards. Systematic evaluation of error sources, application of repeatable measurement protocols, and the
use of properly calibrated instruments significantly contribute to achieving high-quality measurement
results.

In conclusion, modern measurement theory integrates both theoretical principles and practical ap-
proaches. It goes beyond simply assigning numerical values to quantities and emphasizes the importance
of evaluating reliability, accuracy, and repeatability. Careful consideration of error types, instrument per-
formance, repeatability, and calibration forms the basis of high-level measurement activities and ensures
that results are meaningful from both scientific and practical perspectives.

Classification of measurement errors

Measurement errors represent the deviation of a measured value from the true value and may arise
due to a variety of factors within the measurement process. In modern metrology, errors are typically
classified into three main categories: systematic errors, random errors, and gross errors. This classifica-
tion is essential for evaluating measurement quality, minimizing inaccuracies, and ensuring the reliability
of results.

Systematic errors

Systematic errors are consistent and repeatable deviations that arise from identifiable causes.
These errors may result from the design and condition of the instrument, calibration inaccuracies, envi-
ronmental influences, or methodological mistakes made by the operator. They introduce a constant bias
into measurement results, causing them to deviate from the true value in a predictable manner.

b=2 — Ttrue (3)

The influence of systematic errors can be reduced or eliminated through proper calibration proce-
dures and correction methods. For example, factors such as temperature variations, mechanical wear of
instruments, or misalignment can lead to systematic deviations. However, once identified, these errors
can be compensated for, thereby improving measurement accuracy. Without proper analysis and correc-
tion of systematic errors, measurement results cannot be considered reliable for scientific or industrial
applications.

Random errors
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Random errors are unpredictable variations that occur during the measurement process. They are
typically caused by small fluctuations in measurement conditions, limitations in instrument sensitivity, or
minor environmental changes. When repeated measurements are performed under the same conditions,
random errors lead to variations in the obtained results.

Although random errors cannot be completely eliminated, their effect can be minimized by con-
ducting multiple measurements and applying statistical methods such as averaging and variance analy-

SIS.
32 T ﬁ Z?:]_(xt o "‘;")2 (4)

This formula displays the sample variance, typically denoted as s?, measures the spread or disper-
sion of a data set. It calculates the average squared distance of each data point from the mean. The use
of (known as Bessel's correction) instead of is used when calculating variance from a sample to provide
an unbiased estimate of the population variance.

Random errors play a crucial role in determining the precision and repeatability of a measurement
system. Understanding and quantifying these errors is essential for improving measurement reliability
and ensuring consistent results.

Gross errors

Gross errors, also known as blunders, are significant deviations caused primarily by human mis-
takes, improper use of instruments, or unexpected external influences. Unlike systematic and random
errors, gross errors result in large discrepancies and are usually considered outliers that should be ex-
cluded from analysis.

Examples of gross errors include incorrect positioning of the instrument, misreading or recording
of measurement values, and serious technical malfunctions.
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Figure 2. Measured data with different types of gross errors

Preventing such errors requires strict adherence to measurement procedures, proper training of
personnel, reqular calibration of instruments, and careful verification of results. Early detection and cor-
rection of gross errors are essential for maintaining the integrity and reliability of measurement data.

Metrological importance of error classification

The proper classification of measurement errors is fundamental to improving the quality of the
measurement process and ensuring compliance with international standards. By understanding the char-
acteristics and sources of systematic, random, and gross errors, appropriate corrective and preventive
measures can be applied.

In modern measurement systems, error classification serves not only as a theoretical framework
but also as a practical tool for refining measurement procedures, enhancing calibration practices, and
improving statistical data processing. It enables engineers and researchers to identify weaknesses in
measurement systems and implement targeted improvements.
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Thus, categorizing errors and understanding their nature plays a vital role in evaluating measure-
ment quality and ensuring the reliability of results. Systematic investigation of error sources, combined
with calibration and repeated measurement techniques, allows for the achievement of high-accuracy
results and provides a reliable data foundation for both scientific research and industrial applications.

General characteristics of Mitutoyo measuring instruments

Mitutoyo Corporation, established in Japan in 1963, has grown into one of the global leaders in
the field of precision measuring instruments and metrological solutions. Over the decades, the company
has built a strong reputation for producing high-quality and highly reliable measurement equipment that
meets the demanding requirements of modern industry. Its product range includes high-precision meas-
uring tools such as coordinate measuring machines (CMMs), micrometers, vernier calipers, and dial indi-
cators, all of which are widely used across various sectors, including automotive, aerospace, medical
manufacturing, and industrial laboratories.

In addition to manufacturing physical measuring instruments, Mitutoyo provides advanced digital
measurement systems, specialized software, and integrated metrology solutions that facilitate data ac-
quisition, process control, and result analysis. These digital solutions allow users not only to perform
measurements but also to efficiently manage, store, and interpret measurement data. Furthermore, the
company supports its products with comprehensive technical documentation, calibration guidelines, and
user training materials, ensuring that measurement processes are carried out correctly and in accordance
with international standards. This integrated approach significantly contributes to maintaining measure-
ment quality and traceability.

The product portfolio of Mitutoyo is extensive and designed to meet a wide range of technical
requirements. Instruments are characterized by parameters such as measurement range, resolution, and
maximum permissible error, which determine their suitability for specific applications. Vernier calipers,
for example, are among the most commonly used measuring tools due to their versatility in performing
internal, external, and depth measurements.
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Figure 4. Structure of Vernier Calipers

Mitutoyo calipers are available in digital, dial, and vernier types, offering different levels of preci-
sion depending on the application. Digital calipers, in particular, provide readings with micrometer-level
resolution, making them suitable for measuring small and complex components with high accuracy.
Proper calibration and correct handling of calipers play a crucial role in minimizing systematic errors and
improving measurement reliability.

Micrometers are specifically designed for measuring very small dimensions and fine components
with a high degree of accuracy. Mitutoyo micrometers are often equipped with digital displays and ad-
vanced mechanical designs that enhance repeatability and measurement consistency. These instruments
are widely used in both laboratory and industrial environments where precise dimensional control is re-
quired. They are available in various measurement ranges, allowing users to select the appropriate tool
for specific measurement tasks. The robust construction and fine adjustment mechanisms of microme-
ters contribute to their ability to deliver highly reliable results even under demanding conditions.
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Figure 5. Structure of micrometer
Dial indicators are used to detect small displacements and surface deviations. Mitutoyo indicators
are available in both mechanical and digital formats and are known for their precision and ease of use.
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Figure 6. Parts of dial indicators
These instruments are essential for evaluating surface quality, alignment, and geometric accuracy
of components. Their ability to provide consistent and repeatable readings makes them indispensable in
quality control processes, particularly in machining and assembly operations.
Coordinate measuring machines (CMMs) represent one of the most advanced categories of meas-
uring systems offered by Mitutoyo. These high-technology systems are designed for three-dimensional
measurement and analysis of complex geometries.
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Figure 7. Working principle of Coordinate Measuring Machine (CMM)
Mitutoyo CMMs can be integrated with CAD software, enabling automated measurement routines
and highly accurate inspection processes. They are available in different accuracy classes, including
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standard, high-precision, and ultra-high-precision systems, depending on the application requirements.
CMMs are widely used in both industrial production and laboratory environments for part verification,
quality control, and optimization of manufacturing processes.

The technical characteristics of Mitutoyo instruments determine their effectiveness in various
measurement tasks. The measurement range defines the minimum and maximum dimensions that can
be measured, while the resolution indicates the smallest detectable increment. Instruments such as mi-
crometers and calipers can achieve micrometer-level sensitivity, whereas CMMs are capable of perform-
ing precise measurements over much larger, even meter-scale, dimensions in three-dimensional space.
Another important parameter is the maximum permissible error, which defines the acceptable limit of
deviation in measurement results and ensures compliance with international standards.

Moreover, modern Mitutoyo instruments often incorporate advanced features such as data output
interfaces, wireless communication capabilities, and integration with quality management systems.
These features enhance productivity, reduce human error, and enable real-time monitoring of measure-
ment processes. As a result, measurement operations become more efficient, consistent, and aligned
with Industry 4.0 requirements.

In conclusion, Mitutoyo measuring instruments offer a combination of high accuracy, reliability,
and versatility for both industrial and laboratory applications. Their advanced design, technological in-
novation, and compatibility with modern measurement systems contribute to maintaining metrological
standards and improving overall measurement quality. Beyond simply providing measurement results,
Mitutoyo products support repeatability, calibration, and compliance with international standards, mak-
ing them essential tools in contemporary scientific research and industrial production environments.

Conclusion

Within the scope of the conducted research, the accuracy characteristics of the Mitutoyo measur-
ing instrument were analyzed using both experimental procedures and statistical methods. During the
experiment, multiple measurements were performed under identical and controlled conditions in order
to minimize external influences and ensure consistency of results. The obtained data were then processed
statistically to evaluate the stability and reliability of the measurement process.

The results of the calculations demonstrated that the mean value of the measurements was very
close to the nominal (reference) value, while the standard deviation remained at a relatively low level.
This indicates that the instrument exhibits a high degree of repeatability and that the measurement pro-
cess is stable and consistent. In addition, the calculated relative error values were found to be within the
permissible metrological limits, confirming that the device is suitable for industrial applications where
precision is required.

The evaluation of measurement uncertainty showed that the main contributing factors include the
human factor, environmental measurement conditions, and the sensitivity limits of the instrument. How-
ever, these influences were found to be minimal and did not significantly affect the overall measurement
results. The application of repeated measurements and statistical analysis helped to reduce the impact
of random variations and improve the reliability of the final outcomes.

Based on the overall analysis, it can be concluded that the investigated Mitutoyo measuring instru-
ment demonstrates high accuracy, stability, and reliability. Its performance meets the requirements of
precision measurement tasks and confirms its suitability for use in industrial quality control and produc-
tion environments.

The application of such high-precision instruments in manufacturing and inspection processes plays
an important role in reducing measurement errors, improving product quality, and ensuring compliance
with international standards. Furthermore, the use of statistically supported metrological evaluation
methods enhances confidence in measurement results and contributes to more effective decision-making
in engineering practice.
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Abstract

Hematology analyzers are essential diagnostic devices used in clinical laboratories for the auto-
mated analysis of blood samples. These systems measure parameters such as red blood cells (RBC), white
blood cells (WBC), hemoglobin (HGB), and platelets (PLT) with high precision. The reliability of obtained
results directly depends on proper calibration, technical maintenance, and quality control procedures.

The aim of this study is to analyze the role of quality control and standardization in hematology
analyzers and to determine how technical errors influence laboratory results. Based on experimental
observations, improper calibration, equipment malfunction, and inadequate quality control can lead to
deviations in analytical results and affect clinical decisions.

Keywords: Hematology analyzer, RBC/PLT electrode, WBC/HGB chamber, flow cell calibration ,
quality control, Diff, laboratory diagnostics, standardization

Introduction

In modern healthcare systems, laboratory diagnostics plays a crucial role in the early detection of
diseases, accurate diagnosis, and the selection of effective treatment strategies. Since a significant por-
tion of clinical decisions is based on laboratory test results, the accuracy and reliability of these results
are among the key factors determining the quality of medical services. In this context, the technical level
of analytical instruments used in laboratories, their proper operation, and the implementation of quality
control mechanisms are of paramount importance.

Hematology analyzers are considered one of the most essential instruments in modern laboratory
diagnostics. These devices provide automated, rapid, and highly accurate analysis of blood components,
including red blood cells (RBC), white blood cells (WBC), platelets (PLT), and other hematological param-
eters. Compared to traditional manual methods, hematology analyzers significantly reduce human-re-
lated errors while increasing laboratory efficiency and productivity.

Modern hematology analyzers are capable not only of counting blood cells but also of determining
their size, morphology, and certain functional characteristics. In particular, advanced systems such as 5-
diff analyzers perform differential leukocyte analysis, providing detailed information about the immune
system status. These capabilities make hematology analyzers indispensable in the diagnosis of anemia,
infections, inflammatory processes, hematological disorders, and other clinical conditions.

Despite their advanced technological capabilities, the accuracy of results produced by hematology
analyzers depends on several technical and methodological factors. These include proper calibration of
the device, quality and storage conditions of reagents, stability of optical and electrical measurement
systems, and the effectiveness of quality control procedures applied in the laboratory. Even minor devia-
tions in any of these parameters can lead to significant errors in analytical results

Significance

The performance of hematology analyzers is highly dependent on the integrity and functional sta-
bility of their internal components, including the flow cell, impedance electrodes (RBC/PLT), WBC cham-
ber, and HGB measurement chamber. These components play a fundamental role in ensuring accurate
blood cell counting, hemoglobin quantification, and differential leukocyte analysis. Any deterioration,
contamination, or mechanical failure in these parts can significantly compromise analytical accuracy and
lead to clinically misleading results.

One of the most critical components is the flow cell, which ensures the controlled passage of blood
cells through optical or impedance detection zones. Even minor contamination such as protein deposits,
fibrin buildup, or micro-scratches on the flow cell surface can distort laser scattering signals. This may
result in incorrect leukocyte differentiation, abnormal scattergram patterns, and misclassification of
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immature or abnormal cells. Therefore, maintaining a clean and structurally intact flow cell is essential
for reliable WBC differential analysis.

The RBC/PLT impedance electrodes are equally important, as they are responsible for detecting
electrical pulses generated by individual cells passing through an aperture. Over time, electrode oxida-
tion, corrosion, or poor electrical contact can alter signal amplitude and baseline stability. This leads to
errors in red blood cell and platelet counts, as well as secondary deviations in derived parameters such
as MCV, MCH, and MCHC. In some cases, platelet clumping artifacts or falsely elevated RBC counts may
occur, directly affecting clinical interpretation.

The WBC chamber plays a key role in ensuring proper dilution, lysis, and uniform distribution of
leukocytes prior to measurement. Any residual contamination, reagent crystallization, or volume incon-
sistency within the chamber can disrupt the lysis process and lead to inaccurate white blood cell counts.
This may result in either falsely decreased or increased WBC values, potentially masking conditions such
as leukopenia, infection, or hematologic malignancies.

Similarly, the HGB measurement chamber is critical for photometric analysis based on light absorp-
tion principles. Contamination of optical windows, degradation of light sources, or improper reagent re-
actions (e.g., Drabkin’s reaction inefficiency) can cause systematic errors in hemoglobin measurement.
These errors directly affect hematocrit calculations and overall anemia evaluation, making accurate HGB
chamber maintenance essential for patient diagnosis.

Research Objective

The main objective of this study is to investigate the role of quality control and standardization in
hematology analyzers and to evaluate how technical, mechanical, and analytical errors influence the
accuracy and reliability of laboratory results.

In particular, this research aims to: analyze the working principles of key hematology analyzer mod-
ules such as the flow cell, PLT/RBC impedance electrode system, and WBC/HGB measurement chambers;
determine the impact of calibration errors on analytical accuracy and result stability; evaluate the influ-
ence of reagent quality, maintenance procedures, and system stability on CBC and differential blood
count results. Identify the most common sources of technical errors in hematology analyzers, including
fluidic system failures, optical disturbances, and electrical instability assess the effectiveness of internal
quality control (IQC) and external quality control (EQC) systems in minimizing analytical deviations; pro-
pose practical approaches for improving standardization, reducing measurement uncertainty, and en-
hancing diagnostic reliability in clinical laboratory practice.

Furthermore, the study focuses on demonstrating, through practical and technical analysis, how
even minor deviations in analyzer components can lead to significant diagnostic errors, potentially af-
fecting clinical decision-making and patient safety.

1. Hematology Analyzers: Principles and Clinical Importance

Hematology analyzers are highly sophisticated automated diagnostic systems that play a central
role in modern clinical laboratory medicine. These instruments are designed to perform rapid, high-
throughput, and precise analysis of blood samples, providing critical parameters such as red blood cell
(RBC) count, white blood cell (WBC) count, platelet (PLT) count, hemoglobin (HGB), hematocrit (HCT),
and red cell indices (MCV, MCH, MCHC).

The working principles of hematology analyzers are based on a combination of physical and bio-
chemical detection methods:

e Electrical impedance (Coulter principle): Used primarily for RBC and PLT counting, where cells
passing through an aperture generate electrical pulses proportional to their volume.

e Optical light scattering and flow cytometry: Used for WBC differentiation, enabling classification
of leukocyte subpopulations based on size and internal complexity.

e Photometric analysis: Used for hemoglobin measurement through absorbance of specific wave-
lengths.

These analytical processes rely on precise coordination between internal subsystems, including flu-
idics, electronics, optics, and software algorithms. Any deviation in these systems can significantly affect
analytical outcomes.
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Figure 1. Hematology analyzer Yumizen H550 in Laboratory.

One of the most critical yet often underestimated factors influencing analyzer performance is the
condition of internal spare parts such as the flow cell, WBC/HGB chambers, and impedance electrodes.
These components are directly involved in sample processing and signal generation.

Such deterioration introduces both systematic errors (bias) and random errors (precision (oss).
Therefore, continuous monitoring, preventive maintenance, and timely replacement of these compo-
nents are essential to maintain analytical reliability and compliance with laboratory quality standards.

2. RBC / PLT Electrodes: Function and Analytical Role.

RBC and platelet (PLT) electrodes are fundamental components of hematology analyzers that op-
erate based on the electrical impedance principle, also known as the Coulter principle. In this system,
blood cells suspended in an electrolyte solution pass through a small aperture between two electrodes.
Each cell displaces a specific volume of electrolyte, generating a measurable electrical pulse. The magni-
tude of this pulse is directly proportional to the volume of the cell, allowing accurate determination of
both red blood cells and platelets.

The electrodes play a critical role in maintaining a stable electrical field across the aperture. This
stability ensures that each cell generates a consistent and distinguishable signal. Under ideal conditions,
the analyzer can accurately differentiate between RBC and PLT populations based on pulse amplitude
distribution. However, the performance of this system is highly dependent on the physical and chemical
condition of the electrodes and the aperture zone.

Over time, electrodes are exposed to continuous electrical activity and biological material, leading
to gradual degradation. One of the most common issues is oxidation of the electrode surface, which
reduces conductivity and weakens the electrical signal. This results in lower pulse amplitude and unstable
baseline readings. As a consequence, the analyzer may incorrectly interpret cell sizes, leading to inaccu-
rate RBC and PLT counts.
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o ) |
Figure 2. Replacement PLT/RBC electrode in Hematology analyzer.

RBC and PLT electrodes are essential for maintaining the electrical accuracy of hematology ana-
lyzers. Their condition directly influences impedance signal quality, cell discrimination, and overall ana-
lytical reliability. Regular maintenance, cleaning, and timely replacement are necessary to prevent ana-
lytical errors and ensure high-quality laboratory results that support accurate clinical decision-making.

RBC Calculation

Reference Value: RBC = 4.8 x107/L

Before Electrode Replacement:

55 56,57 56,55 5.7, 56,55, ,56,5.7

M _ 56.0 _ce
ean = 10 = o.
Bias = 22— 100 = 16.7%
as = 4.8 = /0
After Electrode Replacement:
4.8 4.9, 4.7 4.8, 4.9, 4.8, 4.8 4.9 4.7, 4.8
Mean = 4.81
481 — 4.8
Bias = — x 100 = 0.2%

4.8
3. WBC and HGB Chambers: Structure, Function, and Analytical Impact.

The WBC and HGB chambers are fundamental components of hematology analyzers, playing a
critical role in the preparation and measurement of blood samples. These chambers are integrated within
the fluidic system of the analyzer and are responsible for ensuring that the sample undergoes precise
dilution, chemical treatment, and measurement under controlled conditions. Their proper functioning is
essential for achieving accurate and reproducible results, particularly for white blood cell counting and
hemoglobin determination. WBC chamber is primarily designed to facilitate the selective lysis of red
blood cells while preserving white blood cells for accurate counting and differentiation. This process re-
lies on the use of specialized reagents that break down erythrocyte membranes without significantly
altering leukocyte structure. The chamber ensures that the sample is diluted to an optimal concentration
and that cells are uniformly distributed before entering the detection system. Any deviation in this pro-
cess, even at a microfluidic level, can lead to significant analytical errors.
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Figure 3. Replacement WBC/HGB chamber in Hematology analyzer.

Over time, the WBC chamber is exposed to repeated cycles of biological samples and chemical
reagents, which can result in contamination, residue accumulation, and mechanical degradation. One of
the most common issues is incomplete red blood cell lysis, which occurs when the reagent reaction is
insufficient or when residues interfere with chemical activity. In such cases, remaining erythrocytes may
be mistakenly counted as leukocytes, leading to falsely elevated WBC values. Conversely, if leukocytes
adhere to the chamber walls due to surface contamination or protein buildup, the measured WBC count
may be falsely decreased.

HGB Calculation

Reference Value:

HGB = 14.0 g/dL

Before Chamber Replacement:

12.8, 13.0, 12.9, 13.1, 12.7, 12.8, 13.0, 12.9, 12.8, 13.0
Mean = 12.9
SD = 0.12
CV =0.93%

Bias = 22210 100 = —7.8%
laS—T = .07/0

After Replacement:
13.9, 14.0, 14.1, 14.0, 13.9, 14.1, 14.0, 14.0, 13.9, 14.0
Mean = 14.0
SD =~ 0.07
CV =0.5%
14,0 — 14.0

Bi = — %X 100 = 00
tas 14.0 %

4. Flow Cell: Structure, Function, and Impact on Leukocyte Differential

The flow cell is a central component of hematology analyzers, particularly in systems that utilize
optical or laser-based detection methods for leukocyte analysis. Its primary function is to ensure the con-
trolled and uniform passage of cells through the detection zone, where optical signals such as forward
scatter and side scatter are measured. This process enables the classification of leukocytes into distinct
subpopulations, commonly referred to as the 5-differential (5-DIFF), which includes neutrophils, lympho-
cytes, monocytes, eosinophils, and basophils.
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5-DIFF Parameters:

o NEUT (Neutrophils)

e LYMPH (Lymphocytes)

e MONO (Monocytes)

e EOS (Eosinophils)

e BASO (Basophils)

The operation of the flow cell is based on hydrodynamic focusing, a principle in which the sample
stream is surrounded by a sheath fluid that narrows and aligns the cells into a single-file stream. This
alignment is crucial for ensuring that each cell passes individually through the laser beam, allowing ac-
curate measurement of its physical and structural properties. The flow cell contains microfluidic chan-
nels, optical windows, and detection interfaces, all of which must remain clean and precisely aligned to
maintain optimal performance.

Despite its precision design, the flow cell is highly susceptible to contamination and mechanical
degradation. Continuous exposure to blood samples and reagents leads to the gradual accumulation of
protein deposits, fibrin, and other biological materials on the internal surfaces. These deposits disrupt
the laminar flow of cells, causing irreqular trajectories and inconsistent signal detection. As a result, the
scatter patterns generated by the analyzer become distorted, making it difficult to accurately distinguish
between different leukocyte populations.

Figure 4. Flow cell in Hematology analyzer.

Another common issue is the formation of microbubbles within the flow cell. Air bubbles can inter-
fere with the optical path by blocking or scattering the laser beam, leading to signal loss or noise. This
results in incomplete or inaccurate detection of cells, further compromising the reliability of the analysis.
Additionally, physical damage such as micro-scratches on the optical surfaces can alter the direction and
intensity of light, affecting both forward and side scatter measurements.

Partial clogging of the flow cell channels is also a significant concern. Even minor obstructions can
disrupt the uniform flow of cells, causing fluctuations in signal intensity and increasing measurement
variability. In severe cases, clogging may prevent cells from reaching the detection zone altogether, re-
sulting in falsely low counts or abnormal distribution patterns. From an analytical perspective, flow cell
degradation introduces both systematic and random errors. Systematic errors are reflected as consistent
bias in leukocyte differential counts, while random errors are observed as increased variability and poor
reproducibility. For example, under normal conditions, neutrophils may account for approximately 60%
of total leukocytes, while lymphocytes represent around 30%. When the flow cell is compromised, neu-
trophils may falsely increase to 68%, while lymphocytes decrease to 22%, indicating a significant analyt-
ical shift. This corresponds to a bias exceeding 10-25%, depending on the severity of contamination.
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After proper maintenance or replacement of the flow cell, the system typically returns to its refer-
ence performance, with clear scattergram separation and accurate leukocyte classification. Bias values
reduce significantly, often to below 2%, and the coefficient of variation also stabilizes, confirming im-
proved precision and reliability. Therefore, the integrity of the flow cell is essential not only for optical
accuracy but also for clinical reliability, as incorrect leukocyte differentiation may directly affect diag-
nostic decisions related to infections, inflammatory conditions, and hematologic disorders.

5. Problems and Solutions.

The performance of hematology analyzers is strongly influenced by the condition of their internal
mechanical, optical, and electrical components. Although modern analyzers are highly automated and
precise, they remain sensitive to wear, contamination, and degradation of critical spare parts such as the
flow cell, WBC/HGB chambers, and RBC/PLT electrodes. Over time, these issues introduce both system-
atic and random analytical errors, which can significantly affect diagnostic accuracy. Therefore, under-
standing the main problems associated with these components and implementing appropriate solutions
is essential for maintaining reliable laboratory performance.

One of the most frequent problems observed in hematology analyzers is contamination of internal
pathways. In the flow cell and chamber systems, repeated exposure to biological samples leads to the
accumulation of proteins, fibrin, cellular debris, and reagent residues. This contamination gradually al-
ters fluid dynamics and optical or electrical signal transmission. As a result, cells may not flow in a uni-
form manner, and detection signals become distorted. In optical systems, this leads to blurred or over-
lapping scattergrams, while in impedance systems it results in unstable pulse formation. The analytical
consequence of this problem is an increase in measurement bias and reduced precision, particularly in
leukocyte differentiation and platelet counting. Another significant issue is mechanical wear and struc-
tural degradation of components. Flow cells may develop micro-scratches on optical surfaces, while
chamber walls may lose their hydrophobic properties due to prolonged chemical exposure. These physical
changes disrupt the controlled environment required for accurate measurement. Even minor structural
damage can lead to changes in signal intensity or flow resistance, which directly impacts analytical re-
producibility. In severe cases, partial obstruction or microchannel narrowing may occur, leading to inter-
mittent measurement errors or complete system blockage.

Electrical instability is a major problem in RBC and PLT electrode systems. Electrodes are continu-
ously exposed to electrical currents and electrolyte solutions, which over time can lead to oxidation, cor-
rosion, and surface degradation. This reduces conductivity and causes fluctuations in baseline signal lev-
els. As a result, the analyzer may misinterpret pulse amplitudes, leading to incorrect cell size classifica-
tion. This problem is particularly critical for platelet analysis, where small changes in signal intensity can
significantly alter results due to the small size of platelets.

Conclusion

This study highlights the critical importance of internal spare parts in determining the analytical
performance, accuracy, and reliability of hematology analyzers. The evaluation of key components such
as the flow cell, WBC/HGB chambers, and RBC/PLT electrodes demonstrates that even minor mechani-
cal, optical, or electrical degradation can significantly affect laboratory results and lead to clinically rel-
evant errors.

The obtained results clearly show that deterioration of these components introduces both system-
atic and random errors. Before replacement, significant analytical bias was observed across all major
hematological parameters. For instance, RBC measurements exhibited deviations of approximately 15—
17%, platelet counts showed errors reaching nearly 30%, WBC results demonstrated bias exceeding 20%,
and hemoglobin values were underestimated by around 7-8%. In addition, leukocyte differential analysis
(5-DIFF) was severely affected due to flow cell dysfunction, resulting in incorrect separation of cell pop-
ulations and distorted scattergram patterns.

These analytical deviations are not only statistically significant but also clinically critical. Misinter-
pretation of hematological parameters may lead to incorrect diagnosis of conditions such as anemia,
thrombocytopenia, infections, or hematological malignancies. Therefore, the reliability of hematology
analyzers is directly dependent on the integrity of their internal components.
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Abstract

The accumulation of static electricity in synthetic and blended textile materials remains a persis-
tent challenge in the textile industry, adversely affecting the hygienic properties, consumer comfort, and
operational safety of garments, particularly in environments with low humidity or where workers are
exposed to sensitive electronic equipment. Polyester/cotton blended fabrics, owing to their widespread
use in workwear and functional apparel, are particularly susceptible to electrostatic charge buildup, as
the polyester component is inherently hydrophobic and exhibits poor charge dissipation. This study pre-
sents an investigation into the antistatic finishing of a polyester/cotton blended fabric (article TC-1032,
65/35 wt.%) using a three-component aqueous finishing composition comprising polyethylene glycol-400
(PEG), cetrimonium chloride (CC), and polyvinyl alcohol (PVA). Three concentration levels were examined:
Concentration | (PEG 2.5 wt. %, CC 2.5 wt.%, PVA 0.8 wt. %), Concentration Il (PEG 5.0 wt.%, CC 5.0 wt. %,
PVA 1.6 wt.%), and Concentration Ill (PEG 10.0 wt.%, CC 10.0 wt.%, PVA 3.2 wt.%). The fabric was
treated by the pad-dry-cure method: impregnation by immersion, padding to a wet pick-up of 80-90%,
drying at 70°C for 15 minutes, and thermal fixation at 180°C for 1-2 minutes. The electrostatic charge
was measured using an MT-403 electrometer in accordance with SanPiN 2.4.7/1.1.1286, calculated as
the difference between the potential at rest and the potential after roller friction. Tensile strength was
evaluated according to GOST 3813, and pilling resistance was assessed by the Martindale method (ISO
12945-2) after 2000 abrasion cycles using a five-point scale. Wash durability of the antistatic effect was
evaluated after five standard laundering cycles. The results demonstrated that all three concentration
levels produced a measurable reduction in electrostatic charge. The most pronounced effect was
achieved at Concentration Ill, where the electrostatic potential decreased from 3.76 kV/m to 1.36 kV//m,
representing a reduction factor of 2.8. This improvement is attributed to the formation of a dense hydro-
philic coating on the fibre surface through the combined action of PEG (hygroscopic agent), CC (cationic
surfactant), and PVA (film-forming binder). Wash durability testing confirmed that the antistatic effect
is largely retained after five laundering cycles, with the charge increasing by only 0.01 kV//m at the lowest
concentration. Assessment of mechanical properties revealed that tensile strength decreased by 6 to
13% depending on concentration, with all values remaining within the acceptable range for apparel ap-
plications. Pilling resistance improved significantly from an initial grade of 3 to grades 4-5, attributed to
the protective film deposited by PVA on the fibre surface, which inhibits the formation of pills during
wear and laundering. The proposed finishing technology is straightforward to implement, requires com-
mercially available components, and produces durable antistatic and improved mechanical properties,
making it well-suited for industrial application in the production of workwear, medical textiles, and func-
tional apparel where both electrostatic safety and mechanical durability are critical requirements.

Keywords: antistatic treatment, blended fabric, polyethylene glycol, cetrimonium chloride, pilling
resistance, electrostatic properties.

Introduction

Synthetic and blended fabrics are widely used in garment production due to their high performance
characteristics. However, their tendency to accumulate static electricity is a significant drawback that
deteriorates the hygienic properties and consumer qualities of textile products [1, 2]. One promising
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solution is antistatic finishing using compositions based on polyethylene glycol (PEG) and cationic surfac-
tants [3].

Beyond confirming the reduction of electrostatic charge, it is equally important to assess how such
treatment affects the physical and mechanical properties of the fabric — specifically tensile strength
and pilling resistance. A comprehensive evaluation of these properties is the objective of this work.

Materials and Methods

Test material: blended fabric, article TC-1032 (65 wt.% polyester / 35 wt.% cotton), plain weave.

The finishing composition (wt.%) is shown in Table 1.

Table 1 — Finishing composition

Component Concentration |, wt.% | Concentration I, wt.% | Concentration Ill, wt.%
Polyethylene glycol-400 (PEG) | 2.5 5.0 10.0

Cetrimonium chloride (CC) 2.5 5.0 10.0

Polyvinyl alcohol (PVA) 0.8 1.6 3.2

Treatment procedure: all components were dissolved in demineralised water at 40-50 °C (PEG and
PVA first, then CC added under stirring). The fabric was impregnated by immersion, padded to a wet pick-
up of 80-90 %, dried at 70 °C for 15 min, and thermally fixed at 180 °C for 1-2 min.

Electrostatic charge was measured using the MT-403 device (per SanPiN 2.4.7/1.1.1286) as. E = Er
- Ev, where Er is the potential at rest and Ev is the potential after roller friction.

Tensile strength was measured per GOST 3813, pilling resistance per ISO 12945-2 (2000 cycles).

Results and Discussion

Electrostatic charge measurements are presented in Table 2.

Table 2 — Electrostatic charge of the fabric

PEG/CC/PVA wt.% | Untreated fabric E, kV/m | Treated fabric E, kKV/m | Reduction, kV/m
2.5/2.5/0.8 0.45 0.29 0.16
50/50/16 1.30 0.14 1.16
10.0/10.0/3.2 3.76 1.36 2.40

Antistatic finishing reduced electrostatic charge across all concentration levels. The greatest ef-
fect was achieved at PEG— 10.0 wt. %, CC— 10.0 wt.%, PVA — 3.2 wt. %, due to the formation of a
denser hydrophilic layer on the fibre surface that promotes charge dissipation.
Wash durability results are shown in Table 3. Tensile strength and pilling results are shown in Ta-
bles 4 and 5.
Table 3 — Wash durability of the antistatic effect (PEG— 2.5 wt.%, CC— 2.5 wt. %, PVA — 0.8 wt. %)

Condition Er, kV/m | Ev, kV/m | E kV/m
Untreated fabric | 2.58 3.03 0.45
After treatment | 1.61 1.90 0.29
After 5 washes 1.41 1.71 0.30

The negligible change in electrostatic charge (from 0.29 to 0.30 kV/m) after five washing cycles
confirms the high durability of the finishing under repeated laundering conditions.
Table 4 — Tensile strength of the fabric

PEG/CC/PVA wt.%

Tensile strength, N

Untreated sample

815

2.5/2.5/08 760
5.0/50/1.6 720
10.0/10.0/3.2 710

The reduction in tensile strength ranges from 6 to 13 % relative to the untreated sample. These
values remain within acceptable limits and do not compromise the mechanical integrity required for
garment applications.

Table 5 — Pilling resistance (2000 cycles, grade on 1-5 scale)

PEG/CC/PVA wt.% | Pilling resistance, grade
Untreated sample 3
2.5/2.5/0.8 4
50/50/1.6 5
10.0/10.0/3.2 5

Antistatic treatment improved pilling resistance from grade 3 (moderate pilling) to grade 4-5
(slight to no pilling). This improvement is attributed to the protective film formed by PVA on the fibre
surface, which reduces the tendency of fibres to tangle and form pills.

Conclusions

The study demonstrated that finishing a polyester/cotton blended fabric (65/35 wt.%) with a
composition of polyethylene glycol-400, cetrimonium chloride, and polyvinyl alcohol achieves the fol-
lowing:
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1. Electrostatic charge reduced by a factor of 1.1-2.8 depending on concentration, with the ef-
fect retained after 5 washing cycles.

2. Pilling resistance improved from grade 3 to grade 4-5.

3. Tensile strength decreased by no more than 13 %, remaining within acceptable limits for ap-
parel use.

The simplicity of the process and the availability of the components make this method a promis-

ing candidate for industrial application, particularly in the production of workwear and functional tex-
tiles.
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