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PEDAGOGICAL POTENTIAL OF INNOVATIVE TECHNOLOGIES
IN THE DEVELOPMENT OF SUBJECT-METHODOLOGICAL
COMPETENCE OF FUTURE TECHNOLOGY TEACHERS

Abstract

The article addresses the topical issue of developing the subject-
methodological competence of future technology teachers within the context of the
modernization of higher pedagogical education. The study substantiates the
expediency of employing innovative educational technologies as an effective
means of integrating the theoretical and practical components of professional
teacher training. The essence of the subject-methodological competence of future
technology teachers is clarified in accordance with the Professional Standard for
Teachers of General Secondary Education Institutions, and its significance for
ensuring the quality of the educational process is emphasized. Particular attention
is paid to the pedagogical potential of information and communication
technologies (ICT), digital technologies, project-based and interactive teaching
methods, STEM and STEAM approaches, distance and blended learning formats,
problem-based learning, the case study method, as well as technologies for
modelling and visualizing educational content.

The purpose of the study is to provide a theoretical substantiation of the
pedagogical potential of innovative educational technologies in the development

of the subject-methodological competence of future technology teachers and to
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identify effective approaches, forms, and methods for their implementation in the
educational process of higher pedagogical education institutions.

Research methodology is based on theoretical methods, including analysis,
synthesis, and generalization of scientific literature, educational policy and
regulatory documents, as well as comparative analysis of pedagogical approaches
to the professional training of future technology teachers.

Scientific novelty lies in the comprehensive analysis and identification of the
methodological potential of innovative educational technologies as an integrated
didactic toolkit for developing the subject-methodological competence of future
technology teachers.

The findings indicate that innovative educational technologies create
favourable conditions for developing the professional autonomy of future
technology teachers, as well as their critical, technical, and creative thinking.
Furthermore, they promote the ability to make pedagogically sound decisions and
enhance readiness to implement contemporary methods of technology education in
general secondary education institutions.

Keywords: subject-methodological competence, future technology teachers,
innovative educational technologies, professional teacher training, higher

pedagogical education.

Problem statement. In the context of contemporary educational development,
particular attention is paid to the preparation of highly qualified teachers who are
capable of effectively organizing the educational process, integrating modern
technologies into teaching, and adapting educational content to the individual
needs of learners. One of the key components of the professional training of future
technology teachers is the development of subject-methodological competence,

which encompasses not only comprehensive theoretical knowledge of the



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 2. Ne 7.

technological education domain but also the ability to apply effective teaching
methods and innovative pedagogical approaches in professional practice.

According to the Professional Standard for Teachers of General Secondary
Education Institutions [2], subject-methodological competence is defined as a
complex, multidimensional construct integrating professional knowledge, skills,
and abilities, communicative competence, as well as an appropriate level of
professional responsibility and teacher autonomy. In the context of technology
teacher education, subject-methodological competence implies thorough mastery
of the content of the technological education field, knowledge of contemporary
teaching methods and instructional technologies, and the ability to adapt them
pedagogically to meet the diverse educational needs of learners in order to ensure
the effectiveness and quality of the educational process.

This competence constitutes the theoretical and methodological foundation
for achieving educational objectives, organizing and assessing students’ learning
outcomes, and creating conditions conducive to their academic development. In
accordance with the Professional Standard, the structure of subject-methodological
competence of future technology teachers includes the ability to design
educational content in alignment with the mandatory learning outcomes
established by national educational standards; to develop learners’ key
competencies and cross-curricular skills; to organize integrated learning by
applying knowledge of the types and mechanisms of integration within the
technological education domain and implementing interdisciplinary approaches in
technology education; and to select and implement contemporary teaching,
learning, and assessment methods aimed at fostering students’ knowledge, skills,
values, and personal development [2].

Despite the regulatory definition of subject-methodological competence and
its pivotal role in teachers’ professional practice, a number of contradictions

remain between contemporary requirements for teacher education and the actual
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organization of the educational process in higher pedagogical education
institutions. In particular, the insufficient integration of innovative educational
technologies into the process of developing the subject-methodological
competence of future technology teachers continues to hinder the effective
implementation of the competency-based approach in teacher education.

Another significant contradiction lies between the necessity of preparing
future teachers to design, model, and implement contemporary technology
education and the continued predominance of traditional instructional forms and
teaching methods, which often fail to provide an adequate level of practical
training or foster students’ professional autonomy. Against the backdrop of the
digital transformation of education, the expansion of distance and blended
learning, and the increasing implementation of information and communication
technologies (ICT), as well as STEM-oriented educational approaches, there is a
growing need for the purposeful integration of innovative educational technologies
into teacher education. Such technologies represent an effective means of
developing the subject-methodological competence of future technology teachers
and are consistent with the current demands of technology education as well as the
requirements of the Professional Standard for Teachers of General Secondary
Education Institutions.

Analysis of recent research and publications. The development of the
subject-methodological competence of future teachers, including future
technology teachers, has become an important focus of scholarly research
conducted by Ukrainian educators, who examine this issue within the broader
context of teacher professional training and the implementation of the
competency-based approach in education. In our previous studies, we analyzed
theoretical approaches to defining the content and structure of the subject-

methodological competence of technology teachers, thereby establishing a
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theoretical foundation for further investigation into the potential of innovative
educational technologies as a means of developing this competence [4].

O. Kobernyk, S. Yashchuk, and M. Oleksiuk emphasize the significance of
methodological and project-technological competencies in the professional
preparation of future technology teachers. V. Steshenko and D. Kilderov identify a
system of specialized professional competencies required for technology teachers,
whereas V. Savchenko, L. Kutsak, Yu. Tsyna, O. Kitova, and S. Chernyshov
consider professional and pedagogical competence as an integrative characteristic
of students’ readiness for effective professional practice. Subject-methodological
competence has been investigated directly by V. Vorozhbit-Horbatiuk, A.
Boiarska-Khomenko, and S. Dotsenko, while its structural components and
dynamic nature have been substantiated in the studies of A. Voloshchuk, O.
Piskunova, and N. Yatsynina. Furthermore, the research conducted by I.
Tkachivska [3], H. Lokarieva, and V. Nikonenko [1] demonstrates the positive
impact of innovative educational technologies—particularly information and
communication technologies, project-based learning, and digital technologies—on
the development of students’ professional knowledge, skills, and competencies,
which constitute essential components of subject-methodological competence.

Despite the substantial body of research devoted to this issue, the scientific
and methodological literature still lacks a systematic approach to the purposeful
use of contemporary innovative educational technologies as a means of developing
the subject-methodological competence of future technology teachers. Most
existing studies focus either on the theoretical foundations of professional
competence or on the application of individual educational technologies without
considering their integrated implementation within the system of professional
teacher education. Consequently, there remains a clear theoretical and practical
need for further research aimed at designing integrated pedagogical models,

developing methodological guidelines, and establishing criteria for the effective
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implementation of innovative educational technologies in the professional
preparation of future technology teachers.

Purpose of the article. The purpose of this study is to provide a theoretical
substantiation of the pedagogical potential of innovative educational technologies
in the development of the subject-methodological competence of future
technology teachers and to identify effective approaches, forms, and methods for
their implementation in the educational process of higher pedagogical education
institutions in order to enhance the quality of professional teacher education, foster
students’ creative and critical thinking, and develop their readiness to effectively
implement contemporary approaches to technology education in general secondary
education institutions.

Presentation o f the main material o f the study. Within the framework of this
study, the subject-methodological competence of a future technology teacher is
regarded as an integral component of professional teacher education, manifested in
the ability to design, organize, and implement the educational process in
accordance with the requirements of contemporary educational standards. It is
based on the integration of comprehensive knowledge of the technological
education domain, proficiency in modern teaching methods and instructional
technologies, and practical experience in applying pedagogical strategies in
authentic educational settings [5].

Contemporary innovative educational technologies play a pivotal role in
developing the subject-methodological competence of future technology teachers.
These include information and communication technologies (ICT), digital
technologies, project-based and interactive learning technologies, STEM and
STEAM approaches, distance and blended learning, problem-based learning, the
case study method, modelling and visualization technologies for educational
content, as well as the use of online educational platforms and digital resources.

Together, these technologies facilitate the integration of theoretical instruction

9
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with practical training, promote professional autonomy and creativity, and
enhance future teachers' capacity to design and implement contemporary
technology education. The following sections examine their pedagogical potential
and specific features of application within the professional preparation of future
technology teachers.

Distance learning and digital educational platforms provide prospective
teachers with continuous access to instructional and methodological resources
regardless of time and location, thereby expanding opportunities for individualized
learning and the development of personalized educational trajectories. Lecture
materials, practical assignments, methodological guidelines, video tutorials,
examples of educational projects, and teaching resources hosted on digital learning
platforms such as Google Classroom, Moodle, and Microsoft Teams create a
comprehensive digital learning environment that supports the systematic
acquisition of professional knowledge and skills. The integration of these
platforms into the educational process ensures a close connection between
theoretical preparation and practical training. Students are able to engage with
interactive learning materials, complete practical and creative assignments at their
own pace, analyze their performance, and refine their work based on formative
feedback provided by instructors.

Furthermore, the distance learning environment promotes students’
independent cognitive activity by developing their ability to plan their own
learning, monitor academic progress, and evaluate learning outcomes. These
competencies are of particular professional significance for future technology
teachers, whose future responsibilities extend beyond mastering contemporary
instructional technologies to include organizing project-based technological
activities, facilitating both individual and collaborative student learning, and
monitoring learners' academic achievement. In addition, the systematic use of

distance learning technologies contributes to the development of students' digital
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competence, preparing them to effectively employ digital resources, online tools,
and educational platforms in their future professional practice within general
secondary education institutions.

Interactive teaching methods are designed not only to facilitate the
acquisition of theoretical knowledge but also to promote learners' active
engagement in the educational process through experiential learning. These
methods encompass the use of virtual laboratories, simulation software, digital
assessment systems, and online consultations.

The integration of virtual laboratories into the study of technology-related
disciplines, such as General Physics, Electrical Engineering, Engineering
Mechanics, Machine Science, and Fundamentals of Manufacturing, enables
students to simulate authentic industrial, technical, and technological processes
without risks to health and without the need for sophisticated or costly equipment.
Consequently, future technology teachers are provided with opportunities to
repeatedly perform experimental procedures, modify process parameters, and
evaluate the outcomes of their decisions. Such learning experiences contribute to a
deeper understanding of cause-and-effect relationships and foster the development
of engineering thinking.

Simulation software represents an effective instructional tool for developing
students' analytical and critical thinking, as it involves solving problem-based
tasks that closely reflect the professional activities of technology teachers.
Simulating classroom instruction, students' project-based activities, manufacturing
processes, and technical systems encourages prospective teachers to predict
outcomes, evaluate alternative solutions, and independently identify the most
appropriate strategies for achieving educational objectives.

The use of digital assessment systems ensures systematic monitoring of
students' academic achievement while fostering self-assessment and reflective

learning skills. Computer-based testing incorporating immediate feedback enables
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learners to identify knowledge gaps, analyze common errors, and adjust their
learning strategies accordingly. For future technology teachers, such experience is
particularly valuable, as it equips them with the ability to design and apply digital
assessment tools for evaluating students' learning outcomes in their future
professional practice.

Online consultations facilitate effective communication between instructors
and students, promote individualized learning, and provide continuous
pedagogical support throughout the educational process. During these
consultations, future technology teachers are able to discuss complex theoretical
issues, receive guidance on practical and project-based assignments, and refine
their individual learning trajectories.

Project-based learning provides opportunities for students to engage actively
in purposeful, independent, and creative educational activities. Throughout the
implementation of educational projects, students not only acquire theoretical
knowledge but also gain practical experience in applying it within authentic or
professionally simulated educational contexts.

Within the system of professional preparation of future technology teachers,
project-based methods facilitate the integration of technical, technological, artistic-
design, psychological, and pedagogical disciplines, thereby contributing to the
development of a holistic professional worldview. The implementation of
educational projects enables students to model both typical and complex situations
encountered in the professional practice of technology teachers, including lesson
planning and organization, extracurricular activities, the development of
instructional and methodological materials, the selection of appropriate teaching
methods and instructional resources, and the assessment of students' learning
outcomes.

A distinctive feature of project-based learning is its alignment with the

activity-based and competency-based approaches, which position students as
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active participants in the educational process. Within project activities, prospective
teachers learn to formulate project goals and objectives, plan implementation
stages, select appropriate resources, search for, analyze, and synthesize
information, as well as present and justify the results of their work. This approach
promotes the development of independence, responsibility, critical and creative
thinking, reflective skills, and the ability to evaluate one's own professional
performance.

Multimedia technologies and digital educational resources create favourable
conditions for the visual, accessible, and well-structured presentation of
educational content, which is particularly important in the study of technical and
technological disciplines, engineering design, and art and design education. Their
integration into the educational process enhances students' cognitive engagement,
facilitates the comprehension of complex technological concepts and processes,
and contributes to the development of digital literacy alongside subject-specific
and methodological competencies.

The use of digital educational resources enables the integration of various
types of information, including textual, graphical, audio, and video materials, as
well as dynamic models, animations, and interactive simulations. This facilitates a
deeper understanding of complex technological processes, the operating principles
of machines and mechanisms, the stages of product design and manufacturing, and
contributes to the development of future technology teachers' spatial, technical,
and design thinking. In this context, multimedia technologies function not only as
a means of visualizing educational content but also as a powerful tool for
knowledge construction and students' creative self-expression.

Mastering contemporary tools for presenting and demonstrating educational
content, such as multimedia presentations, video lectures, interactive posters,
digital instructional materials, three-dimensional (3D) models, and electronic

textbooks, enables future teachers to develop the methodological skills required

13



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 2. Ne 7.

for the pedagogically appropriate selection and application of digital technologies
in the educational process. Furthermore, the development of students’ own
multimedia products provides valuable experience in project-based technological
activities and pedagogical creativity, both of which constitute essential
components of the subject-methodological competence of future technology
teachers.

Problem-based learning is aimed at enhancing higher education students'
cognitive activity, developing critical and technical thinking, and fostering their
ability to independently analyze and solve educational and professional problems.
Its implementation facilitates the transition from the reproductive acquisition of
knowledge to its meaningful application in novel, dynamic, and professionally
relevant contexts.

Within the professional preparation of future technology teachers, problem-
based learning is implemented through the creation of problem situations that
simulate authentic or professionally relevant teaching contexts. Such situations
may arise during the analysis of technological processes, product design and
modelling, the selection of materials and manufacturing technologies, the
development of engineering solutions, the organization of educational projects, or
the planning of technology lessons. Confronting students with pedagogical and
technological problems encourages them to explore alternative solutions,
formulate hypotheses, justify their decisions, and select the most appropriate
technological and instructional strategies.

Problem-based learning is particularly significant for the development of the
methodological competence of future technology teachers. Through the analysis of
pedagogical problem situations, students acquire the ability to select appropriate
teaching methods and instructional strategies, predict learning outcomes, engage
in reflective practice, and adjust their pedagogical decisions accordingly.

Consequently, future teachers become better prepared to implement problem-

14
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oriented tasks in technology education, organize project-based learning, and
facilitate students' research and creative activities.

STEM and STEAM approaches are implemented through the
interdisciplinary integration of technical, technological, scientific, and
information-oriented educational components. Future technology teachers learn to
integrate knowledge from physics, electrical engineering, mechanics, engineering
and computer graphics, computer science, and the fundamentals of programming
to solve complex practical tasks related to product design and manufacturing,
technological process analysis, and the organization of students' learning activities.
Such an interdisciplinary approach develops the ability to perceive technological
objects and processes as complex systems governed by scientific principles and
engineering solutions. It ensures the integrity of professional teacher education
while promoting systems thinking, engineering thinking, creativity, and
innovation, all of which correspond to the contemporary requirements of
technology teachers' professional practice within the framework of the New
Ukrainian School reform.

By incorporating the Arts component into STEM education, the STEAM
approach further expands the opportunities for the professional preparation of
future technology teachers through the development of creativity, aesthetic
awareness, and design competence. The integration of decorative and applied arts,
design and product modelling, computer graphics, and design education enables
students to develop the ability to create functionally appropriate, technologically
sound, and aesthetically appealing products. Moreover, the implementation of
STEM and STEAM approaches possesses substantial methodological potential, as
it equips future technology teachers with the competencies required to design
contemporary technology lessons, integrated curricula, elective courses, and
extracurricular activities based on interdisciplinary connections and practice-

oriented learning tasks.
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The case study method is focused on the analysis of authentic or simulated
professional and pedagogical situations and facilitates the development of
students' ability to apply theoretical knowledge in practical contexts. Its
implementation brings the educational process closer to the real conditions of
general secondary education institutions, stimulates students' cognitive
engagement, and creates favourable conditions for the development of the
professional thinking of future technology teachers.

Within the professional preparation of future technology teachers, the case
study method is implemented through the analysis of educational and professional
situations related to the design and delivery of technology lessons, the
organization of students' project-based technological activities, the selection of
educational content, teaching methods and instructional resources, as well as the
solution of pedagogical, methodological, and technological problems. The analysis
of cases based on the content of technology-, engineering-, and information-
oriented educational components promotes the integration of knowledge acquired
in the theory and methodology of technology education, computer science,
machine science, electrical engineering, engineering graphics, computer-aided
design, and the fundamentals of product design and modelling.

The case study method possesses considerable methodological potential in
the professional preparation of future technology teachers, as it enables students to
develop the competence required to design their own educational cases for
implementation in general secondary education. Prospective teachers acquire
practical experience in developing educational scenarios that reflect authentic
technological processes, engineering and design tasks, issues related to workplace
organization and occupational safety, as well as interdisciplinary connections
within technology education.

Educational content modelling and visualization technologies provide

effective visual representation of complex technical and technological processes,
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engineering solutions, and manufacturing operations that are often difficult to
comprehend through traditional explanatory and illustrative teaching approaches.
Their implementation enhances the quality of students' learning, promotes the
development of spatial and technical thinking, and fosters competencies essential
for engineering design and project-based activities.

In the professional education of future technology teachers, modelling and
visualization technologies are implemented through the use of computer-aided
design (CAD), engineering graphics, three-dimensional (3D) modelling, digital
prototypes, animations, and virtual models integrated into technology- and
engineering-related educational components. These digital tools enable students to
reproduce product design processes step by step, analyze structural characteristics
of technical objects, investigate the operating principles of mechanisms and
systems, and simulate technological processes while taking into account
functional, aesthetic, and safety requirements.

An important advantage of modelling and visualization technologies lies in
their substantial methodological potential for the professional preparation of future
technology teachers. The use of these technologies enables prospective teachers to
create digital product models, technical drawings, diagrams, technological process
charts, and visual instructional materials that can subsequently be employed as
didactic resources in general secondary education institutions. Consequently, these
technologies enhance students' methodological readiness to organize project-based
learning activities, promote learners' cognitive engagement, increase learning
motivation, and support the development of creativity and problem-solving
abilities.

Conclusions. The development of the subject-methodological competence of
future technology teachers is a complex, multidimensional, and purpose-driven
process that requires the systematic integration of traditional pedagogical

approaches with contemporary innovative educational technologies. The
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effectiveness of this process largely depends on scientifically grounded
instructional design, the gradual progression of learning tasks, the organization of
independent, project-based, and research-oriented learning activities, as well as the
use of digital tools for modelling pedagogical situations and ensuring objective
assessment of learning outcomes.

The integration of information and communication technologies (ICT),
digital technologies, interactive and project-based learning methods, STEM and
STEAM approaches, distance and blended learning formats, problem-based
learning, the case study method, and technologies for modelling and visualizing
educational content significantly expands the opportunities for developing the
subject-methodological competence of future technology teachers. These
innovative educational technologies create favourable conditions for enhancing
students' cognitive engagement, fostering their critical, technical, and creative
thinking, and developing their ability to make pedagogically sound decisions in
diverse educational contexts.

Therefore, the integration of innovative educational technologies into the
professional preparation of future technology teachers represents a key factor in
improving the quality of teacher education. It ensures the development of subject-
methodological competence in accordance with contemporary scientific and
methodological standards and contributes to the preparation of competitive, highly
qualified teachers capable of effectively implementing modern educational
strategies, instructional methodologies, and innovative pedagogical practices in the

context of the rapidly evolving educational environment.
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FINANCIAL STABILITY OF INSURANCE COMPANIES IN
UKRAINE: CURRENT CHALLENGES AND PROSPECTS FOR
SUSTAINABLE DEVELOPMENT

Abstract

The insurance sector is one of the key components of the financial system,
ensuring the protection of individuals and businesses against financial risks while
promoting macroeconomic stability and sustainable economic development. Under
current conditions, Ukrainian insurance companies operate in an environment
characterized by heightened uncertainty resulting from military aggression,
macroeconomic instability, inflationary processes, structural transformation of the
financial services market, and the implementation of new regulatory requirements.
These factors significantly affect insurers' financial resilience, making the
assessment of their financial stability particularly relevant.

The study demonstrates that the financial stability of insurance companies is
determined by a combination of internal and external factors. Internal determi-
nants include the effectiveness of financial management, the adequacy of insur-
ance reserves, underwriting quality, investment and reinsurance policies, portfolio
diversification, and corporate governance. External influences are associated with
military risks, macroeconomic instability, inflation, regulatory changes, fluctua-
tions in financial markets, and declining consumer purchasing power. Particular
attention is devoted to analyzing the impact of wartime conditions on the function-

ing of insurance companies, including changes in regulatory requirements, the
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emergence of insurance products covering war-related risks, and the adaptation of
insurers to new operational conditions.

The results indicate that, despite a substantial reduction in the number of in-
surance companies operating in Ukraine, the insurance market has become more
transparent and financially resilient due to strengthened prudential supervision and
the gradual implementation of European regulatory standards. At the same time,
insurers continue to face significant challenges related to capitalization, solvency,
liquidity, risk management, and maintaining consumer confidence.

The scientific value of the study lies in the comprehensive assessment of con-
temporary factors influencing the financial stability of Ukrainian insurance com-
panies under wartime and economic transformation. The practical significance of
the research consists in the proposed recommendations that may be used by insur-
ance companies, regulatory authorities, and other market participants to strengthen
financial resilience, improve the competitiveness of the insurance sector, and sup-
port its sustainable long-term development.

Keywords: financial stability, insurance company, insurance market, financial
security, solvency, insurance services, risk management, sustainable development,

wartime economy.

Introduction. The insurance sector is an integral component of the financial
system, playing a crucial role in ensuring economic resilience, mitigating financial
risks, and supporting sustainable economic development. Stable insurance
companies not only provide reliable protection for individuals and businesses
against unforeseen events but also contribute to investment activity, capital
accumulation, and the overall stability of the financial market. Consequently,
maintaining the financial stability of insurance companies has become one of the
key priorities of financial sector development in both developed and emerging

gconomies.
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In Ukraine, the importance of insurers' financial stability has significantly in-
creased under the influence of large-scale economic, political, and social transfor-
mations. The full-scale military aggression against Ukraine has intensified existing
systemic problems within the insurance market while simultaneously creating new
challenges associated with declining economic activity, growing uncertainty, infla-
tionary pressures, destruction of insured assets, increased insurance claims, and
changes in consumer demand for insurance services. These factors have substan-
tially affected insurers' solvency, liquidity, profitability, and long-term financial
sustainability.

Problem statement. Financial stability represents one of the fundamental
characteristics determining the long-term viability of an insurance company. It
reflects an insurer's capacity to maintain solvency, fulfill insurance obligations,
withstand adverse internal and external influences, and preserve its competitive
position within the insurance market. Consequently, effective financial stability
management has become an essential component of strategic decision-making
aimed at ensuring sustainable development under conditions of economic
uncertainty.

Theoretical and methodological issues related to the financial stability of
insurance institutions have been extensively examined by both Ukrainian and
international scholars. Significant contributions to this field have been made by K.
Horiacheva, M. Yermoshenko, and R. Ferguson. Various aspects of financial
stability in insurance markets and insurance organizations have also been explored
by R. Pikus, N. Vnukova, P. Nikiforov, Yu. Pankov, O. Hamankova, and
numerous other researchers. Their studies have established an important
theoretical foundation for assessing insurers' financial resilience and developing
mechanisms to enhance their stability under changing market conditions.

The purpose of this study is to assess the current state of the financial stability

of insurance companies in Ukraine, identify the principal internal and external
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challenges affecting their sustainable operation, and determine the priority
directions for strengthening their financial resilience under contemporary
economic conditions. The research is based on the application of logical
generalization, comparative analysis, financial and economic analysis, synthesis,
systematization, and deductive methods, which made it possible to
comprehensively evaluate the current trends in the development of Ukraine's
insurance market.

Research problem. The Ukrainian insurance industry currently operates in an
environment characterized by significant uncertainty and heightened exposure to
both external shocks and internal vulnerabilities. The ongoing military conflict,
prolonged socio-economic and political instability, inflationary pressures,
declining household incomes, contraction of business activity, and uncertain
macroeconomic prospects have substantially complicated insurers' operating
conditions. These challenges have affected virtually all sectors of the national
economy, including the insurance market.

Given their economic and social role, insurance companies are expected to
provide financial protection against a broad spectrum of risks faced by households
and businesses while mitigating the economic consequences of unforeseen events.
However, the effectiveness with which insurers perform these functions largely
depends on their own financial resilience. The financial security of policyholders
Is closely linked to the financial stability of insurance companies, as only solvent,
sustainable, and financially reliable insurers are capable of meeting their
contractual commitments and ensuring continuous insurance protection.

Result. Maintaining financial stability within the insurance sector is a
prerequisite for establishing an effective system of financial protection for
economic agents at both the macroeconomic and microeconomic levels, including
households, businesses, and the state. Moreover, the achievement of social equity

and the prevention of excessive economic disparities largely depend on the
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efficient operation of the insurance market, whose institutions perform an essential
risk-sharing and financial protection function.

The financial stability of the insurance sector is influenced by a wide range of
objective and subjective factors originating from both the internal and external
business environment. Internal risks primarily arise from ineffective financial and
managerial decisions adopted by insurance companies. Weak financial
governance, inefficient allocation of resources, and deficiencies in strategic
planning reduce insurers’ financial resilience, weaken their solvency, and
ultimately undermine the reliability and security of insurance operations.

Financial stability of an insurance company may therefore be defined as its
ability to sustain stable financial and economic development, maintain
uninterrupted payment and settlement operations, withstand the adverse effects of
external economic disturbances, and prevent conflicts among stakeholders
regarding the allocation and utilization of corporate financial resources. [1]

According to the sources of their origin, threats to the financial stability of
the insurance market can generally be classified into internal and external
categories. External threats stem from interactions with business partners,
competitors, criminal activities, foreign market participants, mass media,
governmental institutions, and international economic developments. Internal
threats, by contrast, are predominantly associated with weaknesses in insurers'
financial management systems. These include inappropriate pricing strategies,
poorly balanced insurance portfolios, and ineffective management of insurance
reserves with respect to their composition and maturity structure. Errors in
actuarial calculations or tariff setting may lead either to excessive insurance
premiums, reducing market competitiveness, or to underpricing, which threatens
insurers' solvency and long-term financial sustainability. [2]

An essential prerequisite for ensuring financial stability is the formation of a

well-diversified and balanced insurance portfolio capable of absorbing substantial
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insurance losses without jeopardizing the insurer's financial position. A persistent
challenge within the Ukrainian insurance market is that many insurers continue to
finance claim payments primarily through newly collected premiums rather than
through adequately accumulated insurance reserves. Such practices weaken their
financial resilience and increase vulnerability to unexpected loss events.

Strengthening the financial stability of insurance companies requires the
implementation of several interrelated strategic measures, including:

« developing a comprehensive long-term strategy for insurance company de-
velopment;

« continuously identifying, forecasting, and assessing potential financial and
operational risks;

« Maintaining an appropriate balance between underwriting, pricing, invest-
ment, and reinsurance policies;

« introducing effective organizational mechanisms, management methods,
and financial instruments aimed at improving the financial stability framework;

« ensuring continuous monitoring and management of financial security indi-
cators;

« maintaining a high level of professional competence among employees and
ensuring compliance with internal policies and regulatory requirements designed
to preserve financial stability. [4]

Numerous factors contribute to the emergence of threats affecting insurers'
financial stability. Among the most significant are:

« the rapid expansion of globalization and internationalization of financial and
insurance markets;

« increasing concentration of financial resources within international insur-
ance and reinsurance markets;

« growing interdependence and mobility of insurance capital facilitated by

advanced information technologies;
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« Stronger interaction between domestic and international economic policies,
resulting in greater dependence on global financial developments;

« excessive reliance of national insurance markets, particularly the reinsur-
ance sector, on foreign capital, which increases financial vulnerability;

« the accumulation of systemic instability within the global financial system
and the inability of existing international financial institutions to effectively pre-
vent emerging crises;

« an insufficient regulatory framework and limited international experience
regarding financial stability management in insurance;

« inadequate practical experience in customer relationship management;

« relatively low standards of management and marketing across the domestic
insurance market. [3; 5]

Addressing these challenges would substantially strengthen the resilience of
Ukraine's insurance market by creating balanced conditions for all market
participants and enhancing the overall financial stability of the insurance sector.

Since February 2022, the Ukrainian insurance market has been operating
under unprecedented conditions caused by the full-scale military invasion.
Existing financial risks have been significantly intensified, while entirely new
threats have emerged, posing serious challenges to the stability of insurance
companies and the insurance market as a whole (fig. 1). [2; 4; 6]

The full-scale war has fundamentally transformed the operating environment
of Ukraine's insurance sector. The most significant challenges that have emerged
include the following:

1. Restoration of regulatory requirements.

Following the outbreak of the full-scale invasion, the National Bank of
Ukraine (NBU) temporarily relaxed several regulatory requirements to enable
insurers to continue operating under extraordinary wartime conditions. As market

conditions stabilized, however, supervisory authorities identified violations of key
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prudential standards by certain insurers engaged in excessively risky business
practices. Consequently, the NBU reinstated a number of regulatory requirements
aimed at strengthening market discipline. These measures included the restoration
of mandatory timely submission of reliable financial statements, allowing
regulators to monitor insurers' financial condition and respond promptly to
emerging risks. In addition, on-site inspections resumed, and supervisory
sanctions for breaches of solvency and risk management requirements were

reintroduced.

- Disclosure of incomplete, inaccurate, or

— misleading information regarding insurers’
financial condition

) Failure of insurance companies to comply
\ — v— with solvency and risk management
‘e ke G requirements established by the regulator
MAJOR \
WARTIME @
THREATS I

Inability to fulfill obligations arising from
voluntary health insurance contracts in
territories directly affected by hostilities

Destruction or loss of corporate assets
as a consequence of military operations

;u

Figure 1. Major wartime threats to the financial stability of insurance companies in
Ukraine

Failure of insurers to perform their contractual
obligations toward policyholders due to
wartime disruptions and financial constraints

2. Insurance coverage against war-related risks.

Before 2022, insurance products covering military risks were virtually absent
from the Ukrainian insurance market. The outbreak of the war created an urgent
need for such coverage, leading insurers to introduce new insurance products
beginning in late 2022. Property insurance policies now provide protection against
losses resulting from explosions, shelling, landmines, fires, and destruction caused
by military operations. Furthermore, insurers have expanded their portfolios by
offering personal accident insurance related to wartime events. The leading

providers of war-risk insurance products include INGO, TAS Insurance Group,
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ARX, Arsenal Insurance, VUSO, MetLife, Universalna, and Kniazha Vienna
Insurance Group.

3. Fulfilment of voluntary health insurance obligations.

Another significant challenge has been the provision of voluntary health
insurance services in territories affected by active hostilities. Insurance companies
have adapted by implementing remote service models, including online medical
consultations for policyholders residing in areas with limited access to healthcare
facilities. At the initial stage of the war, the National Bank of Ukraine
recommended simplifying claims settlement procedures through the use of
electronic documentation and remote claims processing. In regions unaffected by
active military operations, insurers have largely maintained their standard
operating procedures. [1; 2; 4]

Future research should primarily focus on two strategic directions. First, there
is a need to develop a unified methodological framework for assessing and
maintaining insurers' financial stability that adequately reflects current trends in
the development of Ukraine's insurance market. Second, it is advisable to
introduce a mandatory state-supported rating system that evaluates the financial
strength of insurance companies according to the level of risks they assume
through underwriting activities.

Accordingly, public policy in the insurance sector should prioritize the
following objectives:

« ensuring an adequate level of consumer protection in the insurance market;

« strengthening insurers' solvency and long-term financial resilience;

« conducting continuous monitoring and analytical assessment of insurance
market developments to preserve financial stability;

« establishing an integrated system for identifying and assessing insurance-

related risks:
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« increasing transparency and accountability among insurance companies as
well as the governmental authorities responsible for their supervision and regula-
tion. [1]

Reducing the risks associated with insufficient stability, transparency, and
competitiveness of the insurance sector also requires strengthening the
institutional and financial capacity of public authorities responsible for regulating
financial services markets. In this regard, state insurance policy should be
implemented in accordance with the principles of Ukraine's Concept of National
Financial Security.

Priority measures include developing an effective risk identification system,
continuously monitoring insurance market conditions to facilitate timely
preventive actions, improving transparency of both insurers and supervisory
institutions, enhancing insurers' solvency and financial sustainability,
strengthening consumer protection mechanisms, and preventing insurance
companies from being used as channels for unproductive capital outflows abroad.

Conclusions

The findings of this study indicate that the financial stability of insurance
companies is a fundamental prerequisite for the sustainable development of
Ukraine's insurance market and an essential component of the country's financial
system. Under current conditions, insurers operate in an environment character-
ized by heightened uncertainty caused by military aggression, macroeconomic in-
stability, inflationary pressures, regulatory transformation, and structural changes
within the financial services market. These factors significantly influence insurers'
solvency, liquidity, profitability, and overall financial resilience.

The analysis demonstrated that the financial stability of insurance companies
depends on the combined influence of internal and external factors. Internal de-
terminants include the quality of financial management, the adequacy of insurance

reserves, the effectiveness of underwriting, investment and reinsurance policies,
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portfolio diversification, and corporate governance. External factors are associated
with changes in the macroeconomic environment, military risks, regulatory policy,
fluctuations in financial markets, and the overall level of public confidence in in-
surance institutions.

Despite the reduction in the number of insurance companies operating in
Ukraine in recent years, the insurance market has become more transparent and fi-
nancially resilient due to strengthened prudential supervision, higher solvency re-
quirements, and ongoing regulatory reforms implemented by the National Bank of
Ukraine. Nevertheless, significant challenges remain, including insufficient capi-
talization of certain insurers, limited demand for insurance services, growing ex-
posure to military risks, and the need to further align the Ukrainian insurance mar-
ket with European regulatory standards.

Strengthening the financial stability of insurance companies requires the im-
plementation of comprehensive measures aimed at improving risk management
systems, increasing capitalization, maintaining adequate insurance reserves, diver-
sifying insurance portfolios, expanding reinsurance protection, introducing mod-
ern digital technologies, and enhancing transparency in financial reporting and
corporate governance. Equally important are the continued development of effec-
tive state regulation, improvement of consumer protection mechanisms, and the
creation of conditions that promote sustainable competition within the insurance
market.

Overall, ensuring the financial stability of insurance companies should be re-
garded as a strategic priority for the development of Ukraine's financial sector.
The implementation of coordinated actions by regulators, insurers, and other mar-
ket participants will contribute to strengthening public confidence in insurance in-
stitutions, increasing the resilience and competitiveness of the insurance market,

and supporting the country's long-term sustainable economic development.

30



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 2. Ne 7.

References:

1. Bondarenko, Ye. K., & Oliinyk, V. M. Financial Management of In-
surance Companies. Economy and Region. 2022. Ne 3(86). P. 112-118. DOI:
10.26906/EiR.2022.3(86).2853.

2. Kneisler, O. V., Korol, S. Ya., & Spasiv, N. Ya. Pragmatism of Fi-
nancial Stability Management of Insurance Companies in Ukraine. The World of
Finance. 2022. Ne 3. P. 99-113. DOI: 10.35774/sf2022.03.099.

3. Kondratska, N., Kotyk, O., & Zayachkivska, O. Financial Security of
the Insurance Market in Ukraine. Economy and Society. 2025. Ne 76. DOI:
10.32782/2524-0072/2025-76-18.

4, Pakhomov, M. S., & Yershova, N. Yu. Solvency Il and Risk Man-
agement: A Path toward the Financial Stability of Insurance Companies.
Economic Bulletin of Donbas. 2025. Ne 1(79). DOI: 10.12958/1817-3772-2025-
1(79).

5. Smyrnov, I. Analysis of Theoretical Approaches to the Concept of
Financial Stability of Insurance Companies. Agrarian Perspectives and
Economics. 2026. Ne 2. P. 152-157. DOI: 10.36887/2524-0455-2026-2-32.

6. Filiuta, D., Bilera, A., & Pakhnenko, O. Financial Management of In-
surance Companies: Modern Approaches to Ensuring Financial Stability.
Economy and Region. 2022. Ne 3(86). P. 112-118. DOI:
10.26906/EiR.2022.3(86).2853.

31



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 2. Ne 7.

Lytvynov Andrii, PhD (Pedagogy), Associated Professor, Heard of Theory
and Methods of Primary Education Chair, Oleksandr Dovzhenko HIlukhiv
National  Pedagogical  University, HIlukhiv, Ukraine, ORCID ID:
https://orcid.org/0000-0002-7914-9857

DIDACTIC POTENTIAL OF DIGITAL PLATFORMS IN THE
DEVELOPMENT OF COGNITIVE INTEREST OF PRIMARY SCHOOL
PUPILS

Abstract

The article studies the didactic potential of digital platforms in the
development of cognitive interest of primary school pupils. It is substantiated that
the activation of cognitive interest is determined not by the very fact of using
digital technologies, but by the nature of educational activities organized through
digital platforms.

Psychological and pedagogical approaches to the interpretation of cognitive
interest as an integrative characteristic of the educational activity of junior
schoolchildren are analyzed. Its structural components are revealed and the
pedagogical mechanisms through which digital platforms affect the development
of students' cognitive activity are characterized, in particular, emotional
involvement, visualization of educational material, organization of cognitive
search, provision of prompt feedback, individualization of learning and support of
educational interaction.

A systematization of digital platforms according to their didactic purpose,
built on the basis of dominant pedagogical functions, is proposed. Groups of
digital resources designed for the creation and visualization of educational content,
the organization of interactive educational activities, formative assessment,

communication and cooperation, as well as the development of creative and
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research activities of younger students have been allocated. It is substantiated that
the proposed approach provides a pedagogically balanced selection of digital
platforms in accordance with the goals of individual stages of the lesson and
contributes to their holistic integration into the educational process of primary
school.

The practical possibilities of using digital platforms at different stages of the
modern lesson are determined and it is proved that their effectiveness depends on
the subordination to the logic of the organization of educational activities, and not
the technical characteristics of individual digital resources. It is concluded that the
didactic potential of digital platforms is realized under the condition of their
methodically justified use, aimed at the development of cognitive interest,
intensification of educational activities and the formation of key competencies of
younger students.

Keywords: cognitive interest, junior schoolchildren, digital platforms,
didactic potential, educational activities, digital educational environment, digital

technologies.

Problem statement. The formation of a stable cognitive interest of primary
school pupils is one of the key tasks of modern primary education, since it
provides internal motivation for learning, contributes to the development of
independence, initiative and readiness of students for active acquisition of
knowledge. The preservation and development of younger pupils' natural curiosity
largely depend on largely depends on the extent to which the educational
environment encourages them to active cognitive activity, research search and
independent solution of educational tasks.

At the same time, the digital transformation of education opens up new
opportunities for organizing such an educational environment. Modern digital

platforms and tools provide interactive interaction of students with educational
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material, expand the possibilities of its visualization, create conditions for prompt
feedback, individualization of learning and organization of joint activities. Thanks
to this, they can act not only as technical means of supporting the educational
process, but also as an effective pedagogical tool for the development of cognitive
interest, educational activity and positive motivation of younger students.

Despite the active introduction of digital technologies in the practice of
primary education, their use is often fragmented and is associated mainly with
individual electronic services or digital resources. In scientific research, the main
attention is paid to the description of the functionality of digital platforms or the
analysis of certain aspects of the digitalization of the educational process. At the
same time, the issues of pedagogical justification for the use of digital platforms as
a means of activating the cognitive interest of younger students, as well as their
systematization in accordance with the didactic functions they perform in the
educational process, remain insufficiently disclosed.

The need to solve these issues necessitates a comprehensive analysis of the
pedagogical potential of modern digital platforms and tools, determining their role
in the formation of cognitive interest of primary school students and substantiating
approaches to their pedagogically appropriate use in accordance with the goals and
content of education.

Analysis of recent research and publications. The problem of the formation
of cognitive interest, the development of educational motivation and cognitive
activity of students occupies an important place in the national pedagogical
science. The theoretical foundations of this problem are revealed in the works of
N. Bibik, I. Kozlovska, N. Lysenko, L. Maryanenko, V. Bohuslavska, M.
Zabrotsky and other scientists. In their research, they substantiate the role of
cognitive interest as one of the leading factors of successful learning, emphasize
the need to create an educational environment that stimulates independence,

research activity and positive motivation of younger students.
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A separate area of modern research is related to the digitalization of
education and the use of digital technologies in the educational process. These
Issues are covered in the works of N. Aristova, O. Nozdrova, M. Onopriychuk, L.
Poryadchenko, A. Popesko, M. Savchyn, A. Silveistra, V. Stanchyk, 1. Trubenko,
O. Uspenska, A. Melnyk and other researchers. The authors consider the
possibilities of electronic educational resources, interactive platforms and digital
services to increase the effectiveness of learning, individualize the educational
process, develop digital competence and organize active interaction of students
with educational material.

The analysis of scientific publications shows that the issue of the use of
digital technologies in education has been studied quite extensively. At the same
time, most of the works are devoted to individual digital services or general
aspects of the digitalization of education. On the other hand, the possibilities of
modern digital platforms as a means of activating the cognitive interest of primary
school students remain insufficiently covered. Methodological approaches to the
selection and use of digital tools, taking into account the age characteristics of
younger students, also need to be further generalized.

The article is aimed at theoretical substantiation of pedagogical possibilities
of using digital platforms and tools to activate the cognitive interest of primary
school students.

Presentation of the main material of the study. It is advisable to evaluate the
effectiveness of using digital platforms in primary school not only by their tech-
nical capabilities or variety of functions. Much more important is how much they
are able to influence the internal mechanisms of students' educational activities,
support their cognitive activity and create conditions for the conscious assimilation
of knowledge. In this context, the central place is occupied by cognitive interest,
which determines the nature of the interaction of younger students with the educa-

tional material and significantly affects the effectiveness of learning [1; 10; 9; 6].
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In psychological and pedagogical research, cognitive interest is considered as
a complex personal formation formed at the intersection of intellectual need, posi-
tive emotional attitude to learning, internal motivation and active activity of the
student [1; 7]. It cannot be reduced only to interest in a particular topic or an unu-
sual form of conducting a lesson. Unlike situational curiosity, which quickly arises
and just as quickly fades away, cognitive interest has a more stable character. It
encourages the student not only to perceive new information, but also to ask ques-
tions, look for explanations, test their own assumptions, establish cause-and-effect
relationships and apply the acquired knowledge in new learning situations [1; 10;
8; 6].

For primary school age, this is of particular importance. It is during this peri-
od that the child's attitude to learning is formed, the foundations of educational in-
dependence are laid, and the first strategies for solving educational problems are
developed [7; 9]. The natural curiosity of children creates favorable conditions for
the development of cognitive interest, but by itself it does not guarantee its stabil-
ity. If educational activity is based mainly on the reproduction of ready-made in-
formation, interest gradually weakens. Instead, learning, which involves searching,
researching, choosing ways of acting and being able to see the result of one's own
efforts, supports intrinsic motivation and turns cognition into a personally mean-
ingful process [1; 7; 8].

Cognitive interest is not an isolated characteristic of the personality. It is
closely related to educational motivation, cognitive activity, independence and re-
flection, gradually determining the student's readiness for continuous learning [1;
10; 6]. That is why in modern primary education, its development is considered
not as a concomitant result of learning, but as one of the leading pedagogical goals
[7; 8]. This approach also changes the requirements for the selection of teaching
tools: they should not only ensure the transfer of knowledge, but also support the

child's inner need to learn new things.
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Cognitive interest is not a homogeneous psychological and pedagogical phe-
nomenon. Its development is ensured by the interaction of several components,
each of which performs its own function in the organization of educational activi-
ties [1; 10; 6]. That is why it is advisable to assess the effectiveness of pedagogical
tools not only by the final results of learning, but also by what components of
cognitive interest they affect. This approach allows you to move from the intuitive
use of digital resources to their conscious selection in accordance with specific ed-
ucational tasks.

The emotional component determines the child's attitude to the learning pro-
cess [10; 9; 6]. A feeling of interest, positive experiences from the successful
completion of a task, a desire to continue working or discover new things create a
psychological basis for further cognitive activity [1; 8]. Younger students are es-
pecially sensitive to novelty, clarity and changes in activities, so the emotional
perception of educational material directly affects the level of their involvement in
the lesson [9]. This explains why the use of digital platforms with multimedia el-
ements, interactive models or gamification elements often provides not only an in-
crease in interest in a particular task, but also forms a positive attitude towards ed-
ucational activities in general.

The cognitive component reflects the student's desire to understand the edu-
cational material, establish relationships between phenomena, find answers to
problematic questions and independently acquire new knowledge [1; 10; 6]. Its
development is associated with the performance of such activities that require
analysis, comparison, generalization, suggestion and verification of one's own
conclusions [10; 7]. Thus, digital tools perform a developmental function only
when they encourage students not to mechanically choose the correct answer, but
to intellectual search, research and comprehension of educational material.

No less important is the motivational and volitional component, which en-

sures the readiness of schoolchildren to make efforts to achieve the educational
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goal [1; 7; 6]. It manifests itself in the desire to complete the work started, over-
come difficulties, improve one's own result and maintain interest even while per-
forming complex tasks [9; 8]. In this context, digital platforms can act as an effec-
tive means of supporting learning motivation through prompt feedback, the ability
to gradually complicate tasks, track individual progress, and create a situation of
success for each student.

The activity component integrates all the previous ones, since it is in practical
activity that the real level of formation of cognitive interest is manifested [10; 7;
6]. If the student seeks to experiment, offers his own ways of solving problems,
creates new products or uses the acquired knowledge in other learning situations,
this indicates a transition from situational interest to a stable cognitive need [1; 8].
With this in mind, the greatest pedagogical value is those digital tools that provide
not only the implementation of ready-made exercises, but also the creation of their
own projects, models, interactive stories, or other results of creative activity.

This approach allows us to consider the structure of cognitive interest not on-
ly as a theoretical characteristic of the individual, but as a practical guideline for
the choice of digital learning tools. Each component requires different pedagogical
support mechanisms, and therefore different functionalities of digital platforms. It
is this pattern that should determine the logic of their use in primary school and
serves as the basis for further systematization of digital tools according to their di-
dactic purpose.

In modern primary school, digital platforms are increasingly used not only as
an additional source of educational information, but as a full-fledged tool for or-
ganizing the educational process [2; 3]. Their pedagogical value is determined not
by the number of available functions or technological novelty, but by the ability to
change the nature of educational interaction between teacher, student and educa-

tional content. That is why the assessment of the effectiveness of digital resources
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requires, first of all, the analysis of the pedagogical opportunities that they open up
for the development of cognitive activity of primary school pupils [7].

The traditional model of teaching is mainly focused on the transfer of ready-
made knowledge from teacher to student. With this approach, the student mostly
acts as a performer of the proposed tasks, and his cognitive activity is often limited
to the reproduction of already known information [1; 7]. Digital platforms make it
possible to change this logic. They create conditions under which the student be-
comes a direct participant in the educational process: independently researches the
material, performs interactive tasks, tests his own hypotheses, analyzes the results
of activities and corrects further actions. In this case, the digital resource is not a
substitute for the teacher, but a means of organizing active cognitive activity.

A feature of digital platforms is the ability to combine different ways of pre-
senting educational information. Text materials can be supplemented with anima-
tions, video fragments, interactive diagrams, virtual models or educational simula-
tions. The combination of several channels of perception contributes to a better
understanding of the educational material, facilitates the establishment of relation-
ships between concepts and makes the learning process more accessible to chil-
dren of primary school age. At the same time, it is not the multimedia itself that is
crucial, but its pedagogically expedient use in accordance with the set educational
goal [7; 9; 2].

No less important is the ability to ensure constant interaction of the student
with the educational material. Unlike printed didactic tools, digital platforms in-
volve active actions: choosing answer options, moving objects, performing inter-
active exercises, modeling situations, creating your own digital products. This
format of training supports concentration, stimulates research behavior and pro-
motes the transition from passive perception of information to its active processing
[1; 10; 6].
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At the same time, the effectiveness of digital platforms is not automatically
determined by the very fact of their use. One and the same resource can either
support the cognitive activity of students, or turn into only a modern form of pre-
senting traditional reproductive tasks. It depends on how well the teacher inte-
grates digital tools into the structure of the lesson, selects the content of education-
al tasks and organizes the interaction of students with the digital environment [7].
Therefore, the decisive factor is not the technology itself, but the method of its
pedagogical use.

That is why it is advisable to consider digital platforms not as a universal
means of increasing motivation, but as a tool for the implementation of specific
pedagogical functions. Their impact on cognitive interest depends on what mecha-
nisms of educational activity they activate, what types of interaction they support
and what opportunities they provide students for independent cognition [1; 10; 7;
6; 4]. This approach creates the basis for the analysis of individual pedagogical
mechanisms through which digital resources affect the development of cognitive
interest of younger students.

It is advisable to assess the pedagogical potential of digital platforms not
through the list of their functionality, but because of the changes that they provide
in the educational activities of younger students. The same digital tools can
demonstrate different effectiveness depending on what pedagogical mechanisms
they activate, how organized the interaction of students with educational material
Is organized and how this interaction corresponds to the age characteristics of
children. In this regard, the analysis of not the digital technologies themselves, but
the methods of their pedagogical application is of key importance [7; 9].

One of these mechanisms is emotional involvement. Younger students are
much more actively involved in educational activities if the educational material
evokes positive emotions, supports curiosity and creates a situation of discovery

[1; 9; 6]. Digital platforms have ample opportunities to implement this mechanism
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due to the combination of visual images, animation, soundtrack, interactive ele-
ments and game techniques. However, by themselves, these means do not guaran-
tee the development of cognitive interest. If they are used only for external "enliv-
enment" of the lesson, their impact quickly disappears [8]. Emotional involvement
becomes pedagogically valuable when it stimulates further intellectual activity,
and does not replace it [6].

An equally important mechanism is the creation of a situation of cognitive
search. Unlike the traditional presentation of ready-made information, digital plat-
forms make it possible to organize learning situations in which the student inde-
pendently analyzes facts, establishes patterns, makes assumptions and checks them
in the process of completing tasks [10; 7]. It is this activity that ensures the transi-
tion from passive assimilation of knowledge to its active construction [1; 6; 5].
Accordingly, a digital resource performs not an informational, but a cognitive-
organizational function.

Operational feedback plays a special role in maintaining cognitive interest.
Younger students need quick confirmation of the correctness of their own actions,
as this helps them to correct mistakes in a timely manner, realize their own pro-
gress and maintain confidence in their own capabilities [9]. Unlike traditional
forms of control, digital platforms provide an almost instantaneous response to the
student's performance. At the same time, the pedagogical value of such feedback
lies not only in reporting the correct or incorrect answer, but also in creating con-
ditions for analyzing the mistakes made and choosing ways to overcome them [7].

An important factor in the development of cognitive interest is also the indi-
vidualization of learning. Younger students differ in the pace of work, level of
training, learning experience and cognitive needs [7; 9]. Digital platforms allow
you to vary the complexity of tasks, choose different ways of presenting educa-
tional material, return to previous stages of learning, or, conversely, offer addi-

tional tasks for students with a higher level of training. Under such conditions, ed-
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ucational activity becomes more personally significant, and interest is maintained
not due to external stimulation, but through the opportunity to work at your own
pace and feel success from the achieved result [1; 7; 9; 2].

Another mechanism is the organization of educational interaction. Modern
digital environments have long ceased to be a space for individual work. They
provide the opportunity to implement joint projects, discuss results, mutual eval-
uation, and collective problem solving. This format contributes to the development
of not only cognitive interest, but also communication skills, critical thinking, the
ability to argue one's own position and take into account the opinion of other par-
ticipants in the educational process. For younger students, this is of particular im-
portance, because educational activities at this age gradually acquire a social char-
acter [7; 9].

Therefore, the effectiveness of digital platforms is determined not by individ-
ual technical characteristics, but by a set of pedagogical mechanisms that they
provide. It is through emotional involvement, organization of cognitive search,
timely feedback, individualization and educational interaction that digital tools
create conditions for the development of sustainable cognitive interest [1; 10; 6;
4]. At the same time, different digital platforms implement these mechanisms to an
unequal extent, which necessitates their systematization not by technical features,
but by didactic purpose and dominant pedagogical functions.

An analysis of modern scientific publications shows that digital platforms are
most often classified according to technical characteristics, functionality or scope
of use. In scientific and methodological works, you can find a division into ser-
vices for creating educational content, distance learning platforms, formative as-
sessment tools, communication tools or collaborative environments. This approach
Is appropriate for describing digital resources, but it only partially reflects their
pedagogical potential, since it focuses mainly on the technical features of digital

products.
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For a primary school teacher, another question is more important: what di-
dactic function does this or that digital tool perform in the learning process. The
same resource can be used to explain new material, organize research activities,
formative assessment, reflection or joint work of students. At the same time, dif-
ferent digital platforms often implement the same pedagogical function, despite
differences in the interface, toolkit, or ways of interacting with the user. That is
why their comparison only in terms of functionality does not give the teacher suf-
ficient guidelines for a pedagogically grounded choice.

In our opinion, the selection of digital platforms should be carried out primar-
ily in accordance with the didactic goal of a particular stage of the lesson. This ap-
proach avoids a situation where digital technologies are used only as a means of
diversifying the educational process. Instead, each digital tool becomes an element
of a holistic methodological system, in which its use is determined not by popular-
ity or technical characteristics, but by pedagogical expediency.

With this in mind, the study proposes a systematization of digital platforms
according to their dominant didactic purpose. The basis of the classification was
not the software capabilities of individual services, but the pedagogical functions
that they mainly implement in the process of teaching younger students. This ap-
proach makes it possible to consider digital tools as a component of teaching
methods, and not only as a technical means of supporting the educational process.

The proposed systematization is based on three interrelated principles.

The first principle is didactic expediency. Each group of platforms is deter-
mined according to which learning task it helps to implement most effectively.
The focus is not on the list of functions of the digital service, but on its place in the
organization of the educational process.

The second principle is the dominance of the pedagogical function. Most
modern platforms combine several tools, so they can be used in different learning

situations. However, for systematization, it is important to determine the function
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that is leading and most fully characterizes the pedagogical purpose of a particular
resource.

The third principle is methodological universality. The proposed classifica-
tion is not tied to individual software products. It will remain relevant even with
the emergence of new digital platforms, since it is based on pedagogical functions
that remain unchanged regardless of the development of digital technologies. This,
in our opinion, makes such systematization more suitable for use in the profes-
sional activity of a teacher.

It should be noted that modern digital platforms are characterized by multi-
functionality and can be used to solve various educational problems. This compli-
cates their unambiguous distribution by technical characteristics or scope, since
the same digital resource can be effective in explaining new material, organizing
independent work, carrying out formative assessments or performing creative
tasks. Under such conditions, it is more expedient to arrange them in accordance
with the didactic role they play in the structure of the educational process [7].

The proposed systematization is based on the proposition that the choice of a
digital tool should be determined not by its popularity or number of functions, but
primarily by the educational goal of a particular stage of the lesson. This approach
allows us to consider digital platforms as a component of the methodological sys-
tem of education, in which each resource is used to implement a certain set of ped-
agogical tasks. The systematization is based on the dominant didactic function,
which most fully characterizes the capabilities of a particular digital resource in
the organization of educational activities of younger students.

According to the proposed approach, it is advisable to combine digital plat-
forms into five main groups: tools for creating and visualizing educational content,
tools for organizing interactive learning activities, formative assessment platforms,
communication and collaboration environments, digital resources for creative and

research activities of students. The proposed classification is not intended to be
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exhaustive, but reflects the most common areas of pedagogical use of digital plat-

forms in the practice of primary education.

Table 1

Systematization of digital platforms by didactic purpose

Category of digital

Main didactic func-

Examples of plat-

Pedagogical opportuni-

platforms tion forms ties
Tools for creating | Explanation of new | Canva, Genially, | Creation of presentations,
and visualizing edu- | educational material, | Google Slides, | interactive diagrams, in-
cational content its visualization and | Prezi fographics, digital stories,

structuring

visual models

Tools for organizing

Knowledge consolida-

LearningApps,

Performing interactive

interactive learning | tion, formation of prac- | Wordwall,  Edu- | exercises, didactic games,
activities tical skills, activation | caplay classifications, matching
of educational activi- exercises
ties
Formative  assess- | Monitoring  learning | Kahoot!, Quizizz, | Online testing, quick
ment platforms progress, self- | Classtime, Plickers | evaluation of results,

assessment and feed-
back

analysis of common er-
rors, monitoring of edu-
cational progress

Communication and
collaboration envi-

Organization of inter-
action of participants

Google Classroom,
Microsoft Teams,

Joint completion of tasks,
exchange of study mate-

ronments in the educational pro- | Padlet, Miro rials, group discussion,
cess and joint activities mutual assessment
Digital resources for | Development of crea- | Scratch, Book | Creation of digital pro-

creative and
search activities

re-

tivity, research skills
and project activities

Creator, Tinkercad

jects, programs, models,
interactive books, presen-
tation of research results

The proposed approach demonstrates that one digital resource can be used to

implement several pedagogical tasks, but when selecting it, it is advisable to take

into account the leading didactic purpose. For example, formative assessment ser-

vices can be used not only to control educational achievements, but also to actual-

ize supporting knowledge, identify learning difficulties, or organize reflection.

Similarly, it is advisable to use the means of creating digital content not only as a

tool for demonstrating educational material, but also as an environment for the de-

velopment of creativity and the formation of information and digital competence

of students.

45




STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 2. Ne 7.

The practical value of the proposed systematization lies in the fact that it ori-
ents the teacher to a conscious choice of digital platforms in accordance with the
purpose and content of a particular stage of the lesson. This approach contributes
to the pedagogically expedient integration of digital technologies into the educa-
tional process, ensures their coordination with modern didactic principles and cre-
ates prerequisites for activating the cognitive interest of younger students.

The proposed systematization of digital platforms acquires practical signifi-
cance only if it is integrated into the methodology of organizing the educational
process. The selection of digital resources should be carried out not according to
the principle of their popularity or accessibility, but in accordance with the di-
dactic purpose of a particular stage of the lesson. This approach ensures the peda-
gogically expedient use of digital technologies, contributes to the activation of
students' cognitive activity and increases the effectiveness of learning [1; 7].

At the stage of motivation, it is advisable to use digital tools that can arouse
cognitive interest, actualize the life experience of students and create a problem
situation [1; 9; 6]. Interactive presentations, short educational videos, digital sto-
ries, virtual demonstrations or interactive surveys help to draw the attention of
younger students to the educational topic and form a positive emotional attitude to
further work. At the same time, the digital resource performs not an informational,
but a motivational function, stimulating the inner readiness of students for cogni-
tive activity [6].

When studying new material, it is advisable to use digital platforms as a
means of visualization and research of educational content. The use of interactive
models, diagrams, maps, simulations or animated objects makes it possible not on-
ly to present information in an accessible form, but also to organize active interac-
tion of students with educational material. This contributes to the formation of a
holistic view of the phenomena under study, the development of logical thinking

and the establishment of cause-and-effect relationships [10; 7; 9].
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At the stage of consolidation of knowledge, digital tools that provide for the
active implementation of practical actions are most effective. Interactive exercises,
educational games, exercises for classification, matching, modeling of educational
situations provide multiple application of the acquired knowledge in various con-
ditions. Thanks to this, students not only reproduce the educational material, but
also gain experience in its practical use, which has a positive effect on the devel-
opment of cognitive activity and the stability of interest in learning [1; 10; 6].

An important place in the structure of a modern lesson is occupied by forma-
tive assessment. The use of digital platforms at this stage provides prompt feed-
back, timely identification of learning difficulties, the possibility of self-
assessment and adjustment of further educational activities. For the teacher, this
creates conditions for making informed pedagogical decisions, and for students —
the opportunity to realize their own progress and determine directions for further
improvement [7; 9].

No less important is the use of digital platforms when organizing reflection.
Interactive whiteboards, shared digital spaces, online questionnaires or electronic
observation logs contribute to the comprehension of the results of the work done,
the development of reflective skills and the formation of a responsible attitude to
learning [7]. Analysis of their own achievements and difficulties helps younger
students to realize personal progress, which has a positive effect on maintaining
internal educational motivation [1; 6].

At the same time, digital platforms should not be considered as a universal
means of improving the effectiveness of learning. Their effectiveness is deter-
mined primarily by the pedagogical skill of the teacher, who chooses digital tools
in accordance with the purpose of the lesson, the age characteristics of students,
the content of the educational material and the expected learning outcomes [7; 9].
Only under the condition of methodically justified use, digital resources become

an effective means of developing cognitive interest, support the active educational
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activity of younger students and contribute to the formation of key competencies
[1; 7; 6].

The proposed approach allows us to consider the use of digital platforms as
an integral pedagogical system, within which the components of cognitive interest,
pedagogical mechanisms of their development, the didactic purpose of digital re-
sources and the structure of a modern lesson are interconnected. Such logic pro-
vides a conscious choice of digital tools in accordance with the educational goal,
increases the efficiency of the organization of the educational process and creates
conditions for the formation of a stable cognitive interest of primary school stu-
dents.

Conclusions. The development of cognitive interest of younger students is
determined not so much by the use of modern digital platforms as by the nature of
the educational activities they provide. Even the most functional digital tools do
not contribute to the formation of a sustainable interest in learning if their applica-
tion is limited to the demonstration of information or the mechanical performance
of interactive exercises. Instead, educational activities that involve searching for
different ways of solving learning tasks, cooperation, reflection and meaningful
feedback create the conditions for, cooperation, reflection and receiving meaning-
ful feedback, creates prerequisites for the transition from situational interest to sta-
ble cognitive motivation.

In this context, it is advisable to consider digital platforms not as separate
technical means of learning, but as a component of an integral didactic system.
Their pedagogical potential is realized only under the condition of purposeful se-
lection in accordance with the didactic purpose of the lesson, the age characteris-
tics of younger students and the logic of assimilation of educational material. It is
the pedagogically grounded use of the possibilities of multimedia, interactivity,

gamification, formative assessment, communication and creative activity that en-
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sures the activation of students' cognitive activity and supports a positive attitude
to learning.

The proposed systematization of digital platforms is based on their didactic
purpose and reflects the most common directions of pedagogical use of digital re-
sources in the practice of primary education. This approach allows you to move
from the choice of digital services according to their technical characteristics to
the conscious design of the educational process, within which each digital tool
performs a certain pedagogical function. This creates conditions for the integrated
use of digital platforms at different stages of the lesson and ensures their organic
integration into the educational activities of younger students.

Thus, the effectiveness of the use of digital platforms in primary school is de-
termined by their integration into a holistic didactic learning system, in which each
digital tool is used in accordance with its pedagogical function and ensures the
achievement of certain learning outcomes. It is this approach that allows you to
maximize the potential of digital technologies for the development of cognitive in-
terest of younger students and creates a methodological basis for their pedagogi-
cally appropriate use in the context of digital transformation of education. We see
the prospects for further research in the experimental verification of the effective-
ness of the proposed systematization of digital platforms, the determination of
pedagogical conditions for its implementation in various educational areas of pri-
mary school and the development of methodological recommendations for the in-

tegrated use of digital resources in the educational process.
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CUCTEMA IMPOTHO3YBAHHS IOIMUTY HA TAKCI B PI3HUX
PAMOHAX MICTA

SYSTEM FOR PREDICTING TAXI DEMAND IN DIFFERENT
CITY DISTRICS

Anomauis

MeTtoto pob0oTH € CKOPOUYEHHS CEPENHBOTO Yacy OUIKYBaHHS KIIIE€HTIB TaKCi
[IUISTIXOM CTBOPEHHS MPOTPAMHOI CHCTEMH MPOTHO3YBAHHS TMOMUTY B PI3HHUX
palioHax MicTa Ha OCHOBI aHaTI3y MPOCTOPOBO-YACOBHUX JAHUX 1 3aCTOCYBAaHHS
METOMIIB MAaIlIMHHOTO HAaBYaHHS, IO 3a0e3medye 3aBYacHUN Mepepo3MmoIiI
aBTOMOOIJTIB Y 30HH 3 TPOTHO30BAHUM TI1JIBUIIICHHSM TOTIUTY.

CepBepHa yacThHa peajizoBaHa MoBoto Python 13 Bukopucranusm Django
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REST Framework. [Ins 30epiranns gaHux BukopuctaHo PostgreSQL, sxe
JI03BOJISI€ TPAIIOBATH 3 MPOCTOPOBUMH OO’ €KTaMH Ta KOOpPJAMHATaAMU paloOHIB
MicTa. [HTeneKkTyadpHU MOAYIb MPOTHO3YyBaHHS CTBOPEHO Ha 0a3i 010710TEeK
TensorFlow, Keras 1 scikit-learn 13 BukopucranusMm apxitektypu LSTM.
KinienTchka yactrHa cuctemu nodynoBaHa 3 BukopuctaHHsM React.js, Chart.js 1
Leaflet.js, mo 3a0e3neuye 1HTEPAKTHBHY Bi3yalli3allil0 MPOTHO3IB y BUIJIAI
rpadikiB 1 KapT MicTa.

Y  pe3yaprari po3po0JIEHO TMPOTrpaMHY CHUCTEMY, SKa  JIO3BOJIsIE
OPOrHO3YBaTH MOIMUT Ha TaKCl, CKOPOUYBATH CEPEAHIN Yyac OUiKyBaHHS KIJIIEHTIB 1
NiABUIIYBAaTH €(PEKTUBHICTH POOOTH aBTOTIAPKY.

KirouoBi croBa: mporHo3yBaHHS TOMUTY, TaKCl, MallMHHE HaBYaHHS,

Python, Django, PostgreSQL, LSTM, React, Docker.

Abstract The purpose of this work is to reduce the average waiting time for
taxi clients by developing a software system for demand forecasting in different
city areas based on the analysis of spatio-temporal data and the application of
machine learning methods, enabling the proactive redistribution of vehicles to
zones with predicted demand growth.

The server side is implemented in Python using the Django REST
Framework. For data storage, PostgreSQL is used, which allows working with
spatial objects and city district coordinates. The intelligent forecasting module is
built using the TensorFlow, Keras, and scikit-learn libraries, employing the
LSTM architecture. The client side of the system is developed with React.js,
Chart.js, and Leaflet.js, providing interactive visualization of forecasts in the
form of charts and city maps.

As a result, a software system has been developed that enables taxi demand
forecasting, reduces the average client waiting time, and improves fleet operation

efficiency.
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Keywords: demand forecasting, taxi, machine learning, Python, Django,

PostgreSQL, LSTM, React, Docker.

Ilocmanosxka npobaemu. Y cydaCHUX YMOBax CTPIMKOTO PO3BUTKY MICBHKOI
MOOUIBHOCTI Ta 3pOCTaHHS MONUTY Ha TOCIYTM TMEpPEBE3EHHS MacaXupiB
KJIFOYOBMM 3aBJAHHSM TPAHCIOPTHUX CEPBICIB € 3a0e3Me4YeHHS IIBHUJIKOI Ta
e(eKTUBHOI B3a€MOJIIT MK MOMUTOM 1 Ipono3uliero. Ciayx0u Takci 3aiiMaroTh
BaXKJIMBE MicCIl€ B IHPPACTPYKTYpl MicTa, OJHAK iX €(PEKTUBHICTh 3HAYHOIO MIPOIO
3aJIEKUTD B1J] 3QTHOCTI MepeadayaTy 3MiHU MOMUTY Y TPOCTOPI Ta Yaci.

HepiBHoMipHHIT pO3MOJI BUKIMKIB TakCl MO paldoHax MicTa MPU3BOAUTH
10 TpoONeMH HAAMIPHOTO HAaBaHTaXXCHHsI B OJHUX 30HAaX 1 MPOCTOIO
TpaHCHOPTHUX 3aco0iB B iHmmMX. Ile 3HWXKye peHTabenbpHICTh POOOTH
NEPEBI3HUKIB 1 MOTIPIIYyE SKICTh OOCIYTrOBYBaHHS KIIEHTIB 4epe3 301IbIICHHS
Jacy OdYiKyBaHHsS. ICHYIOUl CHCTEMH JucIeTdepu3allii 37e01IbII0ro OpieHTOBaHI
Ha PEaKTHUBHUN pexuM, TOOTO pearyloTh Ha BXe C(POPMOBAHHUI TOMUT, HE
nepeadavardr Horo 3MiHU Haepe.

AKTyaJIbHICTh PO3POOKHM CHCTEMH TIPOTHO3YBaHHS IIONMUTY Ha TaKci
3yMOBJICHa HEOOXITHICTIO MiABUINCHHS €()EKTUBHOCTI PO3IMOALIY TPAHCTIOPTHUX
pecypciB, CKOPOYEHHsI 4acy mojadi aBTOMOOLIIB Ta oNTUMI3aIlii podoTH ciyxou
Takci. BUKopucTaHHs aaropuTMiB MalllMHHOTO HaBYAaHHS 1 MPOCTOPOBO-YaCOBOTO
aHaJi3y Ja€ 3MOTY BHUSBISTH 3aKOHOMIPHOCTI TIOMHTY 3a PI3HUMH MapaMmeTpamu
(wac moOwm, IeHb THIKHS, TTOTOXHI YMOBH, TOJIi B MicTi) 1 opMyBaTH MpOTHO3M,

AK1 JJOTIOMaraloTh MIPUIMaTH OOTPYHTOBAH1 yIPABIIHCHKI PIlICHHS.

Ananiz ocmannix docaioxcens i nyoaikayit. CydacHi TpPaHCTIOPTHI CHCTEMU
Ta CIOykOM Takci (QYHKIIIOHYIOTh Yy KOHKYPEHTHOMY CEPEIOBHINI, [€
e(peKTUBHICTh YIpPaBIIHHA aBTOMAPKOM 1 33JJ0BOJICHICTh KJIIEHTIB O€3M0CePEeIHbO

3ajexaTh BlJ 3[aTHOCTI CEpBICY MPOTHO3YBaTH MOMMUT 1 THYYKO pearyBaTu Ha
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poro 3Miau [1]. ToMy HOpOTArOM OCTaHHIX POKIB y PI3HUX KpaiHaX aKTUBHO
pPO3BHBAIOTHCS  aHAJIITUYHI  IIATPOPMH, SAKI  3aCTOCOBYIOTh  QJITOPUTMHU
MAIIMHHOTO HAaBYAHHS, MPOTHO3YBAaHHS YaCOBHX PAJIB 1 MPOCTOPOBOTO aHANI3y
JUTSL OI[IHIOBaHHSI MailOyTHHOTO HaBaHTAXKEHHS Ha CIykOu Takci [2].

[lepmi mokoniHHA 1HGOPMAIIHHUX CUCTEM JUIsl KepyBaHHS Takci Oynu
30Cepe/’KeH] Ha aBTOMAaTH3allll AUCHETYEpPChKUX mpoueciB. Taki cucremu, sk
Taximeter, Mobile Dispatch System ab6o TaxiMaster, 3a0e3neuyBajin npuiMaHHs
3aMOBJIEHb, PO3PaxyHOK BapTOCTI TMOI3JIKH, pPEeCTpaiito BOIIIB 1 0a3oBe
BIJICTEKEHHS aBTOMOOUIIB 3a gonomororo GPS. Tlporte i pimeHHs HE MICTHIN
aHATITHYHUX 1HCTPYMEHTIB TPOTHO3YBaHHS IMOTHTY, a NPAIIOBajId JUIIEC B
PEAKTUBHOMY PEKUMi, TOOTO IMICHS HAJAXOKEHHS 3aUTy BiJ] Kii€HTa [3].

I3 po3ButkoM Benukux aanux (Big Data) Ta aHamiTUKU peasbHOrO 4acy
3’SBWJINCS CHCTEMH HOBOTO TIIOKOJIIHHS, OpPIEHTOBaHI Ha TiependadyBaibHE
YOpaBIIHHSA TpaHCOpTHUMH pecypcamu [4]. Ilepmumu  macmiTaOHUMU
npukiagamMu ctanu niobanpHi miargopmu Uber, Lyft 1 Bolt, saxi BnpoBammim
aJATOPUTMU MAITMHHOTO HABYAHHSA JIJIs MPOTHO3YBaHHS MOIMUTY B PI3HUX pailoHaX
micta [5]. IxHi aHamiTuuHi Momynmi 36MpalOTh MiNBHOHH 3aMUCiB MPO MOI3IKH,
BU3HAYAIOYM 3aKOHOMIPHOCTI 3a YacoMm, TIIOTOAOK, CBATaMH, TpadikoMm i
MOBEIIHKOIO KOPUCTYBaviB [6].

Cucrema Uber Demand Prediction Model, 30xpema, 0a3yeTbcs Ha
riOpuIHOMY MIAXO/I: JaHI arperyloThesl Y IPOCTOPOBI CITKH, JJISl KOXKHOT 3 SIKHX
moOy10BaHO MOJIENh MTPOTHO3YBaHHS Ha 0CHOBI HelpoHHUX Mepexk LSTM (Long
Short-Term Memory).

Ili ™epexi e(QEeKTHBHO MOACTIOITh YacOBI 3aJ€KHOCTI, OCKIUIBKU
BPAaxXOBYIOTh TMomepeaHi crtaHu nonuty [7]. JlomaTkoBO BHUKOPUCTOBYIOTHCS
(dakTopu MOTOAHMX YMOB, JIOKQIHHUX TOMIN 1 TPAaHCTIOPTHOI 1HPPACTPYKTYPH.
IlepeBaroro minxoxy Uber € wmacmtaboBaHICTh 1 MOXKJIHBICTh OHOBJICHHS

MPOTHO3IB Y PEXKUMI OJIM3bKOMY JIO PEAIbHOTO Yacy, OJJHAK aJrOPUTMHU KOMIaHIi
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€ 3aKpUTHMH, a IXHS ajanTtamis 10 JIOKAJIbHUX YMOB MOTpeOye BEIUKUX O0OCSTIB
HaBYAJILHUX JaHUX [8].

[Tnardopma Lyft peanizye cxoxy KOHIIETIIiIO, ajie POOUTH OUIBIIUN aKIIEHT
Ha TEONMPOCTOPOBIN KiacTtepusaiii. MiCTO MOAIIAETHCS HA MIECTUKYTHI 30HHU
(Hexagonal Grids), mjisi KOXXHOT 3 SIKMX OOYMCIIOIOTHCS METPUKHA aKTUBHOCTI
kopucTyBadiB. Ha ocHOBI icTOpii moi30K 1 cTaHy Tpadiky GopMyeThCs MPOTHO3
NOTIUTY, SIKUWA TIEPENAcThCs O TUCIETYEPCHKOrO MOIYAS Ui TepepOo3MOaiay
aBromMoOUTiB [9]. ¥V cucTeMi Takoxk Tepe0aueHO MeEXaHI3M JUHAMIYHOTO
I[IHOYTBOPEHHS, KOJM TiJIBWINCHHS IOMHUTY Yy TIEBHOMY paiiOHI aBTOMATHYHO
301UbIIYE Tapud, CTUMYITIOIOYH BOJIIB MepemMimaTucs 1o 1iei 3ouu [10].

Cepgic Bolt (Taxify) BukopucToBy€e MOJI€Nb NPOTrHO3YBaHHS, 3aCHOBaHY Ha
rpagientHoMy Oyctunry (Gradient Boosted Decision Trees), 1mo mo3Bossie
0o0poOJISITH TeTEpPOTEeHHI JaHi: icTopito 3aMoBieHb, GPS-Tpeku, moromaHi naHi,
cTarycu BoOAliB 1 kimieHTIB. el minxin 3a06e3nedye BUCOKY IMIBHAKICTh HaBYaAHHS
Ta IHTEPIPETOBAHICTh PE3yIbTaTIB, OJJHAK MA€ HUXKUY 3[aTHICTh 10 BpaxXyBaHHS
JOBrOTPUBAJIUX YaCOBUX 3aJ€KHOCTEH MOPIBHSIHO 3 PEKYPEHTHUMHU MeEpexaMu
[11].

OkpiM KOMEpIIMHUX pIillIeHb, OCTAaHHIMM POKaMH 3’ SBHJIACS HH3Ka
HAYKOBUX 1 BIIKPUTHX JOCTIAHUIIBKUX MPOEKTIB, MPUCBIYECHUX MPOTHO3YBAHHIO
TpaHcHopTHOro nmonuty. Hanpukian, y poborax, mpucesueHux moaeini DeepTTE
(Deep Travel Time Estimation), AOCHIIKyeTbcS TOENHAHHS PEKYPEHTHHX 1
3ropTkoBuX HeHpoHHUX Mepexk (CNN+LSTM) nns monmentoBaHHS MPOCTOPOBO-
JaCOBUX MPOIIECIB Y TPAHCIIOPTHUX JTAHUX.

Taki miaxoau M03BOJNSIOTH HE JIMINE MPOTHO3YBAaTH 4Yac TOI3AKH, a U
OIIHIOBaTH MaiOyTHIA piBeHb MOMUTY. [HIMWIA BIJOMHI HampsM — 1€ MOZETi
tunty ST-ResNet (Spatio-Temporal Residual Network), ski TOETHYIOTH
3anumkoBi 0j10ku ResNet 3 wacoBumu psiiamu, 3a0€3Meuyroud BUCOKY TOUYHICTh

MIPOTHO31B y T'YCTOHACEJIECHUX palOHAaX METamoiciB.

56



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 2. Ne 7.

VY Mexax BIIKPUTHX JaHUX aKTUBHO BUKOpHUCTOBYeThbcs HaOlp NYC Taxi
Dataset, sSIKHii MiCTUTb MiTbitoHH 3amuciB noiznox y Helo-Mopky. Ha iforo ocHoBi
peani3oBaHO YMCJIEHHI EKCHEPUMEHTH 3 BHUKOpHUCTaHHSAM MeToliB ARIMA,
Prophet, XGBoost i LSTM, 110 A03BOJUJIO OLIIHUTH MEepeBaru Ta OOMEKEHHS
KOKHOTro 3 miaxoniB. Hanpuknaz, niniitai mogeni ARIMA no6pe npaiutorots 1
CTaOUIPHUX paloOHIB 13 MependadyBaHUM IOMUTOM, TOM1 K HEHUPOHHI Mepexi
3HAYHO MEPEBEPIIYIOTH iX y BUMAAKaX i3 BUCOKOI BapiaTUBHICTIO HaHuX [12].

B Vkpaini nogiOHi pilieHHs] TUTbKM MOYMHAIOTH 3’ sBIATHCS. JlesiKi cityxO0u,
3okpeMa Uklon 1 Bolt Ykpaina, BnpoBaxytoTh 6a30B1 alTOPUTMH POrHO3YBaHHS
MIKOBUX HABaHTaXXEHb, MPOTE HA PIBHI JIOKAJBHUX MICT TOAIOHI CHUCTEMU
3nebutbmoro  BigcyTHi [13]. lle cTBOproe mepenymMoBH i pO3POOKH
yHiBepcalbHOI TIaTGOPMHU MPOTHO3YBAaHHS MOMUTY, OPIEHTOBAHOT HA CEpPENIHI Ta
BEJIMKi MiCTa, sSKa MOXE aJalTyBaTUCS JI0 PETIOHATBHUX OCOOJMBOCTEH 1
JIOKaJIbHO1 CTPYKTYpH MichKoi Mepexi [14]. AHami3 iICHYHOUHUX pIIIeHb IMOKa3ye,
10 OUTBIIICTh CYYaCHUX CHCTEM XapaKTePH3YEThCS CKIATHICTIO apXiTEKTypH Ta
BUCOKMMU BHMOTaMU 10 OOCSTIB JaHMUX, aje BOJHOYAC JAEMOHCTPYE BHCOKY
TOYHICTh TMPOTrHO3yBaHHA. KomepiliiiHi miatGopMu BUKOPHUCTOBYIOTh 3aKpHTI
MOJICJTi, OPIEHTOBAH1 HA BEJUKI MicTa 3 PO3BUHECHOIO 1HPPACTPYKTYPOIO, TOJI1 5K Y
BIIKPUTHX JOCTIIKCHHSAX HAroJOMIYEThCS HA BAXXIUBOCTI ajarTaiiii Moaeie a0
JOKaJTbHUX YMOB 1 oOMexxeHuX maHux [15]. OTxe, akTyaJlbHUM 3aBIaHHSM €
CTBOPEHHSI MPOTPaMHOI CHCTEMH, 3IaTHOI TMOE€IHYBaTH MPOCTOPOBO-UACOBE
MOJICIIIOBaHHS, JOCTYIHICTh peaii3aiii, I1HTepIpeTOBaHICTh pPE3yJbTaTIB 1
MOJKJIMBICTh BUKOPHUCTAHHS B YMOBaX cepeHix mict [16].

Mema cmammi. Metoo poOOTH € CKOpPOYEHHS CEPEAHBOTO dYacy
OUYIKYBaHHS KJII€HTIB TaKCl TNUISIXOM CTBOPEHHS TMPOTPAMHOI  CHCTEMU
MPOrHO3YBAaHHS MOMUTY B PI3HUX palloOHaX MicTa Ha OCHOBI aHaIi3y MPOCTOPOBO-
YacOBMX JIaHUX 1 3aCTOCYBaHHS METOIB MAalllMHHOTO HAaBYAHHS, 110 3a0e3nevye

3aBYACHUN TMEPEPO3MO1JI aBTOMOOUIIB y 30HH 3 MPOTHO30BAHUM M1JBUIIICHHSIM

57



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 2. Ne 7.

TTOTIUTY.

Buknao ocnoenoco mamepiany docnioxcenns. 3 OINSIAYy Ha pPe3yiabTaTH
aHaj i3y NpeIMeTHOi 00JIacTi Ta XapaKTEPUCTUKY ICHYIOUMX pillIeHb, FOJOBHOIO
3aJ]a4er0 CUCTEMU € TT00y/I0Ba MPOTHO3Y MOMUTY Ha MOCIYTH TaKCi y MPOCTOpI Ta
gaci 3 ypaxyBaHHSAM ICTOPUYHHUX JaHUX, ITOTOAHUX YyMOB, TPaHCIIOPTHOL
AKTUBHOCTI T2 0COOJMBOCTEN MICHKUX PalOHIB.

Jlns mboro oOGpaHO KOMOIHOBaHWN MiAXiA, SIKMH TOEAHYE CTaTUCTHUYHI
MOJIEJII YaCOBUX PSAiB 1 alrOPUTMHU MAITMHHOTO HAaBYAaHHSI, IO 3abe3rmedye sK
IHTEPIPETOBAHICTb, TAK 1 BUCOKY TOUHICTh PE3YJbTaTIB.

Ha nepmomy erarri 3acTOCOBY€ThCS ITONIEpEIHsT 00poOKa TaHUX: OUUIIICHHS
BiJl IIyMIB, arperaiis 3a yacoBumu iHTepBasiamu (15, 30 abo 60 xBuinH) Ta
NPOCTOpOBE TPYyMyBaHHS 3a paioHamu wicta. s Takux 3amad JOIIBHO
BUKOPUCTOBYBAaTH KilacTepu3allio 3a reorpadiuanmu koopamHaramu (K-Means
a60 DBSCAN), 1110 7103B0OJIsi€ BU3HAYUTH 30HU 3 MOAIOHUM PiBHEM TPAHCIIOPTHOT
aKTUBHOCTI.

Hani peanizyeTbcsi OJ0K KOPOTKOCTPOKOBOI'O TMPOTHO3YBaHHS Ha OCHOBI
mozneneit gacoBux psaiB: ARIMA — s crabinpHHX paloHIB 13 PeryIsIpHUMHU
natepHamMu nonuty; Prophet (Meta) — nis TpeHIiB i3 CE30HHICTIO, BUXITHUMU
nasmMu Ta cBatamu; XGBoost — anst BpaxyBaHHsSI B3a€MO3B’SI3KIB MIXK IOIMUATOM,
MOTOJ1010, TOJUHAMHU 100U, THSIMHU THUXKHS TOIIO.

Jlist paifoHIB 13 BHUCOKOIO BaplaTHUBHICTIO Ta HEPETYISIPHOIO TUHAMIKOIO
3acTocoByeThesa HeliporHa monenb Tuny LSTM (Long Short-Term Memory), ska
HABYAETHCA HA TMOCHIJOBHOCTSIX YacCOBHX BIAPI3KIB 1 30epirae 3ajae)HOCTI MIX
MOTIEPEIHIMU Ta MOTOYHUMH CTaHAMU TIOTIUTY.

VY pasi 7ocTaTHBOTO OOCATY JaHWX MOXJIMBA 1HTETPAIlisl 3TOPTKOBUX IIapiB
(CNN), mo mo3BOJisiE BpaxOBYBaTH TPOCTOPOBI KOPENAIii MDK CyCiIHIMHU
palioHaMu.

Kom0OiHyBaHHS pe3ynbTariB KUIbKOX Mojelied (ensemble) mae 3mory
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MIJBUILUTH CTIMKICTh NPOrHO3Yy Ta aJanTyBaTU CUCTEMY JO pI3HUX THIIB
MICBKHUX CEPEOBHUIIL.

ARIMA € onHuM 13 HaWNOMIMPEHIMINX CTATUCTUYHUX TMIAXOJIB J0
KOPOTKOCTPOKOBOT'O MPOTHO3YBAHHSI, OCOOJMBO Y 3aJayax, /e CTPYKTypa IaHUX
3MIHIOETHCS B Yacl.

Mopens go0Ope MAXOAUTh I EKOHOMIYHHMX, TpPAaHCIOPTHUX Ta
nemorpadiyHUX MOKa3HUKIB, € CIIOCTEPIraloThCsl PEryIsIpHI MaTePHU MOBEIIHKH.
ARIMA MiCTUTB TpU KOMITIOHEHTH:

— AR (autoregressive) — BpaxoBye BIUIUB TONEPEIHIX 3HAUYCHB PSIY;

— | (integrated) — BiamoBizgae 3a yCyHEHHS TPEH/Iy Yepe3 PI3HUIIOBAHHS;

— MA (moving average) — MOJIeJTIO€ BUITaIKOB1 30ypEHHS Ta 3aJIUIIKH.

dopmansrao ARIMA(p, d, q) onucyeTbes sK:

p q
Ye=C+ z biye—i + z Oier_j + &,
i=1 j=1

e  Y; — 3HAYCHHS YacOBOTO PsIAY Y MOMEHT Yacy {;
C — KoHCcTaHTa (cepeaHe abo 3CyB MOJIEN);
p — mopsiiok aBToperpeciinoi yactuau (AR);
( — HOPSA0K YaCTUHU KOB3HOTO cepenHboro (MA);
¢; — KoediIieHT aBTOpErpecii mpu i-My MonepeTHHOMY 3HAYCHHI PAIY;
Y¢—_i — 3HAUCHHS YaCOBOTO Py Ha | KPOKIB paHilie;
6; — koe(ilicHT KOB3HOTO CEPETHLOTO NMPH j-i MOXKOLL;
& — MOTOYHA BUIIAJIKOBA MOXHOKA (IIyM);
E¢— j — MOXMOKA IPOTHO3Y ] KPOKIB TOMY.

VY cucremi mogenbr ARIMA 3acTocoBY€EThCS sl CTAOUTBHUX PAaiOHIB MiCTa,

JIe TIOMUT MA€ BUPAXKEHY MEPIOANYHICTh (HAaIPUKIIAI, JUIOB1 HEHTPU YM BOK3AJIbHI
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30HM). [i mepeBarol0 € IHTEpPNPETOBAHICTH Ta HEBUCOKA OOYMCIIIOBANIbHA
CKJIJHICTb.

Mogens Prophet — 1ie cydacHa peamizaiisi JEKOMIIO3UIIIITHOTO MIAXOAY 10
MPOTHO3YBaHHS YacOBUX PsJiB, SKa TOEIHYE TPEHJ, CE30HHICTh 1 BIUIUB

creriajJgbHuX ITOI1H:

y@®) = g®) + s(©) + h(®) + &,

ne  g(t) — HemiHiliHMI TPEHT,

s(t) — ce30HHI KOMIIOHEHTH;

h(t) — edexr cBaT ab0 MOiii;

& — MOXUOKa.

[TepeBara Prophet mossirae y 31aTHOCTI IIBUIKO aJIalITyBATUCS O KOPOTKUX
pPAIB JAaHUX 1 ABTOMATUYHO BHU3HAYATH TOYKM 3MIHHM TPEHAY. Y KOHTEKCTI
NPOTHO3YBaHHS TIONMHMTY Ha TAaKCi MOJENb KOPHCHA JJIi BpaXyBaHHS CE30HHUX
KOJIMBaHb (pOOOY1/BUXIHI JHI, CBSTA, TOJWHU ITK) 0€3 CKJIaJHOT MapaMeTpu3aliii.

XGBoost — e ancam0beBuii MeTOI TpajiEHTHOrO OYCTUHTY Ha 0a3i JiepeB
pilliecHb, SKWW CTBOPIOE TIOCHINOBHICTH CJIAOKMX MoOJIeNield, KOXXKHAa 3 SKHUX
HOKPAIIYE Pe3yIbTaTH MOMEePEIHBOI.

OcHoBHa i7es TmonArae y MiHIMI3aIii BTpaT uepe3 J0JaBaHHS

KOPUTYBaJIbHUX JEPEB:

K
yi = ka(xi)’ fx EF,
k=1

ne  fr — IepeBo pIlIcHb;
K — KiIBKICTB JepeB;

F — npocTip yCcix MOXIIUBUX JI€PEB.
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XGBoost ehekTUBHO BpaxoBYye HENIHIAHI 3al€KHOCTI MK (hakTopamu —
HaIpUKJIaa, BIUIMB MOTOAHUX YMOB, TOJMH JOOW YU TPAHCHOPTHUX OOMEXKEHb Ha
TIOTINT.

VY cucremi ueid MeTroJ BUKOPUCTOBYETHCS SIK JPYTrMi piBEHb aHCaMOIIIo
nicist 6azoBoro nporuo3y ARIMA/Prophet, 1o n103Bosisie NiABUIIMTA TOYHICTD Ta
aJanTyBaTU MOJEIb 10 CKJIaJHUX B3a€EMO3B’ A3KIB.

Mopens LSTM — ne pizHOBUA pekypeHTHOi HelpoHHOi mepexi (RNN),
3IaTHUM 3amaM’ITOBYBaTH JIOBIOTPHUBAJl YacOBI 3aJeKHOCTI. BoHa ckiamaerbes 3
KOMIpOK Mmam’siTi Ta Kepyrouux BeHTWIiB (input, forget, output gates), ski
KOHTPOJIIOIOTh, SIKY 1H(opMalrito 36epiratu abo BiIKUIATH.

PiBHsIHHSL pOOOTH OHIET KOMIPKU OMUCYIOTHCS TaK:

ft = U(Wf [he—y xe] + bf); ir = o(W; - [hemy, xe] + by),
Ce= fe* Coq + ip» tanh(We - [he—1, ] + b)),
h; = o; * tanh(C,),

ne  f; — xoediieHT, SIKM BU3HAYAE, Ky YaCTHHY IOIMEPEIHBLOTO CTaHy IaM’ sTi
30eperTu;
[; — BU3HAYae, Ky HOBY 1H(opMaIlito 1oAaTH A0 CTaHy IaM sTi;
0; — KOHTPOJIIOE, KA YaCTHHA MOTOYHOTO CTaHy Ham’siTi Oyne mepeaaHa
nani;
C; — morouHuii cran mam’ATi (y MOMEHT 4acy t;
h; — BuXigHuii BEKTOp, ToOTO akTuBHICTH LSTM Ha moTouyHOMY KPOIIi;
Xy — BXIZHUH BEKTOp y MOMEHT dacy t (Hampukiaj, Hallp O3HAK s
POTHO3Y MOMUTY);
We, Wi, We — MaTpHIli Bar, 110 BIJIMMOBIIAaOTh 3a 3B’SI3KM MK BXOJaMHU M

MonepeAHIMUA CTaHAMHU IS KOXKHOTO BEHTWJIA (MIAMOAYJIb Y KOMIpIIl
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LSTM, saxuii Bupimye, $Ky I1HQOpMALI0 MPOMYCTUTH Jaii, a AKYy

«3a0yTN»);

bg, b;, bc — BEKTOpH 3MillEHHS, AKi JOJAIOTHCS JUIA KOPEKIIIT 00YHCIIEHD;

o (-) — curmoigHa (yHKI(sI aKTUBAIII], 10 MEPEBOANTH 3HAUCHHS Y Jiara3oH
[0; 1];

tanh () — rimepOoiuHUi TaHTeHC, IKUH 00OMeKye 3HaUeHHs Mix [—1; 1];

* — [IOKOMITOHCHTHE MHOKCHHSI BEKTOPIB (€JIEMEHT Ha €JICMEHT).

LSTM 3acTOoCOBY€ETBCS y CHCTEMi SIK OCHOBHUH MOJYJb NMPOTHO3YBaHHS,
KWW OTIEpPY€E TMOCTIAOBHOCTIMHU IOIMEPEAHIX 3HAUCHb IMOIUTY, IO OXOILTIOIOTH
9acoBl 3aJIC)KHOCTI MK TepiogaMu Ta JO3BOJIIE MOJENI aaanTyBaTHCS 0
HEPETYJISPHUX 3MiH TOIHTY.

[HpopMmariiitHa MOACIb CHUCTEMH TIPOTHO3YBAaHHS IIONMUTY Ha TaKcI,
npejacTaBieHa Ha puc. 1, omucye JIOTiKy oOpoOKH JaHUX 1 B3aEMOJIII0 OCHOBHUX
KOMITOHEHTIB CHCTeMH — BiJl 300py iHdopMalii 10 NpeacTaBIeHHs Pe3yIbTaTiB
KOPHUCTYBaUeBi.

Ha mnouarkoBomy erami JaHi Tpo TOI3AKU, SKI BKJIOYAIOTh 1CTOPIIO
3aMOBJICHb, MICIS TOCAAKM W BHCAJKH, 4Yac J00W, BapTICTh 1 TPHBAIICTb,
HAJXOJATh JI0 MOJYJISI TTONepeaHboi 00poOKH naHux. Pa3om 13 iuMu TaHUMU 10
CHUCTEMH TAKOXX IHTETPYIOThCS JI0JATKOBI JuKepena iHdopMmarrii:

-nmani npo moromy (H) — temmepartypa, omaau, BiTep, SIKi CYTTEBO
BIJTMBAIOTH HA MOBEIIHKY KOPUCTYBAYiB TaKCi,

- nani ipo Tpancnopt (I) — 3aBaHTaXKEHICTHh JOPIT, HAABHICTH PEMOHTIB a00
00OMEKEHb PYyXY;

-30BHIMHAI ¢dakTopu (J) — JmoKanmpHI MOMIl, CBSATA, KOHIEPTH, CIOPTHUBHI
MaTdi, 0 MOXYTh Pi3KO 3MIHIOBATH MOTIUT y MEBHUX PailOHAX.

Mopaynbs mnonepenHboi OOpOOKM BUKOHYE OYHMINEHHS JaHUX BIJl IIyMY,
3allOBHEHHS MPOITYCKiB, HOpMaJi3allilo Ta arperyBaHHs 3a YaCOBUMM IHTEpBaJIaMU

i reorpadiuHuMu 30HaMHM. [1icis 1IbOTO JaHI MEepeaaroThes 10 OJOKY aHAITHKH,
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e BiIOyBaeThCs 1X TNEPBMHHUN aHalll3 — BHUABICHHS 3aKOHOMIPHOCTEH,

CE30HHOCTI, MKOBUX F'OJIMH Ta MPOCTOPOBOTO PO3MOJALLY MOMUTY.

Biayanisauin [ani npo norogy Laxi npo TpascnopT BoBHilwHI haxkTopm
F 3
I L_ -'|
\
v VY v ¥ v
Monepegxs obpobka gaHux Kopuctyead PesynuLTaty nporHosy
Y
AHaniTuKka 3aNuT NPCTrHo3Y 3BOPOTHIH 3B8'A30K
HaHi npo noizaku MporHosyBaHH#A
IcTopuuHi aani

1) [+ J

Basa naHux

Pucynox 1 — [Hdopmariitna Mogeab CUCTEMU

Ha ocHOBi oTpumMaHux O3HaK (OPMYEThCA BXim I MOJYJS
MPOTHO3YBaHHS, KWW pealli3ye anrOpUTMH MAalIMHHOTO HaBYaHHS, HAIPUKIIA]
LSTM, XGBoost a6o ST-ResNet. ILleit momyns Oyaye KOpOTKOCTPOKOBI abo
CEPEeIHbOCTPOKOBI MPOTHO3M TOMUTY JJIS KOKHOTO pailoHy MICTa, BPaXxOBYIOUU
ICTOpUYHI 3aKOHOMIPHOCTI, 30BHIIIHI ()aKTOPH Ta MOTOYHY CUTYAIIIIO.

Pesynprat Mopeni 30epiraloThesi y 0asi gaHuX, € TaKOXK 30epiraroThCs
ICTOpUYHI 3amuCcH TOI3I0K, OOpOoOJeHI O3HaKM Ta Tmomnepeani mporHosu. lle
J03BOJISIE  3MIMCHIOBATA TIOBTOPHE HABYaHHS MOJZENl Ta TMEPEeBIpKYy TOYHOCTI

MIPOTHO31B.
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Jan iHgopmallis HAIXOIUTh JO MOJIYJIS Bi3yamizallli, sSIKUi MEepeTBOPIOE
MIPOrHO30BaH1 MOKA3HUKHU B 3pYUYHY IJIsl CIPUUHATTS (DOpMY — IHTEPAKTUBHI KapTH
MICTa 3 KOJBOPOBUM BIAOOpaKEHHSAIM 30H BHUCOKOrO a00 HHU3BKOIO MOIUTY,
rpadiky 3MIHA HaBaHTAXEHHS MPOTITOM J100H, a TaKOXX MaHeIl MOHITOPUHTY JJis
OTEepaTOpPIB CIYkKOU TaKCi.

KiHnleBUM €eMEeHTOM CHCTEMHU € KOPHUCTyBad — II€ JAMUCIETYEp, MEHEIKEP
aBTOMapKy abo aHANITHUK, SIKUHA OTPUMYE MPOTHO3 Y BUIJISIL BI3yaJbHOTO 3BITY YH
iHTepakTUBHOTO nambopay. KopucTyBau MoXe HaaCWIaTH 3aluT Ha TMPOTHO3,
neperyisagaTH iCTOpuuHi JaHi 3 0a3W JaHWX, a TaKOX 3aJWIIaTH 3BOPOTHUHN
3B’S130K, 1110 30epiraeTbes B 0a3i JaHUX JUIS TTOJQIBIIOTO BIOCKOHAJICHHS MOJIENI.

OcHoBHI (DYHKIIIT Ta aKTOPU PO3POOTIOBAHOT CUCTEMH HABEJICH] Ha
Jiarpami BapiaHTiB BUKOPUCTAHHS, sIK1 HABEJCHO Ha puc. 2

AIMIHICTpaTOp CHUCTEMM BIJIOBIIa€ 3a KEpPyBaHHSI KOPHUCTyBayaMu,
HaJNAIITYBaHHS MapaMeTpiB MPOTHO3YBAaHHS, OHOBJIEHHS JAaHUX Ta MOHITOPUHT
CTaHy MPOrpaMHUX KOMIIOHEHTIB. AHAJIITHK HaHUX 3A1HCHIOE 301p, OYUIIICHHS Ta
NIATOTOBKY JaHUX, HABYA€ MOJIE]b MPOTHO3YBAaHHA Ta OIIHIOE ii TOYHICTH Ha
OCHOB1 TMOpPIBHAHHSA (HaKTHUYHUX 1 IPOTHO30BAHUX IIOKA3HUKIB. Jlucmeruep
CIIY’KOM TakCi BHKOPHCTOBYE pPE3yJbTAaTU MPOTHO3YBAHHS MJii OMNEPATHBHOTO
yOpaBIIiHHSA aBTOMAPKOM — TIEperyisigae MpPOTHO3 IOIMUTY, Bi3yallidye HOro Ha
KapTi MicTa Ta MpUHMae PIlIEHHS PO MEPEepo3Ioil aBTOMOO1IIB. MeHemxkep
aBTOMApKy aHaJi3ye TOBTOCTPOKOBI TEHACHII TomuTy, (OpMye aHaIITHYHI
3BITH JUISI KEPIBHUIITBA Ta MpHUHAMAae CTpaTEriyHi pIlICHHS OO0 TUIAHYBaHHS
pecypcis.

JliarpamMa KOHIIENTyaJbHUX KJACIB CHCTEMH MPOTHO3YBaHHS MOMHUTY Ha
Takci, MmoOymoBaHa Ha OCHOBI KIIEHT-CEPBEPHOI apXiTeKTypH, BimoOpaxae

OCHOBHI CTPYKTYpHI €JIEMEHTH CUCTEMH Ta B3aEMOJIII0 MiK HUMH (puc. 3).
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MonepegHa oGpotka
Ta OUMLLIEHHA JaHUX
Hanawtyeauna
napameTpie CUCTEMM

Haeuanus mogeni
. NPOrHOZYBaHHA
MoHITOpUHr cTanHy
% cUCTEMU
AamMiHicTpaTop

CUCTEMM e
301p | 3aBAHTaMEHHA
BXiJJHUX fJaH1X _—

AnaniTuk
LaHuX

MoGypoea nporHozy nonuTy

lMepernag nporosy y BisyansHoMy
[wcneTuep thopmari
cnywBu TaKc
@meub WOLO pos nagin@

% I Ananiz TeHZEHUIA NONUTY 3a Nepiogamn
MeHemKep aETONAPKY \\—\—‘_

DopMyBaHHA AHANITUYHWX 3EITIE ANA HEPIEHWLTEA

Pucynok 2 — Jliarpama BapiaHTiB BUKOPUCTAHHS CHCTEMU

PeecTtpauia
KOpUCTYEaUIE |
KEPYBaHHA LOCTYNoM

Oujinka
TOUHOCTI
nporHozy

KomyHnikaliist MiXK KJII€EHTCHBKOIO Ta CEPBEPHOI0 YaCTHUHAMHU pPeaji3yeThCs
yepe3 API-mapy (intepdeiic mpukiagHOTO MPOrpaMyBaHHs ), IKUI BIAMOBiAa€E 3a
MpUMaHHS 3aluTiB, TMEPEBIPKY TOCTYIYy, MEpelaBaHHSA pPe3ylIbTaTiB 1 3aXHUCT
oOMiHy nanumu. KiieHTChkuil iHTepdeiic 3adesmneuye B3a€MOII0 KIHIIEBOTO
KOPHCTyBaya 3 CUCTEMOIO: BiToOpakae KapT MicTa, rpadiku, TaOIHIll MPOTHO31B
1 103BOJISI€ HAJICUJIATH 3aIIUTH HA OHOBJICHHS Y CTBOPCHHS 3BiTiB.

Jlns omiHkM e(EeKTUBHOCTI OyJI0 3MOAEIHLOBAHO JBa PEXXUMH POOOTH
coyx6u: Oa3oBuii  (0e3  mpoOrHO3yBaHHA) Ta  iHTeNeKTyanbHUU (i3
MIPOTHO3YBAHHSIM TOTIUTY ).

VY 6a3zoBOMY pexkuMi aBTOMOO1I1 pO3NOAUISIIUCS PIBHOMIPHO a00 pearyBaiu
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Ha 3aMOBJICHHS JIMIIIE ITICIIS IX HAJIXOJ)KCHHS, IO € THUIIOBHM IIJIXOJIO0M JUIS

OUIBIIOCT] TPAAULIAHUX CITYXKO TaKcCl.
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Pucynok 3 — Jliarpama KOHIIENTyaJIbHUX KJIACiB

Y  nmpyromy  peXuMi  BHUKOPHUCTOBYBajacs  po3poOiieHa  cucTteMa
MPOTHO3YBaHHs, fKa HAa OCHOBI ICTOPUYHUX MPOCTOPOBO-YACOBUX JAHUX,
MOTOIHMX YMOB Ta 30BHIIIHIX (hakTopiB (CBATA, MOAil TOmO) hopMyBata IPOTrHO3
monuty Ha Hanommwkui 30—-60 xBwimH. Ha OCHOBI IOrO MPOTHO3Y CHCTEMa
MPOTOHYBaJIa TEPEPO3NOALST BUIBHMX aBTOMOOUIIB Yy palOHH 3 OYiKyBaHUM
MMIBUIEHHIM KUIBKOCTI 3aMOBJIEHb.

Jlyist mpoBeIeHHST eKCTIEPUMEHTY OYII0 3reHepoBaHo BHOipKy 3 moHaa 10 000
3aMuCIB MOI3/I0K, 10 OXOIUTIOBAJIM JIaH1 3a JACKUIbKAa THXKHIB Y MEXaX YMOBHOIO

MicTa 3 moainioMm Ha 12 parionis. Ilicis MmomentoBaHHS 000X ClieHAPIiB TPOBEICHO
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MOPIBHAHHS CEPEAHBOr0 Yacy OUYiKyBaHHS KJII€HTIB.

VY 06a3oBOMy pexHMi cepeiHid yac O4iKyBaHHS ckiaB 6,4 xBunuHu. lle
3HAYEHHs BIJI0Opakae CHUTYaIlll0, KOJM aBTOMOOUIl pearyiTh Ha BUKJIMKH
NOoCT(AKTYM, a iXHS KUIBKICTh y NEBHUX pailoHax MOxke OyTH HEJOCTaTHBHOIO.
[licns BOpoBaJ)KeHHSI IPOTHO3YBAHHS CEPEHIN Yac OYiKyBaHHS CKOPOTHUBCS IO
4,9 XBUJIMHU, III0 CTAHOBUTH 3MeHIIIeHHS Ha 23,4 %.

JleTanpHi pe3ynbTaTd TMOKa3ald, M0 HaWOUIbIIe CKOPOYCHHS dacy
crnocTepiraiocss B TOJWHM MIKOBOro HaBaHTaxeHHs (panok 7:00-9:00, Beuip
17:00-20:00), xonum cucTeMa 3aB4aCHO pO3MillyBaja aBTOMOOUIl MOOIHU3Y
palioHIB 13 MPOTrHO30BaHUM MIJBHILECHHSAM IOMUTY. Y TaKUX MEpiojlax CepeHii
yac O4YiKyBaHHS 3MeHIuBCSA 3 7,1 xBwimHU 10 5,3 xBwmHU (Ha 25 %). Y
MDKITIKOB1 TOIMHU MOKPAIEHHs OyJI0 MEHIII BUPAXKEHUM, ajie cTaduIbHUM — 3 4,3
1o 3,5 xsumHU (Ha 18,6 %).

OTpumaHi pe3yabTaTH MiATBEPIUIIH, 110 BIPOBAKEHHS TPOTHO3HOI MOJIei
JI03BOJISIE 3aBYACHO pearyBaTd Ha 3MIHM TMONWTY, IO 3abe3neuye OuIbIl
palioHaJlbHUM PO3MOMALT TPAHCHOPTHUX PECYpPCiB 1 CKOPOYEHHS dacy, SKUH
KJII€EHT BUTpauyae Ha OYIKyBaHHS aBTOMOOUII. CucTeMa NpoAEeMOHCTpYBaia
CTaOUIBHICTh PE3YNIbTaTiB HaBiTh IPHU 30UIBIICHHI OOCITY AAaHUX Ta KUIBKOCTI
aKTHBHHUX PalOHIB MiCTa.

3arajgoM, pe3yabTaTH EeKCIIEPUMEHTAJIbHOIO TECTyBaHHS IIOKa3aJd, M0
po3pobsieHa cucTeMa MPOTHO3YBaHHS IOMMUTY Ha TaKCl JO3BOJISIE CKOPOTHUTH
cepenHii 4yac odikyBaHHS Kii€HTIB Ha 20-25 %, 1m0 € CyTTEBHM IOKa3HHUKOM
edhextuBHOCTI. lle CBiAUUTH PO MNPAKTUYHY AOUUIBHICTH BIPOBAIKCHHS
CUCTEMH Y peajbHI CIy>KOM Takci, OCOOIMBO y BEJIHMKHX MICTaX i3 BHUCOKOIO
JTUHAMIKOIO TIOTIHTY, Ta MiATBEPKYE TOCITHEHHS OCHOBHOI METH pOOOTH.

Bucnosku. Y npencrasieHiii poO0OTI mpoBeeHa po3po0Ka IHTEIEKTyaIbHO1
CUCTEMHU TMPOTHO3YBaHHA MONUTY Ha TAakKCl B pI3HUX palloHaX MicTa, 10

0a3yeTbcsi Ha aHalli3l MPOCTOPOBO-YACOBUX JAHUX 1 3aCTOCYBaHHI METOIB
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MAaIllUHHOTO HAaBYaHHA. BHKOPHUCTaHHS CHUCTEMU CHOPUSIIO CKOPOYEHHIO
CepeHbOro 4acy OdviKyBaHHS kiieHTIB Ha 20-25 % y mopiBHSIHHI 3 0a30BUM

cueHapieM 0e3 MpOrHo3yBaHHS.
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THE ROLE OF DIET AND LIFESTYLE IN THE DEVELOPMENT
OF DENTAL CARIES: A CLINICAL ANALYSIS OF RISK FACTORS
AND PREVENTIVE POTENTIAL

Abstract

Dental caries is still a frequent finding in dental practice, even though
preventive care is widely available. This article focuses on the role of diet and
daily habits in increasing or reducing the risk of caries. The analysis is based on
the author’s clinical observations and data from evidence-based studies from
2014-2020. It is shown that the key factor is not the total amount of sugar in the
diet, but rather how many times a day the teeth come into contact with an acidic
environment. Patients who snack more than four times a day have 30-50% more
active lesions than those who stick to three main meals. The habit of eating before
bed increases the risk of caries by 40-60%, since saliva performs almost no
protective function at night. Reduced salivation, associated in particular with the
use of certain medications, is found in 15-25% of patients; in this group, active
caries occurs in 60-80% of cases. Changing dietary and hygiene habits can
prevent up to 70% of new lesions, and the first noticeable results appear within 1—
3 months.

Keywords: dental caries, diet, lifestyle, sugar exposure, salivation, stress,

oral hygiene, prevention.

Introduction. Dental caries is one of the most common chronic diseases in
humans. According to a study on the global burden of disease, untreated caries of

permanent teeth affects approximately 2.5 billion people worldwide [1, 3]. Despite

/72


https://orcid.org/0009-0009-2857-5811

STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 2. Ne 7.

significant progress in understanding the pathogenesis and the emergence of
effective preventive measures, the incidence rate is not decreasing in most
countries.

In his practice, Stoianov regularly encounters patients with extensive caries
who genuinely do not understand why. The person does not eat a lot of sweets,
brushes their teeth, and yet still comes in with new lesions. Upon detailed
questioning, the picture becomes clear: coffee with sugar in the morning,
something sweet before lunch, more coffee after work, and fruit or cookies in the
evening. The person does not consider any of these instances to be “a meal,” but
each triggers an acid cycle in the mouth. The difference between “what they eat”
and “how often they consume it” determines the rate of enamel destruction in most
patients with active caries.

Traditionally, the development of caries is explained by the interaction of
pathogenic biofilm, a carbohydrate substrate, and a susceptible host [2]. Clinical
observations indicate that the decisive factor is not so much the presence of sugar
as the pattern and frequency of its intake throughout the day [4, 5]. The activity of
the process is also influenced by the quality and regularity of oral hygiene,
reduced salivation, levels of chronic stress, and medication use [7, 8].

The purpose of this article is to analyze which dietary and behavioral factors
most influence the development of caries and to determine which lifestyle changes
yield tangible preventive results.

Literature review. Prevalence of Dental Caries and Current
Understanding of the Disease. Global epidemiological data indicate that
untreated caries of permanent teeth affects between 2.3 and 2.5 billion people [1,
3]. An analysis of trends from 1990 to 2017 showed that the prevalence of the
disease has hardly decreased despite increased access to dental care [10]. Frencken
et al. emphasize that in groups with lower socioeconomic status, caries progresses

more rapidly and is more often left untreated [7].

/3



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 2. Ne 7.

Pitts et al. describe caries as the result of an imbalance between the
destruction and repair of hard dental tissues under the influence of biological,
behavioral, and social factors [2]. Machiulskiene et al. proposed a classification
that distinguishes between active and inactive lesions and places the activity of the
process at the center of clinical assessment [9]. This approach is important for
prevention: the goal is not only to treat existing lesions but also to prevent new
ones from developing.

Sugar and Caries: Frequency Matters, Not Quantity. A systematic
review by Moynihan and Kelly confirmed that if the proportion of free sugars in
the diet does not exceed 10% of daily caloric intake, the risk of caries is
significantly reduced [4]. In its 2015 guidelines, the World Health Organization
recommends reducing this proportion to 5% for maximum effect [6].

At the same time, Moynihan draws attention to an important nuance: it is
not only the amount of sugars but the frequency of their intake that determines the
caries risk [5]. Each intake of carbohydrates triggers acid production by the
biofilm and lowers the pH in the mouth below 5.5, at which point enamel
destruction begins [2]. Saliva requires 30 to 60 minutes to neutralize the acid and
initiate repair [2, 4]. With two to three meals a day, this time is sufficient. With six
to eight meals and snacks, the enamel barely leaves the demineralization zone.

Lifestyle, Stress, and Saliva Composition. Chapple et al. demonstrated
that caries is linked to a person’s overall health: stress levels, sleep quality, and
dietary habits alter the composition and quantity of saliva, which directly
influences the risk of caries [8]. Chronic stress reduces saliva production, disrupts
sleep patterns, and leads to irregular eating habits, increasing the risk even without
changes in diet.

Saliva protects teeth in several ways: it physically washes away food debris
and bacteria, neutralizes acids through the bicarbonate buffer system, and restores

enamel through calcium and phosphate ions [2, 8]. When there is insufficient
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saliva, all these functions weaken simultaneously: acid remains in contact with the
enamel longer, plaque accumulates faster and is removed more slowly, and the
enamel does not have time to regenerate between acid attacks.

Hujoel et al., in a systematic review of randomized studies, confirmed that
regular oral hygiene reduces the incidence of caries, and interdental cleaning has
an independent protective effect, especially in the spaces between teeth where a
toothbrush cannot reach [11].

Materials and methods. This study is based on the author’s clinical
experience gained during dental consultations. Each patient with active caries was
interviewed about their dietary habits: how many times a day they eat or drink
something sweet, whether they have a habit of eating in the evening or at night,
and how often they consume beverages throughout the day.

Oral hygiene was assessed based on the results of the examination, not on
the patient’s word. The color of the plaque indicated exactly where the person was
not cleaning their teeth. The condition of the gums during probing indicated the
duration and quality of cleaning in specific areas. The edges of restorations and the
cervical areas indicated places where plague accumulates constantly. A
comprehensive medical history was taken to determine whether the patient was
taking medications that reduce salivation, what their stress level was, and whether
they had sleep problems.

For comparative analysis, patients were grouped based on the frequency of
sugar intake (up to three times and more than three times per day), the regularity
of oral hygiene, the presence of reduced salivation, and whether they followed
preventive recommendations. Results were verified during follow-up examinations
at 1-3 and 3-6 months. The numerical indicators presented correspond to data
from systematic reviews and epidemiological studies [1, 3, 7, 10, 11].

Research results. Prevalence of Dental Caries. According to Stoianov’s

observations, dental caries is found in 70—-80% of patients who come in for an
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appointment. Multiple lesions are present in 30—40% of them. In children, both
rates are higher: caries is present in 80-90%, and multiple lesions in 40-60%.
Among adults, caries is found in 60-70%, and multiple lesions in 20-30% of
patients.

Diet and the Frequency of Caries. Based on Stoianov’s experience, a
typical day for patients with active caries looks like this: coffee or tea with sugar
in the morning, something sweet between tasks before lunch, coffee again after
work, and fruit or cookies in the evening. People do not consider any of these
episodes to be “meals.” But each one lowers the acidity in the mouth, and if the
next intake occurs too soon, enamel remineralization does not take place. Another
common feature: the absence of distinct meal times. People snack throughout the
day, and this is worse for the teeth than three full meals with breaks in between.

On average, patients had 2—4 sugar exposures per day. However, 40-50%
exceeded four exposures per day. In this group, there were 30-50% more active
carious lesions than in patients with three meals. At the same time, the total
amount of sugar consumed did not differ significantly between the groups.
Stoianov notes: the same piece of chocolate, eaten all at once, has almost no effect
on the teeth; the same piece, consumed in small portions over several hours,
results in a series of acid attacks.

Sweet, carbonated, or acidic beverages were consumed regularly by 40—
50% of patients. The number of lesions in this group was 30-50% higher.
Drinking slowly in “sips throughout the day” proved particularly harmful: a single
glass of beverage that a person sips on for an hour or two results in numerous acid
exposures. Carbonated drinks have their own acidity, so even without sugar, they
can soften the enamel surface. Citrus juices and other acidic drinks usually
damage the enamel in another way: they contribute to erosion. The surface of the

tooth becomes less glossy, looks duller, and sensitivity may appear over time.
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Figure 1. How Frequent Sugar and Acid Exposure Increases the Risk of
Active Caries

The habit of eating before bed or at night was found in 20-30% of patients.
The rate of caries in this group was 40-60% higher. The reason: at night, saliva
production is low and does little to neutralize acids. The acidic environment
following an evening snack can persist throughout the night, and during this time,
enamel does not regenerate.

Hygiene: the gap between what the patient says and what is seen during
the examination. 40-50% of patients brush their teeth twice a day, about 30—40%
once a day, and another 15-20% brush irregularly. The less frequently teeth are
brushed, the more damage occurs: with once-daily or irregular hygiene, there is on
average 30-60% more damage than with twice-daily brushing.

In his practice, Stoianov notes a significant discrepancy between what the

patient describes and what is observed during the examination. Most people are
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convinced that they brush their teeth well. However, after staining the plaque on
the cervical areas, in the interdental spaces, and along the edges of fillings, plague
Is usually present. Moreover, these areas recur from examination to examination
because the hand moves along the same habitual trajectory. The condition of the
gums upon probing and darkening along the edges of fillings indicate how long
this has been going on.

Only 30-40% of patients regularly used interdental brushes or dental floss.
In this group, caries and gum inflammation were 20-40% less common. Most
people avoid interdental cleaning due to discomfort or believe that a toothbrush is
sufficient. However, a toothbrush physically cannot reach the spaces between the
teeth, and it is precisely there that most plaque accumulates, leading to new
lesions.

According to Stoianov’s observations, a patient who “doesn’t eat anything
special” and “brushes their teeth well” but has active tooth decay typically has
frequent, hidden exposure to acids (sugary tea between meals, fruit, small snacks)
and uncleaned areas in two or three typical spots. It is precisely this combination,
without any other causes, that explains the clinical picture.

Reduced salivation, stress, and lifestyle factors. Signs of reduced
salivation were observed in 15-25% of patients. Among them, active caries was
observed in 60-80% of cases, whereas among patients without this issue, it was
observed in 20-30%. Clinically, such patients are more likely to have multiple
caries, rapid progression of initial lesions, and lesions in the cervical regions.
Reduced salivation was most commonly observed in patients taking
antidepressants, antihypertensives, or antihistamines, as well as in the elderly and
those who breathe through their mouths.

Patients with chronic stress and disrupted daily routines (30-40% of the

total) had 30-50% more carious lesions. Stoianov notes that stress usually shows
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up first in everyday habits. A patient may still brush their teeth, but do it quickly,

skip the evening routine, drink more coffee, or snack on sweets between meals.

Table 1. The Gap Between Reported Oral Hygiene and Clinical Evidence of
Plaque Retention

e Observed pattern in patients Clinical finding
factor
Brushing 40-50% brushed twice a day; | Once-daily or irregular hygiene was associated
frequency 30-40% once a day; 15-20% with 30-60% more damage than twice-daily
irregularly. brushing.
Patient self- | Most patients believed they Plaque staining often showed remaining
assessment brushed their teeth well. plaque in cervical areas, interdental spaces,
and along filling margins.
Repeated The same areas remained The brushing movement followed the same

missed areas

uncleaned from visit to visit.

habitual trajectory, leaving persistent plaque
accumulation.

Gum and Gum condition during probing | These signs helped indicate how long plaque
restoration and darkening near fillings retention had been present.

margins were evaluated.

Interdental Only 30-40% regularly used In this group, caries and gum inflammation
cleaning floss or interdental brushes. were 20-40% less common.

Main hidden | Patients often reported a Active caries was usually linked to frequent
risk normal diet and good brushing. | hidden acid exposure and two or three

chronically uncleaned areas.

Irregular sleep and chaotic eating make the situation worse: saliva protects
the enamel less effectively, while frequent snacks repeatedly lower the pH in the
mouth. If the patient also has bruxism, the edges of fillings are exposed to
additional pressure and wear.

The Difference Between Children and Adults. For children, the main
problem is that neither their diet nor their hygiene is within their control. They do
not control what they eat or whether they brush their teeth, and therefore, tooth
decay in children largely reflects family habits. In families where parents

frequently snack themselves and do not monitor the child’s hygiene, the risk is
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higher. Children’s enamel is less mineralized, so tooth decay progresses faster
than in adults.

Adults are more aware, but the leading risks are acquired chronic habits: a
work routine with constant snacking, coffee with sugar as a daily ritual, and dry
mouth due to medication. Adults have more fillings, and there is a high-risk zone
around each one. A new filling in an unchanged cariogenic environment will need
to be replaced in two to three years for the same reasons.

What changes after behavioral correction. According to Stoianov’s
observations, the fastest results come from two simple changes: completely
avoiding food after evening toothbrushing and regular hygiene every night. Within
just 1-2 months, new lesions stop appearing. If the patient also reduces the
number of snacks during the day, the initial demineralization spots stabilize within
3-6 weeks. Additional results come from switching from “sips of sweet drinks
throughout the day” to occasional consumption and starting to use interdental
brushes.

Patients who followed the recommendations had new lesions in 10-20% of
cases, while those who made no changes had them in 40-60% of cases. The risk of
new lesions among those who ignored the recommendations was two to three
times higher. According to Stoianov’s estimates, 50 to 70% of new cases of caries
can be prevented simply by changing diet and hygiene habits without any
treatment.

Stoianov's Structured Approach to Behavioral Caries Risk. Building on
these observations, Stoianov systematized his clinical approach into a structured
preventive model with three elements. First, a behavioral caries risk assessment
scores each patient by the frequency of sugar and acid exposures per day, the
timing of intake (night-time and post-brushing eating), salivation status, and the
verified - not reported - level of plague control. Second, an algorithm for detecting

hidden risk factors directs attention to causes patients rarely report themselves:
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"healthy" hidden-sugar foods (yogurts, muesli, bars, juices), medication-induced

reduced salivation, and the gap between reported and clinically observed hygiene.
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Figure 2. Behavioral Changes That Reduce Acid Exposure After Brushing
and Between Meals

Third, a targeted behavioral correction plan replaces generic advice with
two priority changes - eliminating night-time and post-brushing intake and
reducing exposure frequency - followed by monitoring of new lesions. This three-

part structure links risk identification directly to measurable behavioral outcomes.
Clinical observations. A patient with five to seven active lesions consulted
Stoianov. When asked about his diet, he replied that he practically never eats
sweets. However, during the conversation it turned out that he had tea or coffee
with sugar four to six times a day, fruit or cookies in between, and a sweet drink in
the evening. He did not clean between his teeth in the evening. After the patient

understood the mechanism and changed his routine (three meals a day, nothing in
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between, regular evening hygiene), no new lesions appeared over the next 6-12

months, and the initial spots stabilized.
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Figure 3. Clinical Outcomes After Behavioral Correction: Stabilization and
Fewer New Lesions

Another patient brushed his teeth twice a day and wondered why there were
four to six new lesions. The medical history revealed: a sweet drink that he sipped
in small sips throughout the entire workday. This resulted in a continuous acid
load that no amount of tooth brushing could compensate for. This case from
Stoianov’s observations clearly demonstrates: good hygiene does not protect if the
frequency of acid exposure is too high. After changing just this habit, new lesions
stopped appearing.

A patient complaining of dry mouth and four to six lesions, particularly in
the cervical regions. The explanation appeared only after Stoianov reviewed the

patient’s medication history. She was regularly taking a drug for high blood
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pressure that could reduce salivation. Until then, the case looked unclear: the
patient did not consume much sugar and maintained good hygiene. After adding
hydration recommendations and more intensive fluoride prevention, new carious
lesions appeared less often.

A child with five to seven lesions. The parents did not understand the cause:
they claimed there wasn’t much sugar. However, the family had a habit of
constant snacking and drinking sugary beverages, and toothbrushing was not
monitored. After the parents changed their own habits and began monitoring the
child’s hygiene, no new lesions appeared over the next 6-12 months.

Stoianov also observed a patient who, despite being given recommendations
when he had two or three initial lesions, made no changes and stopped coming for
checkups. Within 3—6 months, the number of lesions increased to four or five, and
deep cavities appeared. This case demonstrates a simple pattern: early-stage caries
does not stabilize on its own without changes in the environment.

Discussion of results. Why Dietary Habits Are More Important Than
Sugar Intake. Data from clinical observations align with the findings of the
evidence-based literature: when daily sugar intake is the same, the incidence of
dental caries depends on dietary habits [4, 5]. This comes as a surprise to patients,
which is why Stoianov explains it in his practice without using technical terms: a
tooth doesn’t decay from a single piece of candy. It decays because the same
situation repeats itself too often throughout the day - acid is present, but there’s no
time for recovery. Explaining things through a person’s actual daily routine, rather
than through theory, increases the chance that they will make a change.

“Healthy” foods require a separate explanation: yogurts, muesli, bars, and
fruit juices have a reputation for being safe, but they contain fermentable
carbohydrates and have a sticky consistency that lingers on the teeth. Frencken et
al. emphasize that a preventive consultation should be part of every appointment,

not an optional add-on [7].
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Medications and Saliva: The Hidden Cause. The significantly higher
incidence of caries among patients with reduced salivation confirms that saliva is
one of the main protective factors in the oral cavity. In Stoianov’s experience, it is
precisely medication-induced reduced salivation that is often the hidden cause of
multiple caries in a patient whose diet and hygiene appear entirely normal.
Chapple et al. note that general health status and medication use are an integral
part of caries risk assessment [8].

Why recommendations aren’t followed and how to change that. Less
than half of patients follow dietary recommendations. The main reason: people
don’t feel an immediate improvement and revert to their old habits. The general
advice to “eat less sugar” doesn’t change anything because it doesn’t specify what
exactly needs to be done. In his practice, Stoianov observes that when
explanations are linked to consequences visible to the patient (from a stain on a
tooth to darkening along the edge of a filling), and when specific changes are
described rather than general principles, motivation increases significantly. It is
also important to explain that results won’t be seen overnight, but within a few
weeks, new lesions will stop appearing.

Author's contribution. The author independently developed a structured
behavioral approach to caries prevention based on personal clinical practice,
comprising a behavioral caries risk assessment system, an algorithm for
identifying hidden (under-reported) risk factors, and a targeted behavioral
correction plan integrated into a single preventive model.

Conclusions. Clinical analysis shows that the main risk factor for dental
caries is not the total amount of sugar consumed, but rather how many times a day
the teeth come into contact with an acidic environment. Patients with more than
four such exposures per day had 30-50% more active lesions, even if they
consumed no more sugar than others. The same chocolate, eaten all at once, results

in a single acidic episode; the same chocolate, spread out over several hours,
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results in a series of episodes. Nighttime snacking, sipping sweet drinks slowly,
and skipping evening toothbrushing are the three habits most predictably
associated with the progression of caries.

In patients with dry mouth, active caries appeared much more often.
Stoianov recorded it in 60-80% of such cases, while among patients without
salivary problems the rate was about 20-30%. If the patient had new lesions
despite normal hygiene and no obvious dietary excesses, the next step was to
check what could be reducing saliva. This included regular medication, mouth
breathing, chronic stress, and general health factors. Only after that was the
prevention plan adjusted.

Even if the diet is fairly balanced, plaque remains a separate problem. It still
has to be removed regularly. Typical areas where plaque accumulates - the
cervical regions, interdental spaces, and edges of fillings - maintain an acidic
environment regardless of what a person eats. The patient’s subjective assessment
of their hygiene almost always differs from what the plaque staining reveals
during an examination. Interdental cleaning reduces the incidence of lesions by
20-40%, but it is the least followed recommendation.

Behavioral change yields measurable results. Patients who followed the
recommendations had two to three times fewer new lesions than those who made
no changes. The first noticeable changes appeared within 1-3 months. According
to Stoianov’s estimates, 50 to 70% of new caries cases can be prevented without
treatment, simply by changing diet and hygiene habits. But this is only possible
when discussions about diet and behavior are part of every appointment, rather

than happening if there’s time left.
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