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7.1 Introducing gamification into distance learning of physics: theoretical and
practical aspects

Distance learning has evolved from a supplementary tool into a fully-fledged
and widespread model, requiring a fundamental reassessment of traditional approaches
to teaching, especially in the frontline regions of Ukraine. In this context, there is an
urgent need to develop innovative, effective, and engaging teaching methods that
compensate for the lack of direct contact with students and support their cognitive
activity.

The introduction of distance learning has significantly exacerbated the problem
of declining motivation and concentration among students, especially when studying
complex natural sciences such as physics. Traditional methods based on lecture-
seminar systems often prove ineffective in an online environment, where students tend
to quickly tire of monotonous information delivery. The use of gaming technologies
based on game mechanics but with a clear educational purpose is a promising way to
solve this problem. These games allow the assimilation of physical concepts and laws
to be integrated into an interesting and dynamic process, contributing to the formation
of not only theoretical knowledge but also practical skills, as well as the development
of critical thinking, logic, and teamwork skills.

Gaming technologies that use elements of games, interactivity, and modeling of
physical processes are becoming a tool for revitalizing the learning process, especially
in a distance learning environment, where the opportunity for direct interaction
between teachers and students in the classroom is lost.

The purpose of this study is to analyze the theoretical and practical aspects of
the implementation of game technologies in distance learning of physics, to outline
their pedagogical possibilities and limitations, and to propose ways to overcome the
identified problems.

Gaming technologies in education are systems of methods and techniques that
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use game elements or structures as a means of teaching and motivation. They are
divided into several types: didactic games, simulators, simulations, role-playing games,
quests, as well as game modules in digital platforms.

In distance learning, interactive simulations and quests are most important, as
they can model physical phenomena and put students in a position to actively search
for solutions.

Gaming technologies are based on the principles of active learning, interest in
the situation, conscious choice of goals, and ways to achieve them. Psychologically,
games give students the freedom to experiment and make mistakes without fear, which
is especially important when learning complex physical concepts.

Distance learning requires greater self-discipline and self-control, so game
components can maintain motivation by helping to divide the material into logical parts
and promoting feedback and social interaction between participants.

Gaming technologies mobilize internal motivation through intrigue, goal
achievement, and competitive effects, which encourage students to return to tasks,
delve deeper into the material, and feel personally involved in the learning process and
its results.

Game models also create a pseudo-experimental environment that allows
students to master physical concepts through simulation experiments.

The theoretical and methodological basis of this study is formed by the works of
leading domestic and foreign scientists who consider various aspects of pedagogy,
didactics, psychology, and methods of teaching physics. In particular, the study is
based on the regulatory and legal framework of Ukrainian education, which defines the
general principles of organizing the educational process and standards of education
quality.

The concepts of activity-based and personality-oriented approaches are reflected
in the works of Moiseyuk N. [223], who reveals the essence of modern pedagogical
approaches, and Goncharenko S. [224], who studies pedagogical technologies for
implementing these approaches in the educational process. Vakalyuk T. [225] analyzes

didactic games in detail as a means of developing students' cognitive activity in the
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context of personality-oriented learning.

Theories of game activity in education are presented in the works of Kravchenko
S. [226], who studies the effectiveness of game technologies in the formation of
students' research skills, and Lysenko T. [227], who considers the psychological and
pedagogical aspects of gamification in education. Foreign studies by Gee J.P. [228]
and Prensky M. [229] reveal the potential of video games and digital game-based
learning.

The problems of digital didactics and distance learning are highlighted in the
works of Skovoroda K. [230], who analyzes the theoretical and practical aspects of
distance learning, and Tarasov V. [231], who considers modern approaches to the
organization of distance learning. Petrenko O. [232] investigates virtual laboratories as
a means of compensating for the lack of practical training in physics.

Methodological aspects of teaching physics are presented in the works of Kozak
L. [233] on innovative technologies for teaching physics, Padalka O. [234] on methods
of teaching physics in school, and Boiko A. [235], who specializes in the use of digital
educational games in distance learning of physics.

Practical aspects of implementing gaming technologies are covered in the works
of Pometun O. [236] on interactive learning technologies, Grytsenko V. [237] on
organizing distance learning in physics, and Kovalchuk M. [238] on interactive
technologies in physics lessons.

Digital educational resources and platforms are presented in the studies by
Yakovenko V. [239] on digital educational resources in physics, as well as in the
analysis of such platforms as PhET Interactive Simulations, LearningApps.org,
Kahoot!, Microsoft Teams, and Google Classroom.

Thus, the theoretical and methodological basis of the study integrates modern
approaches to physics education, gaming technologies in education, and digital
didactics, which allows for a comprehensive investigation of the methodological
foundations of using gaming technologies in distance learning of physics.

Play is one of the oldest forms of human activity and plays a key role in personal

development, especially in childhood. From a psychological point of view, play is not

205



MODERN EDUCATION, CULTURE, ART AND HUMANITIES: PROBLEMS AND
WAYS TO SOLVE THEM

just entertainment, but a complex, multifaceted process that contributes to the
development of cognitive, emotional, and social spheres. It shapes such important
qualities as imagination, creativity, logical thinking, and problem-solving skills.
Through gaming, students gain experience that cannot be obtained in any other way.

In the context of pedagogy, games are considered an effective teaching tool that
makes the educational process more engaging and motivating. Unlike traditional
methods, game-based learning reduces psychological stress, increases interest in the
subject, and promotes better assimilation of material. This is especially important for
complex natural sciences such as physics, where abstract concepts and formulas can
cause students to feel fear or rejection.

A didactic game is a specially organized educational activity that combines
elements of play and learning with a clearly defined goal. Its main difference from a
regular game is the presence of a pedagogical goal aimed at acquiring specific
knowledge, forming skills, or developing certain qualities. The key elements of a
didactic game are the didactic goal, game concept, rules, game actions, and result.
These components work together to ensure the effectiveness of the learning process.

The classification of gaming technologies is an important element of the
methodological apparatus that allows teachers to consciously choose tools to achieve
specific educational goals. There are various approaches to the systematization of
gaming technologies, each of which focuses on certain aspects. Given the specifics of
our study on distance learning in physics, we consider it appropriate to focus on a
classification that considers not only pedagogical tasks but also the technological
possibilities for their implementation.

Based on the nature of cognitive activity, gaming technologies can be divided
into several groups. The first group includes games for generalizing and systematizing
knowledge. Their goal is to help students structure information, identify connections
between various physical phenomena and laws, and form a holistic picture of the world.
For example, classification games or association games help students organize
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concepts into groups (e.g., “mechanical phenomena,” “electrical phenomena”) or

establish connections between formulas and physical quantities. The second group
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consists of games for knowledge control and self-control. These games, often in the
form of tests, quizzes, or quests, allow students to check their level of mastery of the
material in a playful way, which reduces stress and makes the assessment process more
objective. Games aimed at developing creative thinking and solving non-standard tasks
are the third important group. These can be role-playing simulation games or project
games, where students need to develop a device or solve a physical puzzle that requires
the application of knowledge in new conditions.

Depending on the form of organization, game technologies can be individual,
group, or team based. Individual games are suitable for reinforcing material and
independent work, while group and team games promote the development of
cooperation, communication, and healthy competition skills, which is especially
valuable in distance learning when socialization is limited.

The most important classification for our study is by application, which covers
digital and computer gaming technologies. They open unique opportunities for
teaching physics that were not available in traditional education. Thanks to software
tools, it 1s possible to simulate physical processes and experiments that cannot be
reproduced at home due to a lack of equipment or for safety reasons. For example,
simulating the movement of a body under the action of various forces, studying
electrical circuits, or investigating wave processes. Digital games can include
animation, interactive elements, and automated feedback, making the learning process
dynamic and effective. These games can be implemented on a variety of platforms,
from specialized software to web resources and mobile applications, making them
accessible to students. Thus, digital gaming technologies are becoming a powerful tool
that not only facilitates the assimilation of complex material but also motivates students
to continue studying physics.

Distance learning poses new challenges for teaching methods due to the specific
nature of the virtual educational environment. The lack of direct contact between
teachers and students, as well as the need to maintain a high level of engagement amid
numerous distractions in the home environment, make the use of gaming technologies

particularly relevant. Modern digital technologies open up unique opportunities for
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transforming traditional gaming formats into interactive learning tools that can provide
instant feedback, automatically evaluate student performance, and adapt the
complexity of tasks to individual levels of knowledge.

The use of gaming technologies in distance learning physics is based on several
key principles that ensure their effectiveness and pedagogical relevance. The first of
these principles is the principle of scientific validity, which requires that the content
and mechanics of the game accurately correspond to the physical laws and phenomena
being studied. This not only makes the game interesting but also helps students form
correct scientific ideas. The second important principle is the principle of visuality,
which in a distance learning format is implemented using interactive simulations,
virtual laboratories, and dynamic visualizations that compensate for the lack of real
experiments.

The principle of gamification is the application of game mechanics and dynamics
in non-gaming contexts, particularly in the educational process. Its goal is to make
learning more attractive and motivating. In the context of teaching physics, this
principle is implemented through the introduction of elements such as a scoring system
that allows students to accumulate “game currency” for correct answers and successful
completion of tasks; rankings that reflect student performance and encourage healthy
competition; and badges and other visual rewards for reaching certain milestones or
mastering difficult topics. This creates an atmosphere of competition and achievement,
turning routine tasks into exciting processes [225].

The principle of interactivity is fundamental to the effectiveness of gaming
technologies, as it ensures the active participation of students in the learning process.
Unlike the passive reception of information characteristic of traditional lectures,
interactive games require students to constantly interact with the learning material
[223]. Students do not simply read text or watch videos, but perform specific actions:
move objects, answer questions in real time, simulate experiments, or interact with
virtual characters. This not only promotes better memorization, but also the formation
of practical skills, as students can apply their knowledge immediately.

The principle of visualization and modelling is particularly important in teaching
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physics, where many phenomena and processes are abstract or invisible to the human
eye. Digital gaming technologies allow complex physical phenomena to be visualized,
such as the movement of electrons through a conductor, the propagation of sound
waves, or the interaction of magnetic fields. Thanks to software, students can observe
processes in dynamics, change the initial parameters (e.g., body mass or current
strength) and see how this affects the result. Simulating experiments that would be
dangerous or impossible to conduct at home are one of the most important advantages.
It allows students to explore the physical world in a safe, controlled environment,
developing research skills and an intuitive understanding of the laws of physics [236].

Properly organized gaming technologies in virtual space can compensate for the
limitations that arise in distance learning, particularly the lack of laboratory equipment.
The ability to simulate physical experiments allows students to explore processes that
would otherwise be inaccessible. Thus, educational games become not just an auxiliary
tool, but a full-fledged component of the learning process, contributing to the formation
of deep and lasting knowledge in physics.

The relevance of the problem of the effective use of gaming technologies in
teaching physics in distance learning is due to its multidimensional nature, which
combines the specifics of a natural science discipline with the peculiarities of the online
format of education. Traditionally, the study of physics is based on experimental
activities and direct interaction between teachers and students, which is significantly
limited in distance learning, creating several significant challenges.

The most acute problem faced by physics teachers during distance learning is
the fundamental lack of physical interaction between students and laboratory
equipment and real research objects. This challenge is systemic in nature, as traditional
laboratory work and demonstration experiments form the methodological basis for
understanding the natural sciences. In a distance learning environment, this foundation
is largely destroyed due to a whole range of objective limitations. The lack of special
equipment at home makes it impossible to perform even basic measurements, without
which it is difficult to form an idea of physical quantities. Potential safety risks

associated with the use of power sources, heating devices, or glassware significantly
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limit the range of experiments that can be offered to students for independent
performance. The organizational complexity of coordinating simultaneous practical
activities by a group of students in virtual space is also a significant barrier, often
leading to the abandonment of collective experimental activities altogether.

The consequences of this problem for the quality of education are profound and
multifaceted. First, there is a significant lack of practical experience, which is
indispensable for the formation of holistic scientific thinking. Without the opportunity
to independently assemble an electrical circuit, measure current, or observe the
phenomenon of light interference, students' knowledge risks remaining abstract,
detached from reality. This contributes to a formalized perception of the material,
where students memorize formulas and definitions without understanding their
physical essence and practical significance. In such conditions, knowledge becomes
passive, as students are deprived of the opportunity to test hypotheses, analyze the
results of experiments, and draw their own conclusions. This situation directly
contradicts the principles of the activity approach, which is leading in modern
pedagogy, as it requires the active involvement of students in cognitive activity through
direct practice [230].

In addition, the lack of practice hinders the development of key skills such as
experiment planning, observation, data processing, and error assessment. These skills
are an integral part not only of physics education but also of general scientific
competence. Thus, the problem goes beyond the scope of a single discipline and
concerns the quality of student training in general. Bridging this gap between theory
and practice is becoming one of the most important tasks of modern distance learning
in physics, requiring the search for innovative methodological solutions, in particular
using specially developed gaming technologies and virtual laboratories.

It is precisely in the context of overcoming the deficit of practical activity that
gaming technologies based on the principles of digital simulation and virtual modeling
are a key tool capable of reproducing and even expanding the didactic potential of real
experiments. These tools provide students with a unique opportunity to interact with

models of physical objects and phenomena in a specially created safe and fully
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controlled digital environment. Such an environment eliminates the fundamental
limitations of a school laboratory, providing access to experiments that are impossible
in traditional conditions due to technical complexity, high material costs, or potential
danger. Students can observe nuclear reactions, simulate the motion of the planets in
the solar system with high accuracy, or “penetrate” the microlevel to visualize the
motion of molecules or electrons in a conductor [224].

The most important didactic effect of such simulations is the powerful
visualization of processes that are complex and abstract for students to perceive.
Phenomena such as light diffraction, standing wave formation, or the movement of
charged particles in an electric field are transformed from abstract formulas and
schematic images in a textbook into dynamic, visual models. This contributes to the
formation of not only understanding but also an intuitive idea of the essence of physical
laws. A key advantage of virtual laboratories is interactivity, which is achieved through
the ability to actively experiment with system parameters. Students can change the
mass of a body moving on an inclined plane, adjust the current in a circuit, or increase
the temperature of a gas, instantly observing the graphical and numerical consequences
of such changes. This process directly demonstrates the cause-and-effect relationships
underlying the laws of physics and develops research skills. Students cease to be
passive observers and become active researchers who propose hypotheses and test
them by manipulating variables. Thus, simulation game technologies not only
compensate for the lack of real equipment, but also ensure deeper, more active
assimilation of material through the formation of personal cognitive experience in
conditions that simulate the work of a scientific laboratory.

Another critical issue that significantly affects the effectiveness of distance
learning in physics is the difficulty of maintaining stable motivation and concentration
among students during a lesson. This problem is deeply psychological and pedagogical
in nature and is caused by a fundamental change in the educational environment. The
transition to virtual space is accompanied by the loss of several important factors that
are inherent in classroom work. First and foremost, this is the absence of direct

pedagogical control, which in the classroom is implemented not only through verbal
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contact, but also through non-verbal signals — gaze, gestures, physical presence near
the student's desk. In a remote format, this control becomes indirect and often
formalized, which can reduce internal discipline and a sense of responsibility among
some students [233].

External distractions are becoming a significant complication. Unlike a specially
organized learning space, the home environment is filled with a multitude of stimulus
that compete for the student's attention — from communication with family members
and household noises to easy access to social networks and entertainment content on
the same device used for learning. This creates a constantly competitive environment
where the student's attention is scattered, and the learning process requires much more
effort in terms of self-control.

A problem specific to the remote format is monotony, when the learning process
is reduced to passive perception of information through prolonged viewing of
presentations or listening to monotonous explanations from the teacher. Such a passive
position quickly leads to mental fatigue, known as “digital fatigue,” which manifests
itself in a decrease in interest in the subject, distraction, and superficial assimilation of
material. For physics as a discipline, the mastery of which directly depends on active
mental activity, analytical thinking, and internal readiness to overcome cognitive
difficulties, such risks are particularly critical. Abstract concepts and logical chains of
reasoning that are not supported by active practice and emotional involvement easily
turn into formal knowledge that does not contribute to the development of scientific
thinking. Thus, overcoming the motivational crisis requires a reorientation of distance
learning methods from information-transmission to activity-interactive, where the
central place will be occupied by tasks that activate the cognitive activity of the student.

Gaming technologies are a powerful motivational tool for overcoming these
psychological barriers. By introducing elements of competition, exploration, and
entertainment into the learning process, the gaming format transforms routine tasks
into exciting challenges, increasing student engagement. Instead of mechanically
memorizing formulas, students apply them to achieve game goals, which creates a

sense of personal success and progress. For example, educational quests or interactive
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quizzes, where correct answers unlock new levels or earn points, stimulate
attentiveness and thoughtfulness. However, achieving this effect requires careful
pedagogical design that considers age characteristics, student interests, and the
specifics of information perception in a digital environment. The game should not be
just a task transferred to digital form, but a holistic interactive experience that develops
logical thinking, teamwork, and problem-solving skills.

A significant obstacle to the widespread implementation of these promising
methods is the methodological unpreparedness of teaching staff. Many physics
teachers, despite their general technological literacy, lack the specialized knowledge
and practical experience to develop and effectively integrate gaming technologies into
distance learning courses. This problem is systemic in nature and manifests itself in the
absence of clear methodological recommendations adapted specifically to the specifics
of distance learning in physics. Teachers lack specific instructions on how to integrate
games into the curriculum, how to combine them with other forms of work, and what
criteria to use to evaluate the results of gaming activities, which are often aimed at
developing competencies rather than simply reproducing knowledge.

In addition, there is an acute shortage of high-quality ready-made game
resources that are consistent with the school physics curriculum. Most of the available
tools are either entertaining with low educational value or overly complex academic
simulators. Creating their own designs requires teachers to have not only in-depth
subject knowledge, but also skills in programming, graphic design, and working with
specialized constructors, which often goes beyond standard training. Thus, overcoming
methodological and resource deficits is a key condition for realizing the potential of
gaming technologies in distance learning of physics, which necessitates further
scientific research in this area.

The use of gaming technologies in distance learning in physics is an effective
tool for implementing modern pedagogical methods, especially personality-oriented
and activity-based approaches. Their potential lies in their ability to ensure the
individualization and differentiation of the learning process, which corresponds to the

key principles of personality-oriented education. Within the traditional education
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system, which focuses on the average student, the characteristics of individual
cognitive activity are often overlooked. Gaming technologies, especially those
implemented in digital format, allow this limitation to be overcome.

Modern gaming platforms could automatically adapt to the knowledge level of
a particular student, offering tasks of appropriate complexity based on an analysis of
their previous results. This creates optimal conditions for student development
regardless of their level of preparation. Thus, stronger students can work on more
complex tasks that stimulate intellectual development and maintain their interest in
learning. At the same time, students who encounter difficulties can study the material
at their own pace, returning to difficult points repeatedly without fear of public failure.

An equally important element is instant feedback, which is integrated into most
gaming technologies. It helps students not only to see their mistakes, but also to quickly
analyze their causes and correct the consequences. This approach helps create a
situation of success for each student, strengthening their confidence in their own
abilities and forming a positive attitude toward the subject [231].

Gaming technologies play a key role in the implementation of the activity-based
approach, which is an important methodological basis of modern educational practice.
Unlike the traditional passive model of information perception, the activity-based
approach involves the active participation of students in the learning process through
solving practical tasks and modeling research scenarios. In the context of teaching
physics, such games contribute to the transformation of abstract concepts and formulas
into effective tools that are used to achieve specific game goals. For example, instead
of simply memorizing Ohm's law, a student applies it to calculate the parameters of an
electric circuit in a virtual simulator, thus activating a virtual device. Similarly, the
principles of dynamics are mastered through experiments with friction and gravity in
the context of a logistics game aimed at moving cargo, rather than through mechanical
memorization.

This shift in emphasis from passive acquisition of theoretical knowledge to its
active practical implementation contributes not only to a deeper and more conscious

assimilation of the learning material, but also to the development of meta-subject skills
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such as planning, modeling, and analysis of results. In this regard, gaming technologies
are an effective means of integrating a person-oriented approach with the activity
principle into a single pedagogical toolkit. This is especially relevant in the context of
distance learning, where such games can not only compensate for the lack of direct
contact, but also create an environment for the formation of an independent, creative,
and competent personality [235].

An important advantage of gaming technologies in the context of distance
learning in physics is their ability to provide deep individualization of the learning
process through built-in adaptability mechanics. This feature is consistent with the
fundamental principles of person-centered learning, allowing us to overcome the
limitations of the traditional approach focused on the average student. Modern digital
educational platforms implement the principle of adaptation through automated
adjustment of content and task complexity according to the current level of knowledge
and skills of each individual student. For students with a high level of preparation, the
system can offer advanced teaching materials in the form of complex problem-solving
tasks, thematic quests, or physical puzzles that require the integration of knowledge
from different sections of physics and the application of creative thinking. Such a
differentiated workload not only maintains the cognitive interest of gifted students but
also serves as an effective means of preventing intellectual boredom, creating
conditions for the realization of their potential.

At the same time, for students who need additional support in mastering the
material, adaptive systems offer specially structured game scenarios with gradually
increasing complexity. Such scenarios involve breaking down complex topics into a
sequence of logically related micro-tasks, allowing students to master basic concepts
step by step without feeling overwhelmed. Each successfully completed element serves
as psychological support for moving on to the next level, forming a sense of
competence and self-confidence. This mechanism creates a situation of success for
each student, regardless of their initial academic achievements, which is critically
important for the formation of sustainable positive motivation to learn. The systematic

experience of academic achievement, combined with instant feedback, contributes to
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the improvement of the student's self-esteem and the development of their academic
self-efficacy, which are key psychological factors for success in studying such complex
disciplines as physics. Thus, the adaptive mechanisms of game technologies transform
them into a tool not only for learning, but also for psychological and pedagogical
support of students in the process of distance education [226].

Thus, gaming technologies have become a powerful tool that not only facilitates
the assimilation of complex material, but also contributes to the formation of an active,
proactive personality capable of independent learning and problem solving.

Gaming technologies not only facilitate the acquisition of physical knowledge
but are also important for the development of so-called “soft” skills, which are key to
modern personal growth. These skills include communication, collaboration, critical
thinking, and creativity — essential components of success in both professional and
everyday life. The game-based learning format creates a promising environment that
stimulates the natural development of these qualities.

Team quest games, focused on solving complex physical tasks through joint
efforts, are an effective tool for training cooperation and communication skills.
Students learn to distribute roles, listen to each other, exchange ideas productively, and
reach compromises for the sake of a common goal. This is especially relevant in the
context of distance learning, where opportunities for live social interaction are limited.
Thanks to such games, students learn to work as a single team, which strengthens their
motivation, shapes their sense of responsibility, and increases their involvement in the
learning process.

Role-playing games, in which participants embody prominent physicists or
engineers, help develop creative and critical thinking, as well as the ability to find
unconventional solutions. During these activities, students not only reproduce
knowledge, but also learn to think like researchers: to analyze various aspects of
problems, applying the knowledge they have acquired in new and unpredictable
situations. For example, a simulation game in which players must create a device to
solve a specific physical problem encourages experimentation, analysis of results, and

independent search for optimal solutions.
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Thus, gaming technologies not only facilitate the assimilation of educational
material but also become a powerful tool for comprehensive personal development.
This approach allows students to realize their full potential, which is in line with the
basic principles of person-centered learning.

The selection of gaming technologies for distance learning in physics is a
systematic process that requires a thorough analysis of several key factors. The first
step in this process should be a careful study of the physics curriculum to identify topics
and concepts that are traditionally the most difficult to learn or require extra attention
due to their abstract nature. It is precisely these difficult-to-understand sections, such
as the basics of quantum mechanics, electromagnetic induction phenomena, or the laws
of thermodynamics, that become priorities for the implementation of gaming
techniques, as traditional approaches often prove insufficiently effective for explaining
them.

An important aspect in the selection of gaming technologies is a critical analysis
of their suitability for distance learning, which requires a careful methodological
approach. According to research by Ukrainian scientists, in particular the works of
Vakalyuk T. and Pometun O., games developed for offline environments often require
significant adaptation for effective use in digital space. Games based on manipulating
physical objects or close physical interaction are not well suited for the online format
due to technological limitations [225, 236].

The methodology for selecting and adapting game formats proposed in the study
is based on a systematic approach that considers the specifics of distance learning in
physics. According to the works of Boiko A. and Kravchenko S., preference should be
given to game formats that are organically integrated into the digital educational space
[235, 226]. Virtual simulators of physical processes, studied by Petrenko O., allow not
only to reproduce real experiments, but also to conduct research in conditions that are
inaccessible to a regular school laboratory [232].

The methodological approach to assessing the effectiveness of game formats,
developed based on research by Ukrainian scientists, provides for a comprehensive

assessment of their ability to ensure not only the acquisition of specific knowledge, but

217



MODERN EDUCATION, CULTURE, ART AND HUMANITIES: PROBLEMS AND
WAYS TO SOLVE THEM

also the formation of research skills, critical thinking, and a sustained interest in the
subject. Online quests, as demonstrated by the works of Sydorenko V. [240], contribute
to the development of logical thinking through the step-by-step solution of physical
problems, while interactive quizzes with elements of gamification, studied by Lysenko
T. [227], effectively support the cognitive activity of students through the introduction
of a system of ratings and virtual rewards.

Contemporary Ukrainian research in the field of digital didactics, in particular
the works of Shevchuk A. and Fedorenko E., emphasize the importance of considering
the psychological and pedagogical characteristics of students when choosing game
formats for distance learning. The proposed methodology involves evaluating each
game format in terms of its ability to adapt to the individual characteristics of students,
which is especially important in distance learning, where direct contact between
participants in the educational process is limited [241, 242].

Thus, the methodological approach to the selection of game technologies for
distance learning in physics, developed based on modern Ukrainian research, allows
the creation of an effective system of criteria that considers both the didactic potential
of game formats and the technological possibilities for their implementation in a digital
educational environment.

The process of adapting gaming technologies for use in distance learning of
physics is multi-stage and requires a systematic approach. The primary task is to
transform the content and rules of the game into a virtual format, which involves
rethinking traditional interaction mechanics, considering the specifics of the online
environment. To achieve this goal, it is advisable to use specialized web services and
educational platforms that provide the necessary functionality for creating an
interactive learning space. Learning management systems such as Moodle or Google
Classroom offer integrated tools for posting game tasks, organizing discussions, and
tracking student progress.

For more flexible implementation of game scenarios in distance learning of
physics, collaboration tools such as Google Slides and Miro are effective, as confirmed

by research by Ukrainian scientists in the field of digital didactics. According to the
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works of Pometun O. and Shevchuk A., these platforms allow the creation of a dynamic
virtual space for collaborative activities, which is especially important for the
formation of students' research skills [236, 242].

The methodological approach to using these tools, developed based on research
by Kravchenko S. and Boiko A., involves creating interactive learning environments
that simulate real physical processes. A striking example is the development of an
online quest for studying the laws of dynamics, where students sequentially solve
problems and find clues on an interactive board. Each stage of such a quest is designed
as a separate module with visualized objects, the movement of which reflects the
relationships between forces and the motion of bodies [226, 235].

According to the methodology proposed by Vakalyuk T., such interactive tasks
contribute not only to the assimilation of physical concepts, but also to the development
of spatial thinking and collaborative work skills [225]. Research by Sidorenko V.
demonstrates that the use of virtual spaces for modeling physical phenomena allows
students to better understand the cause-and-effect relationships between the quantities
that describe mechanical motion [240].

An important aspect of the methodology, according to the works of Fedorenko
E., is the gradual complication of tasks in virtual space, which allows taking into
account the individual characteristics of students and ensuring a differentiated
approach to learning [241]. This is especially important in the context of distance
education, where direct contact between teachers and students is limited.

Thus, the proposed methodology for using collaboration tools in distance
learning of physics, based on modern Ukrainian research, allows creating an effective
interactive environment for the formation of both subject knowledge and key
competencies of students.

When adapting games, special attention should be paid to the visual component
and intuitiveness of the interface, as these factors determine the accessibility of the
game for students with different levels of technical training. In addition, an important
aspect is the integration of feedback mechanisms that allow students to track their

progress and adjust their learning trajectory. The implementation of these principles
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ensures the effective transfer of the didactic potential of gaming technologies to the
digital educational space, while preserving their motivational and educational
functions.

The process of introducing gaming technologies into distance learning in physics
requires a thorough rethinking of their structure and functioning, considering the
peculiarities of the virtual environment. Adaptation cannot be limited to the mechanical
transfer of existing tasks to the digital space, since the absence of the direct physical
presence of participants radically changes the nature of communication and interaction.
This necessitates a fundamental transformation of the gaming process, which involves
the development of new mechanisms for engaging and motivating students.

The primary task is to reformulate the tasks and rules of the game for the virtual
environment. Instructions need to be particularly detailed and clearly visualised, as in
a remote format they must be self-sufficient and understandable without additional
verbal explanations from the teacher. Visualization becomes key-diagrams,
infographics, and icons are designed not only to attract attention but also to structure
the student's activity, compensating for the lack of direct guidance.

Specialized web services, which are becoming the main tools for educational
games, replace physical materials and devices. To this end, platforms for creating
interactive quizzes and exercises, such as Kahoot! or Quizlet, are effectively used to
organize real-time competitions. More complex game scenarios are implemented using
universal constructors such as Genially or LearningApps, which provide opportunities
for creating non-linear quests, simulations, and interactive presentations.

Educational platforms with built-in gamification mechanics play an important
role. Point systems, ratings, and virtual achievements (badges) are effective tools for
fostering competitive motivation and visualizing progress. These elements compensate
for the lack of immediate social support and create additional incentives for systematic
work. When adapting, special attention should be paid to creating mechanisms for
collaborative interaction that mimic group work in the classroom through shared
editing, commenting, and collective decision-making functions in virtual space.

Simple collaboration tools such as Google Slides, Google Docs, or Miro can be
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used for collective work. For example, to study the laws of mechanics, you can create
an online quest where students move around a virtual Miro board, solve problems, and
find clues. Each correct answer can unlock the next stage or open access to a new task.
This approach mimics physical space, allowing students to feel part of a shared gaming
process, even when they are far apart.

Example 1. Adaptation of the game “Physical Dominoes”

The traditional game “Physical Dominoes” involves a set of physical cards,
where one side contains a specific physical term and the other side contains its
definition, formula, or graphic image corresponding to another term. To transfer this
game to a remote format, it must be transformed into a virtual board or interactive
presentation. Instead of physical cards, digital objects are used, which students can
move and connect in a shared virtual space.

Miro or Google Slides are effective tools for such adaptation. Dominoes in the
form of interactive objects are placed on a virtual sheet or slide. One side of the domino
may contain the name of a physical law, for example, “Ohm's Law,” and the other side
may contain its mathematical expression (I= U/R), which indicates the next domino.
Students get access to this shared space and, using the drag-and-drop feature, connect
the cards in the correct sequence. This approach not only preserves the main didactic
principle of the game—establishing logical connections between concepts—but also
makes it more dynamic and visually appealing. This promotes better understanding of
the relationships between physical concepts, formulas, and their units of measurement,
which is key to understanding physics as a holistic science.

Example 2. Adaptation of the game “Physical Lotto”

Traditional “Physical Lotto” is a game based on the use of cards with tables
containing various physical concepts and chips with corresponding terms, formulas, or
units of measurement. To transfer this game to a remote format, it is advisable to use
online quiz generators or specialized gaming platforms.

One possible way to engage students in the learning process is to use the
LearningApps platform, which allows you to create interactive games, such as “Find a

Pair.” Instead of regular cards, participants are asked to match physical terms (such as
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“force,” “mass,” “work”) with the corresponding units of measurement (newton,
kilogram, joule) or their definitions. This interactive approach helps to test knowledge
in an interesting and lively way. The game can be played individually or in small
groups, where participants discuss possible answers and work together to find the right
solution.

Another effective tool is the Kahoot! platform, which allows teachers to prepare
a series of questions with multiple choice answers. Tasks can be accompanied by text,
images, or even animations. Students respond to them in real time, and the system
automatically calculates the results and generates a ranking. This format adds intrigue
and a spirit of competition, as the speed of response also affects the overall result. This
method not only quickly assesses the level of material retention, but also provides
instant feedback, which helps maintain motivation and interest in learning.

Example 3. Adaptation of the game “Who Wants to Be a Millionaire?”

The traditional quiz show “Who Wants to Be a Millionaire?” is an excellent tool
for testing and reinforcing knowledge in an engaging way. In distance learning physics,
it can be successfully adapted by replacing the television studio with online quiz
platforms such as Kahoot! or Quizizz.

The teacher creates a set of questions covering a specific topic (e.g., “Electricity
and Magnetism”). The questions are organized in order of increasing difficulty, from
simple to more complex, which corresponds to the original concept of the game. Each
student or team answers the questions in real time from their device. This creates an
element of competition and excitement, as the result is influenced not only by the
correctness but also by the speed of the answer. The system automatically calculates
the scores, allowing you to instantly assess the students' level of knowledge and create
a ranking.

For a complete simulation of the game, you can reproduce the “help from the
audience” or “call a friend” features. For example, the “help from the audience” feature
can be implemented through a poll in a shared chat, where most students vote for one
of the options, providing a hint to the player. “Call a friend” can be simulated by

allowing the student to ask another quiz participant for help in a separate private chat.
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The use of such elements not only makes the game more interactive but also promotes
the development of collaboration and communication skills. Adding a time limit for
answering further stimulates quick thinking and decision-making, which is important
for studying physics.

Example 4. Adaptation of the game “Physics Crossword”

Traditional crossword puzzles, which are usually printed on paper and used to
test knowledge of physical terms, can be effectively converted into interactive online
tasks for distance learning. This adaptation not only preserves the main didactic goal—
testing knowledge of concepts—but also adds elements of visualization and instant
feedback.

To create such crossword puzzles, crossword generators available on the Internet
or built-in tools of educational platforms such as LearningApps are used. The student
gains access to a virtual crossword puzzle field where they can enter terms into the
appropriate virtual cells. The system automatically checks the correctness of the answer
and provides instant feedback on performance.

To enhance the learning effect, definitions of terms can be presented not only in
text form, but also in the form of images, video clips, or animations. For example,
instead of the text definition “unit of measurement of force,” an image illustrating an
apple falling or a short animation demonstrating the action of force can be used. This
allows you not only to test knowledge of physical concepts, but also to develop
directional skills and associative thinking by linking abstract terms with specific visual
images and phenomena. This approach makes the process of solving crossword puzzles
more dynamic and interesting, which contributes to better assimilation of the material.

In addition to technical adaptation, it is important to change the nature of
interaction. Games that were based on competitions in speed or agility offline can be
transformed into tasks that require logical thinking, cooperation, and information
exchange in an online format. For example, instead of a relay race with physical
objects, you can create a virtual relay race where teams solve physical problems, and
only after the correct answer is given does their virtual “marker” move to the finish

line. This allows you to preserve the competitive element of the game while adapting
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it to the capabilities of the online environment.

The influence of social interaction, reducing feelings of isolation, and forming
teamwork in a virtual gaming space are extremely important aspects of distance
learning in physics using gaming technologies.

In virtual gaming environments, social interaction is facilitated by the integration
of communication tools (chat, audio and video communication, forums) that create
conditions for students to communicate with each other and with the teacher. This
promotes a sense of community, the exchange of experiences, and improves
understanding of the learning material through joint problem solving.

Involving students in team activities in game projects develops skills of
cooperation, role distribution, and discussion, which are indicators of social
competence and prepare them for real scientific and technical team tasks.

Distance learning often disrupts the social component of the educational process,
creating a sense of isolation among students. Virtual gaming spaces with team tasks
and interesting interactive mechanisms help to eliminate this problem by maintaining
student motivation and psychological comfort.

Frequent interactions in a game format help prevent emotional burnout and keep
students actively involved in learning, which has a positive impact on results.

Game formats that involve joint problem solving, experiments, and competitions
between teams contribute to the development of key competencies: communication,
leadership, and organizational skills. Teamwork in a virtual space uses group chats,
shared documents, and simulations that require coordinated actions and collective
responsibility.

The use of such game formats in distance learning of physics creates conditions
for the development of not only subject knowledge, but also social skills that are highly
valuable for future professional activities.

This aspect of the study emphasizes that the effectiveness of distance learning in
physics increases significantly when technological and pedagogical tools are
harmoniously combined to support social interaction, reduce self-isolation, and foster

a team culture among students.
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The effectiveness of using gaming technologies in distance learning of physics
largely depends on careful planning and clear organization of gaming activities. The
initial stage involves comprehensive preparation aimed at ensuring that students fully
understand the rules and objectives of the game. Given the lack of direct contact, which
allows for quick adjustments to participants' actions in the classroom, the quality of
instruction becomes particularly important. Verbal explanations during online
meetings are often insufficient due to possible technical obstacles or different levels of
information perception. To overcome this problem, it is advisable to use a
comprehensive approach to presenting instructions, including the creation of special
video instructions, visual diagrams of action algorithms, and step-by-step
presentations. Students can review such materials at their own pace before the game
begins and refer to them while completing tasks, which eliminates possible
misunderstandings and creates a level playing field for all participants, regardless of
their individual characteristics of perception and technical preparedness.

Gaming technologies can be implemented in a remote format through two
complementary organizational models: synchronous and asynchronous. The
synchronous format involves the simultaneous participation of all students in the
gaming process, which is usually organized during a video conference session using
platforms such as Zoom or Google Meet. This model is particularly effective for
competitive game scenarios, interactive quizzes, and tasks that require real-time
teamwork. Modern video communication platforms provide functionalities for
dividing participants into small groups in so-called “discussion rooms,” where students
can jointly discuss problems, solve tasks, and prepare joint decisions. This type of
activity not only promotes a deeper understanding of physical concepts, but also
actively develops important social skills, such as the ability to cooperate, communicate
effectively, argue one's position, and distribute roles within a group. The development
of these qualities is particularly important in the context of forming key competencies
defined by modern educational standards.

The asynchronous format of game-based learning technologies provides a

fundamentally different approach, giving students much greater autonomy and
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flexibility in planning their learning activities. In this model, game tasks, such as
thematic quests, problem situations, or virtual simulations, are posted on a learning
platform (Moodle, Google Classroom), where students can access them for a specified
period. This organization allows each student to work at their own pace, return to
difficult points, conduct additional research, and think more deeply about solutions.
This model is particularly useful for students who need extra time to comprehend the
material, as well as for those with limited or unstable Internet access, as it allows for a
rational distribution of workload.

The importance of the reflection stage after completing the educational game
cannot be overestimated, as it is this stage that ensures the transition from emotional
perception of the game process to conscious assimilation of the educational content.
Reflection helps to structure the experience gained, allows students to link game
situations with theoretical laws of physics, and form a holistic view of the phenomena
studied. The reflection process may include analyzing the results of the game,
discussing difficulties encountered, analyzing typical mistakes, and formulating
general conclusions.

Organizationally, reflection can be implemented through various formats. A
joint discussion in a chat room or during a video conference allows for a collective
discussion of the most interesting moments of the game. The use of shared documents
(Google Docs, Miro) to record observations and conclusions creates an opportunity for
feedback between students and the teacher. Individual reports or reflection journals
promote the development of self-analysis skills, teach students to evaluate their own
progress, and formulate a personal understanding of material phenomena. Thus,
reflection transforms a didactic game from an interesting experience into a powerful
tool for developing metacognitive skills, which are an important component of modern
education.

The integration of gaming technologies into the distance learning system for
physics is a promising methodological approach that can significantly increase the
effectiveness of the educational process in the context of digitalization. The study

proves that gaming technologies are a powerful tool for overcoming key problems of
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the distance format, in particular the lack of practical activities and reduced motivation
of students. The effectiveness of their application directly depends on the careful
selection and methodologically sound adaptation of gaming technologies to the
specifics of the online environment. An important selection criterion is a focus on
games based on digital simulations and virtual modeling, which compensate for the
lack of real laboratory equipment by creating interactive models of physical
phenomena.

Proper organization of gaming activities is essential, combining synchronous
and asynchronous formats. The synchronous format, implemented through video
conferencing platforms, is optimal for developing communication skills and organizing
teamwork, while the asynchronous format provides the necessary flexibility and
individualization of the learning process. The final and mandatory stage of using
gaming technologies is the organization of reflection, aimed at comprehending the
experience gained and forming interdisciplinary skills.

Thus, the introduction of gaming technologies into distance learning in physics
is implemented through various forms and methods adapted to the specifics of the
online environment. The practical aspects consist of selecting game formats, using
digital tools, and organizing the learning process with consideration for interactivity,
motivation, and feedback.

1. Forms and methods of game-based learning in a distance learning course in

physics:

Interactive quests and scenarios.

Quests are a sequence of tasks or questions united by a single theme or plot that
require logical thinking and the application of physics knowledge to advance to the
next level. In distance learning courses, quests are organized through special platforms
(LearningApps, Kahoot!, Google Forms) or proprietary educational resources.

Virtual lab work and simulations.

With the help of online simulators (PhET, Algodoo, ExploreLearning Gizmos),
students can model physical phenomena and processes, perform experiments that

require special equipment or are dangerous in real conditions. This increases the
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practical component of distance learning.

Role-playing games and situation modeling.

Students take on the roles of physicists, researchers, or engineers and work
together to solve scientific problems, discuss results, and make decisions. This
develops communication skills and critical thinking.

Gamification of the learning process.

Introduction of game elements: scoring, achievements, difficulty levels,
leaderboards to encourage active participation, improve skills, and foster a competitive
spirit.

Problem-oriented games.

Creating problem situations that students must solve using theoretical
knowledge and experimental skills motivates them to gain a deep understanding of the
material.

2. Technical tools and platforms for implementing game-based learning:

Online platforms for learning and gamification.

Moodle, Google Classroom, Microsoft Teams with plugins for creating
interactive tasks and checkpoints. Their features allow you to embed game elements
directly into training courses.

Specialized simulators of physical phenomena.

PhET Interactive Simulations from the University of Colorado: a free library of
interactive models covering a wide range of physics topics. Algodoo is a 2D
environment for dynamic mechanics modeling that is popular among schoolchildren.

Platforms for conducting quizzes and quests.

Kahoot!, Quizizz, LearningApps, Socrative are convenient tools for creating and
conducting game-based surveys that provide instant feedback.

Means of communication and cooperation.

Zoom, Microsoft Teams, Discord — used to organize group games, role-playing
discussions, joint virtual laboratories, and workshops with game elements.

3. Organization and structure of the game-based learning process:

Combination of synchronous and asynchronous forms.
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Synchronous sessions with game-based interaction under the supervision of a
teacher — quizzes, role-playing games, discussion of results. Asynchronous activities,
such as quests and simulations, are performed independently, allowing for freedom of
pace.

Control and feedback system.

Includes verification of game task results, automated assessment, and personal
comments from the teacher. It is important to ensure regular analysis of achievements
and mistakes for learning correction.

Inclusion of different types of games according to the content and complexity of
the topics.

For example, for studying mechanics — laboratory simulations, for optics —
quests with tasks, for studying electricity — role-playing games with electrical circuit
modeling.

4. Evaluation of the effectiveness of practical methods.

The successful application of gaming technologies in distance learning of
physics i1s confirmed by increased student interest, activated thinking, and natural
involvement in the learning process. Effectiveness i1s demonstrated through improved
test results, increased self-control, and cooperation in groups.

At the same time, moving the learning process to a virtual environment requires
adapting gaming approaches, focusing on interactivity, and ensuring motivation
through pedagogical strategies, as discussed in the following sections.

Assessing the effectiveness of game technologies in distance learning physics is
crucial for determining their impact on the quality of knowledge acquisition, skill
development, and student motivation. In the context of distance education, where the
teacher has no direct physical contact with students, it is especially important to use
systematic and diverse methods of control and self-control that help to objectively
assess learning achievements and maintain student activity.

Control methods in the game-based learning process

1. Automated testing and online surveys: the use of tests integrated into the

learning platform allows for quick assessment of the level of mastery of specific topics
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or concepts. Game elements can be used to create adaptive tests that adjust to the
student's level, increasing interest and eliminating formal completion.

2. Monitoring progress in interactive games and simulators: gaming platforms
such as PhET or proprietary developments record completed tasks, correctness of
decisions, time spent on game quests, and number of attempts. These indicators allow
the teacher to analyze not just the result, but the process of learning the material.

3. Analytics of student behavior in the system: collecting data on participation
in discussions, debates, and online projects helps identify active and passive students.
Teachers can draw conclusions about motivation and engagement based on these
metrics.

4. Written assignments and projects related to game topics: after a game session,
students can complete analytical tasks, reflections, and explain their decisions, which
allows for a deeper understanding of their comprehension of the material.

5. Synchronous monitoring via video conferencing: during online classes, the
teacher can organize live discussions, oral surveys, and practical demonstrations with
game elements for quick assessment of knowledge.

Self-monitoring methods in game-based learning

1. Built-in feedback tools: game modules often include mechanisms for instant
notification of correct answers, hints, and explanations of mistakes, allowing students
to assess their own level of mastery of the material immediately while completing the
task.

2. Self-assessment and reflection journals: students keep records of their
achievements and difficulties and plan their next steps. This develops self-regulation
and critical thinking skills.

3. Personal progress systems: displaying progress in the form of graphs, badges,
and levels allows students to see their own development, set goals, and adjust their
learning strategies.

4. Mutual control: through group game tasks and discussions, students mutually
evaluate each other's work, which develops communication skills and enhances

responsibility.
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Features of assessment in distance game-based physics education:

« It is important to combine quantitative (tests, game activity statistics) and
qualitative methods (reflections, comments, oral answers).

* Ensuring transparency of assessment criteria helps students navigate
requirements and maintains their motivation.

 Assessment should consider not only the result, but also the learning process,
including activity, initiative, and the ability to analyze mistakes.

« It is important to integrate traditional control methods with innovative gaming
practices to avoid formal completion and promote a deep understanding of physics.

Thus, the methodically sound use of gaming technologies in distance learning of
physics contributes not only to the acquisition of subject knowledge, but also to the
development of critical thinking, creative abilities, and social competencies of students,
which fully meets the requirements of the modern educational paradigm.

The introduction of gaming technologies into the distance learning process in
physics, despite its obvious advantages, is accompanied by several significant
problems and challenges. These shortcomings relate to technical, pedagogical, and
psychological aspects, as well as organizational factors. Examining each of them
allows us to better understand the limits of the application of gaming technologies and
develop specific strategies to overcome them.

1. Technical and resource limitations: First and foremost, distance learning relies
on the quality and availability of information and communication technologies for
students and teachers. Gaming technologies require a stable internet connection,
modern devices (computers, tablets), and appropriate software.

Insufficient technical equipment: Not all students have constant access to high-
speed internet or computers with sufficient performance. This limits the possibilities
for implementing complex interactive games and simulations.

Teachers' lack of skills in working with game resources: a significant proportion
of teachers in educational institutions do not have the necessary level of digital
competence to adapt and create game models.

Software limitations: many high-quality gaming platforms are commercial,
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which creates financial barriers to their widespread implementation. There is also no
universal platform that fully meets the specifics of teaching physics, considering all
pedagogical requirements.

Compatibility parameters: gaming software may be incompatible with different
operating systems or devices, which complicates its use in heterogeneous learning
groups.

2. Psychological and pedagogical problems: gaming technologies have
undeniable potential for increasing motivation and interest, but their effectiveness
largely depends on the personal, age, and psychological characteristics of students.

Decreased self-discipline and organizational skills of students: in a distance
learning format, when there is no direct control by the teacher, some students tend to
be passive, even if they have access to game tasks.

Vulnerability to distractions and absences: Game formats that require active
interaction can be challenging for students with low attention spans or self-organization
difficulties.

Variety of motivational profiles: for some students, the game format is attractive
and stimulates learning, while others may perceive it as fun, a frivolous approach to
the learning material, or even an additional burden.

Psychological pressure and competition: Game elements with rankings and
scores can cause stress for some students, hindering their learning or demotivating
them.

Limitations for students with special educational needs: Some game formats may
not be sufficiently adapted for students with visual, hearing, or motor impairments, as
well as for those who need special support in their learning.

3. Limitations in quality control and assessment of results: assessment in
distance game-based learning has its own characteristics, which sometimes complicate
the full control of students' knowledge and skills.

Risk of formal completion: students may “complete” game tasks without
understanding the material or performing them mechanically, which leads to a high

number of errors in assessing real knowledge.
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Difficulty in taking individual progress into account: automated systems often
focus on standard answers, ignoring depth of understanding or creative approaches to
problem solving.

Lack of live interaction during assessment: without direct dialogue, it is difficult
to identify the causes of errors and provide immediate support and correction, which
can reduce the effectiveness of learning.

Problems with confirming authorship: in a remote format, it is difficult to
guarantee that the work was done by the student and not someone else, or that
prohibited sources were not used.

4. Potential for reduced academic depth and oversimplification of content: The
use of gaming technologies is often associated with the optimization of complex
educational material to make it more accessible and appealing. This can lead to:

« the formation of stereotypes and superficial understanding (simplifying
physical laws and models in the game for “quick learning” sometimes does not reflect
all the nuances, so students may have a distorted view of complex phenomena);

« restriction of critical thinking (if the game is focused on template answers and
does not encourage experimentation and deep analysis, it can hinder the development
of analytical skills);

* loss of educational value (the game may be perceived as entertainment rather
than a serious form of learning, which reduces the student's responsibility for the
results).

5. Organizational and methodological challenges:

Insufficient training of teachers in the development and integration of game
technologies into the educational process, leading to fragmented and ineffective
application.

Problems with adapting the curriculum to game-based methods, especially in the
context of strict academic programs and standards.

Lack of uniform methodological recommendations and standardized criteria for
evaluating the results of game-based learning in physics.

Given the above shortcomings and challenges of implementing game
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technologies in distance learning in physics, comprehensive strategies need to be
developed to overcome them. These strategies should cover technical, pedagogical,
psychological, and organizational aspects and aim to create a supportive, inclusive, and
effective learning environment.

1. Technical support and improving digital literacy

Providing access to appropriate equipment and the internet (collaborating with
government agencies, educational institutions, and sponsoring organizations to create
programs to provide students and teachers with the necessary digital devices and stable
internet connection. This may include distributing tablets, laptops, or mobile internet,
especially to students in rural or low-income areas).

Developing and using lightweight, cross-platform software products
(introducing game modules that run in a web browser and do not require powerful
resources, and that can be easily integrated into learning platforms such as Microsoft
Teams, Moodle, and Google Classroom).

Improving the digital competence of teachers and students (organizing regular
training sessions and educational webinars aimed at mastering the technical means of
game-based learning, methods of their application, and managing the learning process
in a remote format).

2. Methodological techniques for maintaining motivation and self-discipline:

Developing motivation systems with flexible game mechanics. Introducing
gamification models that include not only rewards (points, levels, badges), but also
individual achievements, social recognition, and opportunities for self-realization. It is
important to apply a differentiated approach to consider the characteristics of different
groups of students.

Setting clear goals and expectations. Before the start of the course, it is
recommended to familiarize students with the expectations and rules of working in a
gaming environment, as well as with the assessment criteria, which will help to form a
responsible attitude towards learning.

Develop a schedule and routine with clear deadlines. Regularity and structure in

the learning process help students organize their activities, stay motivated, and avoid
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procrastination.

3. Adaptability and individualization of the learning process:

Creation of multi-level game tasks and modules (to consider the different levels
of student preparation, game scenarios are developed with gradual complexity,
allowing each student to develop at their own pace).

Use of analytics systems to monitor learning (analysis of collected data on
student performance and activity allows teachers to identify problem areas in a timely
manner and adjust individual learning paths).

Inclusiveness and social support (introduction of flexible options for adapting
game elements to special educational needs, as well as the involvement of assistants
and psychological and pedagogical support when necessary).

4. Improving the quality of assessment and comprehensive evaluation:

A combined approach to assessment (combining automated game tests with
traditional forms of assessment (essays, projects, oral responses) provides a more
complete picture of students' knowledge and skills).

Use of formative and summative assessment (formative assessment, which takes
place throughout the learning process, allows for prompt feedback and work on
mistakes, while summative assessment evaluates the results to determine whether the
set goals have been achieved).

Identifying authorship and preventing academic plagiarism (using authentication
systems, video monitoring, or assignments that involve individual creative components
that make cheating or outside help difficult).

5. Development of teachers' professional competencies:

Continuous professional development (recommend that teachers regularly
improve their competencies in distance learning pedagogy and game-based methods
by participating in seminars, conferences, and online courses).

Exchange of experience and cooperation (creation of platforms within
educational institutions or professional communities for discussing best practices,
developing teaching materials, and exchanging game resources).

Integration of the teacher's role as a facilitator (the teacher should act not only
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as a source of knowledge, but also as a coordinator and motivator who supports the
student, helps them navigate game tasks, and adapts the process to the needs of the
group).

6. Development and implementation of methodological recommendations and
standards:

Standardization of game materials and processes (definition of clear criteria for
the quality of game modules, their compliance with educational goals and state
curricula).

Methodological guidelines and recommendations (creation of collections, step-
by-step instructions for teachers on the organization, implementation, and evaluation
of game technologies).

Continuous monitoring and research of effectiveness (conducting scientific
research, analyzing feedback from participants in the educational process with the aim
of continuously improving game approaches).

The comprehensive application of these measures creates conditions for the most
effective use of game technologies in distance learning of physics, significantly
increasing motivation, improving the quality of material assimilation, and contributing
to the formation of key competencies of students in the digital age.

The introduction of gaming technologies in distance learning of physics opens
wide opportunities for increasing motivation, stimulating cognitive activity, and
developing deep competencies in students. Theoretical foundations and practical
examples demonstrate their effectiveness, provided that the right tools are selected and
individual characteristics and organizational aspects are considered.

At the same time, there are technical, psychological, and methodological
challenges that require a systematic approach and the integration of additional support
techniques. Overcoming these challenges requires technical infrastructure,
professional training for teachers, the development of adaptive models, and a

comprehensive assessment system.
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Future trends in the application of artificial intelligence (Al) in distance learning
of physics open up new horizons for personalizing game scenarios, automatically
analyzing errors, and forming an adaptive learning experience.

Al allows you to create game models tailored to the individual characteristics of
each student. By analyzing learning style, pace of learning, and typical errors, the
system can automatically adjust the level of difficulty of tasks and select topics or
formats that are interesting to a particular student, which increases motivation and
learning effectiveness. For example, neural networks can generate unique storylines or
tasks based on the user's interests and previous experience.

Intelligent systems are capable not only of identifying students' mistakes, but
also of analyzing their root causes in detail — whether they are errors in understanding
theory, incorrect application of formulas, or logical miscalculations. Based on this, Al
generates adaptive feedback, offering explanations, hints, or additional learning
resources. This approach helps students better understand their gaps and overcome
them more effectively.

Al contributes to the creation of a system that dynamically adapts to the student's
needs, considering their emotional state, interests, level of preparation, and pace of
learning. This can be implemented through adaptive educational platforms with built-
in game elements that change the course and complexity of the learning process in real
time, ensuring an individual approach.

For example, during virtual lab work, the system can offer additional
experiments to those who quickly master the material or provide simplified options to
those who need more time and support.

The benefits include a significant increase in the effectiveness of distance
learning, a reduction in the workload for teachers (automatic analysis and support),
deep individualization of learning, and the development of critical and creative
thinking through interactivity.

However, the implementation of these systems requires consideration of
challenges such as personal data protection, the need for high-quality algorithms and

rich data, as well as ongoing pedagogical support to prevent excessive mechanization
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of the learning process.

Modern tools, such as Al-based platforms, use machine learning algorithms to
create adaptive tests, intelligent simulators, and personalized game courses.
Educational webinars and seminars also highlight the role of Al in gamifying learning,
creating interactive learning programs with creative projects and multi-level adaptive
tasks.

In general, gaming technologies should become one of the key components of

innovative distance learning that meets the requirements of modern education.
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