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Abstract

Relevance. In modern education, much attention is paid to the development of critical thinking and cognitive skills of
students, including the ability to spatial reasoning. This is important for the successful mastery of subjects, especially
physics, where understanding of three-dimensional objects and phenomena is of key importance.

Purpose. The purpose of this study is to create a methodology for teaching physics with an emphasis on the development
of students’ spatial imaginations. To test the effectiveness of the developed methodology, an experiment was conducted
to assess the level of spatial imagination development of the participating students and to compare the results before and
after the application of the methodology.

Methodology. One of the key methods developed by the study is the use of visualizations and three-dimensional models
in the learning process.

Results. The main results of this study are related to the development of methodological recommendations for teaching
physics based on the active development of students’ spatial imaginations. This allows students to better understand
abstract physical concepts, such as the structure of an atom or vector operations, through visual images. The study also
identified effective techniques for developing students’ spatial abilities. These include the inclusion of three-dimensional
puzzle elements in assignments or solving problems involving the construction of spatial models, which helps students to
better understand the geometric relationships and interactions of bodies in space. In addition, the importance of using
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interactive teaching methods, such as conducting virtual experiments or discussing three-dimensional simulations, was
identified as contributing to a deeper understanding of the material.

Conclusions. The practical significance of this study is to provide a specific methodology for physics teachers, which
will optimize the learning process, increase students’ understanding of the theory and develop their spatial imagination

more effectively.

Keywords: educational process; cognitive skills; data visualization; interactive learning; conceptualization.

Introduction

Teaching physics is a complex process, as it involves not
only the transmission of information about physical
phenomena and laws, but also the development of various
cognitive skills in students. Cognitive skills cover a wide
range of abilities, including the ability to analyse
information, make decisions, and understand abstract
concepts. In the context of physics, cognitive skills are
particularly important because physics is a science that
requires students to think abstractly, see relationships
between different phenomena, and use mathematical and
logical models to explain and predict physical processes.
One of the key aspects influencing the successful
acquisition of physical concepts is the development of
students’ spatial imaginations. In the context of physics,
where three-dimensional models, vectors, graphs, and
diagrams are often used to visualize physical phenomena,
the development of spatial imagination is essential for a
deep and complete understanding of the material.

The problem of this study is the lack of attention to the
development of spatial imagination in students in various
physics education programmes. In modern education,
considerable attention is often paid to the acquisition of
theoretical knowledge and concepts, but spatial skills, such
as the ability to analyse three-dimensional objects and
represent them in space, remain relatively underestimated
and undeveloped. Thus, it is necessary to improve the
educational process by integrating specially designed
methodological approaches aimed at developing students’
spatial imaginations, which will increase their level of
understanding and mastery of physical concepts and their
ability to solve problems in physics.

Other authors have also analysed problems in this area,
one of which is the insufficient effectiveness of methods
and approaches for the development of methodological
competence, especially of physics teachers. Raising this
issue, A.Kh. Sarybayeva et al. [1] analyse various
approaches and tools used to assess and develop
methodological skills, focusing on the analysis of current
trends in physics teaching and the identification of
effective strategies to improve the quality of student
learning. At the same time, G.B. Nafasova and B.S.
Abdullayeva [2], studying the same issue, focus on the
formation of a scientific and scientific world-view in
physics teachers. The authors conclude that the formation
of this competence in physics teachers will further improve
the quality of teaching and provide a deeper and more
systematic understanding of physical concepts among
students. However, despite the valuable results of the
study, the authors did not consider the use of modern
educational technologies, such as virtual reality, artificial
intelligence, interactive applications, in the context of
developing physics teachers’ competence. This aspect is
quite important, since modern technologies have great

potential for creating learning tools that can stimulate
students to be active and participate in interactive tasks.

The problem of ineffective methods and approaches in
teaching physics is relevant due to the need to effectively
develop students’ intuitive imagination, which plays a key
role in understanding complex physics concepts. The study
by J. Gao et al. [3] presents an interesting approach,
proposing the design of a learning model focused on the
intensive development of intuitive imagination using
NetPad technology. This can greatly increase students’
interest in learning physics and help them to understand
abstract physics concepts more deeply. On the other hand,
the work of M.R. Rahman et al. [4] focuses on the creation
of physics learning materials using the problem-based
learning methodology. This approach encourages students
to actively search for and solve problems, which
contributes to the development of critical thinking skills
and analytical competence. This methodology can also
contribute to deeper learning and increase student
motivation to learn. At the same time, the authors’ research
did not address the issues of evaluating and monitoring the
effectiveness of the proposed methods in a real educational
environment. Understanding how the methods interact
with teachers, how they are accepted by students, and how
well they adapt to the learning process is also an important
aspect to consider when developing and implementing new
educational approaches.

Another problem in this area is the lack of attention to
approaches to developing students’ critical thinking. M.
Jamil et al. [5] draw attention to the importance of
developing this skill in the context of physics. Their study
analyses existing programmes and teaching methods, but
does not delve into specific approaches and technologies
that contribute to the development of this important
competence. Another issue that requires further research is
the development of effective multimedia physics learning
modules based on multi presentation. The work of R.B.
Prahastiwi and Z. Zain [6] points to the importance of such
modules for facilitating the understanding of complex
physics concepts, but does not fully analyse their
effectiveness and impact on the development of critical
thinking in students.

The main problem existing in the field under study is
the need to improve the efficiency of physics teaching
through the use of modern educational technologies. In this
context, it is worth noting the study by V.A. Drougas and
S.Z. Bin-Tabhir [7], which presents an innovative approach
to the use of real 3D models to improve students’ critical
thinking creativity, personal receptivity, and learning
ability. N.A. Shektibaev and T.E. Torekhan [8] consider
the use of computer models as a means to improve the
effectiveness of physics teaching. This problem was also
studied by B. Arymbekov and K. Turekhanova [9],
analysing the use of augmented reality in physics teaching
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as a tool for intellectual teaching. However, these studies
do not address the issues of integrating new technologies
into the educational process, preparing teachers to work
with them, and evaluating their effectiveness in terms of
learning and student outcomes.

The analysis revealed the potential for improving
modern educational technologies for teaching physics by
developing students’ critical thinking, creativity and
analytical skills. However, there are still unaddressed
problems of educational methods. Thus, the main goal of
this paper is to create methodological tools that will
improve the quality of physics teaching by focusing on
spatial visualization skills. The main objectives are to
study the theoretical foundations of spatial thinking and its
relationship to the understanding of physical phenomena;
to identify the key aspects of spatial thinking that affect the
successful learning of physics; to analyse existing
approaches and methods of teaching physics with regard to
the development of spatial

Materials and methods

To test the developed methodology for the development of
spatial imaginations, an experimental study was
conducted, including a questionnaire and statistical
analysis of the data. To evaluate the effectiveness of the
developed methodology, the study used an experimental
design, which included teaching students using the new
methodology and comparing its effectiveness with
traditional teaching methods. The study was conducted at
5 universities in Kyrgyzstan, including B. Osmonov Jalal-
Abad State University, Kyrgyz-Uzbek University, Osh
State Pedagogical University, Osh State University, Osh
Technological University named after M.M. Adyshev, and
Osh State University. To implement the study, specialized
teaching  materials were developed, including
methodological manuals, assignments, tests and practical
tasks aimed at developing students’ spatial thinking.
Modern educational technologies, visualization and
interactive teaching methods were also used to ensure more
effective learning. The experiment was organized as part
of the educational process, which made it possible to take
into account the real conditions and context of the new
methodology in educational practice.

The study collected data on the development of
students’ spatial imagination, including the results of
special tests and questionnaires aimed at assessing the level
of spatial thinking. The level of understanding of physical
concepts and students’ ability to apply them to solve
problems were also analysed. In addition, the teachers who
used the developed methodology provided data on the
course of study and the results of students’ performance in
the context of the development of spatial imagination. The
sample for this study was formed from students of five
universities in Kyrgyzstan. From each university, 50
students were selected, studying in the 1st-4th year of
study, for a total of 250 participants. The sample was
drawn in such a way as to take into account the diversity of
educational levels and age groups, including both junior
and senior students. A random sampling method was used
to form the sample, which ensured the objectivity and
reliability of the research results. To analyse the data, the
study used a Student’s t-test. This statistical method was
used to calculate the average level of spatial imagination

development in students in the experimental and control
groups. Comparison of the average values before and after
the introduction of the new methodology allowed us to
determine the effectiveness of the training. Correlation
analysis was also used to determine possible links between
the level of understanding of physical concepts and the
development of spatial thinking. Graphical representation
of the data was used to visualize changes in students’
performance after the application of the new teaching
methodology.

The participants were divided into two groups: an
experimental group (students of B. Osmonov Jalal-Abad
State University, Kyrgyz-Uzbek University) — 100 people,
where the new methodology of developing spatial
imagination was applied, and a control group (students of
Osh State Pedagogical University, Osh State University,
Osh Technological University named after M.M.
Adyshev) — 150 people, where traditional approaches to
teaching physics were used. Students in the experimental
group were taught using the developed methodology,
which included steps to develop spatial imagination,
including solving spatial imagination problems, using a
systematic approach and visualizing concepts through
graphs and diagrams. They also participated in interactive
activities and practical exercises to improve their
understanding of the material. Students in the control
group continued their studies using the traditional
methodology. The experiment was divided into several
stages. At the first stage, the initial level of knowledge and
skills of the students was assessed. This was followed by
training, including theoretical study of the material,
interactive classes, practical exercises and game
techniques. The training lasted 3 months. At the end of the
training, a control test was conducted, where students from
both groups took tests and solved problems to compare
their performance before and after the training. Thus, the
combination of different methods of scientific knowledge
has revealed the potential of the new methodology to
improve students’ ability to think spatially and solve
problems.

Results

Spatial thinking is a complex cognitive process that not
only allows a person to navigate in three-dimensional
space, but also includes the ability to perceive three-
dimensional shapes, estimate distances, predict the
movement of objects and manipulate them in space. This
process is based on a set of neurophysiological and
cognitive mechanisms that allow us to integrate sensory
information and form an idea of the three-dimensional
structure of the world around us. Spatial reasoning has a
wide range of applications, from everyday tasks such as
navigating in space and solving geometric problems to
complex scientific disciplines, including physics. In the
context of physics, spatial reasoning plays a key role in
understanding and interpreting three-dimensional concepts
such as the motion of bodies, the interaction of forces and
energy transformation.

The analysis of the theoretical foundations of spatial
thinking and its relationship to the understanding of
physical phenomena has revealed key aspects that
influence the successful learning of physics. One of these
aspects is the ability of students to visualize abstract
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concepts and transform them into concrete images. This
ability plays an important role in the learning of physics.
For example, when students study vectors and directional
quantities, they are faced with abstract concepts. Students
with developed spatial reasoning can easily visualize the
direction and length of a vector on a three-dimensional
plane, which helps them to concretize these abstract
concepts. If we consider a velocity vector in physics, a
student with developed spatial reasoning can visualize this
vector as directed from an initial point to an end point,
which allows them to better understand its physical nature
and application in problems [10]. Another example can be
found in the study of electric fields. Students with
developed spatial reasoning can easily imagine the lines of
field voltage and visualize how they are distributed in
space. This allows them to understand the interactions
between charges and how electric fields are formed in
different conditions. For example, they can easily visualize
an electric field around a charged body or between two
charges, which helps them to better understand the
physical processes involved in electrostatics.

Another important aspect of spatial reasoning is related
to understanding the relative position and orientation of
objects, which is important when studying physical
phenomena such as electromagnetism. For example, when
analysing a system of magnetic and electrical elements,
students need to understand how they are located relative
to each other, as this directly affects their interaction and
the way the fields change [11]. Representing the directions
of forces, positions of objects, and trajectories of charges
is an important part of the analysis. Students with
developed spatial reasoning have the ability to easily
imagine these relationships and visualize the processes of
interaction between system elements. For example, they
can imagine a magnetic field around a conductive coil with
a current and determine the direction of the Lorentz force
acting on a moving charge in this field.

Spatial reasoning plays a significant role in the analysis
of visual information, especially in the study of optics. It
makes it easy to analyse light ray diagrams that show the
directions of reflection or refraction of light on different
surfaces [12]. If a student looks at a graph of light rays
incident on a mirror surface, they can visualize how the
light rays are reflected at a certain angle and what changes
occur to their direction after reflection, thanks to their
spatial thinking. Students can also analyse light refraction
graphs through optical media with different refractive
indices, which helps them understand how the path of light
changes when it passes from one medium to another. In
addition, spatial reasoning plays an important role in
analysing optical phenomena such as diffraction and
interference. If considering the study of the three-
dimensional structure of an interference grating as an
example, it is possible to note that students with developed
spatial reasoning are able to visualize this structure and
understand how changes in the distance between the slits
affect the interference pattern. By analysing the changes in
light intensity on the screen when the grating or diffraction
slit parameters are changed, thanks to their spatial
imagination, students can clearly see how changes in the
grating structure affect the interference result, which
allows them to better understand the principles of light
diffraction and interference [13]. Thus, the development of

spatial thinking in students is a key factor for the successful
learning of physics material, as it provides an opportunity
for a deeper understanding of three-dimensional objects
and phenomena, and contributes to a more effective use of
visual teaching methods and understanding of physical
concepts.

This study analysed existing approaches and methods
of teaching physics that can be used to develop students’
spatial imaginations, which helped to identify optimal
teaching strategies. One of these methods is the use of
three-dimensional models and visualizations. The use of
visual aids in physics education through interactive
simulations and virtual laboratories is a modern technique
that allows students to gain a deeper understanding of
physical concepts. This technique includes the use of
software tools such as computer simulations, visualizations
of physical processes, and interactive applications [14].
For example, virtual laboratories allow students to
experiment with different conditions and system
parameters, observe changes in real time, and analyse the
results. Technologies used in this methodology include
virtual reality (VR) software, animation tools, computer
simulations of physical phenomena, and other
visualization tools. This not only makes learning more
engaging and accessible, but also contributes to students’
deeper understanding of spatial concepts, and

The methodology of working with tasks and exercises
in teaching physics is aimed at developing students’ spatial
thinking by solving problems that require the analysis of
three-dimensional images and configurations of objects.
This includes tasks for plotting the trajectories of bodies,
considering the spatial arrangements of a system of bodies
in different conditions, and analysing the three-
dimensional relationships between objects [15]. Such
exercises not only help students develop skills in
perceiving and analysing spatial objects, but also
contribute to a deeper understanding of physical laws, as
they require the application of theoretical knowledge in
practice and develop the ability to apply it to real-life
situations. This methodology also involves the use of
different types of tasks with a gradual increase in
complexity, which allows students to gradually deepen
their knowledge and skills in spatial thinking and physics.

The active learning methodology includes a variety of
techniques aimed at actively engaging students in the
learning process. This includes organizing group
discussions where students exchange opinions, analyse
problem situations and find solutions together. Another
important element is the collective solution of problematic
tasks that require a non-standard approach and the use of
spatial thinking [16]. During such classes, students learn to
develop strategies for collaboration, analysis and critical
thinking, which contributes to a deeper and more
comprehensive understanding of spatial concepts in
physics. This methodology also promotes the development
of communication skills, independence, and confidence in
their knowledge, which is important for the successful
adaptation of students to complex physics tasks and
situations.

The use of multimedia resources in physics education
covers a wide range of tools aimed at visualizing and
explaining complex concepts. It includes not only video
lectures and animations, but also interactive presentations,
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simulations and virtual laboratories. Video lectures allow
teachers to demonstrate concepts in practice, review
examples and explain theoretical aspects. Animations and
interactive presentations help to visualize processes that
cannot be observed in real time or at scale, such as the
interaction of molecules in thermodynamic phenomena or
electromagnetic waves [17]. These resources make the
material more accessible and understandable for students,
improving their spatial thinking and promoting deeper
learning. In addition, multimedia materials make the
learning process more interactive and engaging, which
stimulates students’ motivation to learn and actively
participate in the learning process. In general, the use of
multimedia resources not only improves the quality of
learning, but also contributes to the development of key
skills necessary for the successful mastery of physics
concepts.

In addition, gaming technologies and educational
games are an effective tool in physics education. They

allow students to participate in interactive scenarios where
they can interact with physical phenomena and laws
through game mechanics. This approach stimulates active
student participation and increases the level of interest in
learning physics, as it makes the learning process more
interesting and engaging [18]. Within the framework of
gaming technologies and educational games, students can
experiment, make assumptions and observe the results of
their actions, which contributes to a deeper and more
conscious learning of the material. In addition, such
methods combine learning and entertainment, which
creates a positive environment and helps reduce stress,
which in turn contributes to more effective learning. Based
on the data obtained, we developed methodological
recommendations (Table 1) aimed at the effective
development of students’ spatial imagination, which in
turn contributes to a deeper and better learning of physical
concepts and phenomena.

Table 1. Methodological recommendations for teaching physics with an emphasis on the development of spatial

imagination
Stage Objective Implementation steps
Define the
I. Preparation ov;ral} - the main topics and concepts of physics to be ipcludeq in the curriculum; .

’ objectives of the | - to assess the level of students’ prior knowledge in physics (introductory testing).

programme
- theoretical lectures, during which the teacher explains the basic physical laws

Introduci and phenomena;
bz;z [l)ll(;}lfr;gcs - uselof video lectures W@th visual demonstrations, animations, and graphs to
concepts and explain compl;x concepts in a clear way; . .

IL. Theory Jaws through - use of special software and tools to create animated models of physical
visualizations phenomena; I . . . .
and animated - showmg anlmathns during lectures or in the form of videos to visualize
models 111ustrat1.or.15 of physwal processes; . . .

- Explaining relationships and principles by demonstrating changes in animated

models when parameters or conditions change.

- creation of virtual laboratory scenarios involving various physical phenomena
Conducti and processes;
Vi?trilalllc e - conducting e)fperimepts with the ability to change parameters, conditions and
laboratory work 0bserv§ Fesults in real tlme; . . . . .

IIL. Virtual | to study physical | - p.r(.)\{ldmg students Wlth the opportumty to actlvely 1nteract. with virtual

experiences | phenomena and facilities, such as changing parameters, starting and stopping experiments;

- support for interactive functions such as interaction with objects, measurement

IV. Interactive
game scenarios

!aws thrlough of parameters and data generation;

interactive . . . . .

simulations - collecting and analysing data obtained as a result of virtual experiments;
- Discussion and interpretation of the results obtained in the context of the
physical concepts and laws studied.

Use of - development of game scenarios in which students have to solve problems and

. conduct experiments related to physical phenomena;
educational

games and game
scenarios to

- use of gamification to motivate students and create interesting educational tasks;
- incorporation of elements of three-dimensional modelling, route planning or
spatial puzzles into game tasks;

V. Collective
research of
physical
phenomena

consolidate - creating an interactive environment where students can interact with objects,
knowledge . ; S )

conduct experiments and see the results of their actions in real time.
Organizing - providing tasks requiring analysis of spatial configurations and relationships

group classes to
teach students
through
discussion of
physical
concepts and
solving problems

between objects;

- conducting group problem-solving exercises aimed at developing spatial
thinking and the ability to see relationships;

- facilitating the exchange of ideas and experiences between group members to
enrich their knowledge and understanding of the topic;

- organizing discussions and debates to stimulate critical thinking and analysis of
physical phenomena.
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requiring spatial
thinking

Summarizing
and assessing
progress

VI. Conclusion

- Conducting final tests and assessing the level of knowledge and skills.

Source: compiled by the authors.

Defining the overall objectives of the programme is the
first and key step in developing a physics curriculum. At
this stage, it is necessary to identify the main topics and
concepts of physics that will be included in the curriculum.
For example, the programme may focus on the study of
mechanics, electromagnetism, thermodynamics, and
optics. Specific topics may include Newton’s laws,
electrostatics, the laws of conservation of energy and
momentum. Defining the overall objectives will help shape
the structure of the curriculum and ensure that the material
is taught consistently. Next, an important step in the
preparation is to assess the level of students’ prior
knowledge of physics. For this purpose, an introductory
test is conducted to identify students’ initial knowledge and
understanding. The test may include questions about basic
physics concepts such as force, energy, heat transfer, and
electricity. After analysing the test results, it is possible to
identify areas where students need more in-depth study, as
well as to determine their strengths in physics. This will
help to adapt the curriculum to the level of training of the
audience and make learning more effective and convenient
for students.

The introduction of basic physical concepts and laws
through visualization and animation models begins with
theoretical lectures. The teacher uses this format to explain
basic physical laws and phenomena. For example, a lecture
on mechanics may include an explanation of Newton’s
laws or conservation laws. Another important tool is video
lectures with visual demonstrations, animations, and
graphs that help to explain complex concepts in a clear
way. For example, to illustrate the law of conservation of
energy, it is possible to use an animation showing the
transformation of energy into different forms when an
object moves. A variety of technologies and software can
be used to implement this stage. For example, software
such as Blender, Autodesk Maya, Cinema 4D, and Unity
can be used to create animations and visualizations of
physical phenomena [19]. These programs provide a wide
range of tools for modelling, animating and creating
interactive scenes, making it possible to demonstrate
complex physical processes. In addition, there are
specialized platforms and software, such as PhET
Interactive Simulations, which offer interactive modelling
and simulations of physical phenomena, allowing students
to experiment and explore different scenarios [20]. Such
technologies and applications allow for the creation of
engaging and visual learning materials, contributing to a
deeper understanding of physics concepts among students.

Conducting virtual laboratory activities to study
physical phenomena and laws through interactive
simulations begins with the creation of laboratory
scenarios. For this purpose, various software tools can be
used, such as Labster, which offers a wide range of virtual
physics laboratories with the ability to interact and change
the parameters of experiments [21]. An example of a
virtual experiment is a simulation of Ohm’s law, where
students can change the resistance in a circuit and observe

the changes in current and voltage in real time. Finally,
after the virtual experiments are completed, the results are
analysed and discussed. Specialized software tools, such as
DataStudio or Logger Pro, can be used to collect and
analyse data, allowing for graphical display and analysis of
the data [22]. Discussion and interpretation of the results
takes place in the context of the physical concepts and laws
being studied, which helps students to better understand
the material and see its application in practice.

The use of educational games to consolidate knowledge
begins with the development of game scenarios in which
students have to solve problems and conduct experiments
related to physical phenomena [23-25]. For example, it is
possible to create a game where players need to control the
forces and movements of objects in space, taking into
account physical laws (a game about falling bodies under
the influence of gravity or controlling electrical circuits).
Gamification is used to motivate students and create
interesting educational tasks. It is recommended to
introduce a system of achievements, rewards, and
difficulty levels that will encourage students to actively
participate and achieve goals. In addition, game tasks can
include elements of three-dimensional modelling, route
planning or solving spatial puzzles. For example, a game
using VR technology will allow students to immerse
themselves in a three-dimensional space and interact with
objects, which will enhance learning and develop spatial
thinking.

The organization of group lessons for student learning
begins with the provision of tasks that require the analysis
of spatial configurations and relationships between objects.
Students can explore three-dimensional objects and
analyse their shape, volume, surface and other
characteristics. The task may be to determine the volume
of a complex three-dimensional figure or to find its centre
of mass. Next, group problem-solving exercises are
conducted to develop spatial thinking and the ability to see
relationships between objects. For this purpose, various
technologies can be used, such as virtual whiteboards for
teamwork on tasks or specialized software for modelling
three-dimensional spatial configurations. Organizing
discussions and debates is another method of stimulating
critical thinking and analysis of physical phenomena [26].
During such discussions, students can express their
opinions, argue their points of view, analyse data and facts,
and identify cause-and-effect relationships in physical
processes. Debates, in turn, allow students to develop the
skills of persuasive presentation, analysis of opposing
points of view and compromise, which contributes to a
deeper understanding and mastery of the concepts and laws
of physics [27; 28].

Summing up and assessing progress is the final part of
the educational process. Summative tests allow assessing
the level of knowledge and skills acquired by students at
the end of a study programme. In addition to testing, it is
also important to evaluate students’ progress throughout
the course of study. This may include regular reports on
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assignments, participation in discussions and group
sessions, and analysis of the results of virtual experiences
and game scenarios [29]. For example, students can present
their projects, give presentations, or demonstrate their
skills in analysing physical phenomena through team
research. Assessment of progress and summative
evaluation should be tailored to the objectives of the
curriculum, as well as to the specific tasks and techniques
used in physics education [30].

To test the effectiveness of the developed methodology,
this study conducted an experimental study with students
from different universities in Kyrgyzstan. The
experimental group, consisting of students from B.
Osmonov Jalal-Abad State University and Kyrgyz-Uzbek
University, was trained using a new methodology focused
on the development of spatial thinking. This methodology
included specialized teaching materials and interactive
technologies designed to improve learning and develop
skills in analysing spatial concepts. While the control
group, consisting of students from other universities (Osh
State Pedagogical University, Osh State University, Osh
Technological University named after M.M. Adyshev),
continued their studies using traditional methods of
teaching physics, which did not include new innovative
approaches and technologies. This approach allowed for a

Students of control group

—
o

O = W e v =1 0 \D

m Average test score before training

comparative analysis of the effectiveness of the new
methodology in relation to traditional methods.

The experiment collected data on the development of
students’ spatial imaginations, their level of understanding
of physical concepts, as well as pre- and post-test results.
After analysing the collected data, the following results
were revealed. Students in the experimental group who
were taught using the new methodology showed a
significant improvement in their level of understanding of
physical concepts. They learned the material better and
successfully applied it in practice, as evidenced by the test
results. The results of the study also show a significant
improvement in the academic performance of students
taught using the new methodology compared to traditional
approaches. They demonstrated higher efficiency in
solving problems related to spatial thinking, as well as a
deeper understanding of physical concepts. A comparison
of their performance before and after the training showed
a significant increase in the level of knowledge and skills
in this area. The average test score of the students before
the training was 73%, and after the training it increased to
92% (Figure 1). The experimental group also demonstrated
higher practical skills in applying spatial thinking concepts
to various tasks, including those related to physical
phenomena and relationships in space.

Students of experimental group

® Average post-training test score

Figure 1. Learning outcomes of the experimental and control groups.
Source: compiled by the authors.

The results of the data analysis clearly indicate that the
new teaching methodology has successfully coped with the
task of developing spatial imagination and increasing the
level of understanding of physical concepts among
students. The participants in the experimental group
showed significant progress in learning the material and
were more confident in applying their knowledge in
practice compared to those who were taught using
traditional methods. First and foremost, the new
methodology provided students with a wider range of
learning tools, including visualizations, interactive tasks
and modelling, which enabled them to better grasp
complex concepts and apply them in real-life situations.
The use of animations and interactive graphs allowed
students to present abstract physical phenomena and
processes in a more visual way. In addition, an important
component of the new methodology was the opportunity

for students to actively participate in the learning process.
Interactive classes, practical exercises and group
discussions contributed to a deeper understanding of the
material and encouraged students to work independently
and find solutions. It should also be noted that the use of
modern educational technologies, including online
resources and specialized programmes, enabled students to
access additional materials and exercises, which also
contributed to their learning.

Thus, the results confirm that the use of innovative
approaches in education based on interactivity,
visualization and active participation of students has great
potential to achieve higher learning outcomes and develop
key competences.
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Discussion

The analysis of the study results confirmed that the
development of spatial thinking in students is a key factor
for the successful learning of physics. This aspect provides
an opportunity for a deeper understanding of three-
dimensional objects and phenomena, and also contributes
to the effective use of visual teaching methods and a better
understanding of physical concepts. Thus, the developed
methodological recommendations based on the
development of spatial thinking have a significant potential
to improve the quality of physics teaching and stimulate
students’ interest in this discipline.

Comparison of the results obtained in the study with the
works of other authors also confirms the importance of
spatial thinking in physics education. In particular, M.
Kozhevnikov et al. [23] studied the relationship between
spatial thinking and successful problem-solving in physics.
The authors noted that students with developed skills of
such thinking have a more accurate and complete
visualization of physical objects, which significantly
contributes to the understanding of complex physical
concepts. We should agree with the authors’ conclusions,
as this hypothesis was confirmed in the results of the
experiment with students. The training aimed at
developing spatial thinking did indeed help students to
visualize three-dimensional objects and phenomena more
effectively, which had a positive impact on their ability to
understand and analyse physical concepts [31-33].

Studies conducted by E. Giannetto [24] and F. Salis
[25] focus more on the importance of visual interpretation
of physical phenomena for their deeper understanding. E.
Giannetto emphasizes in his paper that the development of
effective visualization is sufficient for the analysis of three-
dimensional objects and processes in physics. The author
argues this by analysing the evolution of visual thinking in
the physical and mathematical context from the era of
Descartes to quantum physics, as well as highlighting the
transformations in the ways of perceiving and visualizing
physical phenomena that accompanied scientific
discoveries. The work of F. Salis also emphasizes the
importance of this aspect in the study of physics, as the
ability to visualize plays a key role in understanding and
interpreting complex phenomena and patterns. We can
partially agree with the author’s conclusions. Indeed, the
introduction of visualization into the developed teaching
methodology has shown that the active use of visual
methods simplifies the understanding of complex physical
concepts and contributes to a deeper learning of the
material by students [34]. However, we should also
disagree that this is sufficient for a full understanding and
application of physical concepts in different contexts and
tasks. Visualization is an important tool, but its
effectiveness is enhanced and complemented by other
educational approaches, such as active discussion, solving
practical problems, and educational games [35; 36].

C.C. Wang et al. [26] concluded that the development
of scientific imagination is a key factor for the successful
mastery of physical concepts. Students with a more
developed scientific imagination show a higher level of
understanding and perform better in tasks requiring the
analysis and application of scientific knowledge. We
should agree with these research results, which were also
confirmed in the context of the development of a

methodology aimed at developing such imagination, as
well as the successful testing of this methodology.
However, when analysing the authors’ work, attention
should be paid to their development of special methods and
tools that can be used to measure and evaluate progress in
the development of these skills. Among these tools is the
Scientific Imagination Test, which includes -creative
problem-solving tasks and visual modelling of scientific
concepts. It should be agreed that the use of such a tool will
allow for an objective assessment of students’ ability to
apply knowledge in non-standard situations and monitor
the development of the level of visualization of complex
scientific processes.

Most authors note the need to use various technologies
in physics teaching, such as visual methods, virtual
laboratories, and educational games [37-40]. They
emphasize that these technologies can significantly
improve the learning process and increase students’
interest in physics. However, at the same time, some
researchers also emphasize that the use of technology is not
sufficient for the full acquisition of physics concepts [41;
42]. T.P. Socrates et al. [27] in their study focused on the
use of educational games in the context of ethnoscience
content. They investigate how such games can be used to
teach physics regarding students’ cultural and ethnic
backgrounds. The authors point out that a game-based
approach can make learning more engaging and fun for
students, especially when taking into account their socio-
cultural context. Although the use of educational games is
an effective method of stimulating interest and improving
understanding of physics concepts, it is still worth
disagreeing that educational games should necessarily
consider cultural and ethnic characteristics [43]. Focusing
only on such aspects can reduce the universality of games
and limit their applicability in different educational
environments. Instead, one should strive to create more
comprehensive and universal educational games that can
be adapted to different cultural contexts, but not limit
oneself to this aspect in the process of developing
educational games [44].

The work of E. Okono et al. [28] on virtual labs in
physics education found that such technologies do
contribute to improving learning outcomes. The authors
note that virtual laboratories allow students to dive deeper
into the learning material and experiment with various
physical phenomena and laws. This creates a more
interactive and engaging learning environment, which can
stimulate interest in physics and increase student
motivation. Virtual laboratories were also used in the
context of the development and testing of the new
methodology, which confirmed the effectiveness of using
modern technologies in physics teaching and demonstrated
their potential to improve the quality of education [45; 46].
But we should also agree with another conclusion of the
authors, that virtual laboratories can be especially useful in
the context of remote education, when access to real
laboratories is limited. This allows students to gain
practical experience and conduct experiments without
leaving home.

M. Arlim et al. [29] analyse the needs for interactive
multimedia materials for teaching physics based on
scientific literacy in their study. The authors use digital
technologies and multimedia approaches to create more
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interactive and engaging learning materials, which helps to
increase the level of student engagement in the learning
process. One of the key results of the study is the
identification of the need to adapt teaching materials to the
individual needs and level of scientific literacy of students.
The same conclusion was reached by P.D. Sundari et al.
[30] in their work, emphasizing that personalized
approaches make learning more effective, as they allow
teachers to better adapt to the individual needs of students
and create more accessible and understandable learning
materials for them. But this statement is only partially true.
Educational institutions do not always have sufficient
resources to adapt each learning material to the individual
needs of each student [47-49]. In addition, the individual
needs of students may be ambiguous, and in this case, it
will be difficult to take them into account in the general
methodological practice [50]. Therefore, more universal
methodologies should be developed to cover a wide range
of student needs.

L.J. Thoms et al. [31] focus on a very important issue
in this area, namely the importance of digital literacy and
competencies related to the digitalization of education in
the context of teaching and learning physics. The authors’
study emphasizes that modern technologies play a key role
in the educational process and require appropriate skills
and knowledge from teachers. Thus, we should agree with
the authors that in order to improve the digital literacy and
competencies of physics teachers, it is necessary to
organize regular trainings and seminars on the use of
modern digital tools and technologies in the educational
process, as well as to create specialized courses that will
help teachers master the basic skills of working with digital
learning platforms and programmes.

In general, the results of this study confirm the
hypothesis that the development of students’ spatial
imagination significantly affects the effectiveness of their
learning of physics. Based on the data obtained during the
analysis and experiments, it can be argued that students
with developed spatial thinking have a higher level of
understanding of physical concepts, are better able to
visualize complex physical phenomena, and, as a result,
are more successful in solving problems and applying the
knowledge gained in practice.

Conclusions

The study on the development of a new physics teaching
methodology aimed at developing students’ spatial
imagination has yielded significant results. The analysis of
these results confirmed that the emphasis on the use of
visualization, interactive simulations and virtual reality in
physics teaching methods contributes to a significant
improvement in students’ understanding of spatial
concepts.

The developed methodology is based on the active use
of modern technologies and innovative approaches to
learning. It includes the creation of interactive learning
materials using visualization, interactive simulations, and
virtual reality. These tools allow students to visualize
complex physical concepts, conduct virtual experiments
and interact with the material on a deeper level. In addition,
the methodology includes interactive classes, solving
practical problems aimed at developing students’ spatial
thinking and critical thinking. The new methodology also

makes extensive use of educational games and tasks
specially designed for in-depth study of physical
phenomena. These games not only help students learn the
material better, but also stimulate their learning motivation
and interest in the subject.

The experimental study conducted as part of this work
has confirmed the effectiveness of the new physics
teaching methodology. The introduction of modern
technologies has made it possible to create a learning
environment that is as close as possible to real physical
phenomena and processes. Students who used this
methodology showed a significant increase in their
understanding of physical concepts and academic
performance. An analysis of the results showed that the
average score of students taught using the new
methodology increased from 73% to 92%. This is a
significant performance indicator, which indicates the
positive impact of methodological recommendations based
on the development of spatial imaginations on the
educational process. However, the small scale of the
experiment and the need for additional testing methods on
a wider selection of students should be taken into account.
Thus, the use of modern technologies in physics teaching
methods has a positive impact on the educational process,
providing students with a more interactive and
understandable approach to learning complex spatial
concepts. This opens up prospects for the further
development of teaching methods using new technologies
and innovative approaches to the formation of knowledge
and skills in students.

Further research in this area could be aimed at
integrating the latest technologies, such as artificial
intelligence and machine learning, into physics teaching
methods based on the development of spatial imaginations.
The use of artificial intelligence can help automate the
process of adapting learning to individual student needs,
optimizing the content of educational materials and
creating personalized learning paths. In addition, it is
important to develop systems for assessing students’
competence that are adapted to the specifics of this
teaching methodology. This may include the creation of
algorithms and tools for assessing the level of spatial
thinking, understanding of physical concepts and students’
ability to apply them in practice. Such assessment systems
will allow not only to monitor students’ progress, but also
to identify their strengths and weaknesses, which will help
to adapt the learning process more effectively. Finally, it is
important to develop a methodology for in-service training
of teachers in accordance with this methodology. The
training of teachers should be focused on developing their
competencies in spatial thinking and the introduction of
modern educational technologies to achieve better results
in the learning process.
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AHoTAaLisA

AKTyaJIbHICTB. Y CyYacHIH OCBITI BeJIMKa yBara MPUIUIIETBCS PO3BUTKY KPUTHYHOTO MHCIICHHS Ta KOTHITHBHUX
HaBUYOK yYHIB, 30KpeMa 3JIaATHOCTI IO MPOCTOPOBOTO MUCICHHS. Lle BaXIJIMBO ISl YCITIITHOTO 3aCBOEHHSI MPEIMETIB,
0co0IMBO (Hi3HKH, A€ PO3YMIHHS TPUBHUMIPHUX 00'€KTIB i SBHUII Ma€ KIFOYOBE 3HAUCHHS.

Meta. MeToI0 TaHOTO JOCTIPKEHHSI € CTBOPEHHSI METOJIMKHA HaBYaHHS (DI3UKH 3 aKIEHTOM Ha PO3BHTOK IPOCTOPOBOI
ysiBH yuHiB. J{J151 mepeBipKH €peKTHBHOCTI PO3pO0IEHOI METOIUKH OYIIO IIPOBEICHO EKCIIEPUMEHT 3 METOIO OLIHKH PiBHS
PO3BHUTKY IPOCTOPOBOi YSIBH Y4YHIB, sIKi Opajii y4acTh y JOCIHi/DKEHHI, Ta MOPIBHSHHS pe3yJbTaTiB JIO 1 MiCis
3aCTOCYBAHHS METOHKH.

Metoauka. OHUM i3 KIIIOYOBHX METO/IIB, pO3POOJIEHUX Y JIOCIIPKEHHI, € BUKOPHCTaHHS Bi3yauizalliif Ta TPHBUMIpPHUX
MoJieNield y HaBYaJIbHOMY ITPOLIECi.

Pe3yabraTn. OCHOBHI pe3ynbTaTH JOCIIPKEHHS MOB'13aH1 3 pO3POOKOI0 METOANYHUX PEKOMEH AN 11010 BUKJIaIaHHSI
(i3UKH Ha OCHOBI aKTUBHOTO PO3BUTKY IPOCTOPOBOI ySBU CTYJCHTIB. Lle 103B0IIsIe€ yUHSM Kpalle po3yMiTH abCTpaKTHi
(i3u4HI HOHATTS, TaKi K Oy0Ba aToMa abo BEKTOPHI oreparlii, yepes BizyanbHi 00pas3u. JlociipKeHHs TaK0XK BU3HAYHIIO
e(eKTUBHI NPUHAOMH JUIS PO3BUTKY MPOCTOPOBUX 31i0HOCTEl yuHiB. Cepell HUX - BKIIIOUYEHHS 0 3aBJaHb CJIEMEHTIB
TPUBHUMIPHHX T'OJIOBOJIOMOK 200 pO3B'sI3yBaHHsI 3a/1a4 Ha M00y/I0BY TPOCTOPOBUX MO/JIEJIEH, 110 I0ITOMArae y4UHsIM Kparie
3pO3yMITH TEOMETPHYHI B3a€MO3B'S3KM Ta B3aEMOAiI0 TN y mpocropi. Kpim Toro, Oyio BH3HAU€HO BaXKIUBICTH
BHUKOPHCTaHHS IHTEPAKTUBHUX METO/IIB HAaBUYaHHS, TAKHUX SIK IPOBE/ICHHS BIpTYaJIbHUX EKCIIEPUMEHTIB 200 00TOBOpEHHS
TPUBUMIPHUX CUMYJISIIH, K TAKUX, IO CIIPUSIOTH TIHONIOMY pO3YMIHHIO MaTepiany.

Bucnosku. [Ipaktiune 3Ha4€HHS [[LOTO JIOCIIPKEHHS MOJISTA€ B HA/IaHHI KOHKPETHOT METOJIUKH ISl BUMTEINIB (Di3UKH,
sIKa JI03BOJIUTH ONTHUMI3yBaTH HAaBYAIBHHUI MTPOLIEC, TOKPAIINTH PO3yMIHHS YUHSIMU Teopii Ta e(eKTUBHIIE PO3BUBATH

IXHIO POCTOPOBY YSBY.

KarouoBi coBa: HaBYanmbHHMI TPOIEC, KOTHITUBHI HABHYKHU; Bi3yallizallil HaHUX, IHTCPAKTUBHE HABUYAHHS,
KOHIIENTYyaJli3amis.
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