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Abstract

This article analyzes the forms and methods of teaching topics in the
Electrodynamics section in the context of modern physics education.
Electrodynamics is one of the most conceptually complex sections of the physics
course, since it includes abstract and indirectly observable phenomena such as
electric field, electric current, voltage, resistance, electric circuits, magnetic field,
and electromagnetic induction. Therefore, the organization of effective teaching
requires the purposeful integration of traditional, interactive, experimental, problem-
based, project-based, and digital forms of learning. The article substantiates that the
effectiveness of teaching electrodynamics depends not only on explaining physical
laws and formulas, but also on involving students in observation, modeling,
experimentation, comparison, analysis, and scientific conclusion-making. Special
attention is paid to the role of digital educational tools, virtual laboratories,
interactive simulations, multimedia resources, electronic assignments, and
diagnostic assessment in improving students’ conceptual understanding and
practical skills. The study proposes a methodological sequence for teaching
electrodynamics topics based on problem situation, theoretical explanation, digital
modeling, real or virtual laboratory work, practical assignments, reflection, and

diagnostic assessment.
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Introduction

The modernization of physics education requires the improvement of teaching
forms and methods in accordance with the demands of digital transformation,
competence-based education, and student-centered learning. In this regard, the
Electrodynamics section occupies a special place in the physics curriculum. It
introduces students to the laws and concepts related to electric and magnetic
phenomena, electric current, electric field, electric circuits, electromagnetic
induction, and the practical application of electrical energy [1; 2].

Teaching electrodynamics is methodologically complex because many of its
concepts are abstract and cannot be directly observed by students. For example,
electric field lines, charge interaction, current distribution in a circuit, magnetic flux,
and induction current are not visible in everyday experience. As a result, students
often memorize formulas without deeply understanding the physical meaning of the
processes. This creates the need to use teaching forms and methods that connect
theoretical knowledge with practical activity, visualization, modeling, and
experimental verification.

In modern educational practice, the teaching of electrodynamics should not be
limited to oral explanation, textbook reading, and formula-based problem solving. It
should be organized as an active learning process in which students observe
phenomena, put forward assumptions, perform experiments, change parameters,
analyze results, and draw conclusions. Therefore, the effective teaching of
electrodynamics requires the integration of lectures, practical lessons, laboratory
work, independent learning, group work, project-based tasks, digital modeling, and

diagnostic assessment [3; 4].
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The purpose of this article is to analyze the main forms and methods of teaching
topics in the Electrodynamics section and to substantiate their methodological
significance in the development of students’ conceptual understanding, practical
skills, and scientific thinking.

Literature Review

The issue of improving physics teaching methods has been widely discussed in
pedagogical and methodological research. Modern studies emphasize that effective
science education should be based on active learning, experimentation, inquiry,
problem solving, and the integration of digital technologies into the educational
process.

In the context of digital education, international reports and studies indicate that
technology should be used not as an additional visual element, but as a pedagogically
meaningful tool that supports learning objectives, student activity, feedback, and
assessment. The UNESCO Global Education Monitoring Report 2023 emphasizes
that the use of technology in education should be appropriate, equitable, evidence-
based, and focused on improving learning outcomes [3]. The OECD Digital
Education Outlook 2023 highlights the importance of developing a digital education
ecosystem that includes infrastructure, digital content, teacher competencies,
learning management systems, and assessment tools [4].

The TPACK approach also has methodological significance for teaching
physics. According to this approach, effective teaching requires the integration of
technological, pedagogical, and subject-specific knowledge. In teaching
electrodynamics, this means that a physics teacher should select digital tools not
randomly, but in accordance with the scientific content of the topic, the didactic
purpose of the lesson, the level of students’ preparation, and the expected learning
outcomes [5; 9].

Research on virtual laboratories and interactive simulations shows that these

tools are especially useful for teaching physical processes that are difficult to observe
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directly or reproduce safely in a traditional classroom. In electrodynamics, virtual
laboratories make it possible to construct electric circuits, change resistance and
voltage values, observe the dependence of current on circuit parameters, and model
electromagnetic induction [10; 11; 12].

At the same time, scientific literature emphasizes that virtual laboratories
should not completely replace real experiments. Real laboratory work develops
students’ practical measurement skills, experience in working with physical devices,
and understanding of experimental errors. Virtual laboratories, on the other hand,
allow students to repeat experiments, change parameters quickly, visualize invisible
processes, and compare theoretical predictions with modeled results. Therefore, the
integration of real and virtual experiments is considered one of the most effective
approaches in teaching electrodynamics [11; 13; 14].

Methodology

The methodological basis of this article is formed by the analysis of
pedagogical, methodological, and digital-didactic approaches to teaching
electrodynamics. The study uses theoretical analysis, comparative analysis,
pedagogical generalization, modeling, and methodological interpretation.

Theoretical analysis was used to examine scientific and methodological sources
related to physics teaching, digital education, interactive learning, virtual
laboratories, and diagnostic assessment. Comparative analysis made it possible to
compare traditional and modern forms of teaching electrodynamics. Pedagogical
generalization was used to identify the main methodological conditions for effective
teaching of electrodynamics topics. Modeling was applied to develop a
methodological sequence for organizing lessons in the Electrodynamics section.

The research was guided by the following questions: what teaching forms are
most appropriate for the Electrodynamics section; which teaching methods
contribute to deeper conceptual understanding of electrodynamics topics; how

traditional and digital teaching tools can be integrated; what methodological
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sequence can be used to teach electrodynamics effectively; and how diagnostic
assessment can be organized in electrodynamics lessons.

Based on these questions, the article analyzes the forms and methods of
teaching electrodynamics from the perspective of student activity, visualization,
experimentation, independent learning, and assessment.

Results

The analysis shows that teaching topics in the Electrodynamics section should
be organized through a combination of different forms of learning. Each form
performs a specific didactic function and contributes to the development of students’
knowledge, skills, and competencies.

The results indicate that the teaching of electrodynamics becomes more
effective when theoretical explanation is combined with experimental work,
interactive tasks, digital visualization, and reflective assessment. In addition to
teaching forms, the correct selection of methods is essential. Electrodynamics topics
require methods that help students understand cause-and-effect relationships,
analyze physical quantities, and interpret the meaning of mathematical formulas.

The findings show that no single method can ensure complete understanding of
electrodynamics. The most effective approach is the integrated use of several
methods depending on the content of the topic, students’ level of preparation, and
lesson objectives.

Table 1

Main Forms of Teaching Topics in the Electrodynamics Section

Teaching Methodological
Content Expected result
form function
Explanation
Formation of
Lecture of laws, Students understand the
theoretical o . _
lesson concepts, and scientific basis of the topic
knowledge
formulas
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Solving

. problems and | Application of .
Practical _ Students develop calculation
analyzing formulas and _ .
lesson . and analytical skills
physical laws
situations
Performing Connecting
Laboratory ' . Students develop
real or virtual | theory with . _
work ' ' experimental skills
experiments | practice
' Discussion, | Activating o .
Interactive ' Students participate actively
questions, students’ . _
lesson o in learning
group tasks thinking
Working with .
o Developing
Independent | digital ' Students strengthen
_ self-learning o _
learning resources and ' individual learning
. skills
assignments
Creating
. models, Developing
Project-based . Students connect knowledge
_ reports, or creativity and ' _ o
learning with real-life applications
mini-research | research skills
tasks
Using
simulations, | Visualizing .
o S o Students gain deeper
Digital lesson | multimedia, | invisible _
. conceptual understanding
and virtual processes
labs
| Testing, N |
Diagnostic . Identifying Students analyze their own
reflection, '
lesson learning progress
and feedback

https:// journalss.org/index.php/luch/

407

Yacmo-71 Tom-5 Hionv-2026



https://scientific-jl.com/luch/

ISSN:
3030-3680

JAVYUYIUIHE HHTE/UVIEKTYAJIBHBIE HCCIE/JOBAHUA

outcomes and

CITrors

Table 2
Effective Methods for Teaching Electrodynamics Topics
Application in
Teaching method Didactic effect
electrodynamics

Explanation method

Explaining electric field,
current, voltage, resistance,

and induction

Provides basic theoretical

understanding

Demonstration

method

Showing electric circuits,
magnetic effects, and

induction phenomena

Strengthens visual

perception

Problem-based

learning

Asking questions such as
“Why does current
decrease when resistance

increases?”’

Develops critical thinking

Experimental method

Measuring current,

voltage, and resistance

Forms practical laboratory

skills

Modeling method

Modeling electric circuits
and electromagnetic

induction

Helps visualize abstract

Processes

Interactive method

Group discussion, concept
mapping, and peer

explanation

Increases student

engagement

Project method

Designing simple electric
circuits or energy-saving

models

Develops creativity and

practical thinking
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. ' Electronic tests, rubrics, Identifies learning
Diagnostic method

and reflection tasks difficulties and progress

Discussion

The teaching of electrodynamics requires a transition from reproductive
learning to active, inquiry-based, and digitally supported learning. In traditional
teaching, students often receive ready-made formulas and solve standard problems.
However, this approach may not always develop deep conceptual understanding. For
example, students may know Ohm’s law mathematically but may not fully
understand how voltage, resistance, and current are interrelated in a real circuit.

A more effective approach begins with a problem situation. For instance, before
explaining Ohm’s law, the teacher may ask: “Why does the brightness of a lamp
change when resistance in the circuit is increased?” This question creates cognitive
interest and prepares students for theoretical explanation. After that, the teacher
introduces the law, explains the physical quantities, and demonstrates the
relationship using a real or virtual circuit.

Digital modeling plays an important role in this process. In a virtual laboratory,
students can change the resistance or voltage and immediately observe the change
in current. Such activity helps students understand that a formula is not only a
mathematical expression but also a reflection of a real physical relationship. This is
especially important in topics such as electric field, circuit laws, magnetic field, and
electromagnetic induction.

The laboratory method remains one of the central methods in teaching
electrodynamics. Real experiments develop students’ ability to use measuring
instruments, assemble circuits, record results, and consider measurement errors.
However, virtual laboratories make it possible to repeat experiments safely, quickly
change parameters, and observe processes that are difficult to demonstrate in a
traditional laboratory. Therefore, the integration of real and virtual laboratory work

1s methodologically justified.
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Interactive methods also have significant importance. Group work, discussion,
peer explanation, concept mapping, and problem-solving activities help students
express their ideas, compare different explanations, and correct misunderstandings.
In electrodynamics lessons, interactive methods are useful for analyzing circuit
diagrams, comparing series and parallel connections, explaining magnetic effects of
electric current, and interpreting induction phenomena.

Independent learning should also be systematically organized. Students may be
given electronic assignments, simulation-based tasks, video analysis, problem sets,
and short research projects. Independent work should not be limited to reading and
memorization. It should require students to observe, compare, calculate, model, and
conclude.

Table 3.

Methodological Sequence for Teaching Electrodynamics Topics

Teacher Student
Stage Tools Result
activity activity
_ Presents a _ o
Creating a Question, Cognitive
real-life or Expresses . o
problem video, motivation is
experimental | assumptions
situation demonstration | formed
problem
Explains
Analyzes and | Board, Theoretical
Theoretical | concepts, _ .
_ asks presentation, | knowledge is
explanation laws, and
questions textbook formed
formulas
Guides Changes .
) o . |Physical
Digital simulation or | parameters Simulation, _
process is
modeling virtual and observes | virtual lab
. understood
experiment results
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. Measures, _
Real or Gives . Practical
records, and | Devices,
virtual laboratory . skills are
. compares virtual lab
experiment task developed
data
. Provides Solves, Worksheet, Analytical
Practical . o
o problems and | calculates, electronic thinking 1s
application .
applied tasks | draws graphs | task developed
. Gives Identifies '
Reflection _ Learning
feedback and | errors and Test, rubric,
and ' . outcomes are
diagnostic draws LMS
assessment ' evaluated
tasks conclusions
Conclusion

The teaching of topics in the Electrodynamics section requires the purposeful
integration of various forms and methods of instruction. Lecture lessons, practical
classes, laboratory work, independent learning, interactive activities, project-based
tasks, digital modeling, and diagnostic assessment should be organized as
interconnected components of a unified methodological system.

The study shows that effective teaching of electrodynamics depends on the
correct combination of explanatory, demonstrative, experimental, problem-based,
interactive, modeling, project-based, and diagnostic methods. These methods help
students understand abstract physical concepts, visualize invisible processes, apply
formulas meaningfully, conduct experiments, analyze results, and make scientific
conclusions.

Digital educational tools, virtual laboratories, and interactive simulations
significantly enrich the teaching of electrodynamics. However, their effectiveness
depends on pedagogical purpose, methodological design, and integration with real

laboratory activity. Digital tools should not replace the teacher or the real experiment
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completely; rather, they should expand the methodological possibilities of physics
teaching.

Thus, teaching electrodynamics through modern forms and methods
contributes to the development of students’ conceptual understanding, experimental
competence, independent learning skills, analytical thinking, and scientific
worldview. The improvement of teaching methodology in the Electrodynamics
section is therefore an important condition for increasing the quality and
effectiveness of physics education in the digital educational environment.
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