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APPLICATION OF DIGITAL AND INTERACTIVE TEACHING METHODS
IN THE TRAINING OF PHYSICS TEACHERS

This article examines the role and effectiveness of digital and interactive teaching methods in the pedagogical training
of physics teachers. The main purpose of the study is to evaluate the impact of digital teaching tools on pedagogical
outcomes among students majoring in physics at pedagogical universities and practicing teachers, as well as to provide
scientifically grounded recommendations for the systematic integration of these methods into teacher-training programs.
The methodological framework of the research is based on analytical analysis, comparative approach, questionnaires,
and pedagogical observation. The empirical base consists of two main respondent groups: students specializing in physics
education and in-service physics teachers.

The results of surveys and observations show that digital simulations, virtual laboratories, and interactive platforms
significantly enhance learners’ comprehension and motivation. While the majority of participants positively assessed the
use of digital tools in the learning process, only a portion of them indicated having the skills to use these tools effectively
and systematically. The study also revealed that digital and interactive methods contribute to the development of teachers’
technopedagogical competencies, support creative and innovative approaches in lesson planning, and add dynamism and
functional efficiency to the educational process.

The article highlights the TPACK model (integration of Technological, Pedagogical and Content Knowledge) and
demonstrates that this model serves as an optimal framework for the purposeful application of digital and interactive
methods in teacher education. Based on the research results, the structuring of digital components in teacher-training
curricula, the use of virtual laboratories and simulation programs in practical sessions, as well as the establishment
of assessment and monitoring mechanisms, are considered necessary. This approach not only ensures the systematic
development of teachers’ technopedagogical skills but also supports their flexible and effective integration into the
modern learning environment.

The study also shows that the successful implementation of digital teaching methods requires methodological and
technical support, enrichment of resource bases, and the organization of continuous professional development programs.
These measures enable teachers to use digital tools purposefully, apply interactive technologies effectively during lessons,
and improve educational outcomes.

In conclusion, the article demonstrates that digital and interactive teaching methods should be regarded not merely
as supplementary tools but as strategic components in the pedagogical training of physics teachers. This approach
enhances students’ comprehension levels, develops teachers’ innovative pedagogical skills, and contributes significantly
to the modernization of the education system. The scientifically grounded recommendations presented in the article
identify important directions for the effective integration of digital methods, the application of innovative pedagogical
technologies, and the development of technopedagogical competencies of physics teachers.

Key words: digital teaching methods, interactive technologies, physics teacher education, pedagogical innovations,
technopedagogical competencies, virtual laboratories, TPACK model, simulation software, education quality, teacher
training.
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JOAATOK IUPPOBUX I JTAJTOT'OBUX BUKJTAJAIOBKUX METO/IB
B HABYAHHI YYUTEJIIB ®I3UKHU

YV yiti cmammi posensidacmvca ponv ma eexmusHicms Yugposux ma iHmMepakmueHux Memooié HAGYAHH: Y
neoazoeiunii niocomosyi euumenie Qisuxu. OCHOBHOIO MemOoI OOCTIONCEHH € OYIHKA BNIUBY YUPPOBUX HABYATLHUX
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3ac00i6 Ha nedazociuHi pezyibmamu ceped CmyoeHmis, SKi HAGUAmMbCsl 3a CNeYianbHICMIO «Di3uKa» 6 nedazociyHux
VHIgEpcUmemax, ma NPaKmuKyiouux e4umenis, a MAKONIC HAOAHHSA HAYKOBO OOIPYHMOBAHUX DEKOMEHOAyill ujo00
cucmemamuyHoi iHmezspayii yux memooi y npocpamu nio2omosku eyumenis. Memooonociuna ocHO8a 00CAIONHCEeHHS
06azyemvca HA AHALIMUYHOMY AHANI3I, NOPIGHATLHOMY NIOX00I, AHKEeMYBAHHI Mda Neoda202iYHOMY CHOCHEPEeNCeHHI.
Emnipuuna 6asa cknadaemvcsi 3 060X OCHOGHUX 2PYN PECNOHOCHMIB. CMYOEHMIS, SKI CReyianizylomvcs Ha (QisudHil
oceimi, ma guumenie QizuKu, ujo npayomy.

Pezynomamu onumysans ma cnocmepedicerv NOKA3yI0Mb, Wo yupposi cumyrayii, eipmyanvui nabopamopii ma
IHMepaKkmueHi NAamMpopmu 3HAUHO NOKPAULYIONb PO3YMIHHSA MA MOMUBAYI0 yuHi8. Xoua Oinbuicmb y4aCcHUKIE NOZUMUEHO
OYIHUIU BUKOPUCTNAHHA YUDPOBUX THCIPYMEHMIB Y HABUATILHOMY NPOYeC, Tuue YACMuHa 3 HUX 8KA3a1d HA HAABHICb
HABUYOK eheKmMU8HO20 ma CUCMeMamuyHo20 GUKOPUCHIAHHA YUX IHempymenmia. J0CniodceHHs maKoxic noKa3auo, ujo
yudposi ma iHmMepaKmusHi Memoou Cnpusiions PO3GUMKY MEXHONEOA202iUHUX KOMNEMEeHYII 6Uumenie, niOmpumyoms
KpeamueHi ma I[HHOBAYINHI NIOX00Uu 00 NIAHYSAHHS YPOKIG, A MAKOJNC 000aiomb OUHAMIZMY MA DYHKYIOHATbHOL
eexmusHoCmi HABUATTLHOMY NPOYecy.

Y cmammi sucsimneno moodeno TPACK (inmeecpayis mexnonoziunux, neoazociunux ma 3MIiCMOGHUX 3HAHb) M
NOKA3AHO, WO Y MOOelb CIY2YE ONMUMAILHOIO OCHOBOK OJi YLIeCnpAMOBAHO20 3ACMOCY8AHHA YUDposux ma
iHmepakmueHux memoodis y neoazociuniti ocgimi. Ha ocnogi pe3ynivbmamié 00CiodceHHs HeoOXiOHO CMpPYKmypysamu
YUpposi KOMNOHeHMU 6 HABUATLHUX NPOSPAMAX NIO2OMOBKU GUUMENIB, BUKOPUCTIOBY8AMU GIPMYATbHI 1aO0pamopii ma
npoSpamu MOOENO8AHHsL Ha NPAKMUYHUX 3AHAMMSX, d MAKONIC CMEOPIOSAMU MEXAHIZMU OYIHIOBAHHS MA MOHIMOPUHRY.
Taxuii nioxio e auwie 3a0e3nevye cucmemMamuyHull po36UMoK mexHoneda2o2iuHux HasU4oK 6YUMenia, aie i niOMpuUmMye
IXHIO 2HYUKY ma ehekmueHy iHmespayiro 8 Cy4acHe HA8UAIbHE CepedosULye.

JlocniooiceHHs: maKodic NOKA3VeE, ujo YCniuHe 8Npo8aoICeH A YUPposux Memooie HaGYaHHA BUMALAE MEMOOON02IYHOI
ma mexniyHoi niompumku, 30a2auenHs pecypchHux 6az ma opeauizayii npospam 6esnepepsérozo npogecitinozo
possumky. Li 3ax00u 003601510mb UUMENAM YLIECAPIMOBAHO SUKOPUCIIOBYEAMU YUDPOSI IHCMPYMeHmU, epeKmusHo
3aCcmocogysamu IHMepaKmueHi MexHoN02Il nio uac ypoKie ma nOKpaulyeamu 0CEImHi pe3yibmamu.

Ha 3aeepwenns, y cmammi nokazamo, wo yugposi ma inmepaxmugHi Memoou HAGUAHHs C1i0 PO32nsA0amu He npocmo
5K 000aMKOBI IHCMpPyMeHmu, a K Cmpameziyni KOMIOHeHmMU nedazociyHoi niocomoexu euumenie gizuxu. Taxuii nioxio
niosuUWye pigeHb PO3YMIHHA CMYOeHMI8, PO36UBAE [HHOBAYINHI Ne0Aa2o2iuHi HABUYKU BYUMENI8 Mda 3HAYHOW MIPOIO
cnpuse modepHizayii cucmemu oceimu. Hayxkoeo obrpynmosani pexomenoayii, npeocmasieni y cmammi, 8U3HA4Aioms
BAJNCIUBL HANPSAMKU eqheKmusHOl inmezpayii yughposux memoois, 3acmocysants IHHOBAYIIHUX Ne0a202iYHUX MEXHON02I

ma po36uUmKy mexHoneoazo2iuHux KOMNnemeHyil 64uumenie Qizuxu.
Knrouosi cnosa: yugposi memoou HasuamHsi, IHMepaKmueHi MexHon02ll, oceima euumenie @izuxu, neoazociumi
iHHOBayiil, mexnonedazo2iuni Komnemenyii, sipmyanvhi nabopamopii, modenvs TPACK, npoepamue 3abesneuenmns ons

MOOENIBAHHS, AKICMb 0CEIMU, NIO20MOBKA 64UMENIE.

In the modern world, the rapid development of
information and communication technologies (ICT)
leads to fundamental transformations in the field of
education. The formation of the information society
requires the restructuring of educational content, the
modernization of teaching methods based on digi-
tal approaches, and the transformation of the school
model into a flexible and innovative system. In this
regard, the application of digital and interactive teach-
ing technologies not only increases the effectiveness
of instruction but also plays a strategic role in devel-
oping 21st-century competencies — analytical think-
ing, problem-solving, digital literacy, collaboration,
and creative skills (Degtyarev, 2014: 125).

The use of digital resources increases students’
motivation, enhances cognitive activity, enables the
visualization of complex natural phenomena, and
facilitates the transfer of knowledge into long-term
memory. Therefore, modern pedagogical theory and
practice consider the systematic integration of digital,
interactive, and Al-based teaching technologies into
teacher education essential.

Educational reforms carried out in the Republic
of Azerbaijan identify the integration of digital tech-
nologies into pedagogical practice as a priority goal.

In particular, the “Artificial Intelligence Strategy of
the Republic of Azerbaijan for 2025-2028” aims to
create an Al ecosystem and develop digitally literate
and innovative human capital, which necessitates the
adoption of new pedagogical technologies in teacher
training.

Compared with other natural science subjects,
physics encompasses more complex cognitive struc-
tures because physical laws and phenomena are
abstract for students, and their demonstration in
school settings poses material-technical and safety
limitations. Therefore, traditional teaching methods
are insufficient, increasing the need for visual, inter-
active, and innovative approaches. Digital simula-
tions, virtual laboratories, interactive platforms, 3D
modelling, and Al-based personalized learning algo-
rithms address these needs (Encyclopedia of Modern
Ukraine).

Pedagogical research shows that the use of dig-
ital methods in teacher education enhances the pro-
fessional-competence of future physics teachers and
contributes to the formation of students’ scientific
worldview as well as the development of scientif-
ic-practical reasoning. Personalized learning models
adapt to students’ individual learning pace, while
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interactive activities sustain continuous cognitive
engagement.

Global experience demonstrates that in countries
such as the USA, China, Tiirkiye, Denmark, Esto-
nia, Israel, Korea, and Singapore, artificial intelli-
gence and digital technologies play a strategic role
in teacher preparation. The TPACK model (Mishra
& Koehler, 2006) enables the balanced integration of
teachers’ content knowledge, pedagogical methods,
and technological skills, thereby improving instruc-
tional quality.

International research in physics education con-
firms the effectiveness of digital simulations and
virtual laboratories. Studies using the PhET Interac-
tive Simulations platform show that interactive sim-
ulations enrich the visual representation of physical
phenomena, expand experimental opportunities, and
increase students’ interest in the subject (Perkins et
al., 2006).

Regional studies indicate that in Azerbaijan and
neighbouring countries the level of technological
literacy among physics teachers remains insufficient
(Mammadova, 2021; Aliyev, 2022). This highlights
the need for systematic and methodological integra-
tion of digital technologies into pedagogical educa-
tion.

Furthermore, interactive methods such as gami-
fication (Hamari et al., 2014), problem-based learn-
ing (Prince, 2004), experiential learning, and collab-
orative project-based approaches increase student
engagement and enrich teachers’ pedagogical rep-
ertoires. However, methodologically substantiated
research on the comprehensive integration of digital
and interactive technologies into physics teacher edu-
cation remains limited. This necessitates a broader
scientific, methodological, and practical exploration
of the topic.

Identification of open issues in the research field

Although studies on the integration of digital and
interactive teaching methods into education demon-
strate high pedagogical potential, a number of the-
oretical-methodological and practical gaps remain,
particularly in the context of physics teacher training.
Addressing these gaps requires both the deepening of
scientific approaches and the revision of methodolog-
ical mechanisms applicable in practice.

The first issue is that most existing literature inves-
tigates the pedagogical impact of digital technologies
in a general context. However, physics has specific
didactic characteristics — high abstraction, reliance
on experimentation, and multi-component content.
Therefore, the technological solutions offered are
often generic and do not fully align with the specific
nature of physics lessons. Consequently, the adequacy
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of technology-based teaching models to the content of
the subject remains scientifically under-substantiated.

The second open issue concerns the absence of
fully developed methodological mechanisms for the
systematic application of interactive tools — simula-
tions, virtual laboratories, animations, and gamified
models — in teacher training. Current practice shows
that digital tools are often applied fragmentarily, are
not aligned with learning objectives, and thus their
didactic potential is not fully utilized.

The third gap is related to the development of
techno pedagogical competencies. Although the
TPACK model (Bower, 2017; Mishra & Koehler,
2006) is based on the integration of technological,
pedagogical, and content knowledge, empirical stud-
ies measuring its real impact on physics teacher edu-
cation are limited. The methods, environments, and
sequences through which technology is most effec-
tively mastered remain insufficiently defined.

The fourth direction concerns teacher-training cur-
ricula in the region, particularly in Azerbaijan. Exist-
ing programs lack systematic methodological support
and resource provision for digital and interactive
technologies. Most training materials are theoretical
in nature, while practical application mechanisms are
underdeveloped. As a result, teachers acquire digital
skills mainly through personal initiative and non-for-
mal experiences.

The fifth open issue relates to the scientific meas-
urement of the impact of digital methods on physics
learning outcomes. Their effect on students’ academic
achievement, experimental skills, visual-conceptual
understanding, and motivation has not been compre-
hensively validated through extensive empirical data.
Therefore, the development of assessment and meas-
urement tools is required.

In conclusion, although the application of digital
and interactive methods in the pedagogical prepara-
tion of physics teachers holds significant potential,
the field still requires comprehensive scientific and
methodological investigation. Large-scale empirical
studies, new methodological approaches, and con-
text-adapted practical models can contribute substan-
tially to the digital transformation of the education
system.

Purpose and objectives of the study. The main pur-
pose of the article is to examine the application possibil-
ities of digital and interactive teaching methods in the
pedagogical preparation of physics teachers from theo-
retical and practical perspectives, to identify the mech-
anisms through which these methods influence instruc-
tional quality, and to provide scientifically grounded
methodological recommendations for their integration
into pedagogical strategies. Although virtual laborato-
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ries, simulation environments, interactive platforms, and
Al-based learning algorithms possess substantial poten-
tial, the systematic evaluation and practical implementa-
tion of this potential have not yet been fully established
from a methodological standpoint.

In accordance with this purpose, the following
objectives have been defined:

1. To analyze the theoretical foundations of mod-
ern pedagogical technologies and scientifically sub-
stantiate the innovations and pedagogical value they
bring to the teaching process.

2. To investigate the current state of digital and
interactive methods in the preparation of physics
teachers and to evaluate the place of these technolo-
gies within teacher-training curricula and the level of
methodological support provided.

3. To identify the integration possibilities of vir-
tual laboratories, simulation programs, animations,
and other digital resources, and to assess their peda-
gogical advantages such as visualization, interactiv-
ity, experimental capability, and motivational impact.

4. To examine the alignment of curricula with
digital teaching technologies, determine the level of
formation of techno pedagogical components based
on the TPACK model, and reveal existing gaps.

5. To develop a scientific-methodological model
and practical recommendations based on research
findings, forming a systematic approach to enhancing
the techno pedagogical literacy of physics teachers.

The implementation of this study will contribute
to the development of professional competencies
adapted to innovative learning environments and will
provide scientific-methodological support for the dig-
ital transformation of the teacher-training process.

Key findings

The results obtained from the conducted surveys
and observations show that:

— 80% of students evaluate digital tools positively,
yet only 40% possess sufficient skills for their effec-
tive use. This indicates high motivation but inade-
quate methodological preparedness.

— 70% of respondents reported that interactive
methods increase student motivation and enhance the
dynamism of lessons.

— Only 33% of practicing physics teachers stated
that they use virtual laboratories systematically; oth-
ers cited lack of resources and methodological sup-
port as the main limitations.

Observations confirm that teachers who use digital
tools are able to increase students’ cognitive engage-
ment and explain physical processes more clearly.
However, this practice is not widespread and is
mostly based on individual initiative rather than sys-
temic implementation.
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Scientific justification of the findings

The obtained results indicate that:

— Although interest in digital tools is high, the lack
of systematic development of techno pedagogical
skills limits their effective application.

— Despite the clear pedagogical advantages of vir-
tual laboratories, their practical use is still sporadic.

— Weak methodological support and insufficient
curriculum alignment hinder the efficient integration
of technologies into the teaching process.

— These findings are consistent with the require-
ments of the TPACK model (Mishra & Koehler,
2006), according to which effective technology use
requires not only technical knowledge but also a
well-balanced integration of technological, pedagogi-
cal, and content knowledge.

Consequently, digital and interactive teaching
methods possess significant potential in the prepara-
tion of physics teachers; however, fully realizing this
potential requires strengthened methodological sup-
port, richer resource provision, and more systematic
training programs.

Didactic potential of digital tools

The next stage of the research focused on the sys-
tematic evaluation of the didactic potential of digital
tools widely used in physics education. Within this
framework, the functionality, methodological relevance,
and integration possibilities of platforms such as PhET
Interactive Simulations, GeoGebra, Crocodile Physics,
Kahoot! Quizizz, Edpuzzle, and others were analyzed.
These tools are particularly important given their wide-
spread use in international pedagogical practice and their
considerable didactic relevance to physics instruction.

Digital tools were evaluated according to the fol-
lowing criteria:

1. Didactic Functionality. The ability of dig-
ital resources to visualize conceptual ideas, model
physical laws and phenomena, simulate experiments,
and facilitate the comprehension of complex topics.
According to this criterion, PhET and Crocodile Phys-
ics demonstrated the highest effectiveness (Encyclo-
pedia of Modern Ukraine).

2. Relevance to the Physics Curriculum. The
level of methodological integration of each tool into
physics topics and its capacity to support theoretical
and practical learning. GeoGebra is particularly func-
tional for graphical analysis and mathematical mode-
ling, while Edpuzzle is valuable for creating differen-
tiated, video-based learning environments.

3. Level of Interactivity. Tasks ensuring active
student participation, feedback mechanisms, prob-
lem-solving activities, and gamification elements.
Kahoot! and Quizizz stood out as platforms providing
high levels of interactivity and motivation.
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Observations confirm that integrating these digital
tools into physics instruction provides several signifi-
cant pedagogical advantages:

— Visualization of abstract concepts. Interactive
models help students better understand such complex
topics as electromagnetic waves, quantum phenom-
ena, superposition, and field interactions. PhET simu-
lations, in particular, exhibit high effectiveness in this
regard.

— Enhancement of experiential learning. Vir-
tual environments allow the safe execution of
experiments that are difficult or dangerous to con-
duct in real laboratories, supporting problem-based
learning and strengthening experimental thinking.
— Development of cognitive and metacognitive
skills. Dynamic models and interactive tasks stim-
ulate analytical thinking, inquiry, reasoning, and
decision-making skills — core cognitive objectives of
physics education.

— Increased motivation. Respondents noted that
interactive platforms add dynamism to lessons and
enhance student engagement through competition and
gamification. Kahoot! and Quizizz were particularly
effective in boosting motivation.

Overall, the analysis demonstrates that digital
tools significantly expand the didactic possibilities of
physics teaching, concretize abstract concepts, and
activate students’ cognitive processes. However, full
realization of this potential requires purposeful, sys-
tematic, and methodologically grounded integration
into the instructional process.

Findings and recommendations

The conducted research examined the application
of digital and interactive teaching methods in the ped-
agogical preparation of physics teachers from theo-
retical and empirical perspectives. The methodology
included analytical and comparative approaches, sur-
veys, and pedagogical observations. Participants con-
sisted of 30 physics-education students and 15 in-ser-
vice physics teachers.

Key findings

Empirical results indicate that:

— 80% of students positively evaluate the use of
digital tools, yet only 40% possess adequate skills for
effective implementation.

— 70% of respondents emphasized that interactive
methods significantly increase student motivation.

— Only 33% of practicing teachers systematically
use virtual laboratories and simulations.

These results suggest that although interest in dig-
ital tools is high, the level of techno pedagogical pre-
paredness required for their purposeful use remains
insufficient.
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Didactic potential of digital tools

Within the study, the didactic capabilities of PhET
Interactive Simulations, GeoGebra, Crocodile Phys-
ics, Kahoot, Quizizz, Edpuzzle, and other platforms
were evaluated according to three main criteria:

1. Didactic functionality: visualization of con-
cepts, modeling of physical phenomena, and simula-
tion of experiments.

2. Alignment with subject content: potential for
integrating digital tools into the structure of physics
topics.

3. Interactivity: level of student participation,
feedback, and motivational elements.

Observations showed that integrating these tools
into instruction:

— facilitates visualization of abstract concepts such
as electromagnetic waves and quantum phenomena;

— expands opportunities for experiential learning
when real laboratory resources are limited;

— develops students’ inquiry, analytical thinking,
and problem-solving skills;

— increases motivation through interactivity and
gamification.

These findings confirm the significant didactic role
of the digital environment in physics education.

Applied outcomes and methodological recom-
mendations

For the effective implementation of digital methods
in the professional preparation of physics teachers, the
following directions are of particular importance:

1. Systematic development of techno pedagogical
skills.

— Modules aimed at enhancing digital literacy and
techno pedagogical competencies within the TPACK
framework should be integrated into teacher educa-
tion programs.

— Assessment mechanisms supported by practical
training sessions should be introduced.

2. Structuring digital components in the curricu-
lum

— The use of digital tools must be aligned with
instructional objectives and supported through meth-
odological guidelines within subject curricula.

3. Working with real tools in practical settings

— Future teachers should learn to work with virtual
laboratories and interactive platforms through real
lesson models and practice-based scenarios.

4. Implementation of the TPACK model

— The TPACK approach — which ensures the inte-
gration of technological, pedagogical, and content
knowledge — should be applied as a core framework
in teacher preparation (Mishra & Koehler, 2006).

5. Strengthening methodological and technical
support
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— Continuous consultation services, resource
provision, and professional development programs
should be established for teachers.

These measures not only enhance teachers’ techno
pedagogical competencies but also improve the qual-
ity of digital instruction and accelerate adaptation to
innovative educational environments.

Future research directions

1. Updating curricula with integrated digital com-
ponents;

2. Methodological justification of digital lesson
models for physics education;

3. Strengthening facilitator training for teachers;

4. Conducting large-scale empirical studies on the
impact of digital methods on student achievement;

...............................................................................

5. Improving technical infrastructure and access
to digital resources in educational institutions.

Final conclusion

In conclusion, the systematic integration of dig-
ital and interactive teaching methods into the ped-
agogical preparation of physics teachers not only
enhances instructional quality but also ensures
teachers’ adaptation to modern educational environ-
ments and substantially contributes to the formation
of techno pedagogical competencies. Consistent
measures in this direction will provide strategic sup-
port for the digital transformation of the education
system and the development of an innovative peda-
gogical environment.
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