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THE POTENTIAL OF VIRTUAL AND AUGMENTED REALITY
TO IMPROVE BLENDED LEARNING
IN GENERAL SECONDARY EDUCATION

Abstract. Immersive technologies, such as virtual
(VR) and augmented (AR) reality, have become one of the
most important new tools in education. Their introduction
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into blended learning in general secondary education
opens up significant opportunities for improving the quali-
ty of the educational process, but at the same time poses
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a number of challenges for teachers and schools. This ar-
ticle analyzes the impact of immersive technologies on the
effectiveness of blended learning, in particular, assessing
their impact on student motivation and interaction. The
article discusses approaches to the use of virtual and aug-
mented reality in blended learning, methods of integration
into the educational process, and describes cases of using
immersive technologies to increase the interactivity of the
educational environment.

The research results show that immersive technolo-
gies contribute to deeper learning, increase student mo-
tivation, and create interactive educational environments
where each student can freely interact with learning ob-
Jects, regardless of the physical limitations of the real
world. Virtual reality allows for the creation of training
simulations that help students practice skills in a safe
environment, while augmented reality enriches learning
materials with visual elements that promote a better un-
derstanding of complex concepts. Particular attention is
paid to the impact of these technologies on ensuring active
interaction between students and teachers, which is one of
the biggest challenges of blended learning.

At the same time, the article discusses the challenges
that arise when introducing immersive technologies in

secondary schools. These include the high cost of equip-
ment, technical difficulties associated with setting up and
operating VR and AR, and the need to train teachers in
new methods of working with these technologies. In ad-
dition, the article emphasizes the importance of further
research aimed at assessing the long-term impact of im-
mersive technologies on learning outcomes, developing
methods for adapting VR and AR to various educational
programs, and studying the social and psychological as-
pects of using immersive environments in education.

In general, the article emphasizes the significant
potential of immersive technologies in blended learning,
while emphasizing the need for a comprehensive approach
for their successful implementation. Investments in equip-
ment, training, and curriculum adaptation are critical to
maximizing the effectiveness of these innovations in the
educational process. The paper provides recommenda-
tions for the optimal use of VR and AR in educational
practice to create a more engaging and effective learning
environment that promotes both academic and personal
development of students.

Key words: immersive technologies, blended
learning, general secondary education institutions, educa-
tional innovations, virtual and augmented reality.
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MOTEHIIAJ
BIPTYAJIbBHOI TA JOIIOBHEHOI PEAJIBHOCTI
JNJISI TOKPAIIEHHSA 3MIIIAHOI'O HABUAHHSA
B 3AKJIAJIAX 3ATAJIBHOI CEPEJHBOI OCBITH

Anomauin. Y cmammi cxapaxmepuzo8ano imepcueii
mexnonoeii, a came sipmyanvy (VR), donoeneny (AR) ma
smiwany (MR) peanvricme. /losedeno, ujo 6oHU HUHI € 00-
HUM I3 HAUGANCIUBIUUX HOGIMHIX [HCIMPYMEHmMIE Yy cepi
oceimu, adoice IXHE BNPOBAOIICEHHA Y 3MIUIAHE HABYAHHS 8
3aK1a0ax 3a2anbHoi cepeOHbOl 0c8imu He auue 8iOKpU8ae
SHAUHT MONCIUBOCTT O/l NIOBUWEHHS AKOCTE OCBIMHbO2O
npoyecy, a i cmasums neped Yuumenimu ma 3aKiaoamu
3a2anbHOI CepeOHbOl 0C8IMU HUBKY GUKIUKIS.

Ilpoananizosano eénaue imepcusHux mMexwonoz2iti Ha
ehexmuenicms 3MIUAHO20 HABYAHHS, 30KpeMd 30illcHe-
HO OYIHKY IXHbO2O 8NAUBY HA MOMUBAYIIO MA 83AEMOOTIO
yunie. Oxpecieno nioxoou 00 GUKOPUCTNAHHS GIPIYANbHOT
ma OONOBHeHOI peanrbHOCmi y 3MIUAHOMY HABUANHI, Me-
moou inmezpayii 8 0C8iMHIl npoyec, a MaKoH#c ONUCAHO
Keucu BUKOPUCTANHS IMEPCUBHUX MEXHON02IU 01 Ni0GuU-
W eHHsl IHMepaKmMuBHOCMI 0CBIMHbO2O cepedosuULd.

Ha ocnosi nasenux pesynomamis 00cniodxcenv 00-
6€0€HO, W0 IMepCUBHi MexXHON02ii CHpUaAlms IPYHINOG-
HIWOMY 3ACBOEHHIO Mamepiany, NiOGUUEHHIO MOMUBayii
VUHIB, CMBOPIOIOMb THMEPAKMUBHI OCGIMHI cepedosuuyd,

0e KOXCeH YueHb MOXce BiIbHO 83AEMOOIAMU 3 HABYAIb-
HUMU 00 '€Kmamit, He3aNed’CHO L0 (DI3UYHUX 0bMediceHb
peanvHozo ceinmy. 36epHeHo yeazy Ha me, Wo 8ipmyanvHa
DeanbHICmb Q0380JIA€ CMEOPIOGAMU HAGUALbHI CUMYIAYILL,
wo 0onoMazarms YUHAM NPAKMUYHO IONpaybos8y8amu
HABUYKU 8 De3neyHux ymosax, mooi Kk OONOBHeHd pedib-
Hicmb 30a2auye HABUANLHI Mamepianu Gi3yalbHUMU elle-
MeHmamu, aKi CHpUsitoms KpAuWoMy PO3YMIHHIO CKAAOHUX
xonyenyiti. Ocobnusa ysaea npuoiisnemvcs 6NIAUGY O3HA-
YEeHUX MEXHONO2I Ha 3a0e3neueHHs. AaKMUGHOI 63aeMo0il
MIIC VUHAMU MA BUKIAOAYAMU, WO € OOHIEW 3 HAUOIIb-
wWux npoonem sMiUaHo20 HA84UAHHSL.

OOTpyHmMo6ano GUKIUKY, WO BUHUKAIOMb Y NpOYeci
BNPOBAOICEHHS IMEPCUBHUX TEXHONO02I Y 3a2albHOOC-
BIMHIX WIKOLAX, A came: 00pO208APMICHICMb 0OIAOHAH-
Hsl, MeXHIYHI MpPYOHOWI, NO6 SI3aHI 3 HANAULIMYEAHHAM
ma excnayamayieio VR ma AR, HeoOXiOHicmb HAGUAHHS
BUKIAOAYI8 HOBUM MEeMOOUKAM podOmuU 3 YUMU MexHON0-
eismu. Jlosedeno sasxcaugicmos NOOANbUUX OOCTIONCEHD,
CNPAMOBANHUX HA OYIHKY 00820CPOKOBO20 GNIUBY IMep-
CUBHUX MEXHONO02I HA HABUATIbHI pe3yibmamul, po3pooKy
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Mmemooux adanmayii VR ma AR 0o piznux oceimmuix npo-
2PAM, a MAKOHC HA OOCTIONCEH S COYIANbHUX MA NCUXOLO0-
2IYHUX ACNEKMIE BUKOPUCAHHS IMEPCUBHUX CepedosULY )
HABYAHHI.

3axyenmosaro yeazy Ha 3nauHoMy nomenyiani imep-
CUBHUX TNEXHONO2I V 3MIWAHOMY HAGYAHHI, B0OHOUAC
nioxkpecuioyu HeoOXioHicmb KOMNIEKCHO20 NioXody 0.
ix ycniwmoeo enposadocenns. Ineecmuyii 6 061a0HAH-
M5, Ni020MOBKY Kaopié ma adanmayiro HaeyaibHUX npo-
2pam € KpUmuyHO 8AANCIUBUMU O/l 300e3NeUeHHs MAKCU-
MAnbHOI ehekmuenocmi 8UKOPUCMANHA YUX THHOBAYIN 8
oceimnvomy npoyeci. Hazonoweno ma onmumanbHomy
suxopucmanni VR ma AR 6 oceimuiti npaxmuyi 3 memoio
Ccmeopentst Oinbll 3aXONII0I0U020 MA Pe3yIbMaAmueHO20
HABUANLHO20 CepedosUwld, WO CNPUAE K AKAOEMIYHOMY,
max i 0coOUCMICHOMY PO3BUMKY VUHIB.

Knrouoei cnosa: imepcusni mexunonoeii, smiwiane Ha-
BUAHMHS, 3AKIAOU 3A2ANbHOI CepeOHbOl 0C8imu, 0CGImHmi it-
HoBayii, 8ipMyanvbHa ma 0ONOBHEeHA PealbHiCHb.

Problem statement. The introduction of immersive
technologies into blended learning in general secondary
education is a complex process associated with numerous
challenges that need to be addressed. Virtual reality
(VR) and augmented reality (AR) have the potential to
dramatically change the approach to learning, creating a
more interactive and engaging educational environment.
However, their implementation in practice faces a number
of challenges.

Immersive technologies such as VR and AR reality
require significant resources to implement. The main
challenges include the high cost of equipment, technical
difficulties in use, and the need to train teachers and
students in new technologies. Many general secondary
education institutions do not have sufficient funding or
technical capabilities to integrate VR and AR into their
educational programs.

Despite these challenges, the integration of virtual
and augmented reality into the educational process is
relevant and necessary for general secondary education
institutions. Immersive technologies can make learning
more interesting, visual, and personalized. Students
can directly interact with the learning material, which
contributes to a deeper understanding and assimilation of
knowledge. This is especially important for disciplines
that require visualization of complex processes or objects,
such as chemistry, biology, physics, and others.

One of the main problems with blended learning is
the lack of interaction between students and teachers. Due
to partial distance learning, students often feel isolated
and uninvolved in their work. Immersive technologies can
help overcome this problem by creating an environment
in which students can actively interact, work in virtual
groups, and participate in simulations and experiments.

In online education, it is difficult to ensure high
student motivation, especially if the educational process
does not provide a sufficient level of interactivity. The
lack of personal contact with teachers and other students
often leads to a decrease in interest in learning. Immersive
technologies can change this situation, as they create a
more immersive learning experience that encourages
students to be active learners. However, in order to
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achieve this effect, it is necessary not only to introduce
technologies, but also to provide teachers with appropriate
training for their effective use.

In general, the introduction of immersive technologies
in blended learning in general secondary education has
great potential, but requires overcoming a number of
financial, technical, and organizational barriers. It is
important not only to provide access to technology, but
also to create conditions for its effective use in order to
increase student motivation and ensure deep interaction in
the learning process.

Analysis of research and publications. Immersive
technologies are becoming increasingly popular in the
educational environment. Modern research highlights
several approaches to their use. The most common is the
use of VR to study complex subjects such as anatomy,
physics, or chemistry, where interactive simulations allow
students to immerse themselves in the material. Augmented
reality, in turn, is actively used to improve interaction
with educational materials, particularly in science and
engineering disciplines. A review of publications shows
that both technologies are being actively implemented
both in the formal educational environment and for
extracurricular activities. The article (Slobodianyk, 2021)
analyzes in detail the domestic and foreign experience of
using these technologies in the educational process.

World practices of blended learning demonstrate
significant success in combining traditional methods
with the latest technologies. Studies have shown that
combining face-to-face classes with virtual laboratories
allows students to consolidate theoretical knowledge
in practice, which is particularly effective in the natural
sciences. Developed countries are actively implementing
VR and AR to create interactive environments that allow
students to experiment, collaborate, and explore material
in innovative ways (Alam, Hasan, Faiyaz, Bhuiyan, Joy,
Islam, 2019; Fitria, 2023; Lee, 2012).

Immersive technologies have become an integral part
of educational strategies in these countries, contributing
to the individualization of learning and increasing its
effectiveness. In a collective monograph (Litvinova,
Soroko, Batsenko, ets, 2023), the authors note that VR and
AR can be successfully used to individualize learning in
Ukrainian schools and to adapt blended learning methods
to the needs of modern students, and present models of AR/
VR learning environments, classification and principles of
their use, pedagogical conditions for implementation, and
criteria for evaluating effectiveness and safety.

The purpose of the article. The purpose of this article
is to determine the impact of immersive technologies on
the effectiveness of blended learning in general secondary
education institutions. Particular attention is paid to the
study of the possibilities of using virtual and augmented
reality to improve the educational process and increase
student engagement in the learning process. The article
aims to assess both the benefits and challenges associated
with the introduction of immersive technologies, in
particular in ensuring interactivity, individualizing
learning, and increasing student motivation.

In addition, the problems that arise during the
implementation of such technologies, including technical,
financial and organizational barriers, are considered, and
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possible ways to overcome them are suggested. Evaluation
of the effectiveness of immersive technologies will
allow further development of recommendations for their
successful integration into the educational process, which
will contribute to creating a more engaging and effective
learning environment for students.

Summary of the main research material. The use
of virtual reality (VR) in blended learning aims to create
conditions for in-depth and interactive learning. One of the
main approaches is to use VR for simulations that allow
students to interact with objects or environments that are
not available in real life. For example, in science courses,
students can go on virtual expeditions to places they would
not be able to physically visit or conduct experiments that
would not be possible in a regular classroom due to safety
or financial constraints.

Another approach is to create virtual laboratories
where students can experiment, conduct experiments,
and learn from their own mistakes in a safe environment.
This allows not only to study the material on a theoretical
level, but also to gain practical experience that increases
understanding of the subject and stimulates interest in
learning.

To successfully integrate immersive technologies into
the educational process, several methods should be used
to maximize student engagement. First, using a blended
approach that combines traditional lectures and classes
with VR and AR elements allows students not only to
receive information but also to actively apply it in practice.
It is also important to ensure that teachers are adequately
trained to work with immersive technologies, as they are
key players in the implementation of such innovations.

Summarizing the results of the teacher survey
(Luparenko, Lytvynova, Pinchuk, Sokoliuk, 2022), it
can be argued that the pedagogical community of
general secondary education institutions demonstrates
a high readiness to master augmented and virtual reality
technologies. This is due to the urgent need for high-
quality digital educational content that simultaneously
helps to increase students' motivation to learn and provides
effective teaching tools.

Second, it is necessary to introduce training and
methodological support for teachers aimed at developing
practical skills in working with immersive technologies.
Such programs will help teachers integrate VR and AR
into the classroom, using them as a means to explain
complex concepts and stimulate student interest.

To successfully integrate immersive technologies into
the educational process, several methods should be used
to maximize student engagement. First, using a blended
approach that combines traditional lectures and classes
with VR and AR elements allows students not only to
receive information but also to actively apply it in practice.
It is also important to ensure that teachers are adequately
trained to work with immersive technologies, as they are
key players in the implementation of such innovations.
Another important method is to integrate VR and AR into
students’ project work. By completing projects using VR
or AR, students can create their own virtual models, study
historical events or natural phenomena, and present their
results in a virtual environment. This encourages students
to think critically, be creative, and work collaboratively.

Platforms such as zSpace (https://zspace.com), Labster
(https://labster.com), AR Book (https://arbook.info), and
Mozaik Education (https://www.mozaweb.com) are
actively used to integrate VR and AR into the learning
process, allowing students to work with virtual models
and conduct experiments in a safe environment.

Augmented reality is already being actively used
in many schools to increase the interactivity of learning.
For example, in biology classes, students can use AR
applications to view three-dimensional models of human
organs, study their structure and functions. This allows
them to better visualize complex anatomical structures
and understand the principles of their work. Similar tools
are offered by the AR Book platform (https://arbook.info/),
which allows the creation and use of interactive lessons
using AR content, which significantly improves the
quality of teaching and student comprehension. Another
example is Mozaik Education (https://ua.mozaweb.com/),
which provides teachers with ready-made AR tools for
interactive learning of various disciplines and creating
engaging lessons.

Another case study involves the use of AR in
geography, where students can view interactive maps,
observe changes in terrain, climate, or natural resources in
real time. This provides a more visual approach to learning
the material and contributes to its better assimilation.
Resources such as Nearpod VR (https://nearpod.com)
help teachers integrate AR into their classes to improve
the visualization of learning material.

Immersive technologies also create the conditions
for a more personalized approach, where each student can
work at his or her own pace, repeat the material or delve
into aspects that are particularly interesting to him or her.
This makes learning more adaptive and effective, taking
into account the individual characteristics of students and
contributing to their personal development.

Conclusions. The introduction of immersive
technologies in blended learning in general secondary
education institutions demonstrates significant potential
for improving the educational process. Virtual and
augmented reality create opportunities for deeper learning,
increased student motivation, and the development of
an interactive approach to learning. Students are able to
interact with learning materials on a deeper level, which
helps improve understanding and retention of information.

At the same time, there are certain challenges
associated with the introduction of immersive technologies,
including the high cost of equipment, technical difficulties,
and the need for teacher training. To successfully integrate
VR and AR into the educational process, it is important to
address these issues and provide the necessary resources
and infrastructure.

In general, immersive technologies have the potential
to become an effective tool in the educational process,
providing students not only with knowledge but also
with important skills such as critical thinking, creativity,
and teamwork. The introduction of VR and AR into
educational practice can significantly improve the quality
of education, but this requires a comprehensive approach
that includes investments in equipment, training, and
adaptation of educational programs.

Prospects for further research. Further study of
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immersive technologies in education requires a detailed
analysis of their long-term impact on students' learning
outcomes. It is important to investigate how virtual and
augmented reality affect the depth of learning, the retention
of knowledge in long-term memory, and overall learning
success over time. Such research will help us understand the
effectiveness of these technologies at different stages of the
educational process and help us determine the best strategies
for their use.

It is also important to develop methods for adapting
immersive technologies to different educational programs.
Immersive technologies have great potential for integration
into various disciplines, and research should focus on
identifying the most effective ways to use VR and AR in each
specific subject. This will allow for the creation of adaptive
educational programs that take into account the specifics of
each discipline and provide the best results for students.

Particular attention should be paid to the use of immersive
technologies for students with special education needs.
Virtual and augmented reality can greatly improve access
to learning for students with physical, sensory, or cognitive
difficulties. It can also help learners with learning disabilities
better understand abstract concepts through visualization and
interactivity. Research should determine which approaches
are most effective for different categories of students with
disabilities, as well as how to adapt immersive technologies to
create an inclusive learning environment.

A separate area for further research concerns the social
and psychological aspects of using immersive environments
in education. It is important to study how such technologies
affect social interaction between students, the development
of communication skills, and the emotional state of students.
This will help develop tools that ensure not only academic
success but also a positive social and psychological experience
for each student, creating a more harmonious and supportive
learning environment.
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