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USE OF AUGMENTED AND VIRTUAL REALITY TOOLS IN A GENERAL
SECONDARY EDUCATION INSTITUTION IN THE CONTEXT OF
BLENDED LEARNING

Abstract. The study examines the problem of using augmented and virtual reality in the process of
blended learning in general secondary education. Analysis of recent research and publications has
shown that the use of augmented and virtual reality in the educational process has been considered
by scientists. However, the target group in these studies is students of higher education
institutions. Most of the works of scientists are devoted to the problem of introducing augmented
reality into the traditional educational process. At the same time, the use of augmented and virtual
reality technologies in the process of blended learning remains virtually unexplored. The study
analyzes the meaning of the concept of "blended learning". The conceptual principles of blended
learning are considered. It has been found that scholars differ in their understanding of the concept
of "blended learning". Sometimes researchers distinguish between the components of blended
learning: full-time and online learning. The study presents the special advantages of blended
learning and the taxonomy of blended learning. It was found that there are some difficulties in
implementing blended learning. The article outlines the practical use of virtual and augmented
reality. The definition of augmented and virtual reality is given. The mixed reality is considered as
a separate kind of notion. Separate applications of virtual and augmented reality that can be used
in the process of blended learning are considered (MEL Chemistry VR; Anatomyou VR; Google
Expeditions; EON-XR). As a result of the study, the authors propose possible ways to use
augmented reality in the educational process. The model of using augmented and virtual reality in
blended learning in general secondary education institutions was designed. It consists of the
following blocks: goal; teacher’s activity; forms of education; teaching methods; teaching aids;
organizational forms of education; pupil activity and results. Based on the model, the methodology
of using augmented and virtual reality in blended learning in general secondary education was
developed. The methodology contains the following components: target component, content
component, technological component and resultant component. The methodology is quite
universal and can be used for any subject in general secondary education. The types of lessons in
which it is expedient to use augmented (AR) and virtual reality(VR) are determined.
Recommendations are given at which stage of the lesson it is better to use AR and VR tools
(depending on the type of lesson).
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1. INTRODUCTION

Formulation of the problem. Today, as the digital transformation of education has
become a challenge to the educational system in Ukraine, the introduction of modern digital
learning technologies and tools, in particular, the tools of augmented and virtual reality, is
among the most crucial issues. The Ministry of Health of Ukraine has announced the criteria
for the transition to distance learning during the Covid-19 pandemic. The "red" level of
epidemic danger (high incidence) implies that general secondary schools stay open provided
that at least 80% of their staff are vaccinated. Otherwise, education takes place in other forms,
including distance learning.

"Hybrid learning”, "distance learning”, "distance education”, "e-learning”, “e-
education”, "blended learning”, "distance learning" are the most common forms of learning
during quarantine restrictions around the world. All of these terms are associated with the use
of digital technology in teaching, but at the same time, "blended learning" is most commonly
used. The need for the mass introduction of blended and distance learning led to their "forced"
large-scale testing, which made it possible to identify their new features. Concepts and
techniques of blended and distance learning, which were developed much earlier, are now
useful. Cloud technologies, in particular means of communication, have made it possible to
implement blended learning technologically.

For the current generation of general secondary school pupils, the educational process
using the means of augmented and virtual reality is more understandable. Such tools are
motivating pupils in mastering new knowledge, allow the teacher to organize the learning
process, if necessary, adjust this process and monitor the success of each pupil [1]. Besides,
the use of augmented and virtual reality tools provides an opportunity to track the nature of
the pupil’s mistakes and automatically determines the type of help needed. The teacher
immediately notices the mistakes that the pupil makes. Thanks to the use of AR, VR and
teamwork, errors can be seen immediately. Not only the teacher but also other pupils can help
to correct the mistake. That is, the learning environment adapts to the level of pupils’
knowledge, their needs, acquired knowledge, experience, and speed of perception of new
material [2]. Teachers together with pupils will be able (according to the available tools) to
determine jointly the sequence and pace of learning the material.

With the promotion of distance and blended learning, teachers are more interested [3] in
new services for better perception of information by pupils. If cloud services are a tool for
blended learning, then virtual and augmented reality will help to present information in an
engaging way. Augmented reality is a tool for using and demonstrating theory during the
lesson. The use of virtual and augmented reality applications will help the teacher to illustrate
how theoretical knowledge can be used in practice. The teacher will be a tutor for pupils,
providing direction to their learning trajectory. This will help pupils find the necessary
knowledge on their own, be attentive to detail. The teacher and pupils act as members of the
same team. The use of AR / VR is used to form students' practical skills in real conditions and
life situations. It is easy to organize project activities and implement teamwork. Teachers can
start with simpler topics and gradually focus on more complex ones. AR and VR provide an
experience that pupils usually do not have access to. The latest technologies also play an
important role in educating children with physical, social or cognitive impairments.

That is, we need to work on creating new teaching methods and improving the skills of
older teachers. Limited resources in educational institutions still remain a serious problem.
However, budgets for upgrading school equipment are gradually increasing. It is important
that when choosing equipment, educational institutions pay attention to the scenarios of its
use.
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Analysis of recent sources and publications. Today, blended learning has become one
of the most popular pedagogical concepts in education. It is a process that is supported by an
effective combination of different teaching methods and learning styles. Although the concept
itself appeared in the 1960s, it was not until the 2000s that it was studied in detail and actively
implemented.

According to A. Stryuk, Y. Trius, V.Kukharenko [4], "blended learning” is a
purposeful process of acquiring knowledge, skills and abilities in terms of integration of
pupils’ classroom and extracurricular educational activities based on implementation and
mutual complementarity of traditional, electronic, distance and mobile learning technologies
in the presence of pupils’ self-control over the time, place, routes and pace of learning.

Researchers J. E. Prescott, K. Bundschuh, E. R. Kazakoff and P. Macaruso studied the
implementation of a blended learning program for literacy in a kindergarten and up to the 5th
grade in elementary school, including pupils learning English [5].

According to R. P. Murtikusuma, Hobri, A. Fatahillah, S. Hussen, R. R. Prasetyo, and
M. A. Alfarisi, the organization of blended learning using Google Classroom will diversify
the learning process, make it more engaging and enjoyable for both pupils and teachers [6].

The benefits described by L. B. Ni [7], which become available through computers and
smartphones, are relevant to both school teachers and pupils. Blended classrooms, which use
both traditional and technological teaching methods, have become the norm for many
educators. Using Google Classroom gives pupils access to online learning.

I. Melnyk, N. Zaderei, and G. Nefodova[1] conducted a study of the main features and
differences of virtual reality (VR), augmented reality (AR), and mixed reality (MR). The
scientists have considered applications of augmented and virtual reality in modern educational
process.

O. R. Oleksyuk considered the application of augmented reality technology in
education. The study [2] revealed the meaning of the concept of augmented reality and
considered the benefits of using augmented reality in the educational process. O. R. Oleksyuk
analyzes the use of individual applications for different age groups of pupils and gives
examples of the use of applications in teaching specific disciplines.

O. V. Syrovatskyi,  S. O. Semerikov,  Ye.O. Modlo, Yu.V. Yechkalo, and
S. O. Zelinska performed a historical and technological analysis of the experience of using
augmented reality tools for the development of interactive learning materials. In their study
[8] they described the software for designing augmented reality tools for educational
purposes.

V. V. Tkachuk, Yu. V. Echkalo, A.S. Taraduda, and I. P. Steblivets in the study [9]
theoretically substantiated the feasibility of using augmented reality as a means of distance
learning in quarantine. The scientists have identified a tool for visualizing laboratory
equipment, namely the mobile application Electricity AR. In [10] the elements of the
methodology of using the mobile application Electricity AR in the process of laboratory work
were developed. Since augmented reality in this paper is considered in the process of distance
learning, further research should focus on the feasibility of using augmented reality in the
process of blended learning.

According to J. J. Stephan, A. S. Ahmed, A. H. Omran [11] there is a need to improve
and develop the theory of blended learning through the use of a virtual reality environment to
make it more effective. Pupils need to be able to experience the atmosphere of the lecture and
overcome the difficulties that arise as a result of using blended or traditional learning.
Research [11] found that pupils are most bored after 10 minutes of the lecture. Adding
elements of virtual reality can add variety and thus make the lecture more interesting. In case
of missing a lecture or the need to listen to it again, pupils can access the proposed website
and view the lecture again using the virtual reality function.
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In a study by G. Thorsteinsson and T.Page [12], blended learning is seen as a
pedagogical approach. European educators in the FISTE Comenius 2.1 project have used a
number of training measures to help improve in-service teacher education. The combination
of lectures, visual diagrams, assessments and group classes today is the basis of learning in
the classroom. Blended learning is a combination of all these approaches and the use of VR
and AR.

In a study [13] K. Mumtaz, M. M. Igbal, S. Khalid, T.Rafigq, S. M. Owais, M. Al
Achhab compared the level of students’ understanding in two scenarios: class lectures and
lectures based on AR. The result showed that there is a difference between classroom teaching
and AR teaching. The AR experience has a positive effect on student learning. In addition,
students' confidence and motivation to learn are achieved.

The analysis of the existing research on the subject has shown that the idea of using the
means of augmented and virtual reality in the process of blended learning in general
secondary education remains practically unexplored. Most research relates to higher education
and vocational education.

The aim of the study. The article aims to develop and substantiate the model of using
the augmented and virtual reality tools in blended learning in general secondary education.

2. PRESENTATION OF THE MAIN MATERIAL

2.1. Conceptual principles of blended learning

Blended learning has become relevant and is actively developing, both in Ukraine and
around the world, technologies of this teaching model are being introduced, so researchers are
trying to reach a consensus in determining the characteristics of blended learning. Researchers
define "blended learning™ in different ways. Attempts by scientists to outline this concept
demonstrate their different understanding of its content. Let us consider some of the existing
views.

O. Krivonos and O. Korotun [14] understand blended learning as an educational
concept in which the pupil acquires knowledge both independently (online) and in-person
(with a teacher), which allows controlling the time, place, pace, and way of studying the
material.

M. Oliver and K. Trigwell [15] note that blended learning has certain components,
namely: a combination of face-to-face and online learning, technology, and methodology.

In their definitions, researchers believe that blended learning usually consists of two
main components: face-to-face and online learning in different proportions. If we present the
range of learning between offline and online, blended learning will be in the middle between
them (see Fig. 1).

onsite blended online

Fig. 1. The range of learning between offline and online (for blended learning)[16]
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Blended learning is a combination of a traditional environment where learning takes
place face-to-face between teachers and pupils and online learning, which allows pupils to use
learning materials without physical presence (Fig. 2) [17].

The special advantages of blended learning are:

1. There is an opportunity to create a model of the educational process (for example,
rotary, flexible, self-modified and in-depth virtual).

2. Asynchronous mode of operation.

3. The use of productive teaching methods - research methods, learning in small groups,
business games, test technologies.

4. Organization of the system of control and self-control, initial and final control of
knowledge.

5. Development and provision of meaningful learning in electronic form, creation of a
basis for independent mastering of the course.

6. Combination of lecture classes with online training and networking (consultations,
blogs, forums, chats).

There is a large number of blended learning models: simple, complex, more or less
popular, and others. Most general secondary education institutions introduce more than one
blended learning model for their pupils. In blended learning, both synchronous and
asynchronous modes of communication can be used.

Synchronous mode involves interaction between the participants of distance learning,
during which they are simultaneously in an electronic educational environment and
communicate through audio and video conferencing.

Brick-and-mortar Online learning

BLENDED LEARNING

R
| E“;Tﬂ "l
1 3 4
Rotation Self-Blend Enriched-
model model model Virtual
model

— Station-Rotation model

— Lab-Rotation model

— Flipped-Classroom model

— Individual-Rotation model

Fig. 2. Taxonomy of blended learning [17]

Asynchronous mode means the interaction between the participants of distance learning,
in which they interact with each other with a delay in time, using interactive educational
platforms, e-mail, forums, chats, social networks, and so on.

According to the Regulation on distance learning in general secondary education,
approved by the order of the Ministry of Education and Science of Ukraine of September 8,
2020, No. 1115[18], in Ukraine at least 30 percent of the study time provided by the
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educational program is organized synchronously and asynchronously during quarantine
restrictions. The teacher and the administration of the educational institution independently
determine the model of a combination of synchronous and asynchronous modes of education,
and it is possible to fill these components with educational activities in different ways. There
are certain difficulties in the implementation of blended learning, which are considered from
several sides in [10]:

Technical:

— providing participants with technologies - the step-by-step introduction of
technologies from simple to more complex;

— resisting the desire to use technology simply because it is available is an important
move.

Organizational:

— overcoming the prejudice that blended learning is not as effective as traditional
classroom teaching;

— management and monitoring of progress — all elements of blended learning must be
controlled and monitored.

Educational design:

— careful planning should determine at what stages cooperation is necessary, when to
work online and when in the classroom;

— compliance with the best delivery environment to achieve the goal - it is necessary to
carefully define the goals using Bloom’s taxonomy and only then on this basis to
determine the method of delivery;

— introduction of online interactive offers — after 10-20 minutes. Watching a video or
participating in a webinar, the pupil must complete a learning activity;

— providing participants with requirements for performance evaluation in individual
tasks and the course as a whole;

— ensuring coordination of all elements of the course — the guidelines should give
answers to standard questions, contact information, schedule, and procedure for
studying the course material.

However, there is currently a confusion of concepts. Due to the pandemic, most
Ukrainian schools were forced to implement distance or blended learning. In blended learning
there is a combination of distance and full-time work.

Therefore, virtual or augmented reality can be very relevant and necessary here. But
there is a problem of correct justified use of these technologies. This requires techniques that
should be developed and implemented in the learning process.

2.2. Practical use of virtual and augmented reality

According to study [1], virtual reality (VR) is an artificially created environment that
can be accessed using special technology. A specific property of virtual reality is considered
to be the maximum impact on most senses: touch, sight, smell, and hearing.

Augmented reality (AR) is artificial supplementing a real environment with extra
information (images, audio, etc.). On the other hand, digital technology complements the real
user environment, while virtual reality tries to completely transfer the user to an artificial
environment.

I. Melnyk, N. Zaderei, and G. Nefodova in their study [1] in a separate section
investigate mixed reality (MR), which combines augmented and virtual reality with the
physical environment. In this reality, the boundaries between these concepts are blurred.

The active use of virtual VR and augmented AR reality in different areas forms a single
reality (mixed reality, MR), in which the boundaries between augmented, virtual and physical
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worlds are blurred. Ericsson Consumer Lab’s research came to this conclusion after
examining the impact of AR and VR technologies on user habits and preferences.

The future of the physical real world will be shaped using the combined reality of MR,
based on augmented (AR) and virtual reality (VR) [1].

Let us look at some applications of virtual and augmented reality that can be used in the
process of blended learning.

MEL Chemistry VR is a course in chemistry lessons in virtual reality that corresponds
to specific topics of the school curriculum, where virtual reality turns learning into an exciting
process of learning the basics of chemistry, using scientific games and the method of
immersion. Lessons are available in English only.

Anatomy VR is a mobile learning application that presents the anatomy to the user from
a different perspective.

Using virtual reality, the user becomes part of one of the anatomical structures
(observing the processes from the inside), having the opportunity to navigate along with these
structures: blood, respiratory, digestive, urinary, lacrimal, and reproductive systems.

The application contains free access to some navigation routes in almost any of the
mentioned systems. Additional content that can be purchased is offered in the section of the
program sold through the application.

Anatomy VR can be used in two different modes: virtual reality and full-screen mode.

In virtual reality mode, a mobile device (smartphone) must be inserted into a virtual
reality gadget to master certain learning material. The user can interact with navigation
controls and anatomical information elements (by selecting one of them).

Although Anatomy VR provides the best virtual reality experience, the user can also
enjoy and learn with this mobile application in full screen without the need for a virtual reality
gadget.

Google Expeditions is an educational tool that allows you to travel in the virtual world
and explore objects in augmented reality. There are modes of studying historical monuments,
exploring objects at the level of atoms, swimming near sharks, or going into outer space.

In Google Expeditions, a teacher becomes a guide who goes on a video tour with a class
or group or shows augmented reality objects. They can use special tools for detailed study of
individual subjects. You do not have to be part of a group to immerse yourself in virtual or
augmented reality, and users can do it on their own. The application contains the following
functions:

— Explore the world around you with your phone, tablet, or virtual reality device.

— The teacher will be able to become a guide for small groups of users who connect to

your expedition from their mobile devices.

— You can join other guides’ expeditions to explore the virtual world and explore
objects in augmented reality. To do this, use, for example, glasses Google Cardboard
or Daydream.

— Connect your device to the same Wi-Fi network as the group. If the guide
downloaded the expedition, you do not need an Internet connection to participate.

— Choose expeditions from an extensive catalog - more than 800 virtual or augmented
reality video tours. Each of them consists of carefully selected materials and is
provided with descriptions, information blocks, and questions.

EON-XR is an augmented or virtual reality application equipped with features for

distance learning and training in a practical environment.

Lessons and training can be conducted in AR or VR modes either individually or in
groups, providing all the requirements for teachers, pupils, or groups of pupils.

With the EON-XR, users can quickly create compelling content on their phones, tablets,
computers, and headsets using the EON Reality library with more than 1 million digital
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assets, as well as importing or buying assets from other sources. The main characteristics of
the service are:
— creation, publication, demonstration, recording, and evaluation of lessons and their
content using a smartphone or tablet;
— gathering teachers and pupils for virtual interaction with the lesson in a safe virtual
space;
— intuitive platform without code, designed to encourage pupils and teachers to create
content for deeper learning and collaboration;
— embedded asynchronous video with 3D models and 360° environments to provide
self-learning anytime, anywhere;
— evaluating the effectiveness of pupils or groups of pupils through assessment and
quizzes to effectively track the level of mastery of educational material.
The following tools are available:
— Auvailability of several regions for the EON-XR meeting.
— Playlist function.
— Pupil assessment function.
— Create Express 360 lessons.
— General optimization, including playback mode.
— There is a Russian localization.

2.3. Technological component of the use of virtual reality services

Types of virtual reality are identified in the publication [19]. The authors identify the
following types of virtual reality:

— VR technologies with the effect of full immersion, providing a plausible simulation
of the virtual world with a high degree of detail. Their implementation requires a high-
performance computer capable of recognizing user actions and responding to them in real-
time, and special equipment that provides the effect of immersion;

— VR technologies without immersion. These include simulations with images, sound,
and controllers that are broadcast on the screen, preferably widescreen. Such systems are
considered virtual reality, because, in terms of the degree of impact on the viewer, they by far
surpass other means of multimedia, although they do not fully implement the requirements of
VR;

— VR technologies with common infrastructure. These include Second Life - a three-
dimensional virtual world with elements of a social network, which has more than a million
active users, the game Minecraft and others. Such worlds do not provide full immersion
(however, Minecraft already has a virtual reality version that supports the Oculus Rift and
Gear VR helmets). But in virtual worlds, interaction with other users is well organized, which
is often lacking in the products of "true” virtual reality;

— Virtual worlds are used not only in the gaming industry: thanks to platforms such as
3D Immersive Collaboration, you can organize work and study 3D spaces - this is called
"collaboration with the effect of presence.” Ensuring full immersion and, at the same time,
user interaction in virtuality is one of the important areas of VR development;

— VR based on Internet technologies. These include primarily Virtual Reality Markup
Language, similar to HTML. Now, this technology is considered obsolete, but it is possible
that in the future virtual reality will be created, including the use of Internet technology.

It is known that a person receives 80% of the information through sight. Therefore, the
developers of BP systems pay great attention to the devices that provide image formation. As
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a rule, they are supplemented by stereo devices, work on tactile influences, and even imitation
of odors. The effect on taste buds has not yet been reported [19].

Virtual reality helmet. Modern virtual reality helmets (HMD-display, head-mounted
display, video helmet) contain one or more displays that display images for the left and right
eyes, a system of lenses to adjust the geometry of the image, as well as a tracking system that
tracks the orientation of the device in space. In appearance, they now look like glasses, so
they are increasingly called VR headsets (VR headsets) or just virtual reality glasses. They
can be divided into three groups:

1. Glasses in which image processing and output are provided by a smartphone
(Android, iPhone, Windows Phone). Modern smartphone is a high-performance device
capable of processing three-dimensional images. Smartphone displays have a fairly high
resolution. Almost every smartphone is equipped with sensors that allow you to determine the
position of the device in space.

2. Glasses in which image processing is provided by an external device (PC, Xbox,
PlayStation, etc.). The external device must be high-performance, and the glasses are
equipped with position sensors.

3. Autonomous virtual reality glasses (Lenovo Mirage Solo, together with Google,
Oculus Quest from Facebook, Samsung Gear VR, etc.).

Helmets are the main component of VR with full immersion, as they not only provide a
three-dimensional image and stereo sound but also partially isolate the user from the
surrounding reality [19].

MotionParallax3D displays. Such displays use the inherent mechanism of human
perception of volume-motion parallax. To do this, at each point in time for the viewer, based
on its position relative to the screen, a corresponding projection of the three-dimensional
object is generated. Moving around the scene, the user can view it from all sides, while all
objects of the scene will move relative to each other. The phenomenon of parallax repeatedly
enhances the perception of volume. Unlike 3D cinema and 3D TV, which use only binocular
vision, MotionParallax3D technology allows the user to view the 3D scene from all sides as if
all its objects were real. Shifting the viewer relative to the screen, which violates the effect of
volume in 3D cinema, in the MotionParallax3D system only enhances the effect. A system
that uses a parallax mechanism must capture the smallest movements of the user’s head and
track them with high speed and accuracy so that the brain does not detect distortions in the
geometry of objects caused by delayed image changes.

Virtual reality gloves (information gloves, datagloves). These gloves have sensors that
allow you to monitor the movement of the wrists and fingers. Technically, this can be done in
a variety of ways: using fiber optic cables, strain gauges or piezoelectric sensors, and
electromechanical devices (such as potentiometers). For example, scientists at EPFL and ETH
Zurich have developed ultralight gloves (weighing less than 8 grams each finger and only 2
mm thick). They provide extremely realistic tactile feedback and thus give unprecedented
freedom of movement [19].

Virtual reality costume. This suit should monitor the change of position of the whole
body of the user and transmit tactile, temperature, and vibration sensations, and in
combination with a helmet - visual and auditory.

Control devices. To interact with the virtual environment, special joysticks (gamepads,
wands) are used, which contain built-in position and motion sensors, as well as buttons and
scroll wheels, like a mouse. Now such joysticks are increasingly made wireless [19].

In Ukraine, the above mentioned technologies are used in small quantities today,
because these devices and their software are too expensive for most educational institutions.
Therefore, the use of virtual and auxiliary reality technologies in the educational process is
poorly understood, but nevertheless relevant for further research.
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2.4. Recommendations for the use of augmented and virtual reality in the process
of blended learning

Blended learning is a solution for education in an era of revolutions and an ideal
learning model for experiments with Al, VR, and AR. Teachers and pupils are adapting to the
new forms of distance education and the difficulties that arise with it, but it is also a great
opportunity to explore interactive technologies that are ideal for virtual learning. Modern
teachers explore and experiment with ways to incorporate these technologies into practices
that enrich the educational experience for all participants.

Augmented reality is an integral part of the educational process of the future,
characterized by a combination of virtual technology and the real world. AR technologies
make it possible to explain abstract concepts, certain theories, or things that cannot be
represented. One of the distinctive features is the conversion of 2D images into 3D to make
them look realistic and improve the existing environment with animation and sounds. The
effectiveness of this format of learning has been proven: pupils perceive and remember visual
images much faster. The use of such interactive technologies in class increases the motivation
to learn.

It is noted [20] that among the most promising elements of this technology is its ease of
use and continuous integration into the curriculum. Teachers can simply insert QR codes into
their learning materials (such as PowerPoint slides, LMS, or handouts) to give pupils instant
access. Pupils can then scan the code using their phones or tablets to liven up the AR
experience in their own homes or view an interactive 3D model from their desktop, laptop, or
Chromebook. You do not need expensive hardware like headsets, or complicated software or
applications.

With the help of augmented reality, you can expand the opportunities for learning in any
subject of the school curriculum. The teacher can also suggest that the pupils continue to
study the material independently, doing interactive homework.

Let's outline the possibilities of using augmented or virtual reality during blended
learning:

1. Visualization of educational material and diversification of the educational process.
Abstract topics and concepts can be made more interesting and understandable. After all,
most mistakes pupils make when they do not fully understand all the properties of what they
are currently studying. A flat image cannot be held or viewed from all sides. Augmented and
virtual reality can be a great opportunity to master complex topics.

2. Organization of group or project work. In this case, it will not be a formalized
division into groups or micro-groups of pupils in the class, but full-fledged teamwork. In this
case, the result of certain tasks depends on each participant. Project work involves solving a
problem by a pupil or a group of pupils, which includes, on the one hand, the use of various
methods, teaching aids, and on the other - the integration of knowledge and skills from
different fields of science, technology, creativity. Pupils have the opportunity not only to use
knowledge of the discipline but also to learn to negotiate and make decisions together, to be
responsible according to their role in the educational team and to interpret the results of their
activities. And the teacher acts as a tutor, mentor, and team leader (leader) and is a full
member of the group of pupils.

3. Use of the most modern technologies. Augmented and virtual reality technologies
should be used in cases where it is most difficult to understand the training material. At the
same time, it is necessary to consider all possibilities of their use in advance. Learning
material should be available to every pupil, free and understandable.

4. Additional tools for assessing academic achievement. Independent work, control, or
test task can be organized using augmented or virtual reality (for example, in the form of a
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quest or performing tasks in the form of a game). This format is interesting and encourages
the knowledge of additional facts, a deeper understanding of the subject.

As these and other forms of new technologies are introduced into education, blended
learning options will continue to expand, leading to the formation of the class of the future,
which provides an open educational platform with interdisciplinary and innovative
approaches using digital technologies that improve the educational process focused on pupils.
And this is convincing because the emerging technologies have the potential to enrich
education. Therefore, a model was designed to use augmented and virtual reality in blended
learning in general secondary education (Fig. 3).

The main purpose of using virtual and augmented reality in blended learning is to
acquire knowledge and practical skills, form digital and research competence of students. The
teacher can choose a convenient model of blended learning, prepare the necessary materials
and teaching aids to effectively combine online learning with classroom learning.

When organizing blended learning in a group or individually, the teacher uses in
addition to standard technical means also means of AR and VR. The method of training is
chosen depending on the lesson plan: lecture-monologue, modeling, brainstorming.

During the study, the student acquires knowledge, skills and abilities in a particular
subject. The result of blended learning involving AR and VR is the acquisition of digital and
research competencies in different formats of learning.

Forms of education:
- group;
- design.

Teacher's
Goal: activity: Teaching methods:

acquisition of - choice of oo e ealine s

3 online); =
knowledge blentli::dlglz-:_rmng - modeling Stu.d.enif -f?"lned
and practical preparation of - brain storm. activity: digital and

skills, necessary - mastery of research

formation of materialsand knowledge, competencies

o teachingaids; i ids:
digital and et Teaching auds skillsand in a mixed

research combination of il abilities. learning

competence of online learning -VR.
thepstud ent with classroom format.

learning.

Organizational forms of
education:
- blended learning.

Fig. 3. The model to use augmented and virtual reality in blended learning in general
secondary education

Based on the designed model, the methodology of using augmented and virtual reality
in blended learning in general secondary education was developed.

The structure of the methodology of using augmented and virtual reality in blended
learning in general secondary education:

Target component.

Purpose: acquisition of knowledge and practical skills, formation of digital and research
competence of the pupils.

Target group: teachers, pupils.

Content component.
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Teacher's activity: choice of model of blended learning; preparation of necessary
materials and teaching aids; an effective combination of online learning with classroom
learning.

Pupils’ activity: mastering knowledge, skills and abilities.

Technological component.

Teaching methods: lecture-monologue (offline/online); modeling; brain storm.

Forms of training: group, project.

Learning tools: augmented and virtual reality tools.

Organizational forms of learning: blended learning.

Resultant component: formed digital and research competencies in a mixed learning
format.

As can be seen, the methodology is quite universal and can be used for any subject in
general secondary education. The key mode of learning is blended learning. This is due to the
use of augmented and virtual reality tools. The use of these teaching aids must be combined
with traditional ones. For example, theoretical material may be effectively presented using
augmented and virtual reality. The flexibility of the methodology is provided by the
variability of the use of one or another tool of augmented and virtual reality.

Here are the examples of augmented or virtual reality software products:

— for physics and chemistry: MEL Chemistry VR;

— for anatomy: Anatomy VR;

— for geography: Google Expeditions;

— for the organization of the educational process using AR, VR: EON-XR.

There are many possible ways of using augmented or virtual reality in general
secondary education, but the purpose of our study is not to describe all the available tools.

It is better to plan the lesson using separate tools from AR and VR, because full
immersion in virtual reality will lead to a change in the organizational form of learning
(distance learning).

The use of separate AR and VR tools is best used for the following types of lessons:

a lesson of learning new knowledge;

— lesson of formation of abilities and skills;
lesson of generalization and systematization;
combined lesson.

It is best to use AR and VR tools to support the following processes:

— pupils’ perception and awareness of factual material (lesson of learning new

knowledge, combined lesson);

— understanding the connections and dependencies between the elements of the

learning (lesson of learning new knowledge, combined lesson);

— creative transfer of knowledge and skills to new situations (lesson of formation of

abilities and skills);

— generalization and systematization of basic theoretical principles and relevant ideas

of science (lesson of generalization and systematization).

The use of AR and VR is considered not only in theoretical terms, but also has a practical
implementation. The teachers’ readiness to use augmented reality in the educational process was
studied in [21]. The use of gamification and modeling as cognitive technologies, as well as social
networks as a synthetic environment for social development is described in [22].

In 2021, the Institute of Information Technologies and Learning Tools of the National
Academy of Pedagogical Sciences of Ukraine launched a study "The use of digital technologies in
the process of blended learning in general secondary education” and obtained the following
results:
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— developed criteria and indicators for the selection of digital technologies in the

process of blended learning;

— substantiated and developed methods of using digital technologies in the process of

blended learning in general secondary education;

— developed a method of using augmented and virtual reality in blended learning in

general secondary education.

The results of the research were implemented and approved within the following scientific
and practical events:

January 27, 2021 — Webinar on the topic: "Information technology in science and
education”, Vinnytsia Mykhailo Kotsyubynsky State Pedagogical University, Vinnytsia.

February 11, 2021 — Reporting scientific conference of the Institute of Information
Technologies and Teaching Aids of the National Academy of Pedagogical Sciences of Ukraine,
Kyiv.

February 24, 2021 — Master class "Preparation of mathematics teachers for blended and
distance learning of students”, Kryvyi Rih State Pedagogical University, Kryvyi Rih.

April 7, 2021 — All-Ukrainian scientific seminar "Security of the individual in the digital
environment: legal, psychological and technological aspects”, State Research Institute of the
Ministry of Internal Affairs of Ukraine, Kyiv.

August 19, 2021 — All-Ukrainian August Forum "Education of Ukraine 30 without barriers:
vectors of quality and success”, strategic session "NEW UKRAINIAN SCHOOL.: innovative
dimensions of teaching, learning, and education”.

The empirical testing showed an increase in the ICT competence of learners during the
proposed training and master classes.

5. CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH

Thus, in the context of the digital transformation of education in Ukraine, the use of
digital technologies in the educational process opens wide prospects for improving the
efficiency of the educational process. And the orientation of educational institutions towards
modern pedagogical trends will help to increase the motivation of learners, in particular, the
development of their digital and research competence.

We believe that virtual augmented and mixed reality technologies have a wide range of
impact on human perception of the surrounding, in particular, the use of the above mentioned
technologies will significantly enrich the educational process and contribute to the formation
of pupils’ digital and research competence.

The use of augmented and virtual reality technologies provides pupils with new
opportunities and prospects focused on the acquisition of practical skills, promotes the
development and self-education of each pupil, gives them the opportunity to gain the latest
knowledge and get practical training. The use of AR and VR technologies brings science
closer to life, recreates real-life situations, helps to create artificial spaces for unsolved
problems. This creates new opportunities for mastering practical skills, provides research
experience, makes learning a vivid process, prevents distractions from learning and increases
motivation to learn, helps to better understand the set of concepts, definitions, theorems,
properties that pupils deal with when learning certain topics.

The study described the special benefits of blended learning. It has been found that there
are different models of blended learning. The model of using augmented and virtual reality in
blended learning in general secondary education is proposed. It consists of the following
blocks: goal; teacher’s activity; forms of education; teaching methods; teaching aids;
organizational forms of education; pupil activity and result. Based on the model, the
methodology of using augmented and virtual reality in blended learning in general secondary
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education was developed. The methodology is quite universal and can be used for any subject
in general secondary education. The key organizational form of learning is blended learning.
The flexibility of the technique is provided by the variability of the use of one or another tool
of augmented and virtual reality. It is better to plan the lesson using separate tools from AR
and VR, because full immersion in virtual reality will lead to a change in the organizational
form of learning (distance learning).
The possible ways to use augmented reality suggest:
— the need to transform expensive technologies into budget options suitable for
smartphones and simple computers;
— augmented reality technologies should be aimed at acquiring skills, transferring and
controlling knowledge.
We see the prospects of further research in the elaboration of guidelines on the use of
augmented reality in the process of blended learning in general secondary education.
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AHoTamiss. Y cTarTi JOCHiHKYEThCS MpoOieMa BHUKOPHCTAHHS JIONMOBHEHOI Ta BIPTyaIbHOI
peaNbHOCTI i Yac 3MIIaHOTO HAaBUYAHHS B 3aKJIajil 3arajbHOI CEpeAHbOI OCBITH. AHaII3 OCTaHHIX
JIOCJIIJKEHb Ta MyOJIiKalii oKa3as, 110 BUKOPUCTAHHS JOMOBHEHOI Ta BIpTyaJbHOI PeaIbHOCTI B
HaBYAJbHOMY TIpolleci BXe posrisinanocss BYeHUMH. OfHAK IUIBOBOIO TPYNOK Yy HHUX
JOCIIKCHHSAX € CTYACHTH 3aKJaJiB BHIIOI OCBITH. BomHOuac OUTBLIICT Mpalh HAYKOBIIIB
MPUCBSTYEHA POOJIEMi BIPOBAKEHHS JIOTIOBHEHOT peallbHOCTI y TpaJULiHHUKA OCBITHIN Tpolec.
OnHaK BUKOPHCTAHHSI TEXHOJIOTI JIOMOBHEHOI Ta BIPTyaJbHOI peaybHOCTI MiJ 4Yac 3MIIIaHOTro
HaBYAHHS 3QJIMIIAE€THCS MPAKTUYHO HE ITOCIIHKCHUM. Y MPOBEISHOMY JOCIiKEHHI aHATi3yEThCS
3MiCT MOHATTSA '"3MimaHe HaBuaHHA'. PO3IISMHYTO KOHIENTyanbHI NPUHIWIN 3MIIIAHOTO
HaBYaHHA. bynmo BUSABIEHO, IO B MOHATTS '3MillaHe HaBYaHHA" BUYCHI IMPHUBHOCITH Pi3HI
TPaKTyBaHHA, TOMY iX BHU3HAUEHHS [EIIO0 BiAPI3HAIOTHCS. [HOII MOCTHIAHWUKH pPO3PI3HIIOTH
KOMIIOHGHTH 3MIIIAHOTO HaBYaHHS: OYHE Ta OHJIAHH HaBYaHHA. JlOCHIIKEHHS pPO3KpPHBAE
0COOJIMBOCTI Ta MepeBary 3MIIIaHOTO HaBYAHHS Ta MPUHIIMIN OpTaHi3allil 3MilIaHOTO HaBYAHHS.
Byno BusiBNEHO, 110 iCHYIOTH NEBHI TPYAHOLI Y BIPOBAPKEHHI 3MILIAHOTO HaBYaHHS. Y CTaTTi
BUKJIA/ICHO NPAKTUYHE BUKOPUCTAHHS BIPTYyalIbHOI Ta JOMOBHEHOI peajbHOCTI. JlaHO BU3HAYeHHS
JIOTIOBHEHOI Ta BIPTyaJbHOI peasbHOCTI. 3MilllaHa PEAbHICTh PO3IIISAAETHCS SIK OKPEMHUH BUA
MOHSTTS «BipTyajbHa pealibHICTh». PO3risiaeThcsi BUKOPUCTAHHSI OKPEMHUX JOAATKIB BipTyalbHOT
Ta MOMOBHEHOI peanbHOCTI, SKi MOXHA 3aCTOCOBYBATH MiJ Yac 3MmimiaHoro HauyanHs (MEL
Chemistry VR; Anatomyou VR; Google Expeditions; EON-XR). V pe3ymbTaTi JOCHiIKEHHS aBTOPH
HAaBOJSTh MOXUINBI CIIOCOOM BHUKOPUCTAHHS JONOBHEHOI pealbHOCTI B HABYAJIBHOMY HPOLECi.
Byna cnpoekroBaHa MO BUKOPHCTAHHS JOIIOBHEHOI Ta BIpTyabHOT peajbHOCTI y 3MIlIAHOMY
HaBYaHHI B 3arajbHiil cepenHiii ocBiTi. BoHa ckimamaeThest 3 TakuX OJIOKIB: MeTa; IisUTBHICTP
yautens; (GOopMH HaBYaHHSA; METOAW HABYAHHS; 3aco0M HaBUaHHs, oOpraHizamiiiHi dopmu
HaBYaHHS; AKTUBHICTh Y4YHIB Ta pe3ynsTar. Ha OCHOBI Mozem po3poOJeHO METOIUKY
BUKODHCTaHHs JIOTIOBHEHOI Ta BIpPTyalbHOi peajbHOCTI y 3MIIIAaHOMY HaBYaHHI B 3aKiaji
3araJibHOi CepefHbOI OCBITH. MeTomuKa MiIiCTUTh TaKi KOMIIOHEHTH: IIJIbOBHI, 3MiCTOBHUH,
TEXHOJIOTIYHUH, pe3y/IbTaTUBHUA. MeTo/inKa yHiBepcalbHa 1 MOXke OyTH BHKOpUCTaHA Ui OyIb-
SKOTO TIpeaMeTa 3arajbHOi CepelIHbOi OCBITH. Bu3HayeHO THUIIM YpOKiB, Ha SKUX JOLUIBHO
BUKOpHCTOBYBaTH JonoBHeHY (AR) ta Bipryaneny peanbhicth (VR). JlaHo pexomenparii, Ha
SKOMY €Tarli YpOKy Kpallle BAKOpUCTOBYBaTH iHCTpyMeHTH AR Ta VR (3aye:kHO Bix TUIY YPOKY).

Karo4oBi cioBa: 3Miniane HaBYaHHS; TOTIOBHEHA PEANbHICTD; BipTyallbHA PEANbHICTD; 3aKIIAIH
3arajibHOI CepeIHBOI OCBITH.
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AHHOTanus. B wnccremoBanum paccMaTpuBaeTcsl mpoOsemMa HCIOJIb30BaHUS JIOMOJHEHHOW |
BUPTYAJILHOI pealbHOCTH B MPOIIECCEe CMEIIAaHHOTO 00yYeHUs B CPEeJHHUX 001Ie00pa3oBaTesIbHBIX
YUPEXKICHUSIX. AHAIM3 TOCIEJAHUX HCCICIOBAaHUN M IyOJMKalMi MoKa3ajl, YTO HCIOJIb30BaHUE
JIOTIOJTHEHHOW M BHPTYaJbHOW pEalbHOCTH B 00Opa30BaTEILHOM IIPOLECCE YXKE PacCMaTpUBAJIOCh
yueHbIMH. OJHAaKoO LeneBas Tpymna B 3THX HCCIEAOBAHUSAX — CTYAEHTHI BBICIINX Y4eOHBIX
3aBeeHuid. [Ipym sTOoM Oosybinas yacTh paboOT y4YEHBIX TIOCBSIIEHAa NpoOJieME BHEIPEHHS
JIOTIOJTHEHHOW pealbHOCTH B TPaAMIMOHHBINA 00pa3oBarenbHbIi mpouecc. OQHAKO, HCIOIb30BaHUE
TEXHOJIOTHH IOMOJHEHHOW M BHPTYallbHOW pEANbHOCTH B IIPOIEcCe CMEMIAHHOTO OOy4YeHHS
OCTaeTcd MPaKTUYECKH HEM3YYEHHBIM. B HCCIENOBaHMM aHAIM3HUPYETCS 3HAYEHHE MOHATHA
«cMemaHHoe 0o0ydeHne». PaccMOTpeHBI KOHIENTyaslbHBIE IMPUHIOMIBI CMEIIAHHOTO OOydYeHHS.
IToka3aHo, 4TO ydeHBIE PACCMATPHUBAIOT Pa3HBIE TPAKTOBKU K MOHUMAHHIO TEPMHHA «CMEIIAHHOE
o0ydeHHe», TO3TOMY HX OIPENENCHUS HECKOJbKO pa3nuyaroTca. VHorma uccienoBaTein
pa3nMyaroT KOMIIOHEHTHI CMEIIAaHHOTO OOydYeHHMS: OYHOE M OHIaifH-oOydeHue. B mccienoBanuu
NPE/ICTAaBICHBl MNPEUMYIIECTBA CMEIIAHHOIO OOYYEHHS M MOJIENM CMEIIAaHHOTO OOYyYeHHUS.
HccnenoBanue mokasano, 9To CyIIECTBYIOT HEKOTOPBIE TPYAHOCTU IPU BHEIPEHUU CMELIAHHOTO
oOyueHus. B crarbe peub naeT O MPakTHYECKOM HMCIOJIB30BAHUHM BUPTYaJIbHOW U JOTOJHEHHOW
peanpHOCTH. JlaHO oOIlpeneneHue MAOMONHEHHOW M BUPTYyaJdbHON pealbHOCTH. CMelIaHHas
peanbHOCTh paccMaTpUBaeTCAd KaK OTJCNIBHOE HMOHATHE. PacCMOTpeHB! HEKOTOpBIE MPUIOKEHUS
BUPTYyaJIbHOH ¥ JIOTIOJIHEHHOH pealbHOCTH, KOTOphlE MOXKHO MCHOJB30BaTh B IIpoliecce
cmemrantoro odyuenus: (MEL Chemistry VR; Anatomyou VR; Google Expeditions; EON-XR). B
pe3yJIbTaTe UCCIICTOBAHMUS aBTOPHI IIPUBOISAT BO3MOXHBIE CIIOCOOBI HCTIONB30BAHMS JOTIOTHEHHON
peanbHOCTH B y4eOHOM mporiecce. bplta cripoekTupoBaHa MOAETH MCIOIb30BaHMS JIOTIOTHEHHOM
U BHUPTYaJbHOW pEaNbHOCTH B CMENIAHHOM OOYYeHHH B CpemHEM o0011e00pa3oBaTeIbHOM
yupexaeHni. OHa COCTOUT U3 CIEAYIONINX OJOKOB: IIEJIb; MIEAaroTnuecKast JeITebHOCTD; (POPMEI
o0y4eHus; MeToabl OOy4YeHHWs; CpelncTBa OOYYeHHs; OpraHH3alMOHHbIE (OPMBI OOYyUSHHS;
y4eHHUYecKass aKTUBHOCTh U pe3ynbTar. Ha ocHoBe Moxenu paspaboTaHa METOAMKA
UCIIOJNIb30BaHMs JONIOJIHEHHOW U BUPTYAJIbHON PEAIbHOCTH B CMENIAHHOM OOYYEHHH B CPEIHEM
00111e00pa30BaTENbHOM YUPEKACHUH. METOIMKa CONEPIKUT CIEAYIOINEe KOMIIOHEHTHI: 1IeIeBOMH,
COZlepKaTeIbHbIN, TEXHOJOITMYECKUN, PE3yJIbTaTUBHBIAN. MeToiMKa NOCTaTOYHO yHHMBEpCajdbHA U
MOJKET HPUMEHSATHCSA K JIOOOMY MpeaMeTy oOmiero cpeaHero obpaszoBanus. OmnpesesicHbl BHIBI
YPOKOB, B KOTOPBIX IEIecO00pa3HO HCIONB30BaTh MomoilHeHHYI0 (AR) m Buptyampayio (VR)
peanbHOCTh. JlaHBI PEKOMEHIALNU, HAa KaKOM O3Tale ypoKa JIydlle HCIOJIb30BaTh MHCTPYMEHTEI
AR u VR (B 3aBUCHUMOCTH OT THIIa yPOKa).

KaroueBble cjioBa: cMeImaHHOEe 00ydeHHUE; JOTIOJIHEHHAs! PEaIbHOCTh; BUPTYyallbHasl PealbHOCTB;
cpenHue o01eoOpa3oBaTebHbIC YUPEXKICHUS.
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