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4 Plamen Petrov

Introduction
We live in a time where digital technologies are constantly transforming the field of

education. Their rapid development makes them more and more accessible and leads to their
widespread entry into all stages of the educational process. This is also leading to rapid
advances in educational technology, and institutions, educational experts and educators are
looking for new ways to integrate digital solutions and improve the classroom experience.
Augmented reality (AR) and virtual reality (VR), two technologies that allow mixing the real
and digital worlds, and even blurring the lines between them, enable the creation of even more
personalized and immersive visual experiences and offer the remarkable potential for
innovation.

Findings made in this work indicate that there are not many comprehensive, standards-
based environments suitable for implementation specifically designed for STEM learning. On
the other hand, there are many ready-made and readily available AR/VR resources. Of key
importance for their beneficial use is the educational approach used.

The present dissertation analyzes existing and proposes models for the use of AR/VR
in education, together with methods for evaluating the effect of their application in the
educational process and the combination of these ICT technologies with other teaching
techniques and scenarios, as well as with the physical environment in the classroom.

Dissertation structure

The dissertation has four chapters.

In the first chapter, an analytical overview of modern directions and technologies in
e-learning is made. It is motivated by the need to offer new models for the application of virtual
training resources for certain target groups, as well as the need for specific methods, tools,
examples of scenarios, and approaches allowing their effective application in the training
process.

In the second chapter, the developed models for the application of augmented and
virtual reality in various STEAM subjects with different educational goals and the possibilities
of combining them with the project-based approach and a specially designed physical
environment are presented.

The third chapter describes methods for evaluating the effect of the application of the
developed models, taking into account the specifics of the taught subjects, as well as methods
for combining AR/VR technologies with different teaching techniques and scenarios.

In the fourth chapter, an overview of the software environments for creating and the
hardware means for using AR/VR educational materials is made. The updated and digitally
adapted Bloom's Taxonomy and its implications for creating standards-based AR/VR
educational resources are discussed. A SWOT analysis of the application of AR/VR
technologies in education is prepared.
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A summary of the obtained results is presented in the Conclusion. Directions for future
research and development are identified. A list of scientific publications on the topic and noted
citations are presented.

The dissertation contains 114 pages, 42 figures, 18 tables, and 121 bibliography
sources.

Chapter 1 —Analysis of modern teaching models and methods

1.1 Modern trends and technologies in e-learning

In recent decades, learning has undergone major changes, from the standard classroom
setting and teacher- and instructor-led learning to modern learning opportunities through
gamification, artificial intelligence, and virtual reality. The development of information and
communication technologies has led to the emergence of e-learning, i.e. education that is
conducted, guided, and carried out with the help of electronic media.

Technology remains the leading keyword when talking about e-learning. Whether
teaching children or adults, or developing corporate training courses, taking advantage of the
expanded capabilities offered by new technologies is a must.

Regardless of the directions and trends in e-learning, it is based on two types of systems
- a learning management system (Learning Management System - LMS) and a learning content
management system (Learning Content Management System - LCMS).

Different types of training require different technologies and platforms for their
implementation.

1.1.1 Microlearning

This is one of the preferred ways of learning because it allows the content to be broken
down into smaller parts and makes it easier for the learner to absorb the information. Because
in microlearning, the learning content consists of smaller modules, it is easier to complete them
and the material to be absorbed on the fly.

1.1.2 Blended learning

Blended learning combines the strengths of both traditional and e-learning to offer the
best for users. To make learning more effective, blended learning offers an educational program
that combines face-to-face meetings and online lessons.

1.1.3 Gamification

One of the fastest growing areas of e-learning that uses game elements in non-game
situations to improve user engagement during learning and subsequent evaluation.
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6 Plamen Petrov

It is believed that with the methods it uses, gamification can compensate for the
shortcomings of other e-learning methods by engaging the attention and increasing the
concentration of learners for a longer period.

1.1.4 Online mentoring programs

Online mentoring programs are gaining in popularity. Combining live meetings or live
video links with e-learning, they are a great way to provide personalized experience and first-
hand knowledge in a particular field.

1.1.5 Mobile learning

Mobile learning is a stage in the development of e-learning. The two types of training
have similar characteristics. One of the things that differentiate mobile learning from e-learning
is the use of mobile technologies — mobile devices and wireless communication technologies.

1.1.6 Standards for eLearning

Guidelines for designing and developing content, deploying it across platforms, and
ensuring interoperability across devices can be found in the eLearning Standards, a set of
general rules that apply to content, software creation, and management systems (LMS).

There are two main types of eLearning standards (Fig. 1.1). Course design standards
address the various aspects of course design and development, and technical standards address
the deployment of courses in LMSs or other types of portals.

E-learning standards

\
Technical standards Courseware desig:n s’randards
SCORM AICC W3C WCAG Instructional h{edla ASSESS]HEI].T
design standards standards standards
Visual design Writing
standards standards

Figure 1.1 Standards for eLearning
1.1.7 Personalized training

The concept of personalized learning is not new to education. Personalized learning
provides a unique, highly focused learning path for each student. Individual attention from the
teacher is not possible in traditional education models with large numbers of students.

1.1.8 Adaptive Learning

One of the many possible approaches to personalized, highly focused learning for large
numbers of learners is Adaptive Learning. It requires the use of various technological systems
and tools. For the implementation of adaptive learning, knowledge and technologies from
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various fields are used - including computer science, artificial intelligence, psychometrics,
education, psychology, etc.

1.2 Virtual, augmented and mixed reality

Virtual reality technology is based on computer graphics, simulation, human-computer
interfaces and others. The use of virtual reality (VR) in education can be considered the natural
evolution of computer-assisted or computer-based learning. The sense of immersion achieved
through virtual 3D environments [Do, 2015] offers numerous advantages [Kersten, 2020].

Virtual reality is an artificial environment that is experienced through sensory stimuli
(such as sights and sounds) provided by a computer, and in which human actions partially
determine what happens in the environment, as defined by the Merriam-Webster Dictionary.

Unlike virtual reality, which creates a completely artificial environment, augmented
reality (AR) uses the existing environment and overlays new information on it. Augmented
reality is the integration of digital information with the user's environment in real time. AR is
growing in popularity because it brings elements of the virtual world into the real world,
thereby enhancing the things we see, hear and feel.

Of the several existing definitions of AR, the one provided by Paul Milgram
(Department of Industrial Engineering, University of Toronto) and Fumio Kishino
(Department of Electronics, Information Systems and Power Engineering, Osaka University)
is the most frequently cited. Different types of reality are theoretically defined, which create a
continuum that, starting from the real world, leads to a completely virtual world [Arena et al,
2022]. The following environments are distinguished in it (Fig. 1.3):

e Real Environment (RE): this is the environment in which we live and which is
governed by the laws of physics;

e Augmented reality (AR): physical reality in which participants also see virtual
elements;

e Augmented Virtuality (AV): virtual reality in which participants also see real
elements;

e Virtual reality (VR): represents a synthetic world in which the participant is
fully immersed.

Milgram and Kishino [Milgram et al, 1994] introduced the reality-virtuality continuum.

Another term is also in use — Extended Reality (XR). Augmented Reality (XR) is a term
that combines augmented reality, virtual reality and mixed reality experiences, meaning that
all technologically enhanced realities fall under the umbrella term XR. It's a relatively new
technology that blurs the line between the real and digital worlds to create even more
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8 Plamen Petrov

personalized and immersive visual experiences. This is done with the use of special headsets,
glasses, joysticks and sensors, in order to improve the user's perceptions.

Based on this classification is also the classification of different types of technology.

Pasmmpena peanHocT(XR)

< L

Peanna cpema--- lobasena ------------ CwmeceHa ------------ Iobasena ------------- Bupryannacpena
pearHocT (AR) pearHocT (MR) BHPTYATHOCT(AV)

Figure 1.3 Reality-Virtuality Continuum (adapted from [Milgram et al, 1994], [Arena,
2022]).

AR can be implemented through different types of technologies, according to specific
goals and applications:
e Marker Based AR
e AR without a marker (Markerless AR)
o Location-based AR
o Projection-based AR
o Overlay AR
o Contour AR.
Over time, it has become clear that there are very large opportunities for the application
of AR/VR technologies in various fields dealing with diverse problems in the real world
[Rebbani, 2021].

1.2.1 AR/VR - Virtual and Augmented Reality in Education

With the development of practical and affordable virtual reality and mixed reality,
people now have the chance to experience an immersive learning experience both in classrooms
[Cabero-Almenara, 2019] and informally in homes, libraries and community centers [Liu,
2017]. Many education technology companies are using virtual reality to bring lifelike
experiences into the classroom while emphasizing the technology's ability to inspire and
capture students' attention. It is noted that VR technologies encourage interaction and
encourage active participation rather than passivity [Chandrasekera, 2018].

1.2.2 Goals and opportunities for using AR/VR in education

In the field of science, technology, engineering, and mathematics (STEM) education,
fully interactive virtual laboratory simulations are designed to engage and stimulate students'
natural curiosity as they learn [Nersesian, 2019].

Abstracts of Dissertations 3 (2023) 4-37
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The general conclusion of several studies is that augmented reality applications can
improve the learning process, learning motivation and performance [Brij, 2021]. Despite the
positive results, more research is needed, notes [Tzima, 2019].

1.2.3 Challenges and risks of using AR and VR in education

There are certain risks in using AR and VR in education. Experts are still trying to
understand the impact of VR on children’s learning. The disadvantages of using virtual reality
are primarily related to cost, the time required to learn how to use the hardware and software,
possible health and safety effects, and dealing with potential reluctance to use and integrate
new technologies into a course or curriculum.

1.2.4 Fields of application of AR and VR in education

One of the things that can make AR technologies accessible is the application of the
technology in different fields.

Augmented reality can be very suitable for simulations, especially in the field of STEM
education [Diegmann, 2015]. As the computing power of computers has increased and their
cost has decreased, the use of simulations has greatly increased. School laboratories and
classrooms are beginning to be massively equipped with appropriate technological
infrastructure. Especially in the field of STEM, access to quality laboratory equipment is
difficult to provide en masse [Rienow, 2020], and simulations, in turn, allow students to
experience processes and phenomena in a way that they would not normally be able to.

AR is growing in popularity because it brings elements of the virtual world into the real
world, thereby enhancing the things we see, hear and feel.

1.2.5 Models for using AR/VR in education

Any type of information, including virtual information superimposed on a real
environment, can be digitized, such as text, images, video, audio, web links, and three-
dimensional (3D) models. This functionality is one of the main features allowing this technique
to be applied to a wide range of human activities, education is the most important among them
[Panciroli, 2017].

Augmented reality can be considered a didactic tool that contributes to transforming
the ways of learning. It should provide the learner with a unique experience that is not easily
replicated or possible in a traditional classroom [Geroimenko, 2020]. Therefore, the main goal
of AR is to add more information that is more meaningful to real objects, thus improving
students' understanding of the world they observe [Del Cerro Veldzquez 2018].

One model for using augmented and virtual reality in blended learning is shown in Fig.
1.5.
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Forms of education:
- group;
- design.

Goal: Taecatfclet;s Teaching methods:
acquisition of - choice of - lecture-monologue (offline / Result:
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Organizational forms of
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Figure 1.5 The model for using augmented and virtual reality in blended learning in
secondary school [Kovalenko, 2021].

The taxonomy of the types of VR platforms used in education is closely related to the
level of immersion and hardware requirements [Kaminska, 2019]. They are [Jumani, 2022]:
e Non-immersive VR systems
e Semi-immersive VR systems and platforms
e Fully immersive VR structures.
3D augmented reality technology can be used as a learning media with mobile phones
or desktop computers. Augmented reality models vary as follows:
e 3Donly
e 3D simulators
e 3D animation
e 3D video and multimedia,
with each model adapted to specific research objectives [Afandi, 2019].

An educational system using VR and AR in the work of [Osipova, 2019] means an
ordered set of interconnected elements of electronic educational resources, forms and means
for planning and conducting, monitoring, analyzing, and correcting the educational process
aimed at improving the effectiveness of student learning (Fig. 1.8).
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Figure 1.8 A model of a learning system using VR and AR [Osipova et al, 2019]).

Electronic
educational
resource using
VR and AR
technologies

1.3 Conclusions

As a result of the analytical review, the following conclusions can be drawn: Virtual
(VR), augmented (AR) and mixed reality (MR) are modern tools that enable the renewal and
upgrading of models and methods of teaching and knowledge acquisition. Combining AR/VR
technologies in education enables a new approach to learning that usually complements
traditionally used methods. There is a need to offer new ideas, tools, scenario examples and
opportunities for virtual learning resources for specific target groups. Considering the
advantages, disadvantages and functionalities of AR/VR technologies, it is important to
determine when these technologies are appropriate and for what learning purposes, as well as
for what teaching scenarios.

1.4 The objective and tasks of the dissertation

Based on the analysis of the state of the research, the aim of the dissertation is
formulated:

To propose models and methods for using augmented and virtual reality in
education.

For this purpose, the following tasks are defined:

1. To develop a model for the use of augmented and virtual reality in STEM
education, taking into account the different educational goals and specifics of
individual subjects

2. To propose a model for the combination of augmented and virtual reality with
a physical learning environment.

3. To develop a model for combining augmented and virtual reality with project-
based learning in a unified teaching scenario.

Abstracts of Dissertations 3 (2023) 4-37



12 Plamen Petrov

4. To propose methods for evaluating the effect of combining a learning
environment mediated by augmented reality, implemented to improve the
learning process and the understanding of learning material for certain learning
goals.

Chapter 2 — Models for the application of augmented and virtual reality in
education

The following definitions are used in this dissertation: ¢

“A theoretical model is a description or representation used to understand how a
particular system or process works” [https://www.lexico.com/definition/theoretical model]. A
theoretical model is a framework that researchers create to structure a research process and
plan how to approach a particular research question. The model allows us to determine the
objectives of the study.

The term "Method" is defined as a certain systematic procedure for achieving or
approaching something.

This chapter offers models for the application of augmented reality in the teaching of
biology, mathematics and the arts. The specifics of each discipline are reflected in the offered
models. In addition to the application of AR/VR tools in the teaching of specific subject areas,
this dissertation proposes a model of combining augmented and virtual reality technologies
with different teaching techniques, environments and scenarios. The aim is to investigate the
impact of AR tools on students' learning outcomes.

2.1. AR/VR tools

One of the most successful examples of an AR system is zSpace®. In 2015, zSpace®
Inc. introduced an all-in-one solution for education consisting of a virtual reality monitor and
aPC (fig. 2.1). The system provides students with a realistic learning environment that is NGSS
(Next Generation Science Standards) compliant.

ﬁ 2Space ‘
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Figure 2.1: zSpace® all-in-one solution

Zspace® consists of several training applications and simulations.

2.2 A Model for Application of AR/VR in STEM Education
The proposed model for using augmented reality is realized through the workflow (Fig.
2.2) of the same experiment for the 3 groups and the four taught topics.

Preparation I

o Complying with the
teaching material

o Creating a grading scale

N | J Testing I Analysis I
e N
Preparing traditional
exercises ) [ Traditional exercises } e Documentation
-
2 [ % T ¢ Analyzing data / N\

Preparing a Performing a

pre-use of AR test ) [ pre-use of AR test ]
\

Comparing

results

Preparation II Testing IT Analysis II
e Complying with the [ Exercises with an AR tool ] * Documentation
teaching material T ¢ Analyzing data
. Func’(ioxA\ality testing e
» Generating parameters a post-use of AR test i
o Creating checks Reporting

[
[ Preparing AR exercises ]

Preparing
a post-use of AR test

Figure 2.2 A model for using augmented reality in STEM education.

2.3 A model for the application of augmented and virtual reality in mathematics
education

This part of the dissertation presents a study that aims to investigate the effect of using
the Augmented Reality module of GeoGebra (an interactive application designed for learning
mathematics and science) on the development of students’ spatial mathematical skills through
augmented reality.

2.3.1 GeoGebra Augmented Reality (AR) module.

GeoGebra is a well-known dynamic mathematical software for learning and teaching
mathematics. GeoGebra 3D is a tool for the visualization of curves and surfaces in three-
dimensional space, aimed at facilitating the understanding of abstract and applied geometric
concepts [Trigueros, 2019]. The Augmented Reality (AR) application helps visualize
mathematical figures and bodies generated by GeoGebra 3D by placing them on a user-selected
surface. Tim Brzezinski [Brzezinski] provides many examples of AR modeling.
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14 Plamen Petrov

2.3.2 Application of AR GeoGebra.
Two ways to use the AR module are being explored:
e achieving a personalized student learning experience provided by GeoGebra's
AR module through the GeoGebra 3D Calculator mobile application.
e a proposal for how teachers can teach and share a stereoscopic 3D experience
with their students through the combination of zSpace (an all-in-one solution
for AR education), GeoGebra and a dedicated zView camera.

A: Workflow for experimental groups Preparation of AR

exercises

Topic taught by
GeoGebra3D Performing of TEST Documentation
exercises by GeoGebra Analysis
students Exam Mode Evaluation

Preparation of
activities on the
studied material

Topic taught -
traditionally Performing of Documentation
- 3 exercises by > Analys_is
students Evaluation

Figure 2.7. A general pattern for using the AR module

B: Workflow for control groups

The experiment (Fig. 2.7) was validated with 76 participants, the results are shown in
the next chapter.

2.4 A model for the application of augmented reality in arts education

Augmented reality is based on the concept of experience. The use of AR in education
and its wider adoption can truly transform the learning experience.

The model proposed in this dissertation for the use of AR in teaching art classes
contains 2 modules. One is to explore physical spaces and artwork in the classroom through
the Google Arts & Culture AR application (Fig. 2.8). The other module allows students to
create their own AR works by adding a virtual dimension to any artwork, including their own,
through animations, video and music. The particular application that can be used is UniteAR.
This model was developed (Fig. 2.9):
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Figure 2.9. A Model of Application of Augmented Reality in Art Education

As various studies have shown, effective arts education, including arts integration
across subject areas, promotes active, problem-based inquiry, data collection, evaluation, and
communication.

2.5 Combination of project-based learning with AR/VR technologies

2.5.1 Project-based learning

Project-based learning (PBL) is a learning method in which students acquire knowledge
and skills by working over an extended period of time to explore and respond to an authentic,
engaging, and complex question, problem, or challenge [Savery, 2006]. In project-based
learning, students work in groups to solve really challenging problems that are very often
interdisciplinary.

One of the great advantages of PBL is that children learn by becoming "travellers™ who
travel the world of science, discovering a variety of topics from different subjects, rather than
focusing only on a specific lesson being taught at the moment.

2.5.2 Combining PBL with VR and AR

In working to improve STEM education through project-based learning combined with
virtual and augmented reality, we encounter the root “real” three times—real problem, virtual
reality, and augmented reality. The real problem is born from the real environment, and virtual
and augmented reality contribute to its solution. It is in this territory, where the three "realities"
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16 Plamen Petrov

meet, that the apogee of effectiveness should be expected from combining PBL with VR and
AR.

Starting from such assumptions and taking into account that the educational needs and
ways of perceiving information of modern students have changed in the last few years, the
present study aims to specifically reflect the relationship between the teaching approach of
PBL, AR/ VR and STEM learning.

2.5.3 Model of usage of PBL and AR/VR

The model for combining PBL with AR/VR is hands-on. The target group is secondary
school students studying in three different classes. Students from each class are divided into 4
groups, each of which consists of 6 students - 2 control groups and 2 experimental groups in
each class. The students in each of the groups have the task of building a house in which energy
is used in a sustainable way and using natural materials.

The project combines knowledge from biology, physics, mathematics, engineering
sciences, crafts and applied techniques from the past and present, united around the idea of
alternative sources of electricity, about the advantages and disadvantages of green energy.

During the work on the project, the students of the experimental group used AR and
VR technologies to explore and compare different house structures and their properties, as well
as to look at different cross-sections (Fig. 2.11). Students investigated different ways of air
flow in different structures, the pros and cons of natural materials used to build sustainable
houses (Fig. 2.12).

Figure 2.11 Exploring and viewing house structures using AR and VR.
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Figure 2.12 A model of a sustainable home built by an experimental group of
students.

The workflow model (Fig. 2.13) for the experimental groups is as follows:

analysis and
summative
evaluation

analysis
and

summative

evaluation

Figure 2.13 The workflow model
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2.6 Combining AR with specific interior solutions to enrich STEM learning

The interior of the classroom should be conceptualized as a teaching tool that stimulates
and supports the entire learning process, and helps establish rational and valuable educational
tasks through the various expressive means of art and design.

The misconception that having the best technology in the classroom eliminates the need
for beauty and cosiness is widespread. Augmented reality is considered sufficient to give
students a sense of completeness both in their surroundings and in the learning process.

The model in which the five-member configuration teacher - student - content -
decorative learning environment - added virtuality works will be examined in two classrooms
built as a decorated learning environment.

MoTuBaumsa
"
ycneBaemocT

AOEABEHA
BUPTYANHOCT

CbAObBPXAHUE

EKOPATVBHA
YYEBHA CPEQA

Figure 2.14 The "Fifth Element" in motivation and success

To make this model as effective as possible, the following steps are required in the
development of each lesson (Fig. 2.15):

OUEHABAHE M AHANU3
AR/VR MOAEN U UHCTPYMEHTH

MEAATOTMYECKU MOAEN

OBPA3OBATEJIHA LIEN

Figure 2.15 The steps of the model
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(right)

Figure 2.18 Biology and Health Education Cabinet

2.4 Conclusions

The developed models for the application of AR and VR technologies in various taught
disciplines show that the use of augmented and virtual reality can be a very effective tool for
personalizing the learning process and promoting inclusive and active learning.

As a result, the following conclusions were drawn:
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1. A model for using virtual reality in biology education as part of STEM education is
proposed. Experience shows that simulations are a promising way to improve
student learning outcomes, especially in STEM subjects;

2. A model for the application of augmented and virtual reality in mathematics
education is proposed

3. A model for teaching fine art with AR was developed, which contains two modules
- one is for exploring geographically remote physical spaces and artistic works
without leaving the classroom, the other is for creating your own artistic works by
adding a virtual dimension to any work of art.

4. A methodology for combining project-based learning with the application of
augmented and virtual reality tools is proposed.

5. A model for integrating the interaction between the physical environment and
AR/VR technologies has been developed.

Chapter 3 Evaluating the Effect of AR/VR Application in Learning in
Different Subject Areas

One possible approach to evaluating the effectiveness of a given simulation is to run
benchmark tests.

Evaluating whether training objectives have been achieved, especially when a lot of
investment has been made in equipment, is critical to the effective use of that equipment. This
requires creating an evaluation strategy, collecting evaluation data, and making
recommendations for further improvements.

The study evaluates the effect of working in a learning environment augmented with
augmented reality and used to improve the learning process and deepen the understanding of
the learning material.

3.1 Assessing the application of AR/VR in STEM education

Participants in the study were high school students, divided into three groups according
to their fields of study - humanities, STEM and information technology (IT). These are 3
separate groups of students with specific interests who, at this stage of their studies, had to
study the same study material in biology. Participants were required to study course material
related to human anatomy during their compulsory biology classes. The number of participants
in the groups was as follows: 28, 28 and 24.

The impact on students' progress was measured by tests comparing their results before
and after using the AR applications. The AR system used was Zspace® (Figure 3.2).
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Figure 3.2. Screenshot of an augmented reality (AR) model of the heart and blood
vessels

Pearson correlation was calculated:

_ n2xy — 2x)Qy)
J mEx =~ @0 Iy - Ey)]

(1)

Where n—number of pairs of scores; Y xy—sum of the products of paired scores; > x—
sum of x scores; Y y—sum of y scores; > x>—sum of squared x scores; ¥y>—sum of squared y
scores. The two variables x and y are quantitative and continuous.

The histograms of the results of the 1st group of students are shown in figure 3.3.

Points - pre-use of AR Points - post-use of AR
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Figure 3.3. Histograms of student group 1 results.

It can be seen that in all three groups, the use of an AR system and environment resulted
in a statistically significant difference in students' level of understanding of the learning
material compared to traditional text-based and graphic-based learning tools.

3.2 Evaluating the effect of the developed models with GeoGebra's AR module
Two ways of using the AR module were explored:
o for a personalized learning experience provided by the AR module to students
through the GeoGebra 3D Calculator mobile application.
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e through the combination of zSpace (an all-in-one solution for AR education),
GeoGebra and a dedicated zView camera.

Figure 3.6. A preview of GeoGebra's AR module

In all 3 groups, there was an increase in the score in points. The average percentage
increase is almost 30%.

3.3 Evaluating the effect of the application of augmented reality in education in the field
of arts

This study presents results of the application of AR in the teaching of fine arts according
to the curriculum for secondary schools in Bulgaria.

3.3.1 Exploring physical spaces and artwork in the classroom.

The first type of app that was explored in the study allows students to explore physical
spaces and artwork while in the classroom.

The tasks that were set for the students related to researching ancient artefacts, a specific
art gallery and researching a specific painting.

The app used to explore physical spaces and artwork while in the classroom was Google
Arts & Culture.

3.3.2 Creation of own works

The second type of application that was studied allows students to create their own AR
objects by adding a virtual dimension to any artwork, including self-created animations, videos,
and music. The specific application that was tested is UniteAR [https://www.unitear.com/]. It
is an augmented reality SaaS platform that allows users to create their own AR experiences in
literally three clicks.

The following figures show some examples of student work done using an AR
application in art classes ( (Fig. 3.7), (Fig. 3.8).
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Figure 3.7 Student work done using an AR application in art classes

Figure 3.8 A 5th grade student's work with an AR application
Experience shows that a quality AR tool, providing a multidisciplinary approach, with
customization options and with many visualization tools, can be very useful for students - to
independently plan their work, draw conclusions and learn to express their opinions, by
appreciating art-related subjects.
The second experiment showed that average student engagement increased by 27%.

3.4 Evaluating the effect of combining project-based learning with AR/VR

Experimental results have shown that integrating such a dynamic classroom approach
as project-based learning with appropriate AR/VR applications can unlock and stimulate
creativity, increase both student achievement and their motivation to learn.

An increase in points was observed in all 6 groups. The average percentage increase is
28%.
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3.5 Conclusions

The aim of this research was to investigate the impact of different AR tools on student
outcomes. The study showed a significant improvement in students' understanding of the
research questions.

In line with other studies, AR/VR technology can not only facilitate teaching processes,
but also make them more interesting and motivating. Based on the analysis of data on the
effectiveness of learning through the use of AR, it can be confirmed that the integration of this
technology into the learning process has a significant impact on student results.

The research showed that AR, especially when used in science education, allows
students to explore, practice and interact with content without worrying about financial or
ethical issues such as expensive supplies or animal injury. The technology provides many
opportunities for experimentation, and in a safe environment. In general, virtual, augmented,
and mixed augmented reality tools provide all of these capabilities.

The results achieved by students using the GeoGebra 3D Calculator mobile application
are described, along with the personalized learning opportunities it provides and the learning
challenges. The possibility of teaching through the augmented reality system zSpace in "3D
Grapher" mode, with the 3D module of GeoGebra, was also explored.

Research has been conducted related to the use of augmented reality tools in arts
education. The results show that the use of augmented reality can be a very effective tool for
personalizing the learning process and promoting inclusive and active learning, and the
engagement of learners is increased by 27% compared to that measured using traditional
learning methods.

As a result, the following conclusions were drawn:

1. a methodology for evaluating the application and impact of tools for augmented and
virtual reality in education in the subjects of biology, mathematics and fine arts is proposed.

2. a method for the combined use of PBL with augmented and virtual reality is
proposed.

Chapter 4. Implementation of educational materials with the means of
AR/VR

One of the big questions facing STEM educators is which application or simulation and
experimentation environment to use for specific educational needs, and which development
environment to use if they decide to create an educational resource themselves. .

Of key importance for the rapid development of these technologies and resources are
the characteristics of AR and VR systems and the opportunities they provide to the user,
namely:
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VR: virtual world, immersive experience, sensory feedback and interactivity.
AR: the ability to combine digital and physical worlds, real-time interactions and
accurate 3D identification of virtual and real objects.

4.1 VR tools for training implementation
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Figure 4.1 Basic elements of VR

4.1.1 Hardware required to use VR

To use virtual reality, you need special glasses/helmets for virtual reality - VR
headset/gear. VR helmets are devices that completely cover the user's eyes. They provide an
immersive and captivating experience.

In the field of education, the most popular are helmets used with a mobile phone, as
well as those known as "all-in-one" - autonomous helmets that contain everything needed to
conduct a specific lesson and allow centralized control by the teacher.

4.2 AR means for the implementation of training

When we talk about augmented reality (AR), we have to keep in mind the two main
types of AR technologies — tag-based and tag-free. The choice of technology determines the
possibilities and limitations when working with the particular type of AR.
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Figure 4.3 Basic elements of AR
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4.2.1 Hardware required to use AR

The use of augmented reality is possible through various end devices.

The first group of AR devices includes smartphones and tablets capable of working
with augmented reality.

The second group of AR devices are augmented reality helmets. They allow users to
see what's in front of them, but they also overlay digital information.

The third group of AR devices includes systems consisting of several elements -
computer system, screen, camera, glasses and various types of sensors. All this is combined
with specially developed software, allowing the exploration and interactive interaction with
complex 3D structures, as well as conducting various simulations and experiments. One such

system on which some of the research in this work is based is zZSpace® [zspace.com)].
4.3 AR/VR Software Tools and Platforms

The many applications of AR require specific software and hardware. The software
uses the coordinates of the real environment from cameras or other devices, and the goal is to
transmit information about the position of the object in an XML file using ARML (Augmented
Reality Markup Language).

With the increasing spread and success of AR applications in various fields, there is
also a growing need to develop new approaches and technologies to ensure the quality of these
applications [Tramontana, 2022].

4.3.1 Development environments for VR and AR applications

In recent years, numerous VR and AR application development environments have
emerged. Among them, there are those designed for both beginners, advanced and
professionals, and some of them are also web-based.

Some of the most popular VR development environments are:

1. Unity 3D

2. Unreal Engine 4

3. Blender

4. React 360

Among the most used AR development environments are:

1. Apple ARKit

2. Google ARCore

3. EasyAR

4. Vuforia

Identifying software suitable for use by such teachers is an important task.

The bottom line is that there are only a few tools for creating educational AR
applications targeting the needs of teachers. They are:

1. Vuforia Studio
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2. Blippar

3. AWE

4. AR Media Studio
5. Areeka

4.4 Bloom's Taxonomy Guidelines for Creating Interactive AR/VR Educational
Applications

With the availability of many different options for the use of virtual and augmented
reality, it is difficult for most teachers to choose the best technology and find its best application
for the specific case.

An updated version of Bloom's Taxonomy [valamis.com, 2022] reflects the entry of
new technologies and allows to clarify the learning objectives when applying AR/VR (Fig. 4.5)

1956 2001
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Figure 4.5 Development of Bloom's Taxonomy

4.5 SWOT analysis of the application of AR/VR technologies in education

The results show that the use of XR technology in primary and secondary education is
multifaceted, can positively affect the learning outcomes of students, contributes to increasing
motivation, engagement and interest [Galati 2019; Simon-Liedtke, 2022; Yin, 2022]. Reality
simulation provides a stronger impact on learners than traditional materials; better practical
upgrading of theoretical knowledge and economy of materials and safety.
4.6 Conclusions

This chapter summarizes the hands-on experience of the author of this thesis from
conducting numerous experiments in a real environment with various AR/VR applications,
which forms the conclusions that these applications need descriptions showing which resource,
which tool and which activity on which level in Bloom's hierarchy could be used according to
educational standards. This would greatly assist educators in making informed choices and
providing effective and personalized learning.

Abstracts of Dissertations 3 (2023) 4-37



28 Plamen Petrov

Conclusion - Summary of the obtained results

The level of modern computing required to use AR/VR, together with the ubiquity of
mobile devices and powerful desktop computing systems, provide new functionalities that can
be used in teaching. In the dissertation, models and methods for applying augmented and virtual
reality in education are studied in detail. Numerous real-world experiments have been
conducted with various AR/VR tools, environments and teaching techniques to achieve a range
of learning objectives.

A qualitative and quantitative analysis of the effect of using the proposed models using
augmented and virtual reality was made. To achieve different learning goals in different
teaching disciplines, as well as for different age groups of students, corresponding models were
developed. Experiments conducted in a real learning environment have shown that simulations
are a promising way to improve student learning outcomes, especially in STEM subjects. The
evaluation of the level of achievement of learning objectives through the use of virtual and
augmented reality, and with different approaches in teaching, was carried out with statistical
methods.

In this dissertation, it is proposed that the application of AR/VR technologies in
education be evaluated in three directions:

— use of AR/VR as additional technological means;

— combining AR/VR technologies with different teaching methods and scenarios;

— combining AR/VR technologies with physical surroundings/environment.

In view of the work carried out in the dissertation and the conclusions obtained in the
course of the research and presented above, the following scientific and applied results can be
formulated:

1. A model has been developed for using augmented reality in STEM education. The
model allows for easy adaptation to the specifics of different STEM disciplines, encouraging
creativity and teamwork.

2. A model has been developed for the use of augmented reality in mathematics
education. The model allows the use of various augmented reality technologies, making it
suitable for application both in the classroom and outside. Enables the use of different
educational approaches.

3. A model for using augmented reality in art education is proposed. The model allows
the use of both augmented and virtual reality. This makes it flexible and applicable to a very
wide range of activities in art education. It enables the use of different educational approaches,
encourages creativity, discovery and teamwork.

4. A model for combining project-based learning with augmented and virtual reality
was developed. The model is practically oriented and allows the use of a multidisciplinary
approach in working with students. Working on a real problem using both types of realities
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creates a real sense of experience and successfully addresses an important but intractable
problem such as student motivation.

5. Methods for evaluating the implementation of technological means for augmented
and virtual reality for certain educational purposes are proposed.

Directions for future research

The main directions for future research on the topic of the dissertation include:

* Exploring the potential of AR/VR to enhance distance learning.

* Integration of AR/VR in the course "Technology Entrepreneurship".

* Integrating AR/VR into veterinary education.

« Exploring the potential of VR to improve students' communication, decision-making
and teamwork skills.

* Creating methods and models for using holographic AR in education.
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39 Ilnamern Ilempos

YBoza

JKvBeem BBB BpeMme, B KOETO LI(POBUTE TEXHOJIOTMU HEMPEKbCHATO TpaHcdopmupar chepata
Ha 00pa3oBaHMETO. BBP30TO MM pa3BUTHE T'M MPaBH BCE IMO-JOCTBIIHK U BOJM JIO IIMPOKOTO MM
HAB/IM3aHE BbB BCHYKM €Talu Ha oOpasoBaTenHus Ipouec. ToBa Bogu M 10 Obp3 Hampembk B
00pa3oBaTeHUTE TEXHOJIOTHH, & MHCTUTYLMHUTE, 0Opa30BATE/IHUTE EKCIEPTH M IPEHoaBaTe/IuTe
TBPCAT HOBM HAYMHH 33 MHTETPHpaHe HAa IM(POBH pelIeHHs U MOA0OpSBAHE HA WIKUBSIBAHETO B
KiacHara cras. JloOaBenara peamHoct (AR) wu BupryanHara peanHoct (VR) — 1Be TeXHOIOIHUH,
TI03BOJISBAILM CMECBAHE HA PEATHUS U IMTUTATIHUSA CBAT, 4 JAKE M Pa3MUBALLM IPAHULIUTE MEXKTY TX,
NO3BOJISIBAT  CH3[IABAHETO HA OIE IO-NIEPCOHAIM3UPAHM W 3aBJIAJSABAIlM  BU3YaJIHU
M3KUBSIBAaHUS U TMpesyIarat 3a0eSIeKUTENCH MOTSHIINAI 38 MHOBALIHH.

[IpoyuBanusiTa, HampaBeHH B HacToslaTa paboTa, MOKa3BaT, Y€ HE ca MHOrO H
LUIOCTHUTE, Oa3upaHd Ha CTaHIAPTU CpeAM, MNOAXOIALIM 3a IpUJIaraHe M CHEeLHaIHO
paspaborenu 3a STEM o6yuenuero. OT npyra cTpaHa, ChIIECTBYBaT MHOXKECTBO I'OTOBU U
necuo goctbiiHn AR/VR pecypcu. OT KIIOYOBO 3HAuUEHHE 3a TAXHATA IOJ30TBOPHA
yroTpe0a ce OKa3Ba M3IMOI3BAHMUIT 00Pa30BaTEICH MOIX0/T

Hacrosmusar aucepraiioHeH TpyJ aHaJIU3Upa ChLUIECTBYBAILM M NpeaIara MoJaeju
3a n3noJi3Bane Ha AR/VR B o06pa3zoBanueTo, 3aelHO ¢ MeTOJHU 32 OLICHsABaHE HA e(eKTa OT
TAXHOTO TPWIOKEHHE B oOpa3oBaTeiHus mnpouec U KoMmOuHHMpanero Ha Te3u HWKT
TEXHOJIOTUH C JPYTU TEXHUKU U CLIEHApUH Ha NpPEerojaBaHe, KakTo U ¢ (u3nyeckara cpeia B

KJlaCHaTa CTasd.

CTpYKTypa Ha AmcepTaumaTa

JlucepTallMOHHUSAT TPYA € CTPYKTypUPaH B YeTHPH TIaBH.

B mbpBa riaBa e HampaBeH aHATUTHYEH 0030p Ha CHBPEMEHHH HAIPABIICHUS H
TEXHOJIOTUH B e-o0ydeHWe. MOTHUBHpaHA € HEOOXOJMMOCTTa OT NpeIaraHeTO Ha HOBU
MOJIENIN 32 MPUJIAraHeTO Ha BUPTYATHU OOYUUTEITHU PECYPCH 3a ONPECIICHH IEJIEBU TPYTIH,
KaKTO U HEOOXOJMMOCTTa OT KOHKPETHU METOJIH, WHCTPYMEHTH, NMPUMEpPHU 3a CIEHApUu U
MTOJIXOJTH, TIO3BOJISBAIIY €(DEKTUBHOTO MM IPHJIAraHEe B OOYUUTEITHUS TIPOIIEC.

BsB BTOpa rjaBa ca mpeacTaBeHH pPa3pabOTCHHUTE MOJNENH 32 TMPHIOKCHHE Ha
nobaBeHaTa W BHUPTyajdHa peasHOCT B pasznuyan STEAM mpeameTd ¢ pa3iudHH
o0Opa3oBaTeNHU 1€ W BB3MOKHOCTUTE 32 KOMOMHHPAHETO UM C MPOEKTHO-O0a3upaHUs

MOJIXOJ] M CTICIIMATTHO MPOSKTUPaHa (punvecka cpena.

Asmopegpepamu Ha ucepmavuu 3 (2023) 39-80



B Tpera riaBa ca onucaHu METO/AM 3a OLIEHSBAaHE Ha eeKTa OT MPUIIOKEHUETO Ha
pa3paboTeHUTEe MOJEIH C OTYMTAaHE Ha crenuduka Ha MPENoJaBaHUTE MPEIMETH, KaKTO U
Metoau 3a komOuHMpane Ha AR/VR TexHonoruurte ¢ pasiIuyHU TEXHUKH W CICHAPUM HA
IPEero/IaBaHe.

B 4YerBbpTa ri1aBa € HampaBeH Iperjie] Ha COMTYEepHHTE CPEIH 3a Cbh3JlaBaHE U
XapIlyepHUuTe cpeacTpa 3a msnoissane Ha AR/VR obOpa3oBatennu matepuanu. Pasrienana e
oOHOBEHaTa W ajanTupaHa KbM HU(POBUTE TEXHOJIOTMU TAaKCOHOMMs Ha biyMm u HeiHOTO
3HA4YeHHE 3a Cbh3JaBaHe Ha Oasupanu Ha crtangaptd AR/VR oOpaszoBaTenHu pecypcu.
Hanpasen B SWOT ananu3 nHa npunoxenneto Ha AR/VR texnonoruu B 06pa3zoBaHueTo.

B 3akuaioueHuero e npeacTaBeHo pe3loMe Ha MoiydeHuTe pesynratu. OnpeneneHu
ca Hacoku 3a ObaemM uscienBaHuss M pasButTve. IlpencraBeH € CHUCBK C HaydyHU

ny6m/n<au1/n/1 10 TeMaTa | 3a0elsa3aHu HUTHUPAHUA.

HucepranmoHHusT Tpyn chabpka 114 crpanumm, 42 ¢urypu, 18 tabmmmm n 121

JIUTEPATYPHHU U3TOUYHHKA.
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[naBa 1. AHaIM3 Ha CbBPEMEHHW MOAeNn M MeTOAM Ha NpenojaBaHe

1.1 CbBpeMeHHM HanpaBieHNA 1 TEXHONOTMN B e-00y4yeHne

I1pe3 nmocnemaUTe MeceTueTrs: 0OyYEHUETO TIPETHPITS TOJIEMH MPOMEHH — OT CTaHIapTHATA
00CTaHOBKa B KJIaCcHATa CTasi M 00y4eHUE, PHKOBOJICHO OT YUHTENN U MHCTPYKTOPH, 10 CHBPEMEHHHTE
BBE3MOXKHOCTH 3a OOyYeHHE upe3 HMIPOBH3ALMS, W3KYCTBEH HHTENICKT W BUPTyaJHA PEATHOCT.
PazBuTreTo Ha MHpOPMAIOHHN 1 KOMYHHKAIIMOHHN TEXHOJIOTUHTE JIOBE/IE IO TIOSIBA Ha €-00yUIeHHE,
T. € 00pa3oBaHue, KOETO CE TIPOBEXk/IA, PHKOBOIM M OCHIIIECTBSBA C IOMOIIITA Ha EJICKTPOHHU MEITHH.

Texnonoruure cu ocTaBaT KIH04OB (hakTop, KOrato ce ToBopH 3a e-o0yueHue. be3 3HaueHue
T Ce TIperiojiaBa Ha JIe1[a, BE3PACTHU MIH Ce Pa3paboTBaT KypcoBE 3a KOPIOPATHBHO O0yYEHHE, 1a
Ce BB3IOI3BAIII OT BE3MOKHOCTUTE, KOHMTO TIpe/ijIaratT HOBUTE TEXHOJIOTHH, € 33 TBIDKUTEIHO.

HezaBucrMo OT HampaBlieHUsTa ¥ TSHICHIMKUTE B €-00ydeHHe, B OCHOBaTa My CTOSIT JIBaTa
THIIa CHUCTEMH - 3a ynpaeieHue Ha oOyuenuero (Learning Management System - LMS) u 3a
yIpaBJieHre Ha yuaeOHOTO chabpxkanue (Learning Content Management System - LCMS).

PazmunanTe BUmoBe OOydeHHME M3MCKBAT PA3iIMIHU TEXHOJOTHMH WM TUIAT(OPMH 3a TIXHATA

peam3anysl.

1.1.1 Mukpooby4yeHue (Microlearning)

ToBa e equH OT MpeanoYMTaHUTe HAUMHK Ha OOYYEeHHeE, Thil KaTo MO3BOJISIBA ChABPYKAHUETO
na Ob/ie pa3/eNieHo Ha MO-MAJIKK YacTH U YJIECHSIBA YCBOSIBAHETO Ha MH(opMaIMATa OT 00ydaeMusL.
Tbii KaTo NMPH MUKPOOOYUEHNETO YUEOHOTO CHABPIKAHUE CE CHCTOU OT MO-MAIKH MOJYJIH, TIO-JIECHO €

TC 1a 6T>,I[aT 3aBBPIICHH, 4 MAaTCPHUAITBT — YCBOCH B JIBOKCHUC.

1.1.2 CmeceHo oby4yeHme (blended learning )

CmeceHoTO OOy4yeHHE ChUeTaBa CUJIHUTE CTPaHM KAaKTO Ha TPAAWIMOHHOTO, Taka M Ha
€JIEKTPOHHOTO OOYueHFe, 3a Jia TPeIOKH Hail-moOpoTo 3a moTpeduTenmTe. 3a Ja HampaBu
00ydeHHeTO TMO-e(DEeKTUBHO, CMECEHOTO OOydeHHe mpemiara oOpa3oBaTellHa Iporpama, KOsITO

KOMOMHHPA MPUCHCTBEHO 00yUeHHE U OHJIAiH YPOLIH.
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1.1.3 Urposuzauma (Gamification)

Enna ot Hait-Obp30 pa3BUBAIIMTE c€ OONACTH OT €JIEKTPOHHO OOYUYEHHE, KOSITO H3IOJ3Ba
WTPOBH €JIEMEHTU B HEUTPOBU CUTYAIMH C TIEJT TIOJI0OPSIBAHE HA aHTAKUPAHOCTTA HA TMTOTPEOUTEITNTES
TI0 BpeMe Ha 00yUYEHHE U TTOCIIeIBAIATA UM OIICHKA.

Cwmsta ce, 4ye ¢ MeTOmHTe, KOWTO H3MOJI3Ba, WIPOBU3AIMATA MOXKE Jia KOMIICHCHpA
HEJIOCTATBIIUTE HA JIPYTY METO/IM 32 €JICKTPOHHO 00yYeHHUE, KaTO aHr)KMUPa BHUMAHUETO U MOBUINIABA

KOHIICHTPAlMATA Ha yHallIUTC CC 3a IO-ABJIBI IIEPUOI OT BPEME.

1.1.4 OHNaMH MEHTOPCKM NPOrpamm

[Iporpamure 3a OHIANH HACTABHMYECTBO TNPHIOOMBAT BCE IO-TOSIMA TIOMYJISIPHOCT.
KomOunupaiiku cpery Ha >KHMBO WIIM BUJICOBPB3KU Ha JKUBO C €JIEKTPOHHO OOYUEHHE, Te ca dyIeceH

Ha4MH J1a C€ OCUT'YPH IICPCOHAIIN3UPAH OITUT 1 3HAHMS OT ITbPBA PbKa B OIIPCICIICHA o0Iacr.

1.1.5 MobunHo obyuyeHmre (Mobile learning)

MobOuHOTO 00ydeHHe € eTalm B Pa3BUTHUETO Ha EJIEKTPOHHOTO oOyueHue. J[Bara Buzia
o0y4eHe UMaT MOI00HH XapaKTEePUCTHKH. ETHO OT Helara, KoeTro oT/iMyaBa MOOWIHOTO 00y4YeHHUEe
OT €JIEKTPOHHOTO, € W3IMOJI3BaHETO0 HAa MOOWIIHA TEXHOJIOTUM — MOOWIHH YCTPOWMCTBA U OE3KUYHU

KOMYHHKAITMOHHU TCXHOJIOI'MHU.

1.1.6 CTaHaapTH 33 eN1eKTPOHHO 0by4YeHmne

Hacokute 3a poekTrpane 1 pa3paboTBaHE Ha ChIIbPKaHHE, PA3IONAraHeTo My B TIaT(hOpMI
Y OCHTYPSIBAHETO Ha OTepaTHBHA ChBMECTHMOCT C Pa3JIIHH YCTPOMCTBA, MOTAT Jia Ob/IaT HAMEPCHHU B
Cranaprute 32 eJ1eKTPOHHO 00ydyeHMe — HAOOp OT OOLM IpaBWia, KOMTO Ce Tpuiarar 3a
CBHIIBPYKAHHUETO, CH3/[ABAHETO HA COPTYEp M CUCTEMHUTE 3a yIpaBlieHue Ha o0yueHrero (LMS).

Nwma nBa OCHOBHM THMa CTaHIAPTH 3a eleKTpoHHO oOyuenue (¢wur. 1.1). Cragmaprure 3a
MPOEKTUPAHE Ha KYPCOBE CE OTHACAT JI0 PA3IMYHUTE aCTICKTH Ha IPOSKTUPAHETO U pa3pabOTBAHETO Ha
KypCOBE, a TEXHHYECKHTE CTaHIAPTH CE€ OTHACAT JI0 paslojiaraHeTo Ha KypcoBe B LMS wmm npyru

BUJIOBE TIOPTAITH.
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| E-learning standards |_

~——
| Technical standards| |Courseware desien standards|
| SCORM| |AICC | |W3C WCAG| [Instructional Media Assessment
design standards standards standards
Visual design Writing
standards standards

Queypa 1.1 Cmandapmu 3a ereKkmpoHHO 00yyeHue

1.1.7 NepcoHannsnpaHo obyyeHune

Konuenuusta 3a mnepcoHanu3upaHo oOy4yeHHE HE € HOBa 3a OOpa30BaHHETO.
[lepconanu3upaHoTo 0OyueHHe OCUTypsiBa YHUKAJIEH, CUJIHO (POKyCHpaH IIbT HAa 00yUYeHHE 32
BCEKM yU€HUK. VIHIMBHIYaTHOTO BHMMAHHE OT CTpaHa Ha INpernojaBaTelisd HE € Bb3MOXKHO

IIpU TPaJAULIMOHHUTE 00PA30BATEIIHU MOJIEH C IOJIsIM OpOil yUeHHULIH.

1.1.8 AgantusHo obydeHne (Adaptive Learning)

EnvH OT MHOrOTO BB3MOXKHHU MOJIXOAM 32 MEPCOHATU3UPAHO, CHIHO (POKYCHpPAHO
oOydeHue 3a rojsiM Opoil ydamu ce, € ATanTuBHOTO oOydeHne. To M3UCKBA M3MOI3BAHETO
Ha pa3IM4YHAu TCXHOJOTUYHU CUCTEMU U NUHCTPYMCHTHU.

3a peanu3zanuATa Ha AJANTUBHO OOyYEHHE CE M3MOJI3BAT 3HAHUS U TEXHOJOIMH OT
pa3uyHu 00J1aCTH - BKIIOYUTEITHO KOMITIOTHPHH HAYKH, U3KYCTBCH HWHTEIICKT, ICUXOMETPHS,

o0Opa3oBaHUe, ICUXOJIOTHS U JIp.

1.2 BupTyanHa, nobaBeHa 1 cmeceHa peasHoCT

TexHoNorHMsITa 3a BUPTyallHA PEATHOCT CE€ OCHOBaBa HAa KOMITIOThpHA rpaduka,
cUMyJalusi, HHTepQecu Y0BEeK-KOMIIOTHDP U ApYrH. M3mon3BaHeTo Ha BUPTyaIHa peasHOCT
(VR) B oOpa3zoBaHMETO MOXeE J1a C€ CUMTa 33 €CTECTBEHATa EBOJIOIMS Ha KOMITIOTHPHO-
MOJMOMOTHATO WM KOMITIOTBPHO OasupaHOoTO oOydeHue. YCeIlaHeTo 3a TMOTaIsHe,
nocturHaro 4pe3 Buprtyannud 3D cpemm [Do, 2015], npeanara MHOKECTBO MPEIHMMCTBA

[Kersten, 2020].
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Bupryannara pearHOCT € U3KyCTBEHa Cpefia, KOSTO Ce MPEKUBSIBA Upe3 CEH30PHU CTUMYITH
(kaTto TIIEKW W 3BYIM), OCHTYPEHH OT KOMITFOTBD, M B KOATO JCHCTBHSTA HA YOBEKAa YaCTUYHO
OIpeJIeIIAT KaKBO Ce CITy4Ba B OKOJIHATA Cpejia criope onpeesienre ot Merriam-Webster Dictionary.

3a pasznuka OT BUpPTyajiHaTa PEaIHOCT, KOSTO Ch3JlaBa HAIIBJIHO M3KYCTBEHA Cpefa,
nobasenara peasiHocT (AR) n3mos3Ba ChIlECTBYBaIaTa Cpejia U Hacjaarsa HoBa HHGpOpMaIus
BBpXy Hes. JlobaBeHaTa pealHOCT € WHTETpUpaHeTo Ha mudpoBa MHPOpPMALUS ChC cpeaara
Ha moTpeOuTenss B peanHo Bpeme. llomymspHoctta Ha AR HapacTBa, 3amoTo mnpeHacs
CJIEMEHTH OT BUPTYAJIHHUSI CBAT B PEalIHUsI CBAT, KaTO MO TO3M HAYMH MOJOOpsBa HEIIaTa,
KOHUTO BIDKIAMe, YyBaMe U 4yBCTBaME.

OT HAKONKO chllecTByBalu AepuHUIMM Ha AR Haii-uecTo ce crmomeHaBa TasH,
npenoctaBeHa ot [lom Munrpam (/lemapraMeHT 10 MHIYCTPUAIHO HWHXKEHEPCTBO,
Yuuepcurer Ha TopoHto) u @Dymmo Kummno (/lemapramMeHT MO elEeKTPOHMKA,
MH(POPMALIMOHHN CUCTEMHU U €HEPrHiHO MHXEHEPCTBO, YHUBepcuteT B Ocaka). TeopeTnaHO
Ce OIpeNeNsT pa3INyHU BUJOBE PEATHOCT, KOUTO Ch3JaBaT KOHTUHYYM, KOWTO, 3alI0YBaiiKu
OT peajHHs CBST, BOAM [0 HAIBJIHO BHpTyajeH cBaT [Arena et al, 2022]. B nero ce

paznuyasar ciegHure cpeau (¢ur. 1.3):

Peanna cpena (RE): ToBa e cpenmara, B KOSATO KMBEeM, U KOSITO C€ YNPaBJIsABA OT

3aKOHUTE Ha (DM3UKATA;

e Jlob6aBena peanHocT (AR): ¢usmdecka peaTHOCT, B KOSTO YYACTHHIIMTE BIDKIAT U
BUPTYaJIH! €JIEMEHTY,

e Pasmmpena BupTyaHocT (AV): BUpTyalHa PEaTHOCT, B KOSITO YYAaCTHUIIUTE BIDKIAT
U peaJTHH €JIEMEHTH;

e Bupryamna peanmHoct (VR): mpencrapisiBa CHHTETHYEH CBSIT, B KOWTO YYaCTHUKBT €

HAITBJIHO ITOTOIICH.

Mutrpam u Kurro [Milgram et al, 1994] BeBexkIaT KOHTUHYYMa PeaiHOCH-GUPIY ATHOCT.

B ymotpeba e u ome emun TepmuH — Extended Reality (XR). Pasumipenara peamsoct (XR) e
TEPMHUH, KOMTO ChueTaBa MPEKUBABAHUATA C JTOOABEHA PEATHOCT, BUPTyaJlHA PEaHOCT U CMeceHa
peaTHOCT, KOETO O3Ha4aBa, Y€ BCUYKU TEXHOJOTMYHO MOJOOPEHH PEATHOCTH IMONAaT Moj OO
TepMuH XR. ToBa € CpaBHUTENTHO HOBA TEXHOJIOTHS, KOATO Pa3MHUBA IPaHUIATA MEXKIY PEAUTHUS U

AUTHATAIIHUA CBAT, 3a Od Ch3AaJIC OLIC MO-TICPCOHAIIM3UPAHNU U 3aBJIa/IABAIll BUSYAITHU U3KVBSABAHMA.
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ToBa craBa ¢ W3MOI3BAHETO HA CICIUATHH CIYIIAIKHA, OYMIA, JPKOMCTUIM W CEH30pPH, C LN
MO/I00PSIBAaHE HA BE3MPUSATHSATA HA IIOTPSOUTEIIS.

B®3 ocHOBa Ha Ta3u KiacuduKarms € U Kiacu(HKaImsITa Ha pa3IMIHUTE BUIOBE TEXHOJIOTHH.

Pasmmpena peanHocT(XR)

<& [
< »

Peanna cpepa------ Hob6apena ---------- Cwmecena ------------ JloGaBena ----------- Buptyanna cpena
peannoct (AR) peannoct (MR)  Bupryannoct(AV)

Queypa 1.3 Konmunyym ,, pearnocm-eupmyaninocm”

(aoanmupano om [Milgram et al, 1994], [Arena, 2022]).

AR Moxe 1a ce mpuiiara upe3 pa3iiiuHi BHUIOBE TEXHOJIOTHH CHOPE KOHKPETHHTE LENH U
TIPUJIOYKCHUS:
¢ basupana na mapkepu AR (Marker Based AR)
e AR 06e3 mapkep (Markerless AR)
o 0Oaszupana Ha mectononoxenue (Location-based AR)
o 0Oasupana Ha porkekims (Projection-based AR)
o Oasupana Ha HacrarBate (Overlay AR)

o xkonrtypHa AR (Contour AR).

C TeueHre Ha BPEMETO CTaBa SICHO, Y€ MIMa MHOT'O TOJIEMH BB3MOJKHOCTH 32 TPUJIOYKEHHE Ha
AR/VR TtexHomornu B pa3imdHy 00J1aCTH, 3aHUMABAII C€ ChC Pa3HO0Opa3HU MPOOIEMH B PEATHUS

cBat [Rebbani, 2021].

1.2.1 AR/VR - BupTyanHa n gobaseHa peasHoOCT B 06pa3oBaHUETO

C pa3BUTHETO Ha MPAKTHYHHUTE U JIOCTHITHN BUPTYAITHA PEATHOCT U CMECEHa PEATHOCT Xopara
BCYC WMaT INaHCa Jia M3MUTAT YBIICKATEITHO YYBCTBO MPH yYeHE KakTO B KiacHuTe crau [Cabero-
Almenara, 2019], taka u HeopMaIHO B JOMOBETE, OMOIMOTEKUTE M OOIIECTBEHUTE TIeHTpoBe [Liu,
2017]. MHOro xoMmaHuy 3a 00pa30BaTeHM TEXHOJOTMHM HM3IOJ3BAT BUPTyalHA PEATHOCT, 3a Jia
BHECAT PEANCTUYHM TIPSKUBSBAHKMS B KJIACHATa CTas, KAaTO CBHIIEBPEMEHHO TIOIYepTaBar
CIIOCOOHOCTTA Ha TEXHOJIOTHATA JIa BIIXHOBSBA M TpadBa BHIMAaHUETO Ha yueHunuTe. OToernsissa ce,
ge VR TexHoNorumTe MOATHKBAT KbM B3aMMOJCHCTBHE M HAChpYaBaT aKTHMBHOTO YUacTHe, a He

nacuBHoctTa [Chandrasekera, 2018].
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1.2.2 Llenn n Bb3aMOXHOCTM Npu n3nonssaHeTo Ha AR/VR B 06pa3oBaHneTo

B obmactra Ha 0Opa3oBaHHWETO IO TPUPOJHM HAYKW, TEXHOJOTHH, HH)XEHEPCTBO U
marematnka (STEM) HambiHO WHTEpaKTHBHHUTE BHPTYyaJHH JIAOOpaTOPHM CHMYyJAllM  Cca
NpeIHA3HAYCHH JIa aHTKUPAaT M CTUMYJIHMPAT ©CTECTBEHOTO JIFOOOMMTCTBO HA YYCHHMIIUTE, JTOKATO
yuar [Nersesian, 2019].

OO1I0TO 3aKTIOYCHHE OT HAKOJIKOTO MPOYYBAHUS €, Y€ MPUIIOKEHHUSITA C I00aBEeHA PEaTHOCT
Morar Jia oio0psIT y4eOHus TIpoliec, MOTHBAIIMSATA 32 yueHe U eekTuBHocTTa [Brij, 2021]. Bripeku

TIOJIOXKUTEITHUTE PE3yJITaTH ca HeOOXOIMMH TTOBEYE U3CIIe/IBaHusL, 0TOCIsI3Ba ce B [Tzima, 2019].

1.2.3 MNpeamsBrKaTeIcCTBA M PUCKOBE OT M3Mnoa3BaHeTo Ha AR 1 VR B ob6pasoBaHmeTo

CoiniecTByBaT onpeseieHn prckoBe Tpu m3nomBaHeTo Ha AR m VR B oOpaszoBaHuero.
ExcrieprrTe Bee o1rie ce onmmTBar 1a pasoepar Bp3aeicTBreTo Ha VR BBpXy yueHeTo Ha Jierara.

Henocrarpiure OT W3MOM3BAHETO HA BHUPTyalHA PEATHOCT Ca CBBP3aHU MPEAUMHO C
pasxozure, HEOOXOIMMOTO BpeMe 3a OOydeHHEe Kak Jia Ce W3ION3BaT XapAyepbT M co(TyepsT,
BBE3MOXKHHUTE €(DEKTH BBPXY 3paBETO M OE30IACHOCTTA, U CIIPABSIHETO C €BEHTYATHO HEXKENAHHE 3a

W3I10J13BaHE Y MHTETPUPaHE Ha HOBU TEXHOJIOTMH B KypC WM yueOHa IIporpama.

1.2.4 Obnactn Ha npunoxerHue Ha AR n VR B obpa3oBaHMeTo

EnHo oT Herata, KOMTO MOTaT Ja HarpassiT AR TEXHOIOMHHTE TOCTHITHH, € MPUIOKEHUETO
UM B pa3naHu oonacty (¢ur. 1.4).

JlobaBeHaTa peaTHOCT MOYKe Jia ObJie MHOTO MOJXOIAIIA 33 CHMYJIAIl|HI, 0OCOOCHO B 00JIacTTa
Ha STEM o6pasoBannero [Diegmann, 2015]. C HapacTBaHeTO Ha H3YKCIHMTEIHATA MOI Ha
KOMITFOTPUTE ¥ HAMASIBAHETO HA [IEHATa UM, 3HAYUTEITHO CE YBEJTMYH M3IOI3BAHETO Ha CUMYJIAIIUH.
VuumiHiTe 1a0opatopu M KIIACHWUTE CTaH 3aliouyBaT MacoBO [a ce 00OpyIBar ¢ IMOIXO[ISIa
TeXHONOrnuHa uHppactpykTypa. CrnemmanHo B obmactta Ha STEM, jmocTell 10 KauecTBEHO
71abopaTopHO 000PY/IBaHe TPYIHO MOXKe Jia Obae ocuryper macoso [Rienow, 2020], a cumyarmmTe
OT CBOSI CTpaHa MO3BOJISIBAT HA YYCHWIIMTE Ja M3IUTAT MPOLECH SIBJICHUS MO HAYWH, MO KOWTO

OOMKHOBEHO HE OMXa MOIJIH.

[MomymspHoctTa Ha AR HapacTBa, 3aI0TO MpeHacs €IEMEHTH OT BUPTYaTHUSI CBSIT B PEATHUS

CBSIT, KaTO TI0 TO3M HA4MH IMOJI00psIBa HEllaTa, KOMTO BIDKIaMe, TyBamMe U YyBCTBaAME.
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1.2.5 Mogenw 3a nsnonssaHe AR/VR B 06pa3oBaHMeTo

Bceeku i mH(OpMAaIs, B TOBA YMCIIO M BUPTyaTHa MH(OPMAIHS, HACIIOEHA BBPXY peaHa
cpena, Moke J1a ObJie IrdpoBU3MpaHa TOI00HO Ha TEKCT, U300payKEHHUS, BUJICO, Ay IH0, yeO BPB3KH U
tpumsMepHd  (3D) momermn. Ta3u (YHKIMOHATHOCT € €JHAa OT OCHOBHUTE XapaKTEPHCTHUKH,
TMO3BOJISBAIM Ta3d TEXHUKA Ja CE MpHiara KbM IIMPOK CIEKTHP OT YOBCIIKHA JEHHOCTH, Karo
00pa3oBaHKETO € Hail-BayKHOTO cpel TsX [Panciroli, 2017]. JloGaBeHaTa peaHOCT MOXKE Jia ce TIpUeMe
Karo JMIAKTHYECKH HHCTPYMEHT, KOMTO JIOTPUHACS 32 TpaHc(OpMUpaHe HA HAYMHUTE Ha O0yUYCHHE.
Ts TpsiOBa I1a TNpenocTaBd Ha OOyYaeMHs YHHKQIHO TPSKHBSIBAHE, KOCTO HE € JIECHO Jia Oblie
BB3IPOU3BENICHO WM BB3MOXKHO B TpajMIIMOHHA KiacHa crasi [Geroimenko, 2020]. CienoBatenHo,
ocHoBHaTa 11e1 Ha AR e 1ta 1o6aBu moBeye nH(OPMAIIHS, KOSTO € TI0-3HAYMMa, KbM PEATTHUTE OOSKTH,
KaTo IO TO3W HA4MH MOJ00psBa pa3OMpaHeTo HA YUSHHUIIUTE 3a cBeTa, korTo Habmomasar [Del Cerro

Velazquez 2018].

®opmu Ha obyueHIe
L / (rpymna, npoexr) \
H“j Vurresncka
puzodusa ZefiHoCT: Peaynrar:
He Ha 11360p Ha Metox Ha oGyueHIe TlefinocT Ha Dopmnpann
3HAHIIA 1T MONETHA |e—p| (T€KuIA, MOZENHpPaAHE, |4 yUeHIIKa: migposn
NpaKTHIeCK cMeceHo MO3BYHA aTaKa) BIaneeHe Ha | |KOMIIeTeHTHO
IYMEHIA, Lyl oByuente, — CTH B
Gopmipane MO/ITOTOBKA ! I CMECeHIIA
Ha wipposn| | g, MaTepHan ~ 6
COMTeTORTE O6yasamr cpeacTEa CMOCOOHOCTI dopmat Ha
o i le—s (AR/VR) [—> obygeHnero
TeXHOJIOTTIMHII
cpenicTBa
\ OpraHn3aunoHHH /
cbopmn Ha
oby4eHIIeTo

Quzypa 1.5 Moodenvm 3a usnonzeamne Ha 000a8eHa U BUPMYATHA PEATHOC NPU CMECEHOMO

o0byyeHue 6 cpeonomo 0bwo oopazosanue (Kovalenko, 2021).

Taxconomusita Ha BunioBeTe VR 1uiargopmu, M3Mon3Banu B 00y4EHHETO, € TICHO CBBP3aHa C
HHMBOTO Ha TOTAISIHE U ¢ XapAayepHute n3ncksanus [Kaminska, 2019]. Te ca [Jumani, 2022]:
¢ VR cucremu 6e3 norarisiHe
e [lomy-motamsmm VR cucremu u rargopmu

e HambimHo notarmsiim VR cTpykTypu.
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3D TexHONOrHsATa HA paslIMpeHaTa peaTHOCT MOYKE JIa CE M3IIOII3BA KaTo MeIHs 32 O0yUeHHE C
MOOWTHH TeNlepOHN WM HACTOJNHHM KOMITIOTpH. Mozenmte ¢ 1o00aBeHa peaTHOCT Bapupar KaKTo
crezBa:

e camo 3D

e 3D cumynaropu

e 3D anumanmst

e 3D Bueo v MyJITHMEIS,

KaTo BCEKU MOJIEN € a/IalTpaH KbM OTIpe/IelieHH 11enu Ha m3cneniBaneTo [Afandi, 2019].

Ion yueOHa cuctema c n3nomBaHe Ha VR u AR B paborata Ha [Osipova, 2019] ce pas0upa
nojpesicH Habop OT B3aMMOCBBP3aHU EJIEMEHTU Ha EJIEKTPOHHU 00pa3oBaTeNHH PecypcH, Gpopmu u
CpeICTBA 3a IUIAHMPAHE M TIPOBEKIAaHE, HAOMIOJICHWE, aHAN3, KOPUTMpaHe Ha 0OpasOBATEIIHMS

TPOLIEC, HACOYEH KbM IM0I00psiBaHe Ha e(heKTUBHOCTTA Ha 00ydeHHeTO Ha yueHurute (¢ur. 1.8).

«_Training Manual_>:-..
Y —— e a/Application in
TR
Electronic 7" < Video lectures
educational | .~
resource using i Laboratory works > .- :
VRand AR | % ———
Practical task Soma

technologies TNy

Quzypa 1.8 Mooen na yuebna cucmema c usnonzsare Ha VR u AR [Osipova et al, 2019]

1.3 N3BoAM

B pesynrar Ha HanpaBeHWsI aHAJIMTHYEH 0030p Morar Jia ObJaT W3BEACHH CJICIHUTE
3aKJTFOUCHYS:

Bupryannara (VR), no6aBenara (AR) u cmecenata peannoct (MR) ca chBpeMeHHM CpEICTBa,
KOMTO TO3BOJISIBAT OOHOBSIBAHE U HAATPAKIIAHE Ha MOJIENA M METOM Ha MPENoIaBaHe U NPUI00MBaHe

Ha 3HaHusl. KomOmnmpanero Ha AR/VR TexHomornmyi B 00pa3oBaHHETO /laBa BBE3MOXKHOCT 32 HOB
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MOIXOX KbM YYEHETO, KOMTO OOMKHOBEHO JIOMBJIBA TPAAWIMOHHO W3ION3BAHUTE METO/IH.
Heo6xommmo € Jta ce npeyiokar HOBU UAEH, UHCTPYMEHTH, IPUMEPH 3a CLIEHAPHU 1 Bb3MOKHOCTH 32
BUPTY&JTHH OOYYMTEIHM PECYpCH 3a OMpeAeNieHH IiefieBd Tpymd. OT4YWTaiiku TperMCTBara,
HeZIoCTaThlM M QyHKIMoHATHOCTUTEe Ha AR/VR TexHomoruure, € BaXHO 11a ce OMpeieNy Kora Te3u

TEXHOJIOI'NHU Ca IMMOAXOIAIIN 1 3a KAKBHU yLIGGHI/I LI, KAKTO U 3a KaKBU CLICHAPHH Ha IMPCIIOJaBaHC.

1.4 Len v 3a4a4m Ha ANCEPTALMOHHMA TPYA,
Ot HampaBeHUsi aHAllM3 Ha CHBPEMEHHM MOJEIM M METOJM Ha TpENojaBaHe €

¢bopmynmpaHa 1enTa Ha JUCEPTALUOHHUS TPY I

Jla ce mpeaJio:KkaT MoJe M U METOIM 32 M3IMOJI3BaHe HA /100aBeHa M BHPTYaJIHa
peasTHOCT B 00y4eHHeTo.

3a Ta3u uen ce AeUHUpPAT CICAHUTE 3aJaUH:
1. Ja ce pa3paboTtu Mojen 3a M3MOJ3BaHE Ha J00aBeHATa W BHPTyalHaTa PEaTHOCT B
STEM oO0yueHHeTo ¢ OTYMTaHE Ha PA3TUYHUTE OOpA30BATEIHHM LENH W crenudukd Ha
OTIEJHUTE IPEIMETH.
2. Ja ce mpemioxxu Mojen 3a KOMOMHAIMs Ha Jo0aBeHaTa M BHPTyalHa PEaTHOCT C
¢dusnuecka cpena nmpu oOyueHHe.
3. Ha ce pa3pabotu monen 3a KOMOWHHpaHE Ha 100aBE€HA M BUPTyaJlHA PEATTHOCT C
IIPOEKTHO-0a3upaHo 00y4YeHUe B €IMHEH CLIEHapHii Ha MPernoAaBaHe.
4. Jla ce mpeiokaT METOAM 3a OIleHKa Ha e(heKTa 0T KOMOMHUpPaHEeTo Ha yyeOHa cpeaa,
MeJMUpaHa OT pa3lIMpeHa PeaTHOCT, BHEAPEHA 3a MOJ00psBaHETO HA IMpolieca Ha 00y4YeHHe

1 pa3bupaHeTo Ha yueOHUS MaTepual 3a ONpeIeTICHH 1IEIN Ha 00yUEHHUETO.

[nasa 2. Mogenu 3a npuiosKeHne Ha gobaBeHa 1 BUPTyaaHa
peanHocT B obyyeHneTo

B To3u aucepTanoHHUs TPy C€ U3IMOJI3BAT CISAHUTE ACOUHUIIHH:
e . TeoperuueH MoJelN € ONMUCAHNE WM NIPECTaBsSHE, U3IOI3BAaHH 3a pa30upaHe
HA HAYWHA, IO KOWTO paboTH ompeAesieHa CHCTeMa WIH Tporec

[https://www.lexico.com/definition/theoretical _model]. TeopernunusaT momen

€ paMKa, KOATO H3CJICOAOBATCIUTC Cb3AaBaT, 3a Id CTPYKTypHUpaT IPOLECC Ha
HU3CJICABAaHC W Ja IUIaHUpAaT KakK Ja [OOoAXOAAT KbM  KOHKPCETCH

H3CJICA0BATCIICKU BBITPOC.
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MoznenbT nMo3BosIsIBa J1a CE ONPEAEIAT LeauTe Ha uiciueasanero. Ilondaruero ,,Meron*
e nemHUpaHO KaTo ONpe/eeHa CHCTEeMaTHYHa MPOLEAypa 3a MOCTUTAHE MU TOAXO0 KbM
HEIIO.

B Tasm rmmaBa ce mpeanaraT MoAenIM 3a NPUIOKEHHE Ha Jo0aBeHaTa peajHOCT B
00y4YeHHEeTO 1O OMOJIOTHS, MaTeMaTHKa U W3KycTBa. CrnenudukuTe Ha BCAKA TUCIMIUIMHA Ca
oTpazeHu B mpemigaranute wmonenu. OcBeH mnpuiokeHnnero Ha AR/VR cpencrtBa B
00y4YEeHMETO 110 OIpENIeIEHN IPEMETHU 00IacTH, B Ta3u AUCEpTaLMs ce Mpeiara MoJell Ha
KOMOMHUpaHEe Ha TEXHOJIOTUUTE 3a 100aBeHa M BUPTyaJlHAa PEATHOCT C pa3IMYHH TEXHUKH,
cpenu W clueHapuu 3a mnpenoaaBaHe. llenta e nma ce mpoyuu Bb3aeiicTtBueTo Ha AR

MHCTPYMEHTH BbpXY YUEOHUTE PE3yJITaTH HA YUECHULUTE.

2.1. AR/ VR UHCTpymeHTH

Enun ot nHaii-ycnemnute npumepu 3a AR cucrema e zSpace®. [Ipe3 2015 r. zSpace®
Inc. nmpencraBu ,,BCHYKO-B-€JIHO™ pelICHUE 3a 00pa3oBaHME, CHCTOSMIO CE OT MOHHTOD 3a
BUPTyallHa PEaJHOCT U KOMIIOTHP. CHcTemara MpeaocTaBs Ha YYCHHIUTE PEalnCTHYHA
yueOHa cpena, KosTo € B cborBeTcTBUE che cTanmapra NGSS (Next Generation Science
Standards).

ﬁ PALET) ‘

@urypa 2.1. zSpace® penieHne BCUUKO B €HO.

Zspace® ce cbCTOU OT HAKOJIKO MPUIIOKEHHS 32 00yUeHHE U CHUMYJIallUU.

2.2 Mogen 3a npunoxerune Ha AR/VR B STEM oby4yeHune
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[TpemioskeHUAT MOJEIN 3a U3MOJI3BaHE Ha J00aBeHaTa PEaHOCT Ce pealHu3Hpa 4pes
pabotHus mporec (dur. 2.2) Ha €IWH W CHI] CKCIEPUMEHT 3a 3-T¢ TPYyHH H YCTHPUTE

MpEenoiaBaHu TeMU. MOJIETBT ChIBPIKA CACAHUTE CTAITH:

Preparation I

o Complying with the

teaching material

» Creating a grading scale
- T J Testing I Analysis I
& N\

Preparing traditional
L exercises ) [ Traditional exercises ] e Documentation
= I = T ¢ Analyzing data / N
Preparing a Performing a
pre-use of AR test pre-use of AR test
S J
Comparing
. results

Preparation IT Testing II Analysis II

» Complying with the [ Exercises with an AR tool J ¢ Documentation

teaching material T ® Analyzing data

—» —»

® Generating parameters

® Functionality testing L Performing ]

a post-use of AR test
o Creating checks

[
[ Preparing AR exercises

Reporting

Preparing
a post-use of AR test

Queypa 2.2 Mooen 3a uznonzsane na dobasenama peannocm ¢ STEM obyuenue .

2.3 Mogen 3a npuaoxeHne Ha AobaseHa 1 BUPTyanHa peasHocT B 0Oy4eHMeTo no

MmaTemMaTnKa

B Tasm wact Ha aucepTranusATa ce MpeACTaBs HM3CIEABaHE, KOETO MMa 3a Lel Ja
npoyud edexkra OT H3MOJ3BAaHETO Ha Monyna 3a jgobaBeHa peamHoct Ha GeoGebra
(MHTEpaKTUBHO MPUJIOKEHHUE, MpeJIHa3HAuYeHO 3a M3yyaBaHE HAa MaTeMaThKa U MPHUPOJHU
HAayKH) BBPXY Pa3BUTHETO HA MPOCTPAHCTBEHHTE MATEMaTHYECKH YMEHHUS Ha YYCHUIIUTE

ype3 100aBeHa PeasHoCT.

2.3.1 Mopayn 3a gobaseHa peanHocT (AR) Ha GeoGebra.

GeoGebra e n00pe M3BECTEH AMHAMHUYEH MaTeMaTH4Yecku coTyep 3a oOydyeHHe U
npernoaBaHe Ha maremaruka. GeoGebra 3D e MHCTpyMEHT 3a BH3yalM3alus Ha KPUBH U
MOBBPXHOCTH B TPHUH3MEPHO TMPOCTPAHCTBO, HACOUEH KHM YIIECHSBaHE Ha pa3OMpaHETO Ha

aOCTpaKTHH M TIPUIOKHH reoMeTpudHu moHsTus [Trigueros, 2019]. IMpuioxenunero 3a
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nobasena peanHocT (AR) momara na ce BU3yaldM3MpaT MaTeMaTWdecku (UIYpU U Teda,
reHepupann ot GeoGebra 3D, upe3 pasmomaraHeTo WM BBPY HOBBPXHOCT, M30paHa OT

notpebutens. Tum bxxexxuncku [Brzezinski] npegoctasst MHOTO puMepH 3a MOJEIMPaHE Ha

AR.

2.3.2 MpunoxkeHne Ha AR GeoGebra.

[TpoyuBar ce 1Ba HaYMHA 32 M3MOa3BaHe HA AR mMomya:

* IOCTUraHe Ha TEPCOHATM3UPAHO YUEOHO M3KUBSBAHE OT YYEHHUIIUTE, ITPEIOCTABEHO
ot AR moxayna na GeoGebra upe3 mo6unnoro npuinoxerne GeoGebra 3D Calculator.

* MPEUIOKCHHE 3a TOBAa KaK YYMUTEIMTE MOrarT Ja MpernojaBaT W CIHOAEIST
crepeockonmyHo 3D W3KMBABAHE CHC CBOWTE YYECHHIM 4Ype3 KOMOHHAIUATA OT zSpace

(pemenue ,,Bcuuko B eHO 32 AR oOpazoBanue), GeoGebra u criennanza zView kamepa.

A: Workflow for experimental groups Preparation of AR
exercises

—

Topic taught by v

GeoGebra3D Performing of TEST Documentation
exercises by GeoGebra Analysis
- students Exam Mode Evaluation
o o - - o o - Documentation
( : of
B: Workflow for control groups P;?Pt?ratwnt:f S
activities on the
studied material
—]
Topit.:.taught' ~ p { \7 :
traditionally Performing of Documentation
3 exercises by Analysis
L students Evaluation
"

@urypa 2.7. O6m1 Mmozen 3a usnoi3Bane Ha AR moxyna

ExcniepumentsT (ur. 2.7) e BanmugupaH cbC 76 y4YaCTHUIM, pE3yJNTAaTUTE ca

IIOKa3aHHU B CJI€ABalliara riasa.
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2.4 Mogen 3a NnpuaoxKeHne Ha gobaseHa peanHoCT B 0by4yeHneTo B 061acTTa Ha
M3KyCTBaTa

JloGaBeHaTa peaTHOCT c€ OCHOBaBa HA KOHIICTIIIMATA 3a MpexuBsiBaHe. M3mon3BaHeTo
Ha AR B 00pazoBaHWETO W MO-IIIMPOKOTO M BHEIPSBAHE HAUCTHHA MOTaT Aa TpaHChopMHUpaT
OIUTA OT YUEHETO.

[Ipennaranuar B Ta3u Juceprauus MoOAeN 3a u3Noia3BaHeTo Ha AR mnpu
MPEMoaBaHEeTO B YACOBETE MO M300pA3UTETHO M3KYCTBO CHABPKA 2 MoIysia. EMUHUAT OT
TAX € 3a H3CcieABaHE Ha (PU3WYECKH TPOCTPAHCTBA W NPOM3BEIACHUS HA HM3KYCTBOTO B
KJIacHaTa cras upe3 npuioxenueto 3a AR B Google Arts & Culture (¢dur. 2.8).

Jpyrust Moaya TMO3BOJSBA HA YUYEHUIUTE Ja Ch3gaBaT cBou cobctBeHn AR
MPOU3BEICHUS 4Ype3 J00aBsSHE Ha BUPTYAITHO HM3MEPEHHE KBM BCSIKO IPOU3BEICHUE HA
M3KYCTBOTO, BKJIIOUHUTEIHO CH3JAZACHO OT CAMHUTE TSAX, Ype3 aHWMAaIlMH, BUACO M MY3HKa.
KoHKpeTHOTO nmpuito’keHHe, KOeTO MOKe J1a Obae u3noii3Bano, € UniteAR.

Beme paspaboren To3u mozen (¢ur. 2.9):

A topic is taught by
the teacherin a
traditional way

Experimental groups

(- -
Tasks Test using * Documentation

performing using
Google Arts & )

The students are
given an additional
task

Microsoft ® Results

Y

Forms analysing

S

Repeat for each of
the three topics, in
every group

AR vs y:
Traditional ~ | [ L
sources . Comparison

A topic is taught
by theteacherin a
traditional way

Tasks
performing using
traditional
sources —texts,
photos and
videos

® Documentation
* Results
analysing

3

Test using
Microsoft
Forms

The students are
given an
additional task

Repeat for each of
the three topics, in

cvery group

Control groups

Queypa 2.9. Mooen na npunodiceHue Ha 000aseHama pearHocm npu 0oy4eHue no usKycmed

Kakto moka3Bar pasziauyHU Tpoy4BaHHA, €()EeKTUBHOTO OOy4yeHHe B OOJIacTTa Ha
HU3KYCTBATa, BKIIOYHUTCIHO W MHHTCIPUPAHETO HA H3KYCTBOTO B pPa3jiMdHU MIPEAMCTHU
obyacTu, HachpuaBa aKTHBHHUTE, OAa3MpaHH Ha PEANHU MPOOJIEMH MPOYUBAHUS, CHOMPAHETO

Ha JaHHH, OIICHKaTa 1 O6IJ_IYBaHCTO.
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2.5 KombuHaums Ha npoekTHo-6a3npaHo obydeHune ¢ AR/VR TexHonormm

2.5.1 NMpoekTHo-6a31paHOTO 0byYeHne

[IpoektHO-0a3upanoro oOyuenue (PBL) e wmetonq Ha oOydeHue, Npu KOHTO
YUYCHUIIUTE MPUIOOMBAT 3HAHUS W YMEHHs, KaTo PabOTAT MPOIABJDKUTEIHO BpeMe, 3a Ja
mpoydaT M Ja OTTOBOPST HAa aBTEHTHYEH, aHTAXUpAIl U CI0XKEH BBIPOC, MpoOIeM WU
npeausBukatencteo [Savery, 2006]. [Ipu oOyueHuero, 0a3upaHo Ha MPOEKTH, YYCHHUIUTE
paboTAT B TPyNHW 3a pellaBaHe HAa HAWCTHHA NPEIU3BUKATEIIHU TPOOJIEMH, KOUTO MHOTO
YECTO Ca UHTEPIUCIUIIIIMHAPHU.

Enno or romemure mnpenumcrea Ha PBL e, ye pemara yuar, karo crasar
,,ITBTCIIIECTBEHUIIH ‘, KOUTO ITTYBAT B CBETA HAa HAyKaTa, OTKPUBAT pasHOOOpa3ue OT TEMH OT
pa3IMyHU TPEIMETH, BMECTO Ja ce€ (POKycHpaT caMO BBPXY KOHKPETEH YPOK, KOHTO ce

npenoaasa B MomeHTa (¢ur. 2.10).

2.5.2 KombuHmnpaHe Ha PBL c VR n AR

[Tpu pabora 3a mogoOpsiBane Ha STEM o0ydeHneTo upe3 mpoeKTHO-0a3upaH MoaXo,
KOMOWHHpaH C BUPTyajHa M paslIUpeHa peajHoCT, cpename KOopeHa ,,pean’ Tpu MbTH —
peanen npobiem, UpmMyanHa peaiHocm U pazuupera peariocm. Peamnust npobiem e poseH
OT peayiHaTa cpeia, a 3a pelIaBaHeTO My JOTPUHACST BUPTyalHATa U I00aBeHATa PEalHOCT.
VIMeHHO Ha Ta3u TepUTOpHA, KBJETO C€ CpeuiaT TPHUTE ,,peaTHOCTH , TpsiOBa Ja ce OoyakBa
anoresiT Ha epekTUBHOCT 0T KomOuHMpaHeTo Ha PBL ¢ VR u AR.

Karo ce 3amounHe OT TakuBa MPEANONOKEHHS U KaToO C€ B3eMe MpEeaBUI, 4e
o0Opa3oBaTeTHUTE HYXJIM M HAYMHHUTE 3a BB3MpHEMaHe Ha MH(oOpMaIlus OT ChbBPEMEHHHUTE
YYEHHUILIU Cca C€ MPOMEHWIN MPE3 MOCIETHUTE HAKOJIKO TOJAMHU, HACTOSIIOTO MPOYyYBAaHE UMa
3a 1IeJT 1a OTpa3u KOHKPETHO Bph3KaTa MEXIy Mmojaxoaa Ha npenoaaBane Ha PBL, AR/VR u

STEM o6yuenueTto.

2.5.3 Mogen Ha u3nonssaHe Ha PBL n AR/VR

MonensT 3a komOuHanus Ha PBL ¢ AR/VR e npaktuuecku opuentupan. lleneBata
rpylna ca y4eHUIY OT CPEJHOTO YYWIHILE, YYEIIHd B TPU Pa3IMYHU NapaJelIKU. YUCHULIUTE

OT BCEKH KJIac ca pasJelIecHd Ha 4 TpyIH, BCAKA OT KOUTO C€ ChCTOM OT 6 YUEHUIH — IO 2
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KOHTPOJIHH I'PYNH U 2 eKCIIEPUMEHTAIHU TPYNH BbB BCSKA Mapaieika. Y YeHUIUTE BbB BCSIKA
OT TPYNHUTE UMAT 32 33ja4a JIa MOCTPOSAT KbIIa, B KOSTO EHEPTHsITA CE M3I0I3Ba 0 YCTOWYNB
HAYMH U U3TMOJI3BAaiKU €CTECTBEHH MaTepHalIu.

ITpoekThT chueTaBa 3HaHUS OT OWoJsOrus, (PU3MKa, MaTEMAaTUKA, UHKEHEPHU HAYKH,
3aHASTH U MPUJIOXKHU TEXHUKU OT MHUHAJIOTO M HACTOSAIETO, OOCIMHEHH OKOJO MJesTa 3a
QITEpHATUBHU M3TOYHHUIIM HA EJEKTPOEHEprus, 3a MpeIuMCTBaTa M HEIOCTAThLUUTE Ha
3eNieHaTa eHeprusl.

ITo Bpeme Ha paboTaTta MO HpPOEKTa YYEHHUIUTE OT EKCIIEpUMEHTajlHaTa TIpyrna
n3nons3Baxa AR u VR TexHosoruu, 3a a uU3cieaBaT U CpaBHAT pa3jIMUHU KOHCTPYKLMHU Ha
KBIIIM M TEXHUTE CBOMCTBA, KAKTO U Jia pa3rjeaaT pa3iudyHu Hanpednu ceucHus (dur. 2.11).
YyeHuuure u3cieqBaxa pa3iiMuyHU HAYUHU JBIKEHUE HA BB3AYLIHUS MOTOK B DPA3IUYHU
KOHCTPYKLIMHU, IUTIOCOBETE M MMHYCHTE Ha €CTECTBEHHUTE MaTepuaid, H3IMO0JI3BaHU 3a

U3rpaKIaHe HA YCTOMYMBH Kby (¢ur. 2.12).
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Queypa 2.12. Mooden na ycmoiiuus 0om, noCmpoeHn om eKCnepumMeHmanta epyna y4eHuyu.

Monenst Ha pabotHust nporec (¢dur. 2.13) 3a ekcriepuMEHTATHUTE TPYHU € KaKTO

clenBa:

Formative
assessment
using
interactive
voting system

Aligning Activities

the project Defining with Data
activities the students analysis and
to the evaluation using PBL summative
curriculum criteria approach, evaluation
standards AR and VR
Comparison
Aligning Activities
h . Defining X bata
the project N with analysis
activities the students and
evaluation i
to the using summative
el criteria "
curriculum traditional evaluation
standards methods

Formative
assessment
using

interactive

wvoting system

Quzypa 2.13 Mooervm na pabomuus npoyec

2.6 KomburHmpaHe Ha AR cbc cneumduyHmn MHTEPUOPHU pelleHKna 3a oborataBaHe Ha

STEM oby4eHneTo

WMHTepropbT Ha KiacHaTa cTas TpsOBa Ja ce pasriexaa KOHLENTYyallHO KaTo
MHCTPYMEHT 3a IMpENoJaBaHe, KOMTO CTUMyJIHMpa M MOAKPENs LAJOCTHUS HpOLEC Ha
oOydeHHe, U NoOMara 3a yCTaHOBSIBAHE Ha PAIMOHAJIHU U IIEHHOCTHH OOpa30BaTEIHUTE

3a/1a4M ype3 pazInYHUTE U3PA3UTEIHU CPEICTBA HA U3KYCTBOTO U JIM3aiiHa.
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[TorpemHOTO cXBallaHe, 4Ye HATMYMETO Ha Ha-TOOpPUTE TEXHOJIOTHH B KJIaCHATA CTas
eIMMUHUPA HyXJaTa OT KpacoTa U yIOT, € IIHUPOKO paznpocTpaHeHo. JlobaBeHaTta peasHoCT
ce cyMTa 3a JOCTaThb4yHAa, 3a Ja JaJe Ha YYEHUIUTE YycellaHe 3a IMbJIHOTAa KakToO B
3a00MKasIaTa ru cpeaa, Taka U B Ipoleca Ha 00ydeHHe.

MonenbT, TO-KOWTO pabOTH MeTWICHHATa KOHPUTYpalus YUYUTEN — YYCHHK —
ChIbpIKaHUE — JIEKOpaTHBHA y4eOHa cpela — Jo0aBeHa BUPTYATHOCT e ObJe pasrieiaH B

JIBa KaOMHETa, U3rpaJieHu KaTo JeKopupaHa yueOHa cpena.

MoTuBauua
7]
ycneBaemMocT

LOBABEHA
BHUPTYANHOCT

CbObPXAHWE

LEKOPATWMEHA
YYEEHA CPEOA

Ourypa 2.14 , IleTusT eneMeHT Py MOTHUBALIUS U YCIIEBAEMOCT

3a Ja C€ NPCBBbPHEC TO3W MOJACIT B MAaKCHUMAJIHO e(l)eKTI/IBeH, npu pa3pa60TKaTa Ha

BCEKHU YPOK C€ M3UCKBAT CIeTHUTE CTHIKHU (Pur. 2.15):

OLEHABAHE U AHA/IU3

AR/VR MOZAEN ¥ UHCTPYMEHTHU

AEKOPATUBHA YYEEHA CPEOA

y == =
nea YECKM MOZAEN

OBPA3OBATE/IHA LIEN

@urypa 2.15 Crenkure Ha Mozena
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Queypa 2.16 Kabunem no @usuxa u acmpoHomus

npeou (815180) u cied npeodpasysanemo (60sCHO)

Queypa 2.18 Kabunem no buonozusi u 30pasno obpazosanue

2.7 N3Boam
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PazpabGorenute mozenu 3a mpuioxkeHne Ha AR u VR TexHonoruure B pasnuyHu
MPEToIaBaHy AUCHUIUIMHY TTOKa3BaT 4e, M3IOJI3BAHETO Ha J100aBeHA W BHPTYaIHA PEATHOCT
MOXe aa ObJie MHOTO €(DEeKTHBHO 3a MEPCOHAM3UPAHE HA YUEOHHS IMPOIEC M HAaChpUYaBaHE
Ha TMpUOOIIABAIIOTO U AKTUBHO YUYEHE.

B pesynrat Ha ToBa ca HalpaBEHU CIEAHUTE 3aKITFOUCHUS:

1. Ilpennoxen e Mozien 3a U3MOJ3BAHE HA BUPTyaHAaTa PEaJHOCT B 00yUYEHUETO 110
ounomnorus kato yact oT STEM o0yuennero. ONUTHT 1MOKa3Ba, Y€ CUMYJIAIIMUTE Ca
o0erraBall Ha4YMH 3a MO00psIBaHe HA YYEOHUTE pe3yATaTH HA YUYECHUIUTE, 0OCOOCHO TI0
npeametu STEM;

2. TlpennoxeH e MOJel 3a IPIIIOKEHNE Ha T00aBeHa U BUPTyallHa PEaTHOCT B
00y4eHHUeTo Mo MaTeMaTHKa

3. Pa3paboreH e Mojeln 3a mpenojaBaHeTo Ha H300pa3uTeIHO U3KYCTBO ¢ AR, KOHTO
ChIbpIKA JBA MOJYJIA — SAUHUSAT € 32 U3CJICJBAaHE Ha OTAAJICYCHH reorpadcko Pu3nIecKu
IIPOCTPAHCTBA U APTUCTUYHHU ITPOU3BEICHUS O€3 U3/IM3aHe OT KilacHaTa cTasi, IpyTrHsT € 3a
Ch37laBaHe Ha COOCTBEHU apTUCTUYHU MTPOU3BEICHHUS Upe3 100aBSIHE HA BUPTYAIHO
U3MEpEeHUE KbM BCAKO MPOU3BEIEHUE HA U3KYCTBOTO.

4. IpennoxeHa € METOAMKA 32 KOMOMHUPAaHE Ha IPOEKTHO-0a3upaHo 0Oy4eHHE C
MPUJIOKEHNE HA MHCTPYMEHTH Ha 100aBeHa U BUPTyaJIHa PEATHOCT.

5. Pa3paboten e mozen 3a HUHTErpUpaHe Ha B3aUMOJCHCTBUETO MEX Ty (hHU3UIecKaTa

cpena u AR/VR texnonoruure.

[naBa 3 OueHABaHe Ha edeKTa oT npunaraHeTo Ha AR/VR npwu
0by4yeHMeTo B pasINYHM NpeamMmeTHN 061acTu

Enun BB3MOXKEH MoOAXOAd 3a OIeHKa Ha e(PEeKTHBHOCTTA Ha JajJeHa CUMYJAlUS €
MIPOBEKIAHETO HA CPABHUTEIIHU TECTOBE.

OrneHkaTta Ha TOBa Jalivd LENUTEe Ha OOYYEHHUETO ca MOCTHTHATH, OCOOEHO KOraTo ca
HalpaBeHU MHOTO MHBECTUIIMM B 00OpYJ/IBaHE, € OT pellaBallo 3HauyeHue 3a €(hEeKTUBHOTO
W3MOJI3BaHE Ha ToBa oOopynBaHe. ToBa WM3HCKBA Ch3JaBaHE Ha CTpaTErWsl 3a OIEHKA,
cbOMpaHe Ha JaHHU U JaBaHe Ha MPETOPBHKU 3a JOMBbIHUTEIHU MOJO0OPEHHUS.

W3cneasaneTo oneHsiBa edexra or paborara B yueOHa cpea, pa3lupeHa ¢ Jjo0aBeHa
pEaTHOCT, W W3MOJ3BaHa 3a MOAOOpsBaHe HAa YYeOHHHUS MPOILEC W 3aabJI0OYaBaHE Ha

pazOupaHeTo Ha y4eOHUS MaTepHal.

Asmopegpepamu Ha ucepmavuu 3 (2023) 39-80



3.1 OueHnBaHe Ha npunaraHeTo Ha AR/VR B STEM obyyeHneTo

VY4YacTHUIN B U3CJIEBAHETO OsiXa yUSHHIIM OT THMHA3UATA, pa3/elieHH Ha TPU TPyIH
Crope]l TEXHHUTE HalpaBjicHUs Ha oOydeHue — xymaHutapau, STEM u umHbOpManmoHHH
texHosoruu (UT). Tosa ca 3 oTnenHu Irpyny yUYeHUIM CbC CIEHU(PUYHU UHTEPECH, KOUTO Ha
TO3W eTan OT OOydeHHeTO cH TpsOBalle Ja M3ydaBaT €IWH M CHIIU y4eOeH MaTepuall 1o
Ouonorus. YdyacTHULIMTE TpsOBalle Ja M3ydaBaT yueOeH MarepHuall, CBbp3aH C YOBEIIKaTa
aHATOMMS 10 BpEME Ha 3aJbJDKUTEIHUTE CH ypouu Io 6uosorus. bposar Ha ydactHunure B
rpynute Oelie KakTo ciensa: 28, 28 u 24.

Bw3neiicTBueTo BBpXy Halpeabka Ha YYCHUIUTE Oe€lie M3MEpPEeHO 4Ype3 TEeCTOBE,
CpaBHSIBAIllM PE3yJITaTUTE UM IPEaU U clie]] usnossBaHe Ha AR npunoxenusTa. M3nonsBana

oemre AR cucremara e Zspace® (durypa 3.2).

Queypa 3.2. Expanna chumxa na moden Ha pazuwupena pearnocm (AR) na copyemo

U Kpb6OHOCHUME cvoose

H3uucnena e KopciianusTa Ha Pearson.

nxxy - E0EY)
J[n2x2 - E9InIy? - E9]

r=

1)

KBJIETO N - Opod JBOWKH TOYKH; ) Xy—CyMa OT MPOM3BEICHUATA HA CIBOCHHUTE
pe3yaTaTH; Y X—CyMa OT X TOYKH; » y—CyMa OT y TOYKH; sz—cyMa OT X pe3yiTaTu Ha
KBaJIpar; Zyz—cyMa OT pe3yJiTaTuTe Ha KBajpaT OT y. J[BeTe MpoMeHIMBU X U Yy ca
KOJIMYECTBEHHU U HEMPEKbCHATH.

XucTorpammTe Ha pe3yaTaTuTe OT 1-Ba rpyrna yueHHIIN ca oKa3aHu Ha urypa 3.3.
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Points - pre-use of AR
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@uzypa 3.3. Xucmozpamu na pezyaimamume om yueHuvecka pyna 1.

Moe na ce BuAM, Y€ U B TpUTE Ipynu u3noi3BaHeTo Ha AR cucrema u cpena 3a

oOydeHue A0BeJe 10 CTATUCTHUECKH 3HaYuMa pasjiuka B HUBOTO Ha pa3dupaHe HA yuyeOHHs

MaTepuajl OT YYCHHIUTC B CPAaBHCHUC C TPAAULIUOHHUTEC TCKCTOBU U I‘pa(l)I/IqHO 6a3I/IpaHI/I

MHCTPYMEHTH 32 00yUYeHHE.

3.2 OueHaBaHe Ha edeKTa OT pa3paboTeHnTe moaenm ¢ AR moayna Ha Geo Gebra

ITpoyuenu ce n1Ba HaunHa 3a u3nona3pane Ha AR monyna:

* 3a MEepPCOHATM3UPAHO YYEeOHO HIKHUBSIBAHE, MpeAocTaBeHO OoT AR moxmyma Ha

y4eHuluTe upe3 MmoouiHoTo npuinoxenue Geo Gebra 3D Calculator.

* ype3 KkoMOuHanusATa ot zSpace (peleHue ,,BCHuYko B eaHO™ 3a AR oGpa3oBanue),

GeoGebra u cnienuaina zView kamepa.

@ueypa 3.6. Busyanuzayusa na AR mooyra na GeoGebra

W B 3-tTe rpynu ce HaOiogaBa pbCT HA pe3ynTata B TOUKH. CpeqHHAT MPOLEHT Ha

yBenuuenue e nouru 30.
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3.3 OueHsABaHe Ha edeKTa OT NPUIOKEHMETO Ha A0DaBeHa PeasHOCT B 0OYyYEeHMNETO B
061acTTa Ha M3KyCTBaTa

ToBa n3cneaBaHe mpeacTaBs pe3yiTaTd OT NMPUIIOKEHHETO Ha AR B mpenogaBaHeTo

Ha N300pa3uTEeIHO U3KYCTBO CIIOpe]] yueOHaTa mporpama 3a cpeHuTe yuuiuiia B boearapus.

3.3.1 M3cneaBaHe Ha GU3MYECKM MPOCTPAHCTBA M MPOU3BEAEHMSA Ha WM3KYCTBOTO B
KnacHaTa cTas.

[IepBUAT THI TPUIIOKEHHUE, KOETO Oelle M3CIeABaHO B MPOYYBAHETO, NTO3BOJISIBA HA
YUYCHUITUTE JIa U3CJIeIBaT (PU3HUECKH MTPOCTPAHCTBA M IIPOU3BEICHUS Ha U3KYCTBOTO, JOKATO
ca B KJ1acHara CTasl.

3amaunTe, KOUTO OsXa TMOCTABEHW HA YYCHHIIUTE, CE€ OTHACSIXaA JI0 M3CJIC/IBaHE HA
APEBHU apTe(i)aKTI/I, Ha KOHKPCTHA XYyAOKCCTBCHA IraJICpusa U Ha KOHKPETHA KapTHUHA.

[Ipunoxennero, W3MOJA3BAaHO 3a H3CIEIBaHE Ha (U3HUECKH TMPOCTPAHCTBA U

MPOM3BEACHUS Ha H3KYCTBOTO JJOKATO ca B KiiacHaTa ctast 6emre Google Arts & Culture.

3.3.2 Cb3gaBaHe Ha cobCTBEHM Npoun3BeaeHNA

BropusaT BuI npuioxkeHHe, KOeTo Oelle MpOoy4YeHO, MO3BOJSABA HA YYCHUIHUTE /2
chb3aaBaT cBou coOcTBeHH AR o0ekTu ype3 n100aBsHE HAa BUPTYaJIHO U3MEPEHUE KbM BCAKO
IIPOM3BECHNE HA U3KYCTBOTO, BKIFOUUTEIHO Ch3/1aJ€HO OT CAMMTE TAX — aHUMALIUHU, BUIIEO
u Mmy3uka. KOHKpeTHOTO mpWiIoXeHue, KoeTo Oeme TectBaHo, ¢  UniteAR
[https://lwww.unitear.com/]. Toea e SaaS mmardopma 3a pa3mpeHa peamHOCT, KOSTO
MI03BOJISIBA HA MOTPEOUTENNTE Ja Ch3/1aBaT cBOM coOcTBEeHN AR n3kuBsBaHe OyKBaJIHO C TPU
HIpaKBaHMsL.

Crnennute GpUrypH nokaspar HAKOM IpUMEpPHU OT paboTaTa Ha yUYEHHULIUTE, U3BbPIICHA

C nomMomTa Ha AR MNPUIOKCHUC B  YaCOBETC IIO I/I306pa3I/ITeJ'IHO HU3KYCTBO

( (dur. 3.7), (¢ur. 3.8).
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Name Paneis rom the Inner wail of Se
The Metropolitan Museum of Art

Quzypa 3.7 Paboma na yuenuyume, uzgvbpuiena c nomowma Ha AR npunodicenue 6 ypoyu no

u305pa3umeﬂH0 U3Kycmeo

Queypa 3.8 Paboma na yuenux om 5-mu xnac ¢ AR npunooxcenue

OnuThT moOKa3Ba, uYe eauH KauecTBeH AR  uMHCTpyMeHT, ocurypssaig
MYJITUIAMCUMIUIMHAPEH IIOAXOJ, € BB3MOXKHOCTH 3a IIEPCOHAJIM3UPAHE U C MHOIO
MHCTPYMEHTH 3a BU3yaJH3alMs, MOXe Ja Ob/ie MHOTO TMOJIE3€H 33 YUEHUIIUTE — J1a TUIaHUpPaT
CaMOCTOSITeNTHO padoTaTa CH, Ja MPaBAT U3BOJU U Jla Ce HayuaT Jla u3pas3siBaT CBOETO MHEHUE

KaToO oucHABAT NPEAMCTHU, CBbp3aHa C U3KYCTBOTO.
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BTOpI/ISIT CKCIICPUMCHT II0Ka3a, 4€ CpcaHaTa aHTaXXUPaHOCT Ha YUYCHUIUTC CC €

yBenmamia ¢ 27%.

3.4 OueHABaHe Ha epeKTa OT KOMOMHMpPAHETO Ha NPOEKTHO-Da3npaHo obyyeHue ¢
AR/VR

ExcniepuMeHTanHuUTe pe3yiTaTd NOoKa3axa, Y€ MHTErPUPAHETO HAa TaKbB JUHAMHUYCH
MOJXO/ B KJIaCHATa CTas KaTo MPOEKTHO-0a3upaHOTO 00yUYeHHE C MOAXOAIIN MPUIOKESHUS
3a AR/VR, Moxe nga OTKIIOYM M CTHMYJIUpa KpEaTHBHOCTTA, Ja TOBUIIA KaKTO
IMOCTUIKCHHATA HAa YUCHUIIUTC, TaKa U TAXHAaTa MOTHBalXA 3a YYCHE.

Pvct Ha ToukuTe ce HaOmogaBa npu Bcuukure 6 rpynu. CpeIHHMAT NPOLICHT Ha

yBeJIU4eHHe € 28

3.5 M3Boau

Ilenra Ha ToBa uW3cienBaHe Oelie Ja ce MPOYYH BB3ACHCTBHETO Ha pa3nuyHu AR
UHCTPYMEHTH BBPXY pe3ydaTaTtd Ha YyuyeHunure. [IpoydyBaHEeTO MOKa3a 3HAYUTEIHO
nmoAoOpeHue B pa30MPAHETO HA YUCHUIIUTE 110 U3CIICIBAHUTE BBHIIPOCH.

B crvotBercTBHE ¢ npyru npoyuBanus, AR/VR TexHomorusra He camMo MOXeE jaa
yJIECHH TPOLECUTE Ha MpEernojaBaHe, HO M Jla TW HAlpaBU MO-UHTEPECHU U MOTUBHUpPALIU.
B®3 ocHOBa Ha aHaiM3a Ha JaHHHUTE 33 €(PEKTUBHOCTTa HA OOYYEHHUETO Ype3 M3IOJI3BAHETO
Ha AR Mo’e fa ce NOTBbPAM, Y€ HHTEIPUPAHETO HA Ta3U TEXHOJIOTHs B y4eOHHUS MTpoLec uma
3HAYUTEIIHO BIUSHUE BHPXY PE3yJITaTUTE HA YUCHULIUTE.

W3cnensanero mokaza, ue AR, ocoOeHO Korato ce H3Moii3Ba B OOYyYEHHETO IO
MIPUPOJIHY HAYKH, M03BOJISIBA HA YUCHULIUTE /1a U3CIIEABAT, IPAKTUKYBAaT U B3aUMOJEHCTBAT
ChC ChIbp)KaHUETO, 0€3 Ja ce MPUTECHABAT 3a (PMHAHCOBU WM €TUYHH MPOOJIEMU KaTo
CKBIIM KOHCYMAaTHBM WM HapaHsIBaHUS Ha YXUBOTHU. TEXHOJOTHSATA MPENOCTaBsi MHOTO
BB3MOKHOCTH 32 €KCIIEPHUMEHTH, U TO B Oe3omacHa cpena. KaTo 1710 MHCTpyMEHTHTE 3a
BHUpTYyasHa, 100aBEHa U CMECEHA PEATHOCT OCUTYPSIBAT BCUYKHU TE3U BH3MOXKHOCTH.

Onucanu ca pe3yiTaTtuTe, MOCTUTHATH OT YUYEHHUIMTE NMpU paboTa ¢ MOOMIHOTO
npunoxenne GeoGebra 3D Calculator, 3aeqH0 ¢ BB3MOXHOCTHTE 3a IEPCOHATH3UPAHO
o0OydeHue, KOUTO TO MPEAOCTaBs, U MPeIU3BUKATENICTBaTa B yueOHus mporiec. Pasrienana e
U BB3MOXHOCTTA 3a MPENOoJIaBaHe Ype3 CUCTeMara 3a Jo0aBeHa PEaTHOCT zZSpace B PeXUM

"3D Grapher", ¢ 3D monyna va GeoGebra.
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HSB’pr_IeHI/I 65IX3. H3CJICABaHNd, CBBpP3aHU C HU3IOJI3BAHCTO HA HWHCTPYMCHTHU 3a
no0aBeHa pPeaTHOCT MpH 00yYeHHETO B 00JIacTTa Ha M3KycTBaTa. PesynraTure mokasBar de,
M3TOJI3BAaHETO HA JT00aBEHA PEATTHOCT MOXKE Ja ObJie MHOTO €(EKTHBEH HMHCTPYMEHT 3a
NepCOHAIM3MPaHe Ha Y4eOHUS MPOLIEC ¥ HAChpYaBaHe HAa MPUOOIIABANIOTO U aKTHBHO YUYCHE,
a aHraXXUPaHOCTTA HA 00ydaBaHUTE € TIOBHIIIEHA C 27% CHpsMO U3MEpeHaTa Mpu U3MOoI3BaHe

Ha TpaJUOUOHHHU MCTOAX Ha O6y‘I€HI/IC.

B pesynrar Ha TOBa ca HalPaBEHU CIICJHUTE 3aKIHOYCHU:

1 [Ipemioxkena e MeTonMKa 3a OLICHSABAaHE Ha IPWIOKEHUETO U BB3ICHCTBUETO HA
UHCTPYMEHTH 3a J00aBeHa W BHUPTyaJHAa pPEaTHOCT B OOpPa30BAHUETO IIO
npeaMeTuTe OMoJIorus, MaTeMaTHKa U U300pa3UTEIHO U3KYCTBO.

2. [Ipennoxxen e meroa 3a KoMOMHHpaHOTO u3noi3BaHe Ha PBL c¢ noGaBena u

BUPTYaJIHATA PEATHOCT.

[naBa 4. Peannsauus Ha obpasoBaTeHU maTepmnaam cbC cpeacTBaTa
Ha AR/VR

Enun oT ronmemure BBOPOCH, KOWTO CTOM Ipe] IPENOAaBaTEIUTe OT Pa3IUYHUTE
STEM nucuMiuinHyu, € Koe IPUIIOKEHUE WIN KOS Cpelia 3a CUMYJalys U eKCIIEpUMEHTH J1a
U3M0I3BAaT 3a KOHKPETHH 00pa3oBaTEeNIHM HYKIH, KaKTO U KOs cpena 3a pa3paboTka Ja
U3I0JI3BAT, B CIy4ail, 4e pelar caMy Ja Cb3AagaT 00pa3oBaTesIeH pecypc.

OT KIIOYOBO 3HAa4YeHUE 3a OBP30TO pa3BUTHE HA TE3U TEXHOJIOIMH U PECypCH
xapakrepuctukuTe Ha AR u VR cucremure m Bb3MOKHOCTUTE, KOUTO T€ NMPENOCTABAT Ha
MOTpEOUTENS, a UMEHHO:

VR: BupryaneH cBAT, MNOTamsIIo MpEeXHUBSIBAaHE, CEH30pHAa oOOpaTHa Bpb3Ka U
MHTEPaKTHUBHOCT.

AR: BB3MOXHOCT 3a KOMOMHMpaHe Ha UIUPPOBH M (PHU3NUECKH CBETOBE,
B3aMMOJICHCTBHSA B peasHO BpeMe W ToyHa 3D uueHTH(UKanWs HA BUPTYyaTHH M pEaHU

00EKTH.

4.1 VR cpeacTea 3a peannsaums Ha obydeHne
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01

BusyanHa
cucTema

05 02

Cucrema 3a Cuctema 3a

CEH30pHO pocneanBaHe
ynpasneHue

03

PeanuctuuHa

UHTEepakTUBHA
pOzoRAL: cuctema

cpega

@uzypa 4.1 Ocnoenu enemenmu na VR

4.1.1 Xapayep, Heobxoanm 3a nanonssaHe Ha VR

3a M3N0I3BaHETO HA BUPTYaJHA PEATHOCT ca HYKHHU CIICHHAIHH OYIJIa/IUIEMOBE 3a
BUpTyanHa peanHocT — VR headset/gear. VR muemoBeTe ca ycTpoiicTBa, KOUTO HaIbiIHO
MOKPUBAT OYMUTE HAa NOTpeOuTeNs. Te OCUrypsBaT MOTAIALIO U 3aBJIASBAILO U3KUBSBAHE.

B cdepara Ha 00pa3oBaHMETO HAW-TIOMYJISAPHU ca LUIEMOBETE, H3IIOJI3BAHU C
MoOmIIeH TenedoH, KaKTO M Te3H, U3BECTHU KaTO ,,BCHYKO B €IHO — aBTOHOMHH IIIEMOBE,
ChIBpJKAaIl BCUYKO HEOOXOIMMO 3a MPOBESKIAHETO HA KOHKPETEH YPOK, M ITO3BOJISBAIIH

HCHTPAJIM3UPAHO YIIPABJICHUC OT CTPAHA HA YUUTCIIA.

4.2 AR cpencTBa 3a peanunsauma Ha obyyeHune

Koraro roBopum 3a jpobOaBena peamHocT (AR), TpsOBa na mmame TpeaBHI JBaTta
ocHOBHU BHJa AR TexHomormm — Oasmpana Ha Mapkepu u 0e3 Mapkepu. M300pbT Ha
TEXHOJIOTHUS OPe/IeNsi Bb3MOKHOCTUTE M OTPpaHMUYCHHUATA NIPU paboTa ¢ KOHKpeTHUs Bu AR.

01

Mpouecop

CEeH30pHO
npasnexve

04

Oucnnei

Quzypa 4.3 Ocnoenu enemenmu na AR
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4.2.1 Xapayep, Heobxoamm 3a 1n3nonssaHe Ha AR

W3non3Banero Ha po0aBeHa peaqHOCT € BB3MOXKHO Upe3 pa3iuyHu KpalHu
YCTpOUCTBA.

Ilvpsama epyna AR ycmpoiicmea BKJIIOYBa CMapTQOHM W TaONETH, CIIOCOOHU aa
padoTaT ¢ 106aBeHa PEATHOCT.

Bmopama epyna AR ycmpoucmea ca 1uieMoBeTe ¢ JjgoOaBeHa peanaHocT. Te
MO3BOJISIBAT HAa MOTPEOUTENUTE J]a BIDKIAT KAKBO MM MpeJ TAX, HO B IOIbJIHEHUE HAacIarBat
u ¢ poBa uHGopMaLus.

Tpemama epyna AR ycmpoticméa BKIIOYBA CUCTEMH, CHCTOSIIIM CE€ OT HSIKOJIKO
€JIEMEHTa — KOMIIIOTbpPHA CUCTEMA, €KpaH, KaMepa, OYWjia M pa3jIMYHU BHJIOBE CEH30DHU.
Benuko TOBa € KOMOMHUPAaHO ChC CHEIMaIHO pa3paboTeH codTyep, IO3BOJISBALL
pa3y4yaBaHETO U MHTEPAKTUBHOTO B3aMMOJEHCTBHE CBC CIOXKHU 3D CTPYKTypH, KakTO U
MIPOBEXKIAHETO HA Pa3jIMuHU CUMYJALUKU U ekcriepuMeHTH. EnqHa TakaBa cuctema, Ha KOSITO

ce 6a3upar yacT OT M3CJeIBaHUATA B Ta3u paboTa, € zSpace® [zspace.com].

4.3 CodpTyepHM MHCTPYMEHTH 1 nnatdopmun 3a AR/VR

MsuoroOpoitaute npuinokeHus Ha AR wm3uckBar cneumduuen codryep u xapayep.
CodryeppT H3MON3Ba KOOPAMHATUTE OT peajHaTa cpela OT KaMepuTe WIH JApYyrd
YCTPOMCTBA, KaTO IIeJITA € J1a ce npeaaae nHbopMarus 3a mo3uius Ha ooexta B XML daiin ¢
n3noi3Bane Ha ARML (Augmented Reality Markup Language).

C HapacTBamIOTO pPa3NpOCTpaHeHHe W ycrnexa Ha AR mpuiokeHusTa B pa3iuuHU
o0macTH, WMa M HapacTBamla HEOOXOJMMOCT OT pa3padoTBaHE Ha HOBHM MOIXOAU U

TEXHOJIOTHH 32 OCUTYpsIBAaHE Ha KaueCTBOTO Ha Te3M npuiioxeHus [ Tramontana, 2022].

4.3.1 Cpeau 3a pa3paboTka Ha npunoxeHns 3a VR n AR

B mocneaHUTE TOAWHU Ce TIOSIBUXAa MHOXKECTBO CPE/IU 3a pa3paboTKa Ha MPHIIOKEHHSI
3a VR u AR. Cpen Tax uMa mpelHa3HauYeHN KaKTO 32 HAUMHACHIH, TaKa W 33 HaNpeTHAIU U
3a IpOo(eCUOHATINCTH, a HAKOH OT TAX ca 1 yeO Oa3upanu.

Hsakou om naii-nonynsapnume cpeou 3a pazpabomra na VR ca:

1. Unity 3D

2. Unreal Engine 4
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3. Blender
4. React 360

Cpeo Hati-uznoazeanume cpeou 3a paspabomka Ha AR ca:
1. Apple ARKIit

2. Google ARCore

3. EasyAR

4. Vuforia

Wnentudunupanero Ha codryep, MoAXonsn] 3a yrnorpeda OT TakuBa YUUTENH, €
BaXHa 3aJa4a.

3aKIIOYEHUETO ¢, 4¢ HMa CaMO HIKOJKO MHHCTPYMCHTA 3a Cb3JdBAHC Ha
obpa3oBaTenHu AR mpunoxxeHus, HaCOYeHU KbM HYKIHUTE Ha yuutenuTte. Te ca:

1. Vuforia Studio

2. Blippar

3. AWE

4. AR Media Studio

5. Areeka

4.4 Hacoku OT TakCOHOMMATA Ha biym 3a cb3gaBaHe Ha MHTepakTueHM AR/VR
obpaszoBaTeNHM NPUIOKEHNA

[Ipn HamM4YMeTo Ha MHOTO W PA3IMYHU BAapHAHTH 3a ymorpedara Ha BHpPTyallHA U
no0aBeHa PeayiHOCT, 3a MOBEYETO YUUTENIU € TPYIHO Ja u3depar Hail-moOpaTa TEXHOJIOTUS U
J1a HAaMepST Hal-100pOTO U MPUIIOKEHUE 32 KOHKPETHUS CIydail.

O6noBena Bepcuss Ha Takconomuss Ha brym [valamis,com, 2022] otpa3sBa
HAaBJIM3aHETO HA HOBUTE TEXHOJOTMU U TIO3BOJISIBA Jla CE€ UBSICHAT y4eOHUTE IIeNIM TIPH

npuiarade Ha AR/VR (dur. 4.4 u ¢ur. 4.5)
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1956 2001
AHanus AHanusumpa
CbLEeCTBUTENHO —- [naron

Queypa 4.5 Pazsumue na Takconomuama na baym

4.5 SWOT aHanu3 Ha npunoxeHuneto Ha AR/VR TexHonorum B 06pa3oBaHNETO

Pesynrature mokas3Bar, 4ye W3MOJI3BAHETO Ha XR TeExHOJIOrMsATa B HAYaIHOTO U
CPEAHOTO 00pa30BaHUE ¢ MHOTOCTPAHHO, MOXE JIa MOBIIHUSC IMOJOKHUTEIIHO Ha PE3yJITATUTE
OT OOyYeHHETO Ha YYCHHUIMTE, JONpPUHACA 3a I[OBHIIABAaHE HA MOTHBAIIHATA,
aHraxuparoctta U uatepeca [Galati 2019; Simon-Liedtke, 2022; Yin, 2022]. Cumynarusita
Ha PEaITHOCT OCUTYpsiBa MO-CHIIHO BB3JEHCTBHE BBPXY 00yYaeMHUTE CIPSAMO TPAIUIIHOHHUTE
MaTepHalii; Mo-100p0 MPaKTUYECKO HAArPaKIaHe Ha TEOPETHUYHUTE 3HAHHMS U HKOHOMHUS Ha

Mar€purain, KakTo 1 0C30I1acHOCT.

4.6 V13Boam

B Ta3u rnaBa e 00001IeH NPAaKTUYECKUAT OMMT HA aBTOpa Ha TO3U JUCEPTALMOHEH
TPyA OT TPOBEIEHUTE MHOXKECTBO EKCIIEPUMEHTH B peanHa cpena ¢ pasznmuad AR/VR
MPUIIOKEHUS, KOUTO 0(OpMS 3aKITFOUEHUATA, Y€ TE3U MPHIIOKEHHSI C€ HYXKIasAT OT ONUCAHMUS,
ITOKa3Balll KON pecypc, KO HHCTPYMEHT M KOsl IEHHOCT Ha KO€ HUBO B liepapxusaTa Ha birym
OMxa MOTJM Jla Ce M3IOJI3BAT cropel oOpa3oBaTeNHUTE CTaHAapTU. ToBa 3HAYUTENHO OU
MOJIOMOTHAJIO TIPEToIaBaTeNIuTe Aa B3eMaT HH(GOPMUpPaH U300p U Ja OCUTYPST ePEKTHBHO

Y TIEPCOHAIIM3UPAHO O0yUEHHE.

3aKkntyeHune - Pestome Ha NOYHEHUTE PE3YNTATU

Husoto Ha CHbBpEMCHHATa U3YHCIINTCIIHA TEXHUKA, HCOGXO,Z[I/IMa 3a U3II0JI3BAHCTO Ha

AR/VR, 3ae1HO ¢ TIOBCEMECTHOTO Pa3MpOCTpaHEHHE HA MOOMIHUTE YCTPOUCTBA M MOIITHUTE
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HACTOJTHU KOMITIOTBPHU CHCTEMH, OCUTYPSIBAT HOBH (DYHKIIMOHATHOCTH, KOUTO MOTAT Ja Ce
M3MOJ3BaT B MPEMOJaBaHeTo. B AucepTanMoHHus TPy MOAPOOHO ca M3CIEIBAHU MOJICIH U
METOJIM 3a MpUJIo’KEeHHE Ha Jo0aBeHa U BUpPTyaslHa peajHocT B oOyuenuero. [IpoBenenu ca
MHOKECTBO €KCIICPUMEHTH B peaiHa cpeaa ¢ pasnudau AR/VR cpeactsa, cpean u TEXHUKH
Ha TIPETo/IaBaHe C IIeJl MOCTUTAHe Ha PeIUlla YYCOHH TIeITH.

HampaBen e kadecTBEH W KOJMYECTBEH aHAIW3 Ha e¢eKTa OT H3MOJ3BaHE Ha
MpeIIOKEHUTE MOJIENIH C U3I0JI3BaHe Ha Jo0aBeHa U BUPTyajHa pPeajHOCT. 3a MOCTUTaHe Ha
pa3nUYHU y4yeOHH LIeTH B Pa3NUYHMU JUCIHIUIMHU HA MPENoJaBaHE, KaKTO U 3a Pa3IMyHU
BB3PACTOBH TPYNH YUYEHUIM, Osixa pa3paboTeHH CHhOTBETHUTE Mojaenu. [IpoBemenute
eKCIIEpUMEHTH B peajiHa y4eOHa cpejia mokKaszaxa, 4ye CUMYJIAMUTE ca o0eraBall HaunH 3a
nmoaoOpsiBaHe Ha 00pa30BaTEITHUTE PE3yITaTH Ha yuyeHunure, ocooeHo mo STEM mpeamern.
OneHsiBaHETO Ha HUBOTO HA MOCTUTAaHE Ha YUEOHUTE IIeNIM Ype3 U3IO0JI3BAaHETO HA BUPTyaaHa
1 J00aBeHa PEANTHOCT, ChYCTAHO C PA3IIUYHH IMOJXOJU B MPEMOAABAHETO, € U3BBPIICHO ChC
CTATUCTUYECCKU METO/H.

B Tta3m pgmcepranms ce mnpemiara mnpwioxkeHnero Ha AR/VR  TexHomorum B
o0ydeHueTo Ja Obe OIICHEHO B TPU HANPaBICHUS:

— n3nomsBaHe Ha AR/VR kaTo MOmMbIHUTETHN TEXHOJIOTUYHH CPEICTBA
— komOuHupane Ha AR/VR TexHonoruu c¢ pa3idyHd METOAM U CIEHApUU Ha
MpernoiaBaHe

— koMOuHupane Ha AR/VR TexHonmoruu ¢ pusnyecko oOKpbKeHHe/cpena.

C ornen Ha paboraTa, U3BBpIICHA B TUCEPTALMATA, U U3BOJUTE, IOJyUYEeHH B XOAa Ha
U3CNEeABaHMUATA U U3JOKEHHM To-Tope, Morar Ja Obaar QopMmyiHpaHu CIETHUTE
HAYYHO-TIPUJIOKHHU Pe3yJTaTH:

1. Pa3paboTten e mojen 3a m3moyi3BaHe Ha ngobOaBeHa peamHocT B STEM oOyuenwue.
MozenbT Mo3BOJIsIBa JIECHO alanTHpaHe KbM crernudukara Ha pasnuunute STEM
JTUCITUIIMHY, KaTO HachpyaBa TBOPUYECTBOTO U €KUITHATA paboTa.

2. PazpaboTeH e Mojen 3a HM3MOJ3BaHE Ha J00aBeHa pPEaTHOCT B OOyYEHHETO I10
MaTeMaThKa. MOJenbT TMO3BOJISIBA H3MOJI3BAHETO HA PAa3IMYHU TEXHOJOTHH 3a
no0aBeHa PeasHOCT, KOETO I'0 MpaBU MOAXOJII 32 MPHIOKEHHE KAaKTO B KJAaCHATa
cTas, Taka M W3BBH Hed. JlaBa BB3MOXXHOCT 3a M3MOJ3BaHE Ha PA3IUYHU
00pa3oBaTeIHU MOIXOIH.

3. Ilpennoxen e MoAen 3a HW3MON3BaHE Ha J100aBeHAaTa pealHOCT B OOy4YEeHHE I10

HN3KYCTBaA. MopaenbT IO3BOJISIBA HM3MIOJI3BAHETO KaKTO Ha noGaBeHa, TaKka M Ha
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BUpTyaliHa peasHocT. ToBa ro mpaBy I'bBKAB U MPHIIOKUM 32 MHOTO IIMPOK KPBI OT
JIeWHOCTH B OOyYeHHETO IO H300pa3HTeNHO H3KYCTBO. JlaBa BB3MOXKHOCT 32
U3I0JI3BaHE Ha pa3IMYHU 00pa3oBaTeNHM IOAXOIM, HackpuaBa TBOPYECTBOTO,
OTKPHBATEJICTBOTO U paboTaTa B €KHII.

4. Pa3paboTeH e Mozen 3a KOMOMHHMpaHe Ha MPOEKTHO-0a3upaHo oOydeHue ¢ no0aBeHa
U BUPTyaJHa peagHocT. MOAETbT € MNPaKTUYEeCKH OPHEHTHPaH M IO3BOJISBA
U3I0I3BAHETO HAa MYJITHIUCLHUILIMHAPEH MOAX0] B paboTara ¢ yueHuure. Paborara
BBpPXY peasieH MmpoOjeM C MOMOINTa Ha JBaTa BHJA PEATHOCTH Ch3/laBa MCTHHCKO
yCelllaHe 3a NPEeXUBSBAHE M YCIEIIHO aJpecupa BaXKCH, HO TPYAEH 3a pElIaBaHE
npo0JIeM KaTo TO3M C MOTUBALMATA HA YUCHHIUTE.

5. IlpennoxeHu ca METOAU 3a OLIEHKA HA BHEAPSBAHE HAa TEXHOJIOTHYHHUTE CPEJCTBA 3a

z[06aBeHa M BUPTyajIHa pCaJIHOCT 3a ONPCACICHU LICIIN HAa O6y‘IeHI/ICTO.

Hacoxku 3a 0naenu u3cjieBaHnus

OCHOBHHMTE HACOKH 3a 6’bIleH_II/I H3CJICABAaHM BbpXY TCMATHKAaTa Ha AUCECPTAllMsATa BKIIFOYBAT:

e lscnenane Ha BB3MOXKHOcTHTe Ha AR/VR 3a momoOpsiBaHe Ha JAWCTaHIMOHHOTO
oOydeHue

e Uuterpupane Ha AR/VR B 00yuenuero no npenmera ,, I eXHOIOTHH MPEAIPUEMAUECTBO

e Unrerpupane Ha AR/VR B 00yueHmnero 1o BerepuHapHa MeIUIIHA

e l3cnensaHe Ha Bb3MOXKHOCTUTE Ha VR 3a mojnoOpsiBaHe HAa yMEHUSATa Ha yYEHHUIUTE 32

O6H_IyBElHC, B3€MaHC Ha pCHICHUA U pa60Ta B CKHII

L4 C’bSI[aBaHe Ha MCTOAHU U MOACIIHN 3a U3I10JI3BAHC HAa xonorpa(pcxa AR B 06pa3OBaHI/I€TO
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