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Abstract

. This thesis work focuses on research on the impact of technologies, like virtual
dnd augmented reality in the educational and professional training system. The
major aims are to study and review of the quality of perception, understanding of
educational information and define the role of technologies in the education pro-
dess as well. We also consider the theoretical foundations of visual thinking, early
résearches, reaction, and problems. The history, current situation, prospects for
thc growth and development of virtual and augmented reality technologies in the
niearest future are considered as well. For the practical part of the research were
developed several mobile applications with educational materials from the gen-
eral education school program and experiment was held. Experiment results were
studied and examined to define if new technologies like Virtual and Augmented
Reality effect on the quality of education.



Annarna

Byn aucceprauusi BUPTYaJibl >KoHE TOJBIKTHIPHIIFAH LIBIHABIK CHAKThl TEXHO-
Jiorusiiapaply 6isiv 6epy »kyileciHe »KoHe KOCINTIK OKBITYFa KaJlail ocep eTeTiHIH
3epTTeyre OarbITTanraH. Herisri MakcaTsl - OKy MaTepHaJAapblH Kabbliday MeH
TYCiHy CallachlH 3epTTEY >KoHe Tajjlay, COHjAal-aK 3epTTe/eTiH TeXHOJOTUsIap-
AblH pedi. Bis conmaii-ak BU3yaJbl Oil1ayAblH TEOPHUANIBIK HErl3fepiH, epTe 3epT-
TeyJlep/li, peakLyslapbl XKaHe [pobiieMaliapiisl KapacTelpaMbr3. Conaaii-ak BUp-
TyaJlgbl YKOHE TOJILIKTBIPBUIFAH IIBIHABIK TEXHOJIOTHAIAPBIHBIH TApUXbI, Ka3ipri
JKarJaibl, >KaKblH apaJarbl >KoHE KeJjlelleKTeri JaMy IOTEHIMabl TaJKblIaHa-
[bl. 3epTTey/iH UpaKTUKaJbIK 6esiringe >xajubl 6ijaiMm Gepetin oky 6araapia-
MaJIapbIHbIH OKYy MaTepuasjaphiMeH GipHelre MOOMIbAIK KOCBIMINAJIAD 83ipJieHai
>KoHe Toxipube xkyprisingi. Texipube HaTHXKesnepi BUPTyaJlIbl KOHE KEHEWTIJI-

FeH LIBIHABIK CUAKTBI YKaHA TeXHOJIOTHSIIApAbIH, OiiM camacblHa 9CEPIH aHBIKTaY
YUIiH 3epTTesne].



AnHoTausa

JlaHHas AuccepTalUOHHAs PadoTa MOCBSAIIEHA HCCIeA0BAHUIO BIHAHUA TEXHOJIO-
ruil, TAaKUX KaK BUPTyaJIbHAsl 1 JONOJHEHHAs PeaslbHOCTh, Ha CUCTeMy 0Opa3oBa-
HUS U 11pOQeCcCHOHANBHOM T0ATOTOBKH. (JCHOBHBIME LENAMIE ABJIAIOTCA U3y4eHHe
¥ aHaJM3 KayeCTBA BOCIPUSITHSI ¥ TIOHUMaHHs 00pa30BaTENbHOIO MaTepHaJa, a
TAK>KEe POJIH M3y4aeMbIX TEXHOJOTHl B HIX. Mbl TaK)Ke paccMOTPHM TeopeTHYe-
CKHe OCHOBbI BU3YaJIbHOI'O MBIIIJIEHNs], PAHHUE HCCJIeJOBAHNUSA, PEaKIUK 1 IIpobJie-
Mbl. Takoke, 6yAyT U3y4€HBI UCTOPUS, TEKYLasl CUTYalHUs, NIePCNeKTUBbI POCTa U
Pa3BUTHS TEXHOJIOTHI! BUDTYaIbHON U JONOJIHEHHO! peajbHOCTH B GiuxKaiimem
ByuyieM. [jis IpaKTH4YECKON YacTH UCC/e0Balus 6bLI0 pa3paboTaHo HECKOJIb-
KO MOGHJIbHBIX TPUJIOXKEHNH C yueOHbIMK MaTepraJlaMi 13 0611e06pa30BaTesIbHON
LTKOJIbHO! TpOrpaMMBbl U IPOBEJIEH SKCIEPUMEHT. Pe3y/bTaTh! SKCIepUMeHTa Obl-
JI U3yYeHb! U UCCIIEH0BAHBI, YTOOb! ONPEAENTD, BIUSAIOT JIM HOBbIE TEXHOJIOTHY,

TaKhe Kak BHpTyaJibHad U JOITOJIHEHHas PeaJIbHOCTb, Ha KaveCTBO 06pa3013a,Hnﬂ.
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Nomenclature

3D  Three dimensional

AR Augmented Reality

CAGR Compound Annual Growth Rate

MR Mixed Reality

ROI Return on Investment

SDK Software Development Kit

SDU Suleyman Demirel University

SLAM Simultaneous localization and mapping

VR Virtual Reality



1. Introduction

1.1 Technology-enhanced learning

Nowadays technologies are always progressively non-stop developing and improv-
ing, which affects different aspects of a human being. Two decades ago people
could not even think about what we will carry a portable computer in their pock-
ets, now we call it a smartphone. Modern phones are several times more powerful
and show incredible performance than personal computers of those times. Some
of the people cannot even represent a single day without it. Along with the new
technologies, different aspects of our lives started to closely interact and broadly
use modern technologies, which are making lives simpler and more productive.

The teaching and learning process is not an exception, there have appeared
terms like Technology-enhanced learning of Technology-enabled learning (TEL),
which assumes tight integration with different technological solutions to the edu-
cational process. Education has always been the process of teaching and learning
in the interests of the individual, society and the state, and will be important
forever.

Now, starting from kindergarten children have been taught with the help of
computers, projectors, multimedia boards, and the other peripherals to enhance
the learning experience. There are some key points of the importance of TEL:

e More resources: there are no longer only books and textbooks, kids can
watch videos, use interactive educational Software and learn in their own

pace;

e Engagement: technologies bring a better learning experience and even bor-
ing topics could get interesting;



e Engagement: technologies bring a better learning experience and even bor-
ing topics could get interesting;

e Flexibility: can be accessed from anywhere and anytime.

TEL is applicable to all stages of education and is an integral part of modern
education. Technologies such as Virtual Reality (VR) and Augmented Reality
(AR), which seemed fantastic and futuristic several decades ago, are also ap-
proaches of TEL. And these technologies are already being used in everyday life
and in various areas. According to Goldman Sachs Global Investment Research
[1], market of VR and AR software will be divided into two major sectors in 2025:

e Enterprise and public sector (Healthcare, real estate, retail, education, mil-
itary etc.) — 46%;

e Consumer (Entertainment, video games, live events etc.) — 54%;

Usé share of VR and AR in education and professional training is about 15%.
Proposed technologies mostly used in engineering and training employees. The
biggest car manufacturers already use AR and VR for training stuff, modeling

and process improvement.

But how this use share can be increased? How to measure efficiency of VR
and AR in teaching and learning process? Actually, there are a lot questions to
be studied and reported. This work is aimed to make attempt to answer the

questions above.

1.2 Aims and Objectives

The aims of this research are to define the effect of virtual and augmented re-
ality technologies on perception and understanding of educational materials and
measure involvement and engagement at lessons, to get students and teachers
reactions. VR and AR technologies in the educational process are examples of
visual representation of information. Visualization has been one of the most ef-
fective methods of human thinking and learning for more than 300 years. Typical
visualization (see Figure 1.1) [2| was considering static examples like pictures,
graphs, diagrams and photos and dynamic examples like video and animation as
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a main source of information for visual-spatial thinking and learning. But there is
no interactivity as in proposed technologies. For example, VR and AR technolo-
gies can provide an educational experience that is impossible in the real world,
like walking with dinosaurs or training surgery on the human heart many times,

without harm to a real man.
As the main objectives of our research, we define followings:

. Study the VR and AR technologies: History, big players, market, use-cases;

Pt

2. Study Immersive education, Technology-enhanced learning (TEL);

3. Examine related scientific researches and articles;

4. Define the method for an experiment;

ot

. Analyze the received data and make a conclusion;

Despite potential success in education we have to find out whether if these
technologies are the most effective examples in visual-spatial thinking and learn-
ing? In addition, we need to observe the reaction of students and what problems

could be faced during the educational process.

Visual Representations

Static Dynamic
Pictures Graphs
Non Interactive Interactive
Photographs /\
Animation Videos Visual Simulation
Programming & Modelling

Virtual Reality EnVironments
& 3d Visualizations

Figure 1.1: Types of Visual Representation



1.3 What is Virtual Reality?

Virtual Reality is a term used to describe three-dimensional computer-generated
environment, which can be explored and interacted by a user. The basic principle
of operating with VR technologies lies on specially-designed headset, which is also
called goggles. Virtual reality has been studied and researched by scientists start-
ing from beginning of previous century. In 1960s Ivan Sutherland [3] described
VR concept as window through which a user perceives the virtual world as if
looked, felt, sound real and in which the user could act realistically. But as the
father of virtual reality is used to be considered Morton Heilig. He received this
title for research and inventions made in the 1950s and 60s. On August 28, 1962,
he patented the “Sensorama” simulator [4] (see Figure 1.2). Heilig himself also
called it the immersion theater. After almost 30 years, Michael A. Gigante [5]
described VR like “the illusion of participation in a synthetic environment rather
than external observation of such an environment. VR relies on a 3D, stereo-
scopic head-tracker displays, hand/body tracking and binaural sound. VR is an
immersive, multi-sensory experience” and it sounds more like modern definition
of VR.

New era of VR development has started in 2012, when young computer engi-
neer Palmer Luckey has started new project Oculus in Kickstarter. After success-
ful start, Facebook bought Oculus for 2 billion USD and now, Oculus is the one of
the major players in the market of VR, with 19% of all shipping. It sells several
types of headsets and own application market. This deal shifted the entire IT
industry and the big players like Google, Sony, Microsoft, HT'C have successfully
started their own development. According to IHS Markit research [6] (see Figure
1.3) in 2020 consumers will spend approximately 6.5 billion USD for AR based
applications and 2.4 billion USD for VR content.

In 2021 market of content for AR will increase up to 23%, for VR up to 16%.
IDC [7] (see Figure 1.4) researches forecast shipment of VR and AR devices 12.5
million and 2.5 million units respectively in 2020. Strong growth is expected
to continue as global shipments climb to 68.6 million in 2023 with a compound
annual growth rate (CAGR) of 66.7% over the 2019-2023 forecast period.

10
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TEL [213) 459-2162

Pigure 1.2: Sensorama simulator and patent scheme

1.4 What is Augmented Reality?

Augmented Reality is an improved form of reality where immediate or indirect
perspectives of user’s view are intercalated with computer-generated content, ac-
cordingly enhancing user’s current perception of reality. In other words, aug-
mented reality is the result of using technology to superimpose information —
sounds, images and text — on the world we see. The primary value of augmented
reality is the manner in which components of the digital world blend into g, per-
son’s perception of the real world, not as a simple display of data, but through
the integration of immersive sensations, which are perceived as natural parts of
an environment. In comparison with VR the AR does not create a completely
computer environment, but transfers digital elements to objects that surround
you. Roughly speaking, new virtual information is superimposed on top of the
physical elements. It works in real time, does not create for you any full-fledged
simulations. Consequently, the main difference between AR and VR technologies
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is that VR uses human created virtual space as an environment, when AR uses
real space with some virtual elements.

Like many other interesting studies, the history of manipulation of reality be-
gins in literatures in genre of science fiction. The author of The Wizard of Oz,
Lyman Frank Baum, in the novel Master Key [8], described a device that could
mark people in real time with letters indicating their character and level of intel-
ligence. The primitive tools of augmented reality were known long before: these
were masks that Roman archers wore to aim better, and telescopes with distance
markings, and so on. But the story of augmented reality, as we know it now, orig-
inates from developments concerning VR, especially “Sensorama” patent. The
patent describes a virtual technology in which visual images are complemented
by air movements and vibrations. The rationale for its existence was given this:
“Today, the demand for methods of teaching and training people is constantly
growing in such a way as to eliminate the risks and danger of real situations”. Tt
was a device of an earlier version of virtual reality, and not augmented, but it
gave impetus to the development of both AR and VR.

Modern AR is pattern recognition[9] and marker tracking technology. Markers
are read with camera or other image input sensors to define coordinates and where
virtual object should be placed. Tracking pattern and defining plane is quite dif-
ficult, due to huge amount objects should be processed with Artificial intelligence
to define pattern and define plane. But there were found method SLAM (Simul-

taneous localization and mapping) [9] [10] in 1990s, which is still getting improved
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by researchers. Approach of SLAM is to build a map in an unknown space or
to update the map in a previously known space while simultaneously monitoring
your current location and distance traveled. The algorithm allows to memorize

the position of points in space, returning to the same space from another you will

see points in the same places where they were before.

Nowadays, due to the fact that the sphere of entertainment is one of the most
profitable, augmented reality is the most often used in it. Many projects have
been implemented, but mostly for the most affordable devices like a smartphone.
But in 2016 Microsoft presented Hololens project - smartglasses with both AR
and VR, also known as Mixed Reality (MR). However, Hololens project is still
there are many enthusiastic reviews on the Internet, where

under development, but

people share their experiences of interacting with the virtual environment.
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2. Research

2.1 Related research works, articles and success-

ful use-cases

For socicty, education has always been a single process of physical and spiritual
formation of personality, a process of socialization. In this understanding, edu-
cation is an integral part of the life of all societies and all individuals without
exception. The main institution of modern education is a school, then a college
or university. Even working, people always learn, improving their skills.
According to review work [11] of Bacca, J., Baldiris, S., Fabregat, R., Graf,
S., Kinshuk about application of AR in education, where they have reviewed 30
related research works, 40% of uses by “Field of Education” is Science, 21.9%
is Humanities and Arts, 15.6% is Manufacturing, engineering, construction and
rest is other categories (see Figure 2.1). Unfortunately, reviewed works didn’t
contain information about use in fields like Education (teacher training in all
levels of education) and Agriculture. The reason why the section “Engineering,
manufacturing, and construction” is highly used, it is the fact that AR can be very
financially and educationally effective in staff training, modeling, construction.
Researcher reviewed studies about use and application of AR in Education
and found out that almost 35% of AR studies were carried out was Bachelor

students of universities, and 49.5% was students of schools. As the main the top

5 advantages of AR in educational setting were:

e Learning gains — 43.75%
o Motivation — 31.25%
e Collaboration — 18.75%
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e Facilitate Interaction — 12.5%
e Low cost — 12.5%
As well, they reported about limitations like:

e Designed only for a specific knowledge field — 3.13%;

Educators cannot create new learning content — 3.13%;
e Difficulties maintaining superimposed information — 9.38%;

Paying too much attention to virtual environment — 6.25%;

Intrusive technology — 6.25%;

Service and Others NN 6.3
Health and welfare B 3.1
Agriculture 0
Engineering, manufacturing and construction I 15.6
Science NN RO SIS ()
Social Sciences, Business and Law I 12.5
Humanity and Arts IS 2 1.0

Educational 0

0 5 10 15 20 25 30 35 40 45

Figure 2.1: AR uses by "Field of education" in percents (%)

97 out of 30 studied works says that purpose of using AR in educational process

is to explain the topic and augmenting learning materials with interactive virtual

content. In sectio
that most of the studies reported that AR application leads for “Better learning

n “Bffectiveness of AR in Education” (see Table 2.1) was said,

performance” (53.13%), which is actually good result. Also reported that it does

not decrease the cost of education (0%).

The next prime example is, California based Scope AR [12] — a global leading
company in AR solutions and applications development for industrial clients in-
cluding sectors like manufacturing, training and field maintenance. The world’s

industrial giants like Lockheed Martin, Toyota, Unilever, P&G, and Siemens are

15



Sub-category Number of studies | Percentage (%)
Improved learning process 17 53.13
Increased motivation for learning || 9 28.13

Better enjoyment of perceived in- | 4 12.50
formation

Decrease the cost 0 0.00

Positive attitude 4 12.50
Engagement i) 16.63

Table 2.1: Effectiveness of AR in Education

already using Scope AR solutions in sectors mentioned above and have real-world
results. Unilever uses AR application to solve technical problems in manufac-
turing, where tech-specialists can find and solve issues fast in field, using AR
application as manual (guide) and instruction. They have reduced downtime to
50%, which saves 79 750 Euro per month. Return on Investment (ROI) is 1717%.
If Unilever uses AR as technical guidance, Lockheed Martin uses AR solutions
to train employees, who are working on construction of spacecraft. According
to Shelley Peterson, Emerging Technologies Lead, they have reduced in time to
information almost for 99%. And over-all time for training was reduced up to
85%. Majority of Scope AR clients left quite positive feedbacks.

German research agency Kantar EMNID and Samsung Electronics made a.
research [13] among 606 teachers throughout all schools in Germany about use of
VR in classrooms. 92% of interviewed teachers support the use digital technologies
in educational process. And 99% of educators under 30 fully supports use of
technologies on lessons. At the time of survey, 67% of teachers said that they are
al equipment like computer, projector and multimedia walls in

already using digit
classrooms and they don’t have any difficulties using it. Moreover, educators were

very interested in use of VR on lessons:

o 18% have already used VR;

o 48% have willingness t0 try VR in classroom (or 58% teachers under 30);

Teachers have selected subjects like History (74%), Natural sciences (62%),
Arts (44%), and Geography (80%) as the most suitable for VR. Despite the fact,
that VR is a relatively new technology almost half (42%) of them believe that
in near five-year VR will be used in classrooms. Educators (74%) says that if

16



VR devices will be available at schools, they would use it at least once in month.
Provided survey reports that, 74% of teachers think, that VR will increase moti-
vation, engagement of students and 62% have opinion that VR will improve their
learning success of students. Whereas 58% of educators also feel that the use of
the technology can help students better understand learning concepts. So, the
survey shows that in the most cases more than 50% of educators supports usage
of digital technologies in educational process and passing the time the numbers
will definitely increase.

Improving Spatial Abilities by Geometry Education in Augmented
Reality - Application and Evaluation Design Proceedings [14]

This research work considers effectiveness of augmented reality as a space for
geometry education to improve spatial abilities. In addition, researchers aimed
to make it in collaborations, by developing special application which can show
same content for several AR and VR devices. Developed Construct3D applica-
tion has been tested during the 3 years, involving 250 high class students. Accord-
ing to survey, students think that Construct3D is easy to use. They've divided
tested students into five groups: untrained, traditional school group (drawing with
pencils), modern school group (CAD software), individual tutoring group, Con-
struct3D. Six different spatial tests and three verbal ability tests were presented
for participants. Test outcomes demonstrated that in female understudies, high
spatial execution is identified with great thinking aptitudes and consistent deduc-
tion, while, for male understudies, speed and exactness of fundamental spatial
procedures are the best indicators of spatial test execution.

Fourteen Propositions About Educational Uses of Virtual Reality
[15]

Despite this book was published almost 20 years ago, authors Winn W. and
Jackson R. propose fourteen interesting ideas with observations for use of VR in
education. Not only in schools, also in different industries. Some of them:

e VR is much more cheaper than physical simulators like simulator of airliner

and safer than real-world training;
e VR allows quasi-natural interactions with objects;

e Mostly useful when VR embody concepts and principles that are impossible

in real life;
17



e Presence is related to engagement and learning, and to reduction of malaise

in virtual environment,

e Can situate learning experience in a meaningful context;
e Collaboration is possible and beneficial;

Augmented Reality Applications in Education [16]
Authors of this article review augmented reality applications in education and
its use in several learning theories. Defines some interesting uses in education:

e Use in traditional class;

e Use in special education - can provide a high quality educational experience
to students with physical and thinking disabilities;

e Outside the classroom and combined learning;

In addition, authors pay attention to resources, technical problems, student

reactions and educator’s worries that AR will overtake their classes.

2.9 Methods and materials

As the method of research, I have made an experiment at the local state school
for obtaining qualitative results. Through this experiment I wanted to test the
effectiveness of using AR and VR technologies in education process and to study
student’s perception of studying materials. From various options
«golar System” from state educational program, because it can

R. According to new educational program in

its impact to
selected topic

be visualized in both VR and A
Kazakhstan this topic is learned at different grades, with different complexity

levels and information volume. As the main participants of experiment were
selected 8th grade students of State School “Zerde” in Nur-Sultan. They are
rned about Solar System and had a quiz about it exactly one year ago.

already lea
ysics book for 7th grade in Chapter 6, I found

After learning materials from Ph
out that mostly Solar System topic is described very briefly. There are general

information about planets, satellites and Renaissance era astronomer Nicolaus

Copernicus According to examined information I prepared a presentation about

Solar System, where the main focus was about:

18



Planets order;

Physical parameters of planets: Size, distance to the Sun, period etc.;

Satellites;

e Planet’s structure;

AR and VR applications were developed for visualization of Solar System.
According to presentation and materials from book, also been composed test

about this topic for experiment participants to evaluate them. In addition, there
has been composed survey for gathering information regarding knowledge about
VR and AR technologies among students and their teachers. Questions were quite

simple, mostly about planets ordering, physical structure and size of planets.

VR Application development for experiment
The First mobile application was developed for Samsung Gear VR platform,
VR headset developed by Samsung in collaboration with Oculus in 2015. Gear

VR uses Samsung Galaxy series smartphones running Android OS to process

and display virtual content. Oculus provides VR technology, application market

and SDK. Oculus SDK is supported in both the most popular 3D engines, Unity
and Unreal Engine 4. For this application was used Unity, which is free for

non-commercial development and use. As the main advantages of Unity can

be mentioned multi-platform feature and big community of developers, which
definitely helpful in learning of this 3D engine.
ped application (see Figure 2.2) demonstrates Solar System in different

Develo .
anets around the Sun and turning its own axis. User

perspectives, with moving pl
can close up to any planet.

shown in application. _ . .
Due to fact, that I didn’t have any experience in 3D modeling and program-

on C#, it was quite hard to develop this VR application. Unfortunately,
h connection on Samsung Gear VR controller, so in-

Also, all big satellites of Solar System planets are

ming

there were some problems wit on ¢
teractions are limited. Regardless, application runs very smooth and with quality

3D objects in it. |
All materials and patterns can be found in Internet and there are a lot of

r beginners. Even person with “beginner” level in programming can

tutorials fo . . .
here are limitations for mobile VR application,

build simple virtual scenes. But t
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Figure 2.2: Screenshots of “Solar System” application for Samsung Galaxy VR:
Close view of Earth model.

like relatively poor performance of smartphone hardware than regular PC. Which
definitely affects the scale of the stage, visual effects, and the number of polygons
of 3D models, which in turn affects the quality of virtual content.

AR Applications development for experiment
In educational process AR can easily add interactivity for to any paper hook,

card or poster. For the visualization of Solar System was developed two appli-
cation, first one (see Figure 2.3) shows animated Earth model and second one
hoto with video material. Both applications use Vuforia - the best-

substitutes p
uter vision technology for AR for detection and reading marker. As

in-class comp

the 3D engine used Unity as well.
Proposed applications are very simple, there are no any interactive features as
it could be. All applications rut on Android OS, but Vuforia technology supports

other platforms like 105, Windows. Vuforia is free to use, but overlays watermark
on the smartphone screen. Single application license costs about $500 USD. All

markers are stored in Cloud, and there is ability to add more markers and make

dynamic content.

2.3 Experiment

al part of the research was aimed to get real and live data, and

The experiment
Id be directly related to the educational and learning process. An

the source shou

20



Figure 2.3: Screenshots of AR mobile application: Earth model appearance above

the marker.

experiment had to be held in 5 steps (see Figure 2.4).

Step 1 Step 3 Step 5

T U N

Step 2 Step 4
bove experimental part of research was held in state

Figure 2.4: Steps of experiment

Step 1 - As written a
schools in Nur-Sultan. We had to select participants of experiment from same

class, with characteris
Step 2 - We had a one hour lesson about Solar System according to the

ntation and discussed the selected topic with participants. Then

tics like: same age, different genders, mixed general marks.

prepared prese
started to show the visualized material in developed applications, thereby enhanc-

ing lesson with VR and AR.
Step 3 - After the lesson and showcase of proposed technologies, participants

had a test about the past topic Solar System.
Step 4 - Survey Was held to measure awareness and general knowledge about

proposed technologies among
containing simple questions about VR and AR. Questions

regular mid-school students and teachers. There

been composed survey,

was aimed to find out: how technologies can improve educational materials, gath-
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ering full feedback about purposed technologies, engagement and involvement to
lesson and possibility of regular use.
Step 5 - All results were processed and evaluated to give reasonable answers

and to meet all objectives and aims of this research work.

See Appendix A.

2.4 Data and results

Total number of participants was 24 people, where 21 are students and 3 are
teachers. Results of survey show us general view of use of VR and AR in edu-
cational process at mid and high schools. Proposed technologies are familiar to
85.9% of interviewed, where 38% know about both VR and AR, 42.5% know only

about VR and 4.7% only about AR. Remaining 14.8% don’t know about these

technologies. Survey was conduc

of interviewed found it interestin
interested, but all think that VR and AR can be implemented in educational

ted after demonstration of application, so 90.5%
g and engaging. Even if not all participants are

process. Participant noticed some positive and negative features:

e Visualization helps to understand educational material - 47.6%

e Lesson becomes more interactive - 76.2%

e It improves educational process - 42.8%

Increases interest and involvement in the lesson - 80.9%

VR makes dizzy - 4.8%

Teachers and students was also asked about in which subjects they would
like to see these technologies, and list was led by geography (85.71%), biology
(80.95%) and physics (76‘19%) respectively (see Figure 2.5). Participants had to

choose several options: |
And the last section of survey was about potential areas for VR and AR use

beside the education. Accor

science and entertainme
general, we can conclude that survey results are quite

ding to opinion of interviewed the most suitable are
areas like nt. Also, in answers found options like military,
industrial use, modeling. In
similar to global researches.
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Figure 2.5: Results of survey, regarding for which subjects VR and AR suit more,

Students [ Total Ave. points in 2018 | Ave. points in 2019 | Increase / De-
with AR/VR crease

All 2l 67.62 79.52 17.61% ]

Girls 7 85 74.29 -12.61%

Boys 14 | 58.93 82.14 39.4%

Table 2.2: Effectiveness of AR in Education

Test was prepared and passed only by students. Teacher of Physics provided
last year results of quiz regarding Solar System for comparison. According to
results (see Table 2.2) of testing, average result of participants has been increased.
But same time average result of girls decreased to 10%. Boys have increased

average almost to 40%.
Unfortunately, this experiment did not give us a complete answer to the ques-

tions asked about the effectiveness of these technologies in the educational process.
But here we need to understand what we mean by the word "efficiency”. If we

the side the influence on students’ marks, then a long-term exper-

consider from
Students should be selected and divided into two

iment should be carried out. .
focus groups, conduct AB testing, in which one group studies according to an es-

tablished educational program, the other using additional materials like AR and
his case, it 1s more likely that there will be a difference in the fing]

VR content. In thi :
consider the efficiency on the part of understanding and

estimates. However, if we ¢ .
perception, I think we were able to answer the question. By learning subjects in

a more effective perception and understanding, the student definitely may show

better results.
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3. Discussion

Considering the fact that VR and AR technologies and devices are becoming
reachable and cheaper, they are able to bring more tangible approach to learn-
ing. There are many free and open-source tools for building applications of any
complexity. AR and VR technologies have potential to improve and modify the
process of gaining knowledge, to make it more effectively perceptive by students.
The best minds can share their knowledge with students from all around the world
in a virtual classroom in interactive mode. According to survey [17], almost 69%
of parents think consider the fact that AR technoiogies are able to improve edu-
cation systems. In the nearest future AR and VR technologies will become usual
for people like a smartphone or internet.

Like other technologies, virtual and augmented reality technologies have pros
and cons. The main problem of implementing AR and VR technologies into
educational process is less amount of resources like 3D models and complexity
of building that models, scenes, environments and the cost of proper devices.
The second one is isolation: learning based on virtual reality and environment
can distance understudies and diminish relational correspondence in class. AR
technologies might cause problem with student control, they simply can play on
smartphones during the lesson, if smartphones will be used as device for AR. But
there are some mechanisms which are able to smooth the edges. For example:
school AR app in student’s smartphone could block all function except AR app

and emergency calls during the lesson. Smartphone will receive time table of

student and turn on described above feature.
One of the most obvious benefits of VR and AR is transforminglesson or

lectures into immersive learning experiences, enabling teachers to truly bring their
subject to life. Engineering or architecture students could use VR to design
and build digital structures; history students could explore ancient ruins; marine
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biology students could study deep oceans. You get the idea — the possibilities for
immersive education are near endless.

The financial side of introducing advanced and high-tech tools into educa-
tion is another important aspect. If the technology of augmented reality requires
expenses mainly for the creation of 3D content, and for viewing it can use the
student’s or his parent’s smartphone. That virtual reality requires much more, ex-
cept for the content it is necessary to equip the class with VR helmets, a platform
for managing all BPs for the teacher. When learning to learn and ready-to-use
solutions, I can distinguish 2 optimal options: Google Cardboard as an effordable
solution and ClassVR all-in-one solution.

Google Cardboard (see Figure 3.1) is the cheapest and available VR headset
that I could find. It can be purchased for $10 USD with shipment to Kazakhstan.
The name Cardboard itself speaks of itself, it is made of cardboard and with built
in two lenses. To get started user has to put into his/her smartphone and run one
VR applications. There are many free to use and paid application already hosted
in Play Market. The main disadvantage is the absence of its own display and
processing unit, and it is only VR. Let’s consider the most optimistic use case in
a state school. For example, we have a class with 25 students, where all of them
have own smartphones. And the teacher has already found the most suitable free
application from the application market according to her educational plan. The
class successfully uses VR in lessons by getting additional information about the

topic. Total spending for one class is about $250 USD.

Figure 3.1: Google Cardboard, source: https://store.google.com

If we consider the real situation in Kazakhstan state schools, it is strongly pro-
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hibited to use phones during the lessons, and most of the students don’t have own
phones. However, there is a solution, Cardboard can be bought by parents and
only for individual use of student at home, which seems to avoid the collaborative
learning approach. In this case, the school doesn’t have spending on equipment,
but there is a risk of a wave of disturbances from the parents of students re-
garding additional spendings. Definitely, Google Cardboard can be considered as
the option, but only for VR experience. It will bring bright emotions and good
experience to students.

ClassVR (see Figure 3.2) is not an only VR headset, it is a young company
which proposes specially designed Mixed Reality Headset. ClassVR headset is a
stand-alone device for use in the classroom and ensures full immersion in VR/AR
under the guidance of a teacher. For the operation of the headset does not require
additional devices. All necessary electronics are built directly into the ClassVR
enclosure, reliable, intuitive and easy to use. At the heart of the solution is
ClassVR - a portal for the teacher with all the necessary tools and content. With
one mouse click, the teacher can start browsing content on all headsets, guide stu-
dents through the immersive experience, and track the progress of each student.
Teaching content and ready-made lesson plans help stimulate students’ imagina-
tion and curiosity, enrich their experience with bright impressions and memories
and visualize complex concepts and processes. In the library of educational ma-
terials, more than 900 tasks are available on various topics, including images with
an overview of 360 and 3D models. The big range of topics and subjects. As well,
there is the ability to upload own files and use them in the lesson.

ClassVR headsets are sold in boxes by 4 or 8 devices in it. Also, they provide
special training for teachers and students to start the process of education. And
the price for a box with 8 devices is $3340 USD without shipment to Kazakhstan,
and approximately $3800 USD with the shipment. The box is used as a charging
station and storage for headsets. To equip the class with 25 students school
need to spend $11 875 USD. And it is only cost for hardware, software and
ials. If state schools can still afford to equip at least 1 class

not localized mater

annually, then they will not be able to afford material adaptation and creation.
For the implementation of an already adapted and localized system, state schools

need the full assistance and funding of the Ministry of Education.
There a lot of use-case studies are published on the official website of ClassVR,
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Figure 3.2: ClassVR products, source: http://www.classvr.com

where teacher all over the world giving positive feedbacks. But there are no yet

researches on long-term benefits of ClassVR, due to the youngness of the project.
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4. Conclusion

Studying the results of the practical part of our research, we can say that, overall
VR and AR technologies affect information perception. Students have improved
average results almost 18%, or from 68 to 80 points. It is a rough evaluation of the
quality of gained knowledge, due to less amount of VR and AR -enhanced lessons.
If such lessons were conducted throughout the year, even on only one subject
like Geography, then this year’s results could be compared with previous years.
Which would bring a more accurate assessment of the use of these technologies
in the educational process. In this case, we meet another problem with a lack of
virtual content developed in accordance with educational materials approved by
the Ministry of Education of the Republic of Kazakhstan. But we can consider
already has been created ans used tools and materials, due to common with the
subject where no need for translation and localization. Only high quality and
correct visualization.

We were more pleased with the second part of the practical work, a survey that
was held to measure awareness and general knowledge about VR and AR. Survey
results are very close to global researches regarding the use of these technologies in

education and training systems. As key features, we can highlight "interactivity

on the lesson" and

learning process.
After an experiment at school teachers and administration were very inter-

"high involvement to the lesson", which definitely improve the

ested in proposed technologies. They say that the school administration can buy

VR headsets, but the problem is content. There are no available software or

applications in the Kazakh language at all, only a few in Russian. Before imple-

menting VR or AR technologies in the educational process, the size of the VR/AR

applications market should increase. Only in that way big players in the Digital

Development area will pay more attention to school education and learning en-
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hancement. Overall, teachers and director of state schools left positive feedback
on this experiment (See Appendix B). Where they noticed some main points:
the students were very interested, can give good results in individual study, a
deductive approach on the learning and new of effective information perception.
They recommend using studied technologies and tools in the practical part of the
subject.

Taking to the notice aforesaid we can formulate the following general provisions
on the specificity of AR and VR technologies as a method and means of learning:

1. Using AR and VR applications have a high potential for stimulating influ-
ence on the procedural and operational characteristics of the student’s thinking,
creativity, on the formation of specifically cognitive motivation, interest in learn-
ing and the creation of positive, harmonious mental states.

9. AR and VR are used in education, act as a method, tool and technology
of education. This is determined by the fact that teaching through AR and
VR applications introduce significant specificity to the activity of a teacher, a
student, to the transformation of educational content, ensure the formation of a
new, informational way of presenting and learning material.

3. The use of AR and VR in learning process, obviously, has negative aspects.
For example, the “super-shaped” visual presentation of the education content with
the wrong construction can cause misperception of the reality. VR headsets can
cause dizziness, claustrophobia. So, developers recommend to use VR headsets
not; more than 15-20 minutes per one use.

Most of Education systems traditionally refuse to accept changes. Notwith-
standing it we have to be in the groove and use all new teaching models especially
AR and VR which takes an important role and gives a really nice opportunity to
test different devices, make some experiments, virtual trips into the history and

get not only knowledge but also to get it through experience and visualization.
Thanks to such interesting and attractive methods the teaching becomes more
accessible. After some time, popular VR and AR devices will become cheaper
and makes it much more popular among the people. But at the same time, it can
have negative sides like social isolation. Also, it’s very vital that all devices and
gadgets for AR and VR technologies shall be properly tested, controlled and pass
through the accreditation of authorized authorities. This is one of the key factors

to use AR and VR technologies and implement them in the educational process
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successfully.

Nevertheless, we cannot deny refusing that AR and VR will take enormous
place in teaching and learning in the future and give the opportunity to make
very appreciably step in the education process.
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A. Appendix A
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B. Appendix B

Hyp-Cynran kanacst «N9 «3epaey Mamanaananipeiiran mextedinnes»
«TONBIKTLIPLIAFAH RIHC BUPTYUIBABI WLIHALIKTH OKY YpAicinie
naiizamHy» TaRbIpbIGL! GolibiNia 6TRIBIIreH IKCHEPUMENTTIR KyMbICKA

NIKIP

Atanran TaxBIPAINTAFE IKCOEPHMEHTTIK HWyMble duiauka flouit oxMte 7-
CBIHBIT OKYIILLIAPE! apacsliaa eTKi3in. MarucTpanT youuran Kypat MeH oFan
sacarran GaraapraMaHelH MAHAI OKBITY/BIH TakipubGenik Geniriae Komnnauyea
THini exeni Gaiikangsl. Kyu skyliecinmeri nnadetamap Typainst Tycidix Gepinrex
Ke3ae, BHPTYalbasl TYPAC MIAHCTATAPABI €eCTeTY ‘OKYIISUIApME! KLI3BIKTHIPA
Gimni.OKkprTy ypaiciuae Kes-kereH TaKbIDBIMTH! TycCiHmipy Gapelchmaa kepHexi
Kypan perinne naiijananyra Gomansl. OKyWBUTapAed 3aManaydt Kypanapea
KBI3BIFYLUBUTBIFB #OFAph! eKeHiH eckepeTin Ooncak, Byn kypammen waua Sinivai
urepy Hemece e3 OeTimuwle »kymplc jkacayra Oayny ke3iHze majifanany o3

naTHKeciH Gepeni gen oiinaiMbii.

, Bupryanbasl  wsmAbK  (Virtual  Reality, VR) —  TexmHMKalbIK
KYPHUIFBUIADABIH  KOMETIMEH jKacaiFaf KacaHIbl anmeM NoHIi OKBITYABIH
AMAAKTHRATBIK  Genimin  KauararTaHaslpansl.COHpIMEH  KaTap BHPTYQIBIB!
WHHABIK APKBUIG! Oepinren OUIM OKYUIBIHBIH ce3iMiHe acep etin,OepinreH
TeOpHSUIBIK MANIMETT! JKaKch KabblnaysiHa Kemeri 30p.

Muzuka noHi dojibiHmwa Konnassral VR KypeUIFEICE aHKeIH KepinicTepai
IpHaiibl  TypHe Kabsuimayra ocepin tTurisgi, Ocelnafima nafijanasyuisia
BHPTYAIBIE HBICAHAAPMEN HeMeCe HBICAHAAP/Ib! NaliATaHYIIBIMEH dpeKeTTecyTe
MyMKiBiK Gepai. OKyIBUIAPAETH KBI3BIFYWBIIBIKTAPE! KOFAPE! GOMFAHEIKTAH
MyFaNiM cabakra najianany THiMIL
MekTen 0AFAOPAOMACHHNATE Ke3-Kenyew Tommin mpakTikanmK  Gesirinpe

KONMAaHyFa YChiHyra Gonanet.
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