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in higher education institutions using augmented reality (AR), the authors of the arti-
cle tried to identify the following questions: What contribution can these technologies
make to education? What are the results of research in the field of augmented reality?
How do augmented reality technologies affect learning processes? In this article, we
search the Scopus, Science Direct, and Web of Science databases for articles describing
the use of augmented reality technologies in higher education and their impact on
learning outcomes. We identified 150 articles, of which, after several stages of verifica-
tion and selection, 29 articles were left at the extraction stage, from which 16 reviews
and 13 empirical research articles containing a full review and presentation were ex-
tracted. The results of the research showed that 80% of the reviewed studies provide
positive results in the field of STEM and physics, as there is a more improved visualiza-
tion and representation of complex processes. Nevertheless, the effect of AR is poorly
understood. The conducted research shows the potential for improving the quality of
education through AR technology and presents opportunities for integrating them into
the educational process.
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Introduction

Having conducted research in advanced
technologies used in education, at the
moment the field of AR is one of the arouses
interest to generation Z. They actively
use ‘“digital devices” in everyday life, are
interested in science and technology. Often,
thanks to them, the field of information
technologies is developing rapidly, because
they are actively using them in education.
Undoubtedly, no one is surprised by the fact
of using AR technology in the classroom, but
how effective are they and is it really possible
to improve the quality of education through
them.

In this regard, there is a need to study this
problem, the purpose of which is to analyze
the results of scientific research and to
identify whether the use of AR technology
has a positive impact to the field of
educational technology.

AR is a kind of combination of the physical
and virtual world, objects in the form
of computer graphics, texts, sounds,
feedback. All this reveals the boundaries of
our real understanding, helps us to better
understand the processes taking place,
being inside them, as it were.

The modern education of young people
is brought up on the principles of mobile
learning, because it is not new for them
to perceive information through digital
devices. In addition, most students are
visual, that is, they perceive information
only visually. Based on these principles,
modern learning technology is promising
and relevant, but whether this is actually
the case to determine this hypothesis is
the main task of our study. The use of AR
in educational fields is on the rise as the
technology can be useful in education, such

as teaching which is difficult for students
to comprehend in writing or conducting
experiments that have risk factors or high
costs. As a result, the teaching method
using AR technology is gradually expanding
with the advantage of increasing immersion
in learning and direct interaction with
students. This technology aroused a very
strong interest in South Korea [1]. Perception
of some augmented reality applications
used in the course of social education and
the joint course of social work and social
education at Pablo de Olavide. Seville
(Spain) is that the use of this technology
in psychosocial treatment can help social
professionals hone their competencies and,
at the same time, increase support and
improve treatment of some of the aspects
identified in these risk groups [2]. Interest
in learning, as well as the effectiveness of
application in physics lessons, was caused
by a mobile application used at Kharkov
National Education, in the development
and formation of student’s basic ideas about
electric meters [3]. A pilot survey on student
perceptions of augmented reality showed
positive feedback on the augmented reality
app in terms of increasing awareness,
learning, understanding and engagement
when learning chemistry. Education
organizations, such as in South Africa, have
educational programs that require students
to have significant experience as part of
their academic component [4]. A survey
and analysis of the results of Hong Kong
educational organization showed a generally
positive assessment and satisfactory results
when using AR software. As described in this
article, the results of the study showed that
students began to understand the subject
more deeply and prepare better for classes.
Augmented reality technology was used in
various learning formats: blended, online
and traditional forms of learning [5] (Fig.1).
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Figure 1. Application of AR technology in the educational process
at Kazakhstan educational organizations

When the relevant literature is examined,
the active use of augmented and virtual
reality technologies in the education process
is examined in many countries of the world
and the governments of the countries are
making efforts to expand the reach of these
high quality and promising technologies.

Materials and Methods

We identified and reviewed articlesthat were
included in the Scopus, Science Direct and
WoS databases and included keywords like

"o

“virtual and augmented reality”, “education”,

“educational institutions”, “their impact and
learning outcomes”.

Screening

29 articles were checked by reading their
titles and annotations after the duplicates
were removed. The selection criteria were:

only articles using AR technology are
included;

articles concerning educational

institutions are included;

results by year of publication are not
older than 10 years.

It was also noted that the largest increase
in publications on the use of AR technology
falls in 2020, which is 9 articles out of 26.
Perhaps the increased interest in studying
begins during this period.

During the selection process, 3 articles
were rejected, leaving 26 articles at the
acceptance stage. Of these 3 excluded
articles, 2 articles were incomplete and did
not reflect the research process, 1 article did
not concern higher education.

Acceptability

At the selection stage, the articles were
randomly distributed among the authors for
full-text analysis. The eligibility criteria were

as follows:

1. The full text of the article is available in
English;

2. Article on educational institutions;

3. Article about AR technology.
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At this stage, 1 article was excluded as
unacceptable, and 28 articles were deemed
suitable for inclusion and data extraction. Of
these 1 excluded articles, 1 did not concern
education.

In this study, content analysis method, one
of the qualitative analysis methods, was
used in order to reach the concepts and
relations necessary to explain the obtained
data. In content analysis, studies on a
specific subject are handled and the trends
and results of these studies are evaluated in
a descriptive and systematic way [6].

Content analysis method within the scope
of this study; It was preferred to classify and
compare the data and to reach conceptual
conclusions based on this [7].

Data extraction was standardized across
authors and selection bias was minimized
by cross-referencing multiple sources to
ensure methodological transparency.

Results

AR Technology Research Growth Model
The analysis's results in table 1 showed
that researchers have been interested in
the introduction of AR technology in the
educational process since 2013-2015. At
that time, a review of the development of
this technology in general education was
conducted, and one solution proposed was
to provide sustainable support for teachers
in adapting augmented reality technology,
creating individual training events, and
monitoring academic performance [11, 22].
The peak of AR study and implementation
came in 2020. This is the lockdown period,
whentheeducational processwasintensively
digitalized and adapted AR courses were
developed, which could have a significant
impact on the availability of knowledge [12].
The trend of studying and implementing
technologies increased with the following
year, as well as the key factors of learning
changed as in the work [13]. Considering the
total number of publications made in the
period from 2013 to 2022, we can say that
research in the field of education using AR
technology is increasing and changing key
factors, including also processes.

Table 1. Dissemination of education research based on AR/VR technology by year

Number of Number of
Year ] Year .
publications publications
2022 5 2018 1
2021 7 2017 1
2020 12 2013 2
2019 3

Classification of publications by fields of ed-
ucation according to the Scopus, ScienceDi-
rect and WoS databases

The field of implementation of AR technol-
ogy in education is very diverse (Table 2):
chemistry [14], engineering [15], STEM [16],
interdisciplinary [17], geometry [18], biolo-
gy [19], mathematics [20] and health basics
[21]. 24 articles out of 30 where AR technolo-

gy have been introduced have the effect of
growth and improvement in the education-
al process. The field of specific research and
implementation of augmented reality tech-
nology has 19 articles out of 29, the rest are of
an overview nature.

The largest percentage of published articles
isin the field of education in general, that is,
there is a general analysis and review of the



14

¢

1. BINIM BEPY YOEPICIHOET ! BINTIM BEPY CAACATbI, MHHOBALIMASIAP YXOHE LLIMOPTAHObLIPY

application of AR technology. The education
system based on the introduction of this
technology has not yet settled down and is
gradually being introduced into all subjects
of study, striving to improve and improve
them.

For example, AR technology in physics les-
sons had a positive effect and improved the
learning abilities of students [22]. As stated
in many studies, the use of AR provides an
excellent way to involve students in the ori-
entation process in the laboratory and stu-
dents perceive the learning process very
positively [23]. Most of the conducted re-

search points to the fact that the use of AR
is an attractive motivation for students [24-
27], will be more active, effective, attractive,
expands the educational process towards
visibility, has advantages over the traditional
form of education [28].

The articles also reflect the fact that if educa-
tional programs on artifacts are well devel-
oped, AR is useful for teaching, for example,
the results of implementation can be used
in the field of computer science education
and improving the academic performance
of students at all levels [29].

Table 2. Distribution of research in the field of education based on AR technology in the

Scopus, ScienceDirect and WoS databases

Classification of publif:ations by field of Nun.wbe!' of Percentage ratio
education publications
General education 1 37%
Computer science education 3 10%
Chemistry education 5 10%
Health basics 2 6%
Physical education 2 6%
Geometry, Mathematics 2 6%
Engineering Education 2 6%
STEM 1 3%
Science education 1 3%
20
) _‘F\t—ﬁ a2 o .
General [ Comput [ Chemist| Health |Physical |Geometr|Enginee| STEM | Science
—&— Number of publications 11 3 3 2 2 2 2 1 1
—— Percentage ratio 37% 10% 10% 6% 6% 6% 6% 3% 3%

Figure 2. Research Trends in AR-Based Education Across Scopus,
ScienceDirect, and WoS Databases

Classification of articles according to their
influence

80% of studies prove the effectiveness of

the introduction of AR technology into the
educational process and also reveal an in-
terest in learning. Furthermore, 54% of the
articles analyzed by the methodological pro-
cessing tool of the study used surveys and
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questionnaires to identify the results of the
impact of technology. 22 articles described
the introduction of augmented reality, while
virtual reality technologies were considered
in 4 articles out of 31. The rest of the articles
were of a mixed format, the use of joint AR
tools, mixed reality, attempts to introduce
artificial intelligence into augmented reality
[30], although this caused some problemsin
processing a huge amount of information

for Artificer intelligent (Al).

The analysis of articles with identified in-
terventions, the impact of student learn-
ing based on engagement, motivation and
performance indicators, methodology and
effect of the introduction and application of
AR technology can be seen in the results of
Table 3.

Table 3. Classification of articles by their impact

Application area

Methodology

Impact
(numbers in
percent)

General education

One solution may be providing substantial support for
teachers to tailor AR technologies, to create customized
learning activities, and to monitor students' learning
progress in AR.

70% increase

Computer science
education

The results can be used to utilize Computer science for
education and enhance the performance of all levels of the
learners.

80% increase

Chemistry education

Use AR has advantages in contrast to the traditional form
of education

80% increase

Health basics

Use as a trend towards greater realism and user satisfaction
(external validity)

90% increase

Physical education

Use of AR has a positive effect on improving training and
learning abilities

100% increase

Geometry,
Mathematics

Use AR improves the learning process

Use of virtual and augmented reality technologies in
teaching mathematics proves the effectiveness and it is an
attractive motivation for students.

90% increase

Engineering
Education

Use VR motivates students

90% increase

STEM

positive result using mobile application based on AR

100% increase

Science education

Use AR improves students' motivation for learning

90% increase

Biology education

Usefulness, hedonic motivation/playfulness and price value
were found to be the determining factors for Chinese
students behavioral intentions to use AR applications for
learning purposes.

90% increase

Multidisciplinary
Study

The findings suggest that AR can enhance a students’
experience in the classroom. not only were students
impressed with the technology, they also found relevance
to their future careers outside of the classroom.

80% increase

Percentages were derived from surveys
student

that assessed

engagement, achievement. These

conceptual understanding, and academic
values

represent
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averages of comparative test scores and
experimental assessments reported in the
reviewed literature. Baseline scores were
determined using pre-and post-intervention
assessments from controlled studies.

studies confirm that
simulation-based learning based on
augmented reality can improve moral
imagination compared to the absence of
simulation (without training) [26], it is also
noted that AR technologies require teacher
training, they are not available to everyone
[31]. The reasons for unavailability are mainly
the high cost of AR software and hardware.

The conducted

Discussion

Despite the relevance, augmented reality
have attracted a lot of attention from
researchers in different years, different
researchers have attached  different
meanings to the term AR, and conducted
research in different fields. Nevertheless, the
field of education remains relevant, since it
is here that all processes can be clearly and
practically explained. For instance, back
in 2013, the Hsin-Kai Wu author teams [8]
and others presented a solution that could
provide significant support to teachers
in adapting AR technologies, creating
individual learning activities and monitoring
the progress of students with AR. The
authors [9] see the use of augmented reality
technology as one of the ways to increase
the effectiveness of the mobile learning
environment, which allows integrating real
and augmented learning tools using mobile
Internet devices.

This study has a positive outcome, and
the conducted experiment can claim an
increase in the effectiveness of the quality
of education after the introduction of AR
into the educational environment. While
the work of Yassine et al.[10] states that AR
is useful for teaching only if the educational
programs on artifacts are well developed.

The conducted analysis showed the
involvement and understanding of the
educational material by students due
to the implementation of AR, especially

in STEM classes. However, it is worth
highlighting a number of issues regarding
technical limitations, namely, there are
incompatibilities of software with AR.
The qualifications of many teachers
reduce the effectiveness of integrating
this technology into the educational
process, and the application of augmented
reality requires adaptation to various
educational environments. Further research
should be focused on long-term effects,
interdisciplinarity, and optimization of
augmented reality technology for various
educational needs.

Conclusion

The article provides an overview of the
relevance of the use of augmented reality
technology, and discusses the possibilities
of using this technology in the educational
process. Attempts were identified to
determine the possibility of application in
modern education, to determine the results
of research in this direction. It is revealed
that augmented reality technologies
stimulate the educational process and make
it possible to realize knowledge in various
fields of study, which is an effective and
visual, safe way to conduct laboratory work.
This technology expands and motivates the
student to further study the material. Visual
education is the best that can be offered
to students in order to contribute to the
development of scientific and technological
progress.

The introduction of modern teaching tools
into the system is the most important
condition for strengthening the educational
process, identifying new approaches in
teaching, the ability to apply in various
formats of distance, traditional and mixed,
as well as jointly and with various artificial
intelligence tools.

It is worth noting that the learning
technology based on augmented reality is a
tool of the future, which has fundamentally
new visualization capabilities and will be
useful for teaching.

Thus, the introduction of augmented reality
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technology makes it possible to improve the
quality of education by motivating students
to work independently, increasing the
interest of the audience in the educational
material.

Future research should examine the
broader application of AR and its long-term
effectiveness, namely, student retention in
the learning process, the potential for using
AR technology outside of STEM, humanities
and social sciences, and the potential to
remove technical and financial barriers.
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BinimM 6epy AeHreiHAe TONbIKTbIPbINIFaH WbIHADIK,

3epTTeynepiHe wony

LA6unbguHoBa™, T.CeMbaeB?, [1.A6bikeHoBa? A.ANbXXaHOB'

'TyMuneB atbiHOaFbl Eypasuna yNTTbiK YHUBEPCUTETI, ACTaHa, KasakcTaH
2Astana IT University AcTtaHa, Ka3axcTtaH
39.MaprynaH aTbiHOarbl [NMaBnogap nenarorvkanbiK yHUBepcuTeTi, MNaBnonap, Ka-

3aKCTaH

@ AHpaTna. ToNbIKTbIPbITFaH LWbIHAbLIKTbI (AR) KOngaHa OTblpbln, XXOfapbl OKY OpblHAOA-

pPbIHAA OKpITY CamacblH €Hri3y MEeH »XaKcapTyAblH, pesiH TyCiHy YLiH Makana aBTop-
napbl Keneci cypakrapAbl aHblKTayFa TbliPbICTbl: Oy TexHonorusanap 6iniMre KaHgam
ynec Koca anafgbl? TonblKTbIPbIIFaH LWbIHObIK 3epPTTeyepiHiH, HaTxenepi KaHOoam?
TonbIKTbIPbINFaH WbIHAbIK TEXHONOrMAnapbl OKy NpoLecTepiHe Kanam acep etefi? byn
Makanaga 6i3 Scopus, Science Direct yxaHe Web of Science gepekkopnapblHOa »XoFapbl
6inim 6epyne KeHeWTINreH WblHObIK TEXHONOrManapbiH KONOAHYAbI YXoHe onapablH oKy
HaTWKenepiHe acepiH CMNaTTanTbiH MaKananapabl izgermis. bi3 150 MakanaHbl aHbIKTa-
OblK, OHbIH ilWiHOe BipHelle TeKCepy XKaHe ipiKkTey Ke3eHOepiHeH KeliH 29 MaKana aKc-
TPaKLMAa caTbiCblHAa Kanbl, OHbIH 16 LWOMYbl »XaHE TOMblK, WOy MeH Mpe3eHTauUMsaHbl
KaMTUTbIH 13 aMMNUPUKanblK 3epTTey Makananapbl anbiHObl. 3epTTey HaTuMxKenepi Ka-
pacTblipbinFaH 3epTTeynepdiH 80% - bl STEM »aHe du3mMKa cananapbiHoa OH HaTMKe
BGepeTiHaIriH KepceTTi, BUTKeHI Kypaeni npouecTepai 6enHeney MeH 6eHeneyniH, Xak-
capraHbl 6akanagbl. JereHMeH, AR acepi a3 3epTrenreH. XXyprisinred septrey AR Tex-
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HoMnormackl ecebiHeH 6iniM Gepy canacblH apTTbipy SMeyeTiH KepceTeni aHe onapabl
6iniMm 6epy NpoueciHe BiPiKTipy MyMKIHAIKTEPIH YCbIHaAbI.

p KinTTi cespep: TONbIKTbIPbINFaH WbIHAObLIK, 6iniM 6epy, aknapaTTaHObipy NMpoLeci, 3epT-
Tey, Wwony.

O630p nccnenoBaHUM B 0651aCTU AONONTHEHHOM peanbHOCTU B
o6pasoBaHUM

rLA6unbgnHoBsa', T.CeMbaeB?, [1. A6biKkeHOBa? A.ANb)XaHOB™

! EBpPa3smMNCKMI HaUMOHaNbHbIM yHUBepPCUTET UMeHn J1.H. TymmneBa, AcTaHa,
KasaxctaH

2Astana IT University AcTaHa, KasaxcTaH

3 [MaBNnoOapCcKUiM negarorMyeckmnin YyHMBepcuTeT nMeHn. ©.MaprynaH, Masnonap,
KasaxctaH

@ AHHOTauUA. YTo6bl MOHATL POMb BHEOAPEHUA M MOBbILLIEHWS KadecTBa oby-
UEHMA B BbICLLUMX y4ebHbIX 3aBeAeHUdX C UCMOoMb30BaHWEM OOMONHEHHOM
peanbHocTU (AR), aBTOpbl CTaTbM MOMbITa/IMCh ONPenenmMTb creaytoLlime Bo-
npochl: Kakol BKNag 3TW TEXHOMOMMM MOryT BHECTU B obpa3oBaHMe? Kako-
Bbl pe3ynbTaThl UccnenoBaHWA B 061acTy OOMONMHEHHOM peanbHOCTN? Kak
TEXHONOMMU AOMNOHEHHOW peanbHOCTU BIUAIOT Ha MpoLecchl obydyeHna? B
3TON CTaTbe Mbl MPOBOAMM MOUCK B Basax gaHHbIX Scopus, Science Direct n
Web of Science ctaTtel, onmcbIiBaOLWMX MCMONb30BaHWE TEXHONOIMM OOMO-
HEHHOW peanbHOCTU B BbiCLLIEM 06PA30BaHUM U UX BAUAHME Ha pe3ynbTaThl
obydyeHusa. Mbl BblIaBUNM 150 cTaTen, M3 KOTOPbIX MOC/e HEeCKONbKMX 3TanoB
NpoBepPKK N OTOoPa 29 cTaTel 6biNi OCTaB/eHbl Ha CTaguM U3BMeYeHns, 13
KOTOPbIX 6bI/10 M3BeYeHOo 16 0630p0B 1 13 cTaTen aMMNUPUYECcKMX nccrneonsa-
HWI, cofepyKallMx NonHbIM 0630p U Npe3eHTauuto. Pe3ynbsTaThl Mccnefoan-
HUM Mokasanu, 4To 80% pPaccCMOTPEHHbIX MccnegoBaHUM obecneymBaeT Mo-
NOYXUTeNbHble pe3ynbTaThl B 061acTM STEM 1 GU3MKIK, MOCKOMbKY OTMeYaeTcq
6onee ynydlleHHas BM3yanmasuma 1 npeacraBneHne CroXxHbIX MPOLEeCcCoB.
TeM He MeHee BnuaHMe AR daBngeTca Mano U3ydeHHbIM. [poBegeHHOe Uc-
cneopBaHWe NokasbiBaeT MoTeHLMan NoBblLeHWd KayecTBa obpa3oBaHMg 3a
cyeT AR TexHOMorMm 1 NpeacTaBnaeT BO3MOXXHOCTU UHTerpaumm nx B obpa-
30BaTeNbHbIM MpoLecc.

p KnioueBble cnoBa: [OMNofIHEHHasa peanbHOCTb, 06pas3oBaHMe, MPOoLLECC UH-
dopmMaTmsaLmm, nccrenoBaHma, 063opbi.
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