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Potential Implementation of Augmented Reality
Technology in Education

M. Brizar, D. Kazovi¢

University of Applied Sciences Velika Gorica, Croatia
mato.brizar@vvg.hr, dkazovic@vvg.hr

Abstract - In today's age of development of science and
technology, which is developing extremely fast, the way in
which technology is implemented is also changing. One of
the important technologies that is used in many areas of
business, as well as education, is certainly AR technology,
i.e. augmented reality technology. Numerous studies have
shown great benefits of applying AR technology in all
segments of education, from preschool education,
elementary education, secondary education, higher
education, as well as within the field of lifelong education.
By using AR technology through augmented reality displays
and 3D formats, it is possible to facilitate learning processes
and experience of the material learned in all areas and
segments of education. Scientific research will be carried out
for the purposes of drafting this paper. The objectives of the
research are to research the attitude towards augmented
reality technology in learning and knowledge acquisition
and to research the attitude towards the potential for
improving educational processes using AR technology. The
paper will present the results of research that will show the
influence of previous experience with AR technology on the
adoption of more positive attitudes towards the
implementation of AR technology in learning and acquiring
knowledge and will present the potential for the
implementation of AR technology within the Croatian
educational curriculum in the coming 5 years.

Keywords: augmented reality, AR technology, education

. INTRODUCTION

Augmented reality (AR) is a technology that
integrates digital information, such as text, images,
videos and 3D objects, into the real world [1]. The term
“augmented reality” was first proposed by Boeing
employees in 1990 [1]. AR technology also supports
seamless interaction between real and virtual
environments and allows tangible interfaces to be used
for object manipulation [2]. Augmented reality integrates
digital information with the user's real-time environment
through various electronic devices, such as head-up
displays, holographic displays and hand-held devices
such as smartphones and smart glasses [3]. In augmented
reality, a computer uses sensors and algorithms to
determine the position and orientation of the camera, and
AR technology then displays 3D graphics of the object as
it would appear in the camera's view, superimposing the
computer-generated images over the user's view of the
real world [4].

The application of augmented reality in education is
significant in the field of robotics, animation and
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programming basics since it enables the visualization of a
complex 3D object, device scheme, technological
process, etc. [5]. Although the real world is three-
dimensional, we prefer to use two-dimensional media in
education, which is very convenient, flexible, portable
and cheap, however, such media is static and does not
offer dynamic content, while the computer-generated
three-dimensional  virtual environment offered by
augmented reality can be effectively used in education
and make it more dynamic [6,7]. There are significant
challenges in the potential implementation of AR
technology in education for educators due to facing the
increasing demands of students, institutions, industry and
the expectations of society in general [8,9]. Therefore,
educators also need to understand how to create
educational content using augmented reality, and how to
structure AR content at multiple points within the
curriculum [8,10].

The usefulness and advantages of using AR
technology in education have been recognized in many
research studies [11-13]. AR technology as a tool for
improving the educational process is applicable in all
fields of education, from preschool education to higher
education [13]. The motivation for introducing this
technology varies from one application to another, but
mostly it provides the user with additional information
that the user cannot obtain using only his/her senses [12].
There are two principal ways of introducing AR
technology in education - through smart glasses or AR
headsets and through portable devices, such as mobile
phones, tablets or laptops [10]. Augmented reality
provides more enthusiasm for active learning, better
understanding of object’s appearance and features, as
well as improving the ability to visualize an object in
space [14-17].

The strategic framework for the digital maturity of
schools and the education system in the Republic of
Croatia (2030) contains a strategic area of support for
learning and teaching using information and
communication technology, in which the emphasis is on
encouraging the development of digital educational
content and teaching scenarios and supporting the culture
of student creation using digital technology [18]. ICT
technology is important in education and harmonizing
educational materials and learning outcomes in
accordance with constant changes in society [19]. The
largest share of the use of modern technologies relates to
the use of presentations in classes [20].
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Il.  RESEARCH METHODOLOGY

The usefulness of applying AR technology in
education has been recognized in scientific research.
Considering insufficient research and insufficient
implementation of AR technology in Croatia, any
research effort related to the field of AR technology is
quite significant. The research that was carried out for the
purposes of writing this paper is focused on researching
the extent to which AR technology can affect learning
and knowledge acquisition, and what are the potentials of
using AR technology to improve educational processes in
Croatia.

At the beginning of the research, the research problem
was defined, and scientific literature was extensively
analysed. The research objectives were defined through
literature analysis. A survey questionnaire was drafted for
research implementation. Google Forms survey tool was
used for drafting the questionnaire. The survey
questionnaire could be completed between 16 January
and 25 January 2023. The respondents voluntarily
completed the questionnaire. The participation was
anonymous.

Research  participants: The participants were
undergraduate  students in  Computer  Systems
Maintenance and graduate students in Information

Systems at the University of Applied Sciences Velika
Gorica. Participation in the research was voluntary. A
total of 74 respondents participated, 87.8% of which were
men and 12.2% were women. The age structure of the
respondents was as follows: 74.3% between 18 and 25
years of age, 17.6% between 26 and 35 years of age,
5.4% between 36 and 45 years of age, 1.4% between 46
and 55 years of age and 1.4% over the age of 55. The
type of completed secondary education by respondents is
the following: 73% finished technical school, 10.8%
finished grammar school and 16.2% finished other
secondary schools.

Defining the problem: The research problem is to
determine how much the application of AR technology in
education can affect learning and knowledge acquisition
and how much the implementation of AR technology
could help improve educational processes. The scientific
research problem is the potential of applying AR
technology in education in Croatia.

Research goals: The research set two basic research
goals: 1. Research the attitude on the application of AR
technology in learning and knowledge acquisition and 2.
Research the attitude on the potential for improving
educational processes using AR technology.

Hypothesis 1 (H1). Respondents who have previous
experience with augmented reality technology have more
positive attitudes towards the implementation of AR
technology in learning and knowledge acquisition.

Hypothesis (H2). Respondents who have a more
positive attitude towards the implementation of AR
technology in learning and knowledge acquisition will
state a higher potential for the implementation of AR
technology into education curricula in the coming 5
years.
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Measuring instruments: The research used survey
method. The Likert scale was used to determine the
attitudes of respondents in the survey questionnaire. The
statements used in the research were obtained based on
the study of the literature on the implementation of AR
technology in education.

I1l.  RESEARCH RESULTS

Descriptive statistics showed great optimism among
respondents in all areas, and it can be concluded that the
respondents believe that the application of AR technology
in classes can help them obtain more information on a
subject or a field of study, that the application of AR
technology can help to obtain information on a subject
faster, that the implementation of AR technology can
increase interest in subjects or a field of study, that the
application of AR technology can increase knowledge
acquisition efficiency, that the application of AR
technology can improve the level of understanding. The
majority of respondents believe that AR technology is
easy to use and that applying AR technology in the
educational process can be fun. Respondents do not feel
nervous about using AR technology in class and are not
insecure in their ability to use AR technology.

Principal component analysis with Oblimin rotation
was performed to analyse the scale score. The results
show that the two-component solution is optimal. The
first component refers to the evaluation of usefulness,
while the second component refers to the sense of
concern. The analysis shows that variables: “The use of
augmented reality (AR technology) can help me acquire
more information on a subject or a field of study”; “The
use of augmented reality (AR technology) can help me
get information on a subject or a field of study faster”;
“The use of augmented reality (AR technology) could
increase my interest in subjects or fields of study”; “The
use of augmented reality (AR technology) could increase
knowledge acquisition efficiency”; “The wuse of
augmented reality (AR technology) could improve my
level of understanding” and “The use of augmented
reality (AR technology) in education can be fun” fall
under the first component. While the variables “I feel
nervous (concerned) about the use of augmented reality
(AR technology) within education curricula” and “I feel
insecure about my ability to use augmented reality (AR
technology)” fall under the second component. The
analysis shows that the variable “I think augmented
reality (AR technology) is easy to use” does not belong to
any component.

Hypothesis 1 examines whether the respondents who
have previous experience with augmented reality
technology have more positive attitudes towards the
application of AR technology in learning and knowledge
acquisition. Pearson's correlation coefficient was used to
analyse this hypothesis. At the level of scale results, there
is no correlation between previous experience and the
attitude towards the use of AR technology in education. It
can be assumed that the participants show high trust in
AR technologies regardless of previous experience,
considering that, the assessment of usefulness is high and
concern is low on average. Table | presents the details of
the analysis. For a more detailed analysis, an analysis of
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the correlations of individual variables with previous
experience was performed. The correlation exists for the
variable: “I think augmented reality (AR technology) is
easy to use.” The results show that only the variable “I
think augmented reality (AR technology) is easy to use”
is positively related to previous experience, i.e. that the
respondents who have more experience with the use of
AR technology, simultaneously consider the technology
easier to use. Table Il presents the analysis details.

Hypothesis 2 examines whether the respondents who
have a more positive attitude towards the application of
AR technology in learning and knowledge acquisition
will estimate a greater potential for the implementation of
AR technology within the education curriculum in the
coming 5 years. The results show that the respondents
who gave a higher grade to the usefulness of AR
technology also gave a higher grade to the potential for
implementing AR technology in education in the coming
five years. Table Il presents the analysis details. For a
more detailed analysis, an analysis of the correlations of
individual variables with previous experience was
performed. Correlation exists for variables: “The use of
augmented reality (AR technology) can help me acquire
more information on a subject or a field of study”; “The
use of augmented reality (AR technology) can help me
get information on a subject or a field of study faster”;
“The use of augmented reality (AR technology) could
increase my interest in subjects or fields of study” and “I
feel insecure about my ability to use augmented reality
(AR technology). The results show that the respondents
who gave a higher grade to the potential for
implementing AR technology in education also believe
that AR technology can help to obtain more information
on a subject, that information can be obtained faster, and
that AR technology can increase interest in a subject. At
the same time, an unexpectedly positive correlation
between the potential for implementation and the sense of
uncertainty in one's own ability to use AR technology
was discovered. It can be assumed that considering that
most of the respondents are students up to 25 years of age
and lack experience, that the previous reflects their
uncertainty in the knowledge of creating content using
AR technology and is expected of them. Table IV
presents the analysis details.

TABLE I. HYPOTHESIS 1 ANALYSIS

No. Variable 1 2

Do you have previous
experience with Augmented

1 Reality (AR) technology, 1 .032
either through personal or
professional experience?
The usefulness of AR
2 technology in education 032 1
3 Concerns regarding AR - o71 - 066

technology
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TABLE Il. ANALYSIS OF CORRELATIONS BETWEEN INDIVIDUAL

VARIABLES WITH PREVIOUS EXPERIENCE

Variable

Correlation

The use of augmented reality (AR technology) can
help me get more information on a subject or a
field of study.

122

The use of augmented reality (AR technology) can
help me get information on a subject or a field of
study faster.

-.113

The use of augmented reality (AR technology)
could increase my interest in subjects or fields of
study.

130

The use of augmented reality (AR technology)
could increase knowledge acquisition efficiency.

.088

The use of augmented reality (AR technology)
could improve my level of understanding.

-.019

| think augmented reality (AR technology) is easy
to use.

.252*

The use of augmented reality (AR technology) in
education can be fun.

-.070

| feel nervous (concerned) about the use of
augmented reality (AR technology) within
education curricula.

-.070

| feel insecure about my ability to use augmented
reality (AR technology).

-.055

*p<0.05

TABLE IIl. HYPOTHESIS 2 ANALYSIS

No. Variable 1

How realistic do you think is it that the
educational system in the Republic of
1 Croatia will implement AR 1
technologies within education
curriculum in the coming 5 years?

.256

Usefulness of AR technology in
education

.256*

1

3 Concerns about AR technology 214

-.066

*p<0.05

TABLE IV. ANALYSIS OF CORRELATIONS BETWEEN INDIVIDUAL

VARIABLES WITH A MORE POSITIVE ATTITUDE

Variable Correlation
The use of augmented reality (AR technology) can help
me get more information on a subject or a field of .262*
study.
The use of augmented reality (AR technology) can help
me get information on a subject or a field of study .240*
faster.
The use of augmented reality (AR technology) could N
- ’ . ! . .261
increase my interest in subjects or fields of study.
The use of augmented reality (AR technology) could 184
increase knowledge acquisition efficiency. '
The use of augmented reality (AR technology) could 195
improve my level of understanding. '
I think augmented reality (AR technology) is easy to - 012
use. )
The use of augmented reality (AR technology) in 035
education can be fun. '
| feel nervous (concerned) about the use of augmented 127
reality (AR technology) within education curricula. '
| feel insecure about my ability to use augmented 262%
reality (AR technology). )
*p<0.05
MIPRO 2023/CE



IV. CONCLUSION

Through strategic documents, the Ministry of Science
and Education emphasizes raising the quality of
education and the achieved learning outcomes, mainly by
developing new approaches and contents [18]. The entire
society and everyday life are changing every day mainly
due to the accelerated development of technology and the
introduction of the use of technology [21]. Given the
changes in society and life in general, changes in
education are also inevitable, which also change the
learning methods [22,23].

Digitization of education in the Republic of Croatia
started a long time ago, today we increasingly use smart
boards and digital content in classes, students
increasingly use computers and tablets, the use of e-
learning tools has become a common practice at faculties,
especially the Learning Management System for e-
learning. All digitization of teaching thus far has been
highly necessary, but it certainly cannot be final and must
continue to develop rapidly. The above also applies to the
technical equipment of schools and faculties, since the
lack of equipment can often be a problem in the full
implementation of IT technology. Today's modern
technologies offer new possibilities that can shape new
modern teaching aids and materials, among which AR
technology is certainly very interesting. AR technology
has proven its usefulness a long time ago and is today
used successfully in all areas of business, from medicine,
marketing, biology, mathematics, geography,
engineering, etc. AR technology is still in development
and offers new possibilities of use in different areas of
society each day. AR technology provides significant
help in teaching and better mastering the material and
ultimately achieving better learning outcomes. For
example, students can use AR technology to see
information on the content on the screen in front of them,
they can experience remote locations and different
practical situations.

Through research, we aimed at finding out the
students' attitudes towards AR technology and the
implementation of AR technology in education. The
research results certainly showed the great optimism of
the respondents, and it can be concluded that the
introduction of AR technology into everyday classes
would be extremely useful for learning, knowledge
acquisition and the final results achieved by the students.
In addition to the usefulness of AR technology, a concern
regarding the use of AR technology was recognized as a
second factor, i.e. the respondents are confident in their
knowledge and application of AR technology and do not
feel worried about using AR technology.

The optimistic view on the application of AR
technology can also be connected to the respondents’
structure. Given that more than 70% of the respondents
come from a technical profession, the assumption is that
people with technical knowledge have a greater
preference for modern IT technologies and are confident
in the daily use of the AR technology.

It is interesting to point out the variable that shows
that AR technology can be fun, which gives the
conclusion that in today's era, in addition to teaching, an
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educator should also work on motivating students for
classes, class content, and all of the aforementioned can
be achieved by providing a certain dose of entertainment
during learning and imparting knowledge.

Although the usefulness of AR technology has been
confirmed, what could pose a problem in its application
in the development of education is certainly the lack of
optimism regarding the application of AR technology in
the education system in the Republic of Croatia in the
coming 5 years. The results show that the application of
AR technology in the coming 5 years is unlikely. The
aforementioned is very worrying considering that
changes happen every day and that monitoring new
modern technologies and exploiting their possibilities in
creating quality educational content and experiences
should represent one of our strategic goals in the near
future. Certain participants pointed out the problems of
the slowness of changes in the education system and the
problem of obsolescence of many teaching contents and
methods. Therefore, it is certainly necessary to monitor
the development of education at all levels, from the
government, the Ministry, the economy, educational
institutions to educators and students. It is necessary to
find ways for efficient implementation of AR technology
as an educational technology that should be used by both
educators and students.

In addition to formal education, the application of AR
technology should also find a place in informal education.
The research participants pointed out that they would
rather choose a course featuring AR technology
compared to a course that does not use AR technology
even if the content of the course is identical.

This paper is an introduction to the field of AR
technology research in education. Therefore, it is planned
to continue the research in this field, and the next step is
to investigate the possibilities and attitudes on the
application of AR technology by educators, education
holders, their attitudes, their capabilities, actions that
would motivate them to apply AR technology in
everyday teaching and determine whether classrooms are
equipped with amenities necessary for the introduction of
AR technology.
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