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1. INTRODUCTION

he development of fifth-generation mobile networks and information technologies that rely

on these networks (artificial intelligence, cloud computing, and IoT), has affected all are-
as of society. Education, as one of the pillars of any society, is no exception. Mobile learning,
LMS platforms, simulations, virtual labs, etc. have changed the education process. The goal of
using modern information technologies in education is to impact both the quality and the scope
of knowledge adopted by students (Biiyiikbaykal, 2015). The widespread use of new technolo-
gies and social media among the younger population has incited the educational services sector
to accept them as an integral part of the learning process (Haleem et al., 2022). A special chal-
lenge is posed by the application of immersive technologies (augmented and virtual reality) in
education. These technologies have already brought about certain conclusions. The most im-
portant conclusion has to do with their importance in skill acquisition in students, as well as in
the increase of confidence in the application of those skills (Santos et al., 2014; Radosavljevice
et al., 2018; Urlings et al., 2022).

In this paper, the authors will provide a demonstration of the experience of using augmented
reality technology in education, as well as the results of a study that was conducted to find out
whether students are more time-efficient in mastering learning materials through the usage of
augmented reality in training. The paper is organized into several parts. After the introduction,
there is an overview of relevant literature in the area of learning and augmented reality tech-
nology. Then, there is the overview of the scientific study that cross-examined the efficiency of
task fulfillment using augmented reality technology as opposed to learning and work strategy
that used text-based instructions. Finally, there are the results of the research with a discussion
and a conclusion.
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2. LEARNING AND MODERN TECHNOLOGIES

Learning is comprised of constructive processes in which an individual activates, independent-

ly or in a group, elaborates, builds, and organizes knowledge (Seidel & Shavelson, 2007). The

definition of electronic learning (e-learning) provided by the United States Distance Learning

Association is “the process of mastering knowledge and skills through information and instruc-

tions received via different technologies and distance learning methods” (Levels et al., 2019).

The application of various technological solutions in the learning process is a means to posi-

tively affect the factors and outcomes of learning. The learning process is considered successful

if it is efficient and effective. Learning is efficient if students adopt knowledge or master skills

through optimal engagement. Efficient learning encompasses learning where the number of ac-

tivities a student must fulfill in order to learn is minimal. Learning is effective if the knowledge

that the student adopts can be applied and tied to previous knowledge to create more complex

skill sets (Hoy, 2010). The efficiency and effectiveness of learning must be adjusted to one an-

other. An efficient learning strategy must be effective, and vice versa. A learning strategy that

is efficient must realize and satisfy the criteria of effective learning through the steps it takes to

realize it. A study (McMahon, 2006) defines 7 criteria of effective learning as follows:

. The scope of learning materials presented to the student must be in accordance with the
ability and time the student has;

. The amount of information presented to the student must be appropriate;

*  Students must be given clear instructions on the activities expected of them;

*  Activities conducted by students that belong to higher-order thinking and learning must be
rewarded;

. The teacher should demand students’ active participation during the lecture;

. The student must be given options to choose from during the lecture;

*  The student must be given feedback on their performance

The choice of learning strategy defines the steps to realize the learning process. Strategies such
as learning through reading or underlining are efficient from the perspective of resources and
activities taken during learning but are not considered effective. Strategies such as practice test-
ing, which is comprised of taking tests and using flashcards, as well as distributed practice,
where students use previously acquired knowledge in several timed sessions, are considered
highly effective but are quite demanding in terms of efficiency, and therefore not sufficient (Bi-
wer et al., 2020). The use of contemporary technologies in different learning strategies can con-
tribute to the optimization of learning efficiency and effectiveness (Radosavljevic et al., 2019).

Research has shown that there is a positive effect of the application of modern technologies in
teaching. Students readily accept new technologies as a part of the learning process, and they
consider them an integral part (Penprase, 2018; Dunn & Kennedy, 2019; Radosavljevic et al.,
2019). The use of technology in learning has a positive effect on student motivation. The in-
creased motivation results in an increase in the participation of students, which, in turn, increas-
es the effectiveness of learning (Kennedy & Dunn, 2018; Pechenkina & Aeschliman, 2017).
Technological solutions used in the realization of the curriculum most commonly rely on the
use of multimedia content, social networks, mobile phones, cloud platforms, MOOC, digital and
smart classrooms, and immersive technologies.

The use of technology in education is also a positive ecological factor, as it decreases the
amount of paper and other waste (Camilleri & Camilleri, 2016). The importance of introducing
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technology into the educational process became especially apparent during the COVID-19 pan-
demic, when different e-learning platforms enabled the realization of education regardless of
the situation, as students could not physically attend lectures (Hoofman & Secord, 2021; Fau-
zi, 2022).

Augmented reality (AR) technology is defined as the technology which merges real-world in-
formation with digitally generated information presented as a part of the real environment (En-
cyclopedia of Multimedia, 2006). The application of augmented reality technology has a pos-
itive impact on the motivation and performance of students during learning, as well as on the
interest students have in the learning materials. Due to the way the content is presented, it is
believed that augmented reality technology is important in transferring knowledge and skills
that are applicable in the real world (Bacca et. al., 2014; Radosavljevic et al., 2018; Lima et al.,
2022). There are more and more studies on the application of augmented reality technology in
education each year. A study by Chen and Wang (Chen & Wang, 2008) examines the possibil-
ities of tangible augmented reality (TAR), where learning is realized through the merging of
digital learning materials and objects in the physical space. One of the conclusions of the study
is that students tend to adopt knowledge faster than during traditional lessons. A study (Juan
et al., 2016) demonstrates an increase in the efficiency of the learning process through the use
of augmented technology in dentistry. Studies (Tzima et al., 2019; Uygur et al., 2018) analyze
the role of teachers in augmented reality learning. A study (Radosavljevic et al., 2018) analyzes
augmented reality technology in the context of professional vocational education. These studies
conclude that augmented reality is still not being used to a greater extent in the education pro-
cess and that this technology and its potential are still unknown to teachers. All the above-men-
tioned studies confirm that there is an increase in motivation and learning effectiveness when
augmented reality technology is used.

3. RESEARCH AND RESULTS

The study, which tested the efficiency of learning through augmented reality technology was
carried out at the ATUSS academy, ICT College in Belgrade, Serbia, in March 2022. Fifty-sev-
en first-year students of undergraduate academic studies at the Communication Technologies
study program took part in the study. All students in the study were between 19 and 23 years old
and digitally literate (they know how to use mobile phones, e-mail communication, web search-
es, the Moodle platform for e-learning). The study was carried out during laboratory practical
lectures for the course Graphic Software Tools. In these practical lectures, the students learn
how to digitally process photographs using raster image processing software.

The students who participated in the study were tasked to follow a laboratory exercise in one of
three possible ways. The first group, comprised of 15 students, conducted the exercise follow-
ing paper-based instructions. The second group, also comprised of 15 students, used paper QR
codes to load instructions in an augmented reality application. The third group used digital QR
codes displayed on their monitors to load instructions. The goal of the study was to compare the
time efficiency using a strategy encompassed textual instructions, as opposed to time efficiency
using visual instructions through augmented reality technology.

The study was conducted in several phases. In the preparatory phase, it was necessary to create
an augmented reality app that the students would use to carry out the exercise. For this purpose,

the software platform Unity (https:/unity.com/) was used. This is a cross-platform integrated
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development environment used in the process of production of video games, simulations, 2D
and 3D modeling, and interactive applications. Aside from this software, Vuforia (https://de-
veloper.vuforia.com/), a software development kit for augmented reality applications, was also
used. With these platforms, an augmented reality application was developed and used during
the realization of laboratory exercises. The hypothesis defined in this phase was that augment-
ed reality technology in the learning process is more efficient than traditional text-based learn-
ing. An additional hypothesis was that the most efficient method of using augmented reality was
one that encompassed digital as opposed to paper-based QR codes (as shown in Figure 1). Aside
from the application development, this phase also included the preparation of instructions for
the exercises in a textual form, as well as a questionnaire on the experience using augmented
reality technology, which the students were asked to fill out during the study.
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Figure 1. Printed and Digital QR Codes Figure 2. Scanning QR codes and following

instructions on mobile phones using
the augmented reality application

e

The realization phase of the study commenced with the division of students into groups. Stu-
dents were distributed into four time slots based on the number of their student cards. As that
number had been assigned to students when they enrolled in the school using a random order,
this method can be considered viable for the division into statistically even groups. Each group
had a maximum of 15 students, as the room assigned for laboratory exercises contains 15 work-
ing stations. Each student carried out the exercise individually, following the instructions giv-
en to them in one of the three ways. The first group received the instructions in a textual form
printed on paper. The second group received instructions in the form of printed QR codes. Us-
ing their phones, on which they had previously installed the augmented reality application for
this exercise, these students scanned the codes. Upon scanning, they received an image with
graphic instructions for the exercise. The third group received the instructions in digital form,
where the QR code for the augmented reality application was integrated into the program for the
exercise. Figure 2 presents the way students used the augmented reality application using digi-
tal and paper QR codes. Figure 3 presents The display of content on a mobile phone upon scan-
ning the QR code.

In their assigned time slots, the students were given the necessary materials along with the in-
structions. The time required for the students to carry out the exercise was tracked. The exer-
cise comprised the processing and montage of a photograph defined through precise steps. Af-
ter finishing the exercise, the students filled out a questionnaire that gathered basic data about
the students, while those students who used the augmented reality application also filled out a
questionnaire regarding their experience using the application.
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Figure 3. The display of content on a mobile phone upon scanning the QR code

The following phase of the study encompassed the processing of the gathered data. The results are
presented in Figure 4 and showed that students who were given text-based instructions fulfilled
the task in an average of 16.27 minutes (with a standard deviation of 5.96). The students who used
the augmented reality application with printed QR codes took, on average, 18.80 minutes (with a
standard deviation of 5.03). The students who used the augmented reality application with digital
QR codes required, on average, 19.51 minutes (with a standard deviation of 4.40).
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Figure 4. Average times required to carry out the exercise (in minutes) by instruction format
Source: Own research

The results presented above do not confirm the hypotheses of the study. The efficiency of learn-
ing, i.e. of the realization of the laboratory exercise, was lower when using augmented reality tech-
nology than when using text-based instructions. The students that carried out the exercises using
text-based instructions required the least amount of time. The least efficient were those students
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that used QR codes. One of the possible explanations for such results lies in the questionnaires that
asked about the students’ experience using the augmented reality application. For more than 92%
of the students that used the application, this was the first time encountering this method of work
and learning. The authors believe that having to get acquainted with the new method of learning,
1.e. carrying out the exercise had an impact on the results that pointed out a low level of efficiency
in learning using an augmented reality application. Despite these results, the general experience
using this augmented reality was rated as positive. Figure 5 provides an overview of the results of
the study, which point to the advantages of using augmented reality in learning. The application of
augmented reality provided the students with clear instructions for carrying out the exercise; they
found the concept of augmented reality understandable, and its application in the learning process
entertaining, which positively affected their motivation to learn.

The instructions for the task | received were 0.85
clear. 455
Using augmented reality to carry out the task 0.76
was fun. 4.44

| clearly understood how to use augmented [Jlil 0.48
reality. 479

| found the instructions | received through the |l 0.8
augmented reality application easy to follow. 434

| found augmented reality easy to use. . 023 417

0 1 2 3 4 5 6

mstd. dev. average value
Figure 5. The advantages of the application of augmented reality in learning
based on the questionnaire
Source: Own research
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Figure 6. Image shaking with printed and digital QR code scanning
Source: Own research

The question regarding the technical aspect of the realization of augmented reality, in terms of
image quality and QR codes on the screen, pointed to an issue with scanning depending on the
quality of the screen. As the quality of some monitors was not at an appropriate level, there was
mild image shaking and distortion, and those students who scanned their QR codes on these
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monitors experienced issues. The augmented reality application had trouble recognizing the QR
codes, and the content would not show up on students’ mobile devices, or it would occasionally
disappear. The students that had printed QR codes experienced fewer scanning issues, and their
answers to the question regarding image display in the application correlated to the perceived
ease of use (Figures 6 and 7). In addition, the focusing of the mobile device camera on the dig-
ital QR codes was a slower process than in the case of scanned QR codes.

42
35
1.23 11
Digital QR codes on monitors Printed QR codes on paper

maverage value mstd.dev

Figure 7. Ease of use of augmented reality with printed and digital QR codes
Source: Own research

4. CONCLUSION

Augmented reality technology is one of the most recent information technologies. The paper pro-
vides insight into a study that had the goal of comparing the efficiency of the learning process us-
ing augmented reality technology as opposed to a traditional learning strategy that uses printed
text. The starting hypothesis that augmented reality would be more effective in the learning pro-
cess was not confirmed in this study. Nevertheless, this conclusion should be taken with reserva-
tion and further examined. As most participants experienced the augmented reality learning strat-
egy for the first time in this study, some time was necessary for them to get acquainted with this
strategy during the exercise. This impacted the time necessary to carry out the task and, by exten-
sion, the students’ efficiency. It has also been established that there were issues with the scanning
of digital QR codes and that those QR codes were causing issues with content display in the aug-
mented reality application. If the content was not being displayed on a high-quality monitor, there
were issues with scanning the digital QR code, and the image displayed in the application was
shaky. The scanning of digital QR codes was also slower as compared to printed codes, as mobile
devices were experiencing issues focusing the camera on the monitor.

The positive results of the study are tied to the conclusions regarding the application of aug-
mented reality in the learning process. It is advised that printed QR codes be used when im-
plementing augmented reality into the learning process, as they were shown to be more relia-
ble than digital ones. The application of augmented reality allowed for a clear transfer of knowl-
edge and instructions for the laboratory exercises, and augmented reality was characterized as
easy to use, as well as entertaining, which had a positive impact on the students’ motivation to
work and learn. Regardless of the hypothesis not being confirmed, this study provided results
that may be useful for further research and implementation of augmented reality technology, not
only in educational information systems but in other information systems as well.
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