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Virtual (VR) and augmented reality (AR) have emerged from the
framework of academic and industrial laboratories and have
acquired global attention. Currently, the focus shifted from the
technologies themselves to finding adequate teaching and
learning applications. In this paper, the students' attitudes toward
the application of mobile AR (MAR) in higher education (HE)
were researched (with a focus on augmented textbooks). The
results showed that the students have a mostly positive attitude,
and it is concluded that there was no statistically significant
difference between the STEM (science, technology, engineering,
and mathematics) and non-STEM students' opinions regarding
this topic. Based on the results, the further research and
integration of this technology into HE settings can be suggested.
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INTRODUCTION
The development of new technologies is often accompanied
by attempts to introduce them into an educational setting
(Billinghurst et al., 2015). A rapid social adaptation to smart-
phones followed with the recent innovations in the field of
immersive technologies enabled the access to VR and AR to
almost everyone (Martín-Gutiérrez et al., 2017). Besides advert-
ising and shopping, entertainment and gaming, and military
and medical applications, numerous papers (see Billinghurst
et al., 2015; Carmigniani et al., 2011; Cheng & Tsai, 2013; Da-
niela & Lytras, 2019; Lee, 2012; Martín-Gutiérrez et al., 2017;
Núñez et al., 2008; Yuen et al., 2011) suggested that education
is one of the most promising areas for AR implementation,
recognizing the potential of this technology to improve teach-
ing and learning at all levels of education.

Yuen et al. (2011) defined AR as a spectrum of technolo-
gies that project different types of computer-generated mate-
rials into the user's perception of the real world. In the reali-
ty-virtuality continuum (between the real and the fully virtu-
al environment), AR is a part of mixed reality (MR) together
with augmented virtuality (Milgram & Kishino, 1994). Now-
days, AR is often presented as a segment of cross reality (or
XR), which enables applications (apps) to be developed and
run on different platforms and various AR, VR, and MR de-
vices (Seo et al., 2018).

In educational settings, AR may aid the presentation of
abstract 3D concepts and help simulate dynamic processes that
are not available or visible to students in real life, as well as im-
prove teaching of spatially complex topics (Dünser et al., 2012).
Lee (2012) indicated that AR is a very efficient technology for
HE institutions and particularly useful for improving students'
knowledge and skills, especially on complex theories or mech-
anisms of systems or machinery.

This study's main focus is to analyze the application of
MAR in HE (mostly with augmented textbooks) and students'
attitudes toward this educational technology. The remaining
sections of this paper are arranged as follows. Previous stud-
ies and the concept of augmented books are presented in the
next section, followed by the description of the research aim
and research questions. The Method section tells the details of
participants and the instrument and procedure used in gath-
ering the data. In the Results section, we reported findings of
analyzing both quantitative and qualitative data. The Discus-
sion section shows a reflection on results and a comparison
with previous research. Conclusions are presented in the last
section.536
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BACKGROUND
Several meta-analyses (see Akçayır & Akçayır, 2017; Bacca et
al., 2014; Chen et al., 2017; Garzón & Acevedo, 2019) reported
that AR has been significantly researched in HE settings (most-
ly at the bachelor level). The most recent one (Garzón & Ace-
vedo, 2019) showed that AR has a medium size effect on stu-
dents' learning gains (d = 0.68) and that this technology is
more efficient compared to traditional lecture-based teaching
or multimedia use. However, the way that AR educational
content is designed, implemented in the teaching process, and
used for learning is particularly important (Wu et al., 2013).
The starting point for creating useful AR apps and content
should be the curriculum, the pedagogical foundation and
specific teaching and learning activities (Radu, 2014), but user
interface and experience is a key factor for engagement (Chat-
zopoulos et al., 2017). Also, AR should enhance the traditional
teaching materials, not replace them (Billinghurst & Dünser,
2012).

Yuen et al. (2011) emphasized five significant groups of AR
application in education: (a) AR books, (b) AR gaming, (c) dis-
covery-based learning, (d) objects modeling, and (e) skills
training. Similarly, Billinghurst and Dünser (2012) indicated
augmented books and AR apps for handheld mobile devices
to be the two leading formats for using AR in learning and teach-
ing processes.

One of the first publications in the area of AR books is the
work of Billinghurst et al. (2001) where the authors presented
the prototype of "The MagicBook". In the past years, various
names for the AR books emerged in the literature, such as:
augmented books, MagicBook, AR multimedia books, digilog
books, and virtual 3D pop-up books (Lim & Park, 2011). Altin-
pulluk and Kesim (2016) analyzed 46 studies (published in the
period of 1993–2013) where the AR technology was used with
books and suggested their classification as: (a) AR book, (b) aug-
mented desk/paper augmentation approach, (c) 3D pop-up
book, (d) tangible AR approach, and (e) MR book. The same
authors pointed out that the AR books (in the selected stud-
ies) used different technologies (such as head-mounted dis-
plays [HMDs] and computers, but the newer ones used pre-
dominantly mobile devices).

The AR books present a significant segment of AR appli-
cation in education since this technology enables adding vir-
tual digital content to the printed textbook pages (Dünser et
al., 2012). In that manner, the users (students) can simultane-
ously use and integrate the advantages of both real (physical-
ity, robustness, and transportability) and digital (multimedia
and multisensory feedback information) books (Grasset et al.,



2008; Ha et al., 2011). In other words, with AR a gap between
physical objects and virtual information (and between on and
offline learning materials) can be merged while keeping the
strengths of each (Bujak et al., 2013; Delello et al., 2015). Gras-
set et al. (2008) emphasized that the augmented content in
books typically includes: (a) 2D static content (such as images,
schemes, and text), (b) 2D dynamic content (such as video ma-
terials and animations), (c) 3D content (such as static 3D ob-
jects and dynamic models, animations, avatars, and similar),
and (d) sound (ambient, spatial, and interactive).

Based on the analysis of research studies, Lim and Park
(2011) emphasized that the AR textbooks have a positive in-
fluence on learning outcomes since they improve the under-
standing of what was read, as well as on memory, concentra-
tion, interactivity, imagination, and problem-solving skills.
The experimental studies using the AR textbooks at universi-
ty/college level were mostly done in the STEM fields (see Fer-
rer-Torregrosa et al., 2015; Küçük et al., 2016; Martín-Gutiér-
rez et al., 2010; Roca-González et al., 2017; Turan et al., 2018).

By using and developing educational MAR apps, a unique
and individualized learning experience can be provided to
students on their own devices (Frank et al., 2016). According
to O'Shea et al. (2009), AR could reach its full potential in edu-
cation by leveraging student-owned technologies such as
smartphones (nowadays this concept is known as "bring your
own device" – BYOD). Common features and sensors (such as
a GPS receiver, gyroscope, and accelerometer) built-in current
mobile devices are sufficient to support the MAR technology
(Mota et al., 2018). Through the use of smartphones, MAR can
provide the students with a new approach to educational con-
tents, making a learning environment always available (re-
gardless of place and time), which is particularly important in
HE (Jamali et al., 2015). Chatzopoulos et al. (2017) stated that
"the use of books and notebooks with MAR systems can lead
to a better learning process" (p. 6922). However, before con-
sidering the integration of MAR apps, learners' opinions must
be examined first (Akçayır & Akçayır, 2017), since the success
of a new educational technology depends on how well stu-
dents perceived the usefulness of such technology (Rasimah
et al., 2011).

According to Seraji et al. (2017), studies dealing with the
attitudes toward different educational technologies are not
something new, but they are significant since attitudes can
influence the acceptance and actual use. Previous studies (see
Andújar et al., 2011; Chang et al., 2015; Delello et al., 2015; Ibá-
ñez et al., 2016; Küçük et al., 2016; Martín-Gutiérrez et al., 2010;
Núñez et al., 2008; Rasimah et al., 2011) used short question-538
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naires, surveys based on an enhanced version of the Techno-
logy Acceptance Model (TAM; Davis et al., 1989) or qualitative
feedback, and reported that the HE level students usually have
positive attitudes towards the educational use of AR. How-
ever, we did not find larger or country-related studies that deal
with determining students' attitudes toward MAR.

PURPOSE AND RESEARCH QUESTIONS
Taking into account the potential affordances of MAR apps
and previous research, we started with the assumption that a
significant number of HE students are probably, at least in an
elementary way, familiar with this technology (primarily
through largely popular mobile apps [such as Pokémon Go]
and via augmented filters that are available in certain social
network apps [for example, Snapchat]).

The aim of this research was to determine students' atti-
tudes toward the application of MAR in HE institutions in the
Republic of Serbia. Along the line with the aim, six research
questions emerged:

1. What is the students' attitude about the application of AR
in HE?

2. Does previous knowledge about AR affect the students'
attitude?

3. Does previous use of MAR have an influence on the stu-
dents' attitude?

4. Does the study program (STEM or non-STEM) have an
influence on the students' attitude about the application
of AR in HE?

5. Would the students be willing to use augmented textbooks
if they were available?

6. What is the students' opinion on the utility of adding aug-
mented digital content into the textbooks and other teach-
ing/learning materials?

METHOD

Sample and participants
In this study a voluntary sampling method was used, which
is common for online surveys in education-related research
(see Livas et al., 2019; Ray et al., 2019). The participants were
students who were enrolled in HE institutions in the Republic
of Serbia. A total of 215 usable responses were received (seven
responses were unreliable and excluded). Figure 1 presents the
students in regard to the HE institutions they attended.

The age of participants ranged from 18 to 46, and the mean
age was 23.51 years (SD = 4.19). The gender structure was dom-
inated by female participants (74.9%). The highest number,
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with a total of 164 (73.3%), were bachelor level students, 35
(16.3%) were master students, while 16 (7.4%) were PhD stu-
dents. Ninety-three (43.3%) students were attending STEM
study programs, and 122 (56.7%) students were attending non-
-STEM study programs.

University of Belgrade 71

University of Novi Sad 58

University of Niš 35

University of Kragujevac 15

University of Priština temporarily
settled in Kosovska Mitrovica 6

University of Arts in Belgrade 1

Private universities
(Megatrend and Singidunum) 3

Higher education vocational
schools (both state and private) 26

Instrument
An online questionnaire was created for the purpose of this
research.

The first part of the questionnaire included an informa-
tive text that explained the notion of AR and the various pos-
sibilities of the application of this technology in HE. Examples
of the AR textbooks were presented through an embedded
video.

The second part contained questions about the students'
demographics and school information (e.g., gender, age, name
of the HE institution and study program, etc.), their owner-
ship and usage of mobile devices, as well as two questions re-
garding their previous knowledge and experience with the
MAR technology (ranging from 1 – none to 4 – high).

The third part included a five-point Likert-type scale (rang-
ing from 1 – strongly disagree to 5 – strongly agree). In construct-
ing this small scale to measure the students' attitude about the
application of AR in HE, we started with several items from
the Augmented Reality Applications Attitude Scale (ARAAS;
Küçük et al., 2014). The ARAAS (Küçük et al., 2014) consists of
15 items, which measures three factors: (a) use satisfaction, (b)
use anxiety, and (c) use willingness. Through the authors' dis-
cussion the selected items were highly modified to reflect our
research context and goal. Our final scale contained seven
items, which were defined both as positive and negative state-
ments. A reverse scoring method was used for the negative
statements, and the fitness of sample has been checked for an
exploratory factor analysis. The Kaiser-Meyer-Olkin (KMO)540
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value was 0.795, and the results of Bartlett's test of sphericity
(χ2 = 552.66, p < 0.001) suggested that performing factor ana-
lysis was suitable (Coakes, 2012). The principal component
analysis with Promax rotation method was performed. As a
result, seven items have been categorized under two factors
accounting for 67.6% of the variance in the attitude toward
the application of AR in HE (Table 1).

Corrected item-
Items M SD Factor 1 Factor 2 -total correlation

1. Augmented reality is a useful tool
when it comes to visualization of
objects, phenomena, and processes
(that are not easily available for
direct observation). 3.95 1.04 0.801 0.668

3. Augmented reality enables a higher
interaction with educational contents. 4.00 0.95 0.867 0.767

5. The learning process can be facilitated
by adding AR content (such as inter-
active 3D models animations, and video
materials) into textbooks and other
teaching materials. 4.17 1.02 0.883 0.778

7. The technology of augmented reality
can be successfully integrated into
traditional teaching and learning means. 3.92 1.04 0.839 0.714

2. There are no real benefits in using the
technology of augmented reality in
higher education. 2.06 0.94 0.753 0.489

4. Augmented reality should be used only
for entertainment purposes (not in
higher education). 2.27 0.96 0.762 0.458

6. The integration of augmented reality
in higher educational settings is un-
necessary (currently used tools are
efficient and sufficient). 2.74 0.95 0.782 0.461

Explained total variance (%) 44.49 23.13

Note: Mean and standard deviation values were not reversed for the negative items. Also, only load-
ings > 0.30 are displayed.

The first factor was named "perceived usability" (PU) and
consisted of four positive statements. The second factor was
named "perceived use anxiety" (PUA) and consisted of three
negative statements. There was a weak (r = -0.21, p = 0.002),
but a statistically significant negative correlation between the
two factors. The internal consistency of factors measured with
Cronbach's alpha coefficient were 0.87 and 0.66, respectively.
Cronbach's alpha coefficient for the whole scale (with reverse
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scoring for negative items) was 0.77, which indicates a satis-
factory reliability (Loewenthal, 2001; Nunnally, 1978). Also,
the corrected item-total correlation ranged from 0.231 to 0.677,
which suggests that all items measure the same trait.

The final part of the questionnaire contained several open-
-ended questions, such as: "How do you see the possible ap-
plication of AR in higher education?", "Would you use aug-
mented textbooks if they were available?", and "Would the
textbooks and other teaching/learning materials (covered by
your study program) be enhanced with using MAR?"

Data collection and analysis
The research was conducted at the end of the first term of the
2016–2017 school year. A link directed to the survey page was
available on many official university/college webpages and
student Facebook groups in the Republic of Serbia. The parti-
cipation was voluntary and the students were not compensated.
The students were informed that by filling out the question-
naire they provide informed consent to the use of their data
for the research purposes. Quantitative and qualitative data
were collected.

Statistical analyses of quantitative data were performed
using IBM SPSS Statistics (version 21) software. Besides des-
criptive statistics, non-parametric tests (Kruskal-Wallis H and
Mann-Whitney U) were used for answering the second, third,
and fourth research question since there was a significant dif-
ference in the size of the groups, and the dependent variable
(attitude toward the application of AR in HE) deviated from
the normal distribution (Shapiro-Wilk test = 0.976, p = 0.001,
N = 215). For the fifth and sixth research question, the Pear-
son's chi-square test was applied to test the potential differ-
ence between the STEM and non-STEM students' answers.

An inductive thematic analysis was used to interpret the
students' answers from open-ended questions (see Braun &
Clarke, 2006; Fereday & Muir-Cochrane, 2006). The first and
the third author found related segments in participants' an-
swers and grouped them as themes using Microsoft Excel. The
final list of themes emerged through discussion between the
two authors (who performed the analysis). A lot of students'
responses reflected more than one concept. Consequently, those
answers were assigned to multiple themes.

RESULTS
The first research question analyzed how the students per-
ceived the application of AR in HE. In sum, it can be deter-
mined that the students included in this research have a me-
dium-positive attitude (M = 3.85, SD = 0.64) when the results
from the constructed scale (the values of the negatively defined
statements were reversed) are taken into account. On aver-542
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age, the students answered PU items with agree (M = 4.01, SD =
0.86) and the PUA items with disagree (M = 2.36, SD = 0.73).

The thematic analysis of open-ended responses confirmed
that the majority of students (n = 156) perceived AR positive-
ly, while 23 students (10.7%) did not form an opinion. One
hundred and twelve students also indicated specific potential
benefits of MAR (87.5% of their participants' answers were
grouped in more than one category). The themes were:

(1) Better understanding (n = 95) – a large number of stu-
dents indicated a better understanding of learning materials
as a potential advantage of MAR.

(2) Facilitating the learning process (n = 86) – for example a
female postgraduate student at the Faculty of Economics wrote:
"The application of this type of technology would certainly
drastically ease and improve students' learning," and a female
pharmacy student stated that: "Learning with augmented ani-
mations, pictures and 3D representations in the textbooks
would be simpler since digital visualization would replace
many paragraphs of text which often, despite being read and
comprehended, do not necessarily convey the content prop-
erly."

(3) Visualization (n = 64) – a substantial number of stu-
dents indicated visualization as one of the potential MAR be-
nefits. For example, a male chemistry student noted: "It is some-
times hard to understand certain topics in chemistry only
based on theory, no matter how well it was explained. Visuali-
zation in chemistry is extremely important."

(4) Personalizing learning (n = 20) – for instance a female
master level tourism student stated that: "The application of
this type of learning (with demonstration and explanation)
would be very efficient for me," while a female education post-
graduate student wrote: "The application of augmented reali-
ty as a teaching tool is the closest to personalized and adap-
tive learning experiences."

(5) Increasing students' interest and motivation (n = 19) – sev-
eral students stated that the integration of MAR would prob-
ably increase their learning motivation. For example, a female
history student wrote: "This technology would show every-
one that history is interesting and not just memorization of facts
and data."

Few answers contained notes of possible drawbacks (such
as the insufficient development of AR technology and high
costs) or expressed certain concern (e.g., influence on health
and potential unsuitability). Several students (n = 18) empha-
sized that this research was not suitable for the conditions
students have at the HE institutions in the Republic of Serbia,
as well as the economic state of the country, while 11 students
had the opinion that it is too early to discuss this topic. For
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instance, a male journalism student asked: "Why are we dis-
cussing this when it will not happen at our faculty in the next
10 years?"

The second research question was related to the assump-
tion that the previous students' knowledge about AR has an
influence on their attitude toward the application of this tech-
nology in HE. Based on the answers to the question on their
previous level of knowledge about AR, the participants were
divided into four groups. The attitude toward the application
of AR in HE was measured on the five-point scale with seven
items (the values of the negatively defined statements were
reversed). A higher mean value reflects a more positive atti-
tude. The results of the Kruskal-Wallis H-test (Table 2) were
statistically significant χ2(3, N = 215) = 16.40, p = 0.001. The
effect size indicator eta squared (η2), could be calculated out
of the Kruskal-Wallis χ2 value (Green & Salkind, 2014). The
calculated value η2 = 0.08 presents a moderate effect size and
shows that the 8% of variance in the attitude about the appli-
cation of AR in HE can be explained by students' different prior
knowledge about this technology. A post hoc analysis was
conducted using the Mann-Whitney U-test (with Bonferroni
correction) to examine between which groups the statistically
significant difference occurred. The test results showed that the
statistically significant difference existed between the first and
the fourth group (U = 561.50, Z = -3.491, p < 0.001, r = -0.344)
and between the second and the fourth group (U = 390.50, Z =
-3.045, p = 0.002, r = -0.347). The results suggested that those
students who had high prior knowledge had a more positive
attitude about the application of AR in HE than the students
who were low/not familiar with this technology.

Levels of students' prior Kruskal-
knowledge about AR n Median M rank -Wallis χ2 p

None 76 3.71 92.66 16.40 0.001
Low 50 3.71 99.91
Medium 62 4.14 117.28
High 27 4.29 144.85

The third research question was related to the assump-
tion that the level of students' prior use of MAR has an influ-
ence on their attitude about the application of this technolo-
gy in HE. The results of the Kruskal-Wallis H-test (Table 3) were
statistically significant χ2(3, N = 215) = 10.32, p = 0.016,η2 = 0.05.
The post hoc analysis (Mann-Whitney U-test with Bonferroni
correction) showed that the statistically significant difference
existed between the first and the second group (U = 2277.00,
Z = -3.085, p = 0.002, r = -0.242), meaning that those students544
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with some prior personal experience with MAR had a more
positive attitude about the application of AR in HE than the
students who did not have any prior use of this technology.

Levels of students' Kruskal-
prior use of MAR apps n Median M rank -Wallis χ2 p

None 98 3.71 93.88 10.32 0.016
Some 65 4.14 124.91
Medium 30 4.07 114.48
High 22 3.93 112.09

The fourth research question was related to the assump-
tion that the students' study program (STEM or non-STEM)
has an influence on their attitude toward the application of
this technology in HE. The results of the Mann-Whitney U-test
(Table 4) were statistically insignificant, suggesting that attend-
ing the STEM or non-STEM program has no influence on stu-
dents' attitude about this topic.

Students' study Mann-
program n Median M rank -Whitney U Z p r

STEM 93 3.86 107.22 5600.50 -0.161 0.872 -0.011
non-STEM 122 3.86 108.59

The fifth research question was about the acceptance of
the augmented textbooks. The results showed that the major-
ity of students (79.5%) would use them (if they were avail-
able), 2.8% of students would not use augmented content in the
textbooks, while 17.7% of participants were undecided. Pearson's
chi-square test results were non-significant χ2(2, N = 215) = 0.28,
p = 0.872, Cramer's V = 0.036, showing that the STEM and
non-STEM students appeared to be uniform about the ac-
ceptance of the MAR integration. The undecided students
emphasized several reasons (some students gave more than
one) why they were uncertain whether they supported or did
not support the MAR apps, which were themed as:

(1) Nonexistence of previous experience with the AR technology
(n = 24) – a substantial number of undecided students stated
that they would be able to answer the question only after they
had a direct personal experience with the AR textbooks.

(2) The material reasons (textbooks/apps price) (n = 8) – several
students stated that the integration of AR would probably in-
crease the costs of HE textbooks.

(3) Colleagues' opinions and experiences (n = 7) – certain stu-
dents emphasized that they would wait for the feedback from
their colleagues first, while a female student of the Faculty of

DRU[. ISTRA@. ZAGREB
GOD. 29 (2020), BR. 4,
STR. 535-554

STOJŠIĆ, I. ET AL.:
STUDENTS' ATTITUDES...

545

� TABLE 3
The Kruskal-Wallis
H-test results (prior use
of MAR apps)

� TABLE 4
The Mann-Whitney
U-test results (study
program)



Philosophy stated that: "If the majority would use it, I would
probably blend in."

(4) The quality and availability of the augmented content (n = 5)
– a couple of students indicated that they would make a deci-
sion based on usefulness and availability of the augmented
digital materials.

The sixth research question analyzed the students' opin-
ions on the utility of adding augmented digital content (using
the MAR technology) into the textbooks and other teaching/
learning materials covered by the study program those stu-
dents were attending. The majority of the students (62.3%)
pointed out that the MAR integration would have an educa-
tional value. However, 21.4% of the students stated that the
AR content might be unnecessary (or inapplicable) in their text-
books and other learning materials, while 12.6% did not know
how to answer, and 8 students (3.7%) did not give any an-
swer. The distribution of affirmative and negative answers be-
tween the STEM and non-STEM students was not statistically
significant χ2(1, N = 180) = 0.06, p = 0.810, Cramer's V = 0.018.

DISCUSSION
According to the results of this research, it can be determined
that the HE students have the necessary equipment to use
MAR for learning (since all the participants own a smart-
phone). However, the obstacles need to be emphasized, as well.
The use of new technology in education does not guarantee
success per se (Bower et al., 2014). The technical problems
(e.g., maintaining the stability of the system, or GPS error),
the need for technical support in the initial phase, as well as
the possibility of a cognitive overload caused by the amount
of the augmented material (or the complexity of the tasks),
should be all taken into consideration when designing the AR
content and activities (Cheng & Tsai, 2013). Additionally, a
certain number of schools in the Republic of Serbia forbade
the use of mobile devices in classrooms (or lecture halls).
Carmigniani et al. (2011) emphasized that the main problem
with social acceptance of mobile devices is the degree of dis-
traction they are creating. Hence, the AR system (implemented
in mobile apps) needs to be "subtle, discrete and unobtrusive"
to become socially acceptable (Carmigniani et al., 2011, p. 356).

It needs to be pointed out that the students may show re-
sistance toward the new educational technologies if they are
skeptical about their usefulness and educational value (Tar-
hini et al., 2015). The results of this research showed that the
students mostly have a positive attitude toward the applica-
tion of MAR, which correlates with other studies at the HE
level (see Andújar et al., 2011; Chang et al., 2015; Delello et al.,546
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2015; Ibáñez et al., 2016; Küçük et al., 2016; Martín-Gutiérrez
et al., 2010; Núñez et al., 2008; Rasimah et al., 2011).

Daniela et al. (2018) conducted a multi-dimensional sur-
vey in the field of HE and indicated that the students' attitude
toward the use of different information and communication
technologies for learning is influenced by their level of digital
competence, and that infrastructural problems can hinder in-
tegration and the use of new educational technology in the
teaching process. The results of our research are similar, since
the students with higher prior knowledge had a statistically
significant more positive attitude than the students who were
low/not familiar with AR, as well as that the students with
some prior personal experience with the MAR apps had a sta-
tistically significant more positive attitude than the students
who did not have any previous use of this technology. Ad-
ditionally, several students expressed their concerns about
the readiness of the HE institutions in the Republic of Serbia
to adopt the AR technology.

The majority of students included in our study (79.5%)
would support the use of AR textbooks, and 62.3% of them
perceived the integration of MAR apps into textbooks and
other teaching/learning materials as useful. However, despite
the heavy use of mobile devices in students' everyday life, the
use of MAR apps for learning is not widespread (Mota et al.,
2018). Also, there is a limited application of the augmented text-
books in practice (Dünser et al., 2012). The lack of program-
ming skills among teachers is a barrier to their engagement in
development and customization of the educational MAR apps
(Mota et al., 2018). Still, the authoring tools can be used for
creating augmented scenes through the graphic interface with-
out the need for programming (Billinghurst & Dünser, 2012).

CONCLUSION
The AR technology no longer requires expensive and sophis-
ticated equipment as it was the case in the past (Akçayır & Ak-
çayır, 2017), and has become available to the educational insti-
tutions and students as never before (Martín-Gutiérrez et al.,
2017).

The technological advancement in the Republic of Serbia
is low and there are many challenges in implementing new
educational technology in classrooms or lecture halls (Teo et
al., 2016). However, nowadays many HE institutions are look-
ing for modern technologies and solutions to support students
and to achieve digital transformation and sustainability (Da-
niela et al., 2018).

In this research students' attitudes toward the applica-
tion of MAR in HE were determined. Our assumption regard-
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ing students' familiarity with MAR was confirmed since more
than half of the students (54.4%) have already used the MAR
apps. Based on the findings, the answers to the six research
questions were:

1. Students' attitudes toward the application of AR in HE
were mostly positive. A significant number of students per-
ceived this technology as potentially useful for: (a) better un-
derstanding, (b) facilitating the learning process, (c) visualiza-
tion, (d) personalizing learning, and (e) increasing students'
interest and motivation. However, several students expressed
concerns regarding: (a) insufficient development of MAR, (b)
high costs of AR technology, (c) influence on health, (d) po-
tential unsuitability with the current infrastructural condi-
tions at the HE institutions in the Republic of Serbia, (e) readi-
ness and willingness of the HE institutions to adopt the AR
technology, and (f) potential influence on textbook prices.

2. The students who had high prior knowledge about AR
had a statistically significant more positive attitude toward
the application of AR in HE than the students who were
low/not familiar with this technology.

3. The students with some prior personal experience with
MAR had a statistically significant more positive attitude than
the students who did not have any previous use of this tech-
nology.

4. Attending the STEM or non-STEM program does not
influence students' attitudes toward the application of AR in HE.

5. The majority of the students (79.5%) who participated
in this research would use the AR textbooks if they were avail-
able (with no statistical difference between the STEM and non-
-STEM students), but there was a significant number of unde-
cided participants (17.7%). The undecided students' reasons
(for not being sure if they support the use of augmented text-
books) were: (a) nonexistence of any previous experience, (b)
textbook/app price, (c) opinions and experiences of colleagues,
and (d) quality and availability of the augmented content.

6. The majority of the students (62.3%) perceived the MAR
integration into the textbooks and other teaching/learning
materials as valuable and useful for improving HE. However,
21.4% of them stated that this integration might be unneces-
sary (or potentially inapplicable).

This study has several limitations. Firstly, the results are
not necessarily generalizable to all HE students, since volun-
tary response bias was possible and the sample size was not
that big. Secondly, the instrument used in this research was
based on the self-reported design, and the students' prior knowl-
edge and experience with MAR were not objectively mea-
sured. Finally, the analysis of the open-ended questions (qual-548
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itative data) can be subjective and biased since the results (the
themes) depend on the researcher's interpretation (Creswell,
2014).

Taking into account the potential affordances of the MAR
technology and the necessity of digital transformation (which
is an ongoing process in many educational systems including
the Republic of Serbia), as well as the fact that the students'
attitudes were mostly positive (but bearing in mind cost-ef-
fectiveness and institutional and teachers' readiness), integra-
tion of this technology into HE can be suggested. However,
the questions related to the actual influence of this technology
need to be investigated in future research, as well as a compa-
rison between students' and teachers' perceptions and attitudes.
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Virtualna i proširena stvarnost izašle su iz okvira
akademskih i industrijskih laboratorija i stekle su globalnu
pozornost. Trenutačno se fokus pomaknuo sa samih
tehnologija prema pronalaženju odgovarajuće primjene u
poučavanju i učenju. U ovom radu istraživani su stavovi
studenata o primjeni mobilne proširene stvarnosti u visokom
obrazovanju (s naglaskom na augmentiranim udžbenicima).
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Rezultati su pokazali da studenti imaju uglavnom pozitivan
stav, a zaključeno je i da ne postoji statistički značajna
razlika u mišljenju između STEM (znanost, tehnologija,
inženjerstvo i matematika) i ne-STEM studenata o ovoj temi.
Na temelju rezultata istraživanja mogu se predložiti daljnja
istraživanja i integracija ove tehnologije u postavke visokog
obrazovanja.

Ključne riječi: proširena stvarnost, augmentirani udžbenik,
visoko obrazovanje, stavovi studenata
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