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ABSTRACT

The integration of augmented reality (AR) into educational environments will depend on
its perceived effectiveness in enhancing teaching practices and the attitudes toward the use
of this technology. Therefore, the main objective is to investigate the teachers’ attitude and
motivation to adopt AR in educational settings, which also looks at a cross-cultural context.
Furthermore, this research reveals different aspects that have an impact on teachers’ attitudes
toward adopting AR in the teaching process. To investigate this, we conducted a study with
87 K-12 teachers belonging to two different education systems, i.e., Sweden and Palestine.
The mixed-methods approach enhances the validity of the study and provides a broad under-
standing through numerical data, while qualitative insights offer deeper explanations of the
findings. The results indicate a statistically significant difference in teachers’ attitudes about
AR, with a mean 3.99 for teachers coming from Palestine showing a more positive attitude
towards AR-supported learning. Therefore, it is important for educational institutions and
application developers to consider a range of learning and teaching methods, as well as spe-
cific needs, throughout the process of developing and incorporating AR into the curriculum.
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1  INTRODUCTION

The recent worldwide developments, especially due to the COVID-19 pandemic,
have posed immense challenges in the education sector worldwide [1]. The changed
context pushed part or all educational activities across the world to be moved over
distance. These new circumstances increased the level of adoption of digital tech-
nologies, mainly as it was incumbent adoption to adhere to the changed context [2].
This also brought to the front that the challenges of technology adoption in the edu-
cation sector are multifaceted. Research indicates that for sustainable adoption of
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technologies into the education process, one needs to consider behavioral, emotional,
and cognitive implications [3]. One of the technologies that has shown a promising
potential in terms of adoption in the educational setting has been augmented reality
(AR) [4]. The ability to offer the sensation of immersion while connecting across
the time and space dimensions was deemed to have great potential across different
education subjects.

There is a large number of research studies that are related to the possible use of
AR in educational contexts [5]. Furthermore, such studies reported advantages, effec-
tiveness, and user attitudes toward the use of AR in educational settings. According
to [6], most of the reviewed literature on using AR for educational purposes was
used in higher educational settings. This relates to the idea that AR is recognized as
an interesting and effective tool for learning topics that cannot be easily explored in
the physical world, either due to the lack of equipment or hardware or for visual-
izing abstract and complex ideas that are challenging to grasp through traditional
methods. Accordingly, there are different examples showing such advantages of
using AR in an educational context. For instance, researchers in [7, 8] showed that
AR had a positive impact on students’ understanding of basic concepts and skills in
engineering education in higher education.

Despite the potential, the adoption of AR in the education sector has been with
varying success [9]. One of the main challenges that was identified across differ-
ent studies has been the lack of instructional design and pedagogical scaffolding.
Furthermore, based on reports from the current study, a discrepancy exists in the
acceptability and use of these tools, particularly in the context of educational tech-
nology, where only a limited number of teachers and students had made use of them.

In this line of research, in one of our previous works related to the technology
adoption during the pandemic situation, we identified the need for promoting pre-
paredness for distance teaching and learning, i.e., the need to continue the agile
development of teachers’ pedagogical and technical competences [10]. Especially
since technology adoption was also manifested with a negative impact on teach-
ers’ motivation. Thus, understanding teachers’ motivation to adopt AR in their
teaching activities is crucial, especially in the post-pandemic context. To this end,
we have conducted research with teachers both within an education system in a
high-performing economy (Sweden) and an education system in a low-performing
economy (Palestine) to gain further insight regarding behavioral, emotional, and
cognitive implications that could affect the level of preparedness and motivation
of the teachers. Having in mind the differences in economic development, social
settings, and overall environment between these two countries, this study focuses
on collecting quantitative data using surveys as well as qualitative data using
interviews. The following research questions are addressed alongside the study’s
primary objective:

RQ1: Is there a significant difference between the teachers’ attitude towards AR?

RQ2: What is the teachers’ attitude toward the contribution of AR to the devel-
opment of students’ skills and towards receiving training and resources for
using AR in education?

RQ3: Is there a difference between teachers who teach natural science subjects
compared to social science subjects when it comes to the attitude and percep-
tion of AR utilization and the need for professional development?

This paper continues with the theoretical and methodological foundations that
guided this study, which are followed by the presentation of our collected data.
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Furthermore, we provide a quantitative and qualitative analysis of the collected
data. The paper is concluded with a discussion of the results as well as future ave-
nues for continued research.

2  THEORETICAL FRAMEWORK AND LITERATURE REVIEW

The following sections will examine the theoretical framework that informed this
study as well as previous works that are relevant to the topic of augmented reality.

2.1 Technology-mediated learning and engagement theory

This study was guided by the technology-mediated learning (TML) frame-
work [11], following the learning theory known as the engagement theory [12, 3].
Technology-mediated learning is defined as an educational environment where the
learner’s engagement with educational activities (such as readings, assignments,
exercises, etc.) peers and/or teachers is facilitated through the use of advanced infor-
mation technologies. The main components included under the TML framework
consist of technological properties, pedagogical approaches, cognitive processes
involved in learning (such as motivation), and educational achievements attained
within a specific learning context [11, 13].

Several studies have yielded contrasting findings on the impact of TML on learn-
ing effectiveness. Hu and Hui discovered no substantial impact of TML on learning
effectiveness [14]. Conversely, Hung et al. [15] and Dalipi et al. [10] demonstrated
that TML has a beneficial influence on learning motivation, while Chou and Liu
revealed that TML enhances learning performance [16]. In the present work we
leverage TML to examine the teachers’ attitudes and motivations for integrating
AR in education settings.

The engagement theory focuses on cognitive processes, including those related to
problem-solving, decision-making, and assessment. The theory suggests that partic-
ipation may be achieved by three key components, namely, relating, creating, and
donating. Relating emphasizes the significance of attributes such as effective com-
munication and adept social skills deemed vital to collaborative endeavors. Under
such circumstances, students exhibit a heightened level of motivation towards the
acquisition of knowledge. In contrast, the concept of creation is often linked to the
qualities of creativity and intentionality within project-based methodologies. When
students have the chance to independently conceptualize structure and execute their
projects, they are more likely to cultivate a sense of ownership over the project and
their own educational growth [16, 17]. Finally, the concept of donation is linked to
the process of acquiring knowledge within a broader community context. When stu-
dents are actively involved in project-based learning, they have a tendency to foster
their interaction, cooperation, and teamwork skills. The acquisition of these soft skills
is crucial once entering the professional environment. This concept is in accordance
with the principles of meaningful learning and constructivist pedagogy [18, 19].

Engagement within an educational setting has a dual conceptualization, includ-
ing both involvement in the whole schooling experience and active participation
in academic tasks within a specific session [20]. The present study focuses only on
the latter aspect, namely the interest in schoolwork. Findings have shown a pos-
itive correlation between engagement and academic accomplishment, suggesting
that engagement might serve as a predictor of future success and achievement in
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educational settings [20]. Additionally, engagement has been associated with lower
rates of dropping out of school [21].

There are several approaches to conceptualizing the concept of engagement. In
their seminal review article, Fredricks et al. [3] provide a comprehensive description
of three distinct categories of engagement, i.e., behavioral, emotional, and cogni-
tive. The behavior category refers to the act of actively engaging in academic, social,
or extracurricular activities. The emotional category of engagement examines the
emotional responses, including both positive and negative emotions that individuals
experience in relation to teachers, classmates, academics, and the school environ-
ment. Finally, the cognitive category refers to the inclination to invest the necessary
effort in order to understand intricate concepts or acquire challenging abilities. The
present research has considered the three components in order to investigate teach-
ers’ perceptions and attitudes towards the use of AR in educational activities.

2.2 Previous studies related to AR in schools

Augmented reality has attracted significant attention from several academic
areas. In its basic definition, AR facilitates the interaction between real-life objects
and virtual objects, therefore actively engaging students in the process of gaining
knowledge [22]. AR enables the dynamic manipulation of the location and orienta-
tion of virtual items, contributing to a better understanding of the learner’s physical
environment. According to Shadley et al. [23], this fosters the development of mod-
ern educational settings that enhance learning opportunities.

Some practical examples of AR applications include Pokemon Go, an interactive
game that overlays virtual creatures onto the real world; Hololens, a wearable device
that enables users to interact with holograms; the IKEA mobile app, which allows
users to virtually place furniture in their homes; and the Loreal make-up app, which
uses AR to simulate different makeup looks on users’ faces. The educational use of
AR has been evident since its inception [24]. Research-wise, significant reviews of
the utilization of AR in the field of education have primarily concentrated on its ped-
agogical advantages [25, 26]. Additionally, scholarly investigations have explored the
categorization of AR methodologies in educational settings [27] as well as the contex-
tual factors and distinguishing features associated with their implementation [28].
Other directions are related to usability.

Otherresearch examples include a study conducted by Song et al. [29] on the use of
AR in the context of learning, which has shown to enhance engagement in language
acquisition. Similarly, research done by Wei et al. [30] used the Partial Least Squares-
Structure Equation Modeling (PLS-SEM) approach in order to examine the inclina-
tion of educators to adopt AR as a prospective instructional aid. The study indicates
that there is a strong correlation between educators’ levels of creativity and their
desire to adopt novel practices or methodologies. The constructs of perceived ease
of use (PEU) and perceived usefulness (PU) have influenced the moderation of this
phenomenon. Additionally, research done within the context of Palestinian charac-
teristics has confirmed that the use of AR technology within an educational setting
can yield several innovative benefits in enhancing the development of twenty-first-
century skills among K-12 students [31]. The statement effectively underscores the
need to motivate educators and students to use AR as a tool for enhancing learn-
ing. It provides a crucial platform for discourse among educational institutions and
educators about the implementation of AR. A similar study [32] focused on female
students’ attitudes toward the use of AR to learn chemistry. The results showed that
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utilization of AR in learning topics such as atoms and molecules reactions has a
positive impact.

3  METHODOLOGY

The research was undertaken within the project titled EDUTAIN. This project
received funding from “The Swedish Foundation for the Internationalization of
Higher Education” and was specifically designed to enhance educational quality and
improve school conditions in developing nations. The project started in February
2022 and spanned a period of twelve months. During the month of May in the
year 2022, a group of educators and researchers from Palestine visited Linnaeus
University, an institution of higher education located in Sweden. A series of aca-
demic events, including lectures, seminars, and tutorials, were arranged to explore
emerging educational technology and ideas. These events also facilitated interac-
tions with teachers from North European country’s K-12 educational institutions.

3.1 Research approach

According to a preliminary field study by the researchers in both countries, it
became clear that the schools in question benefited significantly from widespread
community support, particularly in the form of educational resources such as mod-
ern classrooms and innovative teaching tools. Nonetheless, a discrepancy existed
in the acceptability and use of these tools, particularly in the context of educational
technology, where only a limited number of teachers and students had made use
of them. Also, it became clear from the report that the researchers presented at the
joint workshops held in Jordan in October 2022 that there is a significant lack of
an adequate AR technological infrastructure in schools in the country with low-
performing economy.

Motivated by these initial observations, the present research used an explanatory
sequential mixed-methods approach, including both a survey and semi-structured
interviews. According to Creswell and Creswell [33], the research strategy entails the
sequential collection and analysis of quantitative data followed by qualitative data
within a single study. The underlying rationale of this technique is that the use of
quantitative data and its subsequent analysis contribute to a thorough understand-
ing of the study subject. In contrast, qualitative data and its analysis serve to eluci-
date and provide a deeper understanding of the statistical findings by examining
the perspectives of the participants [33, 34]. The diagram illustrating our employed
methodological approach can be seen in Figure 1.

Phase 1 Phase 2

Collecting ‘
quantitative data -
online questionnaire
(survey)

| TIME >

Fig. 1. Research method adopted in the study

Analyzing Collecting qualitative! /Analyzing qualitative| Merging and
quantitative data data - interviews data interpreting results
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3.2 Participants and study settings

The study’s participants consisted of K-12 teachers from schools in two differ-
ent education systems, i.e., within an education system in a high-performing econ-
omy, i.e, Sweden, and an education system in a low-performing economy, i.e.,
Palestine. Convenience sampling was used in the present investigation. This meth-
odology enabled researchers to get a relevant sample efficiently and conveniently.
Furthermore, it allowed researchers to have access to a substantial number of
sample sets [35]. The use of this particular sample strategy was deemed favorable
due to the willingness of the chosen teachers to actively engage in the research. In
particular, the schools in Palestine were selected because one of the researchers had
been collaborating with their teachers. In total, 87 teachers from both Sweden and
Palestine answered the survey, whereas four teachers from Palestine additionally
participated in a semi-structured interview. After collecting the data from the survey,
interviews were performed to find deeper insights into the participants’ experiences
and perceptions and to help interpret and enrich the statistical results.

3.3 Survey details and data analysis

The education and specialization backgrounds of the teachers taking part in the
survey are presented in Table 1. As can be seen, the participating teachers in this
study had expertise and teaching experience predominantly in the fields of natural
science education, social science, and physical education, among others.

Table 1. Teachers’ expertise and the subjects taught

Country Natural Sciences Social Sciences Physical Education Other/Unspecified Total

Sweden 22 8 2 0 32
Palestine 27 18 0 10 55
Total 49 26 2 10 87

The examination of teachers’ opinions and attitudes towards AR, as well as their
willingness to include it in their future teaching practices, provided valuable insights
into the potential benefits and challenges of integrating AR in education. This inves-
tigation provided a comprehensive understanding of the possibilities and obstacles
associated with AR in education, considering the viewpoints of teachers. Throughout
the research process, ethical concerns, as outlined by Creswell and Creswell [33],
were followed.

In due course, a total of 87 teachers (32 from Sweden and 55 from Palestine)
engaged as participants in the survey research. Among them, the majority were
female teachers. The survey was administered during the 2023 spring semester.
Prior to undertaking the survey, participants were provided with an information
sheet that outlined the importance of maintaining anonymity and addressed ethi-
cal issues. Additionally, the provided information explained that participation in the
survey is voluntary and emphasized that the findings will only be disseminated in
an aggregated manner. Moreover, it assured that complete confidentiality was to be
maintained regarding the survey results. The survey has a total of 23 items, of which
22 were five-point Likert scale questions. The survey is categorized into four distinct
sections. The first section of the survey consisted of inquiries about participants’
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attitudes towards the utilization of AR [36], including the topic they teach. The sub-
sequent section included queries pertaining to the professional development of
teachers [37]. The third section of the survey included inquiries pertaining to the
participants’ desire to use AR [38, 39], while the final section of the survey comprised
queries pertaining to the ease of accessing AR [38, 39, 40, 41]. The survey structure
and its questions are presented in Appendix 3.

The statistical analysis of the survey results was conducted using the IBM SPSS
software. In order to assess the internal consistency, the interpretation of the results
was conducted through the utilization of Cronbach’s alpha. The researchers found
a Cronbach’s alpha coefficient of 0.884, which is higher than the commonly recog-
nized threshold of 0.700. This indicates that the scale used in the study has good
internal consistency [42]. The exploratory factor analysis to assess the validity of the
study was used.

Scree Plot

Eigenvalue
- o

>

~

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Component Number

Fig. 2. Exploratory factor analysis

As shown in Figure 2, based on the eigenvalues and the proportion of variance
accounted for by each factor, four factors were identified as the most significant
(see Appendix 1 for additional results). These factors account for 65% of the total
variance. The Kaiser-Meyer-Olkin (KMO) measure and Bartlett’s sphericity test were
used to assess the appropriateness of sample size and homogeneity. In the present
scenario, as shown in Appendix 1, a KMO value of 0.845 indicates that the sampling
is adequate. Additionally, Bartlett’s test of sphericity yielded a statistically significant
result (p < 0.05) [43]. This represents the first phase of the study, and the focus is on
statistical data analysis.

3.4 Interview protocol and data analysis

In addition to the quantitative part, as indicated in Figure 1, this study also incor-
porates the qualitative research approach, pertaining to the second phase. Four
teachers from Palestine took part in semi-structured interviews conducted on school
premises during the period 21.05.2023-30.05.2023. Each interview took, on average,
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50 minutes. Participants freely chose to participate in the research by giving clear
verbal consent to participate and recording the interviews beforehand. In Table 2,
we provide details about participants, such as the subject they teach and the city
where the school is located. The following five questions guided the interviews:

e Have you heard about AR and its implications in the classroom? If yes, how did
you learn about it?

e What are your perceptions on the integration of AR into teaching and learning
activities? Why? Please explain with examples!

e Howwouldyouplantointegrate ARin education? Can you explain with examples?

e What would be your strengths and weaknesses of using AR models in the
classroom?

e What kind of support system does your school have in facilitating teachers on
using AR technology in the classroom?

The analysis of the interview data started by reading and re-reading the inter-
view transcripts multiple times to get familiar with participants’ statements and
opinions. Thematic analysis was adopted as a method suitable for interview data,
and we closely followed the protocol used by Braun and Clarke [44]. During this
process, codes were identified and highlighted to indicate the relevance of some
of the topics discussed. Later, these codes were grouped into emerging themes, as
shown in Figure 4. Finally, the six themes are described in Appendix 2, comple-
mented by actual comments given by interviewed participants. In order to provide
confirmability, the data analysis process included a demonstration of the processes
taken during data collection, providing assurance that the data were not subject to
the researchers’ subjective interpretation or imagination [45]. The process of data
analysis for interviews was conducted independently and later combined by two of
the authors of this paper.

Table 2. Teachers’ expertise and the subjects taught

Participant Subject

P1 Biology

P2 Math and technology
P3 Chemistry

P4 Technology

4  ANALYSIS AND RESULTS

In this section, we provide the analysis and the findings obtained from the
quantitative as well as the qualitative approach.
4.1 Quantitative analysis

Within the scope of the study, the attitude levels of the teachers were determined.
Detailed information on the overall teachers’ attitude towards AR, its contribution

to the development of students’ skills, and the need for professional development is
given in the following subsections.

International Journal of Interactive Mobile Technologies (iJIM) 29


https://online-journals.org/index.php/i-jim
https://github.com/aewais/iJIM-article

Ewais et al.

30

In order to determine the attitudes of teachers from both Sweden and Palestine
towards AR (RQ1), an independent sample t-test was conducted, and the results are
presented in Table 3.

Table 3. Differences in attitudes towards AR

Attitudes Sweden 344 1.15

5.81 .000
Palestine 3.99 0.84

Table 3 shows a statistically significant difference in teachers’ attitudes about AR
(t = 5.81; p < .05), with teachers from Palestine expressing a more positive view
of AR-supported learning. This attitude can be associated with resource constraints
and the local context.

Descriptive statistics were used to determine the attitudes of teachers towards
the impact of AR on the enhancement of the skills of students and towards the need
for training and professional development for utilizing AR in teaching (RQ2). The
findings are shown in Figure 3 and Table 4.

B Mean | SD

5.00

Fig. 3. Attitude of teachers on AR contribution to developing students’ skills

According to the results, it was observed that teachers from Palestine exhibit a
higher level of optimism (M = 4.04, SD = 0.72) with regards to the influence of AR in
the enhancement of students’ skill development. In order to reveal whether there
is a significant difference in the teachers’ attitude in relation to receiving training
and resources for using AR, an independent t-samples test was conducted, and the
results are presented in Table 4.

Table 4. Differences in attitudes towards training and resources for AR-supported learning

Attitudes Sweden 3.86 1.06

248 .000
Palestine 4.08 0.79

As can be seen from Table 4, there exists a statistically significant difference in the
attitudes of teachers when it comes to receiving training and resources for utilizing
AR in education (t = 2.48, p < .05). In this context, teachers from Palestine show a
greater inclination towards receiving professional development opportunities and
training focused on effectively incorporating AR into the educational process.
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In order to answer RQ3, we conducted an independent sample t-test by merging
the results from two countries and grouping them into two sample categories, i.e.,
teachers with a natural science background versus teachers with a social science
background. The results are presented in Table 5.

Table 5. Differences in attitudes of teachers with natural versus social science background

Subject
Attitudes Natural science 3.97 0.89
0.77 43
Social science 392 0.87

As can be observed from Table 5, there is no statistically significant difference in
the level of attitudes between teachers with natural and social backgrounds when
it comes to professional development (t = 0.77, p > .05). Thus, teachers who have a
social science background have more negative attitudes toward receiving training
and professional support for using AR in education.

4.2 Qualitative analysis

An important insight from the survey was that respondents from Palestine, com-
pared to those from Sweden, were more positive towards using AR in their teaching
activities. To further get insights on this positive attitude, we gathered qualitative
data using interviews with teachers in Palestine. The interview outcomes address
research questions 2 and 3, and as such, they complement the quantitative analysis
and results pertaining to these two research questions.

The analysis resulted in six themes that provide highlights from the interviews.
After a few iterations between the process of developing codes and themes, we show
in Figure 4 an affinity diagram of the themes. The list of codes that came out from
analyzing interview transcripts and which were then grouped into themes is shown
in Appendix 2. In this section below, we elaborate on each theme and support it with
actual comments from participants.

THEME 1: THEME 2: THEME 3:
Improving course The need for School and Ministry
lessons using AR teacher training support

THEME 4: THEME 5: THEME 6:
Infrastructure and Content and apps Positive student
device needs availability attitude

Fig. 4. Depiction of themes using an affinity diagram
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Theme 1: Improving course lessons using AR. The interviewed teachers see
great opportunity when using augmented reality to improve lessons in their courses.
By improving the practical side of courses, AR could be used as a mechanism to
visualize and show concepts in different courses, such as biology, for instance, to
show animal classification, skeletons, and human body parts; chemistry, to visualize
atoms; and engineering, to show 3D drawings and show objects superimposed in
real environments, etc.

“Augmented reality applications allow seeing three-dimensional environments
such as volcanoes, skeletons, and planets as if it brings the imperceptible things
closer to the student and makes it easier for him to imagine and perceive them in a
fun and exciting manner” — P3.

“Augmented reality applications give us ease in explaining this lesson; when
[ want to explain this lesson, I only need a tablet device, element symbol cards, open
the application, and point the mobile phone camera towards the card, and it will
show us the element and the nucleus of the atom and the electronic distribution of
electrons (levels). It had a great impact on the student while seeing the electronic
distribution (orbits) of these electrons for these elements and imagining how their
image will be, bringing the meaning closer to the student” — P1.

The teachers highlighted that AR could be used in unofficial courses but also
courses that are given as part of the regular curriculum, especially in higher grades
(6 to 11). In a way, AR could be used in any course where the visualization of results
is seen as a way to improve student imagination to learn concepts.

“The ability to imagine, ability to visualize the result. ... The student points the
camera with his mobile or smart device on this two-dimensional diagram, then it
shows him on a three-dimensional form; the student was able to link the data and
the result directly. Augmented reality helps with the issue of imagining the three-
dimensional shapes” — P2.

The teachers also suggest that AR could be used to transform traditional text-
books, and the simplest way could be to provide a link that takes students to an AR
app within each lesson.

“Make the traditional textbook active. It provides very enjoyable activities and
events for students” — P3.

All teachers expressed much need for the AR technology to improve their lessons,
as one teacher said:

“We needed this technology and we needed to display the scientific structures
clearly so that we could communicate the information better during the lessons” — P1.

But also, AR proved to be helpful during the COVID-19 pandemic when students
were studying from home:

“This technology has a major role in communicating information and interacting
with students while they are at home during the Covid 19” — P1.

Theme 2: The need for teacher training. Another theme that came out of the
data analysis of the interviews is in relation to the comments teachers made about
the training needs when it comes to learning about AR. Most teachers said that it
takes personal effort to learn about AR, for example, by watching YouTube tutorials.

“I learned about these applications through YouTube, which contains a detailed
explanation of these applications and how to download them.” — P3.

As such, most teachers shared the opinion that a real challenge is the lack of train-
ing offered about the use of AR and its integration in courses.

“We cannot create environments that are in line with our courses, so we are
satisfied with what is available online due to the lack of sufficient training for us
which is based on personal effort.” — P3
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Teachers typically find apps on their own, learn how to use them, and then
improvise in different ways to integrate them within the courses they teach. Some
teachers have the perception that AR technology is difficult to learn; thus, training is
needed. One teacher got inspired by the Pokemon game and how the same approach
could be used in their courses.

“I learned about AR through the world Pokemon game that became famous in
2013, which requires opening the phone’s camera and wandering around to find
Pokemon characters.” — P4.

Theme 3: School and ministry support. In general, the ministry and schools
from which the interviewees came support the use of technology in education and
even highlight the importance of integrating AR into education.

“Now the ministry seeks for this technology to integrate education with technol-
ogy and traditional education.” — P1.

However, many initiatives are individually done by teachers and not taken by
the ministry, as one teacher stated:

“There was a course by the Gaza Directorate by the department of educational
supervision on augmented reality, so [ had a desire to attend this course because of
my interest in this topic.” — P1.

Additionally, many schools lack the knowledge on how this should be done.
Moreover, schools need to provide adequate financial support for buying tablets
and other devices needed for the integration of AR into courses.

“... we need financial support, for example, providing tablets is a problem when
there are six devices, so we need more financial support so that we can have every
student or every two students using the device comfortably ...” — P1

Considering the lack of budget that schools face, teachers and the schools often
look for external funding in order to supply classrooms with suitable devices needed
for utilizing the AR technology.

“... the school that it obtained a project for the digitization of education later in
the same year [2017], from which the school obtained 249 laptops and tablets.” — P4.

Theme 4: Infrastructure and device needs. The interviews revealed that there
are specific needs in terms of devices and infrastructure in order for the AR tech-
nology to be utilized in courses. However, it seems that the needs are different, and
strategies vary among schools. Some schools highlight the need for a strong internet
connection in order to be able to use the AR apps.

“... the problem of Internet speed remains.” — P4

In other schools, they state that the internet connection is strong enough, but they
lack suitable devices that can run AR apps. Another teacher stated that the internet is
not essential because most of the apps work offline, and the Internet is not a require-
ment. Some schools utilize students’ smartphones in order to direct them to install
the AR apps and use them in class. But this does not always work since some schools
have a no smartphone in a classroom policy, which makes it difficult for students to
use their own devices.

“... some schools do not allow the use of smart devices in the classroom because
they are afraid of some other aspects, such as the student being distracted, photo-
graphed or opening unwanted applications.” — P2

Additionally, although all students have smartphones, it could be an old device,
which might not run AR apps that typically require decent processing power. Some
schools have several iPads that were obtained from other previous projects, and
they typically group students and give them one iPad to work with since they do not
have one iPad per student, as one participant commented:

“The school provides a specific number of iPads, so T used to bring five iPads with
me and divide the class into groups, and each group had an iPad.” — P1.
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Theme 5: Content and app availability. A major challenge when it comes to inte-
grating AR technology in courses is the availability of apps and content. Luckily, many
teachers commented that usually they can find apps developed already by others and
that are freely available and can be used in their courses, as one participant said:

“Most of the applications are ready, there are some applications for free and there
are some of them paid, but the free applications are many and benefit the purpose
excellently.” — P1.

One teacher mentioned that she has identified 30 apps that are free and that she
uses in her courses.

“I have about 30 applications, including applications for chemistry, biology, and
life sciences.” — P1.

Additionally, most of these apps work offline. However, there are teachers who
think that there is a need for specialized apps, which can’t be developed because of
lack of knowledge. For instance, the math teacher stated:

“Developing apps needs a specialized person to build them, so most teachers, if
their major is not technology, will not be able to do it ...” — P2.

The same teacher also maintained that apps typically needed for his course are
expensive and also demand high processing power, which sometimes is difficult to
use In whatever devices they have available.

Theme 6: Positive student attitude. One common aspect that all interviewed
teachers agreed was that students are highly motivated to learn using the AR
technology. They maintained that in courses where AR was used to teach lessons,
students’ attention has increased as well as their participation and interaction, as
one participant commented:

“The use of applications helps to attract the student’s attention ... as well as the
interaction of students is improved.” — P1

Moreover, using AR helps students imagine concepts in courses that in other
ways could be difficult to grasp. All teachers agree that learning using AR is per-
ceived as fun and exciting for students. Some teachers, however, mentioned that in
the beginning, using AR is very difficult for students because they lack experience
and they find it challenging to understand the new teaching methodology. But once
they get to try the technology, they learn fast, and then they enjoy it.

“At the beginning, the students see the topic as new and for sure that they will
have difficulties.” — P2.

5  DISCUSSION

Based on the principles of engagement constructs specified by Fredricks et al. [3],
the current research has shown that AR has the potential to improve educational
activities related to teaching and learning. The three distinctive engagement compo-
nents, namely behavioral, emotional, and cognitive, can be effectively achieved via
the use of AR in educational practices and learning endeavors. The following subsec-
tions discuss the challenges and prospects of AR utilization among the school teachers.

5.1 Behavioral implications

According to the findings from RQ1, RQ2, and interviews, favorable perceptions
were noted among teachers about AR features for successful learning and engage-
ment, with teachers from Palestine demonstrating a more positive attitude. The
effectiveness of AR in learning is widely acknowledged in academic literature [46].

International Journal of Interactive Mobile Technologies (iJIM) JJIM | Vol. 19 No. 5 (2025)


https://online-journals.org/index.php/i-jim

iJIM [ Vol. 19 No. 5 (2025)

Assessing the Teachers' Readiness for Integrating Augmented Reality in K-12 Education: A Comparative Analysis

This is attributed to the immersive nature of these technologies, which use games,
3D graphics, and digital environments to provide auditory and visual stimuli that
promote comprehension and facilitate the acquisition of new skills [47].

Another reason why teachers have a favorable opinion of AR technology is
because these tools help students finish assignments by providing them with sug-
gestions and cues [48]. From the findings, it can also be inferred that teachers share
the opinion that AR technologies provide advantageous qualities that foster student
engagement via enjoyable and stimulating experiences, facilitate creative thinking,
and enable meaningful interaction with educational content. The understanding of
teachers about the manner in which students will interact with AR is crucial in har-
nessing its full potential and serves as the foundation for significant advancements
in these technologies within developing nations, such as Palestine. These positive
experiences could result in increased engagement and beneficial educational expe-
riences [49, 50, 51]. Increased student engagement through AR is also evidenced in
teacher interviews. Especially, themes one and six describe how the course engage-
ment had improved when AR was used to explain concepts that otherwise were
perceived as difficult to comprehend and visualize by students, which resulted in
students having a positive attitude towards using AR in their learning experience.

As also reported in other studies, AR has the capacity to enhance student engage-
ment and motivation. Teachers in developing nations see this approach as a helpful
means to sustain students’ engagement in the learning process, hence promoting
enhanced skill development across many academic disciplines [52, 53].

5.2 Emotional challenges

Teachers generally have a positive sentiment towards the integration of AR in
education [54]. Our findings indicate that most teachers from both countries believed
that the utilization of AR has the potential to provide enhanced educational achieve-
ments. The use of this technology facilitates the creation of immersive experiences
and enables the visualization of intricate ideas, hence assisting in the understanding
and retention of knowledge.

Although there is a prevailing favorable feeling, it is crucial to acknowledge that
the integration of AR may also provide problems and issues, including the need
for sufficient training and resources. Nevertheless, teachers generally have a posi-
tive sentiment towards the potential of AR to augment the educational experience.
Nevertheless, teachers in developing countries often have constraints in terms of
resource availability and access to opportunities for professional growth. Thus,
teachers may exhibit a greater inclination to use AR due to its potential as a finan-
cially viable means of enhancing teaching methods and effectively tackling distinct
classroom obstacles [55]. In addition, the educational challenges in developing coun-
tries can include unique characteristics, resulting in standardized approaches being
ineffective in certain instances. AR provides teachers with the ability to customize
solutions to suit their particular circumstances, making it a valuable tool for address-
ing local requirements [56]. Lastly, the integration of innovative technologies such
as AR in education may be seen as a step towards the modernization of educational
institutions. Teachers in developing countries may exhibit a greater tendency to use
AR as a means of aligning with global educational trends and preparing students for
the digital age, and with this, to connect with a broader, international education com-
munity, enriching their community of practice [52, 57]. This is further reinforced by
interviews we conducted with teachers in Palestine, who, coming from a developing
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country, showed great support for incorporating AR in their teaching activities. They,
however, also highlight challenges related to infrastructure and devices needed to
implement AR curricula as well as adequate teacher training. These aspects are elab-
orated on in themes two and four.

5.3 Cognitive challenges

Teachers in both countries were found to highlight the need for training on how
AR can be integrated effectively in the teaching process. Ariso [58] highlighted the
need to cultivate novel epistemic skills in order to effectively incorporate and use AR
to achieve desired educational goals. In light of this finding, Yeh and Lan [59] argue
that there exists a pressing need for research that prioritizes the teacher’s profes-
sional development.

It is imperative that while implementing emerging technologies like AR, authori-
ties engage in meticulous preparation and use effective strategies to ensure that the
introduction yields favorable outcomes for teachers. This suggests that prior to the
implementation of new technological tools and instructional methods, it is import-
ant for teachers to possess the necessary knowledge and readiness regarding the
use of AR. Hence, while creating instructional activities, it is crucial to use a blended
learning strategy that effectively integrates both AR and conventional teaching
approaches [60].

The attitude of teachers in developing nations towards acquiring training and
resources for the utilization of AR in educational settings can exhibit considerable
variation depending on factors such as technological accessibility, understanding
of the potential advantages of AR, and the degree of support extended by educa-
tional governing bodies [40]. When it comes to the influence of AR in the enhance-
ment of students’ skill development, the results indicate that teachers from Palestine
expressed a higher level of optimism. Many teachers acknowledge the value of AR
being readily accessible through cost-effective devices such as smartphones. The
accessibility of AR technology enables students from various socioeconomic back-
grounds to access and use AR-enhanced learning, which has the potential to mitigate
inequality in education and foster skill development [61]. Research conducted in
Sweden has shown promising findings regarding the use of AR solutions in educa-
tional settings to enhance students’ understanding of the interplay between instruc-
tional and entertainment activities inside classrooms [62, 63, 64]. Nevertheless, the
integration of AR technology in education is not without its obstacles. One such dif-
ficulty pertains to the insufficient integration of pedagogical aspects in the imple-
mentation of AR technology [65]. Additionally, the development of sustainable plans,
such as curriculums, is necessary to ensure the long-term viability of AR technology
in educational settings.

As indicated by the findings from RQ3, teachers with a social science background
have more negative attitudes toward receiving training and professional support for
using AR in education. In such scenarios, training should be designed so that it aligns
with social science teachers’ specific pedagogical goals, emphasizing AR’s potential
for enhancing interactive and experiential learning in their subjects. In addition,
with regards to design considerations, there exists a shortage of standardized and
cohesive frameworks for the systematic development and evaluation of AR tech-
niques [66, 67]. Support for this can be seen in themes five and three extracted
from teacher interviews. While AR apps and content are available, those are not
internally designed and developed with the intention of complementing traditional
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teaching methods. Instead, teachers try and use them as they see fit, without following
any structured framework to ensure the quality of the teaching outcome. This indi-
cates the necessity for schools and educational institutions, including the Ministry,
to provide support and strategic planning tailored to actual needs and context.

5.4 Implications and recommendations

This study also serves as a call to action for authorities to provide educators with
the necessary pedagogical and technological competencies, along with suitable
resources and tools. This will enable educators to effectively implement educational
changes that promote more adaptable models and practices. This change would help
to promote active learning and encourage students to embrace critical learning skills.

Based on the findings from this study, we provide the following recommen-
dations for educators regarding AR use in K-12 education, with special emphasis
on Palestine:

e Curriculum alignment: Ensure AR applications are tailored to the Palestine
curriculum to make learning experiences relevant and support the acquisition of
twenty-first-century skills.

¢ Professional development: The study confirmed that teachers from Palestine
showed greater inclination towards receiving professional development oppor-
tunities and training focused on effectively incorporating AR into the educational
process. Anyhow, providing continuous training to build both pedagogical and
technical skills required for integrating AR effectively is necessary. This might
include workshops or certifications in digital pedagogy.

e Active learning implementation: Use AR to create interactive and hands-on
learning opportunities, promoting active learning and enhancing critical think-
ing skills among students.

On the other hand, concerning the policymakers, we highlight the following
recommendations:

e Resource allocation: Invest in the necessary tools and technological infrastruc-
ture to support the adoption of AR in schools, including devices, software, and
support materials.

e Broader research support: Encourage and fund studies with a larger, more
diverse sample to understand the broader impact of AR on educational outcomes
across different demographics and regions.

o Alternative technology research: Promote exploration of other technologies,
such as VR or Al, for potentially improved comprehension of complex subjects,
especially in science and math education.

o Standardized AR development: Collaborate with developers to create AR tools
that meet educational standards and address curriculum needs effectively.

This study presents significant findings that may be particularly useful to the
Palestinian government, educational institutions, teachers, and other stakehold-
ers engaged in the use of AR within the educational sector of Palestine. Numerous
studies conducted in contexts comparable to Palestine validate the significance of
synchronizing the development of AR applications with the Palestinian curricu-
lum [51, 31, 68]. Schools in resource-limited environments tend to adopt innovative
technologies like AR more readily, as these tools offer a way to overcome logistical
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challenges and elevate learning quality without extensive infrastructure invest-
ment, thus the more favorable perception of AR in Palestine. This study’s findings
align with the global trend of growing AR adoption in K-12 education, reinforcing its
role as an inclusive educational tool adaptable to varying resource levels.

5.5 Limitations and future work

It is important to note that the scope of the results is limited to educational insti-
tutions specifically situated in Sweden and Palestine. Furthermore, it is worth men-
tioning that the role of school management has not been taken into consideration as
a variable in this study.

The study was conducted on a limited sample size, which poses challenges in
extrapolating the results to a broader population. Hence, it is essential that future
research endeavors include a broader range of participants from diverse geograph-
ical locations in order to get a more comprehensive understanding of the obstacles
and opportunities associated with AR. Moreover, future research may explore the
efficacy of alternative technologies in comprehending complex scientific subjects,
which may be conducted via experimental design. Such research will delve deeper
into the impact of technological infrastructure on AR implementation, and usability
issues for AR applications.

6  CONCLUSION

In this study, we examined the implications of teachers’ attitudes towards AR and
its application within the K-12 educational setting. More specifically, the perspec-
tives of educators about learning, cognitive development, personal growth, social
skills, and professional training within the educational domain were investigated.
The need for undertaking this study arises from the notion that the adoption of AR
in educational settings would be subject to its perceived efficacy in facilitating teach-
ing, learning, and skill acquisition.

The findings indicate that there exist notable differences between educators from
Sweden and Palestine in terms of their use of AR for enhancing students’ abilities
and their access to training and resources for incorporating AR into educational prac-
tices. Therefore, it is important for educational institutions and application develop-
ers to consider a range of learning and teaching methods, as well as specific needs,
throughout the process of developing and incorporating AR into the curriculum.

In conclusion, the study underscores the innovative potential of augmented real-
ity in education, notably in augmenting student engagement and promoting learn-
ing outcomes. AR promotes active learning and facilitates the cultivation of essential
twenty-first-century skills via immersive, interactive experiences. These benefits are
especially relevant for educators and stakeholders in Palestine, since connecting AR
with the curriculum may guarantee that the technology functions as an effective
instructional tool.
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