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Abstract

Augmented Reality (AR) can enhance learning experiences offering many benefits to students. However, its integration
in educational practice is rather limited due to several obstacles. One of these obstacles is the absence of AR digital com-
petencies among instructors. Limited research exists about teachers’competence areas in integrating AR in teaching and
learning. The current study utilizes the validated Teachers’ AR Competences (TARC) framework to investigate teachers’
self-perceived competences in creating, using, and managing AR resources. Furthermore, it investigates educators’ attitudes
towards integrating AR in education. An online survey received responses from 150 educators worldwide. Quantitative
results indicated that while teachers have positive attitudes towards educational AR, they do not feel confident in creating,
using, or managing AR resources and experiences. All TARC subscales found to be significantly correlated to attitudes
towards AR. No significant differences were found across all competence areas in regard to gender, age, and teaching level.
However, statistically significant differences were found across all competence areas with respect to the teaching subject,
general digital skills level, and previous class use of AR. Among the main practice and policy implications discussed, we
suggest the need for training teachers in instructional design that deploys AR experiences.
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Introduction

Augmented reality (AR) refers to technologies where digi-
tal objects are superimposed on the real word so users can
interact with both (Cuendet et al., 2013). UNESCO has
acknowledged AR as an emerging digital technology that
can transform and enrich education by providing new edu-
cational experiences and opportunities (Miao et al., 2022).
This emerging technology has been exploited in different
areas of education such as mathematics, physics, biology,
health, languages, and more (Garzon et al., 2019).
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Research has shown that AR can enhance the learn-
ing process. It enables the visualization of theoretical and
abstract concepts and situations (Arici et al., 2021; Da Silva
et al., 2019), enhances collaborative learning (Chang &
Hwang, 2018;) as well as experiential (Mystakidis et al.,
2022) and situated learning (Cai et al., 2022). Moreover, AR
can offer various benefits to students. Studies have shown
that AR can increase students’ interest (Alalwan et al., 2020;
Belda-Medina & Calvo-Ferrer, 2022), motivation (Belda-
Medina & Calvo-Ferrer, 2022; Chang & Hwang, 2018),
enjoyment (Alalwan et al., 2020).

However, there are several barriers that prevent the wide
adoption of AR in education. These barriers are related to
the technology, the students, the schools, and the teachers.
Previous studies reported that one main challenge in AR
adoption is that AR is “difficult for students to use” (Akgayir,
& Akgayir, 2017). Usability is an important technical fac-
tor (Chang et al., 2014) and students either do not always
have the digital skills to use AR or the skills to overcome
usability or possible technical issues (Perifanou et al., 2023).
Moreover, from a pedagogical integration perspective, AR
may often distract students’ attention (Alalwan et al., 2020;
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Ibafiez & Delgado-Kloos, 2018). In addition, schools may
not support AR (Barroso-Osuna et al., 2019), may have poli-
cies (such as the BYOD policy restrictions) that prohibit AR
adoption (Alalwan et al., 2020; Perifanou et al., 2023), and
lack both budget (Heintz et al., 2021) and appropriate digi-
tal infrastructure (Alalwan et al., 2020; Alkhattabi, 2017).
Moreover, there is limited availability of quality AR material
and resources that teachers can use in the classroom (Arici
et al., 2021; Barroso-Osuna et al., 2019) and in addition,
teaching time to experiment with AR is often limited (Heintz
et al., 2021; Tzima et al., 2019). Therefore, most in-service
teachers do not utilize AR applications in the classroom and
have never created any AR application (Tzima et al., 2019).

Finally, another main obstacle is the teachers’ lack of
appropriate digital competences (Perifanou et al., 2023;
Tzima et al., 2019). For example, only 39% of teachers in
the European Union feel well prepared for using digital tech-
nologies in their daily work (OECD, 2019). While various
digital skills such as computer programming, 3D modelling
and animation software are required for the development
of AR applications, most teachers do not have these skills
(Belda-Medina & Calvo-Ferrer, 2022; Perifanou et al., 2023;
Tzima et al., 2019). Even young future teachers (students)
lack the skills necessary to develop AR apps and incorpo-
rate them into actual classroom instruction (Belda-Medina
& Calvo-Ferrer, 2022). In addition to the lack of advanced
digital skills for creating AR applications, teachers also lack
pedagogical and technological knowledge as well as skills
for implementing and integrating AR in class (da Silva et al.,
2019; Belda-Medina & Calvo-Ferrer, 2022). Since teachers
are key actors in the educational process, policies interna-
tionally prioritize the development of teachers’ digital com-
petence (European Union, 2022; OECD, 2019).

However, a main question is in which specific areas teach-
ers lack digital competencies. Previous studies (Alalwan
et al., 2020; Arici et al., 2021; Heintz et al., 2021) point out
that there is limited research with regard to teachers’ com-
petences in incorporating augmented reality into instruction.
Moreover, limited studies exist to investigate the impact of
other variables (e.g., age, teaching level and experience,
teaching subject, etc.) on teachers’ attitudes towards AR
integration and their perceived competences in integrating
AR in teaching and learning (Heintz et al., 2021).

Thus, the current study will try to answer the following
research questions:

1. What are teachers’ attitudes on integrating AR in educa-
tion?

2. What are the teachers’ self-perceived skills on creating,
using, and managing AR resources?

3. How teachers’ attitudes towards integrating AR in edu-
cation correlate with their competences to create, use,
and manage AR resources?

@ Springer

4. How teachers’ AR attitudes and self-perceived skill lev-
els differ across gender, age, teaching level, teaching
experience, teaching subject, general digital skills level,
and previous class use of AR?

Literature Review

According to Alalwan et al. (2020), Arici et al. (2021), and
Heintz et al. (2021) there is limited research with regard
to teachers’ competences in integrating AR in teaching
and learning. Moreover, few studies exist to investigate the
impact of other teachers’ characteristics (e.g., age, teaching
level and experience, teaching subject, etc.) on their attitudes
towards AR and their perceived competences in integrating
AR in teaching and learning (Heintz et al., 2021). Previ-
ous studies found that teachers are not proficient in creat-
ing AR applications (Belda-Medina & Calvo-Ferrer, 2022;
Perifanou et al., 2023; Tzima et al., 2019). For example,
Tzima et al. (2019) found that the majority of educators
never developed an augmented reality application and did
not use it in their instruction. In addition, based on the tech-
nological, pedagogical, and content knowledge (TPACK)
framework, Belda-Medina and Calvo-Ferrer (2022) found
that pre-service language teachers (students) lacked the
skills necessary to develop AR apps and incorporate them
into actual classroom instruction.

Teachers’ attitudes toward incorporating AR into educa-
tional settings have become a subject of growing interest due
to the potential transformative impact of AR on pedagogy.
Most studies found that in-service and preservice teach-
ers generally hold positive attitudes towards AR’s poten-
tial to enhance teaching and learning (Ashley-Welbeck &
Vlachopoulos, 2020; Belda-Medina & Calvo-Ferrer, 2022;
Hervas-Gomez et al., 2017. AR helps to visualize tangible or
intangible resources, provide extra layers of information and
facilitates interactivity (Marin-Marin et al., 2023; Perifanou
et al., 2023).

Several studies employed the Technology Acceptance
Model (TAM) as a theoretical framework to understand
teachers’ inclinations toward adopting AR in education.
Jang et al. (2021) found that teachers’ favorable views of
AR and VR-enabled education affect their continuous use
in the classroom. In addition, Asiri (2022) discovered that
perceived ease-of-use affects teachers’ attitude to use AR in
teaching. However, a study of mathematics teachers using an
AR geometry tutorial system revealed no direct effect of per-
ceived ease-of-use on attitude (Iblili et al., 2019). Similarly,
based on TAM, Mikropoulos et al. (2022) and Koutromanos
et al. (2023) found that perceived ease-of-use does not affect
Greek teachers’ attitude towards using AR in their teach-
ing. On the other hand, perceived usefulness and perceived
enjoyment affect teachers’ attitude. In turn, attitude affects
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intention to use AR in teaching. Finally, Marin-Marin et al.
(2023) showed that Spanish secondary education teachers
had a positive attitude towards developing and applying AR
in teaching. Similar studies on teachers’ self-perceived com-
petences have been based on various frameworks such as
TAM (Koutromanos et al., 2023) or TPACK (Belda-Medina
& Calvo-Ferrer, 2022).

Our study is novel because it is the first one that uses the
validated TARC model (Nikou et al., 2023) which focuses
exclusively on AR-specific competences. The current study
examines all specific AR competence subscales instead of an
overall AR competence level. Furthermore, very few studies
investigated both constructs (teachers’ AR skills and teach-
ers’ attitudes toward AR in education) together. Ripsam and
Nerdel (2024) investigated teachers’ attitudes and self-effi-
cacy toward AR in chemistry education and they found only
a weak correlation between self- efficacy regarding digital
media and acceptance. The authors urged for future research
to examine relationships between digital skills, attitude and
acceptance. So, the current study will further investigate this
issue.

Finally, very few studies investigated the teachers’ AR
attitudes and AR competences across their personal charac-
teristics. Jwaifell (2019) found the years of teaching experi-
ence had no impact on a teacher’s readiness for AR, and that
female teachers were more prepared than male teachers to
embrace AR. Marin-Marin et al. (2023) found that teachers’
age and teaching experience influence their attitude toward
using AR. Nikou et al. (2023) found significant differences
of teachers’ AR competences with respect to teaching sub-
ject, general digital skills and previous AR class experience.
However, there were not any significant associations of AR

Fig.1 Teachers’ AR competen-
cies (TARC) framework

competences with respect to gender and age. Compared to
secondary and primary levels, educators in higher educa-
tion institutions self-reported having a higher competency
level for creating, changing, and designing augmented real-
ity resources.

Theoretical Background

The study uses the Teachers’ Augmented Reality Compe-
tences (TARC) framework proposed by (Nikou et al., 2022)
as its theoretical background. TARC defines three AR
competence subscales for teachers, namely: Create, Use,
and Manage AR learning resources (Fig. 1) and can help
educators to self-assess their AR competencies in order to
integrate AR in their practice. Creation refers to the capac-
ity to design, develop, and modify augmented reality learn-
ing resources and experiences. Use refers to the capacity
to employ various pedagogies and teach using AR, design
and deploy assessment and provide feedback using in AR.
Management refers to the capacity to find, organise/classify,
and evaluate augmented reality learning resources as well as
taking into account concerns about security, safety, and eth-
ics while incorporating augmented reality into instruction.
The framework deemed appropriate to inform the current
study because it addresses all the challenges involved on the
integration of AR into teaching. TARC has been success-
fully used to frame other prior studies (Nikou et al., 2024a,
b; Nikou et al., 2024b). The main instrument of the current
study is based on the TARC framework, and it is described
in the methods section.

CREATION
Design
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Modification

MANAGEMENT
Search - Evaluation -
Organisation

Ethics - Security &

USE
Pedagogies - Teaching
Assessment - Feedback
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Methods

The study employed a quantitative research design relying
on collection and analysis of numerical data, a frequently
used strategy in social and psychological research (Single-
ton & Straits, 2009). Specifically, the study followed a non-
experimental descriptive design employing a survey. The
chosen research design is a descriptive method defined as
“the collection of information from a sample of individu-
als through their responses to questions” (Check & Schutt,
2012, p. 160) aiming to describe characteristics of a group
or population (Fraenkel et al., 2012). We have chosen this
design with the intention of “simply study the phenomenon
of interest as it exists naturally” without any attempt to
“manipulate the individuals, conditions or events” (Mertler,
2016, p. 111). Among the several data collection modes, we
have chosen a web-based survey as it is a convenient and
cost-effective method. For our worldwide survey we have
used convenience sampling as a feasible method to collect
data from multiple regions and demographics. Furthermore,
since there is not much research on teachers’ competences
to integrate Augmented Reality in education, convenience
sampling provides a practical and quick means to gather
initial data and gain insights that can inform future, more
large-scale studies.

Procedure

The survey was conducted from May to June 2022, after
ethical approval was granted by the University Ethics Com-
mittee. Researchers disseminated at international level a
web-based questionnaire through teachers’ social media
channels and teachers’ associations’ discussion email lists.
Social media channels and associations specifically for
teachers ensure that the survey reaches the intended demo-
graphic directly, helping to increase the representative-
ness of the resulting sample. Moreover, teachers who are
members of these channels and associations are likely to
be more engaged and interested in professional discussions,
including surveys that pertain to their field. Participants were
directed to a Qualtrics questionnaire through initial conduct
via social media or emails. Participation in the study was
completely voluntary and anonymous.

Materials

In order to avoid any misconceptions about AR, the ques-
tionnaire included in the beginning, a clear and concise
definition of AR as well as a short video about AR in order
to ensure all participants have a consistent understanding
of the concept. So, all participants would be able to work
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from the same baseline definition, reducing variability in
interpretation. Furthermore, the survey was pilot tested with
a small diverse group of individuals to identify and address
any ambiguities or misunderstandings regarding AR.

The questionnaire itself consisted of three sections. The
first section focused on participants’ socio-demographic
and teaching related data. This section included multiple
choice questions about participants’ gender, age, country
of teaching, general digital skills level (basic, intermediate,
advance), level and subject of teaching as well as previous
experience with AR. The second section (questions A1-A4)
focused on participants’ attitudes towards integrating AR
in education. The third section focused on teachers’ self-
perceptions on their skills to create, use, and manage AR
educational resources and has been adopted from the TARC
framework questionnaire. The TARC questionnaire has been
validated by (Nikou et al., 2023) through a confirmatory
factor analysis that demonstrated valid results in terms of
model fit criteria, factor loadings, validity, and reliability.
This third section of the study questionnaire included three
subscales namely teachers’ beliefs on their skills to create,
use and manage AR educational resources. The AR creation
subscale incorporated aspects of designing, developing, and
modifying AR resources and comprises questions C1-C3.
The AR use subscale incorporated aspects of using pedagog-
ical, instructional, assessment and feedback practices and
comprises questions U1-U4. The AR management subscale
incorporated aspects of searching, evaluating, organizing as
well as ethical and safety issues and comprises questions
MI1-M5. The questions for the attitudes and AR competen-
cies were 5-point Likert-type, ranging from “Strongly disa-
gree (1) to “Strongly agree” (5).

Participants

A total of 176 responses were collected via Qualtrics. The
final sample, however, consisted of 150 responses after a
few were removed for being incomplete. Participants’ demo-
graphic data and their teaching related characteristics are
shown in Tables 1 and 2 respectively.

Findings and Data Analysis

The data collected through the Likert-type questionnaire
comprise ordinal data (Sullivan & Artino, 2013) and due to
its ordinalist interpretation, nonparametric tests were used
(South et al., 2022) without any assumption for the normal-
ity or continuity of the data (Harpe, 2015). Therefore, the
median, mode, and interquartile range (IQR) were used to
present central tendency measures as being more appropri-
ate (Jamieson, 2004; Sullivan & Artino, 2013). The Cron-
bach’s alpha reliability coefficient of internal consistency
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Table 1 Participants socio-demographic characteristics (N=150)

Demographic variables Percentage
Gender Female 49.9%
Male 46.6%
Prefer to self-describe 1.2%
Preferred not to say 2.4%
Age 21-40 years old 28.5%
41-60 years old 63.4%
61-70 years old 5.4%
other/prefer not to say 2.7%
Country UK 17.5%
Greece 16.2%
Malta 12.3%
USA 7.2%
India 5.5%
Portugal 3.8%
Canada 2.5%
Australia 2.5%
38 other countries 32.5%
General digital skills ~ Basic 9.7%
level
Intermediate 43.0%
Advanced 47.3%

for all scale items was calculate ensing that all Cronbach’s
o values are greater than 0.7 demonstrating the internal
consistency of the questionnaire (Cronbach, 1951; Leung,
2011). Further analysis to determine the statistically sig-
nificant differences in beliefs between the various teachers’
groups was performed using the non-parametric criterion
Kruskal-Wallis (Dancey & Reidy, 2017). Pairwise post hoc

tests were then performed to evaluate pairwise differences
among the groups, controlling for Type I error across tests
by using the Bonferroni approach with the alpha-level set to
0.05 and the sample size 150. The post-hoc analysis consid-
ered the following effect sizes for the eta-squared estimates:
0.01 <n*<0.06 as small, 0.06 <n?><0.14 as moderate and
n%2>0.14 as large (Tomczak & Tomczak, 2014; Perugini
et al., 2018). Eta-squared calculates the percentage of the
total variance in a dependent variable that is related to the
membership of different groups defined by an independent
variable (Richardson, 2011).

Techers’ Attitudes Towards AR

Addressing the first research question “What are teachers’ atti-
tudes on integrating AR in education”, participants were asked
questions about their attitudes towards AR. The results of their
answers are presented in Table 3. The Cronbach’s alpha reli-
ability coefficient is 0.949, which indicates a high level of
internal consistency for our scale with this specific sample.

In terms of central tendency, teachers feel positive regard-
ing the use of AR, they believe that it is good for teaching
making it more interesting. In general, they have favourable
attitudes toward using AR in teaching (median=4, IQR=1).
This encouraging finding is essential for the successful inte-
gration of AR into education.

Teachers’ Self-perceived Competences on Creating AR
Resources

Addressing the section of the second research question
that refers to the creation competences, “What are teach-
ers’ self-perceived skills on creating AR resources”,

Table 2 Participants teaching

related characteristics (N=150)

Teaching related characteristics Percentage
Teaching level Primary 9.3%
Secondary 27.3%
Tertiary 59.3%
Other 4%
Teaching Experience 1-10 years 28%
11-30 years 47.9%
31-40 years 10.2%
other/prefer not to say 32%
Teaching Subject/Discipline Science (Math, Physics, Chemistry, Biology) 19.3%
Informatics/Engineering/Technology 50.0%
Economics/Social Sciences 4.8%
Languages/Literature 6.7%
Arts 32%
Other 12.9%
Previous AR use in class Yes 36.0%
No 64.0%
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Table 3 Teachers’ response frequencies of Likert type questions about their attitudes towards AR (N=150)

Likert Scale 1 2 3 4 5 Median Mode IQR
Strongly  Disagree Do notknow Agree Strongly
Disagree Agree
Al Ifeel positive regarding the use of AR in teaching. 5 2 25 57 61 4 5 1
A2 Ibelieve it is a good idea to use AR in teaching. 4 0 23 61 62 4 5 1
A3 Using AR makes teaching more interesting. 4 1 22 55 68 4 5 1
A4 Thave a generally favourable attitude toward using 5 1 20 68 56 4 4 1

AR in teaching

participants were asked questions about their self-per-
ceived skills on creating, namely designing (C1), devel-
oping (C2), and modifying (C3) AR resources.

Teachers’ self-perceptions on their skills in creatin
(designing, developing, and modifying AR resources)
are presented in Table 4. The Cronbach’s alpha reliability
coefficient is 0.929, which indicates a high level of internal
consistency for the subscale.

In terms of central tendency, teachers do not seem to be
quite sure if they can create AR resources (median=3) and
in terms of the most frequent answer, teachers tended to
respond, “I do not know”. The percentage of teachers who
believe that they cannot design AR resources (n=60, 40%) is
greater than the percentage of the teachers who believe that
they can (n=49, 32%). Teachers’ beliefs for their ability to
develop or modify AR resources seem to be divided. Many
teachers responded that they could develop (n=53, 35%)
and modify (n=55, 37%) AR resources but a roughly equal
number indicated that they cannot develop (n=51, 34%) or
modify (n=57, 38%) AR. Teachers’ self-reported uncertainty
regarding AR creation competences shows that a significant
percentage of teachers (almost half) either have not had the
opportunity to create AR or do not actually have this capacity.

Teachers’ Self-perceived Competences on Using AR
Resources to Teach

Addressing the section of the second research question
that refers to the usage competences, “What are teachers’

self-perceived skills on using AR resources in teaching”,
participants were asked questions about their self-perceived
skills on using AR resources employing pedagogies (U1),
teaching (U2), assessing (U3) and giving feedback (U4).
Teachers’ self-reported skills on using AR resources to teach
(including pedagogies, teaching practices, assessment, scaf-
folding) are presented in Table 5. The Cronbach’s alpha reli-
ability coefficient is 0.961, which indicates a high level of
internal consistency for the subscale.

In terms of central tendency, again neutrality has been
recorded about teachers’ beliefs regarding their ability to use
AR for teaching (median =3) and considering the mode, the
most frequent answer was also “I do not know”. From the
teachers who gave a non-neutral answer, more teachers feel
confident to teach with AR (n=65, 43%) compared to those
who do not (n=155, 37%) while less teachers feel confident
to assess using AR (n=46, 31%) compared to those who
do not (n=58, 39%). Teachers’ beliefs for their ability to
employ pedagogies or provide feedback with AR seem to be
divided. This uncertainty, considering the positive attitudes
towards AR for the majority of teachers, evidence that while
teachers would like to use AR, they struggle to use it.

Teachers’ Self-perceived Competences to Manage AR
Resources

Addressing the section of the second research question
that refers to the management competences, “What are
teachers’ self-perceived skills on managing AR resources”,

Table4 Teachers’ response frequencies of Likert type questions about their skills on creating (designing, developing, modifying) AR resources (N=150)

Likert Scale 1 2 3 4 5 Median Mode IQR
Strongly Disagree Do not know Agree Strongly
Disagree Agree
C1 Icandesign AR educational experiences using AR applica- 33 27 41 28 21 3 3 2
tions and tools to meet specific educational objectives
C2 Ican develop AR educational resources using easy-to-use 29 22 46 35 18 3 3 2
AR templates and asset libraries.
C3 I can modify and adapt AR educational resources to my 29 28 38 39 16 3 4 2
teaching goals.
@ Springer AECT
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Table 5 Teachers’ response frequencies of Likert type questions about their skills on using AR resources to teach (N=150)

Likert Scale 1 2 3 4 5 Median Mode IQR
Strongly Disagree Do not know Agree Strongly
Disagree Agree
Ul Ican use AR educational resources and tools employing 21 33 40 32 24 3 3 2
various pedagogies and teaching methods.
U2 Ican use AR educational resources and tools to teach (e.g., 21 24 40 34 31 3 3 2
present, demonstrate, explain the educational content) my
students.
U3 Icanuse AR educational resources and tools (e.g., AR and 26 32 46 29 17 3 3 2
multimodal game-based and/or simulation-based assess-
ments) to assess the students’ progress.
U4 Icanuse AR educational resources (e.g., avatars, multi- 25 34 41 27 23 3 3 2

modal interfaces) to guide, feedback, advise, support, and
inspire students.

participants were asked questions about their self-per-
ceived skills on managing namely, searching (M1), organ-
ising (M2), evaluating AR (M3) resources as well as con-
sidering ethical (M4) and safety issues (M5). Teachers’
self-reported skills to manage AR resources (including
searching, organising, evaluating, and considering ethical
and safety issues) are presented in Table 6. The Cronbach’s
alpha reliability coefficient is 0.955, which indicates a high
level of internal consistency for the subscale.

In terms of central tendency, teachers do not seem to be
quite sure if they can manage AR resources (median=3).
Moreover, considering the mode, the most frequent answer
was “I do not know”. From the teachers who gave a non-
neutral answer, more teachers believe that they can search
(n=73,49%), evaluate (n=58, 39%), and organise (n =56,
37%) AR resources respectively comparing to those who

cannot search (n=37, 25%), evaluate (n=48, 32%) and
organise (n=49, 33%). More teachers (n=57, 38%) reported
confident with ethical related issues compared to those who
reported that they do not (n=49, 33%). Teachers’ confidence
about safety related AR issues seems to be divided. Teach-
ers’ self-reported confidence to manage AR resources (i.e.,
search, evaluate and organise) is promising for the employ-
ment of AR in teaching while the lack of safety AR compe-
tences is an important issue to consider.

Relationships between Teachers’ Attitudes
towards AR, Their Competences to Create, Use
and Manage AR Resources

In order to address the third research question and determine
the relationship between the questionnaire subscales we have

Table 6 Teachers’ response frequencies of Likert type questions about their skills to manage AR resources (N=150)

Likert Scale 1 2 3 4 5 Median Mode IQR
Strongly Disagree Do not know Agree Strongly
Disagree Agree
M1 [Ican use search engines, digital repositories, and databases 22 15 40 39 34 3 3 1.25
to find existing AR educational resources and tools using
appropriate criteria, metadata filters, and recommender
systems.
M2 I can evaluate AR educational resources and tools using 29 19 44 30 28 3 3 2
appropriate criteria.
M3 I can organize and schedule the most appropriate AR educa- 30 19 45 37 19 3 3 2
tional resources and tools for achieving specific educational
objectives.
M4 I can ensure and control the ethical and responsible use of 31 18 44 36 21 3 3 2
AR resources and tools by all participating in the educa-
tional activities (e.g., respecting participants’ personality,
privacy, rights).
M5 I can secure the safe use of AR resources and tools by all 30 23 42 36 19 3 3 2

participating in the educational activities (e.g., securing
participants’ resources, safety, health).

. @ Springer
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conducted Spearman’s rank-order correlation tests. We have
considered that calculating the mean for data measured at
the ordinal level as appropriate (Carifio & Perla, 2008;2007)
and acceptable (Harpe, 2015; Sullivan & Artino, 2013). A
Spearman rank order correlation was calculated on the mean
scores of the questionnaire subscales to determine if they
are significantly correlated. Results are depicted in Table 7.
Correlations between 0.30 and 0.50 are considered moder-
ate, whereas those above 0.50 are considered strong (Cohen,
1988).

The construct of attitudes towards AR was correlated at
a statistically moderate significant level with AR creation
(r=0.373, p<0.01), AR use (r=0.394, p<0.01), and AR
management (r=0.370, p <0.01). Moreover, AR creation
was correlated at a statistically high significant level with
AR use (r=0.777, p<0.01) and AR management (r=0.706,
p<0.01), and AR use was correlated at a statistically high
significant level with AR management (r=0.783, p <0.01).
Teachers with positive attitudes towards AR, and better AR
creation and management skills are more likely to be more
competent to use AR in their teaching.

Differences in Teachers’ AR Attitudes
and self-perceived Skill Levels across Multiple
Groups

Addressing the fourth research question on the differences in
teachers’ AR attitudes and self-perceived skill levels across
gender, age, teaching level and teaching experience, teach-
ing subject, general digital skills level and previous class
use of AR, we performed rank-based nonparametric tests.
The Kruskal-Wallis tests revealed no significant differences
among the individual subgroups for the grouping variables
gender, age and teaching level (Table 8). The alpha level
was set < 0.05 and the obtained sample size of the survey
150 was used for the assessments.

However, for the grouping variables of teaching sub-
ject (Science, Informatics/Engineering, Economics/Social
Sciences, Languages/Literature, Arts and Other), general
digital skills level (Beginner, Intermediate and Proficient)
and previous class use of AR (yes/no), the tests revealed
statistically significant differences among the subgroups.

Table7 Spearman rank order correlations for the subscales of the
questionnaire

Attitude AR creation AR use AR management

Attitude - 0.373%:* 0.394%*  (.370%%*
AR creation - 0.777**% 0.706%*
AR use - 0.783%:*

AR management -

**p<0.01;
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For the teaching experience grouping variable significant
differences were found only for the subscales of modifying,
evaluating and security and safety competences (Table 8).
The conducted post-hoc analysis for each individual ques-
tionnaire item for the grouping variables teaching subject,
general digital skills level, and previous class use of AR,
revealed similar effect sizes, indicating similar magnitude
of difference among the subgroups within the grouping
variables across the questionnaire subscales. Therefore,
the effect sizes for each individual questionnaire item have
been deemed unnecessary for detailed presentation, while
the effect sizes (omega-squared estimates) for the aggregate
(mean) values for each questionnaire subscales are as fol-
lows. Omega-squared estimates are considered a less biased
estimate of the population effect size than partial eta-squares
(Albers & Lakens, 2018). As the following Table 9 presents,
the effect sizes of the teaching subject were moderate for
the AR attitudes, AR creation, use and management. The
effect sizes of the general digital skills were large for the
AR attitudes, AR creation, use and management. The effect
sizes of the previous AR class use were small for the AR
attitudes and large for AR creation, use and management.

Discussions

The current study investigated teachers’ attitudes and self-
perceived competences on integrating Augmented Reality in
education. While few similar studies exist, these studies are
based on various other frameworks, e.g., TAM (Koutroma-
nos et al., 2023), TPACK (Belda-Medina & Calvo-Ferrer,
2022). Our study is novel because it is the first one that
explores teachers’ perceptions on the competences needed
to integrate Augmented Reality in education and uses the
validated TARC model (Nikou et al., 2022, 2023) which
focuses exclusively on AR-specific competences. Further-
more, our study examines all specific AR subscales instead
of the overall AR competence level. Moreover, the study
contribution results from the fact that it analyses data col-
lected from educators worldwide. Our findings have shown
that teachers feel positive regarding the educational uses
of AR. They believe that AR can make teaching interest-
ing and in general, they would be willing to integrate AR
in their own teaching. This is in agreement with previous
finding (Alkhattabi, 2017; Belda-Medina & Calvo-Ferrer,
2022; Perifanou et al., 2023; Salmee & Abd Majid, 2022).
However, despite their positive attitudes towards educational
AR, teachers are hesitant to use it due to a number of obsta-
cles (Akcayir & Akcayir, 2017; Arici et al., 2021; Heintz
et al., 2021; Nikou et al., 2022; Perifanou et al., 2023). One
of these obstacles is the lack of teachers’ skills to integrate
AR in education (Barroso-Osuna et al., 2019; Garzon et al.,
2019; Perifanou et al., 2023). While previous research has
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Table 9 Effect sizes for the Effect H(5) » 2
aggregate (mean) values for the
questionnaire subscales Teaching subject AR attitudes Moderate 18.664 0.002 0.130
AR creation Moderate 18.816 0.002 0.099
AR use Moderate 16.870 0.005 0.079
AR management Moderate 16.813 0.005 0.081
H(Q2) p o’
General digital skills AR attitudes Large 9.468 0.009 0.101
AR creation Large 35.930 <0.001 0.231
AR use Large 20.308 <0.001 0.149
AR management Large 22912 <0.001 0.142
H (1) p o’
Previous class use of AR AR attitudes Small 9.714 <0.001 0.034
AR creation Large 22.548 <0.001 0.153
AR use Large 23.226 <0.001 0.213
AR management Large 17.880 <0.001 0.113

identified the lack of AR competences in general, our study
is the first one that investigates teachers’ perceived compe-
tences levels on all subscales of AR educational integration as
described in the TARC framework (Nikou et al., 2022, 2023). In
principle, teachers self-reported that they are not sure if they can
create, use or manage AR educational experiences or resources.

The recorded neutrality on teachers’ beliefs regarding
their ability to create, use, manage AR for teaching implies
that there is a lack of actual AR classroom experience.
Indeed, while AR is gaining popularity in education, its
application in the classroom is rather limited mainly due to
the lack of the appropriate digital infrastructure (Ak¢ayir &
Akcayir, 2017; Alalwan et al., 2020; Arici et al., 2021) and
the lack of teachers’ competences (Alkhattabi, 2017; Hientz
et al., 2021; Perifanou et al., 2023).

Regarding the competences related to the creation of
AR, the central tendency indicated a neutrality; teach-
ers were not quite sure if they can create educational
AR. From the teacher population who gave a non-neutral
response, teachers did not feel confident utilising aug-
mented reality tools and software and create educational
experiences that address certain learning objectives.
However, there is a number of teachers who said they can
develop or modify AR educational resources. It seems
that, while designing AR experiences is a difficult task for
teachers because it requires specialised knowledge (Cuen-
det et al., 2013), easy-to-use AR creation platforms (e.g.,
Blippar, thinglink, etc.) and asset libraries (e.g., Sketch-
fab) are helpful for teachers and instructional designers to
develop or modify AR resources (MacCallum & Parsons,
2019; Pellas & Kazanides, 2019). Further developing AR
creation platforms that do not require programming knowl-
edge or special graphics skills from users could motivate
teachers to design and develop AR learning experiences
for their students.

@ Springer

Regarding the competences related to the use of AR,
again the central tendency indicates a neutrality; teachers
were not quite sure if they could use educational AR. From
the teacher population who gave a non-neutral response, there
is a number of teachers who said that they feel confident to
use AR tools to teach their students (e.g., present, demon-
strate, explain the educational content). This is probably due
to their high level of technology integration self-efficacy in
general (Gomez et al., 2022). However, teachers who said
that they could deploy various pedagogies with AR were not
many. This is in agreement with previous studies (Belda-
Medina & Calvo-Ferrer, 2022; Cabero & Barrroso, 2016;
da Silva et al., 2019). Moreover, teachers did not feel confi-
dent to use AR educational resources and tools to assess the
students’ progress (through e.g., AR and game or simula-
tion-based assessments) or to guide, feedback, advise, sup-
port, and inspire students (through e.g., avatars, multimodal
interfaces). Previous research has shown that pedagogical
approaches can positively affect the impact of AR in educa-
tion. For that reason, various pedagogies have been proposed
e.g., discovery-based learning, situated learning, problem-
based learning, or collaborative learning (Wang et al., 2018).
However, AR teaching interventions seem to have empha-
sised more the technical characteristics of the AR technology
and not the instructional strategies to apply them (Garzon
et al., 2020). Evidently, there is a lack of appropriate teacher
training in deploying AR in educational practice. Teachers
should receive the appropriate training in order to put AR
into practice utilising the appropriate pedagogical methods.

Regarding the competence related to the management
of AR, teachers’ perceived skills were also reported as
neutral; teachers were not quite sure if they can use edu-
cational AR. From the teacher population that gave a non-
neutral response, more teachers seem to feel confident to
use search engines, digital repositories, and databases to
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locate AR teaching tools and resources, they can assess AR
tools and resources according to suitable standards and can
organize suitable AR teaching materials and instruments
for accomplishing particular learning goals. Moreover, they
can guarantee and oversee the ethical and responsible use of
AR resources and tools by all those taking part in the edu-
cational activities (e.g., honouring participants’ rights, pri-
vacy, and personalities). The self- reported relatively high
competence level of teachers (from those who did not gave a
neutral response) in searching, organising and ensuring ethi-
cal behaviour may be attributed to their general digital lit-
eracy and professional skills and experience. However, when
it comes to safety related issues (e.g., securing participants’
resources, participants’ safety and health) teachers’ responses
were almost equally split among those who can and those who
cannot support. Therefor safety issues in the context of AR are
another important issue to be considered in teacher training.
Finally, our findings indicated that no significant differ-
ences exist among the individual subgroups for the group-
ing variables gender, age and teaching level across all the
subscales. Regarding the influence of gender in the use of
AR in education, previous research reports controversial
results. Some studies found gender differences (e.g., Hsu,
2019) while other studies did not find gender differences
(e.g., Adedokun-Shittu et al., 2020; Cabero-Almenara
et al., 2019) in AR attitudes. According to Valencia et al.
(2021), there are gender differences in students’ motivation
or interest in the use of AR; females were more enthusi-
astic and excited about the usage of AR than males (Dirin
et al., 2019) and exhibited a more positive attitude towards
and behavioural intention to use augmented reality (AR)
than did males. (Alvarez-Marin et al., 2020). However,
other studies have found no significant difference between
genders with regard to their AR acceptance (Cabero-Alme-
nara et al., 2019). Gender differences related to ICT skills
have been questioned during the last years (Hohlfeld et al.,
2013); gender-based digital divide within educators keeps
reducing and educators’ digital competences are not shown
to be related to gender (Cabero-Almenara et al., 2019).
In agreement with a recent meta-analysis on gender dif-
ferences in information and communication technology
use & skills (Qazi et al., 2022), our study found no sig-
nificant difference between genders with regard to their
perceived digital skills. Regarding the influence of age in
the use of AR, our study found no significant differences
among the participants for the grouping variable of age.
Age-based digital competences have been studied exten-
sively, with controversial results. Studies exist that have
found associations between age and digital competence
(Cabezas-Gonzalez et al., 2017) while more recent stud-
ies (Jiménez-Hernindez et al., 2020) showed no positive
correlation between age and digital competence among
teachers, which is in agreement with our results.

For the grouping variables of teaching subject, general
digital skills level and previous class use of AR, our find-
ings revealed statistically significant differences among the
subgroups. General digital skills and previous class use
of AR positively affect AR skills. Consistent with other
studies conducted using other technologies, our study
found that previous digital activity and existing digital
skills have a positive influence on teachers’ further AR
competences (Saikkonen and Kaarakain 2021). The study
also found a significant difference among the individual
subgroups for the grouping variable of teaching subject.
This agrees with other studies highlighting that teachers
from technological degrees have higher digital competence
(Falco, 2017). The agreement of our study with previous
findings in other educational technologies is a step for-
ward in exploring teachers’ AR competence subscales in
particular.Kaarakainen.

Conclusions

The findings of our study evidenced that teachers have
positive attitudes towards educational AR. Moreover,
these attitudes are positively related to the main compe-
tence areas of creating, using and managing AR resources.
Therefore, positive attitudes towards AR can be an ena-
bling and accelerating factor for the employment of AR
teaching practices in the classroom. However, teachers
do not feel confident in creating, using, or managing AR
resources and experiences. This gap should be considered
by pre-service and in-service teacher training programmes
to further support educators’ professional development in
the area. Evidently, there is a lack of appropriate teacher
training in deploying AR in educational practice. Teachers
should receive the appropriate training in order to put AR
into practice utilising the appropriate pedagogical meth-
ods. Since teaching subject, overall proficiency in digital
skills, and prior classroom utilization of AR were found
to exhibit significant differences in AR competence areas,
educators’ professional development programmes in AR
should be customised to the teachers’ subjects, emphasise
teachers’ upskilling in digital skills in general and encour-
age AR classroom use where appropriate.

Limitations and Further Studies

As with all studies, the current study has a number of limita-
tions. First, due to the chosen convenience sampling proce-
dure the sample is not representative of the teachers’ popu-
lation in every country of the world. Future research may
attempt to repeat this study in specific countries or consider

. @ Springer
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a more representative sample. Future studies with TARC are
recommended to use stratified sampling techniques to ensure
proportional representation from different regions and demo-
graphics or can use weighting adjustments in the data analysis
phase to correct for any overrepresented or underrepresented
groups. In addition, in the current study the participants were
teachers with access to internet and an interest in AR. How-
ever, there may be other teachers who have not internet access
or are not interested to participate in a survey about AR; so,
the perceptions of these teachers were not recorded. Also,
the findings of this study are based on the teachers’ percep-
tions about their AR competence levels. However, they may
overestimate or underestimate their real AR competence. In
addition, it is known that women underestimate their com-
petence (Kalaian & Freeman, 1994). Moreover, even though
the survey was anonymous, it might have been susceptible
to social desirability bias, a common type of bias in social
science research (Krumbal, 2013). Nevertheless, most stud-
ies employ a self-assessment method since it is a quick and
convenient method that also enables participants to reflect
on the questions and become aware of their status (Ross,
2006). Another limitation of the questionnaire is that it was
not supplemented with open-ended questions. Qualitative data
explaining the survey results would have made the study more
meaningful and this is something that needs to be consid-
ered in future research. Also, future research may objectively
measure the teachers’ AR competence asking them to solve
real problems in AR. Finally, this study examined differences
of the teachers” AR competence with regard to gender, age,
teaching experience, teaching subject, educational level, etc.
Future research may also examine the effect of other variables
on the teachers’ AR competence.

In order to effectively integrate AR in education, teachers
should become self-aware and reflect about their AR compe-
tences, obtain training on AR, experiment with AR, collabo-
rate with colleagues and integrate AR in their practice. TARC
offers a valuable scale for teachers to self-evaluate their AR
competences. As discussed above, future larger-scale studies
can gain more insights on teachers’ AR competence levels
in order to inform teacher development programs, policy-
makers, and software businesses to create AR experiences to
enhance teaching practices and empower educators.
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