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Abstract

This study examines the factors that affect pre-service and in-service teachers’ in-
tention to use Mobile Augmented Reality (MAR) in their teaching through the
proposed Mobile Augmented Reality Acceptance Model (MARAM). The MARAM
builds on the existing Technology Acceptance Model (TAM) to incorporate four
other components namely perceived relative advantage, perceived enjoyment, fa-
cilitating conditions, and mobile self-efficacy. In addition, this study investigates
the validity of the MARAM. Data were collected from 137 pre-service and 169
in-service teachers who completed a questionnaire after having developed their
own MAR applications during an undergraduate university course and a training
seminar, respectively. Structural Equation Model (SEM) analysis was conducted
separately for each group, as well as for both samples together. We also conducted
a multi-group analysis to examine differences across the two samples. The results
for both samples together (N=306), showed that intention was affected by atti-
tude, perceived usefulness and facilitating conditions. In turn, attitude was affected
by perceived enjoyment and perceived usefulness. Perceived usefulness was af-
fected by perceived enjoyment and perceived relative advantage. Perceived ease
of use was affected by mobile self-efficacy and facilitating conditions. However,
perceived ease of use did not affect perceived usefulness or attitude. A multi-group
analysis conducted on the sample of pre-service and in-service teachers produced
similar results, with minor differentiations. These results have implications for the
use of MAR in research and schools, as well as technology acceptance models in
education.
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1 Introduction

Augmented Reality (AR) is considered an emerging immersive technology in educa-
tion and “can be defined as a technology which overlays virtual objects (augmented
components) into the real world” (Akgayir & Akgayir, 2017, p. 1). More specifically,
in AR, the digital content is 3D aligned with real-world objects with which users
interact in real-time (Azuma et al., 2001). Compared to other digital technologies,
AR has educational affordances that favorably argue its use in various subjects and
fields (e.g., STEM, social sciences). Such AR affordances include a combination of
digital and physical objects in a real environment (Dunleavy et al., 2009), first-person
view (Koutromanos et al., 2020), the concretization and representation of invisible,
complex, and abstract concepts (Akcayir & Akegayir, 2017; Bujak et al., 2013) and
the real-time interaction with virtual objects (Azuma, 1997; Zhou et al., 2022). From
late 2008, a wealth of research experience has indicated that AR has positive effects
on learning (e.g., Chen et al., 2017; Garzon and Acevedo, 2019; Ibafiez and Delgado-
Kloos, 2018; Theodoropoulos and Lepouras, 2021), including the development of
various skills (Lin et al., 2015), the enhancement of student interest (Arici et al.,
2021), motivation (Chang & Hwang, 2018) and engagement (Ibafiez & Delgado-
Kloos, 2018), collaborative learning (Garzén et al., 2020) as well as knowledge
enrichment (Chang et al., 2022; Ibafiez et al., 2014).

Today, technological advances and smart mobile devices (e.g., smartphones, tab-
lets) in addition to the integration of AR systems into these devices have made the
development and availability of next-generation AR applications, books, and games
such as PokemonGo (Ruiz-Ariza et al., 2018) readily accessible. Moreover, new
authoring Mobile Augmented Reality (MAR) platforms and tools can be developed
without requiring users to have programming skills (Atwood-Blaine & Huffman,
2017; Striuk et al., 2018). Teachers and students having access to these resources can
now easily create their own MAR learning artefacts and interact with digital objects
in various formats (i.e., 3D objects, sound, video, pictures, text, links) anytime and
anywhere (e.g., in formal and informal didactic situations). Therefore, this AR which
is “generated and rendered with mobile devices in mobile environments, addressing a
wide range of application areas” (Lopez-Faican & Jaen, 2020, p. 2), is called Mobile
Augmented Reality (MAR).

Despite the multiple MAR applications, platforms and tools, the use of AR in
schools remains limited. Previous studies have reported several challenges that hin-
der the success of AR in teaching and learning, including the lack of technical infra-
structure and devices in schools, the limited number of applications for educational
purposes (Arici et al., 2021), usability issues and technical problems (Ak¢ayir &
Akgayir, 2017), as well as the high cost of devices and applications (Ajit, 2021).
However, the success of MAR integration depends not only on the organizational
and technical infrastructure in schools but also on the teachers who are willing to
implement MAR in their teaching practice. Specifically, research has suggested that
pre-service and in-service teachers’ beliefs and attitudes towards technology play an
important role in the successful acceptance of any digital technologies in education
(Teo, 2015). In this context, some AR studies have already examined the acceptance
of MAR in teaching and learning by pre-service teachers (e.g., Cabero-Almenara et
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al., 2019; Nizar et al., 2019; Rahmat and Mohamad, 2021) and in-service teachers
(e.g., Ibili et al., 2019; Jang et al., 2021), with most having used in their methodolo-
gies specific models and theories from social psychology and information systems
fields, such as the Technology Acceptance Model (TAM) (Davis, 1989; Davis et al.,
1989) and other modified versions of TAM, as well as the Unified Theory of Accep-
tance and Use of Technology model (UTAUT) (Venkatesh et al., 2003).

However, aside from the fact that there are relatively few studies on MAR accep-
tance by pre-service and in-service teachers, they too show certain limitations. Firstly,
some acceptance models focus on investigating the acceptance of a particular appli-
cation for a specific subject (e.g., Geometry, Cardiovascular disease, Geography)
(e.g., Ibili et al., 2019; Nizar et al., 2019; Pasalidou & Fachantidis, 2021). Secondly,
only a small number of previous studies have evaluated the extent to which the pro-
posed models fit the data collected from their samples (Asiri & El-Aasar, 2022; Jang
etal.,2021; Maetal., 2021). Thirdly, there are models, such as the extended Technol-
ogy Acceptance Model (€TAM) (Jang et al., 2021), which examine Virtual Reality
(VR) and AR together. We believe that, although both these immersive technologies
share certain common characteristics and affordances, they also have differences,
and therefore, from a methodological point of view, need to be investigated indepen-
dently. Fourthly, the acceptance models are tested on a sample who used a MAR that
had either been developed by the researchers (e.g., Cabero-Almenara et al., 2019;
Ibili et al., 2019; Nizar et al., 2019; Rahmat and Mohamad, 2021) or institutions like
the Ministry of Education (Jang et al., 2021). Some studies failed to mention whether
the sample interacted with the MAR (e.g., Asiri and El-Aasar, 2022), while in others,
the sample merely attended a brief seminar or lecture about AR (Ning et al., 2019).
Studies in which the sample had the opportunity to create their own AR educational
applications, are limited. Fifthly, and most importantly, there is no acceptance model
for MAR that can be used both with pre-service teachers and in-service teachers. The
study by Ning et al. (2019) used the UTAUT on both samples of educators, however,
the second and fourth limitations mentioned above were observed in this study.

To address the above limitations, and to better understand MAR acceptance in
schools in the future, we propose a new model called the Model of Augmented Real-
ity Acceptance (MARAM) (Koutromanos & Mikropoulos, 2021; Mikropoulos et al.,
2022). The MARAM builds on the existing TAM to incorporate four other compo-
nents: perceived relative advantage, perceived enjoyment, facilitating conditions, and
mobile self-efficacy. More specifically, we consider that for teachers to use Mobile
Augmented Reality (MAR) in teaching, they need to believe that it possesses unique
advantages over other existing digital technologies. In addition, they need to view
MAR as enjoyable in their teaching. Furthermore, they need to feel that the condi-
tions that will facilitate their use of MAR, such as resources, time, and knowledge,
are available. Finally, we believe that teachers who perceive self-efficacy in their use
of mobile devices will consider MAR easier to use in their teaching practice. The
effect of these four additional proposed components is examined on the four existing
components of the TAM: intention, attitude, perceived usefulness, and perceived ease
of use.

Therefore, this study’s aim is twofold. First, to investigate the factors that affect
pre-service and in-service teachers’ intention to use MAR in their future teaching.
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Secondly, to propose a research model to evidence the acceptance of MAR — the
MARAM - and to determine whether the MARAM is a valid model to explain the
intention of using MAR by two samples (i.c., pre-service, and in-service teachers).

The contribution of the present study on MAR is equally twofold. Firstly, propos-
ing a new acceptance model — the MARAM — allows to further study the factors
affecting the acceptance of MAR in education. Secondly, to the best of our knowl-
edge, this study is the first that proposes a new model that investigates and compares
the acceptance of MAR in two different samples: in-service and pre-service teachers.
It is important to mention that all previous MAR studies used separate acceptance
models for these two groups, whereas our study provides a greater understanding
into the overall acceptance of MAR by two different target groups through the use of
a single model. On the one hand, new empirical insights may help schools formulate
an appropriate educational policy to support in-service teachers on the use of MAR in
their teaching, and on the other hand, help universities adopt MAR in their curricula
to educate and better prepare students aspiring to become teachers on the integration
of this new immersive technology in their future classrooms.

The remainder of this article is structured as follows. The next section briefly
presents the models and theories of technology acceptance, as well as the existing
research that has been conducted on the acceptance of MAR by pre-service and in-
service teachers. Thereafter, the proposed MAR acceptance model- the MARAM
— is explained and the research hypotheses are presented. The methodology of the
study and results of the data analysis follow. The article concludes with a discussion
of the results, main conclusions and emerging implications, its limitations and sug-
gestions for future studies.

2 Theoretical framework

Table 1 presents a list of constructs of the most widely used technology acceptance
models and theories in education, as well as relevant definitions. We should empha-
size that the theoretical basis of several technology acceptance models is founded on
the Theory of Reasoned Action (TRA) (Ajzen & Fishbein, 1980), and the Theory of
Planned Behavior (TPB) (Ajzen, 1985, 1991). According to the TRA, an individual’s
behavior — for example, his or her decision to use digital technology — depends on the
degree of positive intention they possess toward it. An individual’s intention, in turn,
is affected by two constructs: their attitude toward the behavior and subjective norms.
These constructs are formulated by behavioral and normative beliefs respectively.
The TRA however, was found to be best suited for behaviors where individuals have
complete control (Sheppard et al., 1988). Ajzen (1985, 1991) then developed the TPB
to overcome this limitation of the TRA. This new theory develops the existing TRA
constructs, by adding the construct of perceived behavioral control, which influences
intention and behavior. The TPB therefore relies on control beliefs. In practice, the
TPB has been broadly used across various settings and samples in education and is
currently considered a substantial theory in attempting to understand human inten-
tion and behavior. For example, the TPB was used to investigate pre-service teachers’
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Table 1 List of constructs and definitions of the most widely used models and theories in education

Author/s Model/Theory Components Component’s Definitions
Ajzen Theory of Rea- Attitude toward the  “the individual’s positive or negative evaluation
and soned Action  behavior of performing the behavior” (Ajzen & Fishbein,
Fishbein (TRA) 1980, p. 6)
(1.980)5 Subjective norms “person’s perception that most people who are
Fishbein important to him think he should or should not per-
an.d form the behavior in question” (Fishbein & Ajzen,
Ajzen 1975, p. 302)
(1975) Behavioral beliefs “beliefs about the likely consequences or other at-
tributes of the behavior” (Ajzen, 2002, p. 665)
Normative beliefs “beliefs about the normative expectations of other
people” (Ajzen, 2002, p. 665)
Ajzen Theory of The TRA variables  See above
(1988, Plar}ned Be- Perceived Behav- Adapted from the TRA (see above)
1991) havior (TPB)  joral control
Behavioral beliefs Adapted from the TRA (see above)
Normative beliefs Adapted from the TRA (see above)
Control beliefs “beliefs about the presence of factors that may fur-
ther or hinder performance of the behavior” (Ajzen,
2002, p. 665)
Davis Technology Attitude toward the ~ Adapted from the TRA (see above)
(1989) Acceptance behavior
Model (TAM)  Perceived usefulness “the degree to which a person believes that using
a particular system would enhance his or her job
performance” (Davis, 1989, p. 320)
Perceived ease of “the degree to which a person believes that using
use a particular system would be free from effort”
(Davis, 1989, p. 320)
Taylor Combined The variables of See above
and Todd TAM -TPBor TPB and TAM
(1995) The decom- Compatibility Adapted from Innovation Diffusion Theory (IDF),
posed Theory (see below)
of Plar}ned Peer influence -
Behavior

Superior’s influence
Self-efficacy

Resource facilitating
condition

Technology facilitat-
ing condition

“an individual’s self-confidence in his/her ability to
perform a behavior” (Taylor & Todd, 1995, p. 150)
“the availability of resources needed to engage in a
behavior, such as time, money or other specialized
resources” (Taylor & Todd, 1995, p. 150)

“With respect to IT usage, the facilitating condi-
tions construct provides two dimensions for control
beliefs: one relating to resource factors such as
time and money and the other relating to technol-
ogy compatibility issues that may constrain usage”
(Taylor & Todd, 1995, p. 152)
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Table 1 (continued)

Author/s Model/Theory

Components

Component’s Definitions

Ven- TAM 2
katesh

and

Davis

(2000)

Ven- TAM 3
katesh

and Bala

(2008)

Perceived usefulness
and Perceived ease
of use

Subjective Norm
Image

Job Relevance

Output Quality

Result
Demonstrability

Voluntariness

The TAM 2
variables

Computer
Self-Efficacy

Perception of Exter-
nal Control

Computer Anxiety

Computer
Playfulness

Perceived
Enjoyment

Objective Usability

Adapted from the TAM (see above)

Adapted from the TRA (see above)

“the degree to which use of an innovation is
perceived to enhance one’s ... status in one’s social
system.” (Venkatesh & Davis, 2000, p. 189)

“an individual’s perception regarding the degree to
which the target system is applicable to his or her
job.” (Venkatesh & Davis, 2000, p. 191)

“over and above considerations of what tasks a
system is capable of performing and the degree

to which those tasks match their job goals (job
relevance), people will take into consideration how
well the system performs those tasks, which we
refer to as perceptions of output quality.” (Ven-
katesh & Davis, 2000, p. 191)

“the tangibility of the results of using the innova-
tion,” (Venkatesh & Davis, 2000, p. 192)

“the extent to which potential adopters perceive the
adoption decision to be non-mandatory” (Ven-
katesh & Davis, 2000, p. 188)

See above

The degree to which an individual believes that he
or she has the ability to perform a specific task/job
using the computer (Compeau & Higgins, 1995a,
1995b as cited in Venkatesh and Bala, 2008, p. 277)

“Perceptions of external control are related to in-
dividuals’ control beliefs regarding the availability
of organizational resources and support structure to
facilitate the use of a system” (Venkatesh & Bala,
2008, p. 278)

“an individual’s apprehension, or even fear, when
she/he is faced with the possibility of using com-
puters” (Venkatesh, 2000, p. 349).

“...the degree of cognitive spontaneity in micro-
computer interactions” (Webster & Martocchio,
1992, p. 204)

“the extent to which the activity of using a specific
system is perceived to be enjoyable in its own
right, aside from any performance consequences
resulting from system use.” (Venkatesh, 2000, p.
351)

“is a construct that allows for a comparison of
systems based on the actual level (rather than
perceptions) of effort required to complete specific
tasks.” (Venkatesh, 2000, pp. 350-351)
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Table 1 (continued)

Author/s Model/Theory Components Component’s Definitions
Ven- Unified Theory Performance “is defined as the degree to which an individual
katesh et of Acceptance expectancy believes that using the system will help him or her
al. (2003) and Use of to attain gains in job performance.” (Venkatesh et
Technology al., 2003, p. 447)
(UTAUT) Effort expectancy “is defined as the degree of ease associated with the
use of the system” (Venkatesh et al., 2003, p. 450)
Social influence “the degree to which an individual perceives that

important others believe he or she should use the
new system” (Venkatesh et al., 2003, p. 451)

Facilitating “the degree to which an individual believes that an
conditions organizational and technical infrastructure exists to
support use of the system” (Venkatesh et al., 2003,
p. 453)
Rogers Innovation Dif- Relative Advantage “the degree to which an innovation is perceived as
(1995) fusion Theory being better than the idea it supersedes” (Rogers,
(IDT) 1995, p. 213)
Compatibility “the degree to which an innovation is perceived

as being consistent with the existing values, past
experiences and needs of potential adopters” (Rog-
ers, 1995, p. 224)

Complexity “the degree to which an innovation is perceived as
relatively difficult to understand and use” (Rogers,
1995, p. 242)

Trialability “the degree to which an innovation may be experi-
mented with on a limited basis” (Rogers, 1995, p.
243)

Observability “the degree to which the results of an innovation
are visible to others” (Rogers, 1985, p. 244)

beliefs around their intentions to use Web 2.0 tools in their future teaching (Sadaf et
al., 2012).

The Technology Acceptance Model (TAM) (Davis, 1989; Davis et al., 1989) was
developed exclusively to predict individuals’ behavioral intention to use technology.
According to the TAM, an individual’s intention is influenced by attitude and per-
ceived usefulness, i.e., the extent to which a person believes that using a specific
technology will enhance his or her job performance. The TAM also has a fourth
construct — perceived ease of use. This construct is hypothesized to influence attitude
and perceived usefulness. In general, as the individual’s perceived ease of use of a
specific technology increases their attitude toward this use, as well as its perceived
usefulness, should become more positive. The TAM has been used in a significant
number of studies which looked at the acceptance of various digital technologies
in education and was found to remain a valid model for describing pre-service and
in-service teachers’ technology use intentions (Scherer & Teo, 2019; Scherer et al.,
2019). However, to increase the TAM’s prediction accuracy, other researchers added
new constructs. An initial model which emerged, as a result, was the decomposed
Theory of Planned Behavior (C-TAM-TPB) (Taylor & Todd, 1995). In this model,
Taylor and Todd (1995) used all existing constructs in the TAM and TPB, and added
six new constructs. As we can see in Table 1, the authors added the construct of com-
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patibility to the TAM, which, together with perceived usefulness and ease of use, is
theorized to influence attitude. Furthermore, they added peer influence and superiors’
influence as determinants of subjective norms. Next, they added the constructs self-
efficacy, the resource facilitating condition, and technology facilitating condition,
which they assert influences perceived behavioral control. Researchers have utilized
this new theory in several studies with teachers, by investigating the beliefs contrib-
uting to pre-service and in-service teachers’ intentions to use computer applications
in their teaching (Smarkola, 2008), their adoption of mobile phone messages as a
parent-teacher communication medium (Ho et al., 2013) and their acceptance and use
of an educational portal (Pynoo et al., 2012).

Another acceptance model, which is an extension to the TAM, is the TAM2 (Ven-
katesh & Davis, 2000). In the TAM2, Venkatesh and Davis (2000) added “social
influence processes (subjective norms, voluntariness, and image) and cognitive
instrumental processes (job relevance, output quality, result demonstrability, and per-
ceived ease of use)” (p. 198) as factors that affect perceived usefulness and intention.
Several researchers have used the TAM2 to investigate pre-service and in-service
teachers’ acceptance of various technologies, such as social media in teaching (Acarli
& Saglam, 2015) and learning management systems (De Smet et al., 2012).

Venkatesh et al. (2003) proposed the Unified Theory of Acceptance and Use of
Technology (UTAUT) theorizing that the constructs of performance expectancy,
effort expectancy, social influence, and facilitating conditions are important factors
for technology acceptance across organizational contexts. Later, Venkatesh et al.
(2012) developed the UTAUT2 which incorporated three new constructs into the
original UTAUT. These were hedonic motivation, price value, and habit. A recent
systematic literature review regarding the UTAUT2 conducted by Tamilmani et al.
(2021) showed that this new model is a high-quality theory for most dimensions.
Although the UTAUT was developed to understand various intentions and behav-
iors in organizational and consumer contexts, it has also been used to explain the
acceptance of digital technologies in education. For instance, Teo and Noyes (2014)
used the UTAUT to investigate pre-service teachers’ intentions to use information
technology and found it to be a useful model in explaining their intention. More
recently, Yildiz Durak (2019) investigated the factors affecting pre-service teachers’
acceptance and use of social networking sites for educational purposes. The results
of this study showed that social impact had the greatest effect on pre-service teach-
ers’ acceptance. On the contrary, the UTAUT2 has been used in a small number of
studies featuring teacher samples (see Tamilmani et al., 2021). Mtebe et al. (2016)
investigated the factors affecting Tanzanian teachers’ acceptance and prolonged use
of developed multimedia-enhanced content. The results showed that aside from per-
formance expectancy all constructs of the UTAUT2 affected teachers’ acceptance
and use.

Another model that was proposed to examine innovation acceptance, such as tech-
nologies, is the Innovation Diffusion Theory (IDF) (Rogers, 1995). Rogers defined
innovation as “an idea, practice, or object that is perceived as new by an individual
or another unit of adoption” (Rogers, 1995, p. 11), and diffusion as “the process by
which an innovation is communicated through certain channels over time among
the members of a social system” (Rogers, 1995, p. 5). According to the IDF, the dif-
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fusion of an innovation such as digital technology could be achieved when the five
perceived attributes listed in Table 1 are present: relative advantage, compatibility,
complexity, trialability, and observability. Individuals’ perceptions of these attributes
influence the acceptance or rejection of an innovation. This theory has also been
used in education. For example, Li and Huang (2016) investigated the factors that
affect (non-adopters vs. early adopters) teachers’ adoption of game-based learning in
elementary schools and Sahin (2012) examined pre-service teachers’ perspectives on
the diffusion of ICTs in elementary education.

2.1 Technology acceptance models and mobile augmented reality in education

Although there are numerous studies that have examined the acceptance of digi-
tal technologies in teaching by pre-service and in-service teachers, the number of
studies regarding MAR acceptance is limited. Table 2 lists the studies which have
used acceptance models to study MAR as well as the results indicating relationships
between the components investigated.

Table 2 also shows the studies which used the TAM or added other variables to it.
One of the studies that applied the TAM was conducted by Pasalidou and Fachantidis
(2021). They studied the relationship between the components of perceived useful-
ness and perceived ease of use on in-service teachers’ intention to use a particular AR
app about the moon. Ibili et al. (2019) used the TAM together with the components
of anxiety, social norms, and satisfaction to investigate the acceptance of an Aug-
mented Reality Geometry Tutorial System (ARGTS) by mathematics teachers. More
specifically, in their model, they hypothesized that teachers’ intention is affected by
their attitude toward the ARGTS’ use, which, in turn, is affected by their satisfaction
with and perceived usefulness of ARGTS. In addition, Ibili et al. (2019) hypothesized
that intention is influenced by ARGTS user satisfaction and social norms. In turn,
satisfaction and perceived usefulness are influenced by perceived ease of use. Ibili et
al. (2019) further hypothesized that these last two components are affected by social
norms and anxiety.

Jang et al. (2021) developed the existing TAM to create a new model, the extended
Technology Acceptance Model (eTAM). In this model, TPACK was added to the
TAM as a component hypothesized to influence perceived ease of use and perceived
usefulness. Furthermore, the social norm was added as a component hypothesized
to influence perceived usefulness, while motivation support was added as a compo-
nent which influences perceived ease of use. The eTAM was applied to a sample of
in-service teachers to investigate their intention to use AR and Virtual Reality (VR)
technologies in teaching.

Asiri and El-Aasar (2022) used the TAM, as well as the components of anxiety and
facilitating conditions, as determinants of perceived ease of use and perceived ben-
efit (i.e., perceived usefulness). In another study, Rahmat and Mohamad (2021) used
the TAM and the user-interface design component to examine pre-service teachers’
readiness to use MAR in their future classrooms. Cabero-Almenara et al. (2019) used
the TAM as a theoretical framework to examine pre-service teachers’ acceptance of
AR learning objects. Specifically, they used the TAM and the following three compo-
nents: achievement, perceived enjoyment, and technical quality. In this new model,
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Table 2 Technology acceptance models investigating pre-service and in-service teachers’ acceptance of
MAR in primary and secondary education

Author(s) Aim Sample Model and components Significant effects
In-service teachers
Pasali- To examine teachers’ 206 Greek ~ TAM: Perceived usefulness 1) PU — BI,
douand intention to integrate  primary (PU), Perceived ease of use 2) PEU — BI,
Fachanti- the mobile AR app school (PEU) and Behavioral inten- 3) PEU — PU
dis (2021) about the moon. teachers tion (BI)
Ibilietal. To examine teach- 148 Turkish Based on the TAM: 1) PEU — PU,
(2019) ers’ acceptance and mathematics Usefulness (PU), Satisfaction ~ 2) PU — AT,
intention to use an teachers (SF), Behavioral Inten- 3) AT — BI,
Augmented Reality tion (BI), Anxiety (ANX), 4) PU — SF,
Geometry Tutorial Perceived Ease of Use (PEU), 5) SF — AT,
System (ARGTS) Social Norms (SN) and At- 6) PEU — SF,
titude (AT) 7) SN — PU,
8) SN — PEU,
9) ANX — PEU
Jang et al. To identify the factors 292 in-ser-  Extended Technology Ac- 1) ATU — BI,
(2021) that influence teachers’ vice Korean ceptance Model (eTAM): 2) PEU — ATU,
intention to use AR elemen- Perceived Usefulness (PU), 3) PU — ATU,
and VR technology tary school  Perceived Ease of Use (PEU)  4) PEU — PU,
teachers and Behavioral Intention (BI), 5) TPACK — PU,
Technological pedagogical and 6) TPACK —
content knowledge (TPACK), PEU,
Social norm (SN), Motiva- 7) SN — PU,
tional support (MS) 8) MS — PEU
Maetal. To explore teachers’ 213 Chinese Based on the TAM3: Perceived 1) Ul — UB,
(2021) acceptance of AR K-12 usefulness (PU), Perceived 2) PU — UI,
technology teachers ease of use (PEOU), Self- 3) PEOU — UI,
efficacy (SE), External 4) PEOU — PU,
environment (EE), System 5) SE — Ul,
characteristics (SC), Use inten- 6) PEOU — SE,
tion (UI), and Use behavior of 7) EE — UI,
AR (UB). 8) SC — PU,
9) SC — PEOU,
10) SC — SE
Asiri and  To examine teachers’ 127 teachers Based on the TAM: Behavioral 1) ANX — PEU,
El-Aasar  acceptance of AR and  from the intention (BI), Attitude, touse 2) PEU — ATU,
(2022) their perceptions on schools of  (ATU), Perceived benefit (PB), 3) PEU — PB,
the expected benefits ~ Najran city ~ Anxiety (ANX), Facilitating 4) PB — ATU,
of AR applications conditions (FC) 5) PB — BI
Atesand  To examine: (a) 451 Turkish The TPB and UTAT2: HNA—-I,
Garzén teachers’ intentions science Attitude (A), Subjective Norm  2) SN — 1,
(2023) to use AR in their teachers (SN), Perceived Behavioral 3) PBC — 1,
classrooms, (b) the Control (PBC), Performance 4)PE—1,
explanatory power of Expectancy (PE), Effort S)EE -1,
the proposed model, Expectancy (EE), Facilitat- 6)FC — 1,
compared to the TPB ing Conditions (FC), Hedonic ~ 7) HM — 1,
and UTAUT2 Motivation (HM), Price Value 8) PV — I,
(PV), Habit (H), Intention (I) 9)H —1
Pre-service and In-service teachers
Ning et al. To investigate pre- 70 pre-ser-  UTAUT: Social influence (SI), 1) EE — UB,
(2019) service teachers’and  vice and 50  Facilitating condition (FC), 2) SI — UB,
in-service teachers’ in-service Performance expectation (PE), 3) FC — UB,
acceptance of AR teachers Effort expectation (EE) 4) PE - UB

technology
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Table 2 (continued)

Author(s) Aim Sample Model and components Significant effects
Pre-service teachers
Nizaret  To examine factors 75 pre- UTAUT: Performance expec- 1) EE — UB,
al. (2019) that influence pre- service tancy (PE), Effort expectancy  2) SI — UB,
service teachers’use  teachersat  (EE), Social influence (SI), 3) FC - UB

behavior of the Mobile one public  Facilitating conditions (FC),
Augmented Reality university in  Use behavior (UB)
Learning Cardiovascu- Malaysia

lar app (MARLCardio)
Rahmat To examine pre- 303 Based on the TAM: Perceived 1) PU — AU,
and service teachers’ Malaysian ~ Usefulness (PU), Perceived 2) PEU — PU,
Mohamad readiness toward pre-service  Ease of Use (PEU), Actual Use 3) UID — PU,
(2021) integrating MAR teachers (AU), User-interface Design 4) UID — PEU
technology into their (UID)

learning and future
teaching process

Cabero-  To understand “the de- 396 Based on the TAM: Achieve- 1) TQ — PE,
Almenara gree of technological  university ment (A), Intention to use (IU), EOU, PU,
et al. acceptance of students students in  Attitude use (AU), Perceived ~ 2) PEU — PE,
(2019) during their interac- the Faculty  usefulness (PU), Perceived PU, AU
tion with the AR of Educa- ease of use (PEU), Perceived ~ 3) PU — PE,
objects produced, the  tion at the enjoyment (PE), Technical AU, IU
performance achieved University  quality (TQ) 4) PE — AU,
by the students, and if  of Seville 5)AU — IU

their gender affected
their acquisition of
knowledge” (Cabero-
Almenara et al., 2019,

p-1

they hypothesized that intention influences achievement, while perceived enjoyment
influences attitude, intention, and achievement. In turn, perceived enjoyment was
hypothesized to influence perceived usefulness and perceived ease of use. Further-
more, Cabero-Almenara et al. (2019) used technical quality and gender in their new
model as determinants of perceived usefulness, perceived ease of use, and perceived
enjoyment.

The study by Ma et al. (2021) relied on the TAM3 to investigate teachers’ accep-
tance of AR technology. According to the TAM3, behavior is affected by intention,
which, in turn, is affected by perceived usefulness, perceived ease of use, self-effi-
cacy, and external environment. In addition, Ma et al. (2021) hypothesized that per-
ceived ease of use affects perceived usefulness and self-efficacy. Finally, these three
components are all affected by system characteristics.

Other studies used the UTAUT’s theoretical framework. For example, Nizar et al.
(2019) used the UTAUT to determine the factors that influence pre-service teachers
to use a specific MAR app named MARLCardio. The UTAUT was also used by Ning
et al. (2019) to investigate pre-service and in-service teachers’ intention to use AR
in their teaching. More recently, Ates and Garzon (2023) combined the TPB and the
UTAUT?2 to investigate science teachers’ intention to use AR in their classrooms.
They hypothesized that all components from these two models, which they included
in their new combined model, affect teachers’ intention.
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The above review shows that only a few previous studies have investigated pre-
service and in-service teachers’ acceptance of MAR in teaching. This small number
of studies, together with their limitations, which were mentioned in the introduction,
led us to propose a new model and apply it to both pre-service and in-service teach-
ers. This model and the corresponding hypotheses are presented in the next section.

3 Research model and hypotheses

The Model of Augmented Reality Acceptance (MARAM) was developed from the
above literature on the theories and models of technology acceptance, along with
existing MAR studies conducted with pre-service and in-service teachers. The
MARAM includes eight components as shown in Fig. 1.

The TAM’s conceptual framework is the basis for MARAM. As shown earlier,
the TAM components constitute the core for most extended technology acceptance
models. These components were used in most of the studies that investigated the
acceptance of MAR by pre-service and in-service teachers. Furthermore, previous
meta-analysis studies which used the TAM in educational contexts (Scherer & Teo,
2019; Scherer et al., 2019; Sumak et al., 2011) found that perceived ease of use and
perceived usefulness remain valid components in studying teachers’ attitudes and
intentions toward the use of various digital technologies. Applying TAM components
to the MARAM assumes that the greater the perception of MAR’s usefulness and
ease of use by pre-service and in-service teachers, the more positive their attitudes
toward using MAR in their teaching. Consequently, pre-service and in-service teach-
ers demonstrate a stronger intention to implement this technology in schools. All the
above, configure the seven hypotheses that constitute the MARAM.

Perceived
Enjoyment
»
Perceived + Perceived
relative i3 » | usefulness
advantage A
< v
Mobile Perceived by ~
+ t Attitude ¢ Intention
Self- > | ease of use < ¥ 7
Efficacy
»
Facilitating
conditions

Fig. 1 The Mobile Augmented Reality Acceptance Model (MARAM)
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Hypothesis 1a Pre-service and in-service teachers’ perceived ease of use (PEOU) has
a positive effect on their perceived usefulness (PU).

Hypothesis 1b Pre-service and in-service teachers’ perceived ease of use (PEOU)
has a positive effect on their attitude (Att).

Hypothesis 2a a. Pre-service and in-service teachers’ perceived usefulness (PU) has
a positive effect on their attitude (Att).

Hypothesis 2b b. Pre-service and in-service teachers’ perceived usefulness (PU) has
a positive effect on their intention (I).

Hypothesis 3 Pre-service and in-service teachers’ attitude (Att) has a positive effect
on their intention (I).

We also included the facilitating conditions (FC) component to the MARAM, which
was introduced in the UTAUT model. According to Venkatesh et al. (2003), the
acceptance of digital technologies is largely dependent upon the organizational and
technical infrastructure of an establishment, as well as the degree to which a user of
technology believes that this infrastructure is available to support them in its practical
use. Therefore, we propose that facilitating conditions refer to pre-service and in-ser-
vice teachers’ belief that the appropriate conditions (e.g., Internet connection, hard-
ware, knowledge, time) necessary to use MAR for educational purposes are present.
Previous research has shown that facilitating conditions influence perceived ease of
use (e.g., Bai et al., 2021; Khlaisang et al., 2021; Sukendro et al., 2020; Zarafshani et
al., 2020) and intention (e.g., Taheri et al., 2022; Songkram et al., 2023; Venkatesh et
al., 2003). For instance, Huang et al. (2021) demonstrated that facilitating conditions
predicted teachers’ perceived ease of use in their non-volitional online teaching inten-
tions. More recently, Mukminin et al. (2023) confirmed that the facilitating condition
is a significant factor that influences pre-service English teachers’ perceived ease
of use of social media for English writing. Also, a more recent study conducted by
Songkram et al. (2023), indicated that facilitating conditions is a significant predictor
of students’ perceived ease of use and behavioral intentions toward a digital learning
platform. Thus, the following hypotheses 4a and 4b emerge.

Hypothesis 4a Pre-service and in-service teachers’ perceived facilitating conditions
(FC) have a positive effect on their perceived ease of use (PEOU).

Hypothesis 4b Pre-service and in-service teachers’ perceived facilitating conditions
(FC) have a positive effect on their intention (I).

Furthermore, to the MARAM, we added the perceived relative advantage (PRA)
component, which, as we saw in the previous section, was proposed in the IDT (Rog-
ers, 1995). Although this component was considered similar to the TAM’s perceived
usefulness (Karahanna et al., 2002), we consider them to be conceptually different
in the proposed MARAM, as indicated by a recent study that used perceived rela-
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tive advantage to measure the adoption of mobile applications (Swani, 2021). In the
MARAM, perceived usefulness relates to pre-service and in-service teachers’ gen-
eral beliefs about MAR’s usefulness in teaching. On the contrary, perceived relative
advantage refers to the affordances and added value the MAR and its use offers in
teaching compared to other digital technologies teachers are familiar with or have
used up until that point. The perceived relative advantage component has been used
in several technology acceptance models across various fields (Almaiah et al., 2022;
Khlaisang et al., 2021; Mombeuil, 2020; Owusu et al., 2021). For example, in the
education field, Al-Rahmi et al. (2021) and Alyoussef (2022), adopted perceived rela-
tive advantage to explain students’ intentions to use a MOOC system and Flipped
Classroom respectively. They found that perceived relative advantage influences stu-
dents’ perceived usefulness. Similar results can be found in the study by Al-Rahmi et
al. (2019), who showed that students’ perceived usefulness of an e-learning system is
influenced by perceived relative advantage. Based on the results of prior studies, the
MARAM assumes that pre-service and in-service teachers possessing a high degree
of perceived relative advantage toward MAR could consider this technology to have
more positive perceived usefulness, thus giving rise to the fifth hypothesis.

Hypothesis 5 Pre-service and in-service teachers’ perceived relative advantage
(PRA) has a positive effect on their perceived usefulness (PU).

Another component added to the MARAM is perceived enjoyment (PE). We posit
that pre-service and in-service teachers who believe that the use of MAR is enjoyable
or fun in their teaching will show a greater positive attitude toward the use of MAR
and perceive it to be more useful. The positive association of perceived enjoyment,
attitude and perceived usefulness is supported by previous studies that investigated
the acceptance of technologies (Lee et al., 2019; Teo & Noyes, 2011). Thus, we for-
mulate hypotheses 6a and 6b.

Hypothesis 6a Pre-service and in-service teachers’ perceived enjoyment (PE) has a
positive effect on their attitude (Att).

Hypothesis 6b Pre-service and in-service teachers’ perceived enjoyment (PE) has a
positive effect on their perceived usefulness (PU).

Finally, the component of mobile self-efficacy (MSE) was added to the MARAM.
This component was introduced by Nikou and Economides (2017) and is defined
as “an individual’s perceptions of his or her ability to use mobile devices in order to
accomplish particular tasks” (p. 61). They studied the acceptance of mobile-based
assessments among 145 senior high school students and found mobile self-efficacy
was positively associated with perceived ease of use. Recently, Mensah (2022) found
that this component positively affected the perceived ease of use of m-health ser-
vices. Similar findings were found by Song et al. (2022) on the factors that influence
older adults’ adoption of voice-user interface. Based on these findings, we assume
that the more self-confidence pre-service and in-service teachers have in the use of
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various applications on their mobile devices, the easier they may find it to use MAR
in their teaching.

Hypothesis 7 Pre-service and in-service teachers’ Mobile Self-Efficacy (MSE) has a
positive effect on their perceived ease of use (PEOU).

4 Methodology

The research methodology is quantitative, and data was collected through an online
questionnaire. The sample consisted of pre-service and in-service teachers, who par-
ticipated in the research voluntarily, after having documented their informed consent.
All analyses were performed in R statistical package.

4.1 Participants

The sample of the present study consisted of 306 Greek pre-service and in-service
teachers. Among them, 137 (44.8%) were pre-service and 169 (55.2%) in-service
teachers. The sample of pre-service teachers (i.e., undergraduate students - future pri-
mary school teachers) attended the Department of Primary Education, University of
Ioannina and was composed of 115 (83.9%) women and 22 (16.1%) men. They were
seniors, in their fourth and final year of studies, and their mean year of age was 24.15
(SD=5.92). The sample of in-service teachers consisted of 144 (85.2%) women and
25 (14.8%) men. They were studying ICT in Education at the Department of Educa-
tion of the National and Kapodistrian University of Athens, at the post-graduate level
or were enrolled in a teacher training seminar.

4.2 Instrument

The study’s questionnaire consisted of two sections. The first section included demo-
graphic information (e.g., gender). The second section consisted of 29 items measur-
ing the eight components of the proposed MARAM model (see Fig. 1). These items
were adapted from validated scales used in earlier technology acceptance studies.
Table 3 presents the number of items under each of the eight components as well as
the earlier studies from which they were adopted.

A three-phase process was undertaken to develop the final version of the ques-
tionnaire’s second section. In the first phase, the back-translation method was used,
with the questionnaire being translated into Greek and then back into English by
two bilingual researchers. In the second phase, the clarity and wording of the Greek
version of the questionnaire were examined by three researchers in AR technologies
and two academic experts on digital technologies in education. In the third phase, the
questionnaire was pilot tested by five pre-service teachers and eight in-service teach-
ers. The final questionnaire was created in Google Forms and delivered separately
to pre-service and in-service teachers. The second section of the questionnaire used
a 5-point Likert-type scale (i.e., 1 =Strongly disagree — 5=Strongly agree). Table 4
presents the final version of the MARAM’s 29 items.
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Table 3 List of MARAM com- Components Num-  Adapted from:
ponents and number of items ber of
for each, as well as studies from items
which they were adopted Intention (I) 3 Ajzen and Fishbein
(1980)
Attitude (Att) 3 Davis (1989)
Perceived ease of use (PEOU) 3 Davis (1989)
Perceived usefulness (PU) 3 Davis (1989)
Perceived relative advantage 5 Wau et al. (2016), Turhan
(PRA) (2013), Kim et al. (2017),
Yoon et al. (2020)
Facilitating conditions (FC) 3 Venkatesh et al. (2003)
Perceived enjoyment (PE) 4 Venkatesh and Bala
(2008)
Mobile Self-Efficacy (MSE) 5 Nikou and Economides
(2017), Reychav et al.
(2019)

4.3 Procedure

Both pre-service and in-service teacher samples were involved in the design and
development of a series of MAR applications. The sample of pre-service teachers
developed their applications within the framework of the course “Project Develop-
ment with Emerging Learning Technologies” during the 2021 spring semester (March
to June). Specifically, each pre-service teacher used the marker-based AR platform
BlippAR to augment various chapters of primary school textbooks using a variety
of digital objects (i.e., 3D objects, pictures, videos, links). During the semester, each
student augmented 10—12 chapters of school textbooks. Augmenting these books fol-
lowed the learning objectives set by the pre-service teachers according to the revised
Bloom’s cognitive taxonomy. Pre-service teachers worked alone at home, while the
professor of the course served as a facilitator through teleconference meetings and
helped students whenever they encountered technical issues or difficulties with the
augmentation process.

The sample of in-service teachers designed and developed MAR applications
within the framework of a MAR training seminar delivered via the ZOOM platform
in the Spring of 2020. The seminar was held from March until mid-April 2020 (for
a total of 12 h), organized by the university, and composed of two parts. The first
part focused on informing in-service teachers about MAR affordances in education.
The second part presented in-service teachers with four tools and platforms used to
develop image-based and location-based augmented reality applications (i.e., ARIS,
Zapworks, BlippAR and ROAR). During this second part, the in-service teachers
were asked to develop an indicative example of augmented reality for a subject area
using each of the aforementioned tools. Following the completion of this process, both
samples were given a URL in Google Forms to complete the study’s questionnaire.
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Table 4 Means (M) and Standard Deviations (SD) for components of MARAM

MARAM components Total Pre-service In-service
teachers teachers
M SD M SD M SD

Intention 4.08 0.67 393 0.70 421 0.62

I intend to use AR applications in my future teaching. 427 0.67 4.06 0.72 445 0.58

I plan to use AR applications in my future teaching. 394 0.80 3.84 0.77 4.02 0.82

I predict I will use AR applications in my future teaching. 4.03 0.81 389 0.77 4.15 0.82

Attitude 428 0.59 4.12 0.65 4.41 0.51

Using AR applications is a good idea. 444 058 428 0.63 456 0.51

I like using AR applications. 420 0.70 4.00 0.75 436 0.61

It is desirable to use AR applications. 4.19 0.71 4.07 0.74 430 0.67

Perceived ease of use 3.70 0.78 3.48 0.79 3.88 0.74

My interaction with AR applications is clear and 3.77 083 3.62 0.85 3.89 0.80
understandable.

It is easy for me to become skillful at using AR applications. 3.78 0.89 3.53 0.87 3.98 0.86

I find AR applications easy to use. 356 090 3.31 091 3.76 0.84

Perceived usefulness 4.08 0.69 4.03 0.75 4.13 0.63

Using AR applications enhances my teaching effectiveness. 4.11 0.74 4.03 0.83 4.18 0.66

AR applications are useful for my teaching. 4.13 0.75 4.06 0.83 4.18 0.67

Using AR applications increases my teaching productivity. 4.01 0.76 4.00 0.78 4.02 0.75

Perceived relative advantage 3.72 0.60 3.70 0.63 3.74 0.57

AR applications would be more advantageous in my teaching  3.71 0.74 3.65 0.74 3.76 0.73

than other technologies.

AR applications would make my teaching more effective than  3.64 0.75 3.62 0.75 3.66 0.75

other technologies.

AR applications are relatively efficient in my teaching com- 3.68 0.72 3.69 0.70 3.66 0.73

pared to existing technologies.

The use of AR applications offers new learning opportunities ~ 4.07 0.65 3.95 0.73 4.16 0.55

compared to existing technologies.

Overall, AR applications are better than existing technologies. 3.50 0.77 3.58 0.76 3.43 0.77
Facilitating conditions 339 0.76 3.45 0.75 3.34 0.76

I have the resources (e.g., Internet connection, tablets) neces-  3.61 1.03 3.55 1.03 3.66 1.02

sary to use AR applications in my teaching.

I have the knowledge needed to use AR applications in my 334 092 342 089 327 094
teaching.
I have the time needed to use AR applications in my teaching. 3.22 093 3.38 0.82 3.08 1.00
Perceived enjoyment 416 0.65 4.01 0.72 4.29 0.57
Using AR applications is truly fun. 426 0.69 4.09 0.77 4.40 0.58
I know using AR applications to be enjoyable. 422 0.70 4.07 0.77 434 0.61
The use of AR applications gives me pleasure. 4.13 076 396 0.81 4.27 0.69
The use of AR applications makes me feel good. 4.04 077 391 081 4.15 0.71
Mobile Self-Efficacy 3.82 0.65 3.70 0.71 3.92 0.59
I could complete a job or task using a mobile device. 3.77 0.88 3.67 0.92 3.86 0.83

I could complete a job or task using a mobile device if some-  4.01 091 391 0.99 4.09 0.83
one showed me how to do it.

I was fully able to use a mobile device before I began using AR 3.94 0.90 3.84 0.92 4.03 0.87
applications.

I am confident that I can effectively use AR applications using 3.80 0.84 3.62 0.86 3.94 0.81
mobile technology.

I believe I can use AR applications using mobile technology 3.58 093 347 093 3.67 092
even if [ have never used a similar technology before.
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4.4 Reliability and convergent validity

To ascertain reliability and convergent validity, we determined Cronbach’s alpha,
composite reliability (CR), average variance (AVE), and factor loading measures
according to Urbach and Ahlemann (2010). We used Cronbach’s alpha to assess the
internal consistency of the items in each MARAM component (See Table 5). Cron-
bach’s alpha measures internal consistency/reliability, and the degree of homogeneity
among a set of items; regardless if they reflect the same construct. It ranges from 0
to 1 with values above 0.7 suggesting an acceptable level of reliability and values
above 0.8 suggesting a very good fit (Cronbach, 1951). Composite reliability (CR)
also measures internal consistency among scale items, similar to Cronbach’s alpha.
According to Fornell and Larcker (1981), this is an “indicator of the shared vari-
ance among the observed variables used as an indicator of a latent construct”. Values
above the 0.7 threshold indicate that the items under evaluation measure the same
construct. These two indices then confirm construct validity.

We used average variance extracted (AVE) and factor loading to test for conver-
gent validity. Weak factor loadings were eliminated from our analysis. This means
loadings with a score lower than 0.4. AVE measures the variance extracted from a
construct, in association with the amount of variance due to measurement error. For
adequate convergence, an AVE of at least 0.5 is highly recommended.

The heterotrait-monotrait (HTMT) ratio was used to establish discriminant valid-
ity. This measure was proposed as an alternative to other two methods that detect
the lack of a discriminant, which are the Fornell-Larcker (1981) criterion and (par-
tial) cross-loadings. According to Henseler et al. (2015), the heterotrait-monotrait
(HTMT) ratio is the superior method according to a Monte Carlo simulation study,
and hence the other two methods will not be examined in this paper. If the HTMT
value is below 0.90, discriminant validity has been established.

4.5 Structural equation modeling (SEM)

We used Structural equation modeling (SEM) with the Maximum Likelihood (ML)
estimator to validate the suggested model presented in Fig. | (MARAM). SEM is a
multivariate technique that tests and evaluates pre-assumed multivariate causal rela-
tionships between latent and observed variables. The SEM method combines two sta-
tistical procedures, confirmatory factor analysis (CFA) and path analysis. CFA uses
latent variables that are indicators of observed variables and summarize their behav-
ior. Path analysis quantifies relationships among variables (Crowley & Fan, 1997).
All components are represented by latent variables with the corresponding items
used as indicators of these variables. Then, from the conceptual path diagram of the
MARAM in Fig. 1 we observe that the model includes four regression models. Model
1 models perceived usefulness (PU) as a function of perceived enjoyment (PE), per-
ceived relative advantage (PRA) and perceived ease of use (PEOU). Model 2 models
PEOU as a function of mobile self-efficacy (MSE) and facilitating conditions (FC).
Model 3 models attitude (ATT) as a function of PE, PEOU and PU and model 4
models Intention (I) as a function of ATT, FC and PU. We calculated the Chi-square
test, the Tucker-Lewis index (TLI), the comparative fit index (CFI), the standardized
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root mean square residual (SRMR), and the root mean square error of approximation
(RMSEA) to evaluate model fit. The CFI and TLI suggested cutoff values of 0.9,
0.8 for the SRMR and for the RMSEA a value smaller than 0.05 indicates a “close
fit,” whereas values smaller than 0.08 suggest a reasonable model—data fit (Hooper
et al., 2008). Before evaluating the model fit, we tested for multicollinearity with the
Variance Inflation Factor (VIF). Multicollinearity occurs when two or more of the
predictive variables are highly correlated and leads to the wrong interpretation of
path coefficients. VIF values exceeding 5 or 10 indicate high multicollinearity and
should be treated accordingly.

4.6 Multi-group analysis

Finally, we explored differences among pre-service teachers’ and in-service teachers
by performing a multi-group analysis. To employ multi-group analysis some prereq-
uisites must apply. We tested for Measurement Invariance of the Composite Models
(MICOM) by applying three steps: configural invariance, compositional invariance,
and equality of composite mean values and variances (Henseler et al., 2016). To
achieve a partial measurement invariance, the first two criteria should be satisfied
(configural and compositional invariance). Next, a multi-group analysis compared
the two groups (pre-service and in-service) and tested whether statistically significant
differences exist among teacher-group parameter estimates.

5 Results

We combined the dataset and analyzed it separately for the two samples of teachers.
The results of the descriptive analysis are presented in Table 4 and indicate that both
samples had a positive intention to use MAR, showed a positive attitude toward its
use, as well as positive views on the usefulness and enjoyment it provides. They
had comparatively fewer positive perceptions toward mobile self-efficacy, perceived
relative advantage, and perceived ease of use. The results also show that compared
to pre-service teachers, in-service teachers scored a higher mean on all components,
aside from the facilitating conditions.

We decided to remove the items that did not produce acceptable results before
proceeding to the path analysis (e.g., MSE 2 loading was equal to 0.200, 0.345, and
0.033 for the total sample, pre-service, and in-service, respectively).

As Table 5 shows the results of Cronbach’s, AVE, and CR for all constructs except
FC, which were very satisfactory in all three cases (total sample, pre-service and in-
service). For the FC construct, Cronbach’s was slightly non-satisfactory for the total
sample (0.698), satisfactory for pre-service (0.760), and non-satisfactory for in-service
(0.661). The AVE for the FC construct was non-acceptable for both the total sample
and in-service (0.450 and 0.429, respectively), but marginally sufficient for pre-ser-
vice teachers (0.519). The CR for the total sample was barely acceptable (0.703),
acceptable (0.703) for pre-service and marginally unacceptable (0.672) for in-service.

From the above results we decided to include the FC in the pre-service teachers
and total sample analysis, and not in the in-service teachers’ analysis. We re-ran the
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Table 6 SEM model fit indices for the MARAM

CFI TLI RMSEA SRMR Chi-square /
Chi-square df

Model with FC Total sample 0.935 0.926 0.061 0.050 705.767/2.119
In-service 0.899 0.885 0.073 0.061 627.402/1.884
Pre-service 0.906 0.893 0.078 0.065 611.096/1.835
Model without FC Total sample 0.928 0.918 0.069 0.068 648.819/2.467
In-service 0.899 0.885 0.078 0.066 530.486/2.017
Pre-service 0.888 0.873 0.093 0.095 571.116/2.172

Abbreviations: MARAM: Mobile Augmented Reality Acceptance Model; df: degrees of freedom; CFI:
comparative fit index; TLI: Tucker—Lewis Index; RMSEA: root-mean-square error of approximation,
SRMR: Standardized Root Mean Square Residual

Table 7 Discriminant validity for total sample: HTMT criterion

Constructs PE PRA MSE FC PEOU PU Attitude Intention
PE -

PRA 0.446 -

MSE 0.517 0.426 -

FC 0.528 0.523 0.676 -

PEOU 0.648 0.402 0.804 0.782 -

PU 0.639 0.617 0.441 0.483 0.478 -

Attitude 0.758 0.557 0.505 0.541 0.580 0.687

Intention 0.673 0.501 0.535 0.601 0.598 0.720 0.814 -

Table 8 Discriminant validity for in-service (upper triagonal matrix) and pre-service (lower triagonal ma-
trix): HTMT criterion

Constructs PE PRA MSE FC PEOU PU Attitude Intention
PE - 0412 0615 X 0.686  0.704 0.847 0.716
PRA 0483 - 0495 X 0.316  0.598 0.508 0.491
MSE 0.400 0363 - X 0.873  0.530 0.525 0.645
FC 0.523 0.551 0.663 - X X X X
PEOU 0.577 0.498 0.720 0.806 - 0.520 0.623 0.654
PU 0.587 0.629 0.346 0430 0431 - 0.723 0.723
Attitude 0.671 0.612 0.451 0.540 0.488 0.670 - 0.821
Intention 0.607 0.521 0.402 0.519 0494 0.724 0.791 -

analyses both with and without FC. According to the calculated fit indices, the model
fits were acceptable (Table 6).

The pre-service model with the FC was better than the pre-service model without
the FC as expected. Also, the total sample model was better when the FC component
was included. The in-service model had almost identical results with or without the
FC, but according to the parsimonious principle and reliability and convergent valid-
ity, we excluded the FC from the in-service model (Table 6).

All discriminant values are smaller than 0.85 (Table 7). The same applies to pre-
service teachers’ discriminant validity (lower triangular matrix in Table 8). For in-
service teachers (upper triangular matrix of Table 8), there is a value (0.873) that is
greater than 0.850, but smaller than 0.90.
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Table 9 Collinearity test by inspecting Variance inflation factor (VIF)
PRA PE PEOU PU Att FC MSE R? R2
adj

Total sample Model 1 (PU) 1.275 1.862 1.778 0.747 0.745
Model 2 (Att) 2.277 1.755 1.709 0.546 0.541

Model 3 (Intention) 1.952 2.124 1.460 0.653 0.650

Model 4 (PEOU) 1.922 1.922 0.735 0.733

Pre-service ~ Model 1 (PU) 1.427 1.641 1.654 0.501 0.490
Model 2 (Att) 1.908 1.545 1.559 0.575 0.566

Model 3 (Intention) 1.830 2.125 1.423 0.702 0.695

Model 4 (PEOU) 1.778 1.778 0.708 0.704

In-service Model 1 (PU) 1.202 2.051 1.893 0.613 0.606
Model 2 (Att) 2.741 1.899 1.992 0.749 0.744

Model 3 (Intention) 2.082 2.082 X 0.721 0.718

Model 4 (PEOU) X 0.721 0.718
--TF-%LV“T‘ PE_1 PE 2 PE 3 PE 4 \ff\fi"

0. 82 0. 78 0.810.75 0,70 0.80 0.700.48 0.86 0.80 0.92 0.86 0.700.63 0.890.72

& (=) =

0.17 043 047 049

0.89 089 0.84 0.91055 079085083

PU‘ ‘ ] ” PEOU |||PEOU2|| PEouaH Al A2

Fig.2 SEM analysis of the MARAM (Total sample, N=306)

We examined collinearity prior to the proposed structural relations, to ensure that
our statistical inference is reliable. This was assessed by calculating the variance
inflation factor (VIF) values for every model and every sample. As recommended the
VIF estimates are lower than 5, indicating a lack of collinearity in all cases (Table 9).
The R-squared values for the four models of the total sample, Models 1 to 4, were
0.747, 0.546, 0.653, and 0.735, respectively and interpreted as moderate to high vari-
ability (i.e., 74.7% for the first model) for each outcome variable as explained by
the regression model. The same interpretation holds true for the four models of pre-
service and in-service teachers (Table 9).
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nY RN A

0.72 0.75 0.79 064 0.8i 0.84 0.82 0.86 080 065 064 0

0.84 085 0.87 0.28

Fig. 3 SEM analysis of the MARAM (In-service teachers, N=169)

091 081 085 082 065 059 0.79 0.76 086 077 097 090 077 0.59 088 0,78

091091 083

Fig. 4 SEM analysis of the MARAM (Pre-service teachers, N=137)
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Table 10 Hypothesis testing results for the total sample (N=306), in-service teachers (N=169) and pre-
service teachers (N=137)

Hypotheses ~ Path Total sample Pre-service teachers In-service teachers
Esti-  p-value Supported Esti-  p-value Sup- Esti-  p-value Sup-
mate mate port- mate port-
(Std. (Std. ed  (Std. ed
error) error) error)
Hla PEOU 0.036 0.622 No 0.002 0.987 No 0.050 0.566 No
— (0.073) (0.100) (0.087)
PU

Hlb PEOU 0.119 0.066 No 0.097 0.294 No 0.068 0.475 No
— (0.065) (0.092) (0.095)
Att

H2a PU— 0327 <0.001 Yes 0.404 <0.001 Yes 0.244 0.022 Yes
Att (0.071) (0.096) (0.107)

H2b PU 0.275 <0.001 Yes 0.344 <0.001 Yes 0.282 0.044 Yes
—1  (0.069) (0.080) (0.140)

H3 Att 0.533  <0.001 Yes 0.503 <0.001 Yes 0.623 <0.001 Yes
—1  (0.080) (0.112) (0.138)

H4a FC— 0445 <0.001 Yes 0.580 <0.001 Yes - - -
PEOU (0.079) (0.099)

H4b FC 0.172 0.020 Yes 0.106 0.242 No - - -
—1 (0.074) (0.090)

H5 PRA 0409 <0.001 Yes 0451 <0.001 Yes 0.372 <0.001 Yes
— (0.058) (0.089) (0.074)
PU

Héa PE— 0473 <0.001 Yes 0.381 <0.001 Yes 0.627 <0.001 Yes
Att (0.080) (0.104) (0.128)

Héb PE — 0434 <0.001 Yes 0.368 <0.001 Yes 0.518 <0.001 Yes
PU (0.073) (0.091) (0.096)

H7 MSE 0495 <0.001 Yes 0.337 0.002 Yes 0.869 <0.001 Yes
— (0.073) (0.106) (0.043)
PEOU

Note: p-value<0.05 denotes statistically significant

We tested the MARAM using SEM on the total sample of both pre-service and
in-service teachers. Figure 2 shows the results of the SEM model for the total sample.
Latent variables are represented by ovals and observed variables by rectangles. We
presented standardized loadings (the coefficients from latent to observed variables)
and standardized regression coefficients (arrows pointing from latent to other latent
variables). Loadings and coefficients close to one show strong relationships while
values close to zero reflect weak relationships. The loadings for every factor in the
total sample are quite satisfactory (Fig. 2). The same graphs for in-service teachers
and pre-service teachers can be found in Figs. 3 and 4.

Table 10 shows the results of hypotheses testing, where all models agree that Hla
and H1b should be rejected for every sample. This can also be seen in the graph
(Fig. 2), since the standardized coefficients of PEOU in PU and of PEOU in Att are
low. The results we trust the most are those of the total sample since the larger the
sample size, the greater the power of our analysis. We next conduct a multi-group
analysis to compare the results of pre-service and in-service teachers.
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5.1 Multi-group analysis

The configural invariance involves three criteria: (i) identical indicators per mea-
surement model, (ii) identical data treatment, and (iii) identical algorithm settings
or optimization criteria. As this does not apply to our groups (exclusion of FC from
the in-service), we decided to perform two multi-group analyses: one with both pre-
service and in-service containing the FC, and one without the FC. Given that the
requirements are satisfied, configural invariance has been proven.

The (ii) criterion of MICOM is established when composite scores are equally
distributed across groups. Table 11 shows the results of this analysis. As observed,
the FC component did not achieve compositional invariance and hence will not be
checked for the (iii) criterion. In contrast, the other components achieved at least
partial measurement invariance. The (iii) criterion has two scales, one that tests for
differences between the group means and one that tests for the log of the ratio of the
group variances. Table 11 shows that components PRA and PU have achieved full
measurement invariance.

Table 12 presents the path estimate coefficients and confidence intervals for both
pre-service and in-service teachers. In the Overlap column, “Yes” indicates that over-
lap exists and “No” that it does not. We also present Henseler’s p-value because the
overlap method fails to reject the null hypothesis more frequently than a hypothesis
testing procedure. By checking for overlap to confirm statistical differences, we con-
sequently decrease statistical power (higher type II error rate) which might overlook
essential findings.

The results in Table 13 show that a difference exists for both pre-service and in-
service teachers as indicated in the path differences, but these differences were not
statistically significant. The only statistically significant difference concerns the FC
component, which is not taken into consideration since no compositional invariance
could be established. The results of Henseler’s p-value in Table 14 for the multi-
group analysis (without the FC component) indicate that there is only one statistically
significant difference in the MES -> PEOU path for the in-service and pre-service
teachers’ models

6 Discussion and conclusions

This research examines critical factors influencing pre-service and in-service teach-
ers’ intention to use mobile augmented reality in their future teaching. A proposed
Mobile Augmented Reality Acceptance Model (MARAM) was developed from pre-
vious TAM studies to guide research.

For the study’s first aim, the results show that intention was affected by pre-service
and in-service teachers’ attitude toward the use of MAR as well as perceived useful-
ness. This finding supports previously documented acceptance of digital technologies
(Scherer & Teo, 2019) and mobile augmented reality studies (Asiri & El-Aasar, 2022;
Cabero-Almenara et al., 2019; Ma et al., 2021) which found that perceived useful-
ness and attitudes had a positive effect on intention. In essence, when pre-service and
in-service teachers perceive MAR as useful in their teaching and have positive atti-
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Table 12 Assessment of Path Coefficient Coefficient ~ Overlap  p-value
group differences with the FC (95% C.1) (95% C.1) Henseler’s
component in-service pre-service
PEOU  0.050 (-0.121, 0.002 Yes 0.340
—PU 0.211) (-0.190,
0.229)
PEOU 0.067 (-0.115, 0.097 Yes 0.594
— Attt 0.221) (-0.071,
0.295)
PU—  0.244(0.039, 0.404 (0.207, Yes 0.866
Att 0.480) 0.594)
PU—1 0.234(0.022, 0.344(0.202, Yes 0.797
0.478) 0.509)
Att—1 0.422(0.149, 0.503 (0.259, Yes 0.688
0.744) 0.669)
FC— 0.528(0.178, 0.580 (0.379, Yes 0.600
PEOU 0.755) 0.803)
FC —1 0.367(0.110, 0.106 Yes 0.036
0.572) (-0.054,
0.281)
PRA — 0.372(0.232, 0.451(0.247, Yes 0.767
PU 0.494) 0.613)
PE—  0.628 (0.376, 0.381(0.134, Yes 0.069
Att 0.860) 0.607)
PE—  0.518(0.364, 0.368 (0.160, Yes 0.121
PU 0.702) 0.546)
Bold: Results not to be taken MSE  0.450(0.225, 0.337(0.109, Yes 0.264
into consideration, since we - 0.757) 0.546)

excluded FC component PEOU

tudes towards it, they will also show greater positive intention to use this immersive
technology. Moreover, pre-service and in-service teachers’ attitudes toward the use of
MAR was affected by perceived usefulness and perceived enjoyment. These findings
are also supported by previous studies investigating the acceptance of technologies
(Lee et al., 2019; Swani, 2021; Teo & Noyes, 2011). This means that both samples
of teachers show a positive attitude because they consider MAR enjoyable and use-
ful in their teaching. Similar findings for perceived usefulness (Asiri & El-Aasar,
2022; Rahmat & Mohamad, 2021) and perceived enjoyment (Cabero-Almenara et
al., 2019) have also been found in previous MAR acceptance studies.

Furthermore, perceived usefulness in both samples was affected by perceived
enjoyment and perceived relative advantage. This result is overall consistent with
recent studies on the importance of the role of perceived relative advantage in tech-
nology acceptance models in education (Al-Rahmi et al., 2019, 2021; Alyoussef,
2022). This finding shows that for MAR to be utilized in teaching in the future, edu-
cators need to perceive that this technology has more advantages compared to other
technologies they currently use.

Another result emerging from this study relates to the role played by facilitating
conditions. This component in the total sample affected intention which reinforces
the significance of the role of facilitating conditions (e.g., availability of computers,
time, training) as indicated in previous acceptance models, in encouraging the use of
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Table 14 Assessment of group Path Coefficient Coefficient Overlap p-value
differences without the FC (95% C.L) (95% C.1) Hensel-
component in-service pre-service er’s
PEOU  0.050 (-0.137,  0.003 (-0.217,  Yes 0.370
—PU  0.226) 0.207)
PEOU  0.068 (-0.129,  0.098 (-0.070,  Yes 0.590
LAt 0.228) 0.268)
PU—  0.244(0.021, 0.404 (0.217, Yes 0.871
Att 0.450) 0.589)
PU—1 0.282(0.001, 0.356 (0.230, Yes 0.674
0.515) 0.507)
Att—1 0.623 (0.396, 0.552 (0.362, Yes 0.335
0.888) 0.701)
PRA — 0.372 (0.250, 0.450 (0.280, Yes 0.751
PU 0.519) 0.628)
PE—  0.627 (0.389, 0.381 (0.101, Yes 0.076
Att 0.899) 0.576)
PE—  0.518(0.340, 0.368 (0.180, Yes 0.125
PU 0.691) 0.586)
MSE — 0.869 (0.787, 0.719 (0.598, Yes 0.016
PEOU  0.937) 0.835)

technology in schools (Huang et al., 2021; Mukminin et al., 2023; Songkram et al.,
2023). Regarding the sample of pre-service teachers, facilitating conditions were not
shown to impact their intention. This may be explained by pre-service teachers’ lack
of experience or awareness of the role of factors that facilitate the use of digital tech-
nology in schools. The absence of any significant effect of facilitating conditions on
pre-service teachers’ intention is consistent with the empirical results of Teo (2012),
but inconsistent with the findings of Teo et al. (2019) and Gurer (2021).

It is interesting to note that perceived ease of use had no effect on attitude or per-
ceived usefulness. This means that pre-service and in-service teachers adopt positive
attitudes and perceptions on the usefulness of MAR regardless of whether they con-
sider it to be easy to use. This finding contradicts a previous study which found that
perceived ease of use has a positive effect on the perceived usefulness of MAR (Ibili
et al., 2019). On the contrary, perceived ease of use, both for the total sample, as well
as the sample of pre-service teachers, was influenced by facilitating conditions. This
result implies that the more facilitating conditions offered to teachers enabling the
use of MAR in their schools, the easier they may find it to use MAR in their teaching.
Similar results regarding the positive effect of facilitating conditions on perceived
ease of use were also found in recent studies (Huang et al., 2021; Mukminin et al.,
2023; Songkram et al., 2023). Finally, the results for all samples showed that per-
ceived ease of use was affected by mobile self-efficacy. Recent studies by Mensah
(2022) and Song et al. (2022) also concluded that mobile self-efficacy has a signifi-
cant effect on perceived ease of use. This finding suggests that when pre-service and
in-service teachers possess experience and self-efficacy in their use of applications on
mobile devices, they will perceive the use of MAR to be easier.

For the second aim of this study, findings show that the MARAM is a valid model
and could be used to investigate intention among pre-service and in-service teachers.
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To the best of our knowledge, this is the first study to investigate an acceptance model
on two teacher samples, as well as comprehensively, for the purpose of determining
their intentions. As Table 9 shows, compared to other technology acceptance models
(Scherer & Teo, 2019; Scherer et al., 2019), the MARAM can explain the substantial
degree of variance among perceived ease of use, perceived usefulness, attitude, and
intention. All the hypotheses in this study were confirmed, except for those on the
effect of perceived ease of use and facilitating conditions; most likely for the reasons
mentioned above. This finding also serves as a motive to conduct further research to
investigate the effect of these two components on different samples. Finally, com-
pared to the other acceptance models in Table 2 used with pre-service and in-service
teachers, the MARAM included the components of perceived relative advantage and
mobile self-efficacy to examine the acceptance of MAR for the first time, and the
results were encouraging.

6.1 Implications

These findings have specific implications for the future use of MAR in schools. To
foster positive and strong intentions among pre-service and in-service teachers to
use MAR in their teaching, it is important that schools and universities help them
develop positive attitudes toward its use. This could be achieved if they believe that,
aside from being enjoyable, MAR is also useful in their teaching, and more specifi-
cally, it provides advantages both to them, as well as to their students. They must be
convinced that this technology has affordances and pedagogical-added value com-
pared to other technologies. As seen in a previous section, such affordances include
the combination of digital and physical objects in a real environment (Dunleavy et
al., 2009), the concretization and representation of invisible, complex, and abstract
concepts (Akgayir & Akgayir, 2017; Bujak et al., 2013), and the real-time interac-
tion with real and virtual objects (Azuma, 1997; Zhou et al., 2022). Therefore, the
development of positive intentions and attitudes toward the use of MAR could begin
at the time of teachers’ undergraduate studies, by adding courses in their curriculum
that are relevant to mobile learning and augmented reality. This could focus not only
on the technological training of future teachers, but primarily, on the pedagogical
design of MAR applications. In addition, schools should be equipped with the neces-
sary infrastructure and resources (e.g., mobile devices and internet connection), as
well as provide all the necessary conditions (e.g., time for teachers to prepare their
lessons) to ensure that teachers can use MAR seamlessly. A recent study on MAR in
education has shown that support from the school community and the capability to
train teachers can contribute to this (Koutromanos & Jimoyiannis, 2023). Moreover,
considering that most applications are commercially available but costly in terms
of their wider use in education (Arici et al., 2021; Ajit, 2021), both the research and
teaching community, in conjunction with private institutions and companies, must
invest in the development of new and easy to use open-source MAR applications.
The study has several implications for researchers also. Firstly, the MARAM
model can serve as a basis to promote future research. It is interesting that both
components of the original TAM — perceived usefulness and attitudes toward MAR
— remain strong predictors of intention. Secondly, this is the first time where per-
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ceived relative advantage was used in a MAR technology acceptance model. As men-
tioned earlier, perceived relative advantage is a component that measures teachers’
perceptions on the advantages of using MAR in teaching compared to other digital
technologies. Its use in the MARAM enhances the argument for MAR’s perceived
usefulness. Thirdly, it is interesting to note that the component of mobile self-efficacy
affects perceived ease of use. Therefore, this proposed component can be used in
the future in other MAR technology acceptance models as well. On the contrary,
there are concerns regarding the component of perceived ease of use because it did
not appear to affect pre-service or in-service teachers’ perceived usefulness and atti-
tudes. Considering that the sample of this study possessed knowledge of MAR on a
methodological level, further study is needed to determine whether this component
is more important for novice MAR users. Fourthly, further study is required on the
role of facilitating conditions. As we have seen, this component had a relatively low
Cronbach a in its internal consistency. Furthermore, for reasons already mentioned,
this component was excluded from the statistical analysis of the MARAM for the
sample of in-service teachers, seeing as the existing items for this component may not
adequately measure the conditions that facilitate the use of MAR in schools. Another
possible reason is that the teachers in this study have been trained in a centralized
educational system, where the factors that reinforce the use of a digital technology do
not depend exclusively on them, but on the Ministry of Education and the institutions
it oversees. Consequently, future research could also examine the degree to which
facilitating conditions affect pre-service and in-service teachers trained in different
educational systems.

6.2 Limitations and future work

This study included a sample of pre-service and in-service teachers who were given
information on the affordances of MAR, interacted with MAR applications, and
developed their own augmented material for various subjects. Therefore, the results
cannot be generalized for other pre-service and in-service teachers who are not famil-
iar with MAR. Another limitation is that the sample of this study did not have the
opportunity to use the augmentations they created in real learning situations with
students. This limitation means that the findings of our study may be different for
teachers who are already applying MAR in their teaching.

Aside from the aforementioned limitations, future studies could investigate
whether there are other external variables (e.g., gender, ICT skills) or psychological
factors that affect pre-service and in-service teachers’ intentions, which could improve
the predictive power of the MARAM. Next, future research could also compare the
results of the current study with samples of pre-service teachers and in-service teach-
ers from specific disciplines (e.g., mathematics teachers, science teachers) or other
levels of education (e.g., primary, secondary) to examine if significant differences
exist and whether the MARAM remains a valid and generalizable model. Finally,
future studies could examine the degree to which the MARAM model is appropriate
for observing MAR with AR glasses, which provide a greater immersive experience
compared to mobile devices (i.e., smartphones and tablets).
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