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Abstract

Augmented Reality Smart Glasses are an emerging technology that gains in-
terest more and more among the research community. Their unique affor-
dances such as the hands-free access and the transmition of first person view,
differentiate them from other mobile and wearable technologies. The present
study presents an overview of Augmented Reality Smart Glasses by empha-
sizing on the field of education. It includes the presentation of the affordances
of AR and ARSG and the research activity on the effect of ARSG on educa-
tion. Also, the factors that can influence their acceptance as well as students’
views on viewing augmented books through glasses are presented. Finally,
suggestions for future research in the field are made.
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1. Introduction

In recent years, there has been increased interest in the research community re-
garding the use of smart wearable technologies. This interest concerns various
sectors, such as health (Iovanel et al., 2023; Aekanth & Tillinghast, 2023), well-
ness (Tikkanen et al., 2023), marketing (Bakhshian & Lee, 2023), and education
(Al-Emran et al., 2023; Aranda-Garcia et al., 2023). This interest is due to two
factors: 1) smart wearable technologies can offer users many forms of human-
computer interaction, as opposed to mobile devices (Stefana et al., 2021) and 2)
smart wearable technologies are part of the Internet of Things (Ferreira et al.,
2021), which is a technology that develops rapidly (Malhotra et al., 2021).

Smart glasses are a form of smart wearable technology that appeared on the

market in 2013 when Google Glass was launched. The first definitions of smart
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glasses were therefore related to this device. One of these definitions is by Aungst
and Lewis (2015) who defined Google Glass as a wearable device like eyeglasses,
except that Google Glass’s technical interface essentially turns it into a computer
interface. More recently, definitions of smart glasses have focused on the possi-
bilities of interaction, applications, and virtual or augmented reality that they
offer (Romare & Skar, 2020; Wei et al., 2018). Augmented reality smart glasses
(ARSG) are becoming increasingly popular. Indicatively, in 2019, sales of ARSG
amounted to 170 thousand units and are expected to increase to 3.9 million units
by 2024, according to data from Statista (Alsop, 2022).

ARSG are significantly differentiated from mobile devices as they offer the
user a more intense augmentation experience. This is because they enhance the
immediacy, immersion, and presence of the user (Bower & Sturman, 2015). In
addition, smart glasses have the hands-free feature and the ability to transmit the
user’s point of view (Bower & Sturman, 2015). These affordances led researchers
to examine whether their use in the educational process has a positive effect on
learning (e.g., Chen et al., 2023; Kuhn et al., 2016; Lukowicz et al., 2015) as well
as explore their acceptance by teachers and students (e.g., AlHamad et al., 2021;
Alfaisal et al., 2022; Aljanada et al.,, 2022; AL-Maroof et al., 2021; Kazakou &
Koutromanos, 2022; Kazakou & Koutromanos, 2023).

The purpose of this study is an overview of the research literature on ARSG in
the field of education as well as the highlighting of topics for future research in
the field of smart glasses in education. More specifically, the research questions
answered are:

1) What are the advantages and affordances of smart glasses for both students
and teachers and the learning process?

2) What is their impact on formal and informal learning? and

3) What are the factors that can influence their acceptance and use by teach-
ers?

The structure of this paper is as follows: first the advantages and affordances
of augmented reality and ARSG are presented and then the research activity on
the effect of ARSG on learning. Next, the factors that can influence the accep-
tance and use of ARSG by teachers and students are listed. Then, the topics for
future research in the field of smart glasses in education are highlighted and fi-

nally the main conclusions are mentioned.

2. The Affordances of Augmented Reality and ARSG

Augmented reality (AR) is a new technology that is changing the way we see and
experience the world and is part of so-called emerging technologies (Suh &
Prophet, 2018; Verhulst et al., 2021). It adds digital elements to the real world,
such as images, videos, text, three-dimensional objects, and sound. Early defini-
tions of AR, such as that of Azuma (1997), precisely describe this superposition
of digital assets in the real world. More recent definitions, however, such as that
of Ibanez et al. (2015), include the fact that the real and virtual worlds coexist,

and the user can interact with the two worlds. Rauschnabel et al. (2022) defined
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AR as an experience that merges in real-time the virtual content of a particular
context with the physical world and therefore it is called hybrid.

AR has unique capabilities that make it a powerful educational technology. It
can create immersive learning environments that combine digital and physical ob-
jects (Dunleavy et al., 2009). It can also help students understand abstract concepts
(Arici et al., 2021) and present learning content from three-dimensional pers-
pectives (Suh & Prophet, 2018). In addition, AR can facilitate learners’ sense of
presence, immediacy and immersion and visualization of invisible elements (Wu
et al., 2013; Garzon et al.,, 2019) (Figure 1).

Marketing, medicine, entertainment, and education are some of the various
fields that research has shown that AR has multiple benefits for users (Villa-
gran-Vizcarra et al., 2023; Suh & Prophet, 2018). In education, the positive ef-
fects of AR include multiple cases. More specifically, it has been found that AR
improves learning performance (Ak¢ayir & Akgayir, 2017; Chang et al., 2022)
and can enhance the motivation of students as well as it can increase their en-
gagement (Sirakaya & Alsancak Sirakaya, 2022). Moreover, AR has been proven
to improve students’ professional skills such as assembly skills (Chiang et al.,
2022), and cultivates their computational thinking (Theodoropoulos & Lepou-
ras, 2021). In medical education, AR can be used to provide realistic and simu-
lated learning experiences (Barsom et al., 2016). Especially in patient education,
AR can help patients better understand their condition and follow their doctors’
instructions (Urlings et al., 2022). In entertainment, AR can be used to create
more immersive and educational experiences. That’s because using AR games,
the user experiences positive emotions such as excitement, pleasure, and curios-
ity (e.g., Lopez-Faican & Jaen, 2020). Similarly, students who play AR games
have better achievement and positive attitudes towards learning (Wu, 2021). Al-
so, teenagers’ use of AR games helps them have better relationships and increased
attention and concentration (Ruiz-Ariza et al., 2018).

In recent years, AR has become more accessible to everyone thanks to tech-
nological advances in telecommunications and mobile devices (e.g., smartphones,
tablets). However, viewing AR through mobile device screens is not as immer-
sive and interactive (Holdack et al., 2022). ARSG are a new technology that in-
corporates a screen or projection system that displays digital information in the
user’s field of view (Bridker & Semmann, 2023). The glasses use sensors and
cameras to track the movement of the wearer and the environment around them,
creating a digital extension of the real world. This extension can include digital
information, graphics, or virtual objects. Comparing ARSG with mobile devices,
it is found that glasses provide a more immersive experience, which is related to
two factors (Suh & Prophet, 2018): 1) the user’s senses (sight, hearing, touch,
movement) and 2) the constant stimuli that come from the user’s interaction
with the environment. Especially the possibility of immersion provided through
glasses is very important for areas such as education, as it can transform the
learning process into an experience that involves the whole body of the user
(Buchem, 2019; Motti, 2019).
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Figure 1. ARSG’s affordances.

In addition, one of the first studies to explore the potential of smart glasses
was that of Bower & Sturman (2015). The researchers used two eyewear devices,
Google Glass and Oculus Fit, and recorded 14 of their affordances. These are the
following possibilities: the hands-free access feature, first-person viewing, access
to information while in place, communication and sharing of resources, record-
ing and feedback, and finally simulation through representation. To sum up,
thanks to their capabilities, ARSG outperform other augmented reality mobile
devices in terms of user experiences, making them unique (Buchem, 2019; Hol-
dack et al., 2022).

3. The Impact of ARSG on Formal and Informal Learning

According to the research literature regarding ARSG in an educational context,
they have been more researched in medical education (Santana et al., 2021). In
school education ARSG have been used in Science (Kuhn et al., 2016; Lukowicz
et al., 2015), for learning English (Chen et al., 2023), in special education (Garzon,
2021) but also in the context of informal learning (Chen et al., 2023; Leue et al.,
2015). The study of research activity regarding their use in the educational
process shows that they have a positive effect on the educational process (Ha-
vard & Posiad, 2020; Koutromanos & Kazakou, 2020). Furthermore, it is consi-
dered that the enhanced educational environments used by smart glasses are su-
perior to other augmented environments used by other mobile devices such as
tablets, as the burden of cognitive load is lower and the enhancement of under-
standing is greater (Strzys et al., 2018).

This effect may relate to performance and to learners’ motivations and atti-
tudes. According to research, the effect on performance may refer to more effec-
tive and efficient learning and may be direct or indirect. For example, a direct
positive effect on performance was recorded in the research of Lukowicz et al.
(2015) where the experimental group, who wore Google Glass, performed better
than the control group in execution, cognitive load, and curiosity of running
physics experiments in high school. The indirect positive effect on learning oc-

curs when teachers are the ones using the glasses. Specifically, glasses can pro-
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vide teachers with real-time analytics about students’ learning, metacognition,
and behavior, which they can consider in order to design didactic interventions
that will have a positive impact on learning, as for example was done in the re-
search of Holstein et al. (2018).

ARSG also impact the performance of their users through the development or
enhancement of new skills in both informal and formal learning. In the context
of informal learning, one such case is the research of Leue et al. (2015). The
sample was 22 visitors of an art gallery who reported that using Google Glass
helped them boost their skills, such as how to learn about art on their own.
Another study that confirmed the effectiveness of ARSG in developing skills in
formal learning is that of Kopetz et al. (2019). The study concerned nursing stu-
dents and examined how Google Glass can support nursing skills in nursing
education (Figure 2).

Regarding the effect on students’ motivation and attitudes, this may refer to
interest in learning, orientation to inner goal, cognitive need, and increased cu-
riosity about learning. One of the studies that found that ARSG are capable of
increasing learning motivation is that of Chen et al. (2023). This research inves-
tigated the impact of incorporating smart glasses into an English-language di-
nosaur exhibition at the Natural Science Museum. In particular, the researchers
found that ARSG outperform tablets in terms of motivation to learn.

In conclusion, research published on the effect of ARSG on teaching and learn-
ing shows that they have a positive effect on both formal and informal learning.
However, this research activity is at an early stage and therefore more research
should be done on how ARSG can be best used in the educational process. Some
areas of research that could be a priority in the future for educational technology
researchers are the design of appropriate applications for ARSG, best practices
for the integration of ARSG in specific subjects and for the assessment of stu-
dents as well as their theoretical framing with appropriate learning theories and

teaching strategies.

4. The Factors of Acceptance and Use of ARSG in Education

It is well known that the successful integration of a new digital technology in the
early stages of its diffusion can be facilitated by exploring its acceptance factors
(Attié & Meyer-Waarden, 2022; Bao & Lee, 2023; Rahi et al., 2019). One of the
issues that has concerned researchers of ARSG is that of their acceptance in the
context of different fields of activity. According to the literature review of Kou-
tromanos & Kazakou (2023) these sectors are commercial use, education, medi-
cal care, sports, and tourism.

Especially for the sector of education, research literature has shown that teach-
ers’ attitudes, beliefs, and perceptions play an important role in the adoption of
new technology in teaching (Choi et al., 2023; Scherer et al., 2019). Therefore, it
is important to record the factors of acceptance and use of ARSG by the stake-
holders in education. So far, eight studies have been conducted on this topic.
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Figure 2. A student viewing augented reality
content with ARSG.

Four of these studies relate to higher education (AlHamad et al., 2021; Alfaisal et
al., 2022; Aljanada et al., 2022; AL-Maroof et al., 2021) and focused on university
students who would use glasses to improve their learning. This means that the
students did not have the opportunity to use the glasses and answered the ques-
tionnaire without having the hands-on experience of the glasses. These studies uti-
lized the theoretical framework of the Technology Acceptance Model (TAM) (Da-
vis, 1989; Davis et al., 1989) which they expanded by adding new variables. The
factors found to influence students’ intention to use ARSG are functionality, trust
and privacy, perceived ease of use and perceived usefulness (Figure 3).

The fifth study (Kazakou & Koutromanos, 2022) involved 91 in-service pri-
mary and secondary teachers who would use the ARSG to improve their teach-
ing. This qualitative research was based on the TAM without giving the teachers
the possibility to interact with the glasses. It was found that teachers intend to
use smart ARSG in their teaching if they are convinced of their usefulness. The
factors found likely to influence teachers in using the glasses are perceived use-
fulness, compatibility, facilitation conditions (i.e., technical and pedagogical
training, provision of educational material, school infrastructure and equipment,
support from educational leadership and financial ability to purchase glasses),
the risk of privacy, and the potential risk to health.

The only study that used a sample who interacted with ARSG is that of Kaza-
kou & Koutromanos (2024), which involved 45 primary and secondary school
teachers. This research was based on MARAM (Koutromanos & Mikropoulos,
2021; Koutromanos et al., 2023; Mikropoulos et al., 2022) to which two variables
(i.e., pleasure and social influence) of the Unified Theory of Acceptance and Use
of Technology (UTAUT) were added (Venkatesh et al., 2003). In this study,
teachers were found to be very positive about the use of ARSG and all variables
measured were assessed positively by teachers. These variables were intention,
attitudes, perceived utility, perceived ease of use, perceived relative advantage,

facilitating conditions, enjoyment, self-efficacy, and social influence (Figure 4).
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Figure 3. A teacher interacting with ARSG.

Factors that influence users’ intention to use
ARSG in education

AlHamad et al., 2021 Alfaisal et al.,
2022 Aljanada et al., 2022 AL-Maroof
etal., 2021
Functionality, Trust and privacy,

Perceived ease of use, Perceived usefulness

Kazakou & Koutromanos, 2022
Perceived usefulness, Compatibility,
Facilitating conditions (i.e., technical and pedagogical
training, provision of educational material, school
infrastructure and equipment, support from
educational leadership and financial ability to
purchase glasses),

Risk of privacy, Potential risk to health

g0 '

Kazakou & Koutromanos, 2024

Intention, Attitudes, Perceived utility, Perceived ease
of use, Perceived Relative Advantage, Facilitating
Conditions, Enjoyment, Self-Efficacy, Social Influence

& O

Figure 4. Factors that influence the intention to use ARSG in education.

One of the most important stakeholders in education is the student popula-
tion. However, only two studies have been conducted to investigate students’
acceptance and use of ARSG (Kazakou & Koutromanos, 2022; Koutromanos &
Kazakou, 2023). These studies are presented in the next section.

What derives from the above is that the TAM is a reliable model for examin-
ing the acceptance and use of ARSGs as well. However, the factors investigated
so far are limited in number and do not include the significant affordances of
ARSG, such as immersion and presence. Especially for the education sector, re-
search on acceptance and use factors should also include pedagogical factors
(e.g., expected educational benefits, evaluation, quality of applications) based on
other models and theories of technology acceptance besides the TAM.

5. Students’ Views and Perceptions about ARSG

Although students are among the most important stakeholders in education,
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they have not been included enough in studies related to the acceptance and use
of ARSG. Only two studies have been conducted using a sample of students. The
first one (Kazakou & Koutromanos, 2023) concerned 30 high school students
and had a qualitative methodological design. From the thematic analysis of the
interviews with the students, it was found that they perceive the use of ARSG in
the educational process as pleasant, useful, and easy to use. They were also found
to prefer them for viewing augmented textbooks over other mobile devices. Ta-
ble 1 presents in more detail the factors that can influence students to accept and
use ARSG.

The second study (Koutromanos & Kazakou, 2022) also utilized 30 high school
students and focused on students’ perceptions of viewing augmented reality text-
books with ARSG. More specifically, the variable of Innovation Diffusion Theory
(IDT) (Rogers, 1996), perceived relative advantage, was used to examine the po-
tential relative advantage of glasses as a means of viewing augmented textbooks.
The students projected augmented content of their textbooks through glasses,
smartphones, and tablets. They then participated in semi-structured interviews,
the thematic analysis of which led to the recording of specific technological cha-
racteristics and advantages for learning. According to the students, the technol-
ogical features of ARSGs are hands-free access, first-person view, and sense of
presence. These characteristics lead to specific pedagogical affordances which are

greater concentration, enjoyment, and pleasure.

Table 1. Factors of acceptance and use of ARSG by students (Kazakou & Koutromanos,
2023).

Factors Justification

1) They are an innovative technology.
Pleasure
2) They have technological and pedagogical affordances.

1) Are easy to use (immediate and easy access to information, relaxing and
time-saving study).

2) They provide opportunities for a better understanding of knowledge,
especially when combined with augmented textbooks (access to a larger,

Usefulness more modern, and remote piece of information, enrichment of textbooks
with augmented subjects, attractiveness and motivation for learning,
visualization of knowledge and experientiality).

3) They can solve practical problems related to the use of printed textbooks
(unhindered access to textbooks and learning and ecological reasons).

1) ARSG are easy to use and learn.
Ease of use
2) Their applications are easy to use and learn.

1) They have unique technological features (e.g., hands-free access,
Relative  first-person view)

advantage 2) They have pedagogical advantages (e.g., greater concentration,
enjoyment, pleasure, and sense of presence)
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From the above, it is concluded that the research gap for the acceptance and
use of ARSG by students is very large. It is important to note, however, that the
research regarding students’ adoption of ARSG, is very important because it can
help teachers better assess the potential of this technology in the educational
process. Therefore, further research is needed on the factors influencing stu-
dents’ acceptance and use of ARSG, which could take into account students’ age

and class, learning style and personal interest in technology.

6. Future Research on ARSG

ARSG can be combined with other technologies to enhance their capabilities and
uses. One of these is artificial intelligence (AI) which can be harnessed in various
ways to improve teaching and learning (Crompton & Burke, 2023; Zhang & As-
lan, 2021). More specifically, Al can be used to personalize the learning expe-
rience. That is, to be used to monitor a student’s progress and identify areas in
which they need more support. ARSG can then be used to provide targeted
teaching and feedback. AI can also be used to make learning more interactive
and engaging, for example by creating simulations and augmented reality games
to be projected through glasses. Another use of Al could be to adapt the aug-
mented reality learning experience to the individual needs of each student. For
example, Al can be used to adjust the difficulty level of augmented reality tasks
or provide different types of feedback through glasses for student performance
in real time.

Another technology that could be combined with ARSG is that of biometrics.
Biometrics are unique physical or behavioral traits that can be used to identify
individuals (Payne et al., 2023). Some common biometric features include fin-
gerprints, facial recognition, and iris recognition. The combination of biometrics
with ARSG in educational research can be done in a variety of ways. For exam-
ple, ARSG equipped with biometric sensors can be used to monitor students’
engagement and attention levels. This information can then be used to improve
the design of augmented reality learning experiences and to identify students
who may need additional support.

Biometrics can then be used in combination with glasses to provide persona-
lized feedback. For example, ARSGs could be used to monitor a student’s eye
movements and head position to see how well the student understands the ma-
terial presented. This information could then be used to provide the student with
real-time feedback and support.

Another use of ARSG in combination with biometrics is to assess students’
learning in a more objective and reliable way. For example, these glasses could
be used to monitor a student’s heart rate and GSR to measure their emotional
commitment and cognitive load. This information could then be used to create
more effective assessments and identify students who may be struggling.

By combining both artificial intelligence and biometrics with ARSG, educa-

tion researchers can gain new insights into how students learn and develop.
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These are technologies with enormous potential but still at an early stage of de-
velopment and research. Therefore, future research on ARSG should take these

technologies into account.

7. Conclusion

The present study presented a general overview of ARSG in the field of educa-
tion. It included the presentation of the affordances of AR and ARSG, research
activity on the effect of glasses on education and the factors that can influence
their acceptance, students’ views on viewing augmented books through glasses as
well as suggestions for future research in the field.

Clearly, thanks to their affordances, ARSG offer users unique experiences. These
in turn can bring added value to many subjects compared to traditional teaching
or other digital technologies. Therefore, these technologies should be included in
formal educational policies, and this means that two things are required: 1) spe-
cific infrastructure in schools and 2) the design of a pedagogical and technologi-
cal training program for teachers. Greater acceptance by teachers will lead to
more effective integration of this technology into the educational process.

Furthermore, the study of research activity on the effect of glasses on learning
showed that the results are encouraging. If we consider the affordances of ARSG
combined with the many advantages of AR in the educational process, we con-
clude that this technology has the potential to add value to education. There is,
however, still wide scope for research on the effect of glasses on learning. In par-
ticular, these investigations could include 1) the study of the effects of glasses on
students’ motivation and performance at all levels of education, 2) the investiga-
tion of the impact of glasses on different learning styles, 3) the development of
new methods for assessing students’ learning with the use of glasses and 4) the
formulation of a pedagogical framework for the use of ARSG in the educational
process.

Regarding the factors that can influence the acceptance and use of ARSG, they
are mainly based on the TAM. The factors investigated so far are limited in num-
ber and do not include the affordances of ARSG such as immersion, presence,
and interaction. Future research should therefore consider incorporating addi-
tional factors/variables based on models and theories of technology acceptance
other than the TAM. The research activity should include the variables of the
framework Technological Pedagogical Content Knowledge—TPACK (Mishra &
Koehler, 2006) in order to investigate their possible effect on the acceptance and
use of ARSG, as has been done in other research on different technologies (e.g.,
Mayer & Girwidz, 2019; Yang et al., 2021).

Regarding research activity for students and the use of ARSG, it is obvious
that there is a huge research gap. Some of the topics that could be researched are
the factors of acceptance and use of ARSG by students, taking into account their
age and class, their learning style and familiarity with technology, as well as their

user experience and feasibility of ARSG.
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To sum up, ARSG are a promising new technology for education. They have
the potential to bring about changes in the way students learn, providing them
with interactive and immersive experiences. For this reason, more research should
be done on how best to use them in the educational process. The need for more
research on ARSG in education is imperative and can be combined with other
modern technologies. Thanks to this research, we will be able to develop the
knowledge and tools we need to use this technology more effectively for all stu-

dents.
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