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Abstract

Online learning is rapidly expanding across the educational landscape, particularly at the tertiary level of education.
When combined with appropriate pedagogy, the tremendous advancement of technology has transformed the face of
education. This integration has created new possibilities for enhancing teaching quality. Augmented Reality (AR) is one
of the recent technologies to help make learning interactive and engaging. The broad adoption of AR on mobile devices
is related to the enormous use of mobile devices globally. Thus, this paper reviews several works of literature on mobile
AR and demonstrates its educational potential. After identifying the empirical studies of AR, this review highlights its
potential in terms of learner outcomes, interaction, motivation, visualization, and collaboration, and its challenges,
particularly in the English as a foreign language (EFL) context. Further research also needs to investigate diverse mobile
AR apps for more engaging virtual online courses.

Resumen

El aprendizaje en linea se esta expandiendo rapidamente en el panorama educativo, particularmente en el nivel terciario
de educacidn. Cuando se combina con la pedagogia adecuada, el tremendo avance de la tecnologia ha transformado el
rostro de la educacion. Esta integracion ha creado nuevas posibilidades para mejorar la calidad de la ensefanza. La
Realidad Aumentada (AR) es una de las tecnologias recientes que ofrecen nuevas formas de aprendizaje interactivo y
atractivo. La amplia adopcion de la realidad aumentada en dispositivos maviles ha sido un fendmeno en desarrollo debido
al enorme uso de dispositivos moviles a nivel mundial. Asi, este articulo revisa varios trabajos de la literatura sobre
realidad aumentada moévil y demuestra su potencial educativo. Después de identificar los estudios empiricos de AR, esta
revision destaca el potencial de AR en términos de resultados de aprendizaje, interaccion, motivacion, visualizacion y
colaboracién, y los desafios de AR, particularmente en el contexto de EFL. La investigacion adicional también debe
investigar diversas aplicaciones moviles de AR para obtener cursos virtuales en linea mas atractivos.

Introduction

Information and communication technology (ICT) transformed communication, instruction, and work
practices (Vazquez-Cano et al., 2020) . Similarly, universities have been experiencing a metamorphosis for
a few years now, primarily as a result of digitalization, internationalization, and student characteristics, as
well as information and communication technologies. This process presents an obstacle to higher-education
institutions in terms of the competencies that faculty and students must attain, as well as the adaptation of
curricula to these new competencies (Veretekhina & Novikova, 2019). As a result, teachers should indeed
perform an innovative role and exploit new technological innovations.

It is critical to have a closer look at how students are engaged in classroom activities to advance the quality
of their learning. Students today are excited to continue their studies in tandem with technological
advancements, and digital transformation creates a dynamic, secure, and adaptable learning environment
(Singh et al., 2021). An engaging innovation that has become significant in the field of education is
Augmented Reality (AR) (Lee, 2012). Incorporating AR into the educational context could promote
interaction and boost learning outcomes, engagement, motivation, and collaboration (Alzahrani, 2020;
Billinghurst, 2021; Chen et al.,, 2020; Radu et al., 2021). However, the development of AR as an educational
tool in the context of higher education is dependent on the direction of implementation, students’ access,
and infrastructure (Lee, 2012).

AR has three features (Azuma, 1997): 1) It blends real and virtual visuals, is interactive in real-time, and has

3D virtual graphics. Azuma's (1997) concept of AR outlines the technology that is required to implement it.
Real and virtual images require display technologies. Real-time interaction requires interface technology.
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Three-dimensional AR content requires tracking equipment. These tools are accessible in research
laboratories, but existing cameras, GPS and sensor systems, high-resolution displays, fast connectivity, and
powerful CPUs and graphics processors of modern smartphones are the most prevalent ways for users to
experience augmented reality (Apple, 2020; Google, 2020). A user can examine virtual items in the real
world through the camera view on their smartphone's display. The fact that mobile augmented reality
programs such as Pokemon Go have been played over a billion times demonstrates how accessible the
technology is (NintendoSoup, 2019). Rosenberg (2022) predicts that the metaverse is the future of
technology AR will dominate the integration of the real and virtual worlds. He categorized the metaverse's
core terms as persistent, immersive, simultaneous, and presence.

The field of AR has become one of the most promising areas of digital graphics during the past few years.
During this period, countless applications have been incorporated, boosting AR in daily life (Rhodes et al,,
2017). Such breakthroughs have impacted academia through new digitization processes and learning devices
(Joo-Nagata et al.,, 2017). Yang et al. (2020) observed that these new actions and concepts are linked to
existing technology such as digital learning, ubiquitous learning, mobile learning, and game-based learning.

Huang et al. (2016) postulated that technological advancements in academic contexts enable collaboration
between diverse disciplines of knowledge to develop complementary techniques, content, and learning
outcomes. Indeed, Alkhattabi (2017) hypothesized that AR would facilitate learning. Le & Nguyen (2020)
argued that AR in learning offers portable, low-cost, stress-free solutions. However, implementation
difficulties have been discovered. Akcayir & Akcayir (2017) identified usability and technology experience
issues, while Alzahrani (2020) identified pedagogy and technology-related difficulties.

Several previous studies have examined the benefits and drawbacks of using AR in educational settings
(Alzahrani, 2020; Theodoropoulos & Lepouras, 2021). However, studies investigating various types of AR-
based learning applications in the language-learning context are still scarce, particularly in the context of
higher education. To fill this gap, an in-depth investigation of this issue is required. As a result, a proper
discussion of the advantages and challenges revealed in this study may assist in proposing best practices
for future research to maximize the potential of this technology.

Concept of Augmented Reality

Prior studies have already dealt with AR innovations Akcayir & Akgayir, 2017; Chaudhary, 2019; Hincapie
et al., 2021). Smartphones with high-resolution screens, cameras, and sensors have refocused attention on
AR, which is advancing on the well-established technological underpinnings afforded by these devices. In
advance of screen technology that easily integrates reality and augmented content, major corporations have
been driven to incorporate high-quality AR into real-world environments to become the dominant AR
platforms of the future (Chaudhary, 2019).

There are diverse definitions of AR. Hincapie et al. (2021) defined AR as an immersive technology that
augments the user's sense of reality by providing contextual information. Chien et al. (2019) also underlined
AR as a computer-generated blend of virtual and real-world imagery. Similarly, Akcayir and Akgayir (2017)
mentioned that AR allows users to view virtual items in the real world, creating the illusion that they are
real. Azuma (1997) identified three key features of AR: blending real and virtual; real-time interactivity; and
3D integration and rendering.

Many acronyms and words are used to describe the present and potential AR technologies. AR inserts virtual
elements into the physical world, while VR (virtual reality) removes them. AR requires the user to concentrate
on both the digital and actual realities, making it different from VR (Oh & Bailenson, 2017). Milgram et al.
(1995) stated that AR is also called “mixed reality” (MR) because of the merging of real and virtual aspects.
Entirely real and fully virtual are at opposite extremes of the spectrum, while the middle area belongs to
MR, which includes AR and VR. MR was once viewed as a computer-mediated reality that allowed the insertion
or exclusion of identifiable elements. CMR combines MR, AR, and VR. (Mann et al.,, 2018). Extended reality
(ER) is another abbreviation for these advanced technologies.

Previous Studies on Mobile AR-Based Language Learning

Mobile AR has been widely used in education as a result of the rapid advancement of digital technology, and
it promotes theoretical improvements, acquiring knowledge, curiosity, and enjoyment. (Chen, 2020; Yoon &
Kang, 2021). Previous research has also explored mobile AR-based learning activities for enhancing students'
learning based on multimedia learning design principles (Goff et al., 2018; Wu et al., 2018).
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Yang & Mei (2018) carried out a case study using semi-structured interviews and direct observation as data
collection. It aimed to gain a deeper understanding of learners' perceptions as well as experiences of AR-
based learning in language courses. Students were recruited to obtain entry to an AR stroke-by-stroke-based
training animation for recognizing Japanese orthography with a personal mobile phone. Thematic analysis
findings demonstrate positive perceptions and attitudes toward engaging in AR-based language learning
experiences. However, this study delves into the difficulties that users face when utilizing technology. As a
result, the faculty's position is crucial in guiding the students to use AR platforms and engaging them in
enjoyable sessions.

Another mixed-method study was undertaken by Ebadi et al. (2021). They attempted to investigate how AR
affected undergraduate EFL learners' reading comprehension and attitudes. The intervention group, as well
as any differences in student comprehension between classes, were quantitatively examined using
independent and paired sample t-tests. The results indicated that the intervention class group had
significantly higher reading comprehension than the control group. Evidence from semi-structured interviews
revealed that students enjoyed using AR and preferred it to traditional approaches. Surprisingly, AR
increased students' enthusiasm for comprehending tasks as well as their eagerness to use AR language
learning platforms in EFL settings.

Mobile AR with Aurasma

Augmented reality with Aurasma creates 3D visual effects with audio and motion. Yang & Mei (2018)
evaluated students' views and experiences with a mobile augmented reality-based stroke-by-stroke
animation guide for language learning and discovered that they had positive perceptions. The findings
indicate that Aurasma enhanced efficient vocabulary acquisition by allowing learners to experience visual

effects for vocabulary items, thereby improving meaning comprehension (Redondo et al., 2020).
e Y = — "

Figure 1: Mobile AR with Aurasma

ARVEL

Chen (2020) used Augmented Reality Video-Enhanced Learning (ARVEL) to assist students in enhancing their
English mastery. Using Xcode, Vuforia, and Unity 3D, an ARVEL system was created that included a
discussion environment and two procedures: ARVEL procedures and discussion learning procedures. ARVEL
consists of three modules: AR, learning material, and video control; the context-aware learning mechanism
consists of three modules: learning task, prompt, and process control. Furthermore, multiple databases were
created to support the two systems, including the task bank and the educational resource database. This
method has been shown to improve students' academic achievement and motivation. AR video-enhanced
learning methods are more popular among students. Furthermore, Yip et al. (2019) confirmed that students
who learned with AR videos had better learning outcomes and satisfaction than those who learned with a
handout.

Figure 2: Vuforia for 3D Unity /ARVEL
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AR Multimedia Textbook (ARMTB)

Lai et al. (2019) designed an AR-based science learning system called AR Multimedia Textbook (ARMTB) for
science learning at the primary level using the contiguity concept of multimedia instruction. The system
successfully increased the students' motivation and academic achievement in reading, while reducing their
feelings of cognitive overload. His study also employed augmented reality technology as a contextual scaffold
to enhance EFL students' learning performance.
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Figure 3: ARMTB

AR Picture Book

Hung et al. (2017) investigated the effectiveness of student training using three kinds of learning resources:
a picture book, direct interaction, and an AR graphic book. They discovered that when compared to the other
two groups, students who used the AR learning resources were the most satisfied and engaged. Furthermore,
Cheng & Tsai (2016) investigated parents' perspectives on AR instruction to better understand how both
children and their parents react. Parents in child-parent pair communicative groups and groups of children
have generally positive viewpoints about AR classroom teaching, such as viewing AR learning as increasing
motivation and supporting a deep understanding.

X

Figure 4: AR Picture Book

Mondly

Powers (2019) noted that Mondly makes it easier to achieve fluency. The app includes augmented reality, a
kid-friendly version, and even a business version, but the most appealing feature is the virtual reality mode.
Users can virtually travel the world and discover various environments and situations that enable them to
practice their language. Sorrentino & Spano (2019) described Mondly as a platform that includes a website
as well as iOS and Android mobile apps. It offers free and premium versions in 33 languages. The learning
method entails a dialogue between the subscriber and various virtual characters equipped with advanced
technologies to provide grammar and pronunciation feedback. The platform does not include a content-
authoring environment according to Altinkaya & Smeulders (2020), Mondly is one of the most interesting
platforms using Artificial Intelligence technology.

Simonova & Kolesnichenko (2022) noted that Mondly is intended to help students learn all elements of the
English language, including grammar, vocabulary, pronunciation, writing, listening, and reading. It uses
augmented reality to teach English and improve comprehension. One of its strengths is the ability to detect
a person's speech against a background of varied noises, thus simulating real-world discussions with a virtual
figure. This application can help students enhance their acquisition, pronunciation, speech practice,
memorization of new words, and overall understanding of the English language.
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Figure 5: Mondly

Rumii

Rumii was also discussed by Simonova & Kolesnichenko (2022). It is an application for group virtual
classrooms that contain 3-D objects, a board, a touchscreen demonstration, and more. Constructing
cognitive maps in augmented reality facilitates the acquisition of new English topics and vocabulary. This
application enables students to link concepts using images and tags, and then see these connections in
three dimensions. They are more effective than standard lectures because they help students retain all of
the information and exhibit their creative and independent thinking abilities. Furthermore, the learner can
be accompanied and instructed by their instructor during “field trips” on Rumii. This option as it is simple to
use with a personal computer (Shabkhoslati, 2021).

Figure 6: Rumii

Other Systems

Siri and Alexa are powerful tools to enhance learners’ speaking performance. They assist learners with
computer-assisted pronunciation and voice recognition (Bibauw et al., 2019; El Shazly, 2021). Siri in
particular may have signaled an irreversible switch toward the "intelligent personal assistant" framework:
simply say what you want, and the system will automatically determine the best action to take (Bellegarda,
2013). Alexa provides services such as managing a user's calendar, modeling good manners for toddlers,
and providing companionship (Woods, 2018).

Figure 7: Siri

Simonova & Kolesnichenko (2022) highlighted several ARs in language learning: The Tour Builder and The
Tour Creator are essentially identical in their functions. They build their journeys around a city, a country,
or just virtual trips to any museum. Students can immerse themselves in a virtual city or museum that looks
real by using these services. It shows creativity and improves speaking skills. As a tour builder and guide, a
student can use his English to communicate with foreign visitors. Google Cardboard offers learners visuals
for intercultural lessons. Learners are able to explore cultural sites as if they were there, due to the high-
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resolution quality and graphic explanations (Huang et al., 2020). Furthermore, Yang & Liao (2014) noted
that these innovations allow learners to pay closer attention to artistic works, which was beneficial to
intercultural lessons.

The Potentials of Mobile AR in Enhancing Language Learning

Mobile AR has been employed in a variety of fields, including healthcare (McCarthy & Uppot, 2019),
agriculture (Huuskonen & Oksanen, 2018), and maintenance (Siew et al., 2019). Nevertheless, one of the
most promising and widely used applications is in education (Akcayir & Akgayir, 2017; Chang & Hwang,
2018; Chen, 2020). For educational users, this technology provides great teaching options such as learner
outcomes, interaction, visualization, collaboration, and motivation.

Increased learner outcomes

Most studies show that using mobile AR enhances students’ achievement in learning. Numerous studies have
discovered that AR increases academic achievement (AlNajdi, 2022; Chen, 2020; Hung et al.,, 2017). In
addition, AR video-enhanced learning performed better than traditional video-based EFL instruction in terms
of student learning outcomes (Chen, 2020).

AR graphics give adolescents a hands-on, practical opportunity to navigate and study. Following-up
interviews demonstrated that the AR graphic book was preferred by the adolescents over the other materials
(Hung et al., 2017). Mayer's (2009) spatial and continuity principles from the multimedia learning concept
may explain these findings. Well-integrated and arranged relevant elements (e.g., images, text, videos) can
reduce cognitive loads, say the authors. This boosts students’ grades. Garzon & Acevedo (2019) examined
the effects of AR on learning and found that AR influenced student learning outcomes, especially in the Arts
and Humanities. 82% of the publications in their survey focused on language learning.

Students may benefit from using AR components like movies and 3D graphics to better understand their
learning (Hung et al., 2017; Roopa et al., 2020). The technique is also considered more rewarding by learners
than classroom courses (Mufioz-Cristébal et al., 2015). More significantly, AR increased word memory as well
as student engagement and satisfaction (Santos et al., 2016). A worthy discussion by Ibili (2019), noted that
AR instructional materials can represent abstract topics symbolically. Such materials can aid teaching by
making abstract information tangible, reducing the user's cognitive load. Using AR materials the student's
attention may be focused on a single target location, reducing mental complexity and working memory
burden. AR's technical capabilities, such as the presentation of educational materials utilizing various 3D
views, help develop spatial skills and schemas. Meanwhile, Goff et al. (2018) and Sommerauer & Miller (2018)
provided evidence of the potential of mobile AR to keep the cognitive load at a low level, thereby freeing
cognitive capacity and facilitating learning.

Rich interaction

AR benefits are associated with interactions between students and classmates, content, and instructors
(Billinghurst, 2021). AR technology encourages increased interaction among students as well as more
interaction between students and content that facilitates active learning (Kim et al., 2018). Zarraonandia, et
al. (2013) defined benefits differently than other research, claiming that AR improves communication and
relationships between teachers and students. Modern augmented reality displays, such as the Microsoft
Hololens2 (Microsoft, 2020), allow users to reach out and grab virtual materials with natural two-handed
gesture interaction. However, by mixing voice and gesture, it is feasible to develop multimodal interfaces in
which the strengths of one modality compensate for the deficiencies of the other (Nizam et al., 2018).
Multimodal interaction can become even more intuitive with the addition of eye-tracking, full-body input,
and other nonverbal indications. AR can respond to the user's emotional experience using other physiological
sensors.

Colorful visualization

Dunleavy et al. (2009) claimed the most significant feature of AR is the ability to create an immersive hybrid
classroom atmosphere that combines digital and physical elements, promoting critical thinking, problem-
solving skills, and interactions. Innovation was reported to be effective for visually helping learners and
facilitating their representation of intangible concepts. It is very simple to use for pupils. AR can overlay
virtual objects and information in real-world settings (Dunleavy et al., 2009). AR helps students envision
concepts or non-observable circumstances like electron motions or magnetic fields (Wu et al., 2018). Learners
found AR to be both simple to use and engaging (Di Serio et al., 2013).
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Furthermore, Lu & Liu (2015) created a unique and intriguing multimodal augmented reality system that
makes use of students' vision, hearing, voice, and whole-body movement. This technique enhances pupils'
physical activity while also improving their fine motor abilities. However, only one study out of the 69
examined research publications mentioned this contribution. This discovery has to be investigated further to
establish whether it is a genuine contribution by AR (Akcayir & Akgayir, 2017).

Boosted collaboration

Prior studies have confirmed that AR could contribute to enhancing enjoyment and engagement. “AR has
the potential to make monotonous instruction more enjoyable” (Yoon & Kang, 2021). Learning becomes more
enjoyable when AR technology is used in AR-based games (Qin, 2021). According to the articles analyzed,
AR encounters have been shown to increase group collaboration. Martin-Gutiérrez et al. (2015) confirmed
that AR is beneficial in promoting autonomous and collaborative learning activities with other peers and
without faculty assistance. Furthermore, Chen et al. (2020) examined two strategies of augmented reality:
the introduction and the implementation of robotics competition activities. Students’ performance, team
collaboration, competencies, and motivation were evaluated. Findings showed that augmented reality
significantly increased students' motivation, team practices, and 21st-century competencies.

The most significant aspects of the efficient application of AR technology in education are improved
collaboration among faculty members of various disciplines and a more flexible course schedule (Tzima et
al., 2019). Collaboration should be prioritized since it is sought and recognized by the educational community.
AR allows teachers to delegate obligations while allowing learners to make their own decisions. These
contributions increase student involvement (Mufioz-Cristébal et al., 2015).

Radu et al. (2021) employed a study with a mixed-method approach to assess how participants learned,
manipulated resources, and collaborated on problem-solving tasks with their peers. They discovered that AR
enhanced group participation and teamwork. It enabled each person to gain more knowledge and contribute
more. Additionally, it helped both teams balance contributions during problem-solving.

Increased motivation

Numerous articles have reported consumers' strong reactions while engaging with AR experiences, where
users report being more engaged and eager to revisit the mobile AR experiences. Surprisingly, although the
AR experience is regarded as more complicated to use than the non-AR alternative, user motivation for the
AR systems remains significantly higher. The following studies stand out among those reviewed in the
literature.

Chen et al. (2020) highlighted that AR greatly boosted students' motivation, teamwork, and 21st-century
competence. AR helped team members communicate and explore robotics construction and theory. As a
result, students got more involved in cooperation and had more opportunities to practice critical thinking,
communication, and creativity to enhance the performance of their robots, perhaps leading to higher
motivation.

Chen (2020) noted that AR videos greatly boosted students’ intrinsic motivation, as well as their satisfaction
with EFL learning compared to students studying EFL via traditional video-based learning, Similarly, Chin et
al. (2019) used an AR-based mobile learning system to motivate students in a liberal arts course. Yi-Ming Kao
& Ruan (2022) also made note of the fact that AR can help students perform better, be more engaged,
accept technology, and have less cognitive load.

The challenges of mobile augmented reality

Although AR is reported to have numerous educational benefits, researchers have identified some
limitations. The most frequently mentioned difficulty is that students find AR difficult to use. The usability
factor is a crucial technical component for achieving learning outcomes (Chang et al., 2018), which has an
impact on instructional effectiveness. Learners, for instance, may have difficulty utilizing this technology if
the interfaces are not well-designed (Mufioz-Cristébal et al., 2015). Cheng and Tsai (2013) underlined usability
issues since AR demands user interaction. According to Akcayir and Akgayir (2017), location-based AR apps
must use AR technology to address both technical and pedagogical issues (such as the need for additional
lectures or compatibility in crowded classrooms). AR users required longer mean training times than non-
users (Gavish et al., 2015). They assumed that AR's innovation played a significant role.

Akgayir and Akgayir (2017) identified the primary barriers to augmented instructional strategies in terms of
technology, accessibility, and practical concerns, such as inconsistencies with standard classroom settings
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and unsuitability for large group teaching contexts. Another concern is the possibility of cognitive overload
in learners while working with AR technology. They also suggested that AR may be confusing and may offer
too much information when studying.

Dunleavy et al. (2009) confirmed that AR e-learning students may feel cognitively overloaded by large
amounts of content, complex learning content, and many sophisticated devices. Students must set up their
own devices and multitask to accomplish learning goals. When participating in elaborate AR exercises,
students sometimes become confused and overwhelmed by unfamiliar technologies and challenging tasks.
AR challenges the learner and the learning process, especially in subjects where the learner must apply and
synthesize difficult tasks and skills such as spatial navigation, quantitative estimation, technology
manipulation, problem-solving, and cooperation. In e-learning, students are required to execute most tasks
and have the ability to learn them efficiently. Similarly, Chang et al. (2018) stated that when AR is utilized
without help, it may confuse learners, delay, or negatively impact academic performance. Assisting learners
to use AR's technology tools and expertise is encouraged.

Conclusion

Recent years have seen an increase in the number of scholarly articles published on the subject of AR. As
technology advances, the value of AR technology also increases for future education. This paper has
presented the potential of mobile AR in enhancing interaction, visualization, collaboration, and motivation.
Mobile AR provides an effective and immersive learning experience. When previous research studies were
compared to one another, various contradictory conclusions emerged. For example, although some
researchers claimed that AR reduced the cognitive burden, others claimed that it created cognitive overload.
Similarly, while usability was the most significant difficulty offered by AR applications, it also appeared on
the list of recognized benefits. Whether there is a genuine usability issue and, if so, whether this is due to
insufficient technology knowledge, interface design faults, technical issues, or the teacher's lack of
technology experience remains unclear. Like every technology, AR has downsides. This technique requires
mobile devices, tablets, and an internet connection. Pedagogical and technical challenges with AR technology
must be addressed (e.g., the need for extra class hours, incompatibility in crowded classes, and teachers'
lack of technological knowledge), but these limitations are small and should not exclude the usage of AR.
Future developments should fix concerns like low trigger sensitivity and GPS inaccuracy. When these
requirements and barriers to employing AR apps are resolved, they should be more useful in education.
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