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ABSTRACT

In recent years more and more people use their mobile phones daily for work or entertainment. The
increasing use of mobile devices has led researchers to seek new ways of learning with their support,
beyond the confines of formal education. The increasing computing power of mobile devices has
contributed to the emergence of new, rapidly evolving technologies, with augmented reality (AR)
applications being at the forefront of these developments. This article provides a literature review of
AR applications for mobile devices related to informal education. It analyses their structural elements
to examine if they exploit powerful features such as collaboration and content modification, as well
as storytelling potentials. The findings show that most of these applications use those learning
affordances only to a very limited extent, as they are mainly designed for individual usage, do not
allow user-originated contribution to the digital material, and do not incorporate elements of any
storytelling model.
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INTRODUCTION

During the last decade, there have been significant advancements in the types of activities developed
and proposed for formal and informal learning environments. Contemporary technological
developments constitute crucial contributing elements to these advancements, allowing us to break
away from the temporary, one-dimensional connections of technologies with the natural environment
(technology — natural environment and natural environment — technology), and achieve a level that
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provides important new possibilities: (a) continuous connection between the technological and natural
world, (b) natural and smooth-flow connection of people - objects - digital world, (c) recognition
of the people - digital system interaction, not only through the users’ hands but their whole bodies
(Dimitracopoulou, 2018).

The widespread availability of portable, interconnected devices with multimedia capabilities
and the development of social networking software (Chatti et al., 2007) greatly influence the field of
science and information. Older systems, capable of providing specific information at specific access
points, are being replaced by new, dynamic systems that allow limitless navigation and real-time
exchange of information (van der Vlist et al., 2013). Additionally, the evolution of technology and,
more specifically, Augmented Reality (AR) technology that allows the seamless integration of virtual
content with the real world (Azuma et al., 2011), contributes greatly to this upward change. The
importance of AR does not lie in the technology itself but in the added value it offers to the learning
environment (Dunleavy et al., 2009). Its use is recognized as a lever for increasing the implementation
of complex systems in informal learning environments, which support dynamically unfolding tours/
browsing of real museums, parks, historical landmarks, etc., enriching the user experience. This
study aims to investigate the extent to which the available technological capabilities are utilised in
the design of AR applications for informal learning environments.

BACKGROUND

Learning is the process by which a person cultivates their skills, knowledge, understanding, values,
perspectives, feelings, and critical thinking abilities (Livingstone, 2001), and it is distinguished into
formal, non-formal, and informal learning.

The present research examines learning in informal learning environments, i.e., learning that is not
organized and systematic but is, instead, flexible, unstructured, and spontaneous, has an individualized
rhythm, and takes place throughout a person’s life and through everyday experiences (Hein, 2002).
According to Livingstone (2001), informal learning is any activity aimed at the acquisition of
knowledge and understanding that arises without the presence of a required curriculum. It can occur
in any context, above and beyond that of educational institutions, in cultural institutions such as
museums and historical sites, as well as in other points of interest such as parks, lakes, etc. Informal
learning environments produce new profiles of learners with broad and sophisticated cognitive skills
(Greenfield, 2009). The basic terms of informal learning (e.g., objectives, content, means, duration)
are determined by the individuals and groups who choose to participate in it (Livingstone, 2001).
The use of technology and, more specifically, the use of AR helps to enhance informal learning.

AR is one of the fastest-growing technologies used in recent years in mobile phones and tablets.
Many researchers have attempted to define the term AR (Azuma, 1997; Milgram et al., 1994; Wu et
al., 2013). However, Klopfer (2008) argues that it is difficult to precisely define AR, as its definition
may limit its exact meaning. Nevertheless, any technology that combines digital information with
the real world can be considered AR technology. AR applications that are available today can be
divided into two major categories: a) location-based, and b) marker-based. Bower et al. (2014) argue
that AR can be used in informal learning environments because it is consistent with the pedagogical
theories of Situated Learning, Game-based Learning, and Inquiry-based Learning. Adding digital
information to real objects and locations can help users better understand scientific phenomena,
relate them to real-life situations, grasp dynamic systems, learn about a place’s history, or culture,
and become more environmentally conscious. Furthermore, AR can be used to provide personalized
information and feedback to the user according to their choices, or it can be combined with digital
interactive storytelling technologies to provide a more immersive experience.

Storytelling as a tool has played a very important role in the evolution of cultures, constituting
both a form of communication as well as a basic means for the transfer of knowledge and perceptions
across generations. Storytelling is the interactive art of using words and actions to represent the
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elements and images of a story in a way that stimulates the listener’s imagination (National Storytelling
Network, n.d.). From its original inception until today, storytelling has been a widely used educational
strategy as it has been found to effectively capture the learners’ interest and help them consolidate
the information received. People can more easily memorize and retrieve the information they have
received through storytelling since the way the learning subject, as well as any kind of information, is
coded and presented significantly affects the learners’ ability to memorize and retrieve it in the future
(Mathews, 1977). Recent technological advancements have also transformed the field of storytelling.
Digital storytelling is an art form that uses music, image, video, and storytelling to create stories
about people’s lives, work, and experiences that are then shared over the Internet (Serafim & Fessakis,
2017). Digital storytelling is also defined by Lathem (2005) as the combination of traditional oral
storytelling with 2 1st-century multimedia and telecommunication tools. Although digital storytelling
is not a new idea and its benefits are well-known, the fact that it is not often used in educational
applications constitutes a matter of great concern.

Collaboration also plays a key role in the learning process. According to Dillenbourg (1996)
the benefits of collaborative learning are numerous. These categories of activities allow students
to become more actively involved in the learning process, cultivate critical thinking and reflection,
come up with different solutions and strategies for a problem, strengthen their democratic perception
of student relationships etc. The technological developments offer new opportunities to create
collaborative learning environments. Lukosch et al. (2015) studied AR applications that enhance
collaboration, arguing that many of them had a positive effect on solving complex problems. Zheng et
al. (2019) reviewed studies related to technological collaborative learning environments for informal
education and found that only 7% of the cases concerned AR applications while the online learning
platforms were the most preferred tools at a percentage of 36%. This indicates that the integration
of collaborative activities into AR applications for mobile devices continues to be at an early stage.

RELATED WORK

Over the past decade, several research reviews investigated the use of AR applications. Some of them
tried to point out a global view on AR in education (Baca et al, 2014; Akcayir & Akcayir, 2017),
while others focused on formal education settings (Nouri et al., 2018). The published review studies
have identified the main affordances, advantages, and disadvantages related to AR technology,
presenting the learning benefits, the users’ motivations, as well as the emotions elicited when using
such applications. It is fruitful to focus for this article on reviews on mobile AR systems that have
included in their analysis, studies regarding outdoor or informal learning contexts (Table 1).
Stymne (2020) has conducted a systematic review on outdoor learning with mobile technology, on
a total of 87 articles published between 2004 and 2017. Those articles were identified after applying
search criteria in scientific databases such as ERIC and Scopus, as well as in related conference
proceedings. This review concluded that biology was the most common subject for mobile activities
(followed by history), primary education was the most common educational level, and AR was the
most common technology used for augmenting the learning environment, while taking photos and
taking notes were the most common methods for data collection in outdoor learning activities.
Petrovich et al. (2018) conducted a research review on the use of AR applications in informal
learning environments. A total of 18 articles published between 2010 and 2017, identified via ERIC
and ScienceDirect data bases, were analysed. The results showed higher learning outcomes, motivation
for learning, interest in the museum content of applications, as well as improved experience with the
use of AR systems. Additionally, the researchers identified many similarities between formal and
informal learning environments in relation to the increase in learning performance when using such
applications. The interaction and socialization between the participants are described as the main
positive elements of informal education. Another finding stemming from this study concerns the age
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Table 1. Review studies on topics related to AR and Informal Learning

Study Analysis Dimension Stl.ldles Summary of main findings
reviewed
Edu Subjects: Biology, followed by History, Maths
< o . etc.
m%%z?:?éclﬁzz?;ng ,\,Nlth Edu Levels: Primary education etc.
Stymne, 2020 . 4 87 Technologies: AR the most common for augmenting
Review Years: 2004- . .
2019 the outdoor learning environment
Methods of data collection for inquiry learning
activities: photos and then taking notes and audio
« . . Edu Levels: Lyceum, univ students and adults
AR experiences in . PP
. A AR effects: better learning effects, motivation, interest
. informal education
Petrovich et all. 2018 . 18 on museum content etc.
Review Years: 2010- . . N
2017 Benefits: Interaction and socialization among
participants around tablet or mobile devices
“AR in STEM in AR effects: Improve learning and conceptual
Golff et al 2018 1nfqrmal learl}}ng ' 17 understanding, more 1nt1?rest and greater engagement,
environments” Review and enhances collaboration among students around
Years: 2003-2017 devices
“AR in STEM” /:tls effects: Impact on learning, ‘positive’ sentiments
Ibanez et all, 2018 Review Years: 2010- 28 I . L . .
2017 Applications’ design categories: inquiry- exploration,
simulation, games
.AR mn forma}l &,, AR effects: the information augmenting the natural
Dunley & Dede, informal settings 19 space, facilitates authentic and participatory learnin,
2014 Review Years: 2004- pace, o P patory 2
2014 Limitations: the cognitive overload of learners

group of the participants included in the specific surveys; more specifically, 62% of the studies were
carried out on high school students, 19% on adults, and 14% on university students.

Ibafiez and Delgado-Kloos (2018) conducted a literature review on the use of AR technology
to support the learning of science, technology, engineering, and mathematics (STEM). 28 studies
published from 2010 to 2017 in the ACM Digital Library, ERIC, IEEE Xplore, ISI Web of Science,
ScienceDirect, Scopus, and Springer databases were analysed. Through examining the general features
and specific design principles of AR applications for STEM learning, the researchers demonstrated
three application categories: exploration, simulation, and game-based applications. Additionally,
this study found that most of the reviewed studies evaluated the effect of AR on enhancing learning
outcomes, followed by those that explored emotions.

At around the same time, Goff et al. (2018) focused on the use of AR technology for STEM learning
in informal learning environments. By conducting bibliographic searches on the ScienceDirect, Google
Scholar, Web of Sciences, and ERIC databases, and setting specific inclusion criteria, they came up
with a total of 17 studies. The results of the examined studies showed an increase in learning outcomes,
conceptual understanding, greater interest in the subject as well as AR, and greater user engagement.
An important conclusion, according to the researchers, is that the use of AR in an informal learning
environment simplifies the process of acquiring knowledge and enhances collaboration between users
even beyond the application’s framework.

Dunleavy and Dede’s (2014) literature review focuses on AR applications for mobile devices in
formal and informal learning environments. Most of the studies examined in this review report the
provision of additional information in a natural space as the most important benefit of AR, facilitating
participatory and authentic learning, while the most important limitation appears to be the cognitive
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overload of students. The majority of findings on AR application design principles support their
distinction into four broad categories based on location, narrative, roles, and experience mechanics.

The abovementioned studies provide a multifaceted picture that is critical to understand the
advantages, limitations and trends of AR technology in formal and informal learning environments.

Most of these review studies, however, do not consider important factors and affordances of
mobile AR applications, examining whether it is predicated on an appropriate design, promoting
collaboration between users, whether it allows users to contribute to the AR content, as well as
whether it includes script related features exploiting narration dynamics.

RESEARCH QUESTIONS

Within this context and aiming at providing more powerful learning environments, three key research
questions are addressed by the present review study:

RQ1: Do informal learning AR applications for mobile devices promote collaboration and how it
is achieved?

RQ2: Do these AR applications allow the users to contribute (create or change) with new digital
content that is accessible to other users?

RQ3: Do AR applications provide key elements of storytelling?

In parallel, this review considered and analysed four basic characteristics of the reviewed studies
such as:

RQi: The publication date of the study.

RQii: The AR application users’ age group.

RQiii: The involved scientific subject(s) of related learning activities.
RQiv: The identified learning outcomes of the reviewed studies.

METHOD

Three scientific databases were used to retrieve relevant bibliographic sources: ERIC, ScienceDirect,
and Google Scholar. The advanced search function was used, adding the terms: (augmented reality)
AND (mobile learning OR informal learning OR storytelling OR collaboration)- in the title and the
summary of the articles. The publication period researched included the last decade, between 2012-
2022, with the last bibliographical search taking place on 30 April 2022.

RESULTS

The literature review yielded a total of 42 papers, 29 of which were included in the final study.
The remaining 13 papers either related to formal education case studies, did not explicitly state the
operation of the AR application, or did not use a portable AR device to conduct the research. Table
2 summarizes the selected articles. More specifically column with header a) “Paper” mentions the
authors, b) “Age” mentions the age group of the participants, ¢) “Subject” mentions the scientific
subject, d) “Place” mentions the place where it took place, e) “Narration” mentions if the application
includes a story and its narrative genre and f) “Outcome” mentions the outcomes.

Out of the 29 studies chosen, 41% (n = 12) were originally published after 2019, while 72.4% (n
= 21) were published after 2016. It is also worth mentioning that this review is published in the first
half of 2022. This fact indicates an increasing trend of research interest in the use of AR in informal
learning, as reflected in Figure 1.
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(2022)

Paper Age Subject Place Narration Outcome
Chang (2013) S18 History Park Time Travel Kn({w}edge ImProvement, Interest, Willingness to
participate again
Lochrie et al. . .
(2013) >18 | History City No Interest
Chang et al. (2014) >18 | Art Museum No Knowledge Improvement, Satisfaction
Holden (2014) >18 | Foreign Language City Mystery Game Kno'w} edge ImP rovement, Interest, Willingness to
participate again
Pendit et al. (2014) >18 History Park No Interest, Satisfaction
Sommerauer & all Maths Museum No Knowledge Improvement
Miiller (2014) gemp
Chang et al. (2015) >18 | History Park No Knowledge Improvement, Satisfaction
?;ISII\/;;;hon etal. >18 Navigation City No Knowledge Improvement
Harley et al. (2016) >18 | History City No Knowledge Improvement, Satisfaction
Hsiao et al. (2016) 1123_ Science Museum No Knowledge Improvement
Hu Tsai (2016) History Camp Mystery Game Prototype
Markouzis & . . Mystery Game Knowledge Improvement, Interest, Willingness to
Fessakis (2016) >18 | History City with Quests participate again
Coelho & Costa . . Mystery Game
017) History Museum with Quests Prototype
Juan et al. (2017) >18 History Museum No Satisfaction
Grevtsova, 1. . .
017) > 18 | History City No Knowledge Improvement, Interest
Costa et al. (2018) 8-11 | Astronomy Camp No Knowledge Improvement, Interest
Sommerauer & 15-
Miiller (2018) 18 Maths Museum No Knowledge Improvement
Chien (2019) >18 | Foreign Language Park No Knowledge Improvement, Satisfaction
g}(l)zlag‘)& Georgiou 7-12 | History Park No Knowledge Improvement, Interest
Poitras et al. (2019) | >18 | History Camp Time Travel Knowledge Improvement, Satisfaction
zgggm & Leorke >18 | History City Mystery Game Knowledge Improvement, Interest
. . Mystery Game Qo
Lehto et al. (2020 all History City with Quests Interest, Satisfaction
Pombo & Marques 10- . Mystery Game Knowledge Improvement, Willingness to
(2020) 15 Environment Park with Quests participate again
N 13- Mystery Game
Vicari (2020) 15 Astronomy Museum with Quests Knowledge Improvement, Interest
gzrlzrlle)dy etal. >18 | History Museum No Knowledge Improvement, Interest
‘Wahyuni et al. . . Mystery Game . .
@021 >18 | History City with Quests Satisfaction, Interest
Chen et al. (2022) 11 Science Museum No Knowledge Improvement
. . Mystery Game
Jiang et al. (2022) >18 | History Park with Quests Knowledge Improvement
Nevola et al. . . .
>18 | History City Time Travel Knowledge Improvement
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Figure 1. Number of published studies per publication period
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Analysis of the yielded papers reveals that most of the studies (approximately 53%) concern
applications for adults, 24% for adolescents, and 18% for children, while the remaining 5% (2 studies)
do not report this information because the applications were considered a prototype. Figure 2 reflects
the above findings. Due to the fact that some studies include more than one age group (as grouped
by the authors) the total sum of the studies, as presented in Figure 2, is greater than 29, which is the
sum of the studies included in this review.

Furthermore, in regards to the scientific subject, the review concludes that History (more
specifically information about historical sites, archaeological sites, etc.) is included in more than
half of the studies, at a percentage of 62% (n = 18), while the rest of the studies include, to an almost
equal extent, Science (n = 2), Navigation (n = 1), Environment (n = 1), Foreign Languages (n = 2),
Mathematics (n = 2), Astronomy (n = 2) and Art (n = 1) (Figure 3).

In addition, urban areas such as entire cities (35%, n = 10) are the spaces mentioned in most
studies. An almost equal percentage of studies concerns museums (31%, n = 9) and outdoor areas
with some historical interest (24%, n = 7) (e.g., archaeological sites). Finally, 3 studies (10%) relate
to a campus (Figure 4). Based on the above data it appears that 69% (n = 20) of studies concern
outdoor spaces and 31% (n = 9) concern indoor spaces.

In addition to the abovementioned factors, another element that was also examined was the AR
applications’ effects to learners/users obtained from these studies. These were categorized as follows:
Knowledge (i.e., whether users improved their knowledge of the scientific subject mediated through
the application), Satisfaction (i.e., whether users enjoyed the application and positive emotions
were elicited), Interest (i.e., whether the application succeeded at retaining a high level of interest
amongst the users and whether the users actively participated without their involvement seeming

Figure 2. Age distribution of participants in the studies included in the literature review
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Figure 3. Scientific subject of studies included in the literature review
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Figure 4. Implementation space of studies included in the literature review

12
10
B
&
A
2 -
Park City Mussum Camp

boring), and finally, Willingness (i.e., whether users acquired a positive attitude towards AR and
would like to use similar applications again in the future). Figure 5 shows the distribution of study
results in these categories. As with the age distribution analysis, here also a study may address issues
belonging to more than one category and, thus, the total number of studies appears to be greater
than 29 (number of studies selected from the literature review). Figure 5 clearly portrays that almost
half of the studies (46%) examine the learning outcomes of the application. It is worth noting that
in all applications it is reported that users improved their knowledge of the scientific subject. The
second most considered element is whether user interest was maintained at a high level (27%). In

Figure 5. Results of studies included in the literature review
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this category, too, no phenomena of indifference or boredom were observed by the users. In fact,
in 2 cases the scenario alone seemed to have had a positive effect on increasing interest. The third
most mentioned factor is satisfaction, considered in 19% of studies. All users stated that they were
satisfied with their participation and in some cases report that feelings of joy and happiness were
created during the use of the application. Finally, a smaller percentage of studies (8%) investigates the
positive attitude of the participants towards AR, with results showing that, in this case too, everyone
reports a positive attitude.

Moreover, the review [RQ1] showed that only 14% (n = 4) of studies were related to applications
that promote or require collaboration between users, while the remaining 86% relate to individual
applications (Figure 6). In fact, out of the former 4 studies, 2 refer to role-playing games where each
player has their own digital role based on which the appropriate information is displayed on the
device. Players with different roles had to work together to complete their missions. The remaining 2
studies promote collaboration between users by simply enabling the exchange of messages or digital
material without, however, this communication being necessary for the proper use of the application.
Therefore, and for the purposes of this review, the authors classify these studies under the “Simple
communication” category (Figure 7). Cases where collaboration outside of the application was
observed, such as when a group of users shared the same mobile device and communicated around
the device, were considered as designed for individual use.

Also, regarding the content contribution [RQ?2], i.e., the users’ ability to create or edit digital
content so that the experience of each user is affected by the “interventions” of other users, the
vast majority of the applications studied (97%, n = 28) do not offer this feature. On the other

Figure 6. Number of studies that the applications were designed to promote collaboration through AR device
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Figure 7. Type of communication investigated in the studies included in the literature review
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hand, only 1 study (3%) allow intervention in the content (e.g. after obtaining approval from the
application administrators).

The last element investigated [RQ3] was whether the applications include storytelling based
on a script, as well as to which storytelling genre the script belongs. The storytelling genres that
we mentioned here-in-after emerged from the literature review of Markouzis and Fessakis (2016)
on AR mobile applications using interactive storytelling. More specifically, the storytelling genres
are quests, adventure games, mystery games, treasure hunts, scavenger hunts, races, real-world
simulations, role-playing games, time travels, and journalistic games. The present review results
showed that 55% (n = 16) of applications did not include any storytelling genre. This means that
the user was simply navigating the space by receiving digital information. On the other hand,
45% (n = 13) of applications included storytelling, which in turn resulted in the user’s choices
and, therefore, the digital information displayed depending on both the script and their choices.
Regarding the storytelling genres, 54% (n = 7) concern quests according to which the player
must complete specific missions (e.g., solve puzzles) in order to complete the story. These can be
either standalone missions or semantically related to each other. 23% (n = 3) concerns mystery
games, where there is a single script, more complex than that of quests (e.g., it might include
more digital characters with whom the user needs to interact, it might be collaborative, of a
longer duration, etc.) and, finally, the remaining 3 (23%) are classified as time travels. In this
last category, there is a key person who recounts the story to the user and guides them in their
choices. Figures 8 and 9 represent the above findings.

Figure 8. Number of studies included in the literature review that incorporate digital storytelling
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CONCLUSION

A preliminary analysis of the literature review findings indicates an active research interest in the
impact of AR on informal learning environments as the number of published studies in the last three
years appears to be higher than in previous years. This conclusion is further supported by the fact
that the present study was published on, and hence included studies from, only the first half of 2022.
Furthermore, most of the studies (53%) concern adults, fewer of them concern adolescents (24%), and
only a small percentage (18%) include younger children. This observation is in contrast with Petrovich’s
et al. (2018) review results, which state that 63% of AR applications concerned high school students,
while the remaining 37% of applications were addressed to adults. The common denominator of both
reviews is that no studies involving informal AR learning applications for younger ages were found.
Additionally, the most common scientific subject incorporated in these applications is History
(62%), with users asked to gather information about sites of historical significance (Chang, 2013),
moving around cities to collect historical data (Markouzis & Fessakis, 2016). This finding, combined
with the fact that most of the research concerns cities (35%), museums (31%) and sites of historical
significance (24%), is fully consistent with the conclusions of Schwan et al. (2014), who argue that
a significant part of informal learning takes place in these areas. Regarding the results of the studies
examined in this review, these were distinguished into four major categories: Learning (46%), Interest
(27%), Satisfaction (19%), and Positive Attitude towards AR (8%). These findings are consistent with
other similar reviews (Goff et al., 2018; Ibafiez & Delgado-Kloos, 2018; Petrovich et al., 2018), which
show that most researchers investigate the learning outcomes of these applications, the retention of
interest during activities, and the elicitation of positive emotions such as pleasure and satisfaction. It
is worth noting that in the present study no research was found to report negative conclusions in any
of the four categories mentioned. Nevola et al. (2022), however, highlight the need for more research
in this field and, in particular, the long-term outcomes of AR use in order to draw safer conclusions
and to gain an in-depth understanding of the capabilities these technologies have to offer.
Regarding the first research question [RQ1], i.e., whether cooperation is enhanced through AR
applications, the answer is ‘no’. This means that most applications are were designed for individual
usage. When a provision for collaboration exists, it focuses either on simple message exchange (Chang,
2013; Wahyuni et al., 2021) or on user-interaction for problem-solving through the application or in
the context of a game (Holden, 2014; Innocent & Leorke, 2020). In contrast to Petrovich et al. (2018),
who examined the interaction of participants around the mobile AR application, this parameter was
not considered in the present study given that it does not require a specific and appropriate design
for collaborative use (Pombo & Marques, 2020). The second research question [RQ2] concerned the
ability of AR applications for mobile devices to allow users to create new digital material accessible
to other users. In this case, too, the answer is negative, indicating that most applications do not
offer that possibility. Only 1 application (3%) (Lochrie et al., 2013) provided this feature to users,
enabling digital enrichment of the application. Finally, regarding the last research question [RQ3]
about the existence of scripts and plots in AR applications for mobile devices, the results are more
evenly distributed than in the first two questions. 55% of applications did not include a script, as
opposed to 45% in which the activity was part of a story. The storytelling genre that prevailed was
Adventure Game with Missions (Markouzis & Fessakis, 2016; Pombo & Marques, 2020; Wahyuni
et al., 2021), followed by Time Travels (Chang, 2013; Poitras et al., 2019), while one case included
a Mystery Game (Holden, 2014). In fact, in two cases (Holden, 2014; Markouzis & Fessakis, 2016)
the participants reported that the script motivated them and kept their interest high, while in one case
(Pendit et al., 2014) they reported that the presentation of the content coupled with storytelling was
able to elicit feelings of joy and satisfaction in users. These findings are consistent with the views
of Egan (1985) and Applebee (1987) that incorporating a problem into a storytelling context can
positively contribute to its comprehensibility. Attempting to combine the findings of the research
questions with those of the key elements of this review (publication date, age group, scientific subject,
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and research results), we conclude that most of the applications that included a script (77%, n = 10)
concerned the subject of History.

SYNOPSIS

At the end of the first decade of the 21* century, researchers (e.g., Dunleavy et al., 2009) pointed
out the importance of fully exploring the potential of AR in education, reflecting that we were only
beginning to consider the whole range of possibilities offered by this emerging technology. Several
review studies published during the next decade, and especially those related to informal learning,
(Stymne, 2020; Petrovich et al., 2018; Ibafiez & Delgado-Kloos, 2018; Goff et al., 2018) continue to
provide overviews of the affordances, potential, and limitations of AR applications.

The present work offers a literature review, regarding the last ten years [2012-2022], of AR
learning applications for mobile devices concerning informal learning. The added value of this
review is registered on its three main research questions that investigate whether the design of AR
applications allows users to collaborate through AR devices, and/or to influence the digital material,
as well as the existence of any script related feature. Furthermore, the reviewed studies characteristics
such as the date of publication, age group, scientific subject, and the results of these studies were
also examined so that, in addition to the added value of the review, comparative results with similar
reviews could also be investigated (Goff et al., 2018; Ibafiez & Delgado-Kloos, 2018; Petrovich et al.,
2018) showing a general agreement between findings. The study of the research questions showed
that collaboration, as well as the creation of new digital material, are features that are generally
absent from these applications. Besides a lack of sufficient pedagogical consideration to fully
exploit the available technological developments, maybe the absence of powerful features from AR
applications is because appropriate design requires specialized scientific and technical knowledge
and more sophisticated technologies. As for the script, this feature is found in several applications
(40%) as it constitutes a key motivator for users. The results lead the authors to the conclusion that
such additional requirements and features can become a key asset for informal learning. Widely, these
affordances are significant in supporting active, contextualised and meaningful ‘in situ’ learning,
allowing us to shape, interact with, and contribute ourselves to the environments we move through,
while the promotion of the social interactions, exchanges and collaboration through AR applications,
via personal mobile devices, seems to offer a remedial dimension to individualism and the isolation
trends of the post-COVID era. Consequently an urgent, next research challenge might be the use of
appropriately designed collaborative functions, the study of the impact of AR applications on shared
contributions of digital materials, and how they affect learning outcomes and user motivation in the
short and long term.

Finally, regarding the limitations of this research, it is to be noted that only articles from three
databases are used. That means that there is a potential that results may vary if additional databases
were included in the research. However, since the considered databases are large enough, the effect
of the corresponding limitation is deemed to be relatively small.
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