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Abstract. Augmented reality (AR) is considered one of the top tech-
nologies that will revolutionize the future of education. Real-time inter-
action, different formats of visualization, and the merge of the real and
digital world may open up new opportunities for teaching and learning.
Although AR is easily accessible via mobile phones, the extent to which
this technology will be adopted greatly depends on the user experience.
The user reviews of mobile applications or so-called “apps” are a poten-
tial source of information for designers, software developers, and schol-
ars interested in understanding the user experience. This study investi-
gates the current state of the user experience of augmented reality apps
by extracting and classifying the information from reviews published in
the Google Play Store. A set of 116 educational mobile AR apps were
mined from the Google Play Store, and a total of 1,752 user reviews
were retrieved and classified. Results suggest developers of educational
mobile AR apps need to solve technical problems, improve certain fea-
tures, and provide more explicit instructions to users. Regardless of these
needs, users recognize that these apps have great potential as educational
tools. Future developments should focus on tackling these shortcomings,
expanding the use of AR apps to more fields of education, and targeting
specific audiences to extend the technology adoption.

Keywords: Augmented Reality · App reviews · Data mining · Mobile
learning · User experience

1 Introduction

With the advances in mobile computing, Augmented Reality (AR) capabili-
ties have been combined with wireless devices such as smartphones and tablets
[31], this implementation is called Mobile Augmented Reality (MAR) [27]. As
a result, the use of AR has spread over many sectors such as entertainment,
industry, games, tourism, and education [34]. In education, AR is considered
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one of the technologies that are revolutionizing teaching and learning. Unlike
other technologies, it often only requires a handheld device [13]. Several stud-
ies have documented via systematic reviews the different uses, advantages, and
disadvantages of AR in educational settings [6,11,21,26,46]. However, the state
of this technology for educational purposes in the public market has not been
analyzed.

Current examples of user experience research of AR public apps have shown
that 1) users like AR applications, 2) technical features strongly influence user
satisfaction, and 3) the risk-benefit ratio of using a certain AR app influence
the rate of adoption. Nonetheless, none of these researchers focused on public
educational apps [19,27,32,38].

This study analyzes educational MAR applications from the Google Play
Store and synthesizes user reviews into insights for improvement. Due to the
number of applications and user reviews, the analysis is a challenging task. This
study takes advantage of an automatic tool derived from data mining techniques
to aid in qualitative and quantitative analysis.

In addition, to user reviews, this study analyses some of the indicators that
users consider before downloading an app, such as ratings, number of installs,
release dates, app sizes, and AR-type. Since the user experience starts from the
moment the user selects and downloads an application [9], the study of such
metrics can provide valuable insights.

Additionally, the levels and fields of education are analyzed using the Inter-
national Standard Classification of Education (ISCED) [48] used by other
researchers [11,20]. This serves to identify the educational sector that an AR
application targets.

Overall, this study aims to answer the following research questions:

– RQ1: What are the main problems, feature demands, and opinions expressed
by the users of educational MAR apps published in the Google Play Store?

– RQ2: What are the main characteristics in terms of price, size, rating score,
installs, release dates, and AR types of educational MAR apps?

– RQ3: Which are the levels and fields of education that educational MAR apps
published in the Google Play Store target?

2 Background and Related Work

2.1 MAR and Education

Mobile Technology has opened up opportunities for learners to access ubiqui-
tously to learning content. Today, this access has been enriched by blending
other technologies such as Augmented Reality (AR). Initially developed for the
aerospace industry [14], AR is described as a system that “supplements the real
world with virtual (computer-generated) objects that appear to coexist in the
same space as the real world”, and its main features are its capability to combine
the real and virtual environments, the real-time interaction, and the alignment
of digital content with the real world [10].
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In general, AR systems can be divided into three types: marker-based,
marker-less, and location-based. Marker-based AR uses artificial markers (e.g.,
QR codes, fiducial markers, or images) placed in the real environment to detect
the position and display the virtual objects. Marker-less AR tracks the natu-
ral features of physical objects in the environment. Whereas location-based AR
employs the position data of the devices, determined by Global Positioning Sys-
tem (GPS) or Wi-Fi to deploy the virtual content [16,43,51].

MAR is getting more attention in education as recent evidence suggests that
AR has several affordances that allow supporting meaningful learning. For exam-
ple, AR can enrich learning experiences with 3D objects, which can help visu-
alize abstract or unobservable phenomena. It can annotate spaces with overlaid
information or combine digital and physical objects, creating hybrid learning
environments [6,11,21,52]. These affordances have been linked to several learn-
ing effects which has proven some of the main advantages of implementing this
technology as a new educational tool. Some of these effects are related to the
improvement of spatial abilities and memory retention, the decrease in cognitive
overload, and the increase in motivation [6,11,21,52] .

Despite the evident evolution of AR, there exist some limitations regarding its
use in educational settings. These limitations are related to both pedagogical and
technical aspects. Pedagogically, previous research has established that AR can
be unwieldy, distracting, and cognitively demanding for students [6,11,21,52].
Concerning technological aspects, most reported limitations are related to the
usability and design of AR apps. For instance, AR systems can have difficulties
maintaining the virtual content, detecting the user’s location, and can be tech-
nically challenging to implement by teachers as the virtual content is not easy
to create.

Given these challenges, some authors have argued that for AR to be suc-
cessfully integrated into educational settings, well-designed user experiences are
needed [16,20]. This paper attempts to explore the user experience in more detail
by examining the technological challenges that users of public educational MAR
apps are experiencing directly from the user reviews, which may serve to inform
instructional designers on how to improve the user experience of their systems.

2.2 User Experience of MAR Applications

According to the ISO 9241-210, user experience (UX) is defined as the “per-
son’s perceptions and responses resulting from the use and anticipated use of a
product, system or service” [28].

Previous studies on UX of MAR applications have found that users value the
practical application or usefulness, the relevant content, the ease of use, and the
absence of technical difficulties [19,38]. Furthermore, the emotional perception
of users can influence the experience as observed by Dirin and Laine [19] where
users have positive emotions such as encouragement, excitement, and interest.
Similarly, Li et al. [32] found that the satisfaction of users can be a motivation
to continue or stop using a MAR application.
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Although not prescriptive, this work aims to add to the efforts of other
researchers by analyzing the user experience of mobile AR users within the
context of educational apps.

2.3 User Reviews and App Data as a Source of Information

Application distribution platforms or apps stores contain rich information that
can help software engineers and designers during the design process [24,39].
They contain public reviews reflecting users’ experience and app metadata such
as price, number of installs, release dates, rating, app size, etc., which provides
an overview of the app characteristics.

User review analysis can be used to quantitatively summarize the topics
contained in the reviews and to gain insights from a qualitative examination of
the content [49].

Nicholas et al. [35] used the user reviews of 48 apps for bipolar disorder to
analyze the user perspectives of these apps qualitatively. Similarly, Alqahtani
and Orji [7] analyzed reviews of mental health apps to reveal what users of such
apps like and dislike.

However, using app reviews as sources of information comes with some chal-
lenges. App reviews can be short, unstructured, grammatically incorrect, and
depending on the app; they can be abundant, which can make it a complex and
time-consuming process to extract information from them [24,41].

Regardless of these challenges, when compared to other resources such as
focus groups or surveys, the reviews provide direct, and numerous feedback for
the stakeholders involved in the app development [25]. Moreover, the topics
included in such reviews contain relevant information from the user experience
such as the ideas, the needs, and the experience with a certain app that may
potentially inform scholars who are interested in understanding the context of a
particular app [39].

In this study, user reviews are used as a source of information (e.g., identify
problems of existing apps, requested features from the users, etc.), and unlike
other scholars, we used an automatic and public tool developed by Panichella
et al. [41] to classify the content of the reviews into relevant categories that allow
the detailed analysis of the requests and information in a procedural way with
low processing time.

3 Methodology

The general methodology of data processing consists of three main phases: app
extraction, review extraction, and review classification (Fig. 1). The Google Play
Store was chosen as the data source. This decision was made due to a relatively
larger amount o f apps in Google’ s app store when compared to the Apple
Store [17].
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3.1 App Extraction

The first step was to extract a list of apps from Google Play using an open-
source scraping tool, called google-play-scraper (version 7.1.2) [37]. The “search”
function provided by this library allows the extraction of the app identifiers
corresponding to the results from a search in the Google Play store using any
term. The search terms used are: “augmented reality education”, “augmented
reality education apps”,“augmented reality educational apps”, “ar education”,
“ar education app” and“ar application for education”. These were chosen by
using a keyword tool [3].

For each search term, a maximum of 250 apps was retrieved, which gave 1500
apps from all search terms. Out of these 1500 apps, only 440 were unique, i.e.
not repeated in the list. The metadata from each app were retrieved using the
“app” function from the scraping tool mentioned earlier from the unique list.

Fig. 1. The General methodology for data processing. The main phases are 1) app
extraction, 2) review extraction, and 3) review classification. This figure summarizes
the specific steps followed in each phase, the results, and the tools used. a) “search”
function [37]; b) “app” function [37]; c) “reviews” function [30]; d) automatic data
mining tool [41]

Finally, an additional cleaning step to remove non-AR apps was performed by
assuming that AR apps must contain in their title or description the keywords
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“ar” or “augmented reality”. Applications that did not contain any of these
non-case-sensitive keywords in the title or the description were removed from
the database. As a result, the data-set was reduced to 350 apps.

3.2 Review Extraction

From the previously cleaned app’s database, a subset was created from apps that
fall under the app store “Education” class; only 136 apps satisfied this criterion.
The user reviews were mined using a different open source scraping tool called
Google-Play-Scraper (version 0.0.2.2) [30] coded in Python. The reviews from
each app were extracted using the function “reviews”. In total, 13,057 single
reviews were obtained from 116 apps. It is important to mention that even
though 136 apps were mined, only 116 apps contained reviews.

3.3 Review Classification

To automatically classify the content of the reviews, the App Reviews Devel-
opment Oriented Classifier (ARdoc) developed by Panichella et al. [41] was
used. This tool combines three feature extraction techniques: Natural Language
Processing (NLP), Text Analysis (TA), and Sentiment Analysis (SA). Using a
machine learning (ML) algorithm, ARdoc automatically classifies the sentences
of the reviews into a predefined taxonomy. The taxonomy includes five categories:
information giving, information seeking, feature request, problem discovery, and
other. The taxonomy emerged from previous research, which combined com-
mon topics from user reviews and comments given by developers [40,41]. In this
study, the Java API version of the ARdoc tool was used. The feature combina-
tion of text structures and sentiment analysis (“NLP+SA”) was employed since,
according to Panichella et al. [41], this combination of features allows a higher
classification precision, recall, and F-measure (all ranging between 84–89%).

In total 21,362 sentences from 13,057 reviews of 116 apps were classified. It
is important to note that most of the reviews contained more than one sentence;
therefore, the number of reviews is smaller than the number of sentences.

The extraction of informative reviews was performed to analyze the content
of each sentence and derive conclusions. For this purpose, it was assumed that
informative reviews are those which contain sentences classified into “problem
discovery”, “information giving”, “information seeking”, and “feature request”.
As a result, the filtering step consisted of the removal of reviews with sentences
that had all been classified as “other” by the ARdoc tool; the total informative
reviews were 3,065. It is important to note that not all the apps contained
informative reviews; therefore, the reviews used for further analysis only come
from 86 apps. The complete data-set and classification can be found in the
Supplementary Information.

A manual inspection of the informative reviews was performed to derive more
specific and detailed conclusions. The application “Sky View Lite” was excluded
due to the high number of reviews (1,313). In total, 1,752 reviews were further
analyzed (Table 1). It is important to mention that all reviews were divided
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manually into mutually exclusive groups corresponding to the app categories
from ARdoc. Most of the reviews contained more than one sentence that could
belong to different categories. If a review had sentences classified into different
classes, the priority was given based on the review context. In addition, another
class, denominated “Irrelevant”, was added to reviews with vague or unclear
statements.

Finally, each of the informative reviews was manually analyzed and assigned
to a broad topic. These topics were derived from those defined by Pagano and
Maalej [39] and subsequently used by Panichella et al. [40] to define the taxonomy
of ARdoc [41]. If the content of the review was not related to any of these topics,
a new broad topic was created.

3.4 App Characteristics Extraction

All the metadata of each application obtained in Sect. 3.1 was formatted in a
table for further analysis (see Supplementary Material).

3.5 Classification Under Fields and Levels of Education

To classify the apps according to the levels of education, the International Stan-
dard Classification of Education (ISCED) [48] was used in its aggregated level.
The app developers’ description was manually examined to identify the level and
field of education targeted by the app. Each app can be classified into several
levels. If the target level was not explicitly expressed, the app was assigned con-
sidering other features such as images, videos, and educational content reported
in the app description. If this information did not provide clear indications,
the apps were labeled as “Not Classified”. On the other hand, if the fields of
education were not explicitly expressed, the apps were classified as “N/A” (see
Supplementary Material).

4 Results and Discussion

This section summarizes the findings related to the user reviews and their classi-
fication using the ARdoc tool, the characteristics of the AR apps obtained from
the metadata of each application and the survey of the educational levels and
fields.

4.1 What Are the Main Problems, Feature Demands, and Opinions
Expressed by the Users of Educational MAR Apps Published
in the Google Play Store?

As described in Sect. 3.3, the reviews extracted from 116 educational apps were
classified by the ARdoc tool. As a result, 1,752 reviews were analyzed.

From Table 1, it can be seen that the largest number of reviews correspond to
problem discovery (1,142/1,752). These reviews come from 70 apps, meaning that



Mobile Augmented Reality Apps in Education 435

Table 1. Classification of informative reviews as described in Sect. 3.3. This classifi-
cation contains the number of reviews per category, the percentage in relation to the
total of reviews, the average app score rating per category, and the number of apps on
each category

Category Number of

reviews

Percentage of total

reviews (N = 1, 752)

Average score

per category

Number

of apps

Problem discovery 1,142 65% 1.6 70

Information giving 317 18% 3.8 56

Feature request 135 8% 3.9 29

Information seeking 125 7% 3.0 38

Irrelevant 33 2% 2.9 17

from the total of apps with informative reviews, 81% (70/86) of apps have reviews
that report problems. Additionally, according to these reviews, the average score
rating of the app is 1.6 out of 5 stars, which is the lowest between the categories.

Problem Discovery. Among the category of “problem discovery”, six broad
topics were identified. Specifically, it was identified that users have problems with
functionality of the app, specific features, general service, hardware, software,
and content.

In this category, most problems with AR apps were found to be related to
the functionality of the apps. Although some reviews were not descriptive, for
example, some users provide reviews that indicate a problem such as “app is
not working” or “app did not work”, the high number of reviews related to this
topic suggests that some users are not able to use the AR apps, install them or
even use basic functionality. Commenting on AR functionality, one of the users
said,“only concern is that ar does not work it is just freezes or shows a black
screen” (from the Physics Lab app).

Hardware-related problems were found on 14 apps. The most common prob-
lems related to hardware are camera autofocus, battery consumption, and phone
overheat. Users from different apps expressed these observations. Commenting
on phone overheat, one user said: “it’s pretty good and awesome for children even
for adult it’s fun! but it makes my phone overheat and shutdown always. . .”
(from the Animal 4D+ app). Regarding battery consumption, one user com-
mented: “expeditions is dramatically draining my phones battery. I am wonder-
ing why my phone is dead. looked at history and found that expeditions was
responsible for using up 40% of my battery even though I have not used it in
several days...” (from the Expeditions app).

Software-related problems were classified as those reviews in which users
explicitly express the appearance of an error message, issues with the mobile
data, or software compatibility. For example, one user stated: “tried in 3 devices.
failed to initialize Vuforia” (from Human Anatomy AR app).

Another recurrent problem expressed by users was content-related. Either
the AR content was not available, it was not working, or the access to it was
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absent. A user said: “this is not a good app the animations are really too short,
and, in some topics, the audio is not available...” (from Cambridge Explore app).

Thus, from the analysis of the “problem discovery” category, users of edu-
cational MAR apps experience issues of diverse nature which can be related to
several factors. However, the technical hurdles related to the AR technology such
as power consumption, AR functionality, and real-time interaction or unavail-
ability of content must be a high priority to developers as these problems will
cause users to stop using the applications [32,38]. For example, power consump-
tion can be solved through energy-saving techniques, reduce power consumption
from GPU, and the use of active cooling methods to control the temperature
of handheld devices [15]. To improve AR functionality, developers can leverage
improved tracking methods. For instance, hybrid tracking technology tackles
the computational inefficiency of handheld devices and network performance
[44]. Finally, Web services, together with the implementation of emerging 5G
networks, can help to reduce the issues related to the content and real-time
interaction by improving the data transmission rate. As mobile device compu-
tational efficiency tends to be limited, especially in low-end devices, apps that
rely on web services may be able to provide a better experience.

Information Giving. The reviews in this category account for 18% (317/1,752,
see Table 1) of the total informative reviews coming from 45 apps, and the cor-
responding average score rating according to these reviews is 3.8 out of 5 stars.

Five broad topics were identified from the content analysis of this group of
reviews. Some of these topics were also identified by [39,40]. The most common
issues are praise, dispraise, helpfulness, shortcoming, and other feedback.

The following reviews illustrate some examples of praises found in the data-
set. One user of the AR mondly app stated: “unique ar experience! mondly ar
proves augmented reality can be the future of language learning!”. Another user
from the Expeditions app commented: “I love using this app with my students. I
used a google expeditions kit from @aquilaeducation and my students absolutely
loved traveling all over the world!”.

On the other hand, users also expressed their discontent. It is important
to note that most of the criticisms made by users mostly come together with a
“problem discovery”. Therefore it was not usual to find dispraise sentences alone
but combined with a specific issue or a dissuasion statement. For example, one
user expressed: “I didn’t even liked to give one star it is not a good app don’t
download it I hate it” (from Space 4D+ app). Another example of reviews is
“the worst app ever. Waste of time. Do not download this app” (from Physics
Lab app).

Another common topic among the “information giving” category was the
“helpfulness” topic. In general, these reviews where a particular application was
practical or helpful. Among the total of apps, 29 apps have reviews related to
this topic. Commenting on the learning experience, one of the users said: “a
great app to learn and practice chemistry for grade 10 students! you should try
using it” (from Dat Thin Pone app). And another user stated: “thanks a lot for
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the app its awesome and very helpful for the students who cannot afford physical
lab” (from Physics Lab app).

Some users provide information about concrete aspects of apps they are not
satisfied with. These types of reviews were classified under the “shortcoming”
topic. It is important to mention that even though shortcomings seemed to be
similar to problems classified under the “problem discovery category”, they differ
on the intention expressed by the user. While a problem is a fact that the user
experience, the shortcoming derives from subjective opinion. For example, users
unsatisfied with markers expressed, “maybe works but need to print markers. no
thanks! only free trial” (from the Predators AR app). This review not necessarily
implies that the marker does not work but only that the user is not happy with
printing it. In the same fashion, another user said, “please provide instructions.
ok, I downloaded the file and yes it works and works well. but having to have
the target image is not practical” (from the Augmented Reality Solar System
app).

The most common shortcomings include payment options, privacy concerns,
and instructions provided by developers. For example, a user of the Quiver 3D
coloring app shared:“I really like your app, but I wish you did not have to buy
everything separately and you could buy a membership or whatever. I under-
stand that you have to make money, but I would also like if there were more
free pages. thanks!” . Regarding privacy concerns, a user said: “it requests to
spy on you”, and another expressed: “the app wants to access my contacts and
to make and manage phone calls. This is a coloring app. I do not see why it
needs the ability to make calls. . .” (from the Quiver 3D coloring app). Finally,
related to the app instructions, a user from the Physics lab app expressed “it is
alright if you understand physics but for people for do not understand it needs
more instructions for people who don’t understand. The instructions that you
currently have a very hard to understand...” .

Overall, the results indicate that most users tend to write reviews when they
are extremely satisfied or highly dissatisfied (praise or dispraise), but they do
not provide specific insights unless the user gives specific details. In addition,
users share the helpfulness of certain apps and some shortcomings that they
experienced, such as lack of instructions, dislike towards markers, payment issues,
and privacy concerns.

Taking into account these observations, developers can improve the user expe-
rience by providing clear explanations about why the AR systems require cer-
tain permissions. This information can be provided before and during the use of
each application, and although not all users may understand the justification of
the system requirements, providing the data will allow them to choose with an
informed view [23].

Users also provide information about the real-life scenarios in which MAR
educational apps were found helpful. According to these findings, MAR apps
can be useful when students cannot be in a particular place e.g., classroom,
laboratory, or historical place. Therefore, developers and practitioners can con-
centrate efforts on developing experiences for users that cannot be physically
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present in the same learning environment of their interest. Nowadays, this will
not be hard to realize after the recent pandemic where these scenarios are more
“normal” [22].

Feature Request. The “feature request” category accounts only for 8%
(135/1,752) of the reviews analyzed coming from 29 apps (Table 1). Interest-
ingly, the users providing these reviews gave a higher rating score (3.9 stars)
when compared to users sharing other types of reviews. In general, three types
of requests were identified among this group of reviews: 1) content, 2) feature,
and 3) general improvements.

The content request was one of the main demands of users. A user stated:
“could you please add more information in the app when you peel off the layers?
students will learn even more about it. nicely done!” (from the Human eye-
Augmented Reality app). Commenting on the addition of features, one user said
“fun app. for kids and adults alike their comments are: would be good if we
could draw our own pictures! maybe for a future update?...” (from the Quiver
3D coloring app). Finally, concerning the request for improvements, one user
stated: “the first app to use ar core and does it in a brilliant way. Would be
great if you could expand the app to include placement options (placing on
a surface) and have the atoms react to light”. (from the Atom Visualizer for
ARCore app).

The current request of users of AR apps may be partly explained by the fact
that the developers are exploring the technology; thus, they might be showing
only some examples showcasing how the technology/app can be used but not nec-
essarily offering a “complete” experience. Therefore, future developments may
dive into further educational content integration while maintaining good design,
which can be achieved through a multidisciplinary collaboration of scholars.
For instance, app developers can leverage multimedia instructional design tech-
niques to enhance learning, and practitioners can validate content and learning
outcomes of students through evaluation studies.

Information Seeking. The “information seeking” category is defined by sen-
tences expressed by users attempting to obtain information [41]. One hundred
twenty-five reviews from 38 apps were classified under this category which
accounts for 7% of the sum of informative reviews. The average rating score
provided by users in this category was 3.0 out of 5 stars (Table 1).

Among the reviews in this group, two main topics were identified. Users
asking about “how to use” and “how or where to get content/marker” were
the most popular questions. Regarding the question of “how to use?” a user
expressed: “do not understand how to use it the screen say scan the flat surface.
what flat surface? do I need one of those printed qr cards or what someone help
me” (from the Apollo’s Moon Shoot AR app). Content-related, one user asked,
“from where I can get the image?” (from the AR Dino Roar app).

Other questions were related to AR elements. For example, a user asked,
“what is an AR marker” (from the iBugs AR app). Another one said “i do not
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have an ar maker why is it that you need a AR maker. Improvement I want for
my child that you do not need a AR maker.” (from the Predators AR app).

Although less common, privacy concerns were also found under this cate-
gory. This topic was identified under “information giving”, however, some users
express this concern as questions rather than as statements. For example, one
user said: “why do I need to give permissions to make calls?” (from the AR ani-
mals app) and another stated: “a great way to make your pictures come alive and
an underused technology. my kids (and me) love it. but why is there a permission
to know my precise location?” (from the Quiver 3D coloring app).

In summary, these results show the common queries that users of MAR apps
have. Interestingly, the most popular questions correspond to the function and
the use of AR. It is not clear for some users how to use certain apps, what a
marker is, or where to get the content. A possible explanation for this might be
that there is a lack of information provided by developers, which confuses users,
or they are still unfamiliar with the concept of AR. Thus, clear explanations,
more intuitive interactions, or familiar cues can be integrated into the systems
to familiarize users with the technology.

4.2 What Are the Main Characteristics in Terms of Price,
Size, Rating Score, Installs, Release Dates, and AR-types of
Educational MAR Apps?

To answer this question, we used the metadata extracted in Sect. 3.1. The data
includes price, app size, ratings, number of installs, and release dates.

Price. In terms of price, most apps were reported as “free” except for the app
called “Quiver Education”. This result suggests that most users can access AR
apps for free. However, from the data extracted, it was not possible to determine
whether extra paid content was available to the user after download.

For educational purposes, this is a positive result as students would have
access to the AR content. Even if the “in-app purchases” are present, the stu-
dents may have a higher chance to access the content if the practitioners or
institutions are able to assess the content for free and provide students with the
resources.

App Size. Regarding the app size, which is the amount of memory in megabytes
(MB) that each app occupies in the phone, only 105 apps declared this data.
The other 11 apps contained the legend “varies with device”. This information,
as noted by D’Heureuse et al. [18], does not include the “in-app downloads”,
which refers to additional data (e.g., music, videos, 3D models).

The estimated average app size is 51.6 MB with a variance of 25.6 MB. This
result is larger than the app size of “all apps” inside the Google Play Store, which
was reported to be 15 MB in 2017 [12]. A possible explanation for this result
may be due to multimedia content such as video, images, and 3D models. These
common resources, in regular apps, account for most of their size, which may
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suggest that for AR apps, this also applies. Generally, when apps are optimized
by developers, the size is reduced. However, in the case of MAR educational
apps, the optimization process may not be a priority due to the novelty of the
technology.

The app size is a factor that developers consider since it can be related to
how often an app is installed [5] or as Mahmood [33] suggested, it may impact
how the app is rated by users. For users, this information is vital to assess how
much memory does their device needs to run AR apps. Furthermore, app size can
also be relevant for scholars and practitioners looking for the successful use of
AR apps among their audience. This issue may be overcome by the use of cloud
services and Web-based AR applications. These approaches can be suitable since
users will not have to download any application to their phones, and the digital
content can be display in the cloud. However, these applications are still scarce,
and experience other challenges related to mobile networks [45].

Rating Score. With respect to the ratings, Google Play Store uses a five-star
scale ranging from low (1 star) to high (5 stars). The average rating of all apps
(N = 116) is 3.2 stars with a standard deviation of 1.5 stars. According to the
stats reported in AppBrain [8], the average rating for all apps in the Google
Play store is 4.1 stars. Therefore, the educational MAR apps from the data-set
are on average rated lower than other apps. It is difficult to explain this result
since the rating can be associated with multiple factors. According to Tian et
al. [50] the rating of an app is mainly influenced by the size of the app, the
number of promotional images on the app store, and the target software version.
In general, this finding reflects that the user experience of educational MAR
apps is not optimal when compared to conventional apps.

Number of Installs In the case of the number of installs in the Google Play
Store, they are expressed in terms of ranges rather than exact numbers. The
ranges are expressed as follows: (0–5), (5–10), (10–50), (50–100), (100–500),
(500–1000), etc. To explore if the rating score is correlated with how much an
app is downloaded, the install range was compared with the weighted average
score rating. Figure 2 shows the relationship between the weighted average score
versus the number of installs or download ranges.

As shown in Fig. 2, apps with a small number of installs (e.g., 50–100) have
a high rating score, then the score of the apps starts to drop with respect to the
number of installs until the range (10,000–50,000), from that install range, the
app score appears to increase in value again. As noted by other authors [18],
this behavior can be possibly explained by the following hypothesis. Apps with
few downloads have a rating score which is likely influenced by a small number
of users (probably from people known by the developer) whereas, apps in larger
install ranges receive feedback from more users. For apps that go beyond 10,000
downloads, the rating starts increasing respectively with more downloads as a
result of user satisfaction and popularity.
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Fig. 2. Weighted average score per install range

Fig. 3. Total educational MAR apps released per year since 2013 and its cumulative
sum

For educational MAR apps, the number of apps in the large install range
(1M–5M and 5M–10M) is very low. Just four apps in the 1M–5M range were
found (Animal 4D, Expeditions, Devar, and Quiver), and only one app (Skyview)
in the 5M–10M range. A possible explanation for this might be that the nov-
elty of AR among users and developers is still present. Likewise, the use of the
technology as an educational tool has not reached its maturity, thus leading
to limited use, disinterest in installing the apps, or dissatisfaction of the users.
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Additionally, considering that the number of installs can be related to the suc-
cess of the apps [18], these findings suggest that overall, educational MAR apps
are still not very successful.

Release Dates. The release dates were also analyzed to explore the evolution
of MAR in the public market. According to Fig. 3, the apps in the data-set have
been released since 2013, having a higher number of releases between 2017 and
2019. Since 2017, Google LLC and Apple Inc. have released their application
programming interfaces or software development kits (SDKs): ARCore [2] and
ARKit [1] respectively. These platforms allow developers and users of iOS and
Android to create AR apps for mobile devices [36]. Other SDKs such as Vuforia
have eased the implementation of AR capabilities regardless of the main operat-
ing system of the device [4]. Overall, the release of these SDKs may be a possible
explanation for the increase in the number of app releases.

AR-Types. Finally, to explore the type of AR technology used by the mobile
applications, the description given by the developers was examined manually.
In case that the technology was not explicitly expressed, the application was
downloaded and subsequently assigned to one of the AR types.

As it can be observed from Table 2, marker-based apps account for the major-
ity of the apps (66%). Marker-less apps account for 23% of the apps and hybrid
types only for 11%. Interestingly, nine apps were found to mix marker-less tech-
nology and virtual reality. Finally, no applications that used location-based AR
were found in the data-set.

As mentioned, the majority of educational apps were classified as marker-
based apps. This result may be explained by the fact that marker-based tech-
nology is easier to implement, the tracking is more robust, and it is less compu-
tational expensive when compared to marker-less AR [11,47]. Altogether, these
results suggest there are opportunities for scholars and developers to create more
marker-less apps and apps using combinations of AR-types. For educational pur-
poses, each type of AR may provide different outcomes; therefore, it would be
interesting to have more explicit guidelines on the different learning affordances
that each tracking technology has to offer per field and level of education so that
user and practitioners can choose the application according to their needs.

Table 2. The number of apps per type of AR technology

AR-type Number of apps Percentage of total (N = 116)

Marker 76 66%

Marker-less 27 23%

Marker-less and VR 9 8%

Marker and marker-less 4 3%

Irrelevant 33 2%
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4.3 Which Are the Levels and Fields of Education that Educational
MAR Apps Published in the Google Play Store Target?

To understand the educational target (levels and fields of education) of the
MAR apps in the Google Play Store, each application was assigned to a field
and level of education of the corresponding ISCED classification according to
the information identified in the developer’s description.

Table 3. The number of apps on each aggregated level of education according to the
ISCED [48]

Aggregated level of education Number of
apps

Percentage of total
(N = 116)

Levels 0–2 78 67.2%

Levels 3–4 4 3.4%

Levels 3–4 & or 5–6 22 19%

Not classified 12 10.3%

Irrelevant 33 2%

Table 3 shows that most apps target the aggregated levels 0–2 (67.2%). This
observation is in line with previous studies of educational apps, which have found
that most developers target preschool and primary school-age children [42]. Inter-
estingly, this finding is contrary to that of Bacca et al. [11] who found that most
AR studies target higher levels of education. One possible explanation for this is
that the app market locates the “kids app market” into several industries, and
developers use the term “educational” or tag words like “kindergarten”, “middle
school” , etc. to sell apps for the children audience, but they do not necessarily
develop the apps with an educational purpose, or this specific audience [29].

It is important to note that for some apps (10%), the target level was not
explicitly expressed. This outcome may be relevant for future developers who
aim to get students interested in their apps. Adding this information may also
allow practitioners to get more confidence in using a certain app in a formal
setting.

Table 4 shows that most of the apps were classified in the broad fields of
“Generic programs and qualifications” and “Natural Sciences, Mathematics and
Statistics”. Overall, these results reflect those of Bacca et al. [11], who also
found that science was the most popular field for AR studies suggesting that
this is due to the advantages that AR provides when teaching abstract concepts.
However, further studies and app development in different fields of education
are recommended to expand and leverage the advantages that AR may bring in
various educational areas. For example, the public market of educational MAR
apps can exploit more apps in the context of science and engineering but for
higher levels of education with validated educational content. Also, new apps
can target adult learners who may not be considered under the International
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Table 4. Classification of the apps according to the aggregated level of ISCED of broad
fields of education [48] in descending order and the corresponding general topics

ISCED broad fields General topics Number of apps Percentage of

total (N = 116)

00 Generic programs and

qualifications

79 68%

Natural science, animals 16 14%

Multiple areas 15 13%

Natural science, space 14 12%

Literacy 12 10%

Art 7 6%

Natural sciences 6 5%

History 3 3%

Natural science, biology 2 2%

Foreign language 1 1%

Geography 1 1%

Mathematics 1 1%

Social skills 1 1%

05 Natural sciences, maths &

statistics

13 11%

Chemistry 7 6%

Physics 4 3%

Mathematics 2 2%

N/A 12 10%

Visualization platform 6 5%

Museum 4 3%

Game 1 1%

Marketing 1 1%

09 Health and welfare 9 8%

Anatomy 9 8%

07 Engineering, Manufacturing

& Construction

3 3%

Engineering 3 3%

01 Education

02 Arts and humanities

03 Social sciences, journalism

& information

04 Business, administration &

law

06 Information &

Communication technologies

(ICTs)

0 0%

08 Agriculture, forestry,

fisheries & veterinary

Standard Classification of Education (ISCED). Developers even can venture into
new fields such as social sciences and business or administration, which may have
new interesting affordances. Moreover, public institutions can collaborate with
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developers in making free, content-validated, and relevant for particular curricula
educational MAR apps for a wide range of students.

5 Limitations of the Study

The design of the current research is subject to limitations. First, the search
of the apps through Google Play Store is subjected to a limit of 250 apps per
search term. Although the method ensures that the considered apps are the ones
the user can find by using the same words, the data-set can be extended if other
forms of search are used, for instance doing searches from different locations
and different languages or adding results from websites. Second, the use of only
six search terms can be a source of bias when creating the data-set; a more
exhaustive list of terms might improve the broadness of the apps found. Even
though the criteria for choosing the terms relies on the popular terms searched
by users, there might be words that can also lead to AR apps and were excluded
in this study. Third, the selection of mobile apps only from the Google Play
Store limits the spectrum of apps. This opens the possibility for future research
regarding an extension of MAR educational apps from the iOS store and the
possible comparison with Google Play Store apps. Another limitation comes
from using ARdoc to classify the reviews. The tool has its own “accuracy” and
intrinsic biases derived from its assumptions and characteristics. In addition,
even though the taxonomy used by [41] is in line with the objective of this study,
the exclusion of reviews with the “Other” tag may have excluded sentences with
relevant data. Finally, the extracted reviews may not be representative of the
total amount of users of the MAR apps. In general, only users more inclined to
share their thoughts are represented in the data-set. However, the group can still
be considered diverse as the apps are used by different target audiences, and the
reviews show diverse perspectives.

6 Conclusions and Future Work

The present research aimed to extract general information about educational
MAR apps published in the Google Play Store and to examine the user experi-
ence through the classification and analysis of user reviews.

This study found that most users of educational MAR apps encountered vari-
ous problems that hamper their experience (65% of reviews classified as problem
discovery). Only a few apps appeared in the “high install” range, suggesting that
the adoption of educational MAR apps is still in its infancy. More AR apps have
appeared since 2017 due to the availability of Google and Apple SDKs, which
may suggest that the adoption of the technology can reach maturity in the near
future if the new apps are more liked by the users and developers leverage the
recent advances of AR.

Although marker-based AR was the most popular technology used in the
apps, its practical shortcomings may block AR adoption, as expressed by some
users. Improving upon these shortcomings and focusing on future developments



446 J. L. D. Alfaro and P. V. Puyvelde

of AR, such as marker-less technologies, may improve the user experience and
increase the adoption of the technology.

Among the problems experienced by users of the current MAR apps, the
application’s functionality was the most popular one. Therefore, exploring in
more detail what are the causes of these problems may provide a better chance
to enhance the adoption of the technology. However, since users often do not
provide detailed information, these results need to be interpreted with caution.
Regarding the “helpfulness” of AR apps for users, this study has found that some
users, regardless of the limitations of the apps, can recognize specific scenarios
where AR apps are helpful. These observations align with what several AR
studies in educational settings have acknowledged regarding the advantages of
education. However, unlike these controlled studies, the reviews showed some
real-life examples from a subjective perspective of the user.

The most popular demands among users were content-related. Users gen-
erally request additional content as most apps only provide a few models for
visualization, target images, or limited free content. Future app developments
can be concentrated on creating apps with a more comprehensive experience
other than merely displaying a limited amount of multimedia.

Finally, this study has found that most apps in the data-set target childhood
education and the most popular field of exercise is science. These findings may
offer opportunities for developers and scholars interested in expanding the use of
AR in education. Still, continuous efforts are needed to make AR more accessible
to a more diverse audience. This study did not assess the “educational” value
of the apps, and therefore further research with a stronger focus on educational
purpose is suggested. Future studies can include, for example, the assessment of
multimedia learning principles inside the public MAR apps. On the other hand,
developers could focus on providing detailed explanations about each applica-
tion, its use, and certainly validated content to improve the user experience of
educational MAR apps users.

Undoubtedly, future research towards addressing technical issues must be
a priority for researchers to ensure that AR can be well-integrated with soci-
ety, regardless of its use. More significant multidisciplinary efforts are needed
to ensure that well-develop MAR apps with relevant educational content are
available for more people no matter their level of education, country, or current
device.

To aim for increased AR adoption as an educational tool, developers, edu-
cators, designers, and scholars may understand and address user concerns
while boosting learners’ educational value and experience. Altogether, academic
research and public sources, such as user reviews explored in this study may
provide the relevant information needed to achieve this goal.
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