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Abstract

Mobile Augmented Reality (MAR) approaches have been applied as an in-
structional strategy in educational contexts. In this respect, it is important
to identify how these approaches have been developed and evaluated with
the purpose to identify their quality and benefits. The goal of this article is
to identify the state-of-the-art on how the MAR has been used for educa-
tional purposes. Therefore, we performed a systematic literature review
with a sample of 57 articles. Based on the selected studies, we analysed
which knowledge areas the MAR approaches are used in the educational
contexts. We also analysed how the approaches have been developed, and
evaluated. As a result, we identify that the technical requirements used in
the development of the MAR approaches are defined based on the expertise
of the development team. Most evaluations are carried out without an ap-
propriate scientific rigor in terms of research design. This shows that there
is a need to more consistent and uniform patterns in terms of methods for
systematically develop and evaluation of MAR approaches. And, thus, ob-
tain valid results that can be used as a basis for a decision on the application
of such approaches and/or their continuous improvement for educational
purposes.
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1. Introduction

Over the past few years, Information and Communication Technology (ICT) has
been introduced in activities in different knowledge areas, helping and even

simplifying everyday tasks. Among the areas in which the ICT has contributed,
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there are activities carried out in the educational field, which enables the crea-
tion of interactive learning environments, the use of learning objects and the
adoption of new technologies applied to education (Guillermo, 2016).

The introduction of technology in education has been used both in a comple-
mentary and integral way, giving its users access to didactic and multimedia
materials, such as presentations, infographics, images and videos, as well as oth-
er pedagogical resources. Different technological solutions have been able to
contribute positively to the educational process, which are highlighted by the
spread of access to educational resources and an introduction of pedagogical ob-
jects in platforms widely used by users, such as educational games (Hainey et al.,
2016; Clark et al., 2016; Caballero-Herndndez et al., 2017), virtual reality and
virtual laboratories (Jong et al.,, 2013; Heradio et al., 2016; Potkonjak et al.,
2016), and augmented reality environments (Kamarainen et al., 2013; Dunleavy
& Dede, 2014; Coimbra et al., 2015).

Among the approaches mentioned above, the augmented reality was recently
addressed in the report presented by the New Media Consortium (Becker et al.,
2017). In the report, the authors identified and described trends, challenges and
developments in technology that can impact planning and decision making in
global education. This technology allows to stimulate and construct interactions
among users with real and virtual objects. Thus, contributing mainly to the visu-
alization of occurrences that in many cases are invisible makes it capable of fos-
tering students’ cognitive abilities (Quintero et al., 2015).

Becker et al. (2017) highlight technologies and practices likely to come into
use in their sectors over the next five years (2017-2021). An emphasis is the
intensification of the development of augmented reality technologies in 2016,
accompanied by the use of mobile learning in the educational contexts for the
year 2017, an issue already noted in the 2012 report. In this perspective, cur-
rently, there are several studies adopting resources of augmented reality in the
educational context (Sommerauer & Miiller, 2014; Cai et al., 2014; Kysela &
Storkova, 2015; Huang et al., 2016; Quintero et al., 2015). In general, findings
of these studies demonstrate that multimedia resources provided by aug-
mented reality have the potential to transform the teaching and learning
process of students.

A variant of augmented reality technology is the Mobile Augmented Reality
(MAR) technology (Chatzopoulos et al., 2017). It has been making inroads in the
training and learning domain, as learning approaches can be virtually accessed
using the ubiquitous mobile devices, in which, learners can access learning ma-
terials and contents anywhere, anytime on their mobile devices (Hanafi et al.,
2017). However, O’Shea and Elliott (2016) cited that a limitation in the applica-
tion of mobile augmented reality in education is that the best practices for the
use of these resources in education are still being established, as the years go by
and the progress achieved with the robustness of technology and resources re-
lated to augmented reality (AR).

During the last years, many case-specific MAR applications have been devel-
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oped with the most of them in the areas of tourism and culture and education
while there is currently a huge interest in MAR games (Chatzopoulos et al.,
2017). Therefore, it is necessary to identify more uniform patterns in terms of
technologies, pedagogical approaches, development and evaluation methodolo-
gies and other resources that have been adopted in augmented reality in order to
potentiate its contributions when using in educational contexts.

Thus, in order to present the state-of-the-art on how the mobile augmented
reality has been used for educational purposes, we conducted a systematic lite-
rature review (SLR). The main contribution of this article is the analysis and
summary of which knowledge areas are using MAR approaches for education.
Moreover, we identified which technical and educational requirements are in-
volved in the development of these approaches (platforms, operating systems,
multimedia resources, educational theories and applied methodologies), and
how the MAR approaches are being evaluated (evaluation factors, types of stu-
dies, target audience, sample size, data collection instruments and data analysis
methods). The results of this review may help researchers and teachers in dif-
ferent knowledge areas with an interest in using the MAR as an educational re-
source to enable more engaging activities for the students as well as a guide for

the application in educational practice.

2. Background
2.1. Mobile Augmented Reality

Augmented reality is the integration of the virtual with the real world, in which
computer-based graphic elements are displayed on the screens of the users’
technological devices, simultaneously with the elements of the actual environ-
ment, in which, the users are (Azuma et al., 2001; Kose et al., 2013; Wang, 2017).
In addition, the term “augmented reality” is used in situations where the real
scenery is “augmented” through virtual elements (Milgram & Kishino, 1994). In
accordance with Azuma et al. (2001), AR is the insertion of virtual objects in the
real world by means of a computational device so that the user interface is used
in the real environment, adapted to visualize and manipulate the virtual objects
placed in your space.

In accordance with Milgram and Kishino (1994), AR is a middle ground be-
tween synthetic and real environments, where the AR complements the
real-world, providing to users the idea that virtual and real objects exist together
in the same space. Augmented Reality has been recognized as a technology that
can assist learners in dealing with real-world targets and tasks with supports
from the digital systems (Chittaro & Ranon, 2007; Chang & Hwang, 2018).

Augmented reality technologies are attractive since the last decade for they
help the users in understanding the real world through the virtual by processing
information and showing it in a simple manner (Reyes-Aviles & Aviles-Cruz,
2018). Azuma (1997) argues that there are three essential characteristics of com-

putational systems with augmented reality: 1) combine virtual elements with the
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real environment; 2) interactive and have its processing in real time, and 3) reg-
istered in three dimensions.

Regarding the uses and applications of mobile augmented reality resources,
investigations are being performed to help in diverse areas such as entertain-
ment (Fonseca et al., 2016), advertising and marketing (Chang et al., 2014),
tourism (Chung et al., 2015), motoring (Rameau et al., 2016), health care (Jamali
et al., 2015), training and education (O’Shea et al., 2016), which use MAR ap-
proaches to develop interactive and engaging content, offering opportunities to

their users to an enriching educational experience.

2.2. Developing and Evaluating MAR Educational Approaches

Studies of the development of MAR approaches have been conducted with the
aim of contributing to the educational process. According to Radziwill et al.
(2015), organizations are about to experience a major shift in their conceptual
models—one that will naturally emphasize the virtues of STEAM (Science,
Technology, Engineering, Art, and Mathematics). By effectively organizing and
promoting rich environments for STEAM learning, we can immediately and
purposefully engage in supporting that outcome (Radziwill et al., 2015). In this
context, computer simulations have been proved to be effective in teaching dif-
ficult concepts to the students, particularly in the STEAM disciplines (Lindgren
et al., 2016; Reyes-Aviles & Aviles-Cruz, 2018). In this respect, Chen and Tsai
(2012) contribute stating that although augmented reality technology is not a
novelty, its potential in educational applications is currently being explored.

Due to the technological novelty of AR, the issues with regard to its capability
of learning supports have been increasingly explored and discussed in educa-
tional technology research during the past few years (Cheng, 2018). The use of
AR technology could help learners focus on the critical real-world targets with
relevant digital information, which would ease their learning load (Hwang et al.,
2018). As an educational technology, the potential affordance of augmented re-
ality features consists of multimedia materials that are displayed relative to the
real environment (Santos et al., 2014a). Besides, the features of presenting
learning information (e.g. texts, videos, audios, and three-dimensional) together
in real-time interaction might stimulate learners to learn abstract ideas more
than only reading a book (Specht et al., 2011).

In addition, it is growing the combination of these features with emerging
educational technologies such as mobile devices (Joo-Nagata et al., 2017; Frank
& Kapila, 2017), educational games (Zarzuela et al., 2013; Furi6 et al., 2013a),
infographics (Mahmoudi et al., 2017), among others. Augmented reality emerges
as a potential perspective to complement educational applications as it makes it
possible to explore its virtual resources for educational bias by adding to these
educational solutions the scale presentation of three-dimensional virtual ele-
ments. In this respect, Santos et al. (2014b) describe that augmented reality offers

a differentiated set of characteristics, and, thus, can be used differently from
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other existing technologies in the educational field, some of these characteristics
being the insertion of notes in the real world and contextualized visualization.

In order to develop educational mobile augmented reality approaches, it is
important that some technical and educational requirements be defined, such as
augmented reality Software Development Kit (SDK) (Santos et al., 2014b), rec-
ognition and tracking features (Amin & Govilkar, 2015), multimedia pedagogi-
cal resources (Yen et al., 2013), and a support of educational theory (Wang,
2017).

Developing educational resources with AR on mobile technologies bring up
the need to choose a platform or development framework that attends the re-
quirements required by the project (Amin & Govilkar, 2015; Rautenbach et al.,
2016). Currently, there is a range of tools that allow the development of educa-
tional resources in AR, for example, Aurasma (HP Reveal) (2017), Vuforia
(2018), and Wikitude (2018). Each tool has different features and functionalities
that must be observed in order to meet the application development require-
ments.

The choice of an Augmented Reality SDK facilitates many components within
the mobile augmented reality application: recognition, tracking, and content
rendering. An array of tools is provided to developers through SDK, required to
recognize, track and render AR application in the most efficient manner (Amin
& Govilkar, 2015). Therefore, the features of each mobile augmented reality de-
velopment platform must be observed within these three categories, for example,
the recognition ways: textual, markers, multi targets, and 3D objects; the track-
ing ways: cameras and the global positioning system; and rendering content:
images, videos, audios, 3D objects, and animations.

The technologies used always need to depend on the pedagogical goals, the
needs of the educational application and the target audience. Regarding the de-
sign of appropriate strategies that can be applied to the creation of more effective
augmented reality learning experiences, Santos et al. (2014b) cited that the mo-
bile augmented reality applications should enable exploration, promote collabo-
ration, and ensure immersion.

Besides the educational and technological requirements that should be consi-
dered in the development of mobile augmented reality approaches, it is impor-
tant to evaluate the quality and effectiveness of these approaches when using
with educational purposes as an instructional strategy. In this context, typically,
evaluation of instructional strategies is conducted through empirical studies
(Wohlin et al., 2012; Branch, 2010). The evaluation of mobile augmented reality
as an educational approach seeks to verify if the educational technology reaches
its goals and expectations of the target audience.

Typically, evaluations are conducted with the application of the treatment
with the target audience and then data are collected and interpreted (Branch,
2010). An empirical study can be conducted as a formal experiment, a case

study, survey, etc. and, typically, follow a process organized in the steps of scop-
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ing, planning, operation, analysis & interpretation, and presentation (Wohlin et
al., 2012).

The first step (scoping), the assessment goals should be determined and the
factors that will be evaluated are assigned. In the next phase (planning), a re-
search design should be defined in accordance with the context of the study. A
formal experiment includes control and experimental groups with random allo-
cation of the participants. If the allocation of the participants was not random
but the study uses control and experimental groups, a quasi-experiment can be
used.

On the other hand, if the study uses only one group of participants but is per-
formed in a systematic manner a non-experimental research design, such as case
study, can be used. Studies that are conducted in an unsystematic way, lacking a
defined objective and methods can be characterized as ad-hoc.

To achieve the objective defined to the evaluation, a measurement may be
conducted (Fenton & Pfleeger, 1998). Thus, factors to be measured and instru-
ments to systematically collect data from these defined factors are determined.
In the operation phase, the treatments (the MAR approach and other activities
for comparison) are applied and the data are collected from the target audience.
In the phase of analysis, the data collected in the study are interpreted based on
the measured factors. Typically, qualitative and/or quantitative data analysis
methods may be used, ranging from descriptive statistics to hypothesis tests
(Freedman et al., 2007). Lastly, in the presentation phase, the results are docu-

mented in reported, typically, in technical reports or research articles.

3. Related Works

Analysis of literature for development of this section sought to highlight some
important points related to the use of augmented reality resources in mobile de-
vices in education. In line with this analysis, we also highlighted some of the
main literature reviews carried out over the past few years by different research-
ers in order to provide a clear view of the conducted studies and the gaps to be
filled currently with this review.

Researches focused on technological aspects have been carried out in order to
highlight the particularities involved in the development of these applications
with augmented reality features, as well as in the tools and platforms currently
available. Amin and Govilkar, (2015) and Rautenbach et al. (2016) present an
analysis of the existing platforms for specific purposes of augmented reality.
Herpich, Guarese and Tarouco (2017) compared the existing platforms for the
development of mobile augmented reality approaches, specifying augmented re-
ality resources which each offers for the construction of educational solutions on
mobile devices. Another analysis of the tools can be found in Social Compare
(2017), where they are maintained from the precursor platforms of augmented
reality to the most current, which are updated by users and developers in a co-

operative way and allow a specific view of the tools. An interesting point of view
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was also addressed in the research of Palmarini et al. (2018) about the use of
augmented reality features and aspects related to their maintainability, hig-
hlighting the discrepancy (fragmentation) of integration between hardware,
software and augmented reality solutions.

From the educational perspective, several initiatives have also been explored
through literature reviews. Zhu et al. (2014) address the use of augmented reality
for healthcare teaching. The augmented reality approaches developed did not
have an explicit pedagogical framework. Literature analyses involving the use of
augmented reality resources for teaching can also be seen in the study of Bacca et
al. (2014), in which, trends, visions for the future and opportunities for future
research in augmented reality for educational environments are discussed.

Diegmann et al. (2015) describe as the results of their review that the specific
directions of augmented reality approaches are more likely to lead to certain
benefits, such as increased motivation. Akgayir and Akeayir (2017) emphasize
the results obtained with the literature analysis, that augmented reality ap-
proaches promote a better learning performance, in which the problem most
identified in the analysed researches is centered in the difficulty of students to
use this type of application in a better form to promote learning.

O’Shea and Elliott (2016) conducted an exploratory analysis of available mo-
bile augmented reality approaches for educational purposes, with the intention
of evaluating them for their potential and affordances to transform the way edu-
cation can occur with the use of augmented reality and not just how content can
be presented to students that interact with these types of technologies. The ra-
tionale presented by the authors consists in the fact that AR has achieved great
advances in the robustness of technology, aspect that also converged with the
wide dissemination in the use of mobile devices, but emphasize that the practical
improvements to the use of these resources in education are still being defined
and redefined. So, it is necessary to deepen the affordances that AR has to offer,
seeking to highlight the added value that these applications can offer and how
best to take advantage of its distinct characteristics to improve learning.

Saidin et al. (2015) describe a review of augmented reality in education, fo-
cusing on demonstrating the advantages and resources with potential to trans-
form educational environments. Considering that in the perspective of AR
technology, since its conception, seeks to promote a more active, effective and
meaningful learning process, unlike other technologies that have emerged for
educational purposes, but have created a passive learning process that does not
use its resources to promote critical thinking and creation of meaning or meta-
cognition.

Another aspect that Saidin et al. (2015) highlighted is the visualization of con-
tent as one of the main characteristics with the potential to expand education.
Since AR resources are capable of engaging students in learning processes and
helping to improve their visualization skills, a factor that is enhanced by the

ability of AR to enable students to be immersed in realistic experiences, creating
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meaning for those who interact more actively.

Analysing the related works we can identify that the augmented reality, in
fact, has a potential to be used as an educational strategy. However, these studies
do not include a detailed and complete analysis of the use of augmented reality
with mobile devices. Thus, the question of how the mobile augmented reality has
been applied with educational purposes stays open. This SLR expects to identify
how the mobile augmented reality approaches have been developed and eva-
luated in the last 8 years, focusing on the technical and educational development

requirements.

4. Research Method

To identify the state-of-the-art on how the mobile augmented reality has been used
for educational purposes was conducted a Systematic Literature Review following
an adaptation of the process developed by Kitchenham et al. (2010), as illustrated
in Figure 1. According to Kitchenham et al. (2010), SLR is an effective way of
aggregating knowledge about a topic or research question, once the most reliable
evidence comes from aggregating all empirical studies on a particular topic.
Kitchenham et al. (2010) also affirm that the recommended methodology for
aggregating empirical studies is a SLR, approach that is present in several cur-
rent studies, e.g., SLRs on the use of serious games (Calderén & Ruiz, 2015) and
how they are evaluated (Petri & Gresse von Wangenheim, 2017). A SLR involves
a systematic process (Figure 1) to search studies which address a defined re-
search question as well as a systematic presentation and synthesis of the charac-

teristics of the selected studies.

Definition Execution Analysis

Specify
research
question(s) [ E—
Initial search Data analysis
| S
Define
inclusion/exclusion
criteria et » )
st stage o
'g Report
selection

Define quality ;;

criteria
2nd stage of
selection
| N
Define data
sources ( )

Extraction of
; Z the data
calibrate \ )
Define f
search string

Figure 1. Activity diagram of SLR process (adapted from Kitchenham et al., 2010).
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The SLR procedure is organized in the phases of definition, execution, and
analysis (Figure 1). First (Section 5), a protocol for the review is defined, deter-
mining a research question, inclusion & exclusion criteria as well as data sources
and the search string. Second, in the execution phase (Section 6), the protocol
review is applied in order to search and identify relevant studies, considering the
inclusion and exclusion criteria defined in the protocol. Third, in the analysis
phase (Sections 6 and 7), the selected studies are analysed and the data are ex-
tracted in order to answer the research questions defined and to achieve the ob-
jective of this SLR.

5. Definition of the Systematic Literature Review

This study aims at the elicitation of the state-of-the-art on how the mobile aug-

mented reality has been used for educational purposes. In accordance with this

purpose, we performed an SLR, following the steps defined in Section 4, focusing
on the following research questions:

e RQI: Which knowledge areas the mobile augmented reality approaches used
in the educational contexts have been applied?

e RQ2: How the mobile augmented reality approaches used for educational
purposes have been developed?

e RQ3: How the mobile augmented reality approaches used for educational
purposes have been evaluated?

In accordance with our research objective and questions, inclusion and exclu-
sion criteria for selecting only relevant studies were defined.
Inclusion criteria:

e The study presents augmented reality resources applied in education;

e The study presents results that match the objective defined for the article and
the instruments used in the evaluation of augmented reality applied in edu-
cation;

e The study allows access to augmented reality features through a mobile ap-
plication or provides a module that enables access via mobile devices;

o The study was written in English; Keywords are present in the structure of
the article as a whole;

e The study was published between 2011 and 2018;

o This range of years has been defined with the objective of finding only
up-to-date research using technologies developed over the past few years.

Exclusion criteria:

e The study does not address the actual application of augmented reality re-
sources in education, that is, it only has the terms searched in the text of the
article;

o The study presents technical reports, or documents in the form of abstracts,
presentations, or revisions of secondary literature;

e The study is centered only on theoretical and philosophical aspects (without

a definition of technique, application and/or methodology);
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e The study does not present the results clearly and the instruments used in the
evaluation of augmented reality applied in education;
e The study was written in a language different of English.

Quality Criteria: As quality criteria we define that, besides to consider the in-
clusion criteria, the study need provide sufficient information in order to answer
our analysis questions, clearly indicating the knowledge area that the MAR ap-
proach is applied and its aspects regarding its development and evaluation.

Data Sources and Search String: Data sources have been chosen based on their
relevance in the domain of technologies/informatics in education in accordance
with the SJR (Scientific Journal Rankings) 2017, including:

e British Journal of Educational Technology;

e Computer Applications in Engineering Education;

e Computers and Education;

e Computers in Human Behavior;

e Creative Education;

¢ Educational Technology Research and Development;

¢ IEEE International Symposium on Mixed and Augmented Reality;
e [IEEE Transactions on Learning Technologies;

e International Journal of Computer-Supported Collaborative Learning;
¢ Journal of Computer Assisted Learning;

e Journal of Computers in Education;

e Journal of Educational Technology & Society;

¢ Journal of Science Education and Technology.

In order to construct the search string, we first chose to identify the central
concepts of this work (e.g., augmented reality, mobile learning and education).
In this process, synonyms are also used, as can be seen in Table 1, in order to
complement the research carried out.

Using these keywords, the search string has been calibrated and a generic
string was defined: (“mixed reality” OR “augmented reality”) AND (education OR
teaching OR learning) AND (“mobile learning” OR “m-learning” OR “m-learning”
OR “mobile device” OR “mobile computing” OR “handheld computer”).

6. Execution of the Review

The SLR was conducted between October 2017 and July 2018 by the first two
authors, Ph.D. candidates, and was reviewed by two senior researchers (third
and fourth authors).

In the first step of the research (Step 1), the search string was applied to the
selected data sources. As a result of this initial search, we found a total of 296 ar-
ticles (Table 2). The specific number of articles for each database is shown in
Table 2.

The second step of the research (Step 2) consisted of analysis of the articles
selected in Step 1, in which the inclusion and exclusion criteria were used to se-

lect the articles for the final analysis of the SLR. This phase consists of reading
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Table 1. Keywords.

Core Concepts Synonyms
Augmented Reality Mixed Reality
Education Teaching, Learning

Mobile Learni M-learning, mLearning, Mobile Device,
obile Learnin
& Mobile Computing, Handheld Computer

Table 2. Selected articles in each data source and steps.

Data Source Step 1 Step 2 Step 3
Computers and Education 52 23 18
Computers in Human Behavior 48 18 8

IEEE International Symposium on

Mixed and Augmented Reality 40 7 !
British Journal of Educational Technology 32 7 2
Journal of Computer Assisted Learning 26 5 4
IEEE Transactions on Learning Technologies 18 12 4
Journal of Science Education and Technology 17 6 4
Computer Applications in Engineering Education 16 6 4
Journal of Educational Technology & Society 16 11 6
Educational Technology Research and Development 12 7 4
Journal of Computers in Education 10 1 1
International Journal of s 1 0
Computer-Supported Collaborative Learning
Creative Education 4 2 1
Total 296 106 57

the titles, abstracts and keywords of the 296 articles that were found in the pre-
vious stage, resulting in 106 articles included and 190 excluded.

Finally, in the third step (Step 3), a complete reading of the 106 articles se-
lected in Step 2 was performed, and the inclusion and exclusion criteria were
again applied. At the end of Step 3, 49 articles were excluded, and 57 articles
were considered for data extraction. After the final selection, the articles were
analysed and the data extracted, aiming to answer the research questions and

consequently reach the objective of the study.

7. Data Extraction

In order to organize and facilitate the process of analysis of the data processed in
the SLR, an online table (available in the supplementary material) was created
for the sharing of selected articles and their respective Data Items, which are vi-

sualized in Table 3.
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Table 3. Data items extracted.

Research Question (RQ)

RQI: Which knowledge areas the
mobile augmented reality

Data Item (DI)

Reference

approaches used in the educational Knowledge area

contexts have been applied?

Platforms for
development

Operating systems

RQ2: How the mobile augmented
reality approaches used for
educational purposes
have been developed?

Multimedia
resources

Methodology of
development
Quality factors
Type of study

Target audience

Sample size

RQ3: How the mobile augmented
reality approaches used for
educational purposes
have been evaluated?

Data collection
instrument

Methods of data
analysis

Main results

Educational theories

Evaluation approach

Description
Reference of the study.

Knowledge area in which the study was
conducted.

Development platforms used in the
development of the augmented reality
approaches.

Operating systems on which augmented
reality education solutions are being
built.

Educational theories to provide Mobile
Learning in augmented reality
approaches.

Educational multimedia resources
presented in augmented reality and
used in AR approaches to promote
education.

Methodology used for the development
of the augmented reality approach for
education.

Factors used in evaluations.
Type of study defined for evaluation.
Target audience selected.

Number of participants involved in the
evaluation.

It used some model/method/
framework/scale that was developed
specifically to evaluate augmented
reality with mobile devices.

Instruments used to collect data of
evaluation.

Methods used to analyse the data
collected in the evaluation.

Synthesis of the main results obtained
in the evaluation of the study.

In total, we identified 57 articles describing approaches to use the mobile aug-
mented reality in education. Although we considered the last 8 years (2011-2018) in

our review, most of the articles are published from 2013. This shows that the in-

terest in the application of mobile augmented reality in education has been

growing over the past few years, as can be seen in the year 2016, which obtained

the highest number of published articles (14). In the other years, the distribution
was of 2011 and 2012 (both with one article), 2014 (11 articles), 2015 (5 articles),

2017 (12 articles) and 2018 (6 articles).

This section demonstrates in a clear and detailed way the results obtained in
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each of the defined research questions, presenting an explanation of the data

analysed, and a detailed discussion in Section 9. In order to present our findings,

we analyse the research questions separately.

¢ RQI: Which knowledge areas the mobile augmented reality approaches used
in the educational contexts have been applied?

In order to answer this question, we analysed the selected articles in terms of
knowledge areas in which the approaches of augmented reality and their re-
sources have been applied to education.

Analysing the selected studies, it was possible to classify 17 different know-
ledge areas that used mobile augmented reality in their research to provide
access to teaching materials, as well as to contribute to the teaching-learning
process of students (Table 4). The selected studies presented a great diversity
of teaching areas in which the MAR approaches have been applied. In order
to provide a categorical view, we chose to adopt the STEAM terminology
(previously mentioned in Section 2.1). The aim of this categorization is to
present studies grouped in large areas of teaching, which facilitates research-
ers to search for works developed in one of the five major areas defined in
STEAM.

e RQ2: How the mobile augmented reality approaches used for educational
purposes have been developed?

In order to answer this question, we analysed the selected articles in terms of
platforms, operating systems, educational theories/strategies, methodological
procedures and multimedia resources that are being used in the development
and use of educational approaches on mobile devices.

Regarding the platforms (SDKs, Frameworks, and Plugins) used for the de-
velopment of augmented reality approaches, we found some tools in the litera-
ture that implemented their educational resources using general software devel-
opment tools or languages: Unity 3D (5 studies), XCode (5 studies), Java (3 stu-
dies), iPhone SDK (3 studies), Android SDK (2 studies), Game Studio A8, Mi-
crosoft Visual Studio, and Mobile Media API; AR SDK or Frameworks: AR-
ToolKitPlus (4 studies), Vuforia (3 studies), AR-Media, OpenCV, ZXing QR-code,
and Wikitude; AR content platforms: Layar (5 studies), Metaio (4 studies), Ju-
naio (4 studies), Aurasma (3 studies), SIO2 (3 studies), ARIS Platform (2 stu-
dies), Mixare (2 studies), ARLearn, Artlantis, FreshAir, and GLUEPS-AR. Oth-
ers 18 articles did not specify the tools they used.

The large diversity and number of platforms available currently can be ob-
served in this result, with a special emphasis on the Unity 3D, Layar, XCode and
Metaio platforms. This finding demonstrates the rise in the technological devel-
opment of mobile augmented reality approaches that have occurred over the
past few years, where various alternatives to support the creation of approaches
with augmented reality features are currently available. Some articles have also
specified the tools used to create multimedia resources and pedagogical content

presented in mobile augmented reality approaches: Blender 3D (4 studies), Google
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Table 4. Selected articles per knowledge area.

References

Science Technology Engineering Art Math

Akgayir et al. (2016)
Botella et al. (2011)
Bressler and Bodzin (2013)
Bressler and Bodzin (2016)
Chang and Hwang (2018)
Chang et al. (2014)
Chang et al. (2015)
Chang et al. (2013)
Cheng (2018)

Cheng and Tsai (2014)
Cheng and Tsai (2016)
Chiang et al. (2014a)
Chiang et al. (2014b)
Cubillo et al. (2015)
Delello (2014)
Echeverria et al. (2012)
Fonseca et al. (2014)
Fonseca et al. (2016)
Frank and Kapila (2017)
Furio et al. (2013a)
Furio et al. (2013b)
Furio et al. (2015)
Giasiranis and Sofos (2016)
Giasiranis and Sofos (2017)
Guazzaroni (2013)
Harley et al. (2016)

Ho et al. (2017)

Hsu (2017)

Huang et al. (2016)
Hung et al. (2017)
Hwang et al. (2018)
Joo-Nagata et al. (2017)
Kamarainen et al. (2013)
Kuo-Hung et al. (2016)
Laine et al. (2016)

Lee et al. (2016)

Lin et al. (2013)

Liou et al. (2017)

Liou et al. (2016)
Mahmoudi et al. (2017)
Martin-Gutiérrez et al. (2015)
Muiioz-Cristobal et al. (2017)
Muiioz-Cristobal et al. (2018)
Pérez-Sanagustin et al. (2014)
Reyes et al. (2016)
Reyes-Aviles and Aviles-Cruz (2018)
Rodriguez-Gil et al. (2016)
Schmitz et al. (2015)
Schneider and Blikstein (2018)
Sommerauer and Miiller (2014)
Wang (2017a)

Wang (2017b)

Wang et al. (2014)
Yang and Liao (2014)
Yilmaz (2016)
Zhang et al. (2014)
Zhang et al. (2016)

Total

16 2

Note. “X” > Grounded; “-” > Not Provided.
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Maps (3 studies), DropBox (2 studies), Oracle (2 studies), Mediawiki (2 studies), 3D
Studio Max (2 studies), OpenSceneGraph, YouTube, Youtopia, SketchUp, Tapa-
Carp, Moon Finder, Sky Map, Apple Maps, Cloud Cities, Google Forms/Slides,
Picasa, Moodle, CocoaAsyncSocket, and Weebly.

Regarding the operating systems used, Android (23 studies), iOS (19 studies),
Windows (3 studies), and Symbian (1 study). Regarding the access platforms
available to the students, it was verified that: Tablets (36 studies), Smartphones
(30 studies), Head-Mounted Display (HMD) (4 studies), Computers (3 studies),
Glasses (2 studies) and Phone (1 study) used these technologies to access the mo-
bile augmented reality approaches. The results obtained demonstrate an ex-
pected trend, in which, Android and iOS operating systems were widely predo-
minant, both being recognized in the academic and professional environment.
In the same way, the use of this type of system is in agreement with the predo-
minant types of devices, which were tablets and smartphones, compatible with
this type of operating system, besides being commonly used in different purpos-
es.

Analysing the selected articles, the theories/educational strategies used to
promote students’ mobile learning were also observed during access to the edu-
cational content contained in the mobile augmented reality application. In this
perspective, the pedagogical approaches that were used are presented in Table 5.
Nineteen studies did not specify the theory/educational approach used in their
augmented reality applications.

We observed in the selected articles that several multimedia educational re-
sources were presented in the mobile augmented reality approaches used for the
purpose of promoting education, which were classified as: images (46 studies),
videos (36 studies), texts (36 studies), 3D objects (30 studies), audios (12 stu-
dies), animations (7 studies), questions (7 studies), infographics (2 studies), maps (2
studies), chat (1 study), zoom-in/out (2 studies), 2D or 3D graphs (2 studies),
web pages/links (2 studies), books, forum, whiteboard, hypertexts, mobile se-
rious educational games, addresses, navigation, and compass. However, three ar-
ticles did not specify the multimedia resource used.

Resources such as 3D objects, images, videos, and texts are considered essen-
tial points in the frequently developed approaches in the educational area, which
conveys the reality identified in the analysed articles, in which, they had their
predominance in relation to the other multimedia resources listed (Chang et al.,
2014; Harley et al., 2016; Wang, 2017). In order to enable such a scale presenta-
tion of multimedia resources, the articles analysed used augmented reality strat-
egies, which we verified as being Image-based (49 studies) and Location-based
(23 studies). These results are related to the data presented previously, in which
the predominant multimedia resources are related to the type of strategy of
augmented reality more adopted, whose base is centered in Image.

Another aspect analysed in this research question is the methodologies used

in SLR articles for the development of approaches with mobile augmented
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Table 5. Educational theories applied in MAR approaches.

References

Collaborative Learning

Inquiry-Based Learning

Learning Styles

Blended Learning

Experiential Learning

Multiple Intelligences

Bloom’s Taxonomy

Flipped Classroom

Game Based Learning

Project Based Learning

Situated Learning

Active Learning

Cognitive Load Theory

Constructivism

Critical Thinking

Spatial Intelligence
Dialogic Reading Model
Flow Theory
Multiple Resource Theory

AKkgayir et al. (2016)
Botella et al. (2011)
Bressler and Bodzin (2013)
Bressler and Bodzin (2016)
Chang and Hwang (2018)
Chang et al. (2014)
Chang et al. (2015)
Chang et al. (2013)
Cheng (2018)

Cheng and Tsai (2014)
Cheng and Tsai (2016)
Chiang et al. (2014a)
Chiang et al. (2014b)
Cubillo et al. (2015)
Delello (2014)
Echeverria et al. (2012)
Fonseca et al. (2014)
Fonseca et al. (2016)
Frank and Kapila (2017)
Furio et al. (2013a)
Furi6 et al. (2013b)
Furio et al. (2015)
Giasiranis and Sofos (2016)
Giasiranis and Sofos (2017)
Guazzaroni (2013)
Harley et al. (2016)

Ho et al. (2017)

Hsu (2017)

Huang et al. (2016)
Hung et al. (2017)
Hwang et al. (2018)
Joo-Nagata et al. (2017)
Kamarainen et al. (2013)
Kuo-Hung et al. (2016)
Laine et al. (2016)

Lee et al. (2016)

Lin et al. (2013)

Liou et al. (2017)

Liou et al. (2016)
Mahmoudi et al. (2017)
Martin-Gutiérrez et al. (2015)
Munoz-Cristobal et al. (2017)
Munoz-Cristdbal et al. (2018)
Pérez-Sanagustin et al. (2014)
Reyes et al. (2016)
Reyes-Aviles and Aviles-Cruz
(2018)
Rodriguez-Gil et al. (2016)
Schmitz et al. (2015)

> | C.T. Multimedia Learning
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Continued

Schneider and Blikstein (2018)
Sommerauer and Miiller (2014)
Wang (2017a)

Wang (2017b)

Wang et al. (2014)

Yang and Liao (2014)
Yilmaz (2016)

Zhang et al. (2014)
Zhang et al. (2016)

Total

reality features. In this respect, we identified the following methodologies: Hu-
man-Computer-Context Interaction (HCCI) (2 studies) (Chang et al.,, 2014;
Chang et al., 2015), Android-based Science Spots AR (SSAR) (Laine et al., 2016),
Emotional Mapping of Museum Augmented Places (EMMAP) (Guazzaroni,
2013), Eco-Discovery AR-based Learning Model (EDALM) (Huang et al., 2016),
Design Principles for M-learning (Furi6 et al., 2013a), Systems Development Life
Cycle (SDLC) (Furi6 et al., 2013a), 5E Instructional Model (Liou et al., 2017),
and Historical Geo-Context-Embedded Visiting (HGCEV) (Chang et al., 2015).
In addition to the procedures referenced above, it was also observed that other
50 articles did not specify the procedures adopted during the construction of the
MAR approaches.

e RQ3: How the mobile augmented reality approaches used for educational

purposes have been evaluated?

To answer this question, we analysed the selected articles in terms of evalua-
tion factors, research design, educational level of the target audience, sample
size, systematic approaches used to evaluate the augmented reality applications,
data collection instruments and data analysis methods.

Regarding the evaluation factors, it was possible to identify that there are sev-
eral factors that can be taken into account in this requirement (20 to the total).
They have been used to assess the approaches to the mobile augmented reality
applied in education (Table 6). Learning is usually the most evaluated factor (47
studies). Table 6 present the evaluation factors identified in the selected studies.

In terms of research design, we classified the selected investigations as illu-
strated in Section 2.2. We identified that most of the studies, 29 studies, were
conducted in an ad-hoc format, that is, a more informal analysis, using comments
from the participants and including details related to the observations made
during the studies. Researches adopting the non-experimental research design (5
studies), typically, used questionnaires for data collection after the treatment. Oth-
ers 23 researches adopted a formal research design. 14 studies adopted a formal
experimental research design, where the students are randomized allocated in a
control (continued to use the traditional system of the course) and an experi-
mental group (using the MAR approach as treatment). In these studies, results

were analysed from the tests performed (pre-test and post-test). Additional 9
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Table 6. Measured evaluation factors of articles.

References

Learning
Usability
Motivation
Flow
Participant Attitudes
Participant Behavior
Satisfaction
Affective
Engagement
User Experience
Challenge
Cognitive Layers
Cognitive Load
Competency
Critical Thinking
Focused Attention
Fun
Interest
Pleasure

Technology Acceptance

>
o]

Akgayir et al. (2016)
Botella et al. (2011)
Bressler and Bodzin (2013)
Bressler and Bodzin (2016)
Chang and Hwang (2018)
Chang et al. (2014)
Chang et al. (2015)
Chang et al. (2013)
Cheng (2018)

Cheng and Tsai (2014)
Cheng and Tsai (2016)
Chiang et al. (2014a)
Chiang et al. (2014b)
Cubillo et al. (2015)
Delello (2014)
Echeverria et al. (2012)
Fonseca et al. (2014)
Fonseca et al. (2016)
Frank and Kapila (2017)
Furi6 et al. (2013a)
Furio et al. (2013b)
Furio et al. (2015)
Giasiranis and Sofos (2016)
Giasiranis and Sofos (2017)
Guazzaroni (2013)
Harley et al. (2016)

Ho et al. (2017)

Hsu (2017)

Huang et al. (2016)
Hung et al. (2017)
Hwang et al. (2018)
Joo-Nagata et al. (2017)
Kamarainen et al. (2013)
Kuo-Hung et al. (2016)
Laine et al. (2016)

Lee et al. (2016)

Lin et al. (2013)

Liou et al. (2017)

Liou et al. (2016)
Mahmoudi et al. (2017)
Martin-Gutiérrez et al. (2015)
Munoz-Cristébal et al. (2017)
Munoz-Cristobal et al. (2018)
Pérez-Sanagustin et al. (2014)
Reyes et al. (2016)
Reyes-Aviles and Aviles-Cruz (2018)
Rodriguez-Gil et al. (2016)

Schmitz et al. (2015) X - X - - - - - - - - - - - - - - - - -
Schneider and Blikstein (2018) X
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Continued

Sommerauer and Miiller (2014)

Wang (2017a)
Wang (2017b)

Wang et al. (2014)

Yang and Liao (2014)

Yilmaz (2016)

Zhang et al. (2014)

Zhang et al. (2016)

Total

MoK )X

ol

47

13 12 11 5 5 5 5 4 4 4 1 1 1 1 1 1 1 1 2

studies adopted a quasi-experimental research design, using experimental and
control groups, but without a randomized allocation.

As for the educational level of the target audience of the selected investiga-
tions, we identified that the most of the mobile augmented reality approaches
(26 studies) were applied in the undergraduate level, typically with the objective
of to teach a specific content in an engaged and immersive way for the students.
On the other hand, the mobile augmented reality educational approaches also
have been applied to other target audience, such as high school students (11 stu-
dies), elementary school students (16 studies), graduate students, teachers, and
two studies do not specify their target audience.

In relation to sample size, the majority of the evaluations (53% of the selected
studies) were conducted with a small sample size (1 to 60 participants). This
number typically corresponds to the number of students enrolled in one class in
which the study is conducted. On the other hand, 14 evaluations ran with more
than 100 participants. Regarding the other studies, 10 researches had a range of
participants from 61 to 80 people, whereas only 3 studies had a group between
81 and 100 participants, which can be considered as a common situation in this
educational environment. The trend of participants is concentrated in the range
of 1 - 60 participants, since a number greater than this is usually complex to be
managed for teachers.

In terms of evaluation of the studies, 95% (54 studies), did not use any
well-defined and systematic evaluation approach. This result is consistent with
the previous one, indicating that most of the studies are evaluated in an ad-hoc
way, not clearly defining an evaluation objective and research design. In this re-
spect, we identified as a research gap the lack of a well-defined evaluation ap-
proach in order to provide a comprehensive support in the systematic evaluation
of MAR approaches.

On the other hand, one study used the ISO 9241-11 (1998) international
standard (Fonseca et al., 2014) in order to analyse the usability of the augmented
reality technology. Other two studies evaluate MAR approaches with Eva-
luand-oriented Responsive Evaluation Model (EREM) (Mufioz-Cristobal et al.,
2017) and (Muifioz-Cristobal et al., 2018). The EREM is a framework developed
to guide practitioners involved in the evaluation of a huge variety of innovations

in collaborative ubiquitous learning environments (Muifioz-Cristobal et al.,
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2017).

In terms of data collection instruments used in the evaluations, we identified
that the most of the studies collect data using a questionnaire (53 studies). The
questionnaires are usually used in a more informal approach, that is, ad-hoc.
This means that there is no formal definition of models and techniques for con-
structing the questionnaires, these are developed in a more empirical way. In 21
studies, an interview was conducted after the treatment in order to capture the
students’ opinions, and 6 studies also used the recording of verbal communica-
tions.

Two studies use recognized questionnaires as data collection instruments,
such as the System Usability Scale (SUS) (Brooke, 1996) (3 studies) and Tech-
nology Acceptance Model (TAM) (Davis, 1989) (3 studies).

Different types of data collection methods also are used to evaluate, typically,
a specific evaluation factor by one study, such as Flow Experience (5 studies)
(Chang et al., 2014; Zhang et al., 2014; Giasiranis & Sofos, 2016; Hsu, 2017; Gia-
siranis & Sofos, 2017). Among the studies that evaluated Flow Experience, two
studies reported the use of Flow State Scale (FSS) (Giasiranis & Sofos, 2016; Gia-
siranis & Sofos, 2017), Teacher Communication Behavior Questionnaire
(TCBQ) (Yang & Liao, 2014), Collaborative Inquiry Learning Behavior (Wang et
al., 2014), Index of Learning Styles (ILS) (Hsu, 2017; Mahmoudi et al., 2017) (2
studies) and VAK Learning Styles Self-Assessment Questionnaire (Zhang et al.,
2016), Conceptual Survey of Electricity (CSE) (Echeverria et al., 2012), Bipolar
Laddering Assessment (Fonseca et al., 2016), 5-Stage Learning Strategy (Chiang
et al., 2014b), Interaction Analysis Model (IAM) (Chiang et al., 2014b), Sense of
place (SOP) (Chang et al., 2015), Behavioral avoidance test (BAT) (Botella et al.,
2011), Fear of spiders questionnaire (FSQ) (Botella et al., 2011), Spider phobia
beliefs questionnaire (SPBQ) (Botella et al., 2011), Anxiety Disorders Interview
Schedule (ADIS-IV) (Botella et al., 2011), Human-guidance-only model (Huang
et al.,, 2016), Eco-discovery AR-based learning model (EDALM) (Huang et al.,
2016), Emotion self-assessment questionnaire (Huang et al., 2016), Experiential
activity questionnaire (Huang et al., 2016), Quantitative Content Analysis (QCA)
(Lin et al., 2013), Cognitive Load Questionnaire (Hsu, 2017), Foreign Language
Classroom Anxiety Scale (FLCAS) (Hsu, 2017), System Usability Questionnaire
(Frank and Kapila, 2017), ISO 9241-11 (Fonseca et al., 2014), and Embedded
Figures Test (EFT) (Ho et al., 2017).

Additional data collection methods also are used (one method for each study)
including the analysis of the students’ profile (3 studies) (Fonseca et al., 2014;
Akgayir et al., 2016; Fonseca et al., 2016), attitude (Akgayir et al., 2016), and be-
havior (Chang et al., 2014), student self-report and eye tracking (Harley et al.,
2016).

The identification of the data analysis methods was performed in order to in-
terpret the data collected in the evaluations, the most of the selected studies used

quantitative data analysis, ranging from inferential to descriptive statistics. 35
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studies used both quantitative and qualitative data analysis methods and 22 stu-
dies used only qualitative analysis, typically analysing comments and students’
perceptions through content analysis (4 studies), narrative analysis (3 studies),
and discourse analysis.

Regarding the descriptive statistics, the mean is typically used by 47 studies, in
order to carry out a measurement of trends that are centralized. Additional de-
scriptive methods include median (3 studies) and weighted value, besides several
studies also use as a complementary measurement the analysis the dispersion
with the application of level of variation, involving 42 studies with standard dev-
iation, 5 studies with relative frequency, 4 studies with range and 2 studies with
variance. We also applied types of measures that allowed to examine the depen-
dency between variables, including Pearson (5 studies) and Spearman (2 studies)
correlation coefficient, Scheffé (2 studies), Least Squares Difference (LSD) (2
studies), Multiple Regression Analysis (2 studies), and Linear Regression. It is
important to highlight that one of the possible alternatives to be used with the
central trend measures is the application of graphs for data visualization, among
which it was possible to identify 14 studies using frequency diagrams, 10 studies
using line charts, 4 studies using boxplots and 1 study using a pie chart.

With respect to inferential statistics, techniques were used that involved the
application of hypothesis tests in order to carry out the analysis of a specific
question. In this respect, we identified that 21 studies used the t-test (commonly
used in parametric tests that compare 2 samples with a factor). Four studies used
Mann-Whitney, a nonparametric alternative to the t-test. 4 studies used the
Wilcoxon method, which can be used in paired tests, similar to the t-test appli-
cation. Others inferential statistics methods include Cohen’s kappa (19 studies),
Chi-2 (6 studies), Levene’s test (3 studies), Shapiro-Wilk (3 studies), Inter-rater
reliability (2 studies), Fisher (2 studies), Lag Sequential Analysis (2 studies),
Kolmogorov-Smirnov (2 studies), Coefficient of Variation, Cramer, Sequential
Analysis, McNemar, Tukey’s range test, and K-Mean.

With regard to the researches that were centralized in the analysis with 2
forms of treatment and 1 factor, we identified that 17 studies used ANOVA,
whereas 10 studies used ANCOVA, 4 studies used Kruskal-Wallis, 2 studies used
MANCOVA and 1 study used Dunn. In addition, 16 studies also used Cron-
bach’s Alpha coefficient in order to evaluate the reliability of the instruments

used in the data collection process.

8. Discussion

Analysing the literature over the past few years (2011-2018), we identified a con-
siderable number of investigations (57 studies) applying the mobile augmented
reality approaches with educational purposes in the different context and educa-
tional levels. In this respect, based on our results, we identified an increase in the
number of the articles published over the past few years, this result seems to be

indicating that this research area is attracting more interesting due to the poten-
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tial of contributions to the students’ learning and engagement (Dunleavy &
Dede, 2014; Chiang et al., 2014b; Lee et al., 2016).

With respect to the knowledge areas that the mobile augmented reality ap-
proaches are applied (RQ1), STEAM is presented as a teaching approach in
which traditional disciplines in the areas of Science, Technology, Engineering,
Arts and Mathematics are structured into an integrated curriculum proposal,
focusing on problem-solving and skills development, critical thinking and from
creativity to decision-making and future challenges (Lorenzin, Assumpgdo, &
Rabello, 2016).

We can observe that most of the studies (26) are applied in Science. The area
of Science is traditionally characterized by the use of real laboratories, which
help students in the construction of experiments and in the visualization of
phenomena presented to them theoretically in the classroom. Chiu et al. (2015)
explain that physical laboratories also give the students opportunities to interact
directly with the scientific phenomena being studied. On the other hand, it is
necessary to take into account that physical laboratories may not contain all ap-
paratus necessary to present a rich experience in details, especially those at mi-
cro molecular level, which can result in difficulties of understanding by the stu-
dent. In this context, MAR approaches have been applied in the educational
scope, seeking to represent physical and chemical phenomena in micro and ma-
cromolecular scale, through simulated 3D virtual representations. However, we
also identified a trend in the use of MAR approaches in the areas of Technology
(3 articles), Engineering (9 articles), Art (12 articles), Mathematics (2 articles),
and other areas (5 articles). This increase in the adopting of MAR approaches in
different knowledge areas, indicate that is important to identify uniform patterns
in terms of educational and technological requirements to be considered in the
development in order to contribute to their continuous improvement.

Analysing the development of mobile augmented reality approaches for edu-
cational purposes (RQ2), we can observe that regarding the development plat-
forms, the most used platforms were Layar (5 studies), Unity 3D (5 studies) and
XCode (5 studies). These platforms are considered consolidated and robust tools
for MAR approaches development, also confirming the results of (Nguyen &
Dang, 2017; Frank & Kapila, 2017). However, it is important to note that over
the years there has been a growing use of augmented reality editing platforms,
such as Metaio (recently renamed ARKit), Vuforia, and Aurasma (recently re-
named HP Reveal). This growing demand for augmented reality editing frame-
works, according to Herpich, Guarese and Tarouco (2017), is related to the
eventual difficulty faced by professionals that lack the experience in the area of
computational solutions while trying to develop software for educational pur-
poses, such as educators and researchers of any area remote to computing.
However, another alternative is the augmented reality developing tools that offer
an AR editing platform may ease or even make possible the high-level develop-

ment process of educational softwares, e.g., it might facilitate the operation of
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creating software without requiring the knowledge needed to implement algo-
rithms. This becomes true once that these platforms do not require the creator to
write any code for the algorithms, demanding only that he adds AR resources,
such as virtual media and three-dimensional models, to a web-based manage-
ment platform (Herpich, Guarese, & Tarouco, 2017).

Regarding the operating systems used to run the mobile augmented reality
approaches, we identified Android (23) and iOS (19), both operating systems
most popular in the mobile market currently. This factor highlights the impor-
tance of choosing a mobile augmented reality development platform that sup-
ports the most commonly used operating systems. However, an alternative to
eventual incompatibilities of the user’s mobile device operating system with the
MAR application is to use platforms that offer proprietary applications such as
Augment, Aurasma, BlippAR, CraftAR, LayAR, PixLive, and Wikitude, which in
addition to offering an AR editing platform for the user to create augmented re-
ality contents, also make the application available for different operating sys-
tems, requiring only the user to install on their smartphone or tablet.

Although a significant number of articles do not mention the pedagogical ap-
proach used or explain the reason for non-use, in general, the studies use a com-
bination of educational strategies and ad-hoc definitions (18 studies), it was
possible to verify that there is a tendency among articles analysed in using the
educational theories:

Collaborative Learning (7 studies): Mobile augmented reality have frequently
been used to support collaborative learning because allow the sharing of ideas,
interactions, discussions, brainstorming, and collaboration with other classmates
(Lee et al., 2016); Cognitive Theory of Multimedia Learning (6 studies), which
related to this theory, Sommerauer and Miiller (2014) argues that augmented re-
ality inherently implements a subset of the design principles formulated in the
CTML, namely, the multimedia principle, the spatial contiguity principle, the
temporal contiguity principle, the modality principle, and the signaling prin-
ciple; and Inquiry-Based Learning (6 studies): MAR-based inquiry learning ac-
tivity is able to engage the students in more interactions for knowledge con-
struction, because is a pedagogical method based on the investigation of ques-
tions, scenarios or problems (Chiang et al., 2014b).

In summary, although most of the studies do not use a pedagogical approach,
it is essential considered it in the design of the MAR approach, due to the fact
that is the pedagogical approach that determines the learning process and di-
rectly influencing in the students’ learning (Wang et al., 2017).

In terms of how the pedagogical contents are being presented to students and
how the students interact with these educational resources, we have identified
that the most used multimedia resources were images (46 studies), videos (36
studies), texts (36 studies), 3D objects (30 studies), audios (12 studies) and ani-
mations (7 studies). These multimedia resources were the most used because

they allow the visualization of educational contents and also the materialization

DOI: 10.4236/ce.2019.107115

1611 Creative Education


https://doi.org/10.4236/ce.2019.107115

F. Herpich et al.

of abstract concepts to the students (Huang et al., 2016; Yoon et al., 2017). This
result confirms the arguments of Specht et al. (2011) and Santos et al. (2014a),
indicating that the educational potential of augmented reality consists in the
presentation of multimedia resources to the students, motivating the interaction
and stimulate learners to learn abstract ideas using different resources.

Regarding the interaction mode of students with the multimedia resources in
augmented scale, we identified that the traditional method was the most used,
through the use of markers of augmented reality (Image-based, 49 studies), a
result that was expected by us, due to the fact that it is the tracking used since
the appearance of augmented reality until today, also confirming the results
presented by Chang, Wu and Hsu (2013) and Ibanez et al. (2016). Another
prominent feature in mobile augmented reality approaches found in SLR articles
is Location-based (23 studies). Harley et al. (2016) argue that the location-based
learning scenarios emphasize the affordances of mobile devices and mobile
augmented reality to deliver information about the physical environment learn-
ers are exploring, allowing them to collect evidence, or investigate issues.

In order to verify how mobile augmented reality approaches are being devel-
oped for educational purposes, we analysed the development methodologies
used and identified that only seven procedures were presented for the construc-
tion of mobile augmented reality education solutions. Although the SLR demon-
strates a high number of articles that do not present the development metho-
dology used in the construction of MAR approaches (50 studies), it is important
to note that, through the verification of the methods found, it was possible to ve-
rify that most use principles of instructional design and techniques for the de-
velopment of mobile learning, considering the use of multimedia resources and
resources inherent to mobile devices, but without specifically considering the
mobile augmented reality features, which can be seen in the respective methods:
Human-Computer-Context Interaction (HCCI) (2 studies) (Chang et al., 2014;
Chang et al., 2015); Design Principles for M-learning (Furi6 et al., 2013a); Sys-
tems Development Life Cycle (SDLC) (Furi6 et al., 2013a); and Historical
Geo-Context-Embedded Visiting (HGCEV) (Chang et al., 2015). However, the
methodologies built to assist in the development of mobile augmented reality
approaches found in the SLR were: 1) Android-based Science Spots AR
(SSAR)—where the authors define the concept and architecture of the SSAR
platform that enables the construction of story-driven learning games for science
education using AR and context-awareness (Laine et al., 2016); 2) Eco-Discovery
AR-based Learning Model (EDALM)—EDALM integrates AR technology with
the four stages of Kolb’s experiential learning cycle: concrete experience, reflec-
tive observation, abstract conceptualization, and the active experimentation
(Huang et al., 2016); 3) Emotional Mapping of Museum Augmented Places
(EMMAP)—is a format aimed to develop innovative pedagogies, using handheld
technology combined with QR codes, broadcasting and augmented reality

(Guazzaroni, 2013); and the 5E Instructional Model—which integrates guided
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activities to the teaching of science including five stages: engagement, explora-
tion, explanation, elaboration, and evaluation (Liou et al., 2017).

Analysing the evaluations of the selected mobile augmented reality approach-
es (RQ3), in terms of evaluation factors, the learning was the most evaluated
factor (47 studies). It was possible to identify that one of the main issues listed
and addressed in the analysed studies is the learning gain resulting from ap-
proaches of MAR. These can also be integrated in the Evaluation factor, essential
in the measurement of learning, a wide variety of factors are considered, not al-
lowing the identification of any clear pattern in the evaluation factors.

The most of the articles analysed used this factor to evaluate the experience of
using the mobile augmented reality application, since the evaluation of the im-
pact on participants’ teaching and learning processes when using this approach
is important in order to identify the contributions and, mainly, the opportunities
for improvement that these approaches can enhance in students’ learning. MAR
is being applied in various educational domains, it can help learners to gain a
deeper understanding, experience embedded learning content in real world
overlays, or explore content driven by their current situation or environmental
context (Specht et al., 2011).

In addition to learning, other factors are also considered in the evaluations,
such as the usability evaluation (12 studies), in which the objective is to evaluate
users’ experience of using the application, seeking to implement improvements
in the adopted approach. This process is intrinsically linked to the issue of user
motivation (11 studies) and acceptance of the use of this type of technology (13
studies), these factors are considered in the evaluations, due to the fact that a
positive user experience, a possible increase in motivation in continuing to use
the mobile augmented reality application in their education. The lack of motiva-
tion can be a major obstacle that prevents learner success (Jeamu et al., 2008;
Di-Serio, Ibanez, & Koos, 2013). Thus, learning strategies that connect with stu-
dents’ interests and provide them with opportunities to take an active part in
their instruction can lead to increased engagement, effort, and eventual success
(Theall, 1999; Di-Serio et al., 2013).

From the identification of the results, it was possible to notice that a great part
of the researches was carried out without a scientific rigor, which can be classi-
fied as ad-hoc study, totaling 29 articles. With respect to experimental and qua-
si-experimental research, 14 and 9 articles were found, which may be motivated
by the complexity and effort involved in experimental processes, with the use of
experimental and control groups, and a detailed analysis of the data and
in-depth discussion. It is important to emphasize that in this type of experiment,
the size of the sample should be significant, that is, with a large number of par-
ticipants, so that grouping can be performed (All et al., 2016). It was also possi-
ble to identify that the non-experimental approach was used in five studies, in
which a final test was commonly adopted to measure student learning after us-

ing the MAR approach.
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Regarding the data collection instruments, the most of the selected studies (53
articles) used a questionnaire. Typically, these questionnaires are developed in
an informal and ad-hoc manner or with open-ended questions, without defining
a measurement model in order to derive questionnaire items based on theoreti-
cal constructs. Thus, these studies can be questionable with respect to the validi-
ty of the results obtained. An alternative for this strategy may be the attempt to
create questionnaires based on existing standards, which could increase the va-
lidity of data collection and analysis.

In this context, the target public becomes an important aspect to be observed,
in which the majority of studies were centralized in the use of undergraduate
students (26 articles), being a common public to be used in academic research,
which are participants who are studying specific topics in an area of knowledge,
which are generally addressed as objects of study in articles. It is important to
highlight in the data collected from this requirement, the low number of re-
searches involving graduate students and pre-service teachers, which may be
considered unexpected, since it is an active target audience in the academic en-
vironment.

Another important point that is interconnected to the target audience is the
number of participants in each survey analysed. The expected trend, which was
verified consists of a small sample size of the participants in the validations of
the articles, which was centered in up to 60 participants (53% of the selected ar-
ticles), which study types that were mostly adopted, which were ad-hoc and
non-experimental, with predominance of the use of questionnaires and descrip-
tive analyses. The articles that had a greater number in the sample of partici-
pants (47% of the selected articles) referred to the use of experimental researches
with the application of statistical techniques, with the objective of evaluating the
impact on the teaching and learning processes of the use of mobile applications
of augmented reality.

Another factor analysed was the high number of studies that did not adopt or
strictly follow a specific model, method or framework for the evaluation of aug-
mented reality in mobile devices during the conduction of the surveys (95% of
the selected articles), which may be considered an important factor to be hig-
hlighted. The high number of works without using a specific method opens new
research possibilities to be explored in this scope, with the development of new
methods, methodologies and frameworks for the systematic evaluation of mobile
augmented reality approaches.

Besides, it must be considered that there are currently not several alternatives
to be explored for specific models, methods or frameworks for the evaluation of
the initiatives in the scope of MAR, being that the existing methods or have been
adapted from other areas or need to be better explored in the context of mobile
learning. This factor is related with the high number of researches conducted in
the ad-hoc manner, which does not have a high scientific rigor, which is another

essential factor for which methods of this size have not been applied in greater
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quantity.

The RQ3 also addresses the data analysis methods used in the evaluations.
Most of the studies (35) used both quantitative and qualitative data analysis me-
thods, and 22 studies used only qualitative analysis. The adoption of this type of
statistical technique assists in the identification of the students’ learning level,
the existing differences and observations to be made (Navarro & van der Hoek,
2009; Hainey et al., 2016).

Qualitative analysis is predominantly used due to the fact that researches in-
volving the evaluation of students’ learning and the impact of the use of aug-
mented reality resources in mobile devices needs the use of analytical techniques
to assess whether there were significant differences in participant learning. The
use of a complementary form of qualitative analysis is observed as an important
indicator to support the results obtained quantitatively, since the interpretation
of the results through questionnaires of opinion, interviews, and observations
becomes essential to infer the impact and differential caused in the learning of
the individual when using resources linked to the augmented reality in mobile

devices.

Threats to Validity

It is important to highlight that in any SLR there are threats of validity to the
presented results. In this way, during the execution of the SLR protocol, we seek
to identify the potential threats and possible strategies to be applied to minimize
the eventual effects on our research.

Publication Bias: Systematic reviews suffer from the common bias that posi-
tive outcomes are more likely to be published than negative ones (Kitchenham et
al., 2010). However, this question was not considered a threat to our research,
because instead of focusing on the impact on mobile augmented reality ap-
proaches, we aim at eliciting how these approaches have been applied in educa-
tion.

Identification of Studies: One of the major problems with SLRs is finding all
the relevant studies (Kitchenham et al., 2010). In this case, we performed manual
searches on each of the thirteen sources in order to avoid eventual losses. In ad-
dition, we constructed a sequence of the research (Figure 1) to be as inclusive as
possible, considering not only fundamental concepts but also the different ter-
minologies (Table 1).

Study selection and data extraction. Threats related to study selection were at-
tenuated with a detailed definition of the inclusion and exclusion criteria, ac-
companied by a rigid protocol for the study selection, used by all authors in a
systematic way. To mitigate possible threats in the data extraction stage, we de-
fine for each research question a high level of detail, with different data items to
be extracted. In addition, we defined and documented a rigid protocol for the
study selection and all authors conducted the selection together always discuss-

ing the selection until consensus was achieved. Another issue is that no in-
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ter-rater reliability was conducted. In this respect, taking into consideration that
the review has been done by four researchers (the authors) in constant coopera-
tion throughout the analysis, such statistical analysis of the consistency would
not provide significant results.

Limitations. Even though a rigid protocol was created and used to conduct
this SLR and a joint process between authors, in some cases it becomes necessary
to use a more evidence-based methodology to describe and improve the report-
ing of the systematic review, as an example to identify the risk of bias in indi-
vidual studies. One of the major problems with SLRs is finding all the relevant
studies because it is possible that the search string misses some studies that used
different terminology to describe their study (Kitchenham et al., 2010).

Another limitation consists in the supply of data, once the authors selected
only thirteen major journals on the subject under investigation in the SLR.
Another limitation observed was only the analysis of the scientific literature,
since the protocol did not contemplate processes for the collection, extraction,
and analysis of gray literature, for example through a Multivocal Literature Re-
view (Calderon et al., 2018). Due to the large number of databases analysed and
because they were extracted from specific journals of the research area in ques-
tion, it was not considered necessary to expand the research with other types of
approaches, such as the research of the references of each analysed article or the
inclusion of theses and dissertations for the scope of this work. Although this did
not significantly affect this research, as previously explained, this factor can be

considered a limitation identified for the scope of this work.

9. Conclusion

In this article, we present the state-of-the-art on how the mobile augmented re-
ality has been used for educational purposes, considering the studies published
between 2011 and 2018. We identified 57 articles applying the mobile aug-
mented reality in different knowledge areas and we analysed them in terms of
how these approaches have been developed and evaluated.

The 57 articles were categorized according to STEAM approach, which dem-
onstrate the interdisciplinary character that MAR approaches can be applied. In
that scope, the themes are explored in an investigative way through inter and
transdisciplinary proposals, starting from the proposition of a problem, which
can be expanded to the realization of projects, exploring concepts and materials
in the application of knowledge and can be based on active learning (Lorenzin et
al., 2016). This fact highlights the positive potential for the development of dif-
ferent MAR approaches in a variety of teaching environments.

We observed that between the years 2013 and 2017 the publications demon-
strated a significant advance in the use of educational strategies in the applica-
tion of the mobile augmented reality in the education. Typically, the analysed
studies used at least one educational strategy or theory, among which we can

emphasize the Collaborative Learning (Dillenbourg, 1999), Multimedia Learning
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(Mayer, 1997) and Inquiry-based Learning (Bruner, 1961). Another relevant as-
pect observed in the analysis of the articles is the multimedia educational re-
sources presented in mobile augmented reality approaches, in which educational
resources involving the use of images, videos, audios, 3D objects, and animations
were highlighted, confirming also the results of Santos et al. (2014b). We identi-
fied that mobile augmented reality has shown an exponential growth with fa-
vorable signs to contribute to education, confirming also the results presented
for the development of these technologies in the most recent New Media Con-
sortium Horizon Report (Becker et al., 2017).

Regarding the development of the mobile augmented reality approaches, al-
though there is a trend to develop approaches for executing on Android and iOS
operating systems, there is not a consensus in terms of platforms (SDKs, Frame-
works, and Plugins), typically these technical requirements are defined based on
the expertise of the development team, confirming also the results of Herpich,
Guarese and Tarouco (2017) and not defined based on empirical evidence of the
effectivity of these platforms. Consistent with the lack of consensus in the plat-
forms is the lack of the use of a developing methodology. Typically the studies
are developed in an unsystematic manner, only considering aspects of hu-
man-computer interaction and instructional design.

The encountered studies also vary largely in terms of the aspects used in the
evaluations. In terms of evaluation factors, besides evaluating the learning effect,
the studies also consider usability, motivation, technology acceptance, etc.,
which results in no standard in analysing the student. In addition, most evalua-
tions were conducted in a more flexible form (ad-hoc) for the research, mea-
surement, and data collection, and analysis, not using a systematic method spe-
cifically developed for the evaluations of this kind of approach, and thus, evi-
dencing the lack of the scientific rigor applied in the evaluations.

Some results presented in this research are related to discussions carried out
in previous research, such as the studies of Diinser et al. (2008) and Dey et al.
(2018). Diinser et al. (2008) evidenced an advance in the evaluation of ap-
proaches in augmented reality, being this point also emphasized by Dey et al.
(2018), in which the authors identified the predominant use of questionnaires in
evaluations. This result was observed in this research too, but we have identified
that the MAR approaches assessment has used other data collection tools, such
as assessment notes and observations supplemented by the use of interviews and
system logs.

Dey et al. (2018) identified that there has been a growth of research in the
educational field and few approaches that emphasize collaborative tasks. We
identified that educational MAR approaches continue to expand, especially in
areas covered by STEAM, which are exacerbated by the increasing use, accessi-
bility and pervasiveness of mobile devices. In addition, we also identify that
there is a shortage of more consistent and uniform patterns in terms of methods

for systematically developing and evaluating MAR approaches.
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The focus of this research was centered on the educational field with emphasis
on the use of mobile devices, which allowed the identification of some particu-
larities: MAR approaches in the educational area has a greater focus on student
learning evaluation (use of focused data collection instruments and statistical
analysis methods); the increasing use of frameworks and SDKs, which support
the development of prototypes in this scope; the construction of prototypes by
people without deep technological knowledge is a proven trend, in which appli-
cations such as Aurasma (HP Reveal), Layar, Wikitude (and others) have facili-
tated the creation of new educational alternatives; the creation of models for
evaluating students learning tends to grow in future.

In summary, with respect to the educational multimedia resources in RA
available for interaction, the analysis of the data allowed to verify that few MAR
approaches are following the constant evolutions of the technology and of the
new demands from users. In fact, 60 to 80 percent of studies use obsolete re-
sources such as images and texts. This demonstrates the need to develop new
educational resources that accompany well-known indicators of new technolo-
gies in education and multimedia resources, such as the New Media Consortium
Horizon Report (Becker et al., 2017). In contrast, we also identified that exists a
need for identification of more consistent and uniform patterns in terms of me-
thods for systematically develop and evaluate mobile augmented reality ap-
proaches with the objective of getting data to apply a basis for a decision on the
application of such approaches and/or their continuous improvement for the

educational purposes.
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