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Abstract
In the past two decades, Augmented Reality (AR) has been increasingly receiving attention within the field of
education, providing evidence of the positive impact of AR on the effectiveness of teaching and learning in several
disciplinary contexts. Despite the evidence, there is a paucity of large-scale adoption of AR in higher education and
no evidence of the deployment of AR in distance learning environments. The evolution of Distance Education (DE)
has always been linked to advancements in (educational) technology in ameliorating the transactional distance
between providing institutions and learners, supporting learners synchronously and asynchronously, as well as
providing educators with tools to increase the effectiveness of pedagogy and use of resources. It is therefore unclear
why AR has not been adopted in distance and distributed learning environments. A scoping review focused on
establishing the enabling conditions for adopting AR in DE and the results were deductively evaluated. The results of
the scoping review did not find any frameworks or models to guide the implementation of AR but pointed out several
elements that need to be considered in the adoption of AR. This study resulted in a conceptual model identifying
several pedagogical and organisational issues that may affect the adoption of AR in Distance Education.
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Introduction
There has always been a close relationship between technology and education, and in the context of distance and
distributed learning, technology has always been essential to the evolution of distributed learning (Dede, 1996).
Technology is, however, not the only factor impacting the provision of learning as illustrated by the recent (ongoing)
COVID-19 pandemic which has forced education systems worldwide to review their teaching models. According to
UNESCO, on 1 April 2020, schools and higher education institutions (HEIs) were closed in 185 countries, affecting
1 542 412 000 learners, which constitute 89.4% of total enrolled learners (Marinoni, Van’t Land and Jensen, 2020).
The pandemic caused learning institutions to suspend residential classes, and the emergency situation required experts,
policymakers, citizens, teachers and learners to search for new solutions. This situation has introduced the concept of
Emergency Remote Teaching (ERT), which represents “a temporary shift of instructional delivery to an alternate
delivery model due to crisis circumstances” (Hodges, Moore, Lockee, Trust and Bond, 2020). Teachers were and
continue to be challenged to use appropriate educational technologies to respond to the pandemic's impact. However,
the use of technology in response to the pandemic also illustrated the profound structural challenges many learners
and teachers faced, such as accessing the internet or issues pertaining to cost, digital skills and literacy, and increased
concerns regarding privacy (He, Zhang, and Li, 2021). The adoption and implementation of a range of technologies
in response to the pandemic have again illustrated the complexities of implementing technology at scale.
Over the past two decades, there has been increasing evidence of the positive impact of Augmented Reality (AR)on
the effectiveness of teaching and learning in several disciplinary contexts. Despite the evidence, there is a paucity of
large-scale adoption of AR in higher education and no evidence of the deployment of AR in distance learning
environments. This paper aims to share the results of a scoping review of the various factors that need to be accounted
for in the implementation of AR in distance learning contexts.
The paper is structured as follows: We will firstly provide a brief introduction to AR in education, followed by
mapping the evolution of DE in terms of advances in technology. We will then discuss the scoping review
methodology, analysis as well as findings which will serve to inform the adoption of AR at the Open University of
Mauritius (OUM), and may be of value to the broader DE community.

A Short Introduction to Augmented Reality in Education
Understanding the possible advantages of AR as well as the factors that need to be considered in the implementation
of AR in DE contexts, necessitates that we first clarify Virtual Reality (VR), Augmented Reality (AR), and Mixed
Reality (MR) as well as Cross Reality (XR) that leverages VR, AR, and MR. XR is the umbrella under which there
are various immersive technologies like Augmented Reality (AR), Virtual Reality (VR) and Mixed Reality (MR). The
reality-virtuality continuum (see Figure 1 below) was first introduced by Milgram and Kishino (1994, p.3). It aimed
to classify the span between the physical and virtual environments as Augmented Reality (AR), Virtual Reality (VR)
and Mixed Reality (MR).

Figure 1: Simplified representation of a "virtuality continuum" Milgram and Kishino (1994, p.3)
Azuma (1997) defined AR as a live view of a physical and real-world environment whose components are merged
with augmented computer-generated images (CGI), thus creating a mixed reality. AR can also be defined as a system
that integrates virtual information onto the user’s physical environment so that this information can be perceived as
existing in the environment (Bell, Feiner and Höllerer, 2001).
From the early research by Jerry and Aaron (2010), Rasimah et al., (2011) (and others), to more recent research
(Nurbekova & Baigusheva, 2020) it has been established that AR in education can contribute to student learning,
achievement and outcomes and that the use of digital educational resources with AR as a didactic tool enriches the
learning process. Others documented the potential of AR to bridge the gap between formal and informal learning
environments (Koutromanos and Avraamidou, 2014), and functions as an effective bridge between learning contexts.
There is ample evidence that under certain conditions and in selected disciplinary contexts, AR impacts positively on
learner engagement, deepens learning and assists in learner retention and makes learning materials interesting and
understandable (Molnár, Szűts, and Biró, 2018; Osuna et al., 2019; Barrow et al., 2019; Tzima, Styliaras and
Bassounas, 2019).
The Role of Technology in the Evolution of Distance Education
Considering the potential of AR in DE contexts, it will help to take a step back on considering the role of technology
in the evolution of DE.
The Open University of Mauritius (OUM), as per the Open University of Mauritius Act (2010), is a university
dedicated to open and distance learning. The OUM, formerly known as the Mauritius College of the Air (MCA) used
a combination of correspondence courses as well as the broadcasting of educational video and audio programmes on
the national radio and television since its creation in 1971. From the early days of using mail and combinations of
various forms of audio-visual materials (Kearsley, 1996) to today, adopting appropriate technologies form an integral
part of the evolution of DE, (see, for example, the Open University UK (OUUK) Learning and Teaching Vision Plan
2025, and the Unisa Policy on the Provision of e-Devices for e-Learning at UNISA, 2018). Therefore, the use of
innovative technologies is key to fulfilling DE’s using technological advances to ameliorate the effects of learners
being separated from the delivering institution.

However, following an initial review of literature on the uses of AR in education, there appears to be an empirical gap
in research on the adoption of AR in DE and a lack of research that provides evidence of frameworks or models
designed to guide the adoption of AR in education and specifically DE. Evidence from research focuses primarily on
the benefits of adopting AR in selected contexts but very little guidance or pointers for implementing AR at scale.
This scoping review aims to provide an indication of the intensity and volume of studies and research available as
well as how broad or detailed research into AR in (distance) education contexts is (following Munn, Peters, Stern, et
al., 2018).
Scoping Review of AR in Distance Education
Scoping reviews are becoming an increasingly popular approach for synthesizing research evidence (Davis et al.,
2009; Levac et al., 2010; Daudt et al., 2013). Scoping reviews aim to map the existing literature in a field of interest
in terms of the volume, nature, and characteristics of the primary research (Arksey and O'Malley, 2005) and are known
to share similar processes in systematic reviews requiring rigorous and transparent methods to comprehensively
identify and analyse relevant literature pertaining to a research question (Donald, Martin, Carter, Donald, Kaasalainen,
Griffiths, Lloyd, Danesh, and DiCenso (2013).
Arksey and O’Malley (2005) identified four common reasons for conducting a scoping review:
1. Examining the extent and nature of available evidence on a topic or question.
2. Determining the value of undertaking a systematic review.
3. Summarizing and disseminating research findings across a body of evidence.
4. Identifying research gaps in the literature where further planning and commissioning can be done for future
research.
For this study, it is crucial to know if there exists any framework or model that guides the adoption of AR in DE. This
aligns with the indications from Munn et al. (2018) who recommend a scoping review if a researcher looks to identify
the types of available evidence in a given field to analyze knowledge gaps. (Also see Cooper et al. 2019). This scoping
review is underpinned by the five-stage framework developed by Arksey and O'Malley (2005) ensuring a rigorous
process of transparency, enabling replication of the search strategy and increasing the reliability of the study findings.
The five stages are as follows:
Stage 1: Identifying the research question
Stage 2: Identifying relevant studies
Stage 3: Study selection
Stage 4: Charting the data
Stage 5: Collating, summarizing and reporting the results

Stage 1: Identifying the research question
The focus of the review is the exploration of studies conducted within the field of Augmented Reality in DE:
a) What is known from existing literature on frameworks or elements of frameworks for the adoption of AR in
Distance Education?
b) What is known from existing literature on the factors influencing the adoption of AR in Distance Education?
Stage 2: Identifying Relevant Studies
Scoping reviews require transparency with regard to decisions made during each step of the process as well as
acknowledging the potential limitations of the review (Levac, Colquhoun, and O'Brien, 2010).
Though bibliometric databases often have sources in common with each other, it is also an established practice to
explore more than one database when doing a scoping review (Bramer, Giustini, Kramer, and Anderson, 2013). For
this review, Scopus and Web of Science (all indices from 1972) were selected. Both databases consist of a wide index

of scientific journals, books and conference proceedings. The search parameters as shown in Table 1 below were
adopted to review the literature based on the research questions on both databases mentioned earlier.

Table 1: Search Parameters and Results
The search parameters were guided by the criteria adopted by Cooper et al. (2019) for identifying relevant studies,
namely
1) A detailed and in-depth literature search is to be conducted in view to identifying all relevant literature.
2) To identify a comprehensive list of relevant databases that balances breadth with feasibility.
The search parameters produced 22 870 results from Scopus while Web of Science produced 571 results, hence a
combined total of 23 441 results (Table 1), therefore the parameters needed some modifications which would eliminate
studies that would not address the central research question. Instead of allowing the databases to search in “All Fields”,
the search parameters and variables were kept the same but now focused on “Abstract Only”. The updated parameters
produced 262 results for Scopus and 182 results for Web of Science, hence a total of 444 studies which consequently
could now be further scoped. As such, a comprehensive list of relevant studies that balances breadth, depth and
feasibility was identified.
Stage 3: Study Selection
An initial perusal of the results which included abstracts only, indicated that the search strategy may have picked up
a significant number of irrelevant studies. A mechanism was required to eliminate such studies which do not address
the research questions mentioned in stage one. Cooper et al. (2019) proposed a mechanism in which:
1) Inclusion and exclusion criteria to be clearly mentioned to determine the eligibility of studies
2) An iterative process is involved in the study selection where the search strategy is refined when needed.
3) At least two reviewers independently reviewed the title and abstracts to reach a consensus on the studies to
retain.
4) The study selection process is to be summarized in a flow chart.
Typically, an analysis of literature can be approached by either deductive or inductive reasoning, with the induction
approach moving from the specific to the general, while the deduction approach begins with the general and ends with
the specific (Creswell & Clark, 2007; Trochim, 2006).

The 444 studies identified earlier in Stage Two went through some further screening as per the PRISMA (2009) model
(Moher et al. & The PRISMA Group, 2009) to finalize the relevant literature. The search results were imported into
Microsoft Excel. To ensure reliability, two (2) reviewers conducted the screening. Full data extraction was done only
after an agreement between the two reviewers. The following inclusion and exclusion criteria were adopted for the
screening
● Abstracts relevant to AR in Education/Higher Education (Inclusion)
● Abstracts not relevant to AR in Education/Higher Education (Exclusion)
● Abstract irrelevant to the study (not related to Education) (Exclusion)
Figure 2 below represents the process of article selection step-by-step:

Figure 2: Study Selection Flowchart

Stage 4: Charting the Data
The next stage involved charting key information obtained from the full papers (n=69) reviewed. Ritchie and Spencer
(1994) describe “charting” as a technique for synthesizing and interpreting qualitative data by sifting, charting and
sorting material according to key issues and themes. Cooper et al. (2019) at this stage proposed the following:
1) Research team to collectively develop a data charting format and determine the variables to extract answers
to the research question/s.
2) The data obtained is to be charted through sifting and sorting in the form of tables which include the study
details based on the full texts.
3) A numerical analysis of the extent and nature of included studies to be mentioned.
4) The quality of the papers retained to be assessed.
The sorted papers were then loaded onto the qualitative data analysis software Atlas.ti for further review and coding.
Stage 5: Collating, summarizing and reporting the results
This stage of the scoping study involves collating, summarizing and reporting the results. Unlike a systematic review,
scoping reviews do not seek to “synthesize” evidence or aggregate findings from different studies (Arksey and
O’Malley, 2007). A scoping review furthermore does not seek to assess the quality of evidence and consequently
cannot determine whether particular studies provide robust or generalizable findings. Cooper et al. (2019) proposed
the following criteria to collate, summarize and present scoping results:
1)
2)
3)
4)
5)

Results to be presented in a logical descriptive or diagrammatic or tabular format.
The results are to be presented in the form of a narrative account.
Issues associated with a bias to be discussed.
Implications for future research, education practice and/or policy to be discussed.
Finally, the conclusion should describe the current state of the overall literature in relation to the topic.

Qualitative coding of the studies was done on Atlas.ti following Saldana (2016) who defines coding as a summative,
salient, essence-capturing, and/or evocative attribute for a portion of language-based or visual data. Charmaz (2001)
describes qualitative analysis coding as the “critical link” between data collection and their explanation of meaning.
The analysis resulted in twenty-seven (27) codes which were linked manually by the researcher using code-links
available in Atlas.ti as shown in Figure 3 below:

Figure 3: Code-Links in Atlas.ti
Following linking codes, a code network based on the links was generated. Either a grid layout or a circular layout
can be generated. Both layouts are depicted in Figures 4 and 5 respectively below:

Figure 4: Grid Layout of Code-Code Links

Figure 5: Circular Layout of Code-Code Links
Both code-code networks as depicted in Figures 4 and 5 generated were visually complex and could not really illustrate
the relationship density between codes. Therefore, the codings had to be summarized and presented in a more clear
and logical manner either in a diagrammatic or tabular format (Cooper et al., 2019). Furthermore, the results have
been elaborated in the form of a narrative account. This aligns with the stage 5 criteria proposed by Cooper et al.
(2019).
In developing the diagrammatic framework (see Figure 6 below) for collating and summarizing the results, the scoping
study forces researchers to prioritize certain aspects of the literature. By adopting a “magnitude coding”, some themes
can thus be prioritized based on their frequency. This is in line with Saldana (2016) who argued that “Magnitude
Coding” adds adjectival or statistical texture to qualitative data and assists with mixed methods or quantitative studies.
Magnitude Coding could serve as one way of transforming or “quantifying” qualitative data and significant frequency
or evaluative differences between a set of major codes from two groups can be assessed.

In a broader sense, “qualitative studies ultimately aim to describe and explain a pattern of relationships, which can
only be done with a set of conceptually specified categories” (Mishler, 1990, p. 431). Therefore, the frequency of the
keywords in the scoping review was also taken into consideration. For example, “Framework”, “Augmented Reality”,
“Implementation” and “Higher Education” represented 76% of the results while “Virtual World”, “Distance
Education”, “Interdisciplinary”, “Technologies” and “Pedagogy” represented 24%. Therefore, those codings whose
density was high became the main themes while those codings whose density was relatively low became the elements
that surrounded the main themes as shown in Figure 6 below.

Figure 6: Diagrammatic representation of results

Without any evidence of any studies on the adoption of AR in DE available, ‘Higher Education’ was considered one
of the main themes that also encompasses DE. Another important aspect that was considered when building up the
hierarchy of the diagrammatic framework was the magnitude of the code-code links. While elements like ‘cost’,
‘support’, ‘acceptance’ and ‘negative impact’ are considered as part of student learning, ‘collaborative learning’,
‘autonomous learning’, ‘effectiveness’, ‘engagement’, ‘enhance’ and ‘motivation are all considered as potential. All
these elements eventually build up the pedagogy. As can be seen in Figure 6 above, five central ideas emerged namely:
● Technology (and AR) is never mentioned in isolation but always associated with pedagogy. This has
important implications. Choosing and using a particular technology such as AR is never an end in itself and
is and should always be linked to pedagogy - whether in making teaching and learning more effective,
fulfilling or deepening understanding.
● Interdisciplinary emerged as a major theme from the scoping review - indicating that using AR requires
thinking beyond disciplinary silos and embracing interdisciplinary.
● Mobile technology is central to the successful use of AR in educational contexts raising the need to consider
issues such as the design of AR, minimum specifications, operating speed and access to the internet, as well
as quality and cost of access. As Covid has illustrated, institutions cannot and should not assume that learners
have equal access to the internet, hardware and software.
● The challenges in the effective and appropriate use of AR include cost (of design, development and use), the
need for support (instructional design, digital infrastructure, ICT support to staff and learners, training and
professional development), acceptance (institutional, teacher and learners), as well as possible negative
impacts (e.g., access to learners with disabilities, risks of distraction and privacy).
● The potential of AR includes references to the potential of more effective collaborative learning, increasing
learner autonomy, increasing the effectiveness of teaching and learning, and increased levels of engagement
and motivation (for both teachers and learners).
Conclusion
Scoping reviews are conducted to identify implications for policy or practice. While only 69 articles could be fully
accessed, there was a notable absence of literature on frameworks to guide the adoption of Augmented Reality in
education and specifically DE. Considering that technology has always been part of education and specifically DE,
this should not result in complacency. While a large volume of published studies reports numerous advantages of AR
in education (e.g., Chen, Liu, Cheng and Huang, 2017), there are many aspects of AR that are considered to be
obstacles when trying to implement it (Doerner and Horst, 2022).
The value of this scoping review for DE institutions is found not only in pointing out the absence of a guiding
framework for the implementation of AR in DE contexts but importantly, to emphasize that the implementation of
AR should be linked to pedagogy, interdisciplinary approaches, considering various challenges as well ensuring an
enabling environment to optimize the potential benefits of AR to teaching and learning.
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