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Abstract The learning environment is changing rapidly
with the advent of the Industrial Revolution 4.0. One of the
trending technologies in education is Augmented Reality.
The Augmented Reality technology allows users to interact
with virtual objects that are integrated into the real world
and appear in the same space in real-time. The purpose of
this meta-analysis is to identify the types of learning
strategies that have been implemented using the
Augmented Reality technology. The research methodology
is based on a systematic literature search in online
databases, namely, Scopus, Web of Science, Science
Direct, Taylor Francis, and Springer. Keywords used in the
search include Augmented Reality in education, learning
strategies, integration strategies, as well as Augmented
Reality teaching and learning. The results of this
meta-analysis reveal that interactive learning, game-based
learning, collaborative learning, and experiential learning
are the dominant strategies in education that use
Augmented Reality. Such findings will provide educators
with guidance on the learning strategies that use
Augmented Reality and its potential in education, which
will subsequently lead to further research on how learning
strategies using the Augmented Reality technology can be
implemented in teaching and learning effectively.
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1. Introduction

The Augmented Reality (AR) technology has been
experiencing growth in tandem with various types of
hardware, especially with the development of various types
of gadgets and smart device applications. The AR
technology can create illusions in the real world through a

virtual digital layer in order to improve the spatial
visualisation skill. This feature can be utilised and has the
potential to be used in the education field [1]. AR can be
defined as the technology used to combine virtual world
objects into the real world, which then appear together in
the same world space [2]. AR is currently becoming a
trend in the education field. Research showed significant
results where the students that used the AR technology
could improve their level of motivation as well as
possessing high levels of confidence and satisfaction in
using AR-based mobile devices in learning [3]. These
findings are consistent with the study by [4] that stated that
teaching by using the AR application could attract the
attention of students and enhance their learning motivation.

2. Learning Strategies Using the
Augmented Reality (AR)
Technology

Learning strategies have been given various definitions
by different authors. [5] stated that it means the layout of
cognitive operations aimed at guiding students to
understand problems until they can find the answers. [6]
regarded learning strategies as the procedures and
techniques used with planning that have objectives and
contextually to process new information to try achieving
meaningful learning. Creating a good learning process
requires a variety of learning strategies that are appropriate
for the learning condition or situation. According to the
study by [7], some previous studies show that the results of
cognitive and spatial learning using AR are influenced by
the learning strategies implemented. Learning strategies
using the AR technology are important to create a learning
environment that can provide students with new methods
for interactions by using different devices along with



52 Learning Strategies Using Augmented Reality Technology in Education: Meta-Analysis

collaboration opportunities among students and also
between students and teachers which can potentially
enhance their learning motivation [8].

3. Research Questions

This meta-analysis is a structured methodology to
synthesise the existing studies in order to identify the
dominant learning strategies to promote the integration of
AR in different levels of education. Specifically, this paper
is aimed at answering the following research questions:

(1) Which learning strategies use Augmented Reality
(AR)?

(2) At which levels of education (primary, secondary, or
tertiary) do learning strategies use Augmented Reality
(AR)?

4. Methodology

In this section, the methods used to retrieve the articles
related to learning strategies that use the AR technology are
discussed. The researchers employed a method called

PRISMA, used to carry out the study using the methods of
systematic review, eligibility and exclusion criteria, steps
of the review process (identification, screening, eligibility),
and data extraction and analysis. The review was guided by
the PRISMA Statement (Preferred Reporting Items for
Systematic reviews and Meta-Analyses). PRISMA offers
three unique advantages, which are 1) it defines clear
research questions that permits systematic research, 2) it
identifies the inclusion and exclusion criteria, and 3) it
attempts to examine a large database of scientific literature
in a defined time.

This study is aimed at identifying the learning strategies
that use AR. The following keywords were used in the
database search: augmented reality, learning strategy, and
learning integration. The search was conducted in Scopus,
Web of Science, Science Direct, Taylor Francis, and
Springer. The search produced 1167 hits, but only 17 were
considered relevant to the study based on the following
criteria: (1) the study should state that the learning strategy
uses AR, (2) the study was published between the year
2015 and 2019, and (3) the study should have empirical
data. After analysing using a systematic literature review
based on the method adapted from [9], this study was
summarised as shown in Table 1.

Table 1. Search strings used for the systematic review process

Database Keywords Used
Scopus “Augmented Reality” AND (“Learn* Strateg*” OR “Teach* Strateg*” )
g!.efnﬁz (Augmented Reality) AND TOPIC: (Learn* Strateg*) NOT TOPIC: (Virtual Reality)
Science w _— . . . . ceor o
Direct (“Augmented Reality”) AND Learning Strategies AND Integration Strategies AND NOT “Virtual Reality
Tavlor [All: “augmented reality”’] AND [All: learning] AND [All: strategies] AND [All: integration] AND [All: strategies] AND
Fra}r:cis NOT [All: “virtual reality”] AND [All Subjects: Education] AND [All Subjects: Social Sciences] AND [All Subjects:
Computer Science] AND [All Subjects: Mathematics & Statistics]
Springer Augmented AND Reality AND Learning AND Strategies AND Integration AND Strategies AND NOT (“Virtual AND

Reality”)
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Figurel. The flow diagram of the study. (Adapted from Moher et al., 2009)
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Table 2. Findings of the study

Learning
Study Research Purpose(s) Strategies Level / Age
[10] To explore whether integrating AR techniques could support a software editing course Blended Tertiar
and to examine the different learning effects on students. Learning y
[11] To determine the feasibility of using AR for applied mathematics learning in primary Collaborative Primary Age
education for students with special needs (SEN). Learning (6-12)
[12] To focus on the standard nonverbal social cues to teach children with Autism Spectrum Interactive Primary Age
Disorder (ASD). Learning (8-9)
[13] To integrate AR technology running on tablet PCs (TPCs), either in the classroom or in a Ublqur]l;r(:us-lear Secondary
u-learning environment. 9 Age (13)
(u-learning)
To investigate the effects of the argumentation-based science learning approach on Argument.atlon- Secondary
[14] R . . based Science
students’ academic achievements. . Age (12-13)
Learning
. . . . . . Experiential Secondary
[15] To focus on the emotional impact of integrating the AR technology into learning. Learning Age (11-13)
[16] This study developed and compared two AR learning systems for third-grade students to Game-based Primary Age
learn English vocabulary in situated surroundings. Learning (8-9)
Collaborative
[17] This study explored the process of students’ co-construction of knowledge in a digital Learning & Secondary
game-based learning environment using collaborative AR-based mathematics game. Game-based (11-12)
Learning
[18] This study investigated the effects of Problem-based Learning (PBL) assisted with AR on  Problem-based Secondary
learning achievement and attitude. Learning Age (12-13)
Creative
. . . . . Design .
[19] To present a general technical, creative design teaching scheme that includes AR. Learning Tertiary
Motivation
To describe the development and evaluation of an AR system for teaching Euclidean Interactive Tertiary Age
[20] el : . .
vectors in physics and mathematics. Learning (18-22)
To determine the scope and potential uses of AR in the education of information Learning .
[21] . - Tertiary
professionals. Environment
To investigate whether mobile AR affected learning, motivation, and math anxiety . . Secondary
[22] . N ; Mobile learning Age
differently between students with high and low anxiety. (11-12)
. . Interactive Secondary
[23] To integrate AR with concept maps to form a concept-mapped AR (CMAR) scaffold. Learning Age (10-11)
To analyse the effect of Pokémon GO on cognitive performance and emotional Interactive Secondary
24 . §
intelligence. Learning Age (12-15)
To explore if new mobile AR technologies have the potential to enhance the learning of Experiential .
[25] i A . Tertiary
clinical skills in the lab. Learning
To demonstrate the influence of AR used as a tool for educational content on student Interaction -
[26] - . Tertiary
concentration Learning

5. Results and Discussion

Based on the meta-analysis in Table 2, four key learning
strategies that use Augmented Reality (AR) have been
identified: interactive learning, game-based learning,
collaborative learning, and experiential learning. Among
the four types of learning strategies, interactive learning is
the most reported in this meta-analysis review. According
to [27], interactive learning is a learning process where
students use cognitive and metacognitive strategies to
interact with the information presented in learning. This
statement is supported by [28], who explained that
previous studies have proven that the interactive learning
strategy is better in terms of creating fun and exciting
interactions that boost student motivation.

Next, game-based learning strategy refers to the use of
certain game principles and their implementation in

learning to involve the users [29]. According to [29],
game-based learning can be used in various educational
methods across disciplines and has been proven effective in
the classroom when designed with the learning principles,
which will enable students to increase their motivation,
involvement, and learning. The study by [30] reveals that
learning that combines AR and game-based learning
strategy has been proven useful in learning in the aspects of
motivation and interest in the learning activities conducted.

Meanwhile, according to [31], collaborative learning
strategy is defined as a situation where two or more people
learn or try to learn something together. Collaborative
learning strategy is an important educational practice that
can be an effective approach when certain cognitive and
social processes are supported [32]. [33] asserted that the
benefits of collaborative learning strategy are not limited to
improvements in performance only but more importantly
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in enhancing the processes in learning itself.

The fourth most reported learning strategy in this
meta-analysis study is experiential learning, which refers to
a learning method that uses experience as a medium for
learning [34]. [35] stated that experiential learning occurs
when individuals are involved in cognitive and effective
aspects and act to process knowledge, skills, and attitude in
learning situations, which is categorised as active
engagement at a high level. This statement was proven in a
study by [36] that implemented experience-based learning
(Experiential Learning) in developing an innovative
learning model that showed improvements in creative
thinking, which is in line with the opinion of [37] who
stated that experience-based learning (Experiential
Learning) allows students to actively build their knowledge
in learning. Other learning strategies found in this study
include blended learning, ubiquitous-learning (u-learning),
argumentation-based science learning, mobile learning,
and interaction learning. These learning strategies can
provide a new dimension in technology integration,
particularly AR, which is consistent with today's rapidly
changing learning environment based on the 21st-century
learning skills with the STEM elements.

6. Future Suggestions

There is growing interest in integrating learning
strategies with the Augmented Reality (AR) technology in
education. Thus, prior to using the AR technology in the
learning environment, researchers are encouraged to plan
well-structured teaching and learning components
encompassing (1) students’ needs, (2) learning objectives,
(3 ) the forms of support such as equipment, and (4) the
types of learning strategies that suit students’ needs. Also,
questions have been raised of whether AR technology can
improve the learning process in terms of thinking through
problem solving methods.

7. Conclusion

In conclusion, four types of learning strategies that use
Augmented Reality are typical in the selection of strategies
for the learning process based on meta-analysis, and these
strategies are interactive learning, game-based learning,
collaborative learning, and experiential learning. Therefore,
the technologies used in particular Augmented Reality
must be integrated with appropriate learning strategies for
the purpose of making an impact on improving the quality
of the learning process. The selection of appropriate
learning strategies can influence the success and
effectiveness of the technology support used, such as
Augmented Reality in education.
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