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Augmented Reality for Early Language
Learning: A Systematic Review of
Augmented Reality Application Design,
Instructional Strategies, and Evaluation
Outcomes
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Abstract

In this article, we present a systematic review of literature on augmented reality (AR)
supported for early language learning. Ve analyzed a total of 53 papers from 2010 to
2019 using qualitative analysis with complementary descriptive quantitative analysis.
Our findings revealed three main AR learning activities: word spelling games, word
knowledge activities, and location-based word activities. Our findings also uncovered
five main design strategies: three-dimensional multimedia content, hands-on interac-
tion with physical learning materials, gamification, spatial mappings, and location-
based features. Several combinations of design and instructional strategies tended
to be effective: Learning gains were enhanced by using three-dimensional multimedia
with advanced organizers (presentation strategy) and/or using location-based con-
tent with learners’ self-exploration (discovery strategy); and motivation was
enhanced by using game mechanisms with discovery strategy. We suggest that
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future designers of AR early language applications should move beyond these basic
approaches and consider how unique benefits of AR may be applied to support key
activities in early language learning while also considering how to support socio-
technical factors such as collaboration between teachers and learners and different
learning contexts. We conclude with a discussion of future directions for research in
this emerging space.
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The ability to read and spell is a core competency that can greatly impact
individuals’ lifelong emotional, educational, and economic outcomes
(Earnshaw & Seargeant, 2005). Language learning is a cognitive developmental
process and is acquired in stages over time (Ehri, 2014; Frith, 1985). In alpha-
betic languages, such as English and Spanish, learners need to first learn pho-
nological awareness (i.e., the ability to manipulate sound units in oral language)
and the alphabetic principle (i.e., the rules of how letters are correspondence to
sounds; Vellutino et al., 2004). Once learners master these first skills, they can
decode words accurately and fluently, and then begin to focus on reading com-
prehension. However, when learners do not master these core skills, they
may show various degrees of difficulties in reading or spelling (Dehaene,
2009). When these difficulties are severe, this is called dyslexia. Therefore, the
early language skills that are foundational for word decoding are extremely
important for learners of alphabetic languages.

To support effective early language learning (i.e., language knowledge acqui-
sition mainly related to letters and word decoding rather than comprehension),
many computational systems have been designed. Systems may include graphic
user interfaces (GUIS,1 e.g., Kast et al., 2007; Sysoev et al., 2017) and tangible
user interfaces (TUIs,” e.g., Goh et al., 2012; Hengeveld et al., 2013). These
digital tools are advantageous in supporting literacy learning due to their
cost-effectiveness (e.g., available to learners who cannot access to nor afford
in-person instructions), multimedia teaching approach, motivational game
mechanisms, and support for collaborative learning (Mioduser et al., 2000;
Nicolson et al., 2000). Compared to GUIs, TUIs make it easier for learners
to position, organize, or trace the physical letters while hearing associated
sound changes along with other informational cues (Hengeveld et al., 2013),
which can leverage multiple senses (particular tactile and kinesthetic senses) in
supporting language learning.



New technologies including mobile tablets and augmented reality (AR) head-
sets have enabled researchers to turn their attention to using AR technology for
language learning. AR is a three-dimensional (3D) technology that enhances the
user’s sensory perception of the real world by overlaying it with a contextual
layer of digital information (Azuma, 1997). Compared to other types of user
interfaces such as GUIs and TUISs, the unique affordances of AR applications lie
in they can (a) directly augment the reality by providing a digital overlay on top
of (rather than tangible) learning materials, which may better draw learners’
attention to relevant visual-audio information (Fan et al., 2018; Radu, 2014); (b)
associate learning with specific contexts which enables the situated learning
opportunity (Hsu, 2017; Santos et al., 2016); (¢) hands-on interaction with phys-
ical learning materials as well as seeing associated digital feedback on top of
hands-on actions may leverage learners’ embodied knowledge in understanding
abstract concepts (Barreira et al., 2012), and (d) run in low-cost handheld devi-
ces that can be easily deployed at schools or home. Therefore, with the com-
mercial availability of portable devices, AR technology that combines the
advantages of GUIs and TUIs may have a great potential to support learning.

Many studies have presented the design and evaluation of specific AR appli-
cations that support language learning, but we have not seen any systematic
reviews on AR applications for early language learning. There are some reviews
that have synthesized the results of previous studies regarding educational AR
to identify broader research trends, that is, AR technology in educational set-
tings (Akcayir & Akgayir, 2017; Bacca et al., 2014; Radu, 2014), and several
have covered computational technology for language learning (Hung et al.,
2018; J. Yang, 2013; X. Yang et al., 2018). However, we have not seen any
reviews which have specifically discussed learning activities, design strategies,
and instructional strategies that are frequently used in AR applications for early
language learning and how these factors may be correlated or causally related to
positive learning process and outcomes. Since early language learning plays a
vital role in language development and may affect the achievement of many
other essential abilities, research on AR design for early language learning
may contribute to design knowledge on how to leverage the use of this potential
technology to support learning in this field.

The research presented in this article addresses the gap for understanding the
potential intertwined factors of AR application design that may support learn-
ers’ early language acquisition. Through a systematic review, we aimed to
address the research gap by seeking answers to four main research questions:
(RQ1) What are the main kinds of activities in AR applications for early
language learning? (RQ2) What are the main design strategies in the AR
applications? (RQ3) What are the main instructional strategies in the AR appli-
cations? (RQ4) What are the main evaluation goals, methods and outcomes of
the AR applications?



Through the systematic review, we provide designers, researchers, and practi-
tioners with an overview of the current landscape of AR for early language
acquisition. We also aim to provide practical and forward-looking knowledge
by (a) looking at areas of early language learning where combinations of design
strategies and instructional strategies were shown through evaluations to be
effective as positive exemplars; (b) providing design strategies that could be
used to create new forms of AR applications to support a variety of early
language learning activities; and (c) providing future research directions on
exploring the promising design and instructional strategies that may support
language learning with AR applications. Overall, this systematic review contrib-
utes to the design, instructional, and research knowledge of AR applications
designed for early language learning for alphabetic language learners.

Related Work
Types of AR

To overlay digital information onto physical objects, AR technologies must
track objects in the physical world in real time. As such AR interfaces are
often described based on the specific techniques used for tracking objects in
the physical world. Several researchers classified AR interfaces into two levels
based on their tracking techniques: (a) image-based AR including marker-based
and markerless solutions that use image recognition techniques to track an
object and its position and (b) location-based AR that uses position data to
identify an object and its position (Cheng & Tsai, 2013; Koutromanos et al.,
2015). AR applications can run on a computer-webcam system (Hornecker &
Diinser, 2007), head-mounted display (Milgram et al., 1995), handheld display
(Juan et al., 2010), or projector-camera system (Silva et al., 2013). We focused
on all types of the AR interfaces in this review.

Reviews on Computer-Assisted Language Learning

Several narrative reviews® have been performed that focused on computational
tools for literacy acquisition. Vernadakis et al. (2005) presented a narrative
review to discuss the potential benefits of computer-assisted instruction on cog-
nitive, emotional, linguistic, and literacy skills of preschool children in the class-
room. This review indicated that GUI-based instruction could improve
preschool children’s phonological awareness, word recognition, writing ability
by increasing the children’s attention span with animated and interactive mul-
timedia contents, and enabling children’s self-directed learning that best
matched their own learning pace. The authors also pointed out that the role
for teachers in the learning process is often overlooked. J. Yang (2013) reported
a narrative review that focused on mobile-based pedagogical applications for



language learning. The author categorized five main use scenarios with mobile tech-
nology in language learning, including Short Message Service, Microblogging,
Ambient Intelligence and Augmented Reality, GPS, and Tablet Computing. Yang
illustrated that the greatest advantage of mobile-based AR is its ability to provide
digital overlay on the real world and support context-aware language learning.

Several reviews used a descriptive® or statistical approach’ to systematically
search, filter, and classify the empirical studies related to the use of computer-
assisted tools in supporting language learning. Colwell and Hutchison (2015)
presented a systematic review of 11 empirical studies on digital tools used in K-5
language arts classrooms published between 2000 and 2013. The review sug-
gested a variety of digital tools (e.g., blog, iPad apps, online games) could be
used together in the classroom to support children’s reading comprehension,
discussion and collaborative learning. In addition to the general benefits (i.e.,
motivation, interaction, multimedia contents, collaboration) offered by the dig-
ital tools, the authors also advocated to integrate digital technology into teach-
ers’ daily instruction. X. Yang et al. (2018) focused on computer-based reading
instructions for K-12 learners and the associated underlying reading theories.
This article examined 70 articles published between 2004 and 2015 in two jour-
nals on reading and literacy learning. The results revealed the primary learning
focus with technology were vocabulary and reading comprehension acquisition,
and the major functions of technology in language acquisition were to increase
learners’ reading motivation, present them with multi-modal information, and
promote their collaborative learning, based on the theories of Reading
Motivation, Dual Coding, and Social Constructionism, respectively. Hung
et al. (2018) presented a systematic review on empirical evidence on the use
and impacts of digital games in language education. A total of 50 studies
from 2007 to 2016 were systematically analyzed. The results suggested that
digital games were often used in applications designed for second language
learning, and immersive games (including characters and narratives) and tutorial
games (learning through drills and practice) were the two most popular games
genres in language learning domain. Zucker et al. (2009) conducted a meta-
review to investigate the effects of ebooks on language development for elemen-
tary learners. This review included 23 studies published in the databases of
PsycINFO, ERIC, and Web of Science between 1997 and 2007. The result
suggested the potential benefits of ebooks’ hypermedia features (e.g., anima-
tions) in supporting young children’s short-term comprehension skills.

In summary, the aforementioned reviews revealed common strategies (i.e.,
multimedia contents, interaction, games, collaboration) of computational tools
used for language acquisition and education along with their potential benefits
(i.e., increasing attention, promoting motivation, and enabling learner-centered/
collaborative learning) in supporting a variety of language learning activities
(i.e., text comprehension, vocabulary, phonological awareness/speaking, listen-
ing reading, writing). A few reviews also discussed the challenges of designing



and employing these computational tools in the context (i.e., considering the
learning curve and specific requirements of teachers). However, the learning
scenarios analyzed in these reviews were not specifically focused on early
language learning stage or AR applications.

Reviews on AR Learning Technology

Several narrative reviews have emphasized AR technology for learning (not
specific for language learning), and have primarily focused on the advantages,
challenges, and effectiveness of using AR technology in general educational
contexts. Wu et al. (2013) provided a comprehensive narrative review on AR’s
affordances, instructional strategies, challenges, and future research directions.
The authors summarized the main affordances of AR lie in its 3D visualizations
which enable authentic, situated, collaborative, and immersive learning oppor-
tunities. They also brought up the issues of AR’s technical failure, the lack of
instructional design, the inflexibility of the content updates, and the cognitive
overload caused by the amount of information and the complexity of tasks the
learners encountered. Radu (2014) presented a narrative review of 26 empirical
studies comparing AR to non-AR applications for education. The author iden-
tified the positive impacts of educational AR technology on learning motivation,
cognitive development (e.g., spatial ability, memory, attention), and learning
strategy (e.g., collaboration) as well as negative impacts such as extra cognitive
load, ineffective classroom integration, learner differences, and usability issues.
The author constructed a heuristic questionnaire that provides the justifications
for the use of AR applications in educational contexts for designers. Several
considerations included whether the application makes concepts easier to under-
stand, presents relevant educational information at the appropriate time and
place, directs learner’s attention to important aspect, or enables learners to
physically interact with educational materials.

Several systematic and meta-reviews were also conducted to the most fre-
quently mentioned advantages and challenges of AR applications in supporting
education and discuss the design implications for future AR applications. Bacca
et al. (2014) synthesized research from 32 studies published from 2003 to 2013 in
six journals in Educational Technology with high impact factors. The results
showed that the top reported advantages of AR in educational settings included
learning gains, motivation, interaction, collaboration and low costs. Commonly
mentioned limitations included unstable tracking, too much attention on visual
information, and inflexibility of the content updates. The authors also suggested
future research to explore AR applications designed for personalized learning
styles including learners with special needs as well as AR’s impact on learning
effectiveness with larger population sizes. Akgayir and Akgayir (2017) presented
a systematic review of 68 research articles on educational AR applications for
K-12 learners published in the SSCI-indexed journals before 2016. The authors



coded the advantages and challenges of using AR in educational settings and
most of the results were consistent with those found in Bacca et al.’s study.
The results showed that AR technology could promote learning outcomes and
increase learning motivation by leveraging the use of well-integrated and rele-
vant augmented visualizations that served as the learning guidance. Some noted
challenges imposed by AR were usability issues such as unstable tracking qual-
ity. Koutromanos et al. (2015) reported a systematic review that focused on
handheld AR games in the context of formal and informal educational environ-
ments. The authors analyzed seven articles between 2000 and 2014 in
ScienceDirect and ERIC. The authors argued that games could encourage col-
laboration between learners, serve as a scaffolding for reading, and provide high
levels of engagement. Li et al. (2017) focused on AR games for learning and
presented a literature review of 26 papers published from 2010 to 2016.
The authors identified the most commonly used game elements were quizzes
and goal-setting, while the frequently used AR features were extra instructional
materials and 3D models. The authors also provided five suggestions for design-
ing AR games, including involving learners in the design process, using clearer
learning objectives, identifying effects of AR features, studying the game mech-
anisms, and encouraging social interaction. Santos et al. (2014) investigated
the design and evaluation of educational AR applications for K-12 learners.
They conducted a meta-analysis review on 87 articles published in the IEEE
Xplore Digital Library before 2012. The meta-analysis results showed the affor-
dances of AR included real-world annotation, contextual visualization, and
visual-haptic visualization.

To sum up, the aforementioned reviews discussed the general affordances and
challenges of using AR in educational contexts. In addition to the common
features and benefits shared with other computational approaches, the unique
beneficial features of AR applications for learning in general seem to include 3D
annotations and visualizations on the real world, visual-haptic interactions with
physical learning materials, and context-aware (location-based) learning materi-
als. Several common issues such as unstable tracking quality and inflexibility of
content updates were also discussed. However, no reviews specifically examined
the use of AR technology in supporting language learning, particularly in the
foundational stage required for word decoding that is crucial for all types of
language learners. We address this gap with this review research.

Research Methodology

Our objective was to examine the ways in which AR is an emerging research
area that may provide support for early language learning and provide a snap-
shot to guide future design and research. Given the nascence of this research
area, we did not and could not aim at examining any variables, correlations, or



theories (meta-analysis). Therefore, a systematic review approach is most appro-
priate for the current stage of our research (H. Yang & Tate, 2009).

Paper Quality

Since the use of AR for language learning is a newly emerging field, and one of
our research goals was to inform the design of AR language learning applica-
tions, all within-scope peer-reviewed research papers, including demonstration
and extended abstract papers, were included in this review.

Manuscript Searching and Filtering Process

In this review article, we included English language peer-reviewed articles that
were published between January 2010 and 2019. We decided to use online data-
base searches as a primary literature collecting approach because this research
area is emergent and its publication channels are still scattered. Seven well-
known online research databases were used to find relevant literature sources
based on previous research (Ibanez & Delgado-Kloos, 2018). These databases
are related to education and technology, including ACM Digital Library, ERIC,
PsycINFO, IEEExplore, Web of Science Core Collection, ScienceDirect, and
Springer Link.

Based on our research goal, two sets of keywords were developed: (a)
technology-related keywords, including augmented reality, and AR; as well as
(b) language-related keywords, including language, book, literacy, read, spell,
speak, write, letter, alphabet, alphabetic, vocabulary, word, and English learning
following from (Hung et al., 2018). These two sets of search terms were run in
combination with Boolean operators, with the AND operator used between the
sets and the OR operator used within the set. We conducted keyword and
abstract searches across all seven databases. The last search was conducted on
December 30, 2019. The search produced 1,247+ results from the aforemen-
tioned search terms and designated time period, including 302+ duplicates,
which were deleted. This left us with 945 articles.

In the second round of the filtering process, we reviewed the title and]or
abstract of all 945 papers based on the criteria listed in Table 1, in order to
quickly filter and remove the unrelated ones. The title and/or abstract of the 945
articles were examined by the first author to determine whether they were suit-
able for the purposes of the study. One co-author independently reviewed
approximately 20% of the articles (a total of 189 papers including 27 papers
randomly selected from each database) to confirm the reliability of the selection.
The intercode agreement rate for coding was 95.2%. Disagreements between the
two coders were resolved through discussion and further review of the disputed
studies. There were 138 papers left after the second-round selection.



Table 1. Inclusion and Exclusion Criteria.

Inclusion criteria Exclusion criteria
(a) Peer-reviewed article. () Review or meta-review articles.
(b) Available in full-text in English. (b) Studies that mentioned AR and learn-

ing, but were about learning other
topics such as science or history rather
than early language learning.

(c) Described AR applications supporting early (c) Described AR applications supporting
alphabetic language learning as a primary deaf learners learning sign languages.
component. Languages included English and
similar alphabetic languages (Apel, 2011).

Note. AR =augmented reality.

In the third round, all remaining articles were read in their entirety in order to
verify that these articles met the criteria in Table 1. The second author indepen-
dently reviewed approximately 20% of the 138 articles. The intercode agreement
was initially 93.5%, and this was brought to 100% after discussion. A total of 53
articles met the criteria for inclusion in the final review.

To collect as many papers as possible, we also across checked the references
of previous systematic reviews and added seven articles that met our criteria.
Therefore, there were a total of 53 papers included in our final review.

Developing Codes/Scheme

To code the studies in a systematic way, a coding scheme was developed
(Tables 2 to 5). The coding scheme consisted of four clusters of categories
(i.e., AR activities, AR design strategies, AR instructional strategies, and evalu-
ation goals, methods and outcomes), with each including several main and sub-
categories. The initial coding scheme was developed in accordance with previous
theories and research on AR design and learning (Akgayir & Akgayir, 2017;
Ibanez & Delgado-Kloos, 2018; Wu et al., 2013; X. Yang et al., 2018) and the
research questions of this study. During the systematic review process, some
subcodes emerged and the coding schemes were refined in order to reflect the
emerging information.

The first coding category (AR activities) was to answer the RQ1 (What are the
main kinds of activities in AR applications for early language learning?). We first
wanted to know whether there were common learning activities with these AR
applications. The second coding category (design strategies) focused on RQ2
(What are the main design strategies in the AR applications?). We aimed to under-
stand if these AR applications shared similar design strategies. The third coding
category (instructional strategies) focused on RQ3 (What are the main instructional
strategies in the AR applications?). We focused on the instructional strategies and



10

Table 2. Coding Scheme for RQI: Types of AR Learning Activities.

Operational definitions (emergent

Preset categories codes are in italics) Examples
RQI: Types of Types of AR learning activities refer e AR Magic English (Pu &
Learning to the categorization of AR learn- Zhong, 2018)
Activities ing activities based on their learning e AR PhonoBlocks (Fan et al,,
focus and interactional process. 2018)
Ist code (augmented word spelling e AR game (Juan et al., 2010)

games)—AR applications have hands-
on interaction with physical objects
(e.g, letters, cards, cubes) which are
augmented through displaying digital
contents on a screen, and include
game activity that focuses on spelling.
2nd code (paper-based word knowl- e AR 3D Learning Objects

edge visudlization activity)—RQI- (Luna et al., 2018)
AR applications have hands-on e AR 3D Pop-up Book (Juan
interaction with physical objects (e.g., et al.,, 2010)

cards, books) which are augmented e MOW (Barreira et al., 2012)
through displaying digital contents on
a screen, and may include any non-
spelling activities.
3rd code (location-based word knowl- e Vocabulary AR game (Hsu,

edge visualization activity and/or 2017)
spelling games)—AR applications e Situated Vocabulary Learning
that either do not contain physical System (Santos et al., 2016)

objects but just using mobile devices e ARDbisPictus (A. Ibrahim etal.,
(phones or tablets) to augment the 2018)

real world or contain 3D everyday

objects located in the real world.

relevant background information involving instructional goals, instructional
materials, and if the instruction was offered by teachers or not because these
factors may influence the instructional strategy. The fourth coding category (eval-
uation goals, methods and outcomes) emphasized RQ4 (What are the main evalu-
ation goals, methods and|or outcomes of the AR applications?). We investigated the
evaluation goals, methods, and outcomes of the AR applications. We also exam-
ined the background information in terms of the evaluation scale (e.g., participant
sample size) and context (e.g., study place such as school or lab), which may
impact the choices of specific methods used in evaluations.

The analysis of the four clusters of coding themes not only allowed us to look
for answers to each individual RQ but also enabled us to (a) look at areas of
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early language learning where combinations of design strategies and instruction-
al strategies were shown through evaluations to be effective as positive exem-
plars, (b) look for potential design strategies and create new forms of AR
applications that may be used in the school context to support a variety of
early language learning activities, and (c) look at future research directions
on the evaluation of promising design and instructional strategies within
AR applications.

The selected articles were analyzed mainly using a qualitative content analysis
method, which is a thematic analysis concentrating on the relationship between
the articles’ content and the shared characteristics on certain themes (Elo &
Kyngas, 2008; Radu, 2014). We also provided complementary descriptive sta-
tistical analyses to identify the general trend (i.c., percentage) of the application
of the strategies. Two of the authors of this article manually coded the studies
separately according to the preset (and evolving) categories and codes.

Our specific coding process followed these seven steps: (a) scanned all the
articles to get the general meaning of the whole; (b) selected each article to read
and look for the most descriptive corpus sentences related to our preset catego-
ries/codes (e.g., we marked the sentences or keywords or rewrote the summary
based on the description); (c) coded the text; (d) reread the article and listed the
interesting content related to our topic but not in the preset codes, and then
added them into the categories; (e) checked for discrepancy, and resolved them
through discussion; (f) repeated the aforementioned process for coding the
next five articles, repeated until the end; and (g) if any new codes emerged,
the corresponding contents in the prior coded articles would be recoded
and updated.

Results

Overview of Reviewed Papers

There were a total of 53 papers reviewed from 2010 through 2019 (Online
Appendix A). Approximately two thirds (n=36) were published after 2015
and half (n=26) were from IEEExplore database. Around 75% of the articles
(n=39) focused on research on mobile-based AR systems while 53% the articles
(n=28) defined their designs as games. The most preferred development tools
were Unity and Vuforia plugin (n=16). The learning languages in the studies
were mostly English (n=45). The learners in the studies were mostly primary
school children (n=23), followed by preschool children (n=17). In the 45
English-focused articles, the 40 articles targeted learners learn English as a for-
eign language (EFL). Four articles discussed learners with special needs (two for
Autism, one for dyslexia, and one for attention deficit hyperactivity disorder).
More than half of the articles (n = 28) focused on studies to evaluate the learning
effects of AR applications, affective outcomes, and/or usability testing; several
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(n=11, 21%) focused on usability testing results; a few (n =06, 11%) emphasized
the investigation of affective outcomes; the rest (n=28, 15%) presented AR
prototype design without any studies for evaluation.

RQI: Types of AR Activities

This section addresses our first research question. We identified 49 applications
from the articles reviewed (since a few articles discussed the same AR applica-
tion). The main activities in the AR applications could be broadly categorized
into three main types (Table 2).

The first type focused on augmented word spelling games (n =9, Figure 1, left).
In this type, learners can (a) use physical 2D lettercards or 3D letters to con-
struct a word, phrase or sentence, and view the associated digital letters, sounds,
and models/animations of the word on the screen (Boonbrahm et al., 2015; Fan
et al., 2018; Zhenming et al., 2017); or (b) place a 2D picture flashcard under a
tablet to trigger several 2D digital letters on the display, and then reorder the
digital letters through the direct dragging on the screen (Y. Chen et al., 2017; Pu
& Zhong, 2018). For example, in the AR application presented by Boonbrahm
et al. (20195), learners can mix letters to make a word; and if the word matches
the name of the animal, that 3D animal will pop up and start doing some
activity. In another application (Pu & Zhong, 2018), learners can place a picture
card (e.g., a plane card) under the tablet, and the letters of the word (e.g., p, /, a,
n, e) are randomly shown on the screen; learners need to drag the digital letters
into the corresponding letter box to complete the word spelling.

The second type, paper-based word knowledge visualization activity (n= 30,
Figure 1, middle), emphasizes the visualization of extended language knowledge
on 2D physical flashcards or books. This kind of application usually augments
physical flashcards or books by displaying rich digital content such as 3D ani-
mations, video, 2D/3D letters, and/or audio on a display (Cieza & Lujan, 2018;
Luna et al., 2018; Rambli et al., 2013). This multimedia content is used to
explain the spelling, sounds, meanings, or other reverent knowledge of letters
and words. For example, in the Word Worth Learning application (Luna et al.,

@ ‘ A : Z
oF ) o Vs

Augmented word spelling games Paper-based word knowldge visualization activity Location-based word knowldge visualization activity
and/or spelling games

Figure I. Three Main Types of AR Learning Activities.
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2018), when learners place a picture card under a tablet, the associated 3D
letters, sound, and 3D animation are shown on top of the card. A few applica-
tions of this kind also included several extended activities. Different to the first
type focused on spelling, these activities were mainly about word-meaning asso-
ciation or word comprehension in text. In the AR applications in (Barreira et al.,
2012; Chang et al., 2011), learners needed to correctly match a picture card with
a word card; if the matching is correct, the augmented 3D object and 2D
rewarding feedback text are shown on the screen. In the AR pop-up books,
learners could press the augmented hotspots (e.g., “!” symbol) to listen to the
animal sounds (Mahadzir & Phung, 2013) or the dialogues from the narrator
(Vate-U-Lan, 2011).

The third type, location-based word knowledge visualization activity and|or
spelling games (n=10, Figure 1, right), contains similar activities with the pre-
vious two types. However, the activities in this kind are location-relevant.
That is, augmented content is triggered by specific large-scale real-world
scenes (e.g., desk surfaces or buildings; Ho et al., 2017; Lee et al., 2017), or
small-scaled everyday objects placed in the environment (e.g., garbage can,
table, cup; Hsu, 2017; A. Ibrahim et al., 2018; Santos et al., 2016). For example,
in the UL-IAR application, learners received a set of real-time English quizzes in
real-life contexts based on the GPS positioning function (Ho et al., 2017). In the
ARbis Pictus, learners saw the augmented words on top of the 3D objects
through a head-mounted display (A. Ibrahim et al., 2018).

RQ2: Design Strategies

We identified five main design strategies that were frequently used in AR design
for early language learning (Table 3). They are related to: (a) 3D multimedia for
letters, sounds, and meanings (n=49, 100%); (b) hands-on interaction with
physical letters, cards, or objects (n=44, 90%); (c) gamification involving
word building games (n=27, 55%); (d) congruent spatial mappings between
physical representations (usually inputs) and digital representations (usually
outputs; n =21, 43%); and (e) location-based features (=9, 18%).

1. 3D multimedia content. 3D digital representations such as 3D letters, word
models, or animations with sounds were frequently used to visualize vocab-
ularies with concrete (rather than abstract) meanings. We found almost half
of the applications contained 3D models and one-third used 3D animations.
The 3D models and animations together with sounds were mostly used to
demonstrate word spelling, sounds, and meanings. Learners could either
inspect the 3D virtual objects/letters of the word (e.g., plane — a 3D virtual
plane) from a variety of different perspectives (Pu & Zhong, 2018; Rambli
et al., 2013) or watch a sequence of looped 3D animations to understand the
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use of the words in contexts (e.g., cat— a running cat; hit — hit a ball,
Boonbrahm et al., 2015; Luna et al., 2018).

2. Hands-on interaction with physical learning materials: Almost all the AR
applications consisted of multiple hand-sized and light physical learning
materials, and most of them were 2D flashcards. A large proposition of the
applications (#=37) used 2D flashcards such as letters, pictures (He et al.,
2014; Li et al., 2015), or textbook pages (Kucuk et al., 2014; Rambli et al.,
2013) while several applications (n=9) used 3D generic cubes, letters, or
everyday objects such as pencils and backpacks (Hsu, 2017; Sansosti et al.,
2004).

3. Gamification: More than half of the AR applications utilized gamification.
The most common games were spelling games (e.g., a set of quizzes for word
spelling tasks; Pu & Zhong, 2018), followed by matching games (e.g., match-
ing a picture with a word; Barreira et al., 2012), collecting games (e.g., finding
out the target object associated with a word in real-life situations, usually in
location-based AR applications; Hsu, 2017), and puzzle games (e.g., placing
the events in chronological order correctly, usually in pop-up AR books;
Vate-U-Lan, 2011).

4. Congruent spatial mappings between physical and digital representations:
Around 40% of AR applications emphasized the spatial characteristics of
AR, with many leveraging physical affordances of learning materials or dig-
ital scaffoldings in the interface design in the spelling games, and a few uti-
lizing physical space to teach learners preposition words (e.g., on/under, left/
right). For example, in five applications that contained word spelling games,
letterbox or underlines were intentionally designed in the interfaces, which
gave learners an explicit clue about the number of the letters in the spelling
task (e.g., f i s h, for fish). One application specifically used logo-based
notches as physical affordances so that children were only enable to connect
words in a certain order to make a sentence (Fan et al, 2018a). Three AR
applications specifically focused on teaching children preposition words
(Dalim et al., 2016; Hsieh et al., 2014; Vate-U-Lan, 2011).

S. Location-based features: Approximately 20% of AR applications utilized
location-relevant learning contents. Seven applications contained indoor
activities (Y. Chen et al., 2017; Hsu, 2017; Lee et al., 2017), while two had
an outdoor activity (Ho et al., 2017; Wu, 2019). Three applications directly
augmented real-world scenes (Ho et al., 2017; Lee et al., 2017), while the
other six augmented everyday objects (A. Ibrahim et al., 2018; Santos
et al., 2016).

We also noticed other design decisions. First, we found the various uses of
uppercase and lowercase letters among digital content and physical representa-
tions in AR applications. Nine applications included uppercase letters, eight
applications used lowercase letters, and five applications contained both
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uppercase and lowercase letters. Second, we found that most applications con-
tained rich colors to attract learners’ interests. Two designs specifically used
augmented color cues to promote children’s learning of the alphabetic principle
(Fan et al., 2018) and sentence constructions (Fan et al, 2018a). Colors were
used to attract children’s attention to the stable patterns of words or certain
structures of sentences.

RQ3: AR Instructional Strategies

Context for Instructional Strategies. Since we focus on early language learning, all
the articles reviewed emphasized letters or word levels but with various focuses.
Around two thirds of the articles (n =33, 62%) discussed vocabulary learning
with the central focus on spelling, sounds and meanings using the whole word
approach (A. Ibrahim et al., 2018; Luna et al., 2018). Several articles (n= 10,
19%) involved word learning and practical use in sentences and texts. They also
used the whole word approach, but focused on learning words in sentences and
paragraphs (Dalim et al., 2016; Solak & Cakir, 2015). A few articles (n =15, 9%)
dealt with single alphabet reading and writing (Bhadra et al., 2016; Rambli
et al., 2013). The rest articles (n=15, 9%) targeted on phonological rules, that
is, the alphabetic principle (Fan et al., 2018); vowel sounds (Cieza & Lujan,
2018); phonic training (Limsukhawat et al., 2016); onset and rime training (Juan
et al., 2010); and prefix, root, and suffix (Wu, 2019). In addition to the five
articles specifically focused on phonological training, six articles also integrated
some phonological trainings into their learning activities as a secondary point of
training. For example, in the AR pop-up book, students learned the words seed
and seat which share the same onset and syllables when reading the story (Vate-
U-Lan, 2011); in the alphabet training, learners could also learn the associated
letter sound (Rambli et al., 2013). The majority of the studies emphasized read-
ing and spelling while three focused on handwriting (Ati et al., 2018; Bhadra
et al., 2016; Boonbrahm et al., 2015).

In more than half of the articles (n =30, 57%), the use of the AR applications
was completed under the guidance of teachers or parents. The majority of the
instructions (7 =37, 70%) were individual-based, and several were designed for
small groups (n=28, 15%) and for classrooms (n=28, 15%). The word themes
used most frequently within the AR applications were those contained concrete
meanings, including animals (e.g., cat, fish), fruits (e.g., apple, banana), common
objects (e.g., table, door), transportation tools (e.g., car, plane), colors (e.g., red,
green), and body names (e.g., hands, eyes). A few applications also included
spatial words such as proposition words (e.g., under, in).

AR Instructional Strategies. Based on previous research (Ibanez & Delgado-Kloos,
2018), the studies reviewed could be grouped into three categories: instruction
through presentation (i.e., teacher-centered informal instruction), instruction
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through discovery (i.e., learner-centered comprehensive instruction), and collab-
orative learning (i.e., learner-centered group studies; Table 4). We categorized
the articles mostly based on the descriptions of the practical use of the AR
application (e.g., study procedure, application design, use scenario), which
reflected both the built-in design features of the application as well as the
intended use of the application in contexts.

The instruction through presentation strategy is based on Ausubel’s Meaningful
Learning Theory, and it emphasizes that learning a subject should be presented
first by advanced organizers (usually teachers) and then progressively differenti-
ated in terms of details (Akdeniz, 2016). Presentation instructional strategy was
used in 15 articles. More than half of the instructions (n =9) were conducted in
groups. A typical instructional process was that a teacher led the instruction and
used the AR application for demonstration, and then learners had a chance to use
the system to practice the learnt knowledge under the guidance of the teacher
(Barreira et al., 2012; Silva et al., 2013; Solak & Cakir, 2015).

The instruction through discovery strategy is based on Bruner’s Theory of
Development which assumes that a learner constructs his or her knowledge
through discovering for themselves as opposed to being told (Akdeniz, 2016).
Discovery instructional strategy was used in 35 articles. In these instructions,
learners were given an AR application to conduct self-directed learning through
a set of games or application guided reading activities. Learners received corre-
sponding feedback/hints from the applications. Teachers/parents worked as the
activity facilitator to ensure the activity went well (Hsu, 2017; Juan et al., 2010;
Pu & Zhong, 2018; Rambli et al., 2013).

Collaborative learning is a form of small group instruction where learners
work in a social setting to solve problems (Slavin, 1991). Collaborative learning
was used in 15 articles, in which 13 also used discovery instructional strategy.
In these learning activities, learners were often assigned tasks (e.g., discussing to
answer the questions in pop-up books) and peer discussions were encouraged
during the learning process (C. Chen & Wang, 2015; Vate-U-Lan, 2012;
Zainuddin & Idrus, 2016).

RQ4: Evaluation Goals, Methods, and Outcomes

Background for Evaluation. Among the 53 articles reviewed, 45 articles conducted
evaluation studies. One third of the studies (n=16, 30%) included 10 to 50
participants; followed by those (=9, 20%) including 50 to 100 participants.
The sample sizes in seven studies were above 100 (with the most including 484
participants), and three studies had fewer than 10 (with the fewest including five
participants). In the 70% of the articles (n=31) that targeted children, two
thirds specifically focused on Grade 1 and Grade 3 learners (aged 6-9 years).
Approximate half of the AR instructions (n =22) were conducted with individ-
ual participants, nearly 25% (n=11) of the studies were conducted with small
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groups, and a few (n = 7) were conducted with a class group. The majority of the
studies (n =32) were conducted in the school context.

Evaluation Goals and Methods. Three main research purposes emerged from the
studies reviewed (Table 5). First, the majority of the studies (n =28) focused on
investigating the effectiveness of AR applications (mainly learning gains).
Second, a few studies (n=6) targeted on exploring the affective aspects
(mainly motivation). Third, several studies (n=11) emphasized on the design
and system usability evaluation.

More than half of the 45 studies with formal evaluations were quantitative
studies (n =21), followed by mixed-method studies (» = 20) and qualitative stud-
ies (n=3). Four studies only discussed system testing methods such as heuristics
and expert review. Quantitative studies were divided into quasi-experimental
studies and experimental design studies. The most common experimental
design (n=20) was to compare learners’ learning achievements between the
AR-based instruction and other comparative instructions (e.g., traditional
instruction/a similar AR approach). In these studies, learners were usually
assigned to either the AR-based instruction group or the traditional instruction
group (between-subject design); Pretests and posttests on certain language-
related tasks were administrated before and after the instruction to evaluate
learners’ learning gains while the five-point Likert-type scale questionnaire
mostly based on Keller’'s ARCS Motivation Model (Song & Keller, 2001) was
usually employed after AR usage to investigate learners’ motivation and/or
perceived usefulness of the instructional methods. In seven studies, there were
no matched control groups during the instructional process.

One third of the studies reviewed (n=20) combined quantitative and quali-
tative research methods for a better understanding of the system effectiveness in
supporting language acquisition. These studies usually used an experimental
design to evaluate learners’ learning gains, while qualitative methods such as
observations or interviews were also employed to provide complimentary data
with the explanation of the quantitative results.

Three studies employed a qualitative research approach. One exploratory
pilot study used interviews to assess the influence of an AR-based English learn-
ing app on undergraduate learners’ vocabulary learning motivation (Li et al.,
2015). Two pilot studies used observations to understand children’s general use
and learning experience with the system (Dalim et al., 2016; Tang et al., 2019).

Evaluation Outcomes. Thirty-two studies examined learners’ language achieve-
ments after receiving AR instruction. A majority of the studies reported a pos-
itive effect of AR instruction. The positive effects were based on the comparison
of learning effectiveness between AR instruction and the traditional instruction,
a similar AR approach (n=20), learners’ pretest and posttest scores (7 =10), or
learners’ perceived usefulness (n=10). Only three studies reported similar
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learning achievements of learners with an AR instruction and a traditional
instruction. Pu and Zhong (2018) reported a study with eight 4- to 8-year-old
EFL children who either received an AR instruction or a traditional card-based
instruction for 20 minutes in learning English words. The children were tested
before and after the instruction on a series of yes/no questions (matching a
picture and a given word (e.g., dog and cat). Juan et al. (2010) presented a
study with 32 EFL children (aged 5-6 years) learning Spanish. The children
were assigned into one of two groups. Children in Group 1 first received a 15-
minute AR instruction and then a 10-minute traditional card-based instruction,
while children in Group 2 first received the traditional instruction and then the
AR instruction. After each instruction, the children were asked to complete a
questionnaire to self report their learning motivation and perceived usefulness of
the instruction. R. W. Chen and Chan (2019) presented a study compare AR
instruction with a traditional flashcard instruction with 98 EFL children (aged
56 years) learning English. The children were divided into two groups and
received a 35-minute instruction each week for four weeks. The results of the
three studies showed that children had similar learning gains with the two
approaches, but with a higher learning motivation with the AR instruction.

Thirty-one studies examined possible effects of AR instruction on learners’
affective aspects such as motivation and engagement. All the studies suggested
that AR instructions could lead to a higher learning motivation, although one
study (Li et al., 2015) reported that learners’ motivation level could decrease
toward the end of the learning process. Two articles (Safar et al., 2017; Solak &
Cakir, 20195) specifically pointed out that learners’ greater motivation may lead
to better learning outcomes.

Eleven studies reported positive usability testing results with AR applica-
tions; however, a few studies also mentioned several issues of using AR appli-
cations as instructional tools. The most reported issue was the unstable marker
tracking problem with AR applications (Chang et al., 2011; Lee et al., 2017;
Luna et al., 2018; Rambli et al., 2013). This instability could be due to inap-
propriate marker design or inappropriate interaction design (e.g., children’s
hands blocked markers during interaction). The other problems reported includ-
ed slow marker detection response time (Lee et al., 2017) and the influence of
mobile phones on children’s attention and eyesight (He et al., 2014).

Discussion

Effective AR Design and Instructional Strategies

Although almost all the studies showed positive results of learning with AR
applications, we noticed three main combined design and instructional strategies
that seemed to be effective in supporting early language learning. This became
clearer when we only examined the empirical studies that included a matched
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control group receiving a traditional instruction and used pre—post tests to eval-
uate learners’ learning gains (i.e., not learners’ self-reported perceived learning
gains) in their research design (Table 6).

First, the multimedia (and game) design strategies combined with the pre-
sentation strategy may support learners’ learning gains. For example, in the
study presented by Safar et al. (2017), 42 kindergarten children in Kuwait
either received an AR instruction or a traditional instruction with teachers
for 20 minutes a week for 7 weeks. In the experimental group, an AR appli-
cation that provides augmented 3D animations, sounds, and words on 2D
flashcards was used as a research instrument (3D multimedia content).
Teachers used this application as an instructional tool to teach the entire
classroom of students the English alphabet (presentation strategy). The results
demonstrated that the children in the AR group had a higher degree of
interaction and better learning gains in alphabet tests compared to those in
the control group. In another study, Portuguese children used an AR match-
ing game called MOM to learn English in class (Barreira et al., 2012).
The main activity in MOM was to correctly match a picture card to a
word card, in order to view the augmented multimedia content, including
3D object, sound, and game feedback (3D multimedia contents and game).
In the instructional process, the children first received an English class given
by a teacher, and then started to use the AR application to practice the
learnt words (presentation strategy). The evaluation results with 26 children
(aged 7-9 years) showed that the children who used the MOM game had a
superior English learning progress than those who received the traditional
instruction. Positive AR learning gains were also found in a study with 60
young adults who learned Ottoman Turkish, the Turkish written in Arabic
alphabetic (Ozcan et al., 2017) and a study with 20 Chinese kindergarten
children learning English words (Y. Chen et al., 2017).

Table 6. Combinations of AR Design and Instructional Strategies.

Instructional strategies

Hands-on with

Types of learning Multimedia  physical learning Presentation Discovery Collaborative
activates contents materials Gamification ~ strategy strategy learning
Paper-based word X X (2D x* (matching X X
visualization flashcards) /puzzle
activity games)
Location-based word X x* (3D everyday x (collecting X X
visualization items) games)

activity and/or
spelling games

Augmented spelling X x (2D/3D x (drills and xa X X
games letters) practice)

*Only a small proportion of the applications in this category contains this particular feature.
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Second, the design strategy of location-based learning contents combined
with the discovery strategy seem to increase learners’ learning gains and learning
motivation. For example, in a study that compared the word learning effective-
ness between an AR instruction and traditional flashcard instruction, learners in
the AR condition wore a Microsoft Hololens that enabled a self-exploration of
the augmented word spelling on top of the 3D objects (e.g., book, pencil) located
in the real-life environment and heard the word sound (N. Ibrahim & Ali, 2018).
The results showed that AR was more effective in supporting short-term and
long-term learning than the flashcard approach. Learners also felt that AR was
more enjoyable than the flashcard approach. In another study with a hand-held
AR application in learning German (Santos et al., 2016), the results showed that
the location-based AR applications could lead to learners’ better retention of
words and improve learners’ attention and satisfaction compared to the flash-
card approach. Similarly, in a study with a hand-held AR Pokemon Go game in
learning English prefix, root, and suffix knowledge outdoors, the results showed
that AR group had significantly better performances than the control classroom
group in learning attitudes, satisfactions, and achievements (Wu, 2019).

Third, the game design strategy combined with the discovery strategy may
lead to better learning motivation but not better learning gains. In the study
presented by (Pu & Zhong, 2018), eight 4- to §8-year-old Chinese children learned
English words either by exploring an AR spelling game (discovery strategy)
or playing with physical cards. The results demonstrated that although the
AR group learners had more learning interests and less cognitive load
compared to the traditional card group, their learning achievements were sim-
ilar. In another similar study with 32 children (aged 5-6 years) either playing an
AR spelling game or playing physical cards to learn Spanish, the results indi-
cated no significant differences between the two groups about the perceived
usefulness, although more children preferred to use the AR game to learn
(Juan et al., 2010).

To sum up, in the first strategy, teachers play a dominant role in the instruc-
tional process, which may ensure the instruction quality. The AR application is
mainly used as an instructional tool to help teachers to better illustrate language
knowledge, with the annotations and visualizations of 3D multimedia content
(Safar et al., 2017). According to the Meaningful Learning Theory, teacher-
centered practice will be more effective in order to construct the link between
learners’ previous knowledge and new information through deductive instruc-
tions, elaborate unclear points, highlight similarities and differences, and moti-
vate learners to pay attention in the learning process (Akdeniz, 2016; Ausubel,
1963). Due to the importance of social interaction in learning, several apps
reviewed even attempted to use an animated cartoon tutor to support children’s
AR learning (Hsieh et al., 2014; Papadaki et al., 2013). This may be explained by
Social Agency Theory that posits using verbal and visual cues in computational
systems can foster the development of a partnership since learners would
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consider human—computer interaction as human—human interaction (Moreno
et al., 2001) and trust the computer’s instructions.

In the second strategy, location-based applications usually require learners to
explore a specific real-world context and construct the relation between the
knowledge of words and sentences and the real world. Situated cognition
argues that learning cannot be abstracted from the activity, context and culture
from which the knowledge was developed (Brown et al., 1989).This is particu-
larly obvious when learning languages that are heavily embedded in contexts
and culture. The contextual visualization emphasizes learners’ active construc-
tion during the learning process, which may benefit children’s memorization of
words when leveraging the use of the physical environment as the ubiquitous
informational cues (Santos et al., 2014).

In the third strategy, learners mainly learn from games with scaffoldings and
feedback. The game may promote learners’ learning motivation and enable
them to learn from trial-and-error exploration. However, previous research
has suggested no extra learning gains with such an approach in young children
(Juan et al., 2010; Pu & Zhong, 2018). This may be because young children’s
attention may not be always on the correct place without the explicit guidance
(R. W. Chen & Chan, 2019). Admittedly, most studies only evaluated short-term
learning gains with a small sample of participants with various ages and, with
limited samples, we could not make a strong claim about the effectiveness of
these strategies. Future research could be done to provide more empirical evi-
dence about their effectiveness.

AR Design Considerations and Opportunities

Leveraging the Unique Affordances of AR in Supporting Early Language Learning. While
many articles acknowledged that AR applications enabled multimedia content,
allowed for game-based learning, and increased learners’ motivation, these bene-
fits also existed in traditional GUIs (Vernadakis et al., 2005; X. Yang et al., 2018)
or similarly TUIs (Fan et al., 2016). Therefore, it is necessary to revisit the ques-
tion: What unique affordances do AR applications offer for early language learning?

Previous research has suggested many affordances of AR applications in
general educational contexts (Radu, 2014; Santos et al., 2014; Wu et al.,
2013). We reflected on their conclusions and related them to review results
and identified five main unique AR affordances in supporting early language
learning compared to other computational approaches. All five affordances dis-
tinguish AR applications from GUIs, but several affordances (A2—AS5, Table 7)
may also exist in TUIs. Despite this, the specific interactions and implementa-
tions in TUIs are different than in AR applications.

1. Transforming abstract language symbols on physical learning materials (e.g.,
letters, flashcards, objects) to concrete and vivid 2D/3D augmented visual
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representations and auditory sounds. Compared to multimedia content
offered by GUIs (digital-digital), AR applications usually incorporate
physical-digital correspondences. The interactions (e.g., grasping, lining up,
rotating) on physical learning materials together with the concrete 3D aug-
mented feedback may help learners to concentrate, to understand the abstract
language meanings, and to relate the learnt language knowledge to everyday
learning tools such as flashcards. The potential learning effects may be
explained by the Connectionist Model which suggests using multiple cues
(e.g., letters, sounds, pictures) may help with word memorization (Ehri,
2014). Although TUTIs also incorporated physical representations, the asso-
ciated digital contents are usually not directly augmented on top of the phys-
ical representations (if there are a few, e.g., Siftables (Hunter et al., 2010),
they are not in 3D forms augmented in the reality). Learners may need addi-
tional cognitive resources to process the transformation between digital infor-
mation and physical representations based on the Cognitive Load Theory
(Price et al., 2008; Sweller, 1988).

. Presenting language knowledge relating to everyday objects or real-world
locations in an authentic learning environment. Situated cognition argues
that knowledge cannot be abstracted from the situation from which it was
learned (Brown et al., 1989). By teaching words in an authentic environment,
learners may have a better chance to use the words in the real-life context.
The environments may also serve as a cue to help learners better memorize
the words when the connection is created between the two (since learners may
unintentionally see certain everyday objects several times a day). TUIs can
also associate digital information with physical objects, but they usually
require complex hardware embedded with electronics.

. Enabling a variety of hands-on interactions on virtual objects or physical
learning materials with physical affordances (e.g., cubes with physical
notches) while viewing real-time augmented feedback on actions through
displays (e.g., seeing the word animation when certain cubes are placed in
a sequential order). Embodied cognition emphasizes the importance of
leveraging the meaningful perceptions and actions in learning (Antle, 2013).
Learners may use multiple senses such as visual, auditory, tactile senses to
construct concrete meanings of abstract concepts; they may also tend to use
body actions (e.g., languages, gestures, movements) to interpret concepts
based on metaphors. Physical learning materials contain rich multisensory
information (e.g., letter shape, color, textures) that can act as explicit or
implicit affordances to support learners’ language learning. Physical letter
shapes with hard edges enable the letter-tracing activity which is suggested
as important for at-risk learners (Dehaene, 2009; Kelly & Phillips, 2011). The
manipulation of learning materials may also benefit learners in word com-
prehension by taking advantage of metaphors (Glenberg et al., 2007; Sylla
et al., 2016). TUIs also enable hands-on interaction, but there are two
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differences compared to AR applications: (a) learners in AR applications can
directly interact with either virtual objects or physical learning materials
while interactions in most TUIs are directly on physical learning materials;
and (b) learners in AR applications can view real-time feedback and hands-
on actions simultaneously through the display while TUIs cannot.

4. Drawing learners’ attention to important phonological knowledge using aug-
mented overlay. Mayer’s Cognitive Theory of Multimedia Learning suggests
three main characteristics in the cognitive process of human beings: visual-
auditory dual channels, limited capacity, and active processing (Mayer, 2014).
The limited capacity mainly posits that learners are limited in the amount of
information that can be processed; therefore, they need to select relevant
information to ensure meaningful learning occurs. In addition to offering
educational information, the augmented overlay can also serve as an atten-
tional cue to better draw learners’ attention to language learning (e.g., by
using colors or animations). Although GUIs and TUIs also enable this fea-
ture, GUIs do not associate the cues with physical actions (Kast et al., 2007)
and TUIs may require complex hardware to achieve this (Antle et al., 2015).

5. Supporting word spelling or proposition word learning in both physical and
digital space.® By leveraging the use of congruent spatial mappings between
physical and digital space in AR applications, learners can perform spelling
tasks in either physical space (e.g., letters on the table) or digital space (e.g.,
digital letters on the screen) by fully utilizing their embodied knowledge (e.g.,
left or right). This feature is particularly beneficial for learning proposition
words when using head-mounted displays or handheld devices (not desktop
computers) so that learners can directly see an augmented virtual object on
the left or on the right of a certain real-world physical object and hear the
associated sound or receive other digital feedback simultaneously. Despite
the congruent spatial mappings, the associated digital virtual objects in TUIs
are usually in a separated display (see representative examples of commercial
tangible language learning applications with an iPad, Osmo’ or Marbotics®)
rather than in a 3D mixed reality space.

The affordances first can be used to identify missing opportunities in the
current design space. For example, our review showed a significant proportion
of the AR applications utilized augmented content to visualize word informa-
tion (A1) rather than to direct learners’ attention (A4); and fewer applications
fully leveraged the contextual information (e.g., locations) to support language
learning (A2). The affordances also can be used to provide justifications for
future designs (A3). For example, the Al to A2 may be particularly beneficial
for EFL learners who do not have proficient oral skills and lack contextual
knowledge of the language. The A3 to A4 could be used to help learners with
attentional problems in language learning. The A5 may help learners to better
leverage the use of embodied knowledge to learn syllable/word construction
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(e.g., physically placing letters in a sequential order, grouping letter pairs togeth-
er or dividing syllables separately).

Emphasizing on Phonological Knowledge Rather Than Whole Word Reading. Our review
also showed most AR applications focused on visualizations of whole words
rather than phonological knowledge. Phonological knowledge is extremely
important in early literacy instruction, particularly for children at-risk for read-
ing difficulties (Vellutino et al., 2004). According to Ehri (2014), word spelling
can be further divided into four stages, including prealphabetic, partial alpha-
betic, full alphabetic, and consolidated alphabetic stages. There are a number of
activities that are commonly used in school education to teach learners phono-
logical knowledge in each stage. For example, letter names and letter sounds that
focus on single alphabet phonetic training is used in prealphabetic stage while
activities on onset and rime, letter insertion, omission, or substitution can be used
in partial alphabetic stage, and word decoding and the alphabetic principle can be
taught to learners in full and consolidated alphabetic stages to help them grad-
ually develop solid word spelling ability (Kelly & Phillips, 2011; Rello et al.,
2012). The variety of phonological learning activities could be rich resources for
future AR applications.

In addition, designers can use the five affordances as guidance to consider
how to better support the learning of phonological knowledge. For example, A4
suggests the potential of using augmented overlay as an attentional cue (rather
than purely displaying knowledge such as letters, sounds or pictures). To draw
learners’ attention to the decoding process, augmented letter animations could
be used to visualize the letter combining or separating actions during word
decoding processes; augmented color flash could be used to illustrate grouped
letter patterns; single phonological sounds (cat-/kat/, flag-/fl-a-g/) could also be
designed to promote learners’ phonological awareness. A2 suggests the promise
of leveraging location-relevant information to teach language knowledge. In this
case, designers could design location-based games wherein learners are required
to collect all the words starting with a certain letter sound (e.g., book, bag, ball
all containing/b/sound) or fit a certain alphabetic rule (e.g., book, hook) in the
environment.

Considering the Use of AR Applications With Teachers and Learners in Context. Almost
two thirds of the studies included teachers during the AR instructional process.
Therefore, we advocate that designers consider the practical factors of teachers
and learners using AR applications together from their initial design stage.
Specifically, our review suggests the following six aspects that should be given
attention.

1. Providing effective blended instructions with AR applications: Traditional
instructional methods and resources that have been tested for decades have
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shown their effectiveness. The aim of AR instruction is to enhance NOT
replace traditional instruction. Therefore, designers should consider how to
integrate AR instruction into traditional instruction practices and contexts to
provide effective blended learning opportunities. Our review suggests that
AR instruction can (a) start from the instruction phase where the AR appli-
cations are commonly used as instructional tools for knowledge demonstra-
tion (Solak & Cakir, 2015), (b) start at the practice phase where the AR
applications are usually game-based activities (Barreira et al., 2012), or (c)
cover both instruction and practice phases by containing multiple modes to
support teachers/learners switching between phases (Fan et al., 2018;
Papadaki et al., 2013; Rambli et al., 2013). We suggest that designers consider
these issues by taking account of the specific learning goal (e.g., phonological
awareness, the alphabetic principle, vocabularies), the AR learning activity,
and learning contexts.

. Considering teachers’ role and level of participation in an AR instruction: Our
review has revealed four main types of teachers’ roles, including a dominate
instructor (Solak & Cakir, 2015), an activity facilitator (Sytwu & Wang, 2016;
Vate-U-Lan, 2012), an observer (Papadaki et al., 2013; Rambli et al., 2013),
and a mixed role (Barreira et al., 2012; Fan et al., 2018). The level of partic-
ipation is decreased from the instructor to observer, according to the changes
of the activities, for example, from instruction to practice. Therefore, on one
hand, we suggest designers enabling teachers to switch roles during various
AR instruction phases; and, on the other hand, we advocate to enhance
teachers’ level of participation while acting as a dominant instructor, by pro-
viding more opportunities for teachers to control and adjust the use of AR
applications (e.g., adding words, sounds, or pictures).

. Splitting the scaffoldings between an AR application and a teacher: We found
most AR applications reviewed contained various levels of scaffolding to
support learners, including (a) scaffolding that enforced corrective actions,
for example, in the spelling game in AR Magic English, the digital letter
would be restored to its original location if it is wrong (Pu & Zhong,
2018); and (b) scaffolding that provided partial/full answers to encourage
corrective actions, for example, providing three levels of hints which repeat
the task question, provide partial answer and full answer (Fan et al., 2018).
However, what seems unclear here is whether the help provided by AR
applications themselves is sufficient, and if not, when and what kinds of scaf-
folding should be provided by teachers and supported by application design.
We suggest designers consider these aspects in their design.

. Designing strategies to support positive collaborative learning: Although sev-
eral articles contained collaborative learning activities, most of the collabo-
rative learning activities were limited to sitting and using the AR application
together (Barreira et al., 2012; Vate-U-Lan, 2012) or holding a shared tablet
to find certain real-world objects and words (Sytwu & Wang, 2016), from
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which we still could not know how much collaborative learning actually
occurred and how equally each learner participated in the learning activity.
Previous research has suggested the importance of equal verbal and non-
verbal participation in a collaborative learning activity (Antle et al., 2014).
We encourage designers leveraging various design strategies (e.g., jigsaw
methods) and investigating whether and how these design strategies could
support equal and in-depth discussion and effective physical interaction
among students as well as the potential influence on students’ learning
outcomes.

5. Exploring AR design in various learning contexts: We also noticed a few
articles attempted to cover the personalized use of AR applications, for exam-
ple, learning styles (Hsu, 2017), and the uses of AR applications in various
learning contexts (e.g., individual, small groups, classroom; Vate-U-Lan,
2012) and learning groups (e.g., readers with attention deficit hyperactivity
disorder and Autism; Lin et al., 2016; Tang et al., 2019). Therefore, one
potential design direction is to explore the specific learning activities and
design functions an AR application should have to best facilitate the effective
learning for specific learning contexts. And one particular issue related to
location-based AR applications is to consider what affordances and con-
straints of the learning environment may impact learning, for example,
location-relevant learning objects and safety issues when walking around in
a class.

6. Offering an easy access for teachers to update AR contents: One major issue
revealed in previous reviews was the inflexibility of updating AR content for
teachers (Bacca et al., 2014; Santos et al., 2014; Wu et al., 2013). This prob-
lem is particularly obvious in early language learning contexts since there
could be numerous words to learn in the database. We noticed researchers
in a few articles attempted to utilize easy-to-learn commercial AR tools, such
as Aurasm and Zoobust, to produce easy-to-update AR content. However,
because of the limited functions of the tools, these AR applications only allow
users to add pictures/texts to physical cards. The best applications, produced
by professional software (e.g., Unity and Vuforia), however, did not describe
the specific plans for extending learning content or making it changeable by
teachers. We suggest designers create lessons according to teachers’ specific
requirements, as well as providing a user-friendly authoring tool (e.g., a data-
base sheet for adding words/pictures) so teachers can update learning materi-
als as their needs change.

Future Evaluation Directions

Although the majority of the articles showed positive learning gains, most of
studies only evaluated short-term learning gains on word memorizations with a
particular AR application without any compared counterpart. Therefore, we
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suggest the potential research directions on the evaluation of associated learning
effects with a specific design strategy and the long-term learning outcomes on
both the memorization and the application of the language knowledge in
applied contexts.

Understanding the Learning Effect of Various Design Strategies. Using multiple verbal
and non-verbal digital representations may help learners with memorization
based on Connectionist Model (Ehri, 2014) and Dual Coding Theory (Clark
& Paivio, 1991), but they may also require more cognitive load from learners
(Dunleavy et al., 2009). It is necessary to investigate how various multimedia
design strategies (e.g., using 3D models or animation, color cues) influence
learners’ learning gains specifically. We also noticed that 3D models were
often used to visualize concrete words rather than abstract words. It would be
interesting to explore the effective design strategies of multimedia in AR appli-
cations to support the instruction of abstract words (e.g., bad, thin).

Moreover, previous research suggested that it is more appropriate to use
lowercase letters in early language learning, especially for at-risk learners
(Dehaene, 2009; Fan et al., 2016). However, we noticed that the use of uppercase
letters and lowercase letters varied among the reviewed AR applications.
Therefore, it is important to understand the potential impacts of letter choices
such as letter type, font, size, and augmented perspective (e.g., 90° or 45° based
on the ground) on learners’ language learning outcomes in future research.

Furthermore, our review showed most AR applications used gamification,
but it is still unclear how game strategies impact children’s learning gains. In
addition, the current game genres in AR applications are still very limited, with
most of them coming in the form of quizzes. Hung et al. (2018) identified eight
game genres and strategies of digital games for language learning and several
strategies (e.g., narrative and role play) that could be integrated with AR appli-
cations. We believe that it is crucial to understand how various game strategies
such as virtual tutors, role play, or narrative influence learners’ learning expe-
rience, motivation, and outcomes.

Investigating the Generalization and Maintenance of AR Learning Gains As Well As the
Effectiveness of Instructions With AR and Similar Computational Systems. Similar to
the results found in previous reviews on AR learning games (Li et al., 2017),
the most frequently used measurement of learning achievement was a pretest
and posttest on vocabulary knowledge. However, the pretest and posttest mea-
surement method often only tested whether learners could remember learnt lit-
eracy knowledge (e.g., remembering the trained vocabulary) rather than whether
learners could apply the language knowledge (e.g., using the learnt rules/letters
to spell out similar new words or use the learnt words in contexts). Future
studies could focus on more complex cognitive processes to investigate whether
learners could apply the language knowledge.
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The majority of the studies used quantitative methods to examine learners’
learning gains. In these studies, learning scores were collected and compared to
investigate learners’ achievements. However, almost all the studies measured the
learning outcomes immediately after the use of the AR applications. Only one
study measured the follow-up learning gains. And most studies only included a
small sample size. Because most of the learners never used AR applications
before there is a potential novelty effect impacting the research findings.
Therefore, future research could focus on both short-term and long-term learn-
ing gains and incorporate larger sample sizes. We encourage investigations into
whether children could maintain their learning achievements over time. In addi-
tion, longitudinal case studies could be conducted to better understand the con-
textual use of AR applications with teachers/parents and learners in applied
settings like the classroom or at home.

We found that more than half of the studies did not contain any control
groups when evaluating AR applications. Therefore, it is difficult to know the
effectiveness of AR instruction in supporting learners’ learning gains compared
to traditional approaches or any other computational approaches such as
instructions with desktop applications or tangible systems. Future research
could investigate how different computational instruction applications impact
learners’ motivation and learning gains. This may also help to identify what
specific design features of AR applications combined with specific instructional
strategies may benefit language learning.

Conclusion

This review presents AR as a promising technology for supporting early lan-
guage learning. The major results can be summarized as follows: (a) we identi-
fied three types of AR learning activities: augmented word spelling games, card-
based word visualization activity, and location-based word annotations activity
and/or spelling games; (b) the preferred design strategies included 3D multime-
dia content with sounds, interaction with 2D physical flashcards, gamification,
and location-based vocabulary learning; (c) most AR applications used discov-
ery instructional strategy, followed by collaborative and presentation strategies;
and (d) learning effectiveness, motivation, and system usability were often eval-
uated in the studies with mixed methods or quantitative methods.

We suggest a set of design considerations and design opportunities for future
design of AR applications for early language learning: (a) 3D multimedia con-
tent with presentation strategy and location-based design with the discovery
strategy seem to be effective in supporting learning, while game design with
the discovery strategy seem to benefit learning motivation. (b) Designers
should leverage the use of unique affordances of AR to support language learn-
ing, including (i) transforming abstract language symbols on physical learning
materials to concrete and vivid 2D/3D augmented visual representations and
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auditory sounds; (ii) presenting language knowledge relating to everyday objects
or real-world locations in an authentic learning environment; (iii) enabling a
variety of hands-on interactions on virtual objects or physical learning materials
with physical affordances; (iv) drawing learners’ attention to important phono-
logical knowledge using augmented overlay; and (v) supporting word spelling or
preposition word learning in physical and digital space. (c) Learning goals
should pay attention to phonological knowledge which is crucial to early lan-
guage learning; (d) Designers should consider the use context of AR in the
design process, including (i) providing a smooth transition between traditional
instruction and AR instruction, (ii) considering teachers’ role and level of par-
ticipation in AR instruction, (iii) splitting roles of scaffolding between an AR
application and a teacher, (iv) designing strategies to support positive collabo-
rative learning, (v) exploring AR design in specific learning contexts, and (vi)
offering easy access for teachers to update AR content. We also suggest two
research directions: (a) understanding the learning effect of various design strat-
egies and (b) investigating the generalization and maintenance of AR learning
gains as well as the effectiveness of instruction with AR applications and similar
computational systems.
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Notes

1. GUIs are a standard computing paradigm which graphical representations displayed
on the screen are manipulated with generic remote controllers such as mice and key-
board (Ishii, 2008).

2. TUIs are a computing paradigm where the real world is augmented by embedded
physical objects with digital information (Ishii & Ullmer, 1997).
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3. A narrative review uses a qualitative interpretation of the literature (H. Yang &
Tate, 2009).

4. A systematic review systematically searches, filters, and classifies articles in order to
produce a qualitative and quantitative summary (H. Yang & Tate, 2009).

5. A meta-review aims at statistically providing support by analysing the quantitative
results of many empirical studies (H. Yang & Tate, 2009).

6. This affordance is kindly related to Affordances (1) and (3), but focuses more on the
spatial benefit offered by AR applications.

7. See http://playosmo.com

8. See http://www.marbotic.fr
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