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Abstract

Recently, augmented reality (AR) technologies have been widely used in language learning. Although
many studies have identified the multiple benefits and affordances of AR technology in language learning,
very few meta-analyses have been conducted on AR in this field to understand its effectiveness in
language learning. To this end, this meta-analysis included 35 articles with 2171 participants published
between 2010 and 2023. Based on the PICO framework (population, intervention, comparison, and
outcomes), linguistic gains and affective gains are taken as outcome variables to investigate the
application effects of AR on students’ language learning performance as well as the effects of educational
levels, types of AR display devices, specific language skills, intervention duration, and other moderating
variables. The results show that AR has the potential to enhance linguistic gains (Hedges’ g = 0.734, CI
[0.537-0.932], p < 0.001) and that AR-based learning material is beneficial for increasing affective
gains, such as motivation, attitudes and self-efficacy (Hedges” g = 0.692, CI [0.491,0.893], p < 0.001).
The research indicates that AR technology has great potential to improve language learning and provides
suggestions for further research and practice on the use of AR-assisted language learning.
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Introduction

Language learning is becoming increasingly important with the increasing trend of globalization.
However, language learning involves challenges for many students because of the lack of a real learning
environment. It is essential that language learners are provided with an authentic learning environment
and meaningful tasks (Chen & Hwang, 2020). With advances in science and technology, augmented
reality (AR) is becoming increasingly popular in education and is considered one of the key emerging
forms of instructional technology (Martin et al., 2011; Cai et al., 2022).

AR is a technology that enables users to view computer-generated objects overlaid with reality (Azuma,
1997) and the live integration of virtual objects or digital and virtual information (graphics, sounds, and
haptic feedback) in an authentic environment (Majid & Salam, 2021). The emergence of AR technology
dates back to the 1990s. The rise of personal mobile devices, especially since 2010 (Mekni & Lemieux,
2014), has led to accelerated growth of AR applications in many fields such as tourism, medicine, and
education. Garzon et al. (2019) pointed out that the use of AR in education has steadily increased since
2010, enriching the teaching and learning process while also providing new options to enhance language
learning. Zhang (2018) noted that AR technology has grown rapidly in recent years, with the emergence
of mobile applications such as Participatory Augmented Reality Simulations (PARS) and Mobile
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Augmented Reality (MAR). Overall, AR has evolved rapidly in recent years, becoming more
sophisticated, powerful, and affordable (Hwang et al. 2023; Shadiev & Liang, 2023). For these reasons, it
is widely used by scholars in the field of technology-assisted language learning to support language
learning and teaching (Cai et al., 2022; Yilmaz et al., 2022).

Although most research on the application of AR in language learning shows positive results (e.g., Tsai,
2020; Geng & Yamada, 2020; Mozaffari & Hamidi, 2022), some studies are not optimistic (e.g., Guerra
et al., 2020; Radu, 2012). For language learning, actual learning outcomes have been mixed
(Godwin-Jones, 2023; Bonner & Reinders, 2018). This paper argues that these studies have different
conclusions because of their different foci. Regarding research interventions, some studies consider the
first language (Wang, 2017), while others consider the second language (Tsai, 2020). Some studies only
last for one day (Ji & Shin, 2019), while others last for up to half a year (Wen, 2018). In addition,
different language skills are learned in different studies, such as listening, speaking, reading, and writing.
In terms of research results, some studies focus on the acquisition of knowledge content (Bursali &
Yilmaz, 2019), while others pay attention to learning attitudes or motivation (Ji & Shin, 2019). Cai et al.
(2022) conducted a meta-analysis of 21 articles on AR-supporting language learning from 2008 to 2020
and found that the application of AR had a significant impact on learners’ language acquisition and a
small to moderate impact on their motivation. However, in terms of emotional gains, Cai et al. (2022)
examined learners’ motivation, without considering learning attitude and self-efficacy. Thus, it is
necessary to conduct a meta-analysis to comprehensively and systematically consider the application
effect of AR in language learning, including language gain in knowledge and skills and emotional gain in
motivation and attitude.

By conducting a full-scale investigation of effect sizes, this meta-analysis aims to provide a
comprehensive analysis of the impacts of AR technology on language learning from 2010 to 2023. We
followed the PICO framework to formulate the research questions (Higgins & Green, 2008). The
elements of the PICO framework are Population, Intervention, Comparison, and Outcomes. Some meta-
analyses used the PICO framework as the research framework (e.g., Chen et al., 2022; Garzon &
Acevedo, 2019; Helvich et al., 2023). In Helvich’s study, the population, intervention, control, and
outcomes (PICO) review framework was used to formulate the literature search strategy, research
questions, and eligibility criteria. To achieve our purpose, based on the PICO framework, we identify the
extent to which population characteristics (the level of education) and intervention characteristics (the
treatments of studies) moderate students’ language learning outcomes. In this study, the population refers
to students of different education levels (from preschool to college). The intervention is considered the
treatment (e.g., the AR display device, target language, intervention duration, and L1/L2) of a study.
Comparison is made with traditional teaching methods and pedagogical tools (non-AR). The outcomes
focus on students’ learning performance of AR applications on language learning, including linguistic
gains (e.g., language skills and knowledge or content learning) and affective gains (e.g., learning
attitudes, motivation, and self-efficacy). As a result, the research questions are formulated as follows:

1. What is the overall effectiveness of AR applications on students’ linguistic gains and affective gains?
Are there any significant positive effects?

2. What kinds of moderator variables influence the overall impact of AR on students’ language
learning?

Literature review

Applications of AR in language learning

Numerous researchers have investigated the application of AR in language learning. Piriyasurawong
(2020) attempted to design a scaffolded AR model to enhance undergraduate students’ deep reading
skills. The results showed that the AR-based scaffold model can help learners develop their deep reading
abilities. Wu (2021) used a location-based AR game to help students learn English, which improved
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language learning, increased interaction between students, and enhanced interest. Wen et al. (2023) used
filters in conjunction with other AR applications to provide corrective feedback for pronunciation practice
while reducing embarrassment and anxiety during personal interactions with teachers. Diegmann et al.
(2015) stated that AR can improve learners' cognitive and spatial abilities, creativity, attention, and
concentration.

Although most studies on the application of AR in language learning present rather positive results, some
research conclusions are not optimistic. Wen et al. (2021) stated that in AR-supported learning
environments, learners need more time to familiarize themselves with AR technology and its application
in the language learning process. Guerra et al. (2020) found that AR was not more effective than video in
improving students’ listening skills. Radu (2012) identified attention diversion, difficulty in using AR,
ineffective classroom integration, and the inability to cater to high-achieving students. In addition, some
students have expressed concerns about the use of AR technology, such as reduced learning efficiency
and damaged eyesight (Tsai, 2020).

It can be concluded from the above information that the application of AR in language learning has mixed
effects, with a majority of studies showing positive impacts. It is necessary to conduct a meta-analysis and
consider the overall measure of the impact of AR on language learning more comprehensively and
systematically. Therefore, it is important to explore the specific effect sizes when using AR applications
for language learning.

Previous review studies on AR-assisted language learning

Several literature reviews in the field of language learning have been conducted regarding the use of AR
applications. Parmaxi and Demetriou (2020) reviewed the research on the use of AR in language learning
with a focus on the devices and software of AR, the language and environment of AR applications, the
theoretical guidance, the number of participants in the activities, and the benefits of using AR in language
classrooms. They compared the skills cultivated by AR with the KSAVE 21st-Century Skills Framework
and found that the potential of AR is mainly focused on key language skills and does not involve skills
related to life and career. Although this study elaborated on AR’s current status and future development in
language learning, it did not use a meta-analysis method to calculate the effect size of AR in language
learning.

Cai et al. (2022) included motivation as a consideration and found that AR applications significantly
impact learners’ language gains and have a small to moderate impact on motivation. Fan et al. (2020)
discussed how learning activities and teaching strategies are related to the learning process and result
when AR applications are used to support early language learning. Chen et al. (2022) conducted a meta-
analysis of the impact of XR on language learning from 2000 to 2022, and the results showed that XR
promotes language learning. However, this article did not consider emotional factors such as learners’
emotions and attitudes affected by XR, and it conducted a meta-analysis of the impact of XR rather than
specifically analyzing AR.

Previous literature reviews show that the application of AR in language learning generally has a positive
effect, and variables such as learners’ educational level, AR devices, AR intervention duration, and
intervention environment may affect the effectiveness of AR intervention. However, the specific effects
of AR applications in language learning are still insufficiently understood. Further analysis of the extent
to which population characteristics (level of education) and intervention characteristics (the treatments of
studies) moderate students’ language learning outcomes is needed, which requires a meta-analysis.

Method

This meta-analysis followed a rigorous research process to collect, assess, and summarize empirical
evidence related to the research questions. We followed the PRISMA guidelines (Moher et al., 2009) and
recommendations outlined by Glass et al. (1981). This procedure requires a meta-analysis to collect
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studies, code study features, calculate the effect size of each study on a common scale, and investigate the
moderating effects of the study’s characteristics. In addition, this study examined whether the results were
affected by publication bias. Below, we provide detailed information on these activities.

Searching studies
Inclusion criteria

Since 2010, the use of AR in education has increased steadily (Garzon et al., 2019), so we chose 2010 as
the starting year of literature screening. We followed the following inclusion criteria to select the
literature to meet the meta-analysis requirements: All papers had to be written in English and published
between 2010 and 2023. The studies had to be empirical and had to adopt either an experimental or quasi-
experimental research design in which the experimental group used AR-assisted students’ language
learning compared to control groups that used other learning methods. The experimental and control
groups’ learning content had to be the same. The studies should explain the target language and skills
supported by AR. Furthermore, the studies had to provide sufficient information to calculate effect sizes,
such as mean scores, standard deviations, and sample sizes. Finally, the experimental results included
learning achievement or affective gains.

Data sources and search results

To obtain relevant sufficient and scientific papers, this study searched journal articles and conference
papers published from 2010 to 2023. The major databases used for the searches were the Web of Science
Core Collection, Scopus, Springer Link, ERIC, and IEEE. After several attempts, the final retrieval
strategy was determined as follows: TS = ((AR OR augmented reality) AND (language learning OR
second language OR foreign language OR language acquisition OR EFL)). Moreover, the major journals
of educational technology (e.g., Computers & Education, Computer Assisted Language Learning, and
Journal of Computer Assisted Learning) were perused as a supplement, and the articles found in them
would be added to the selection pool.

The process of literature identification, screening, and eventual inclusion in this meta-analysis is shown in
Figure 1. We found 2067 journal articles and conference papers related to AR-assisted language learning
and 23 articles from other sources during the first phase of literature selection. After removing duplicates,
two researchers read the title and abstract of each article and then eliminated papers that were not relevant
to AR-assisted language learning. This process resulted in 359 papers. We then read the full text of all
remaining articles to verify that they met the criteria, including whether the work was an empirical study
comparing an AR group to a non-AR group, reported language gains, and provided sufficient data to
calculate the effect sizes. Thirty-five scholarly papers were ultimately selected based on these criteria. Of
the 35 articles, 31 were linguistic gains, 13 were affective gains, and 9 included both linguistic and
affective gains.

Data coding

As shown in Figure 2, we designed a data extraction form based on the PICO framework to collect
information to address the research questions.

The coding scheme was built upon categories and factors identified as valuable in previous AR research.
The data form was composed of four main categories:

(a) Basic research information, including the author’s last name, year of publication, region, and article
title.

(b) Population: Research participants’ education level, including preschool, elementary school, middle
school, and college.



Juan Wu, Huiting Jiang, and Shiya Chen 5

(©)

(d)

Intervention: The research treatment, including types of AR display devices, target language,
language skills, intervention duration, and language types. In line with Parmaxi and Demetriou
(2020), AR display devices were grouped into mobile-based AR and computer-based AR. The target
languages were coded into English, Chinese, Japanese, etc. Language skills categories were coded
based on the selected articles, such as listening, speaking, reading, writing, and vocabulary
acquisition. If no specific language skill but students’ overall language performance was examined in
the study or more than one skill was tested, those skills were coded as the integrated language
(Hwang & Fu, 2019). According to the classification of Sailer and Homner (2019), the duration of the
intervention was divided into up to 1 day, up to 1 week, up to 1 month, up to half a year, and up to 1
year. Moreover, language types were categorized into the first language (L1) or foreign language (L2)
based on Hwang and Fu’s (2019) classification.

Outcomes: Learning outcomes included linguistic gains (e.g., language skills and knowledge or
content learning) and affective gains (e.g., learning attitudes, motivation, and self-efficacy) (Hwang &
Fu, 2019; Wang et al., 2020).

The two researchers coded 35 articles according to the abovementioned coding rules. The coding process
was consistent, and occasional disagreements were discussed and resolved by consensus. The researchers
examined, modified, and refined the codes throughout the entire process until high reliability was
achieved based on final data outcomes.

Figure 1

PRISMA Flowchart of Article Selection
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Figure 2
Coding Framework to Collect the Information
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Intervention
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AR display
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________________________________________________________________________

Comparison

Outcomes
Linguistic gains
Affective gains

Data analysis
Computing effect sizes

To analyze the effectiveness of AR applications on students’ language learning achievement, it is
necessary to calculate the overall estimates by aggregating the calculated effect sizes. To this end, this
study used CMA 3.0 software to calculate the overall average of effect sizes. Combining effect sizes from
different research designs requires all effect sizes to be in the same metric (Glass et al., 1981). Thirty-five
articles were included in this meta-analysis. In this study, the effects from the same study are coded as
independent effect sizes. If there are multiple independent samples in a study, we code them separately
and yield multiple independent effect sizes. We chose to use Hedges’ g as a standardized measure of
effect sizes for computation in this study because Cohen’s d is biased when used with small samples such
as this study. The I test was used to examine heterogeneity. If there is heterogeneity, the random-effects
model is used; otherwise, the fixed-effect model is chosen.

Moderator analysis

It was necessary to calculate how the selected moderator variables influence the effectiveness of AR
applications on students’ language learning achievement. To this end, this study used CMA 3.0 software
to investigate how the moderator variables influenced the effects of AR on students’ language learning.
Q-tests were conducted to examine whether the moderator variable was significant.

Publication bias analysis

Meta-analyses may be affected by the publication bias derived from multiple aspects (Egger et al., 1997).
To evaluate the confidence of the results, a funnel plot and Egger’s test were performed to examine
whether the results were affected by publication bias. A funnel plot depicts the effect size against the
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precision with which it is estimated (Duval & Tweedie, 2000). Egger’s test estimates the relationship
between the observed effect size and the standard error (Debray et al., 2018).

For linguistic gains, the visual analysis in Figure 3 shows an ideal symmetrical distribution on both sides
of the vertical line to some extent, and Egger’s test indicated no publication bias in language gains (t=
0.24, p > 0.05). Therefore, we could confirm the absence of publication bias in linguistic gains. Regarding
affective gains, Figure 4 shows that the funnel plot was not symmetrical, but Egger's regression test
indicated no publication bias in affective gains (t= 1.20, p > 0.05). Thus, we can confirm that there is no
publication bias in affective gains.

Figure 3

Funnel Plot Assessing Publication Bias on Linguistic Gains
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Results

Description information

This meta-analysis includes thirty-five articles published between 2010 and 2023, and the basic
information is shown in Appendix A. Different regions researched AR-assisted language learning. China
had the most relevant articles, with a total of 16 articles. The sample sizes of the studies ranged from 8 to
130 participants, and the total sample size was 2171. The moderating variables in this meta-analysis
included educational level, types of AR display devices, target language, language skills, intervention
duration, and language types. See Appendix B for details. In terms of education level, college students
and elementary school students had the largest percentage of articles, accounting for 40% and 34.3%,
respectively. Concerning the types of AR display devices, mobile-based AR (91.4%) had the widest
usage. For language skills, the most frequent issues were vocabulary (57.1%) followed by reading
(17.1%) and integrated language (11.4%). Finally, the main target language was mostly English (77.1%),
and most articles were on L2 learning (88.6%).

Overall effect size

Table 1 shows the overall effect sizes of linguistic gains and affective gains. Thirty-one articles were used
to analyze overall effect sizes for linguistic gains and 13 articles were used to analyze overall effect sizes
for affective gains. Because the Q statistics and I? statistics showed that the effect sizes in linguistic gains
and affective gains were highly heterogeneous (p < 0.001), this study used the random effects model to
pool the data. This indicated that one or more moderators were attributable to this heterogeneity rather
than sampling error (Borenstein et al., 2010). This study analyzes the moderating analysis described in
Sections 4.3 and 4.4.

The overall effect sizes showed a significant, positive, medium influence of AR applications on linguistic
gains (g =0.734, C1[0.537-0.932], p < 0.001) and affective gains (g = 0.692, C1[0.491,0.893], p <
0.001). This overall average effect size suggested that AR-assisted language learning greatly impacted
students’ linguistic gains and students’ affect toward language learning classrooms according to Cohen’s
(1992) effect-size interpretation benchmarks (0.2, 0.5, and 0.8 as small, medium, and large, respectively).
In other words, the use of AR technology has a better effect on learners' linguistic and affective gains than
not using AR technology.

Table 1
The Effect Sizes of Linguistic and Affective Gains in the Random Effects Model

Category Effect Size Heterogeneity
Dependent k g SE 95% CI Q-Value df(Q) p I?
Variable

Linguistic 65  0.734  0.101***  [0.537,0.932] 461.632 64 0.000  86.1%
gains
Affective 60 0.692  0.103***  [0.491,0.893] 394.461 59 0.000  85.0%
gains

Note. k, the number of effect sizes; g, Hedges’ g; O-value, Q value of the heterogeneity test between the subgroups;
CI, confidence interval.

5% ) < 0,001,
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The effect sizes of moderator variables on linguistic gains

Six moderator variables were used to test the possible influence of AR on linguistic gains. It is worth
mentioning that when the effect size of the target language on linguistic gains and affective gains is
examined, the target language is divided into English, Chinese, and others to reduce errors. Table 2
presents the descriptive statistics for the six identified moderator variables. Language skills and the
duration of AR intervention were significant moderators (p < 0.001). It shows that different intervention
times of AR had different effects on students’ linguistic gains, and students’ application of AR has
different effects on learning different language skills.

For language skills, the effect size was largest for vocabulary (g = 0.756), followed by reading (g =
0.728), and integrated language (g = 0.716). In terms of intervention duration, the results revealed that an

intervention lasting up to half a year had the largest effect size (g = 1.364), followed by up to 1 month (g
=0.933).

The results showed that the other four moderating variables had no significant effect on the effectiveness
of AR applied to students’ language gains, but there were differences in the effect sizes of the different
variables under certain moderators. For example, regarding educational levels, preschool (g = 0.782) and
middle school (g =0.781) had the largest effect on linguistic gains, followed by college (g = 0.729) and
elementary school (g = 0.680).

Table 2

Descriptive Statistics for the Moderator Analysis on Linguistic Gains

Category k g 95% CI Qs af p
Education level 0.312 3 0.958
Preschool 4 0.782° [0.071,1.494]

Elementary school 24 0.680° [0.337,1.023]

Middle school 11 0.781° [0.631,0.930]

College 26 0.729°  [0.344,1.114]

AR display devices 0 1 0.992
Mobile-based AR 61 0.735° [0.533,0.937]

Computer-based AR 4 0.730° [-0.273,1.733]

Target language 2.694 2 0.260
English 42 0.809° [0.554,1.063]

Chinese 5 1.021° [0.148,1.893]

Others 18 0.490¢ [0.153,0.828]

Language skill 21.696*** 4 0.000
Reading 22 0.728° [0.347,1.109]

Vocabulary 33 0.756° [0.482,1.031]

Writing 5 0.672° [0.152,1.192]

Speaking 1 -0.562 [-1.078,-0.046]

Integrated language 4 0.716° [0.382,1.050]

Intervention duration 46.877*** 4 0.000
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Up to 1 day 23 0.753° [0.472,1.033]

Up to 1 week 2 -0.416 [-1.057,0.226]

Up to 1 month 18 0.933° [0.641,1.225]

Up to half a year 10 1.364° [0.642,2.087]

Up to 1 year 12 0.051 [-0.125,0.228]

L1/L2 3.465 1 0.063
L1 20 0.489¢ [0.211,0.768]

L2 45 0.849° [0.593,1.104]

Note. Op, between-group homogeneity.
“Large effect; "Medium effect; “Small effect.
*¥**p < 0.001.

The effect sizes of moderator variables on affective gains

This study also analyzed the influence of the moderating variables on affective gains. Levels with k < 1
were excluded from the analyses. Table 3 shows the descriptive statistics for the five identified moderator
variables, including the average effect sizes by the values of each moderator variable and the number of
associated effect sizes. Education level, target language, language skills, and L1/L2 were significant
moderators (p < 0.001). It showed that the application of AR had different effects on students' affective
gains at different educational stages. The application of AR had different effects on the affective gains of
learning different target languages and different language skills.

Concerning age groups, there were large effects on the affective gains of elementary school students

(g = 1.846) and preschool students (g = 0.772), but there were small effects for middle school students
(g =0.392) and college students (g = 0.224). For the target language, English obtained the largest effect
sizes (g = 0.976). For language skills, the effect size was largest for vocabulary skills (g = 1.238),
followed by reading (g = 0.757). Regarding L1/L2, L2 showed a larger effect size (g = 0.908) than L1
(g=0.188).

With respect to intervention duration, the findings indicated that interventions lasting up to 1 day had the
largest effect size (g = 0.775), followed by those up to a month (g = 0.726).

Table 3

Descriptive Statistics for the Moderator Analysis on Affective Gains

Category k g 95% CI Qs df p
Education level 23.933%#* 3 0.000
Preschool 10 0.772° [0.559,0.984]

Elementary school 13 1.846% [1.171,2.521]

Middle school 26 0.392°¢ [0.146,0.639]

College 11 0.224°¢ [-0.085,0.533]

Target language 20.831%*** 2 0.000
English 36 0.976" [0.697,1.254]

Chinese 18 0.188 [-0.006,0.382]
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Others 6 0.514° [0.112,0.916]

Language skill 32.309%** 3 0.000
Reading 9 0.757° [0.543,0.972]

Vocabulary 24 1.238" [0.855,1.621]

Writing 19 0.176 [-0.006,0.357]

Integrated language 8 0.364¢ [-0.178,0.905]

Intervention duration 5.215 3 0.157
Up to 1 day 20 0.775° [0.576,0.973]

Up to 1 week 5 0.371° [0.022,0.721]

Up to 1 month 34 0.726° [0.400,1.053]

Up to half a year 1 0.455°¢ [0.082,0.828]

L1/L2 19.812%** 1 0.000
L1 18 0.188 [-0.006,0.382]

L2 42 0.908" [0.657,1.159]

Note. Op, between-group homogeneity.
“Large effect; "Medium effect; “Small effect.
*¥**p < 0.001.

Discussion

The effectiveness of AR-assisted language learning

The overall effect size of the studies examined in this meta-analysis shows a significant, positive,
moderately large influence of AR applications on students’ linguistic gains (g = 0.734) and affective gains
(g=0.692). This study is consistent with the conclusions of Cai et al. (2022) that AR technology exerts a
large impact on learning effectiveness. This finding provides evidence for the ability of AR technology to
improve language learning. In other words, AR applications can increase linguistic gains and affective
gains compared with environments without AR applications due to the following characteristics. First,
AR applications have the potential to activate a digital overlay in the form of text, audio, video, or images
(Parmaxi, 2021). According to Mayer's (2022) multimedia learning theory, AR can promote language
learning by simultaneously presenting content, vision, and sound to learners because it can trigger vivid
memory and improve content understanding. Second, AR increases students’ active interaction with
learning materials (Hsu, 2017; Santos et al., 2016; Solak & Cakir, 2015). AR hands-on interaction with
physical 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). Third,
AR simulates and increases students’ contextual learning experiences (Perry, 2015). The engagement
students experience when interacting with engaging AR applications may enhance their interest in
language learning, thereby encouraging them to further explore the learning content (Chen & Chan, 2019;
Pack et al., 2020). In these cases, students highly engaged in learning activities, which resulted in positive
effects on their learning (Huang et al., 2021). Fourth, in some contexts, subtractive AR can reduce
learners' cognitive load by hiding elements that are not related to the material being learned in the real
world, helping students to focus on language learning and thus improving learning outcomes (Wen et al.,
2023). Finally, AR-enhanced games provide opportunities for dynamic negotiation and collaboration (Liu
et al., 2016). Through negotiation with peers and with strangers in the social context, students can apply
the language they are learning in real contexts (Zhang, 2018). Our meta-analysis reveals the potential for
the use of AR applications in language learning and provides teachers with options to support their
teaching.



12 Language Learning & Technology

The moderator analyses of AR-assisted language learning
Moderator analysis for linguistic gains

In this meta-analysis, we identify six moderator variables and investigate how the design of the
intervention influences linguistic gains. Although the overall results are positive, the results of our
moderator analysis indicate that only two moderators (language skills and intervention duration) are
significant. In other words, language skills and intervention duration significantly affect students’
linguistic gains.

There were significant differences among the various language skills, which may be because there was
only one article about AR supporting speaking skills in the included research, and its effect size was
-0.562. It is worth noting that vocabulary (g = 0.756), reading (g = 0.728) and integrated language

(g =0.716) demonstrated a large effect size. These findings align with previous research showing that AR
is most effective in supporting vocabulary and reading learning (Demetriou, 2020). Li et al. (2016) hold
that AR presents word knowledge in near authentic contexts, which is conducive to students’
comprehension of word meanings and consolidation of form-meaning connections; consequently, it is
easy for students to recall target word knowledge later. For reading, Bursali and Yilmaz (2019) found that
compared with students in the control group, the students in the experimental group who used AR
technology had a higher level of reading comprehension and learning persistence. For writing,
Abdelrahim (2023) found that the experimental group using AR technology was better than the control
group not using AR technology in critical thinking and writing. Lin et al. (2020) designed and
implemented an AR context aware ubiquitous writing (ARCAUW) application, and found that ARCAUW
was conducive to the development of task schema in long-term memory, motivation, and self-regulation
in writing. The impact on speaking was small (g =-0.562). Nevertheless, the advantages of using AR
technology for speaking should not be ignored. Wen and Hu (2023) found that the online multimodal CF
environment equipped with AR annotation and filters played a significant role in improving the
participants’ production of the target segments.

In addition, the effectiveness of AR applications was significantly different based on the duration of
intervention. The meta-analysis showed that the largest impact was with an intervention of up to half a
year, followed by up to 1 month. Some studies show that due to continuous exposure to pedagogical tools
that are beneficial to the learning process, higher student performance scores tend to last for a long time
(Chauhan, 2017). These findings suggest that language learners may benefit from integrating AR
applications as part of a long-term course.

Regarding students’ educational level, there was no statistically significant difference between the
different categories of education levels. Chen and Chan (2019) suggest that AR can be used by educators
to facilitate language learning activities for younger students. Majid and Salam (2021) believe that
elementary school students are suited to AR-enhanced language learning applications because they are
developing their basic language skills.

In terms of the use of AR display devices, the use of mobile-based AR (g = 0.735) and computer-based
AR (g =0.730) had almost the same effect on linguistic gains. Most studies have used mobile device-
based AR, mainly due to the easy usability of smartphones and tablets and the affordability of handheld
devices, which include portability, social interaction, context sensitivity, connectivity, accessibility, and
personalization (Reinders & Pegrum, 2016). A few studies have used computer-based AR. For example,
Yang and Liao (2014) integrated the latest AR and computer vision technologies into a virtual English
classroom called VECAR to facilitate interactive language learning. In short, the use of both mobile-
based AR and computer-based AR in the classroom can increase students’ linguistic gains, which will
encourage more language teachers to apply AR to their teaching.

Although there was no indication that the target language and L1/L2 were significant moderators,
moderated analyses showed potential when teaching a variety of languages with AR tools. The target
language of most studies is English. Other languages showed near-moderate effect sizes (g = 0.490). The
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results report that AR technology can be used for both native and second language learning and has good
potential as a suitable tool for learning non-English languages.

Moderator analysis for affective gains

We examined five moderator variables in this meta-analysis and investigated how the design of the
intervention influenced the affective gains. Four of the five moderator variables were found to be
significant: the educational level of students, target language, language skills, and L1/L2. In other words,
educational level, target language, language skills, and L1/L2 significantly affect students' emotional
gains, such as students’ motivation, attitude, interest, and flow experience.

Students’ educational level was found to significantly influence their affective gains, with the most
noticeable impact on elementary school students (g = 1.846) and preschool students (g = 0.772). Garzon
et al.’s (2019) review highlighted that AR systems can provide elementary school students with the ability
to learn while playing, which is highly motivating for young students. The results showed that college
students and middle school students were less motivated to use AR in language learning. Garzon et al.
(2019) believed this may be because college students have more opportunities or more access to
innovative technologies than younger students.

For the target language, English and other languages obtained slightly larger effect sizes. The findings
demonstrate the effectiveness of AR technology in facilitating affective gains in multiple target language
learning.

In terms of language skills, there were significant differences among the various language skills.
Vocabulary (g = 1.238) and reading (g = 0.757) demonstrated large effect sizes. In other words, students
have higher motivation, attitudes, and flow experiences when applying AR to vocabulary learning and
reading. A possible reason is that AR visualizes 3D images of the target words and provides students with
an immersive feeling by allowing them to interact with virtual objects when learning vocabulary and
reading, so students are motivated to learn and are highly engaged in learning activities.

Regarding L1/L2, L2 showed a larger effect size than L1. In general, it seems that the application of AR
technology in both first and second-language learning can improve students' interest, motivation, attitude,
etc., and lead to better affective gains, which suggests that AR technology has good potential as an
educational resource.

Regarding the intervention duration, there were no significant differences in affective gains across
intervention durations, but the effects were variable across intervention durations. The findings indicated
that an intervention of up to 1 day had the largest effect size (g = 0.775), followed by an intervention of
up to a month (g = 0.726). This suggests that students’ motivation, attitudes, and interest in language
learning are higher when the duration of the AR application intervention is shorter. Cai et al. (2022)
considered that high effect sizes on motivation at short and medium times may account for the novelty
effect.

Conclusion and prospects for future research

Conclusion and implications

Based on the results of 35 articles in this meta-analysis, we find evidence for the overall effectiveness of
AR applications in the field of language learning. We find an overall positive effect size of 0.734 and
0.692 on students’ linguistic and affective gains, respectively, suggesting that AR applications have a
medium to large effect on students’ linguistic gains and affective gains. Linguistic gains include language
skills, knowledge or content learning, and affective gains include learning attitudes, motivation, and self-
efficacy, etc. (Hwang & Fu, 2019; Wang et al., 2020). Many of the studies reported participants’ real
feelings during the experiment, including increased motivation (Belda-Medina & Marrahi-Goémez, 2023;
Chen, 2020; Chen et al. 2018; Ji & Shin, 2019; Santos et al., 2016; Tsai, 2020; Wang 2017), interest (Pu
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& Zhong, 2018), attitude (Kog et al., 2021; Lee, 2022), self-efficacy (Liu et al., 2022), reduced cognitive
load (Pu & Zhong, 2018), and brought a favorable flow experience (Yang et al., 2022). These findings
suggest that AR has the potential to enhance language learning gains, and AR-based learning material is
likely to promote motivation, attitudes, and self-efficacy. This research enriches techniques in the
language learning literature and helps language teachers and researchers fully understand the influence of
AR applications on students’ linguistic gains and affective gains. In addition, the results of this meta-
analysis are expected to provide evidence to support the use of AR in language learning and to encourage
language teachers and researchers to use AR equipment in teaching and conduct more research in this
field.

In addition, through moderator analysis for linguistic gains and affective gains, we identified how some
moderator variables influence the impact of AR on students’ language learning outcomes. We discovered
that two variables, language skills and duration of AR intervention, are significant moderating factors that
influence linguistic gains. This meta-analysis revealed that AR is most effective in supporting vocabulary
and reading learning, and exposure to AR applications for up to half a year is most effective for
improving learners’ linguistic gains. It is suggested that teachers consider using mobile-based AR for
language teaching for one semester. As for affective gains, AR is best able to increase motivation and
interest among elementary school students and preschoolers. Moreover, AR technology is effective in
promoting affective gains in learning multiple target languages and language skills.

Based on the above discussion, several suggestions for AR-assisted language learning are proposed. First,
the diversity of AR-assisted language learning should be enriched. The essence of AR-assisted language
learning is that AR technology is designed to improve the effectiveness of language learning methods.
Future research should not be limited to primary education and higher education but also focus more on
secondary education. Language learning projects mainly involve English as a second language. Few
studies pay attention to learning other languages as a second language, and there has been little research
related to native language teaching. Therefore, it is suggested that future research should consider
different languages with different skills to expand the diversity of AR-assisted language learning.

Second, more research should be conducted on the feasibility of applying AR to higher language skills.
Many studies have focused on the lexical level of language learning that requires identification,
memorization, and lower-level cognitive skills (e.g., Chen et al., 2020; Palaigeorgiou et al., 2018).
Approximately half of the 35 articles included in this study focused on vocabulary learning using AR. As
Majid (2021) said, more research should be conducted on the feasibility of AR usage applications for
more complex language skills, such as critical reading, contextual written language, and interpreting
relevant information. Because research on AR integration in education is still developing, the resulting
limitations could be overcome by fully exploring potential AR technology.

Third, students must be fully familiar with AR learning materials in advance. In some studies, the
learning effect of the experimental group using AR to support language learning is lower than that of the
control group without AR. For example, in some tests of Geng and Yamada (2020), the experimental
group scored lower than the control group. This may be because learners did not have sufficient
familiarity with the operation of AR devices and wasted time and energy becoming familiar with AR
learning materials. Therefore, when implementing AR, sufficient time should be scheduled to familiarize
learners with the operation of the devices as well as the application’s rules. Students must know how to
use the device before learning can happen (Liu et al., 2016; Perry, 2015).

Fourth, it is suggested that a framework be developed to evaluate the degree to which AR technology
actually achieves its goal (Parmaxi & Demetriou, 2020) and to evaluate the influence of AR on language
learning. In addition, to facilitate the goal of AR technology of promoting language learning, we suggest
reducing technical difficulty to increase the practicality and universality of AR that supports language
learning.
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Limitations and prospects for future research

As a limitation of this meta-analysis, only journal articles and conference papers published from 2010 to
2023 in the major databases and major journals were included. Future research can include more journal
articles, conference papers, doctoral theses, and articles in languages other than English to obtain a more
comprehensive perspective. Moreover, this study did not discuss some moderating factors, such as
students’ initial language proficiency, learning styles, teaching strategies, and AR interaction types.
Although the author initially coded these features, not all studies provided detailed information about
these variables, so the author could not collect sufficient data to perform a moderator analysis of these
variables. Further meta-analysis could be conducted to analyze whether these variables affect the overall
effect, but more data need to be collected.
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Appendix A. Basic information of the included studies

Study (Year) Region Sample Size (E/C)  Outcome
Alsowat (2016) Saudi Arabia 59 (30/29) linguistic gains
Abdelrahim (2023) Saudi Arabia 120 (60/60) linguistic gains
Belda-Medina & Marrahi-  Spain 130 (64/66) linguistic gains
Goémez (2023) affective gains
Binhomran & Altalhab Saudi Arabia 73 (38/35) linguistic gains
(2021)
Bursali & Yilmaz (2019) Turkey 89 (43/46) linguistic gains
Chang et al. (2020) China 40 (21/19) linguistic gains
Chen (2020) China 97 (49/48) linguistic gains
affective gains
Chen and Chan (2019) China 98 (48/50) linguistic gains
Chen et al. (2018) China 46 (24/22) affective gains
Costuchen et al. (2021) Spain 62 (31/31) linguistic gains
Cyget & Sivakumar (2023) India 77 (31/36) linguistic gains
Ebadi & Ashrafabadi (2022) Iran 64 (32/32) linguistic gains
Geng & Yamada (2020) Japan 21 (10/11) linguistic gains
He et al. (2014) China 40 (20/20) linguistic gains
Hung & Yeh (2023) China 46 (24/22) linguistic gains
Ji & Shin (2019) South Korea 38 (19/19) affective gains
Jia et al. (2023) China 60 (30/30) linguistic gains
Kog et al. (2021) Turkey 48 (24/24) affective gains
Lee (2022) South Korea 42 (20/22) affective gains
Lin et al. (2020) China 34 (17/17) linguistic gains
Liu et al. (2022) China 114 (61/53) linguistic gains
affective gains
Piriyasurawong (2020) Thailand 60 (30/30) linguistic gains
Pu & Zhong (2018) China 8 (5/3) linguistic gains
affective gains
Santos et al. (2016) \ 31 (18/13) linguistic gains
affective gains
Solak & Cakar (2015) Turkey 61 (30/31) linguistic gains
Tosto et al. (2020) Ireland 117 (Multiple linguistic gains

subgroups)
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Tsai (2018)

Tsai (2020)

Wang (2017)

Weerasinghe et al. (2022)

Wen (2018)
Wen (2019)

Wen et al. (2023)

Yang & Liao (2014)
Yang et al. (2022)

China

China

China

Singapore
Singapore
China
China
China

66 (Multiple
subgroups)

42 (22/20)

30 (15/15)

32 (16/16)

49 (24/25)
96 (49/47)
60 (30/30)
44 (22/22)
40 (20/20)

linguistic gains

linguistic gains
affective gains
linguistic gains
affective gains
linguistic gains
affective gains
linguistic gains
linguistic gains
linguistic gains
linguistic gains
linguistic gains
affective gains

Appendix B. The specifications of the included studies in terms of the selected

moderators
Study (Year) Moderators
Education = AR display Target Language  Intervention L1/L
level devices language skill duration 2
Alsowat (2016) College Mobile- English  Reading Up to half year L2
based AR
Abdelrahim College Mobile- English ~ Writing Up to half year L2
(2023) based AR
Belda-Medina  Middle Mobile- English ~ Vocabulary Upto 1 month L2
& Marrahi- school based AR
Gomez (2023)
Binhomran &  Elementary Mobile- English  Vocabulary Upto 1 month L2
Altalhab (2021) school based AR
Bursali & Middle Mobile- Turkish ~ Reading Upto Il month LI
Yilmaz (2019) school based AR
Chang et al. Middle Mobile- English  Integrated  Up to halfa L2
(2020) school based AR year
Chen (2020) Elementary Mobile- English  Integrated  Upto 1 day L2
school based AR
Chen and Chan Preschool Mobile- English  Vocabulary Upto 1 month L2
(2019) based AR
Chen et al. Elementary Mobile- English ~ Vocabulary Up to 1 day L2
(2018) school based AR
Costuchen et al. College Mobile- English ~ Vocabulary Up to 1 day L2
(2021) based AR




22

Language Learning & Technology
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Geng &
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He et al. (2014)
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Ji & Shin
(2019)
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Lee (2022)
Lin et al. (2020)
Liu et al. (2022)
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(2020)

Pu & Zhong
(2018)

Santos et al.
(2016)

Solak & Cakir
(2015)

Tosto et al.
(2021)

Tsai (2018)
Tsai (2020)
Wang (2017)
Weerasinghe et

al. (2022)
Wen (2018)

Elementary
school

College

College
Preschool
College

Elementary
school

College

Middle
school

College
College

Elementary
school

College
Preschool
College

Elementary
school

Elementary
school

Elementary
school

Elementary
school

Middle
school

College

Elementary
school

Mobile-
based AR

Mobile-
based AR

Mobile-
based AR

Mobile-
based AR

Mobile-
based AR

Mobile-
based AR

Mobile-
based AR

Mobile-
based AR

Mobile-
based AR

Mobile-
based AR

Mobile-
based AR

Mobile-
based AR

Mobile-
based AR

Mobile-
based AR

Computer-
based AR

Mobile-
based AR

Mobile-
based AR

Mobile-
based AR

Mobile-
based AR

Mobile-
based AR

Mobile-
based AR

Tamil

English

Japanese
English
English
English
English
English
English
English
English
English
English
Filipino,
German
English
English
English
English
Chinese

Japanese

Chinese

Vocabulary

Reading

Vocabulary
Vocabulary
Vocabulary
Vocabulary
Vocabulary
Writing
Integrated
Writing
Vocabulary
Reading
Vocabulary
Vocabulary
Vocabulary
Reading
Vocabulary
Vocabulary
Writing
Vocabulary

Vocabulary

Up to 1 month

Up to 1 month

Upto 1 day
Upto 1 day
Up to 1 month
Upto 1 day
Upto 1 day
Upto 1 day
Up to 1 month
Up to half year
Up to half year
Upto 1 day
Upto 1 day
Up to 1 week
Up to 1 month
Upto 1 year
Upto 1 day
Up to 1 month
Up to 1 month
Upto 1 day

Up to half a
year

L1

L2

L2

L2

L2

L2

L2

L2

L2

L2

L2

L2

L2

L2

L2

L1

L2

L2

L1

L2
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Wen (2019) Elementary Mobile- Chinese  Vocabulary Up to 1 year L2
school based AR

Wen et al. College \ English  Speaking Up to half year L2

(2023)

Yang & Liao College Computer- English  Mixed Up to 1 day L2

(2014) based AR

Yang et al. Preschool Mobile- English  Reading Up to 1 day L2

(2022) based AR
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