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Abstract

In recent years, an increasing number of teachers and researchers have used virtual
reality (VR) to enhance English as a foreign language (EFL) learning, but the learn-
ing effects they found varied. Because of these differences, we conducted a meta-
analysis. This study aims to compare the effectiveness of VR-based EFL learning
methods with traditional EFL learning methods, and to determine what factors led
to these results. We searched for articles published from 2015 to 2021 using Web
of Science, ERIC, and Google Scholar. A total of 23 randomized controlled trials
(RCTs) or quasi-experimental studies were included, and the effect size (ES) was
calculated. The results show that the VR-based EFL learning method is signifi-
cantly better than the traditional EFL learning method and has a small positive effect
(g=.445). We also coded the characteristics of the samples to examine their moder-
ating effect on the results. We found that educational levels, country/area, and EFL
learning outcomes have significant differences that can explain the variance in ES
among the samples. According to the analysis results, we also provide suggestions
on which learning outcomes are most helpful, how to choose the best educational
stages, learning materials, and type of VR to promote EFL learning performance,
and directions for future research and practice.
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1 Introduction
1.1 EFL learning

English has become the most widely used language in the world due to its wide-
spread use in science, business, commerce, and technology (Su, 2006). In today’s
society, many countries attach great importance to teaching and learning English
from primary school. For example, the majority of students in Asian countries are
required to learn English as a foreign language (EFL) to cultivate their global per-
spective as citizens and essential competencies for the twenty-first century (Lan,
2015). Because in these countries, English proficiency is considered essential to
compete in the international community. However, today’s English teaching still
faces many challenges.

The process of learning language as a communication bridge between people
and society is time-consuming and complicated. Atkinson (2002) emphasized
that language is a tool for society. Therefore, a suitable environment is a neces-
sary condition for language learning. Donato and Mccormick (1994) agreed that
the best way for foreign language learners to learn a language is to use it in an
authentic language environment. However, the lack of an authentic learning envi-
ronment is an obstacle that cannot be ignored in EFL learning. Some studies have
shown that second or foreign language learning is more efficient when it takes
place in a natural environment that includes as much physical interaction with the
environment as possible (Macedonia, 2014). However, in general, EFL learning
takes place in the classroom environment of the school, which does not have suf-
ficient authenticity.

Several problems have long been identified with EFL learning in the class-
room. Underdeveloped communicative skills in EFL usually lead to fear of com-
munication, self-consciousness, or silence, which then leads to foreign language
anxiety (FLA) (Aslan & Thompson, 2021). In addition, low proficiency EFL
learners will have greater English anxiety (Thompson & Lee, 2013). Demotiva-
tion is also a daunting problem that weakens EFL students’ interest in language
learning (Pathan et al., 2020). Factors such as teacher behavior, course content or
materials, and lack of self-confidence can potentially have a negative impact on
students’ language learning outcomes (Krishnan & Pathan, 2013).

In EFL learning, students also have problems in writing, listening, reading,
vocabulary, and so on (Jiang & Eslami, 2021; Pérez-Segura et al., 2020; Tai et al.,
2020a, b). In particular, the lack of an authentic language expression environment
has led to a generally poor listening and speaking proficiency of EFL learners. To
reduce or solve the above problems, many scholars are trying to use certain tech-
nologies such as robots, augmented reality, and educational games to create an
interactive learning environment for students (Almusharraf, 2021; Cheng et al.,
2020; Lin et al., 2020).

The social and autonomous requirements of the language learning process are
often not met, resulting in unsatisfactory language learning outcomes. Today, the
use of technology in education is becoming increasingly sophisticated. The use of
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technology for language learning has become a major focus of research and offers
new solutions for improving language learning methods. In this study, we will
explore the practical implications of applying VR technology to EFL learning.

1.2 VR technology

Virtual Reality (VR) offers an intriguing new way for people to perceive the world
and has received considerable attention since its inception. The origins of this tech-
nology can be traced back to the twentieth century (Sutherland, 1968). Bridges et al.
(2007) proposed the following core definition of VR: a system that aims to simulate
real-life experiences by providing topography, motion, and physics that create the
illusion of being there. This means that what users see is all virtual through VR
equipment. VR can use either the same tools as traditional display technologies
(such as televisions, computers, and smartphones) or dedicated head-mounted dis-
plays (HMDs), but its fundamental purpose is to simulate or build the environment,
and it is designed to revolutionize the interaction between the viewer, the display,
and the environment (Yin et al., 2021). Over time and with the development of tech-
nology, VR holds great promise to revolutionize healthcare, communication, enter-
tainment, education, manufacturing, and other fields (Chang et al., 2020).

VR systems can be divided into 3 major categories, non-immersive, semi-immer-
sive, and immersive, based on VR hardware equipment and development tools. The
first to emerge was non-immersive VR. Non-immersive VR systems, also called
desktop VR systems, have the least immersion and the lowest cost, and are currently
the most widely used. Users can interact with the virtual world using devices such
as a computer mouse and keyboard. Semi-immersive VR systems, such as CAVE
(Cave Automatic Virtual Environment), provide a high level of immersion while
maintaining the simplicity of desktop VR (Barrett et al., 2011). The immersive VR
system is the most expensive and provides the highest level of immersion. Its com-
ponents include an HMD, tracking devices, and data gloves that surround the user
with computer-generated 3D animations that create a sense of being part of the vir-
tual environment (Bamodu & Ye, 2013). Various HMDs such as Oculus Rift, Sam-
sung Gear VR, Google Cardboard, PlayStation VR, and HTC Vive are available on
the market (Acar & Cavas, 2020). Unlike the virtual world seen from the outside,
HMDs allow for personal viewing, creating a sense of immersion in learning (Wu
et al., 2020).

Currently, VR is most widely used in medicine, education, business, and gam-
ing. The application of VR in education is not a new topic. Accordingly, there
has been a lot of research on the application of VR to EFL learning. Compared
with traditional learning methods, EFL learning based on VR has many advan-
tages. For example, VR can provide a more realistic learning environment, or VR
can be repeated for training and reduce costs. A lot of research has been done in
the field of EFL in both non-immersive and immersive virtual reality. However,
semi-immersive virtual reality systems are not suitable for use in EFL learning
because they are uncomfortable to use.
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1.3 VR for EFL learning

VR’s greatest contribution to improving EFL learning is to create an immersive
environment for EFL learners. This enhancement also shows its unique advantages
over traditional multimedia. We can use VR software to create the necessary EFL
learning environments. Meanwhile, VR technology can be used in all age groups
without any restrictions, which also allows VR-based EFL teaching to be carried out
in all age groups. Liu (2021) used SL to build a virtual environment for students in
their EFL learning, which can not only provide students with learning opportunities
without time and space constraints, but also provide a game-like scenario for EFL
learning. He conducted research on 132 primary school students, and his results
showed that the sentence and conversation levels of the primary school students
were significantly improved.

VR technology with fun and reusable features is ideal for use in EFL learning.
For example, speaking is very important in EFL learning. However, developing oral
presentation skills is often considered to be a time-consuming activity (Chan, 2011).
Improving this skill requires considerable simulation and practice to achieve good
results. Meanwhile, heavy course loads leave instructors little time to teach oral
presentation skills, and creating more opportunities to practice and receive the nec-
essary feedback through more human assistance is neither feasible nor affordable.
(Bankowski, 2010; Schneider et al., 2017). In this circumstance, researchers hope
to help students solve their EFL learning problems by using devices that can attract
them to practice after class or enable more efficient EFL teaching in the classroom.
Obviously, VR technology can be one of them. Moreover, if VR can eliminate the
need for other training materials or even trainers, it can even be used as a cost-saving
measure (Howard & Gutworth, 2020).

Of course, these studies are based on the most basic features of VR. There are
also many researchers who have further explored the characteristics of VR com-
bined with learning theory in their experiments, and since learning activities sup-
ported by VR emphasize sociality, which is also necessary in EFL learning, VR can
promote different aspects of learners (Qiu et al., 2021). Some researchers claim that
the realistic nature of VR allows participants to go through psychological processes
and act out behaviors similar to what they would experience in a real-life scenario
(Coffey et al., 2017). The environment created by VR software could allow students
to move around and interact directly with the environment itself or to interact, com-
municate, and collaborate through avatars, which are still used in learning through
virtual environments such as Second Life (SL, a type of VR game) or multiplayer
online games (Christoforou et al., 2019). Yu et al. (2020) used SL as a platform
to manage collaborative projects for second language teaching and learning among
university students. After the experiment, the students’ speaking performance was
significantly improved due to the rich conversational opportunities provided by the
SL tasks.

Different learning strategies and learning activities are also widely used in empir-
ical research. Task-based learning, situational learning, and gamification learn-
ing have become the most widely used learning strategies. The fact that learning
materials and content can be presented visually in such an environment reflects
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the advantages of VR technology in supporting language learning and shows that
the application of VR technology can overcome the technical limitations of tradi-
tional learning media (Qiu et al., 2021). What’s more, Ebadi and Ebadijalal (2020a,
b) used collaborative learning activities in their experiment. They divided students
into two different groups as museum guides. The quantitative results showed that the
oral performance of the students in the experimental group was significantly higher
than that of the control group, and the students’ willingness to communicate was
improved at the end of the experiment. M. R. A. Chen and Hwang (2020a, b) used a
teacher-centered approach in their experiment. The experimental results showed that
VR-based learning had significant positive effects on students’ oral presentations,
speaking anxiety, and learning motivation.

Undoubtedly, VR has many obvious advantages in EFL learning. However, some
researchers have found that the effect of VR on EFL learning is not obvious. Lin and
Wang (2021) claimed that after their experiment, students’ creative self-efficacy was
partially improved, but the effect was not statistically significant. Dolgunséz, Yildi-
rim, and Yildirim (2018) found that after their treatment, learners scored slightly
higher in the traditional video condition than in the VR condition. This finding is
different from what most researchers have observed.

In general, teachers and researchers hope to use VR technology to create a realis-
tic simulation environment for students to enhance their EFL learning performance.

1.4 Study purpose

The above research results show that individual empirical research from a single
perspective does not help to determine the overall effectiveness of VR technology in
improving students’ EFL learning. Therefore, a comprehensive and reliable overall
research is needed to answer how to promote EFL learning through VR technol-
ogy is more effective. Similar studies have been conducted by previous researchers.
However, the difference is that they all analyzed the effect of VR based on all kinds
of language learning (Acar & Cavas, 2020; Wang et al., 2020).

Therefore, the EFL learning promotion effect of VR still needs to be further
clarified. Based on some divergent questions, the answers need deeper systematic
research. In order to reduce the uncertainty caused by a single study and obtain more
reliable conclusions, in the current article, we conduct a meta-analysis to determine
the overall effectiveness of VR training programs for EFL learning development.

VR-based EFL learning involves both EFL learning and VR technology. We
have referred to Yassin’s (2019) model of teaching language skills and Bai’s (2018)
model of computer-assisted language learning and teaching. To improve students’
language skills, the former focuses on integrating three theories in the process of
language teaching and learning, which are behaviorism, cognitivism, and construc-
tivism. The latter focuses on how to take full advantage of technology and explore
computer-assisted language learning. Each study has its own perspective. Although
the design processes of these studies on VR-based EFL learning are different, they
generally include some common characteristic elements. We have extracted the
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Table 1 Framework of our analysis

Basic element Explanation

Learners’ background It is important to consider the age, needs, goals, and environment of the
learners. Only then can appropriate learning materials, instructional
tasks and activities be developed

Learning theory Some studies will use the appropriate research theory, such as sociocul-
tural theory, situated learning, and immersion. There are also some
studies that take atheoretical approaches without applying theories

Learning activities This element includes the different learning activities such as personal
learning, teacher centered teaching or cooperative learning

Teaching/ Learning resources  This section focuses on the use of different materials for students.
Personalized resources, virtualized environment, and open system can
give students a better learning effect

Learning gains This element includes two main learning gains: linguistic gains and
affective gains. Learning gains, often referred to as academic gains,
include reading, writing, speaking, and listening. Affective gains
include motivation, attitude, etc

common elements from their studies to form the research framework for this study,
as shown in Table 1.

We aim to synthesize previous research on the learning effects of EFL in VR
environments in order to advance research and practice in this area. Based on a
review of the relevant literature and research frameworks, we propose five research
questions (RQs):

RQ1: What is the overall learning effect of VR-based EFL learning compared to
that of traditional EFL learning?

RQ2: In terms of learners’ backgrounds, what are the effects of different levels
of education on students’ EFL learning gains in VR-based EFL learning, and are
there significant differences?

RQ3: In terms of learning theories, what kind of learning theories show the best
results in VR-based EFL learning?

RQ4: In terms of learning activities, what are the effects of different learning
activities on students’ EFL learning gains in VR-based EFL learning and are
there significant differences?

RQ5: In terms of learning teaching/ learning resources, what kind of learning
materials can facilitate students better?

RQ6: In terms of learning gains, what kinds of VR-based EFL learning outcomes
are most helpful to students?

2 Method

The evidence from the literature revealed a widespread implementation of VR
applications in EFL learning. Therefore, we conducted a meta-analysis to exam-
ine the results of our research questions presented above. Meta-analyses can
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statistically aggregate previous findings and provide summary statistics. Thus,
we can describe the literature and conduct a moderator analysis by coding rel-
evant studies. For example, we could code what type of learning materials the
studies used, and we could divide the analyses into two groups and compare the
data. Because our hypotheses were about a new cross-cutting area of research,
we felt that a meta-analysis was the most appropriate way to test our hypotheses.

In this study, we used the meta-analysis process proposed by Cooper (2015)
and Hansen et al. (2022) as a design framework and referred to the five steps of
meta-analysis proposed by Paul & Barari ( 2022), which include defining the
research question, collecting data, preparing data, analyzing data, and reporting
conclusions.

2.1 Study search

We searched the Educational Resources Information Clearinghouse (ERIC), Web
of Science, and Google Scholar for studies published between 2015 and 2021.
As mentioned above, VR has been widely used in EFL learning in recent years.
Before 2015, most EFL learning studies were based on technology-enhanced
instruction, such as weblogs, e-learning or digital games (Doris et al., 2015;
Genzola, 2016; Tan, 2015). Only a few studies have used VR software, which is
immature and rare (Berns & Reyes-Sanchez, 2021). Thus, the number of studies
on VR-based EFL learning before 2015 is very small (Shadiev & Yang, 2020).
In 2016, HTC, Oculus, and SONY released three types of immersive HMDs.
Therefore, we believe that including only studies since 2015 would show a good
response to this trend and provide an accurate understanding of the study.

Based on the above three databases, we selected appropriate keywords to
search. The keywords are grouped into two categories: ("virtual reality") AND
("EFL learning"):

1. Keywords related to virtual reality: ("virtual reality" or "virtual world" or "virtual
environment" or "immersive" or "simulation" or "virtual classroom").

2. EFL-related keywords: ("EFL" or "L2" or "second language" or "language education”
or "language learning” or "language acquisition” or "foreign language" or "language
courses" or "second language learners" or "language classroom").

The combination of these keywords was used to search the three databases. We
included only the first 170 results of our Google Scholar searches in our initial cod-
ing database because the results returned after 150 were only related to the search
terms (e.g., the search system returned many results for AR-based or web-based lan-
guage learning). Web of Science returned 1135 results, ERIC returned 507 results,
and the total from all databases was 1812 results. After removing other types of arti-
cles, including proceedings papers, early access papers, reviews, dissertations, and
book chapters, the final sample was 1057 papers.
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2.2 Inclusion and exclusion criteria

The studies had to meet the following criteria to be included in this meta-
analysis: (a) the articles were written in English, (b) the target foreign lan-
guage of the study was English, (c) the VR-based EFL learning method was
compared to the traditional EFL learning method, and (d) the study was a
randomized controlled trial (RCT) or quasi-experimental study. Exclusion
criteria were as follows: (a) rehabilitation studies; (b) presented data that did
not provide quantitative results to calculate effect size (ES); and (c) used a
single group pretest and posttest.

Unrelated studies can be effectively eliminated by scanning the titles and abstracts,
such as papers on AR-based EFL learning, papers in the field of rehabilitation, or
papers using other languages as foreign languages. This stage reduced the list of 1057
sources to 222. Subsequently, the author read each full text of the remaining articles to
assess their eligibility for meta-analysis. Finally, a total of 14 articles met all inclusion
criteria and none of the exclusion criteria. All inclusion and exclusion procedures and
results are shown in Fig. 1.

2.3 Moderator coding procedures

In addition to the research framework based on this study, we also refer to Zou et al.
(2018) technology-based learning (TBL) framework and Godwin-Jones’s (2021) com-
plex dynamic models of language learning, with views on technology-assisted lan-
guage learning based on the technical and linguistic perspectives, respectively. Finally,
this study establishes its own coding scheme.

Meta-analysis requires extracting the key information from the literature and cod-
ing its characteristics in order to transform the descriptive data into quantitative data.
Two trained coders independently coded all 14 studies to reduce researcher subjectiv-
ity. While coding, the coders also referred to some frameworks of previous articles.
They then discussed their disagreements and reached consensus on the coding con-
tent. The following nine different codes were finally agreed upon. And the classifica-
tion of the codes is shown in Table 2.

2.3.1 Country/region

This perspective was coded based on the countries or areas where the selected studies
were conducted. Six countries and regions were included.

2.3.2 Educational levels

The selected studies were coded based on the educational levels of the participants,
including elementary school, middle school, high school, and college.
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Excluded Based on

— Type of Articles

Initial Search

(1812 sources)

(755 sources)

Excluded Based on

— Scanning Titles

(835 sources)

Review Article Titles

(1057 sources)

— Setting Criteria

(208 sources)

(222 sources)

Final Database of
Articles

(14 sources)

Exclude Based on
Review Article Titles

Fig. 1 Inclusion Flow Chart

2.3.3 Learning theories

This dimension was coded according to the learning theories used in the included stud-
ies. It includes atheoretical approaches, constructivism, embodied cognition, situated
learning theory and social learning theory.

2.3.4 Duration of treatment

The duration and timing of each study varied. For convenient statistical analysis,

we divided this variable into four categories: less than 1 month, between 1 and
3 months, more than 3 months, and not reported.
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Table 2 Code table

Basis of coding Coded objects Code content
Learners’ background Region Country/area
Age Educational levels
Experimental design Learning theory Learning theories
Training duration Treatment duration
VR immersion Experimental group VR type
Learning activities Learning activities
Teaching/ Learning resources Source of materials Learning materials
Gamification Game element
Learning gains Linguistic gains Learning outcomes

Affective gains

2.3.5 VR type of experimental Group

We recorded the VR type of the experimental group. The types of VR used in
these studies were immersive and non-immersive.

2.3.6 Learning activities

According to the different learning activities, this code was categorized as coop-
erative learning, teacher instruction, and personal learning.

2.3.7 Learning materials

The learning materials that researchers provided to students varied. We divided them
into two categories: previously existing or self-designed. If the researchers used
software that already existed in the market (such as SL or some VR apps in Steam),
we coded it as previously existing. If the learning materials were designed by the
researchers (such as a 360° panoramic video), we coded them as self-designed.

2.3.8 Game elements

If the authors directly stated that the learning materials were a game or game-like training, or
if we found that they appeared to contain multiple game elements, we coded them as "gami-
fied". If the authors did not identify the learning materials as a game or game-like training, or
if they contained no or very few game elements, we coded them as "not gamified".

2.3.9 Learning outcomes
Since each experiment had its own research design and purpose, the research find-

ings differed based on different aspects of students’ EFL learning. Therefore, we
summarize seven aspects of learning outcomes.

@ Springer



Education and Information Technologies (2024) 29:1379-1405 1389

2.4 Analysis methods

In order to determine the effectiveness of VR in improving EFL learning, the meta-
analysis was conducted as follows: (a) effect size calculation, (b) homogeneity anal-
ysis, and (c¢) moderator analysis.

For the selected articles with multiple measures of more than one outcome or more
than one experimental or control condition, the following rules were applied in calculat-
ing the effect size: (a) if the measurement of different learning outcomes was reported,
one ES was extracted for each dependent variable; (b) if there was more than one experi-
mental or control group (e.g., comparison between video, PPT, and VR conditions in one
study), one ES was extracted for each comparison between VR-based EFL learning and
one type of traditional EFL learning treatment. That is, an article may contain multiple
samples. Therefore, the total number of samples, denoted as k (k=23), is greater than
the number of articles we selected (Sumak et al., 2011). The ES for each individual study
was estimated based on the sample size, mean, and standard deviation. We used compre-
hensive meta-analysis software (version 3.0) to calculate the ES. Because the sample size
of this study is small, Cohen’s d may overestimate the ES. Finally, we chose Hedges’ g
(hereafter referred to as g) (Hedges, 1981) as the ES for continuous variables because it
can correct for small sample bias. To account for the variability in research design and to
be more likely to fit the actual sampling distribution, we chose the random effects model
(REM) to calculate the overall mean ES across studies (Borenstein et al., 2010). Accord-
ing to Cohen’s rule of thumb, ES values of 0.2, 0.5, and 0.8 were considered small,
medium, and large, respectively (Cohen, 1992; Cohen, 1988).

We performed sensitivity analyses to examine the variance in ESs across studies.
We calculated the Q statistic to test whether all studies in the analysis had a common
effect size. Homogeneity was also assessed using 12 (I-squared, an indicator of het-
erogeneity), which describes the percentage of variation across studies that is due to
true heterogeneity rather than sampling error (Higgins & Thompson, 2002). Based
on the rule of thumb proposed by Higgins and Thompson, the cutoff values of 12 for
low, moderate, and high heterogeneity were 0.25, 0.50, and 0.75, respectively.

Because publication bias may be present, a funnel plot was generated to examine
the distribution of effect sizes. We also used the fail-safe N to estimate the number
of undiscovered null studies that would need to be discovered before the observed
effect would no longer be statistically significant (Van Wijk et al., 2008). Thus, if
the null power N is sufficiently larger than our sample size, it can be assumed that
the results would not be significantly affected by the discovery of additional stud-
ies. Egger’s test and Begg’s rank test were also used to test for publication bias.

3 Results
3.1 Outliers and publication bias

We first examined the funnel plot. The X-axis of the funnel plot represents the ES
of each sample, and the Y-axis represents the standard error of each sample. At
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this stage, we found one ES that was significantly different from most studies on
the funnel plot, which is shown in the lower right corner of Fig. 2. In a meta-anal-
ysis, the inclusion of an outlier value may compromise the overall quality of the
data (McGrath et al., 2020). We then further verified this using a sensitivity analy-
sis method. We performed statistical analysis with and without this data point and
found a large difference between the results of the two analyses, so the data point
was identified as an outlier and we chose to exclude it (Aguinis et al., 2013).

After removing the outlier, Fig. 3 shows that the funnel plot is basically sym-
metrical, with most samples falling inside the funnel. Although there were two sam-
ples with a large ES of almost g=2, the publication bias is not significant from the

Funnel Plot of Standard Error by Hedges's g
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Fig.2 Funnel plot with the outlier
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Fig. 3 Funnel plot after excluding the outlier
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graph. The overall fail-safe N was 307, which means that 307 unreported null effects
would have to be detected for the overall result to become insignificant. Accord-
ing to a previous study (Rosenthal, 1995), the number of null or additional studies
needed to nullify the overall effect sizes found in this meta-analysis was greater than
5 k+ 10, and the observed significant effects were considered stable.

Next, Egger’s test (p=0.132) was not statistically significant, indicating that there
was no evidence of publication bias. Begg’s rank correlation test (p=0.316) was
also not significant. Therefore, we believe that the results indicate the absence of
publication bias.

3.2 Overall effect sizes

We calculated the ES of each sample and the overall mean ES of all 23 samples.
Figure 4 shows the point estimates of the ESs and confidence intervals in forest plot
format. In terms of independent ESs, the values ranged from -0.706 to 1.959, with
17 (74%) positive effects in favor of the VR-based EFL learning method over other
traditional EFL interventions. In terms of overall ES, VR-based EFL learning has a
small effect (g=0.445, SE=0.131, 95% CI=[0.188,0.702], p=0.001). The Q-value
was 121.556 with p=0.000, indicating that there were significant differences among
the ESs which were due to some other factors or not a sampling error. The 12 was
81.901, indicating high heterogeneity, indicating that there was strong heterogeneity
between samples and that our choice of random effects model was correct. Among
the ESs of studies with substantial heterogeneity, the random effect model can avoid
assigning too much weight to large samples so that the ES can be closer to the actual
values (Sharifi et al., 2017; Xu et al., 2018). The heterogeneity of studies indicated
that further grouping of individual ESs was needed to search for potential modera-
tors that could explain the variance across studies.

Meta Analysis
Study name Outcome Statistics for each stud: Hedges's g and 95% CI
Hedges's Standard Lower Upper

'] error Variance  limit limit  Z-Value p-Value
Tai TY,2021 Listening performance  0.495 0237 0056 0031 0959 2091 0037 |——|
Chen C,2021 English anxiety -0.183 0217 0047 -0607 0242 -0843 0399 —l—
Chen C,2021 Leamning motivation 0861 0226 0051 0417 1304 3805 0000
Chen C,2021 Vocabulary acquisition 0494 0220 0048 0064 0924 2250 0024 —a—
York J,2020(1) English anxiety 0193 0356 0127 -0505 0891 0543 0587 —t
York J2020(2)  Engiish anety 0172 035 0127 -0526 0870 0483 0629 —_—T—
Ebadi S,2020 Oral presentation 1470 0487 0237 0515 2425 3016 0.003 —t
Alfadil M, 2020 Vocabulary acquisition 0631 0253 0064 0135 1128 2494 0013 —i—t
Tai TY,2020 Vocabulary acquisition 1.028 0.300 0090 0441 1616 3430 0.001 . s
ChenMRA2020 English anxiety 0682 0214 0046 0262 1102 3183 0.001 —a—
ChenMRA2020 Leamning motivation 0742 0215 0046 0320 1.164 3446 0001 —l—t
ChenMRA2020 Oral presentation 0399 0210 0044 -0013 0812 189% 0058 ——
ChienSY,2019  English anxiety 0706 0246 0060 -1188 -0224 -2872 0004 —t il
Chien S Y,2019 Learning motivation 0690 0245 0060 0209 1171 2812 0005 —1
Chien S Y,2019 Oral presentation 0448 0241 0058 -0921 0025 -1856 0063 —a—
TsengWT2019  Vocabularyacquision 1959 0347 0121 1279 2640 5642 0000
LanYJ2018(1)  Usteningpeformance  0.183 0288 0083 -0382 0747 0635 052 —t—
LanY J,2018(2) Listening performance 1.262 0325 0106 0625 1900 3881 0.000 ——
Acar A 2020 Oral presentation 1938 0469 0220 1019 2857 4132 0.000
Emrah Dolguns?z,2048iting ability -0.336 0397 0158 -1114 0443 -0845 0398 +—8—]
Wang Z, 2021 English anxiety 0045 0242 0058 -0519 0429 -0187 0852
Wang Z, 2021 Leamning motivation 0156 0242 0059 -0319 0630 0643 0520
Wang Z, 2021 Reading comprehension -0 544 0246 0061 1027 -0.061 -2209 0027 ——

0445 0131 0017 0188 0702 3389 0001 -

Favours A Favours B

Fig.4 Forest plot of the selected studies
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Table 3 Moderator analysis

Category k g SE 95% CI (o] P
Country/area 13.707 0.018
Taiwan (China) 14 0.510 0.164 [0.188,0.833]

Mainland of China 3 -0.142 0.207 [-0.548,0.263]

Iran 1 1.470 0.487 [0.515,2.425]

Saudi Arabia 1 0.631 0.253 [0.135,1.128]

Turkey 2 0.788 1.137 [-1.440,3.015]

Japan 2 0.183 0.252 [-0.311,0.676]

Educational stages 8.208 0.042
Primary school 3 1.121 0.527 [0.089,2.154]

Middle school 4 0911 0.252 [0.417,1.406]

High school 3 -0.155 0.427 [-0.992,0.482]

College 13 0.296 0.135 [0.032,0.561]

Treatment duration 2.173 0.337
<1 month 12 0.366 0.224 [-0.073,0.805]

1-3 months 6 0.700 0.159 [0.388,1.013]

>3 month 3 0.388 0.306 [-0.212,0.988]

Not reported 2 0.183 0.252 [-0.311,0.676]

Experimental group VR type 2.039 0.153
Immersive 20 0.347 0.129 [0.094,0.599]

Non-immersive 3 1.121 0.527 [0.089,2.154]

Learning theories 6.981 0.137
Atheoretical approaches 14 0.463 0.175 [0.119,0.806]

Constructivism 1 1.535 0.509 [0.538,2.532]

Embodied cognition 2 0.725 0.550 [-0.352,1.802]

Situated learning theory 3 0.610 0.124 [0.366,0.853]

Social learning theory 3 -0.157 0.432 [-1.003,0.69]

Learning activities 2.173 0.337
Personal learning 12 0.268 0.201 [-0.126,0.663]

Teacher instruction 8 0.659 0.174 [0.318,1.000]

Cooperative learning 3 0.545 0.379 [-0.198,1.287]

Learning materials 0.827 1.363
Previously existing 13 0.552 0.176 [0.207,0.896]

Self-designed 10 0.305 0.206 [-0.099,0.710]

Game elements 0.024 0.878
Gamified 6 0.481 0.132 [0.233,0.739]

Not gamified 17 0.448 0.169 [0.117,0.779]

Learning outcomes 28.033 0.000
Listening performance 3 0.624 0.292 [0.053,1.196]

English anxiety 6 0.012 0.212 [-0.403,0.427]

Vocabulary acquisition 4 0.986 0.296 [0.406,1.566]

Oral presentation 4 0.760 0.481 [-0.182,1.703]

Writing ability 1 -0.336 0.397 [-1.114,0.443]

Learning motivation 4 0.621 0.153 [0.322,0.920]

Reading comprehension 1 -0.544 0.246 [-1.027, -0.061]

k=number of independent studies; g=mean effect size; CI=confidence interval; Q=between-group
homogeneity; SE = standard error
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3.3 Moderator analysis

The moderator analysis results are shown in Table 3.

The Q-statistics revealed a significant variance in ES according to the educational
level of the participants as a moderator variable (Q=38.208, p<0.05). On average,
the effect has significant differences at different levels of education, as judged by
the 95% Cls. Elementary school (g=1.121, 95% CI [0.089,2.154], k=3) and mid-
dle school (g=0.911, 95% CI [0.417,1.406], k=4) have significant effects, col-
lege (g=0.296, 95% CI [0.032,0.561], k=13) has a small effect, and high school
(g=-0.155, 95% CI [-0.992,0.482], k=3) has a negative effect.

For the country/area moderator, the Q-statistics revealed significant variance
in ES (Q=13.707, p<0.05). This means that judging by the 95% CI, the effects
of VR-based EFL learning have significant variance across countries and regions:
Iran (g=1.470, 95% CI [0.515, 2.425], k=1) had a large effect; Turkey (g=0.788,
95% CI [-1.440, 3.015], k=2), Taiwan (China) (g=0.510, 95% CI [0.188, 0.833],
k=14), and Saudi Arabia (g=0. 631, 95% CI [0.135,1.128], k=1) had moderate
effects, and Japan (g=0.183, 95% CI [-0.311,0.676], k=2) and mainland China
(g=-0.142, 95% CI [-0.548,0.263], k=3) had no apparent effects.

Regarding the experimental results, the Q-statistics showed a significant vari-
ance in ES (Q=28.033, p<0.05). Judging from the 95% CIs, on average, VR-based
EFL learning had significant effects on students’ vocabulary acquisition (g=0.986,
95% CI [0.406,1.566], k=4). VR-based EFL learning had medium effects on oral
presentation (g=0.760, 95% CI [-0.182,1.703], k=4), listening comprehension
(g=0.624, 95% CI [0.053,1.196], k=3), and learning motivation (g=0.621, 95%
CI [0.322,0.920], k=4). However, for writing ability (g=-0.336, 95% CI [-1.114,
0.443], k=1), reading comprehension (g=-0.544, 95% CI [-1.027, -0.061], k=1),
and English anxiety (g=0.012, 95% CI [-0.403, 0.427], k=6), VR-based EFL learn-
ing did not seem to have any obvious effects.

4 Discussion
4.1 Discussion of overall effect sizes

The primary meta-analysis in this study answers RQIl: VR-based EFL learn-
ing methods are more effective than traditional EFL learning approaches, with a
medium ES. However, with 26% of the studies having a very small effect or a nega-
tive effect, we cannot exaggerate the advantage of VR-based EFL learning. At the
current stage, we believe that the development of VR is not mature enough and the
operational costs are relatively too high for VR to be an obvious replacement for
traditional methods of EFL learning, as the Internet and mobile devices were once
expected to be (Spector, 2013). From 2016 to 2018, the Horizon Reports mentioned
that VR is one of the most important technologies that will be used in education
in general in the future (Samantha Adams Becker et al., 2018; Becker et al., 2016;
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Freeman et al., 2017; Lan, 2020). For now, however, we see it as a promising addi-
tion that can diversify EFL learning experiences and scenarios from traditional EFL
learning.

4.2 Discussion of moderating variables

To answer RQ2 to RQ6, we conducted an analysis of the moderator variables.

4.2.1 Country/area

This study analyzed the regions in which studies were conducted. The Q-test showed
a statistically significant difference (p=0.018). Most of the samples were published
in Taiwan (China) (61%), while others were published in mainland China (13%),
Japan (9%), Iran (4%), Saudi Arabia (4%), and Turkey (9%). Iran (g=1.470) has
large effects, Saudi Arabia (g=0.631), Turkey (g=0.788), and Taiwan (g=0.510)
have moderate effects, and Japan (g=0.183) and mainland China (-0.142) have no
apparent effects. However, except for the Taiwan (China) sample, the sample size is
relatively small, so these results may not be fully representative. We believe there
are several reasons for this phenomenon. First, the results fully reflect that the Asian
region pays much attention to EFL learning based on VR, while there are few stud-
ies in other regions; the reason may be the learning environment of Asian regions,
which attach great importance to EFL learning. (Lee et al., 2020; Vonkova et al.,
2021). Second, other regions have many native English-speaking countries, so they
have less demand for EFL learning. Third, some other regions are still underdevel-
oped and VR equipment is too expensive for them. When we reviewed the articles,
we found that many VR-based studies promoted other kinds of foreign language
learning in regions where there is no need for EFL learning. Therefore, we assume
that the experimental design of this study led to this result. Of course, we urge other
non-English-speaking countries to conduct similar research. In addition, given the
large gap in the effects of experiments in different regions, we also suggest that
researchers should conduct more academic exchanges.

4.2.2 Educational levels

The participants in the selected studies covered four educational levels: elementary
school (13%), middle school (17%), high school (13%), and college (57%). From
this moderating factor, we know that among the samples, college students were the
most common participants. From the perspective of experimental implementation,
this may be because most researchers work in colleges or higher education institu-
tions, so college students are the easiest participants to obtain. Compared to students
at other levels of education, college students can also more easily cooperate with
researchers to complete the experiment. This result is similar to the findings of a
previous study (Huang et al., 2021). However, VR-based EFL learning has the least
impact on high school students (g=0.155), with only a negative ES, while elemen-
tary school students have the greatest impact (g=1.121). Middle school students
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(g=0.911) and college students (g=0.296) have a large and small ES, respectively.
The difference between the groups reached a significant level (p=0.042). This result
answers RQ2 and indicates that VR plays a better role in promoting EFL learning
for middle school and elementary school students than for high school and college
students.

From the data, ES generally decreases with age, which is not consistent with
the findings of existing related studies (Chen et al., 2022). This may be because
younger students have less exposure to VR, and VR can provide highly immer-
sive multisensory stimuli that can capture their attention and produce better results.
However, even if there are fewer effects at the college level, it does not necessarily
mean that the application of VR-based EFL learning should not be extended to this
level of learners. Schools can also use VR for teaching, which can improve instruc-
tional design and situational, practical, and interesting aspects of EFL learning. VR
can also be applied to students’ informal learning or after-school learning to help
increase their interest in EFL learning and reduce their anxiety about EFL learning.

4.2.3 Learning theories

Although not all studies are based on specific learning theories to facilitate EFL
learning, we still sorted through all the articles. Quantitatively, even most of the
studies used atheoretical approaches (g=0.463) and were not based on a specific
theory. Studies that used atheoretical approaches had ESs. Other studies used
constructivism theory (g=1.535), embodied cognition theory (g=0.725), situ-
ated learning theory (g=0.610), and social learning theory (g=-0.157). This also
answered RQ3, which used constructivism theory to produce the best results for the
study and was a large ES. Embodied cognition theory and situated learning theory
are medium ESs, while social learning theory is a negative ES. This code did not
reach a statistically significant difference. This result reflects the fact that most stud-
ies did not integrate VR-based EFL learning with relevant theories, but the learn-
ing effects did not differ as a result. VR-based learning can integrate many learning
theories, each with its own strengths. It is not easy to say that EFL learning based
on a particular learning theory is better. Meanwhile, the sample sizes of the studies
that integrated learning theories were small compared to those based on mathemati-
cal methods, and their effects on VR-based EFL learning need to be confirmed by
more studies in the future to validate the effect values. The studies using atheoretical
approaches are more extensive, but the overall effect sizes are small and can be com-
bined with other experimental designs to seek better facilitation effects.

4.2.4 Treatment duration

In this moderator, durations less than 1 month (g=0.366) and greater than 3 months
(g=0.388) have small ESs, durations between 1 and 3 months (g=0.700) have a
medium ES, and the duration not reported (g=0.183) has no apparent effect. We
found that although the treatment duration was different, the ES between the groups
did not show a difference and did not reach a statistically significant level. This
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is different from the discovery of the novelty effect in previous studies (Makran-
sky et al., 2019), which means that novelty did not have a positive effect on stu-
dents’ EFL learning. This may be due to the warm-up course conducted by teach-
ers to familiarize students with the devices before class, or because students are in
the information age, and it is characteristic of this age that similar technologies and
products are widely used (Makransky & Lilleholt, 2018). This finding is also similar
to the results of a previous study (Wu et al., 2020). In addition, different treatment
durations lead to similar treatment effects, which supports another conclusion that
long-term use of VR may lead to fatigue or discomfort and reduce the learning effect
(Chen et al., 2019). Therefore, researchers may not need to intentionally increase the
duration of VR-based EFL learning.

4.2.5 Experimental group VR type

We compared the effect of different experimental group VR treatments. Although
the immersive (87%) type of VR has been used in broader and deeper language
learning studies, the results show that this type has only a small effect (g=0.347)
on students’ EFL learning. In contrast, the experimental group based on non-immer-
sive VR showed a large effect (g=1.121) on students’ EFL learning. The differences
between them did not reach a statistically significant level. As non-immersive VR
has been developed earlier and is more mature and still dominant in language learn-
ing studies, we think this result is also reasonable (Qiu et al., 2021). On the other
hand, we found that the three samples using non-immersive VR all used students at
the primary school level, so this result may be somewhat random. However, the ES
of the immersive group was not satisfactory. This may be because the development
of immersive VR is still not mature enough, and the application in the classroom
is not convenient enough. The equipment needed for EFL learning based on non-
immersive VR is inexpensive, easy to obtain, and easy to manage in the classroom,
so it can play a greater role in EFL learning at the moment. We predict that immer-
sive VR will be used much more widely and deeply in EFL learning studies in the
near future. At present, however, it may be better to choose non-immersive VR for
EFL learning.

4.2.6 Learning activities

Among the learning activities, the Q-test did not show statistical significance.
Cooperative learning (13%) and teacher instruction (35%) have medium effects,
and personal learning (52%) has a small effect. The largest ES size was found for
teacher instruction (g=0.659), followed by cooperative learning (g=0.545), and
personal learning (g=0.268). The effect of personal learning was slightly smaller,
which means that students need more supervision and coaching from teachers in
VR-based EFL learning. This result answers RQ4 and indicates that the method
of learning activities does not have a great impact on students’ learning effect.
Teachers can choose the method of learning activities according to their own
or students’ wishes. However, according to a previous study, it may be difficult

@ Springer



Education and Information Technologies (2024) 29:1379-1405 1397

for young children to participate in personal learning, so it is suggested to adopt
teacher guidance for primary school students (Vitta & Al-Hoorie, 2020).

4.2.7 Learning material

We categorized the samples into two types of learning materials: self-designed
(43%) and previously existing (57%). The number of samples for the two vari-
ables was nearly equal, but their effects were different. The moderator of the pre-
viously existing group had a medium ES (g=0.552), and the moderator of the
self-designed group had a small ES (g=0.305), with no significant differences at
the 95% confidence level. This result addresses RQS5. In the included studies, the
previously existing learning materials (such as SL) and the self-designed learn-
ing materials (such as a 360° panoramic video) used by the researchers have
their own advantages and disadvantages (Repetto et al., 2021a, b). The existing
materials are easy to obtain and can be quickly incorporated into the experi-
ment. However, most of them are universal and cannot be used specifically to
train students’ skills in a certain aspect. At the same time, to attract more users,
learning materials need high interactivity, aesthetics and entertainment, but it
is difficult to consider the educational goals. The self-designed materials have
a significant purpose and can help students to train a certain skill. At the same
time, there is no irrelevant content (such as advertisements) in the materials,
which may have a negative impact on learning. For example, the learning mate-
rials of Acar’s (2020) experiment are self-designed, which is highly professional
and educational, but has poor interactivity (less content for students to interact
with). Thus, ensuring the quality of the materials and improving the user experi-
ence for students is a challenge for researchers.

Nevertheless, we believe that the materials designed by researchers them-
selves deserve further research and development. Researchers can consider spa-
tial awareness, collaboration, and cognitive processes to develop appropriate VR
learning materials that most effectively stimulate the development of cognitive
processes (Horvath, 2019). Personalized learning materials may be more appro-
priate for teaching, just as different teachers have their own teaching materials
for the same class. However, self-designed learning materials require researchers
to iterate and optimize to improve their quality, which is a very time-consuming
task. We suggest that researchers also learn from other fields, such as medicine
and engineering, so that they can put forward their own requirements and adapt
the corresponding learning materials from teams in other professions.

4.2.8 Game elements

We tested two aspects of the learning materials: whether they contained game
elements or not. The results show that the non-gamified samples (74%) are much
more common than the gamified samples (26%), but their effects are very simi-
lar, meaning that they both have a small effect. The non-gamified (g=0.448) and
gamified (g=0.481) samples did not reach a statistically significant difference. In
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general, game elements can attract participants’ attention and improve their learn-
ing interest, but we doubt whether game elements can promote students’ EFL
learning effectiveness. On the other hand, this conclusion supports some studies
that found that the pedagogical benefits of game elements have not yet been sci-
entifically confirmed (Dichev & Dicheva, 2017). Moreover, it is possible that the
potential of game elements has not been fully exploited in current learning materi-
als. Therefore, researchers should carefully select learning materials that do or do
not include game elements.

4.2.9 Learning outcomes

Table 3 shows that there is a significant difference in the scores (p=0.000). Among
these outcomes, vocabulary acquisition (17%, g=0.986) has a large effect. Motiva-
tion to learn (17%, g=0.621), oral presentation (17%, g=0.760), and listening com-
prehension (13%, g=0.624) have medium effects. English anxiety (26%, g=0.012)
has no apparent effect, but reading comprehension (4%, g=-0.544) and writing abil-
ity (4%, g=-0.336) have no positive effects. Among these studies, the sample sizes
used to measure reading comprehension and writing ability were relatively small,
highlighting the need for future research to fill these gaps.

We observed that the ES of writing ability is negative, which is consistent with previ-
ous research findings (Huang et al., 2021); we believe that this finding may be coinciden-
tal due to the small sample size. We also speculate that the inability to improve writing
ability may be because writing requires more training in the real world, rather than being
improved only in the VR world simulated by audiovisual sensory input. Therefore, it is
difficult for the ES of writing ability to outperform other learning outcomes. This finding
is also consistent with the results of a previous study (Wang et al., 2020).

We also observed that the ES of reading comprehension was negative. One pos-
sible reason is that traditional VR is based on visual stimulation, such as images or
videos, or not based on words, which is not helpful for training reading comprehen-
sion. On the other hand, given the small sample size, this effect may not be represent-
ative. In this included paper that tested reading comprehension, Wang et al., (2021)
also improved traditional VR into visual prompt scaffolding-based VR (VPS-VR).
He found that compared with the traditional VR group and the control group, the use
of VPS-VR can better promote students’ reading comprehension. At the same time,
the VPS-VR approach still has positive effects on students’ EFL learning motivation
and English learning anxiety. However, VPS strategies in the current study can only
improve the lower level of reading comprehension skills. This conclusion is consist-
ent with another included study, which found that the VR learning approach did not
significantly affect all aspects of students’ learning behaviors (Chien et al., 2020a, b).
Therefore, other strategies to improve higher level reading comprehension skills need
to be investigated. In future research, researchers can try to use VPS-VR or develop
more instructional strategies to improve EFL students’ reading comprehension.

Regarding the ES of the English anxiety sample, although VR-based EFL learn-
ing has a small positive effect on reducing English anxiety, and students also report
that they are very happy while learning, this effect seems to be limited. York et al.
(2020) showed that the avatar effect or anonymity did not seem to play an important

@ Springer



Education and Information Technologies (2024) 29:1379-1405 1399

role in improving participants’ positive perceptions. Therefore, we believe that VR
can be used as a complementary method for students to reduce English anxiety.

Students’ learning motivation, listening performance, oral presentation, and
vocabulary acquisition were significantly improved. The VR environment immerses
students and allows them to experience good practice in these aspects. These three
aspects cooperate with each other, which can promote students’ EFL learning. RQ6
is also answered here, that is, vocabulary acquisition is the most helpful learning
outcome for students in this study. This conclusion is also similar to that of a previ-
ous study (Hao et al., 2021).

5 Conclusions and suggestions
5.1 Research conclusion

In this study, we conducted a meta-analysis of studies on the use of VR in EFL learn-
ing. The results show that the VR-based EFL learning method has a better overall effect
than traditional EFL learning methods, which contributes to the research on VR in EFL
learning. By analyzing the characteristics of the studies as moderator variables, we
found that VR has been widely used in EFL learning. The application of non-immer-
sive VR is more mature, but immersive VR is also worth promoting. We also found that
the effects of VR in arousing situational interest may not be as large as we expected,
and longer VR exposure may not produce better results. There are no noticeably dif-
ferent effects of using different materials on students; however, we still think that the
researchers who designed the materials and used them in their experiments are worth
encouraging. We also found that VR-based EFL learning has a good effect on improv-
ing students’ vocabulary acquisition, oral presentation, learning motivation, and listen-
ing comprehension. Researchers can apply these aspects to the classroom or further
explore the other aspects with poor improvement effects.

For the related research area, this paper further focuses on EFL learning based
on previous studies. For EFL researchers, more intuitive research results can be
obtained. With the development of time and technology, the development of immer-
sive VR is progressing rapidly, and the comparison of immersive VR and non-
immersive VR never stops. We continue the previous study by once again comparing
two different kinds of VR, and two groups still do not show significant differences.
In addition, this study examined for the first time the effect of VR learning materials
on student learning outcomes. Although the effects did not differ between materials,
we believe it is still worth exploring.

5.2 Limitations and suggestions
However, there are limitations to this meta-analysis. Because the language of this

study was limited to English, the sample size was small, which may have affected
the results. In addition, the moderator analysis may be more or less subjective due to
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our personal judgment of some moderator variables, such as learning activities (Lin
& Lin, 2019). For example, the classification of learning activities is not detailed
enough. A more detailed classification, such as task-based instruction, can be done
in later studies (Wehner et al., 2011).

At the same time, we also found some problems in the existing articles. First,
researchers did not test how VR affects language learning with some key issues, such as
VR scene effects (the level of immersion and presence), higher-order cognition assess-
ment (high-level skills and cooperation), and students’ satisfaction in VR use. Secondly,
VR has no standardized application model in EFL learning and has obstacles in its
application and promotion. Therefore, we call on the academic community to conduct
relevant research and standardize the use of VR. At the same time, there is also a lack of
focused research and clear teaching programs in the development of VR learning mate-
rials and resources. This indicates that the integration of VR into education requires
long-term efforts. Only by conducting multiple studies will it be possible to gradually
build a consensus and ensure the effective development of VR in EFL research.

Therefore, in the future, researchers need to focus on developing high-quality VR mate-
rials that focus not only on enhancing students’ development of higher-order skills, but
also on adapting VR technology to all aspects of EFL teaching. In addition, many authors
assume that VR can produce beneficial effects and include atheoretical approaches in
their study. That is, many do not use a specific theory to justify its use. Therefore, we
call for future research in which researchers can integrate more relevant theory into the
application and in-depth study of VR-based EFL learning. Some of the included studies
were developed in combination with some learning strategies or learning methods that we
did not explore in depth and could be explored in more detail by subsequent researchers.
Accordingly, the use of VR in EFL learning has not yet to become a mature field. This
paper also encourages researchers to explore more effective ways of implementing VR-
based EFL learning in the future. Future research should further explore these elements,
and the current meta-analysis is only a small step in this area of research.
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