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Abstract

Virtual reality (VR) has become a prominent tool in language education,
enabling learners to engage with the target language in immersive and
interactive contexts. Despite growing research on VR in language learning,
few meta-analyses exist. This study examines its impact, with immersion level,
language skill, task type, and contact with non-human characters as some of
the potential moderators.

Following PRISMA methodology, peer-reviewed studies and conference
proceedings published between 2015 and 2025 were identified via Scopus and
Web of Science. Preliminary findings suggest overall positive trends, though
further analysis is needed to determine the potential of VR. This research
contributes to understanding how technological affordances interact with
learner characteristics and pedagogical approaches.
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Introduction

In recent years, VR has gained increasing attention in language learning and
teaching due to its potential to provide immersive and interactive learning
experiences. However, their actual effectiveness in improving learning
outcomes remains a topic of ongoing debate (Dhimolea et al., 2022).

While several systematic literature reviews have synthesized research on
this topic (e.g., Dhimolea etal., 2022; Haoming & Wei, 2024; Parmaxi, 2023),
few meta-analyses have been conducted to date. As a result, there is still lim-
ited empirical evidence regarding the effects of VR on second language (L2)
learning outcomes. This proceeding presents a preliminary meta-analysis
of VR-based language learning research focusing on the following research
questions:

1. What is the impact of VR-based learning environments on the learning
performance of L2 learners?

2. To what extent does the level of immersion in virtual reality (high vs. low)
affect L2 learning outcomes?

Theoretical Framework

There is no universally agreed-upon definition of VR in language education
(Kaplan-Rakowski & Gruber, 2019). Broadly, VR refers to computer-
generated 3D environments that simulate real-world interaction (Huang et
al., 2020, p. 1389), as well as 360° photos or videos, such as those created
with ThingLink (Cowie & Alizadeh 2022, p. 51). A key distinction is made
between low-immersion VR (LiVR), typically desktop-based, and high-
immersion VR (HiVR), which uses head-mounted displays for greater
sensory realism (Kaplan-Rakowski & Gruber, 2019, p. 1).

Several recent meta-analyses have explored VR’s impact on language
learning. B. Chen et al. (2022) and J. Chen et al. (2022) reported moderate-
to-strong effects on vocabulary, speaking skills, and motivation. Yu and
Xu (2022) found that immersive VR tends to outperform less immersive
alternatives due to increased learner engagement. Furthermore, some
authors have proposed theoretically grounded and empirically proven
models on immersive learning (Makransky & Petersen 2021), which aim at
explaining both cognitive and affective factors at play.
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Methodology

Study Identification and Selection

Two major academic databases, Scopus and Web of Science, were used to
identify relevant studies. The study identification and selection process
followed the PRISMA 2020 guidelines (Page et al., 2021) to guarantee
transparency and replicability. Studies were screened and selected using a set
of predefined inclusion criteria presented in Figure 1.

The database search yielded a total of 1,315 records. After removing 150
duplicates, 1,165 studies remained for title and abstract screening. During
this phase, inter-rater reliability was established with a Cohen’s kappa of 0.72,
which refers to a substantial agreement (McHugh, 2012). 1,106 studies were
excluded. The remaining 59 studies underwent full-text review, during which
inter-rater reliability increased to Cohen’s kappa = 0.83, which represents an
excellent agreement (McHugh, 2012). This process initially led to a corpus of
23 studies. However, nine studies lacked a clear control group, leaving a final
corpus of 14 studies. A preliminary PRISMA 2020 flow diagram is provided
below (see Figure 2).

Studies examining the impact of VR
environments on L2 learning performance.

Quantitative data on L2 learning outcomes in
VR environments.

&

Experimental or quasi-experimental studies.
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Studies that include objective measures of L2
learning performance, even if affective
outcomes are reported.

INCLUSION
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compute an effect size.
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Peer-reviewed articles and conference
proceedings.
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Studies published between 2015-2025.

Publications in English.

I

Figure 1. Inclusion criteria
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Figure 2. PRISMA Flow diagram of the article screening

Effect Size Computation and Statistical Approach

The effect sizes in this meta-analysis will be estimated using the formula of
Morris (2008), with the variance of effect size computed with Lipsey and
Wilson’s (2001) formula and adjusted for clustering (Hedges, 2007). Analyses
will be conducted in R (R Core Team, 2020) using the metafor (Viechtbauer,
2010) and clubSandwich (Pustejovsky, 2020) packages.

A Correlated Hierarchical Effects (CHE) model with Robust Variance
Estimation (RVE) will be applied (Hedges et al., 2010; Pustejovsky & Tipton,
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2022) to factor in dependencies between effect sizes. Meta-regression models
(Schwarzer et al., 2015) will be used to examine the factors contributing to
the heterogeneity of effect sizes. Among the factors studied, some relate
to the quality of the studies and others to the specific characteristics of the
intervention. Among the features of the study design, sample size and the type
of measurement instrument is of particular importance, as it is known to have
a significant effect on effect sizes (Cheung & Slavin 2012; Slavin & Madden,
2011; Slavin & Smith, 2009).

To assess publication bias, we will successively produce a funnel plot,
perform an Egger test (Egger et al.,1997) and use the Trim-And-Fill (Borenstein
etal., 2009) methodology. To determine the robustness of the results (Higgins
etal., 2019), a leave-one-out meta-analysis will be carried out. This sensitivity
analysis method consists in successively conducting multiple meta-analyses,
excluding one study in each analysis in turn. A second sensitivity analysis will
compare the mean effect sizes of the studies most aligned with our quality
criteria with the mean effect size of the meta-analysis.

Preliminary Results

The corpus consists of 14 studies published between 2015 and 2025. One
study in 2015, one in 2020, three in 2022, two in 2023, three in 2024, and four
in 2025. Across all studies, the total number of participants amounted to 712.

The studies targeted a range of language learning domains. Vocabulary was
the most frequently studied (7 of 14), contrasting with previous reviews where
speaking skills were most common (e.g., J. Chen et al., 2022; Parmaxi, 2023).

None of the studies reported negative effects of VR on L2 outcomes. Most
showed positive impacts, though some were more nuanced (Xie et al., 2025).
Immersion levels across studies were evenly split between high and low. With
respect to task type, eight studies featured story-driven tasks, and six used open-
ended ones. Participants engaged with non-human characters in six studies,
while in the remaining eight they did not.

Effect size calculations are underway and will estimate VR’s impact on L2
performance, including potential moderating factors such as immersion or
language skill. This analysis aims to clarify the overall effectiveness of VR for
L2 learning and inform future research and practice.
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