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ABSTRACT
Although the effectiveness of training motor skills in virtual environments has been validated, its impact within the 

arts, particularly in higher dance education, remains inconclusive. The present study conducted a meta-analysis to assess 
the impact of virtual reality (VR) technology on university-level dance movement learning. The results show that while 
VR demonstrates positive effects in enhancing the visualization of movement amplitude, its influence on movement co-
ordination and force expression is inconsistent, with evidence of negative transfer effects. Subgroup analyses reveal that 
VR is particularly effective in improving movement coordination and force control, but less so for movement amplitude. 
Furthermore, high heterogeneity and publication bias among small-sample studies suggest variability in design and im-
plementation across contexts. In addition, the study further explores the inherent paradoxes between virtual technology 
and dance education, addressing the challenge of seeking authentic artistic experiences within fully virtualized environ-
ments. The findings suggest that while VR offers new possibilities for movement visualization and feedback, it often 
lacks the emotional and somatic depth essential to dance. The study emphasizes the importance of balancing technologi-
cal standardization with creative expression and proposes pedagogical strategies that leverage VR as a complementary 
rather than a substitutive tool. This research contributes to the evidence base for arts-based digital learning and offers 
practical guidance for integrating immersive technologies into contemporary dance curricula..
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1. Introduction

In recent years, the use of virtual reality (VR) tech-
nology as a tool for training and education has seen signifi-
cant advancement. The application of VR in dance educa-
tion has, to some extent, broken through the limitations of 
traditional top-down instructional methods, as well as the 
constraints of time, space, and physical proximity in con-
ventional dance classes. VR introduces immersion, visu-
alization, and interactivity into the dance learning environ-
ment [1], and its use as a learning mechanism offers greater 
benefits than simple video playback [2]. On one hand, in 
the context of visualization-based dance instruction, VR 
enables the recording of movement trajectories, helping 
students gain a clearer and more intuitive understanding of 
the technical details involved in performing dance move-
ments. For example, VR technology can be used to assess 
a dancer’s arm positioning [3], or to calculate the distance 
between teacher and student movements using dynamic 
time warping (DTW) combined with Euclidean distances 
between joint angles, positions, and orientations [4]. On the 
other hand, VR can also provide learners with real-time 
visual feedback about their body positioning, timing devia-
tions, and differences between actual and expected move-
ments in a three-dimensional space [5], thereby helping 
students improve movement accuracy.

However, Aspasia (2021) questions the presumed 
positive effects of technology in education, suggesting that 
when applied to dance instruction, the impact on students 
may be negligible or only moderate [6]. Although the ef-
fectiveness of training motor skills in virtual environments 
has been empirically supported [7], there is still no defini-
tive conclusion regarding its impact in the domain of dance 
[8]. Some studies have shown that the biological motion 
information provided through VR feedback tends to be ab-
stract and decontextualized for learners, making it difficult 
to interpret effectively in a way that reduces performance 
errors [9]. Moreover, this approach does not necessarily of-
fer greater learning advantages than simple observational 
imitation [10].

Currently, the technologies and pedagogical knowl-
edge developed specifically for VR-based instructional 
environments remain limited [11], with only a small number 
of research projects having made progress in using VR as 

a medium for dance education [1,2]. Moreover, the integra-
tion of VR into dance education often relies heavily on 
additional motion capture systems, such as suits used in 
conjunction with camera-based tracking technologies [3,4].  
While several studies support the potential of VR to 
enhance dance instruction [3,4], few have specifically ex-
amined whether these technologies effectively support 
the cognitive processes involved in learning through 
movement visualization [5]. The lack of such evidence-
based evaluations limits the practical implications of VR-
enhanced visualized movement instruction and continues 
to hinder the broader implementation of VR technologies 
in dance education [1].

Hargreaves’ concept of evidence-based education 
advocates that educational research should be conducted 
like medical science, focusing on “what works” in prac-
tice. The aim is to provide educators with robust empirical 
evidence regarding the effectiveness of instructional strate-
gies, thereby improving teaching quality and informing 
professional decision-making [6,7]. Meta-analysis, as a foun-
dational method of evidence-based practice, is essential for 
synthesizing findings from multiple studies and generating 
generalizable conclusions [8]. To provide updated evidence 
for the application of VR in dance education, this study 
adopts a systematic review and meta-analytic approach. 
Guided by the PICOS framework, the central research 
question is: What is the effect of VR (I), compared with 
traditional teaching methods (C), on improving students’ 
dance learning outcomes (O), particularly among univer-
sity-level dance majors (P)? This question is addressed 
through a structured synthesis of existing empirical studies 
(S) to offer practical insights and decision-making support 
for dance education professionals.

2. Method

2.1. Literature Search

This study followed the PRISMA guidelines (Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses) to minimize bias and enhance the rigor of the re-
view process [9]. According to PRISMA recommendations, 
systematic reviews should include literature from at least 
three independent databases to ensure comprehensiveness 
and objectivity in data collection [10]. Drawing on meth-
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odological strategies from existing systematic reviews and 
meta-analyses in the field of educational technology [10,11], this 
study selected four English-language database: EBSCO, Ei 
Compendex, IEEE Xplore Digital Library, Web of Science, 
as well as the Chinese-language CNKI. These databases 
collectively cover a wide range of high-impact journals in 
education and ensure that the included studies meet qual-
ity standards required for evidence-based synthesis. Other 
platforms, such as Google Scholar, ResearchGate, and 
JSTOR, were excluded due to the lack of rigorous qual-
ity control and limited advanced search functionalities 
[12]. Moreover, the inclusion and peer-review status of the 
publications found in these sources is often unclear. Pre-
vious studies have also indicated that articles from these 
platforms are typically already indexed in the primary 
academic databases mentioned above [11]. Therefore, the 
selected five databases are considered sufficient to meet the 
standard requirements for conducting a systematic review 

and meta-analysis.

2.2. Study Screening

This review established a set of eligibility criteria (see 
Table 1). Given that randomized controlled trials (RCTs) 
are widely regarded as the gold standard in experimental 
research for evaluating the effectiveness of interventions, 
due to their high level of internal validity, this study in-
cluded only RCTs as part of its inclusion criteria. Moreo-
ver, in dance education, student performance is typically 
assessed using summative evaluations, which are designed 
to capture the breadth of knowledge and skills acquired 
during training [13]. Among these, the most used summa-
tive assessment is the dance movement performance score. 
Therefore, eligible studies were required to report quanti-
tative outcome data related to students’ dance movement 
learning, such as movement accuracy, amplitude, timing, 
or coordination.

2.3. Data Extraction

The data extraction process focused on collecting the 
following key information from each eligible study:

1. Study identification: including article title, au-
thors, journal or conference name, and year of publication.

2. Sample characteristics: number of participants 
and demographic details (e.g., age, gender).

3. Study design: description of the specific applica-
tion of VR technology in the intervention.

4. Intervention duration: length and frequency of the 

VR-based instructional program.

5. Comparison condition: details regarding the con-

trol group or alternative teaching method used for com-

parison.

6. Primary outcome measures: students’ perfor-

mance in acquiring dance movements, such as accuracy, 

amplitude, coordination, or timing.

7. Secondary outcome measures: any reported in-

dicators related to student satisfaction, self-efficacy, or 

changes in learning attitudes.

Table 1. Inclusion criteria.

Category Inclusion

Topic 
relevance

① The study must focus on the application of VR in dance learning, specifically examining its impact on dance movement acquisition 
among university-level dance students.
② VR must be the central subject of the research. Studies where VR is only briefly mentioned or serves as a minor aspect of the 
research will be excluded.
③ The study must include a comparison between VR-based and traditional dance teaching methods.
④ The study must report quantitative outcome data related to students’ acquisition of dance movement.
⑤ The study must be a randomized controlled trial (RCT) with a clear description of research design, sample size, data collection, and 
analysis methods.
⑥ Preference is given to studies published within the last ten years to ensure relevance to current technology and educational practices.

Study 
quality

① The study must be peer-reviewed and published in a recognized academic journal or conference proceedings.
② The full text must be accessible and retrievable from authoritative academic databases.
③ The publication must include complete methodological and reporting information.
④ Excludes: opinion pieces, editorials, literature reviews, abstracts, posters, and non-peer-reviewed reports.
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2.4. Risk of Bias Assessment

This study used the Cochrane Collaboration’s Risk of 
Bias tool and the GRADE (Grading of Recommendations 
Assessment, Development and Evaluation) framework to 
assess the overall quality of evidence. The GRADE frame-
work classifies evidence into four levels based on its qual-
ity: high-quality evidence (Grade A) is denoted as “++++” 
indicating that further research is unlikely to change the 
current effect estimate; moderate-quality evidence (Grade 
B) is denoted as “+++” indicating that further research 
may significantly impact the results, possibly changing the 
current effect estimate [14]. In this study, all included stud-
ies had good evidence quality, suggesting that the research 
findings are relatively reliable.

2.5. Statistical Analysis Methods

All statistical analyses were conducted using Rev-
Man 5.4, following the Cochrane Handbook for System-
atic Reviews of Interventions. A random-effects model was 
employed to account for the potential heterogeneity across 
studies.

For continuous outcomes, the effect size was cal-
culated using the Mean Difference (MD) or Standardized 
Mean Difference (SMD) with 95% confidence intervals 
(CIs), depending on the measurement scales of the includ-

ed studies. 
Statistical heterogeneity was assessed using the I² 

statistic and the Chi² test. I² values of 25%, 50%, and 75% 
were interpreted as low, moderate, and high heterogene-
ity, respectively. In cases of high heterogeneity (I² > 75%), 
sensitivity analyses were conducted by removing outlier 
studies to examine the robustness of the pooled results.

Publication bias was examined using Egger’s regres-
sion test.

3. Results

3.1. Literature Search Results

A total of 774 records were initially retrieved from 
the five selected databases through advanced search strat-
egies. After removing duplicates (n = 32) and retracted 
publications (n = 12), 730 studies remained. Title and 
abstract screening resulted in the exclusion of clearly irrel-
evant articles, leaving 77 potentially eligible papers. The 
full texts of these studies were then reviewed to determine 
their final inclusion based on the predefined criteria. As a 
result, 5 studies were retained for inclusion in this system-
atic review and meta-analysis. A detailed overview of the 
screening process is presented in Figure 1. The specific 
characteristics of the included studies are presented in Ta-
ble 2.

Figure 1. PRISMA flow.
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3.2. Meta-Analysis Result

The study used a random-effects model to conduct 
a meta-analysis of the impact of VR interventions on stu-
dents’ dance movement performance (Figure 2). A total of 
9 studies were included, with a pooled effect size of MD = 
4.76, 95% CI = [1.19, 8.32], Z = 2.61, p = 0.009, indicating 
that the experimental group performed significantly better 

than the control group in dance movement performance, 
with statistical significance. According to Cohen’s criteria 
for effect size interpretation [15], this result reflects a large 
effect of VR on dance movement learning outcomes. The 
heterogeneity test showed Tau² = 34.98, Chi² = 279.46, 
df = 11, p < 0.00001, I² = 96%, suggesting a high degree 
of heterogeneity among the studies, indicating substantial 
variation in effect sizes across the studies.

3.3. Sensitivity Analysis

The results of the sensitivity analysis (see Table 3) 
indicate that after removing the Zhang 2022 study, het-
erogeneity significantly decreased, with I² dropping from 

92% to 79%. However, the overall effect still supports the 
experimental group, showing that VR intervention contin-
ues to have a significant positive impact on students’ dance 
movement performance, with the experimental group out-
performing the control group.

Table 2. Characteristics of included studies.

Authors Year Duration Sample Size (T/C) Dance Type Outcomes

Zhang N. 2022 / 10/10 Folk dance ①

Abraham A. 2019 3Days 33/33 Classical ballet ①

Liu Min 2022 60 Days 30/30 / ①②③④

Chen Y.H. 2024 16 Hours 40/40 / ①②③④

Zhou Y.H. 2021 30 Days 5/5 / ①

Note: T = Experimental group; C = Control group.

Outcome Measures: ① Movement mastery; ② Movement amplitude; ③ Movement force; ④ Movement coordination.

Figure 2. Overall effect of VR on dance movement performance.
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3.4. Sub-Group Analysis

In the analysis of the “movement amplitude” sub-
group, there was no significant difference between the 
experimental and control groups. The experimental group 
showed a slightly lower movement amplitude compared 
to the control group, but the effect size was negative, and 
the 95% confidence interval included zero, indicating no 
statistically significant difference. At the same time, the 
results of the heterogeneity test showed consistency across 
studies, with very low heterogeneity (I² = 0%) and a p of 
0.41, suggesting no significant between-study variation. 
Therefore, it can be concluded that VR intervention did not 
show significant improvement in movement amplitude.

In the “movement coordination” subgroup analysis, 
the experimental group performed significantly better than 
the control group, demonstrating improved movement 
coordination. The effect size was 3.39, and the 95% confi-
dence interval did not include zero, indicating a statistically 
significant improvement in movement coordination for the 
experimental group. The heterogeneity test showed good 
consistency across the studies (I² = 0%) with a p of 0.69, 
meaning the results were stable, and there was no significant 
heterogeneity. Therefore, it can be concluded that VR inter-
vention significantly improves movement coordination.

In the “force control” subgroup analysis (Figure 3), 
the experimental group also showed a clear advantage. 

The effect size was 2.46, and the 95% confidence interval 
did not include zero, indicating a significant improvement 
in force control for the experimental group. The hetero-
geneity test showed good consistency across studies (I² = 
0%), and p = 0.64, indicating good stability of the results. 
Therefore, VR intervention also has a significant effect in 
improving force control.

3.5. Egger’s Test

In the preliminary analysis, Egger’s test showed sig-
nificant publication bias (t = -3.49, p = 0.0059), suggest-
ing the possible presence of small study effects or other 
sources of bias (see Table 3). After excluding the small 
sample studies, the result of Egger’s test was no longer 
significant (t = 1.02, p = 0.3393), indicating that the publi-
cation bias was mainly driven by the small sample studies 
(see Table 4). Small sample studies, due to their lower 
statistical power, are more susceptible to random errors 
and publication bias, which can lead to false positive re-
sults or overestimated effect sizes. Additionally, sensitivity 
analysis showed that after excluding small sample studies, 
heterogeneity significantly decreased (Tau² decreased from 
12.6145 to 5.1669), further supporting the robustness of 
the findings. Therefore, excluding small sample studies 
helps reduce bias and improve the scientific rigor of the 
meta-analysis.

Table 3. Sensitivity analysis.

Study Tau2 Chi2 df p ES 95%CI I2

Abraham 2019 34.51 273.93 10 < 0.001 3.92 [0.31, 7.53] 96%

Chen 2024 31.61 230.78 10 < 0.001 5.28 [1.71, 8.85] 96%

Chen 2024 36.21 261.10 10 < 0.001 4.95 [1.15, 8.74] 96%

Chen 2024 38.96 274.33 10 < 0.001 4.68 [0.75, 8.61] 96%

Chen 2024 35.25 255.29 10 < 0.001 5.03 [1.28, 8.78] 96%

Chen 2024 38.96 274.33 10 < 0.001 4.68 [0.75, 8.61] 96%

Liu 2022 28.91 211.47 10 < 0.001 5.41 [1.98, 8.84] 95%

Liu 2022 37.01 265.78 10 < 0.001 4.87 [0.08, 8.71] 96%

Liu 2022 36.75 266.61 10 < 0.001 4.88 [1.05, 8.70] 96%

Liu 2022 36.03 264.19 10 < 0.001 4.94 [1.16, 8.73] 96%

Zhang 2022 9.35 48.32 10 < 0.001 3.39 [1.26, 5.53] 79%

Zhou 2021 35.48 279.45 10 < 0.001 4.51 [0.81, 8.22] 96%
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Table 4. Egger’s test.

t df p Bias Estimate Tau2

Including all 
studies

-3.49 10 0.0059
-5.2998 (SE = 
1.5202)

12.6145

Excluding small 
sample studies

1.02 8 0.3393
2.8109 (SE = 
2.7662)

5.1669

4. Discussion

4.1. VR Empowering Dance Education

Although the meta-analysis results showed no statis-
tically significant improvement in movement amplitude, 
prior research and technical models suggest that VR holds 
unique potential in enhancing this dimension [16]. For 
example, the “Controlling the Human Body” model has 
long been a key research direction in VR development [17]. 
This model uses sensors to directly capture body position 
data, which is then used to simulate and reproduce human 
movements. Because these parameters closely reflect real 
bodily motions, the model facilitates accurate re-creation 
of movement patterns, offering learners important visual 

references. This allows students to more clearly understand 
and internalize the expected amplitude of movement and 
to visually compare the differences between their motions 
and the standard, thereby accelerating the learning pro-
cess and improving performance. Compared to traditional 
dance classrooms, this model offers more effective sup-
port for students seeking to master movement amplitude. 
Additionally, the feature plane similarity-based posture 
analysis method compares key points or specific body part 
characteristics to perform pose estimation and analysis [4].  
Like the human body control model, this method can 
automatically detect, recognize, and evaluate movement 
and posture. Its advantage lies in its ability to construct ef-
ficient similarity-matching mechanisms [4], enabling stable 
and accurate assessment of pose variation. When applied 
to dance visualization, this method not only supports reli-
able movement analysis but also helps learners identify 
discrepancies between their movements and the standard, 
particularly in terms of movement amplitude, facilitating 
timely correction and improvement.

However, limitations remain in the use of VR. Time 

Figure 3. Sub-group analysis.
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delay and yaw deviation are two common issues. For ex-
ample, if a student’s orientation differs slightly from the 
instructor’s, yaw errors may occur, introducing unwanted 
discrepancies in motion data [18]. In such cases, even a 
student’s well-executed movement may be inaccurately 
reflected in the feedback. These technical challenges may 
help explain why VR-based instruction is less effective 
for enhancing movement force and coordination. Results 
from the current meta-analysis further support this finding, 
showing the limited impact of VR on training these two di-
mensions. In contrast, traditional dance instruction appears 
to be more effective in developing forceful and coordinated 
movement execution.

VR can provide both virtual practice environments 
and virtual instruction [19]. Regardless of its form, the goal 
of VR applications in education is to facilitate the transfer 
of learning from simulated environments to real-world 
tasks. However, intuitively designed VR training environ-
ments do not always benefit motor learning, nor do they 
consistently promote the successful transfer of skills to 
real-life settings [19]. Computer-mediated environments 
with audiovisual feedback may not produce positive trans-
fer effects and, in some cases, may even lead to negative 
transfer [20–22]. This helps explain the limited effectiveness 
of VR in enhancing movement force and coordination in 
dance movement visualization. On one hand, discrepancies 
between virtual and real-world tasks contribute to negative 
transfer. These differences often arise due to the simpli-
fied nature of tasks in virtual settings [19]. For instance, in 
both Chen and Zhang (2024) [23] and Liu (2022) [4], motion 
capture systems were used to create 3D dance animations, 
which students viewed before practicing in a controlled 
laboratory environment. However, this type of VR-based 
learning was relatively surface-level, with learning objec-
tives focused primarily on limb movement replication. 
In contrast, traditional dance instruction incorporates not 
only physical movements but also elements such as breath 
control, mind-body coordination, and expressive nuances 

[24]. While 3D animations can visualize aspects like move-
ment trajectory, timing, joint angles, and body positions, 
they cannot replicate the subtle embodied dimensions that 
are essential to holistic dance training. As a result, students 
learning in VR environments are more susceptible to nega-
tive transfer. Moreover, although kinematic data has been 

proven effective in distinguishing emotional expression in 
dance [25], it has not been meaningfully applied to practical 
teaching but remains in the domain of technical emotion 
recognition research.

On the other hand, instructional dynamics in VR dif-
fer from those in real-world dance training [19]. In both ex-
periments by Chen and Zhang (2024) [23] and Liu (2022) [4],  
students were tasked with replicating preset dance move-
ments. Real-time feedback was provided via sensors 
and computer playback to help correct technical errors. 
However, such systems often limit students to practicing 
predefined choreography, restricting their ability to adjust 
movements based on personal skills or stylistic expression. 
This overly standardized “academic” approach to dance 
education overlooks the cultural and creative dimensions 
of movement. Historically, many landmark developments 
in dance stemmed from breaking traditional norms, such 
as the early 20th-century modern dance movement that 
sought freedom from classical ballet’s rigid conventions. 
Dance education must, therefore, support individuality and 
innovation. In VR-enhanced dance visualization, students 
should not be limited to rote learning of standard move-
ments; they should be encouraged to adapt, reinterpret, 
and create through VR tools. The goal should be not only 
to master existing techniques but also to challenge and 
extend them. In contrast, traditional classroom dynamics 
often emphasize a more holistic and flexible understanding 
of dance. Teachers introduce the technical fundamentals, 
followed by imitation, repetition, and recombination in 
diverse dance contexts. They guide students to analyze 
rhythm, musicality, emotion, and cultural narratives, ena-
bling them to adjust speed, force, and expressive style 
to fit the artistic intent. Such dynamic instruction fosters 
not only technical mastery but also the transferability and 
creative application of learned skills, ultimately enhancing 
both competence and artistic depth.

4.2. The Paradox of VR and Dance Education

Dance—as an art form deeply rooted in embodied 
sensation and physical interaction—inevitably encounters 
a fundamental tension when integrated with the digitally 
programmed world of VR. The fusion of these two do-
mains carries a built-in paradox: users know the environ-
ment is virtual, and yet their senses may convincingly 
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perceive it as real [26]. Embodied learning and memory are 
cultivated through repeated physical practice and somatic 
feedback [27]. While virtual environments can simulate 
visual and auditory feedback, they struggle to reproduce 
tactile and muscular sensations. As a result, the muscle 
memory developed through VR-based training may not 
translate seamlessly into real-world performance [28], lead-
ing to a disconnect between bodily perception and actual 
execution. Furthermore, technology is not merely a tool—it 
also shapes how we experience and interpret the world [29,30]. 
Learning dance in a virtual context may lead to overreli-
ance on programmed sequences and algorithms, potentially 
undermining the essence of dance as a spontaneous and 
expressive art form. Much of the aesthetic authenticity of 
dance arises from its real-time interaction with space, with 
others, and with music [31], all of which are difficult to fully 
replicate within a strictly programmed VR setting.

This raises a critical question: How can we pursue 
authentic artistic experience within fully virtualized envi-
ronments? This challenge extends across multiple dimen-
sions, including the adaptability of the technology, the 
preservation of artistic integrity, the engagement of audi-
ences, and the transmission of cultural meaning.

First and foremost, technological adaptability serves 
as the foundation. Virtualization technologies, particularly 
VR and augmented reality (AR), must be sufficiently flex-
ible to accommodate diverse artistic forms and modes of 
expression. This requires technical solutions that can accu-
rately simulate dynamic elements in dance, such as rhythm 
and bodily expression. Moreover, VR should enable art-
ists to explore new methods of creation unconstrained by 
physical limitations, thereby expanding the expressive ca-
pacity and innovativeness of their work. Secondly, it is es-
sential to preserve the core of art. In virtual environments, 
maintaining the emotional depth and expressive resonance 
of artistic works is critical [30]. The goal is not merely to 
replicate real-world artistic experiences but to capture 
those deeply affective and aesthetic dimensions that move 
audiences. Recent studies have shown that VR environ-
ments can effectively elicit emotional responses through 
immersive and interactive design [32], suggesting their po-
tential to convey the emotional essence of dance. Preserv-
ing the essence of art involves conveying its emotional and 
philosophical depth, ensuring that even within fully virtual 

contexts, artistic works can resonate meaningfully with 
viewers. Research shows that when teaching dance through 
virtual platforms, educators must not only impart technical 
knowledge and movement skills but also teach students 
how to interpret and embody emotional content in dance [33]. 
To achieve this, instructors can adopt several strategies. 

Firstly, enhancing emotional engagement by increas-
ing interaction within the VR environment—for example, 
simulating audience feedback or co-performer interaction, 
which can help students experience the tension and passion 
of live performance.

Secondly, providing rich expressive tools to ensure 
that even subtle movements are captured and reproduced 
with high fidelity, enabling accurate transmission of emo-
tional nuance.

However, it is crucial to recognize that the essence of 
dance lies not in technical precision alone but in the danc-
er’s ability to communicate emotion and narrative through 
movement. Every dancer possesses a unique physique, 
movement habit, and expressive style—personal character-
istics that play a pivotal role in dance performance. Exces-
sive reliance on VR to enforce standardization may sup-
press individual expression, thereby diminishing dance’s 
artistic impact. A balanced approach is needed—one that 
prioritizes personalized learning and encourages students 
to explore and express their dance language.

Thirdly, dance curricula built on virtual technology 
should also include deeper explorations of the stories and 
cultural meanings embedded within choreographic works. 
This can be achieved through educational VR content, such 
as interactive commentary or cultural background mod-
ules, allowing students to understand not just the physical 
technique but also the historical and philosophical context 
of the dance they are learning.

In addition, audience engagement is a key metric for 
evaluating the success of an artistic experience. In virtual-
ized environments, engagement goes beyond interactivity 
with the interface, it involves the viewer’s emotional and 
intellectual connection with the artwork. Therefore, devel-
oping highly interactive interfaces and participation mech-
anisms is vital. For example, VR-based dance performanc-
es can be designed to allow audience members to choose 
their perspective or influence the sequence of events, 
making each experience unique. This kind of participatory 
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design enhances immersion and invites the audience to 
discover layered meanings through active exploration—
something that traditional viewing modes often fail to of-
fer. Lastly, cultural transmission is indispensable in virtual 
artistic experiences. Art is deeply embedded in cultural 
contexts, and any attempt to present or teach art virtually 
must faithfully convey the cultural roots and meanings it 
embodies. This involves not only reproducing the external 
form of the work but also communicating the sociocultural 
background that informs it. In virtual dance education, for 
instance, instruction should go beyond teaching steps to 
include the history, philosophy, and social relevance of the 
dance form. Through augmented reality tools, rich cultural 
annotations and historical narratives can be embedded into 
the virtual classroom, enabling students to appreciate the 
full artistic and cultural value of the dance as they learn.

In summary, authentic artistic experience in virtual 
settings is not merely about sensory immersion, it depends 
on emotional and intellectual resonance. VR offers new 
avenues for exploring and experiencing art, but the au-
thenticity of this experience relies on the synergy between 
technological adaptability, the preservation of artistic 
depth, active audience participation, and a profound under-
standing of cultural context.

4.3. Reframing Evaluation Objectives in 
Technology-Enhanced Dance Education

As technology continues to evolve, we must ask: 
do our evaluation standards need to evolve as well? In 
current research on technology-enabled dance education, 
traditional evaluation criteria are still predominantly em-
ployed [4,22]. However, when technology becomes integral 
to dance education, the focus must shift beyond technical 
proficiency toward assessing students’ ability to creatively 
engage with and through technology. This paradigm shift 
calls for rethinking how we evaluate student growth and 
development in the artistic domain, how we understand 
their performance in a more holistic and meaningful way.

Second, we must be cautious of the risk of mecha-
nized learning in VR-based dance education. Although vir-
tual environments may appear to offer ideal learning plat-
forms, they may inadvertently induce students to fixate on 
technical precision, sidelining the unique kinesthetic and 
expressive nature of dance as an art form. The application 

of technology must guide students not only toward techni-
cal excellence but also toward breakthroughs in emotional 
expression and artistic sensitivity. Only then can students 
truly appreciate the essence of dance, rather than fall into 
the monotony of rote, mechanical repetition.

Therefore, it is necessary to design virtual learning 
environments that are truly suited to the nature of dance. 
This includes attention to the portability and practicality of 
hardware. Since dance is fundamentally a form of bodily 
perception and dynamic expression, students must be free 
to move and perform within a physical space. Lightweight 
and user-friendly devices are essential for capturing move-
ment and providing real-time feedback. In parallel, design-
ers must consider the practical needs and accessibility for 
learners. If the technology is cumbersome or inaccessible, 
it creates barriers rather than enabling tools. A functional 
virtual learning space must be both inclusive and sup-
portive, offering students rich and flexible learning experi-
ences.

Moreover, the design of virtual learning tasks must 
reflect the dynamics of real-world dance training. This 
alignment is crucial for facilitating positive transfer of 
learning. Tasks should mirror authentic choreographic and 
performance challenges, allowing learners to apply what 
they’ve practiced in immersive settings to real artistic con-
texts.

In conclusion, VR in dance education is not merely a 
technological intervention—it represents a transformation 
of educational philosophy. It challenges us to reexamine 
the purpose and values of dance education itself. We must 
move beyond the goal of technical mastery to cultivate stu-
dents’ ability to apply technology flexibly, to think critical-
ly, and to innovate creatively. This approach fosters a new 
kind of productive force in the dance field, one that merges 
tradition with innovation, embodiment with imagination. 
Only through this integrated vision can we realize the true 
value of dance education in the digital era.

5. Limitation

Although this study systematically synthesized evi-
dence on the effects of VR interventions in dance move-
ment learning through comprehensive literature search and 
meta-analysis, several limitations remain. First, the number 
of included studies was limited, and some had small sam-
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ple sizes, which may affect the stability of the overall ef-
fect size. Second, the primary analysis revealed substantial 
overall heterogeneity, indicating variation across studies in 
terms of intervention types, participant characteristics, or 
measurement tools. However, it is worth noting that after 
subgroup analyses by outcome dimensions, heterogene-
ity significantly decreased (I² = 0%), suggesting that the 
observed heterogeneity primarily stemmed from mixed 
outcome indicators rather than inconsistencies in the data 
itself. This highlights the importance of analyzing different 
movement dimensions separately. In addition, publication 
bias tests indicated a potential overestimation of effects 
in small-sample studies. Nevertheless, sensitivity analy-
sis showed that the positive effects of VR interventions 
remained significant even after excluding these studies, 
which strengthens the robustness of the conclusions.

Overall, although the current evidence base is still 
developing, this study adopted rigorous inclusion criteria 
and quality appraisal methods, and most notably conducted 
a novel dimension-specific analysis of VR’s impact on 
dance movement learning. This provides both directional 
evidence and empirical foundations for the future integra-
tion of educational technology and dance training.

6. Conclusions

This study is the first to conduct a dimension-specific 
subgroup analysis of VR intervention effects in dance 
movement learning, examining movement mastery, move-
ment amplitude, coordination, and force control. The re-
sults revealed significant advantages of VR in improving 
“movement coordination” and “force control,” while its 
effect on enhancing “movement amplitude” was not statis-
tically significant. These differentiated findings offer prac-
tical insights for the targeted design of future VR training 
programs and provide theoretical support for addressing 
issues of heterogeneity in related research.

At the technical level, this study incorporated current 
advances in VR such as motion capture, 3D posture recon-
struction, and human-computer interaction recognition—
in the context of dance education. It further explored the 
advantages and limitations of VR interventions in transmit-
ting fine motor information, establishing body mapping, 
and enabling sensory feedback. The study also identified 
the risk and underlying causes of “negative transfer ef-

fects” in current VR-based training. This integrative per-
spective, which combines educational technology with the 
psychological mechanisms of physical learning, broadens 
the research paradigm of VR applications.

In sum, this study not only provides a systematic 
synthesis of current evidence but also offers theoretical and 
empirical support for optimizing the technical pathways 
and pedagogical strategies of VR-based dance education. 
It contributes valuable references for the development of 
future integrated models of dance learning.
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