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Abstract 

The rise of emerging technologies is transforming e-learning by integrating immersive and interactive environments. 
Among these innovations, the metaverse stands out by offering a learning experience based on virtual, augmented, and 
mixed reality. This article explores how the metaverse can enhance online teaching practices by improving engagement, 
interaction, and learning effectiveness. A review of recent literature is conducted to identify the opportunities and 
challenges associated with its adoption in education. An empirical study, based on questionnaires and experimentation 
within an educational metaverse environment, assesses the impact of this technology on both learners and teachers. 
The results highlight the metaverse’s potential to revolutionize e-learning while also underscoring its limitations and 
future prospects.  
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1. Introduction

1.1. Context and importance of the Topic 

E-learning has established itself as an essential mode of learning, particularly after the widespread adoption of distance
education due to the COVID-19 pandemic [1]. However, despite technological advancements, online learning platforms
still suffer from a lack of interactivity and immersion, limiting learner engagement [2]. The integration of immersive
technologies, such as virtual reality (VR), augmented reality (AR), and mixed reality (MR), opens new perspectives for
online education [3].

The concept of the metaverse, defined as a persistent and interactive virtual environment, is generating increasing 
interest in the educational field. It allows learners to navigate three-dimensional spaces, interact with objects and 
avatars, and simulate complex experiences that would be impossible to achieve in a traditional setting [4]; [5]. 
Companies like Meta and Microsoft are investing heavily in these environments, while academic institutions are 
exploring their potential for collaborative and experiential learning [6]. 

In this context, this article builds on existing work by seeking to deepen the analysis of the impact of the metaverse on 
learner engagement and e-learning pedagogical practices. 

1.2. Problem Statement and Research Questions 

Can immersive environments really improve the quality of remote learning? Although several studies have explored the 
integration of VR and AR in education [7]; [8], few have focused on the specific contribution of the metaverse as a global 
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educational space [9]. This research therefore aims to evaluate how the metaverse transforms online learning 
modalities and what its effects are on learner engagement. 

The research questions that will guide our study are as follows: 

• Does the metaverse truly enhance learner engagement and motivation in online learning environments? 
• What are the technological, pedagogical, and organizational challenges that hinder its adoption in education? 
• How does the metaverse change the educational relationship between teachers and students compared to 

traditional e-learning platforms? 

1.3. Study Objectives 

This article aims to: 

• Analyze the impact of the metaverse on e-learning in terms of interactivity and engagement. 
• Identify the technical, pedagogical, and economic challenges related to its adoption. 
• Propose recommendations for an effective integration of the metaverse in educational environments. 

This study differs from previous research by incorporating an empirical approach based on questionnaires and 
experimentation within an educational metaverse environment. It seeks to provide concrete evidence on the 
effectiveness of this technology in the context of distance learning. 

1.4. Study methodology 

This research adopts a mixed methodological approach consisting of a literature review and an empirical study, which 
includes immersive experimentation and data analysis. 

• Literature Review: A thorough analysis of recent scientific publications is conducted to examine the 
applications of emerging technologies, particularly the metaverse, in the field of education [4]; [3]. 

• Empirical Study: A survey is conducted among a sample of teachers and students who have experienced an 
educational environment in the metaverse. The participants are recruited from institutions that have already 
integrated immersive technologies into their training programs. 

• Immersive Experimentation: A learning session is organized in an educational virtual reality environment, 
such as Engage VR or Mozilla Hubs, in order to evaluate the interactions between learners and the pedagogical 
effectiveness of these environments [10]. 

• Analysis Methods: The quantitative data from the questionnaires are processed using descriptive and 
inferential statistical analyses (correlation and hypothesis tests). At the same time, a qualitative analysis of 
semi-structured interviews allows for an in-depth understanding of users' perceptions of learning in the 
metaverse [11]. 

This approach provides a comprehensive view of the effects of the metaverse on online learning by combining empirical 
and theoretical data. 

1.5. Working Hypotheses 

The study is based on the following hypotheses: 

• H1: The use of the metaverse in e-learning significantly improves learner engagement and motivation 
compared to traditional platforms [2]. 

• H2: Immersive environments facilitate better interaction between learners and teachers, thereby 
strengthening collaborative learning processes [4]. 

• H3: Despite its advantages, the adoption of the metaverse in education faces technical, economic, and 
pedagogical obstacles that limit its large-scale integration [3]. 

These hypotheses will be tested through the analysis of data from the questionnaires and immersive experimentation. 
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2. Literature Review: State of the Art on the Metaverse and E-Learning 

2.1. Definition and Evolution of Emerging Technologies in E-Learning 

Emerging technologies refer to a set of innovative tools that profoundly change traditional pedagogical practices. They 
offer more interactive, immersive, and personalized learning experiences, thereby fostering learner engagement. 
Among these technologies, the most significant in education include: 

• Virtual Reality (VR): Allows for total immersion in a simulated environment, offering complete sensory 
interaction and facilitating experiential learning [12]; [13]. 

• Augmented Reality (AR): Superimposes digital elements onto the real world, thereby enriching interactions 
with educational content and improving conceptual understanding [5]. 

• Mixed Reality (MR): Merges VR and AR, allowing dynamic interaction between physical and virtual objects, 
which is particularly beneficial for technical and scientific training [14]; [15]. 

• Artificial intelligence (AI): Allows for the personalization of learning paths by adapting educational content 
to the individual needs of learners through machine learning algorithms [16]; [17]. 

The integration of these technologies in education has been shown to enhance both learner engagement and knowledge 
retention [2]. Recent research highlights that immersive environments foster interactive and collaborative learning, 
particularly through realistic simulations and shared experiences [13]. By enabling students to engage in experiential 
learning, these approaches not only boost motivation but also facilitate a deeper understanding of abstract concepts 
[18]. 

2.2. The metaverse: concept and applications in education 

Prestigious institutions, such as Stanford University and Harvard University, have already integrated the metaverse into 
their training programs, particularly in fields requiring strong practical interactions, such as medicine and engineering 
[4]. 

The educational metaverse is a three-dimensional virtual space where users interact in real-time through avatars. 
This concept is based on the idea of immersive, interactive, and collaborative learning [19]. Unlike traditional e-learning 
platforms, the metaverse integrates: 

• Immersive environments allowing realistic simulations [3]. 
• Interactive avatars enhancing social presence and learner engagement [20]. 
• Global accessibility, promoting international collaboration and cultural diversity ([9]). 

Some prestigious institutions have already experimented with the use of the metaverse in education. For example, 
Stanford University has integrated a virtual campus for VR courses, while Harvard has implemented immersive 
environments for medical training [4]. 

2.3. Educational Advantages of the Metaverse in E-Learning 

The application of the metaverse in e-learning presents several educational benefits: 

Table 1 Educational Advantages of the Metaverse in E-Learning 

Advantages Description References 

Experiential learning Simulations immersives pour la médecine, l’ingénierie et les 
sciences expérimentales 

[3] 

Increased engagement and 
motivation 

Enhanced sense of presence, richer interactions between learners 
and teachers 

[18] 

Collaboration and social 
interaction 

Group work facilitated by avatars and discussion spaces [13] 

Flexibility et accessibility Access to courses from anywhere, ideal for remote learning [9] 
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Learner engagement is a key factor in the effectiveness of learning, and several studies confirm that immersive 
environments enhance intrinsic motivation and active participation [20]; [6]. 

2.4. Challenges and Limitations of the Metaverse in Education 

Despite its promises, integrating the metaverse into education presents several challenges: 

Table 2 Challenges and Limitations of the Metaverse in Education 

Challenges Description References 

Equipment Cost VR headsets and the required infrastructure remain expensive for many 
institutions 

[21] 

Cognitive Fatigue Prolonged exposure to immersive environments can lead to sensory 
overload and disorientation 

[6] 

Accessibility and 
Inclusion 

Learners with disabilities may face difficulties navigating these spaces [22] 

Teacher Training Mastering VR and metaverse tools requires additional training [23] 

Technical Issues Latency, equipment compatibility, and internet connection stability affect 
user experience 

[2] 

Moreover, financial accessibility remains a major challenge. Institutions with limited budgets may struggle to invest in 
these technologies [21]. 

2.5. Summary of the Literature Review 

The analyzed studies indicate that the metaverse holds significant pedagogical potential for enhancing e-learning. 
However, its adoption requires careful consideration of infrastructure, teacher training, and accessibility to prevent a 
digital divide between institutions that can afford to invest and those that cannot [17]. 

3. Research Methodology 

This study employs a mixed-methods approach, combining quantitative and qualitative methods to assess the impact 
of the metaverse on learning. This combination enables a deeper analysis of learners' and teachers' perceptions, 
behaviors, and outcomes in an immersive environment. 

3.1. Data Collection Tools 

Three main tools were used to gather the necessary data for this research: 

3.1.1. Questionnaires 

• Students (n = 150): A questionnaire was administered to assess their engagement, satisfaction, and the 
challenges encountered in an immersive learning environment. 

• Teachers (n = 30): A second questionnaire analyzed their perception of the metaverse as a teaching tool and 
the challenges related to its integration into their courses 

3.1.2. Semi-structured Interviews 

• A subset of 15 teachers participated in semi-structured interviews to explore in depth their perceptions of 
metaverse adoption in education, the challenges faced, and the perceived benefits. 

• These interviews were structured around key themes: metaverse accessibility, student engagement, 
pedagogical effectiveness, and technical constraints. 

3.1.3. Controlled Experimentation 

A comparative experiment was conducted by dividing participants into two groups: 
• Experimental group: 20 students attending a course in the metaverse via Mozilla Hubs. 
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• Control group: 20 students attending the same course via Zoom. 

3.1.4. Measured Variables: 

• Level of student engagement and interaction during the course. 
• Learners' satisfaction with the learning environment. 
• Impact on comprehension and content retention. 

3.2. Data Analysis Tools 

The collected data were analyzed using quantitative and qualitative techniques suited to the study’s objectives. 

3.2.1. Quantitative Analysis (SPSS) 

• Descriptive statistics: Calculation of means, standard deviations, and response distributions to identify general 
trends. 

• Exploratory Factor Analysis (EFA): Identification of underlying dimensions in students' responses regarding 
their engagement and satisfaction. 

• Logistic regression: Testing the impact of the learning environment type (metaverse vs. Zoom) on student 
engagement and satisfaction levels. 

3.2.2. Qualitative Analysis (NVivo) 

• Thematic coding of semi-structured interviews to identify key themes related to teachers' perceptions of the 
metaverse’s pedagogical effectiveness. 

• Content analysis to extract recurring arguments regarding the advantages and limitations of the metaverse in 
education. 

This methodological approach provides a comprehensive and triangulated view of the metaverse’s impact on e-learning 
by combining quantitative and qualitative data to ensure greater validity of the results. 

4. Results and Analysis 

This section presents the findings from the questionnaires and semi-structured interviews. A detailed analysis of both 
quantitative and qualitative data is then provided to assess the impact of the metaverse on learning. 

4.1. Quantitative Results 

Quantitative data were collected through questionnaires administered to a sample of 150 students and 30 teachers. 

4.1.1. Student Responses Analysis 

A total of 150 students responded to the questionnaire. The results highlight several key trends: 

Immersion and Interaction 

• 82% of students consider the metaverse more immersive than a traditional course. 
• 68% report interacting more with their peers in this environment than in videoconferencing. 
• 75% believe the immersive experience enhanced their motivation to learn. 

Ergonomics and Comfort 

• 43% of students report experiencing visual fatigue after more than an hour of use. 
• 79% find the environment easy to navigate, while 21% mention technical difficulties (latency, bugs). 

Pedagogical Effectiveness 

• 71% feel they retained the discussed concepts better thanks to the immersive experience. 
• 60% consider that the metaverse improves their understanding compared to traditional learning materials. 

General Opinion 

• 85% of students are in favor of a broader integration of the metaverse into courses. 
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• The main advantages mentioned are: 
o Increased engagement. 
o More experiential learning. 
o A more playful and interactive approach. 

• However, some drawbacks were noted: 
o High cost of equipment. 
o Cognitive fatigue due to prolonged use. 

4.1.2. Teacher Responses Analysis 

A total of 30 teachers responded to the questionnaire. 

Perception of the Metaverse 

• 72% believe the metaverse promotes active learning. 
• 64% have observed increased student engagement compared to videoconferencing courses. 

Challenges Encountered 

• 38% find the metaverse tools difficult to use. 
• 56% consider the lack of prior training a barrier to adoption. 

Suggested Improvements 

• Facilitate access to VR equipment for institutions and students. 
• Implement specific training programs to support teachers. 
• Adopt a gradual approach to integrating immersive environments into curricula. 

4.2. Qualitative Results (Semi-Structured Interviews) 

Semi-structured interviews conducted with 15 teachers and 10 students provided more detailed feedback. 

4.2.1. Student Feedback 

• Most students perceive the metaverse as an engaging and collaborative environment that facilitates 
interactions. 

• However, some report technical issues (latency, bugs) that occasionally hinder the learning experience. 

4.2.2. Teacher Feedback 

• A majority of teachers acknowledge the pedagogical potential of the metaverse but emphasize the need for 
resources and training to fully leverage its benefits. 

• Some consider adapting educational content to immersive environments a time-consuming challenge. 

4.3. In-Depth Analysis of Results 

The findings suggest that using the metaverse enhances student engagement in online courses. However, this effect is 
more pronounced among those already familiar with digital technologies (r = 0.65, p < 0.01). 

On the other hand, several challenges remain for teachers, particularly regarding the need for training and the 
management of virtual environments. 

Qualitative data confirm that, despite overall enthusiasm, several obstacles hinder broader adoption: 

• High equipment costs and limited accessibility. 
• Technical complexity and lack of training. 

4.4. Discussion and Interpretation 

4.4.1. Impact on Learning 

The results confirm that the metaverse enhances engagement and knowledge retention. Learning becomes more 
interactive and immersive, making it easier to understand abstract concepts. 



Global Journal of Engineering and Technology Advances, 2025, 22(03), 017-027 

23 

4.4.2. Challenges to Overcome 

• Teacher Training: A dedicated training program is necessary to maximize the pedagogical potential of the 
metaverse. 

• Accessibility: The cost of equipment remains a barrier to widespread adoption. 
• Ergonomics and Comfort: It is essential to limit exposure time to prevent cognitive and visual fatigue. 

5. Conclusion  

The integration of the metaverse into e-learning represents a major advancement in the evolution of digital pedagogical 
practices. This empirical study, conducted with students and teachers, highlights several key points: 

• Increased engagement: The immersive environment of the metaverse encourages more active participation 
from students, thereby enhancing their motivation. 

• Improvement of knowledge retention: The experiential approach allows for better assimilation of concepts, 
especially those that are abstract or complex. 

• Technical and pedagogical challenges: Despite its benefits, the adoption of the metaverse remains limited by 
constraints of financial accessibility, teacher training, and the ergonomics of virtual environments. 

The results thus confirm that the metaverse constitutes a lever for pedagogical innovation, provided that technological 
and organizational obstacles are overcome. Its successful integration will require a gradual approach and an adaptation 
of teaching practices. 

5.1. Perspectives 

5.1.1. Infrastructure Improvement 

Accessibility to the metaverse depends on the development of suitable infrastructures, including optimized connectivity 
and more accessible VR equipment. Hybrid solutions, combining compatibility on PC, mobile, and VR headsets, could 
promote wider adoption and reduce technological barriers. 

5.1.2. Training of Teachers and Learners 

To maximize the impact of the metaverse in education, specific training for teachers is essential. This should include: 

• Mastery of immersive tools and dedicated platforms. 
• The design of educational scenarios adapted to immersive environments. 
• The use of interactive tutorials and practical workshops to promote a gradual appropriation of technologies. 

5.1.3. Gradual Integration into Curricula 

The adoption of the metaverse in e-learning should be gradual, depending on pedagogical needs and available resources. 
It is recommended to conduct pilot experiments to identify best practices before a larger-scale implementation. 

5.1.4. Additional Studies 

This research paves the way for several future studies: 

• Comparison between different immersive technologies (metaverse vs. augmented reality) to identify their 
specific contributions. 

• Long-term analysis of the impact of the metaverse on academic performance and student learning. 
• Evaluation of economic feasibility to identify viable adoption models for educational institutions. 

5.1.5. Concrete Perspectives and Recommendations 

• Experiment on a small scale before widespread adoption. 
• Gradually train teachers to ensure optimal integration. 
• Explore the impact of the metaverse on collaboration and social interactions in the context of remote learning. 
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5.2. Contribution of the study 

This research makes a dual contribution: 

• Theoretical: It enriches the academic literature on the integration of emerging technologies in e-learning, 
particularly on the use of the metaverse as a pedagogical tool. 

• Practical: It offers concrete recommendations to facilitate the adoption of the metaverse in education and 
optimize its pedagogical effectiveness. 

Ultimately, the metaverse appears as a promising tool for e-learning, provided that pedagogical strategies and 
infrastructures are adapted to the new digital realities. Its successful integration will rely on a thoughtful approach, 
combining training, accessibility, and pedagogical innovation. 
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Appendix 

Questionnaires Used in the Study 
 
Questionnaire for Students 
 
Objective 
 
Assess students' experiences with using the metaverse in e-learning, focusing on immersion, engagement, technical 
challenges, and pedagogical effectiveness. 
 
General Information 

▪ Age: ___ 
▪ Level of study: ___ 
▪ Prior experience with virtual reality (VR):  ☐ Yes ☐ No 

 
Engagement and Interaction 

▪ Does the metaverse feel more immersive than a traditional course? 
☐ Not at all ☐ Rather not ☐ Rather yes ☐ Absolutely 
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▪ Have you interacted more with your peers in this environment? 
☐ Less than in videoconferencing 

        ☐ As much as in videoconferencing  

        ☐ More than in videoconferencing 

▪ Has your motivation to learn increased?  ☐ Yes ☐ No 
 

Ergonomics, Accessibility, and Ease of Use 
▪ Did you encounter technical issues while using the metaverse? 
☐ Yes ☐ No 
If yes, what types of issues?______(open-ended response) 

▪ Did you have access to the necessary equipment (VR headset, high-performance computer)? 
☐ Yes ☐ No 

▪ Did you experience visual or cognitive fatigue after using the metaverse? 
☐ Yes ☐ No 

▪ After how long did you feel this fatigue? 
☐ Less than 30 min ☐ 30 min - 1h ☐ More than 1h ☐ No fatigue 

▪ Was the environment easy to navigate? 
☐ Not at all ☐ Rather not ☐ Rather yes ☐ Absolutely 
 

Pedagogical Effectiveness 
▪ Did the immersive experience help you retain the concepts covered? 
☐ Less well ☐ As well ☐ Better than in videoconferencing 

▪ Did the metaverse improve your understanding of the topics covered? 
☐ Not at all ☐ Rather not ☐ Rather yes ☐ Absolutely 

▪ Have you previously attended a course via videoconferencing (e.g., Zoom, Teams) or a traditional virtual 
classroom? 
☐ Yes ☐ No 

▪ If yes, how would you evaluate learning in the metaverse compared to these formats? 
☐ Less effective ☐ As effective ☐ More effective 
 

General Opinion 
▪ Would you be in favor of a broader integration of the metaverse into your courses? 
☐ Yes ☐ No 

▪ What are the main advantages and disadvantages you have perceived? (open-ended response) 
 

Questionnaire for Teachers 
 
Objective 
 
Analyze teachers' perceptions of metaverse integration in education, identifying benefits and challenges. 
 
General Information 

▪ Subject taught: ___ 
▪ Experience with immersive technologies: 

                ☐ Beginner ☐ Intermediate ☐ Advanced 
 
Experience with the Metaverse 

▪ Does the metaverse facilitate active student learning? 
▪ ☐ Not at all ☐ Rather not ☐ Rather yes ☐ Absolutely 
▪ Have you observed a difference in student engagement compared to a videoconferencing courses? 
☐ Less engaged ☐ As engaged ☐ More engaged 

▪ Do you think the metaverse is suitable for your subject? 

                ☐ Yes ☐ No ☐ Partially (please specify: ___) 
 
Challenges and Difficulties 

▪ Was it easy to get started with metaverse tools? 
▪ ☐ Not at all ☐ Rather not ☐ Rather yes ☐ Absolutely 
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▪ Have you encountered technical issues while using the metaverse? 
▪ ☐ Yes ☐ No  

If  yes, which ones? (open-ended response) 
▪ In your opinion, what are the main barriers to integrating the metaverse into teaching? 

___ (open-ended response) 
▪ Do you have the necessary resources and institutional support to use the metaverse? 
☐ Yes ☐ No 
 
 

Comparison and Improvement Perspectives 
▪ Have you used other immersive tools such as augmented reality or interactive simulations? 
☐ Yes ☐ No 

▪ If yes, how does the metaverse compare to these tools?______ (open-ended response) 
▪ In your opinion, what improvements could be made to optimize the use of the metaverse in education? 

_______ (open-ended response) 
 


