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ABSTRACT

The objective of this study was to validate the metaverse model in science education
for middle schools and identify its influencing factors, strategies, and outcomes.
This quantitative, survey-based study was conducted with a statistical population
comprising teachers and principals of middle schools in Tehran during the 2023-
2024 academic year. A sample of 265 participants was selected using the Morgan
table. Data were collected using a researcher-made questionnaire with 43 items on
a five-point Likert scale. Structural equation modeling (SEM) was applied to
analyze the data using AMOS software. Model fit indices, including RMSEA, GFl,
CFI, and chi-square/df, were used to assess the model’s quality. The results
revealed that causal factors, such as technological infrastructure, content, and media
literacy; intervening factors, such as management and supervision; and contextual
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Modeling performance of schools. The model fit indices indicated a good model quality
(RMSEA=0.075, CFI=0.979). The integration of the metaverse in science
education can enhance the quality of learning, boost student and teacher
engagement, and reduce educational costs. Successful implementation requires
strengthening infrastructure, developing supportive policies, and training teachers.
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EXTENDED ABSTRACT

INTRODUCTION

The metaverse, as an emerging technology integrating virtual reality (VR),
augmented reality (AR), and artificial intelligence (Al), offers transformative potential in
education. By providing immersive, interactive learning environments, it bridges gaps in
traditional teaching methods and addresses limitations such as accessibility and
engagement (1). This innovative approach has demonstrated its ability to enhance student
engagement, motivation, and academic performance in various studies (4, 5). Specifically,
in science education, the metaverse enables learners to conduct experiments in simulated
environments, facilitating the understanding of complex scientific concepts without
physical risks or high costs (6).

Despite its potential, implementing the metaverse in education presents challenges,
including financial barriers, infrastructure requirements, and ethical concerns (8, 9).
Policymakers and educators must address these challenges to fully leverage this
technology. Studies have highlighted that factors such as technological readiness, content
quality, and supportive policies significantly influence the adoption of metaverse
technologies in education (7, 11).

Given the growing interest in metaverse applications in education, this study focuses
on validating a metaverse model specifically designed for middle school science education.
The research identifies causal factors, intervening conditions, contextual factors, effective
strategies, and potential outcomes of this technology in schools. It aims to provide a
comprehensive framework to guide the integration of the metaverse into science education,
addressing the unigue challenges and opportunities within the Iranian educational system.

METHODS AND MATERIALS

This quantitative, survey-based study was conducted among middle school teachers
and principals in Tehran during the 2023-2024 academic year. The statistical population
consisted of 850 individuals, from which a sample of 265 participants was selected using
the Morgan table. Data were collected through a researcher-made questionnaire containing
43 items on a five-point Likert scale. Structural equation modeling (SEM) was employed
to analyze the data using AMOS software. Model fit indices, including RMSEA, GFI, CFl,

and chi-square/df, were used to evaluate the model’s validity.
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FINDINGS

The results indicated that causal factors such as technological infrastructure, media
literacy, and content quality play a significant role in adopting the metaverse in schools.
Intervening factors, including management and quality assurance, were also found to
influence implementation success. Contextual factors, such as supportive policies, data
security, and privacy, emerged as critical elements for ensuring the sustainability of
metaverse applications in education.

Effective strategies identified in the study included fostering interaction and
participation, promoting skill-building programs, synchronizing technologies, and
reducing implementation costs. The outcomes of integrating the metaverse in science
education were observed to enhance student academic performance, increase motivation
and participation, and improve organizational performance in schools.

Model fit indices validated the conceptual framework, with RMSEA = 0.075 and
CFI =0.979, indicating an excellent fit between the data and the proposed model.

DISCUSSION AND CONCLUSION

The findings align with existing literature emphasizing the transformative potential
of the metaverse in education. The significant role of causal factors, such as technological
readiness and content quality, has been corroborated by studies like Ahmadon (2023),
which highlighted the importance of interactive and engaging content for effective learning
(4). Similarly, the need for media literacy as a foundational skill for utilizing metaverse
technologies has been emphasized by Pregowska (2023), who noted the challenges faced
by educators and students in adopting advanced digital tools (16).

Contextual factors such as supportive policies and data security were found to be
essential for successful implementation. This observation is consistent with research by
Azoury and Hajj (2023), which identified policy frameworks as a critical enabler for
metaverse adoption in education (7). Moreover, the emphasis on management and quality
assurance as intervening factors aligns with the findings of Chamola (2023), who argued
that effective governance and monitoring are vital for overcoming implementation barriers
(8).

The study also confirmed that metaverse-based learning enhances student
engagement and motivation, a conclusion supported by Almurtadha (2024) and Saphira
(2024). These researchers demonstrated the effectiveness of immersive learning
environments in fostering interest and improving comprehension, particularly in science
education (11, 15).
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Despite these promising results, the study highlighted challenges such as financial
constraints and the need for advanced infrastructure. These issues have been widely
acknowledged in the literature, with Kaddoura and Husseiny (2023) stressing the
Importance of equitable access to technology to prevent educational disparities (9).

In conclusion, this research provides a validated framework for integrating the
metaverse into middle school science education. It underscores the importance of
addressing causal, contextual, and intervening factors to ensure successful implementation.
By adopting effective strategies and addressing existing challenges, educational
Institutions can harness the full potential of the metaverse to transform teaching and
learning experiences. Future studies should explore qualitative aspects of metaverse
applications and extend research to diverse educational contexts.
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