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The rapid growth of environmental challenges in large cities such as Karaj, along with the
inefficiency of traditional monitoring and education methods, underscores the necessity of
adopting innovative technologies. This study aimed to examine the potential of the
Metaverse and artificial intelligence (Al) in enhancing collaborative monitoring and
environmental education and their impact on sustainable security and smart urban
governance in Karaj. Applied in nature and quantitative—analytical in approach, the
research employed partial least squares structural equation modeling (PLS-SEM) to
analyze the relationships among variables. The statistical population consisted of experts in
environmental science, smart urban planning, and digital technologies, selected through
purposive sampling and a snowball technique, resulting in 250 valid questionnaires.
Measurement model results confirmed acceptable composite reliability and convergent
validity, with all factor loadings exceeding 0.60. In the structural model, Al exerted the
strongest effect on environmental monitoring (path coefficient= 0.57), while the Metaverse
showed the greatest influence on participatory education (path coefficient= 0.42). Smart
urban governance (R?= 0.62) and sustainable urban security (R?= 0.59) demonstrated the
highest explanatory power. Indirect effects revealed the mediating roles of participatory
education and environmental monitoring in strengthening the links between the Metaverse,
Al, and dependent variables. The novelty of this study lies in the simultaneous use of
interactive Metaverse data and Al-driven analytics to design an integrated framework for
environmental governance and urban security. Findings highlight that combining these
technologies can foster citizen engagement, improve decision-making quality, and reduce
environmental vulnerability in future cities.
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