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Abstract

Traditional environmental education tools suffer from a severe experiential gap that limits students’ ability to
comprehend the complexity and interconnectedness of ecological systems. Although emerging artificial
intelligence solutions offer promising alternatives, they remain burdened by issues of accuracy, reliability, and
so-called “Al hallucinations.” This study investigates the feasibility of the Hybrid Guided Simulation Framework
(HGSF) as an integrative model that combines the rigor of deterministic mathematical models with the flexibility
of generative intelligent narratives.

The study employed a quasi-experimental design involving three groups: an experimental group (n = 28) that used
the hybrid GEDT system, and two control groups—one using conventional digital learning tools (n = 25) and the
other relying on lecture-based instruction (n = 27)—within a university setting in . A minimum viable prototype
(MVP) was developed to simulate groundwater management in the using the Unity engine integrated with a large
language model (LLM). Quantitative and qualitative data were collected, including awareness assessments, the
System Usability Scale (SUS), interaction logs, and in-depth interviews, alongside a two-month follow-up study.
The experimental group demonstrated a statistically significant improvement in systems-awareness levels
compared with the two control groups (F = 4.89, p = .034, d = 0.67). The mean usability score (SUS) reached
68.4, corresponding to an “acceptable” level of usability. A detailed analysis of 420 generated responses revealed
that 22% contained errors; however, the automated verification layer successfully corrected 83% of these before
they reached learners. Follow-up findings indicated a 90% knowledge retention rate, as well as a significant
behavioral impact reflected in students’ discussions with their families about water conservation practices (p =
.013).
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The hybrid model demonstrates tangible cognitive effectiveness and strong technical reliability owing to its dual-
layer architecture centered on automated verification. Nevertheless, further improvements to the user interface
and the inclusion of reinforcement sessions are recommended to strengthen long-term behavioral impact.
Keywords: Digital Twin, Generative Artificial Intelligence, Environmental Education, Systems Awareness,
Libya
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