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(An Empirical Study on Learning Outcomes and Educational Implications of an Al-Enhanced
Engineering Education Model)
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Abstract

This study empirically examined the effects of a generative Al-enhanced engineering education
model on learners’ design performance, creativity, cognitive load, ethical awareness, assessment
integrity, and learning satisfaction. A 15-week Al-based design course was conducted with 186
undergraduate students, and data from 174 valid participants were analyzed through pre- and
post—comparisons, group tests, cognitive load analysis, mediation and moderation testing, IPA, and
qualitative analysis. The results showed that Al-based design education improved design performance,
creativity, self-efficacy, and learning satisfaction. Extraneous cognitive load decreased, while germane
cognitive load increased. Prompt design competency partially mediated the relationship between Al use
and learning outcomes, and ethical awareness and assessment integrity influenced learning satisfaction
and trust in AI use. IPA identified prompt-structuring education, ethical Al use guidance, and
hallucination verification as key areas for improvement.
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