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Abstract: This study conducts a meta-analysis of 19 empirical studies to examine the impact of generative artificial
intelligence on programming learning outcomes. The results indicate that GAI significantly improves learning
effectiveness. Learners with prior programming experience perform better, and interventions lasting 1-3 months yield the
most optimal outcomes. Compared with use as an intelligent tutor, applying GAI as a learning companion or tool leads
to better results, while differences in academic background and educational level are not significant. The study suggests
strengthening context-sensitive application design to further enhance learning outcomes.
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