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Abstract: This study employs meta-analysis to systematically evaluate the effectiveness of Generative Artificial
Intelligence (GenAl) in human-machine collaborative learning and to examine variations in its effects under different
conditions. Based on multiple experimental and quasi-experimental studies, the results indicate that GenAl significantly
enhances learning outcomes, with the improvement being statistically significant. The study finds that variables such as
discipline domain, knowledge type, intervention duration, learning mode, role setting, and instructional model
moderate these effects: while the trend of improvement is consistent across various disciplines and knowledge types, the
strength of the effect is influenced by disciplinary characteristics and task complexity; short-term interventions yield
more pronounced improvements, whereas long-term interventions may fluctuate due to diminished novelty or
information overload; and collaborative learning along with role-based interactions can further optimize outcomes.
This study provides empirical evidence for educational practice and the design of future educational technologies.
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Meta Analysis
Study name Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error Variance  limit limit Z-Value p-Value
FBIEE, 2024 0.457 0224 0050 0018 0895 2040 0041
Zgkg, i, 2024 0.500 0224 0050 0060 0939 2227 0.026
TEE, 2023 0674 0.325 0.106 0.037 1311 2073 0038
0.516 0.142 0020 0237 0795 3621 0.000
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Funnel Plot of Standard Error by Std diff in means

Standard Error
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