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ABSTRACT

Online education offers unprecedented Scalability and accessibility to learners worldwide, yet it continues to
face challenges of low learning engagement and poor long-term knowledge retention. To address these issues,
we introduce Al-lutor, a reinforcement learning-based System designed to promote sustainable online
education. Rather than optimizing solely for Short-term learning gains, Al-lutor balances the tension between
learning engagement and learning progress, as well as the trade-off between knowledge expansion and
knowledge consolidation over the long run—at the individual level—drawing inspiration from cognitive theories
of memory and human learning.

Experiments on large-scale language learning data demonstrate that Al-lutor consistently outperforms State-
of-the-art baselines in engagement, knowledge retention, and overall learning outcomes. Analyses of learning
trajectories further reveal how Al-Tutor personalizes its strategies for learners with diverse profiles, offering an
adaptive and human-centered approach to online learning.
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