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Abstract

A hallmark of human intelligence is not only the capacity to learn from the environment, but also the ability to adapt the
learning process itself in response to changing demands. This meta-learning ability, known as “learning to learn,” has
been extensively studied in cognitive science and artificial intelligence for decades. While task-optimized recurrent neu-
ral networks have offered qualitative accounts of biological learning-to-learn, they fall short in capturing the individual
and temporal variability inherent in human decision making. To investigate how humans adjust their learning strategies
over time, we introduce a neural network model that estimates dynamic changes in subjects’ reinforcement learning (RL)
parameters. Across four bandit tasks, we find that RL parameters change over time, indicating that humans continu-
ously adapt their decision-making strategies at both the trial and block levels. These parameter updates are associated
with greater rewards and align with policy gradients near current RL parameters, suggesting that humans refine their
learning strategies based on task feedback. Taken together, our work provides a novel framework for understanding
the adaptive mechanisms of biological meta-learning, with broad applicability across tasks, populations, and cognitive
models.
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