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The hippocampus supports spatial navigation, memory, and planning through the
formation of cognitive maps—structured environmental representations reflected
in neural activity. These neural dynamics can be modeled computationally using
recurrent neural networks (RNNs) to provide insights into how cognitive maps
guide behavior. However, these RNNs are typically trained via reinforcement
learning (RL) using external rewards, failing to capture the intrinsic drive of
freely exploring animals in the absence of external rewards. Instead, reward-free
RL models, which rely on internal environmental representations, are better
candidates to study novelty-seeking and exploratory behaviour. This study
aims to investigate whether an RNN exhibiting hippocampal-like activity builds
spatial representations sufficient to support exploratory behavior in reward-free
RL agents. We leveraged an existing RNN trained for sensory sequence predic-
tion, which exhibits hippocampal-like activity patterns, and used its prediction
error as the intrinsic reward to train an Actor-Critic agent. Performance was
evaluated using a Novel Object Recognition task to quantify its preference for
novel versus familiar stimuli. The RL agent occupied the region of interest
(defined as a 3-unit radius around the novel object) significantly more often than
a random agent across multiple episodes and novel object locations. The RL
agent’s performance was also measured in a multi-room environment, where its
visitation frequency to novel rooms was significantly higher than a random con-
trol. This work demonstrates that hippocampal-like representations can support
autonomous exploratory behaviour, and provides a framework for investigating
how cognitive maps guide exploration and navigation.
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