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            Abstract
Evaluation of both immediate and future outcomes of one's actions is a critical requirement for intelligent behavior. Using functional magnetic resonance imaging (fMRI), we investigated brain mechanisms for reward prediction at different time scales in a Markov decision task. When human subjects learned actions on the basis of immediate rewards, significant activity was seen in the lateral orbitofrontal cortex and the striatum. When subjects learned to act in order to obtain large future rewards while incurring small immediate losses, the dorsolateral prefrontal cortex, inferior parietal cortex, dorsal raphe nucleus and cerebellum were also activated. Computational modelâ€“based regression analysis using the predicted future rewards and prediction errors estimated from subjects' performance data revealed graded maps of time scale within the insula and the striatum: ventroanterior regions were involved in predicting immediate rewards and dorsoposterior regions were involved in predicting future rewards. These results suggest differential involvement of the cortico-basal ganglia loops in reward prediction at different time scales.
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                    Figure 1: Experimental design.[image: ]


Figure 2: Task schedule and behavioral results.[image: ]


Figure 3: Brain areas activated in the SHORT versus NO contrast (P < 0.001, uncorrected; extent threshold of four voxels).[image: ]


Figure 4: Brain areas activated in the LONG versus SHORT contrast (P < 0.0001, uncorrected; extent threshold of four voxels for illustration purposes).[image: ]


Figure 5: Comparison of brain areas activated in the SHORT versus NO contrast (red) and the LONG versus SHORT contrast (blue).[image: ]


Figure 6: Voxels with a significant correlation (height threshold P < 0.001, uncorrected; extent threshold of four voxels) with reward prediction V(t) and prediction error Î´(t) are shown in different colors for different settings of the discount factor Î³.[image: ]
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