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Abstract

Substantial data support a temporal difference (TD) model of
dopamine (DA) neuron activity in which the cells provide a global
error signal for reinforcement learning. However, in certain cir-
cumstances, DA activity seems anomalous under the TD model,
responding to non-rewarding stimuli. We address these anoma-
lies by suggesting that DA cells multiplex information about re-
ward bonuses, including Sutton’s exploration bonuses and Ng et
al’s non-distorting shaping bonuses. We interpret this additional
role for DA in terms of the unconditional attentional and psy-
chomotor effects of dopamine, having the computational role of
guiding exploration.

1 Introduction

Much evidence suggests that dopamine cells in the primate midbrain play an im-
portant role in reward and action learning. Electrophysiological studies support
a theory that DA cells signal a global prediction error for summed future reward
in appetitive conditioning tasks (Montague et al, 1996; Schultz et al, 1997), in the
form of a temporal difference prediction error term. This term can simultaneously
be used to train predictions (in the model, the projections of the DA cells in the
ventral tegmental area to the limbic system and the ventral striatum) and to train
actions (the projections of DA cells in the substantia nigra to the dorsal striatum
and motor and premotor cortex). Appetitive prediction learning is associated with
classical conditioning, the task of learning which stimuli are associated with re-
ward; appetitive action learning is associated with instrumental conditioning, the
task of learning actions that result in reward delivery.

The computational role of dopamine in reward learning is controversial for two
main reasons (Ikemoto & Panksepp, 1999; Redgrave et al, 1999). First, stimuli that
are not associated with reward prediction are known to activate the dopamine sys-
tem persistently, including in particular stimuli that are novel and salient, or that
physically resemble other stimuli that do predict reward (Schultz, 1998). Second,
dopamine release is associated with a set of motor effects, such as species- and
stimulus-specific approach behaviors, that seem either irrelevant or detrimental to
the delivery of reward. We call these unconditional effects.

In this paper, we study this apparently anomalous activation of the DA system,
suggesting that it multiplexes information about bonuses, potentially including ex-
ploration bonuses (Sutton, 1990; Dayan & Sejnowski, 1996) and shaping bonuses
(Ng et al, 1999), on top of reward prediction errors. These responses are associated
with the unconditional effects of DA, and are part of an attentional system.
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