
     Learning from rewarding and aversive stimuli is ubiquitous in everyday life. A broad range of 
the decisions that we make throughout the day – arguably most decisions – are made based on 
the comparison of values for stimuli or actions that were learned from experience (i.e., 
reinforcement learning). Better understanding the neural systems that support reinforcement 
learning has great potential to inform our understanding of between individual variation in 
decision making in healthy adults and across psychiatric conditions and developmental stages 
of life. Consistently, studies utilizing electrophysiology in non-human animals and neuroimaging 
in humans have found that regions of the midbrain and ventral striatum including the nucleus 
accumbens (NAcc) are activated during the anticipation of reward and firing rate or activation in 
these regions scales with reward prediction errors [1-4]. !
     Individual differences in the prediction error signal in the striatum during reward based 
learning tasks distinguish learners from non-learners [5]. Furthermore, enhancing the dopamine 
system pharmacologically with L-DOPA has been shown to improve choice, performance 
towards monetary gains but not monetary losses [6]. In a related recennt study, treating older 
adults with L-DOPA improved reward prediction errors in the NAcc, especially for individuals 
who had abnormal signaling at baseline [7]. These results suggest a crucial role for individual 
differences in dopamine transmission, particularly in the NAcc, contributing to behavioral 
differences in reward learning in response to reward feedback.!
     Furthermore, the dopamine system has consistently been implicated in reversal learning. For 
example, depleting catecholamines impairs correct switching during probabilistic reversal 
learning [8]. Furthermore, reversal learning is impaired in Parkinson’s Disease [9], and genetic 
polymorphisms in dopamine genes appear to influence reversal learning performance [10].!
     Finally, the degree to which individuals learn from gains relative to losses has the potential to 
influence financial decisions across time cumulatively impacting long-term financial outcomes 
and financial health [11].!
!
In the present study we predicted that: !
1) Individual differences in D2 receptor availability in the ventral striatum would be related to 

performance in a probabilistic reward learning task.!
2) Individual differences in D2 receptor availability in the striatum would be related to 

performance in a probabilistic reversal learning task.!
3) There would be a valence effect on the relation between dopamine and learning such that 

learning from positive feedback would be more strongly correlated with individual differences 
in dopamine system compared to learning from negative feedback.

     To our knowledge, this is the first study to use human PET imaging to directly assess the 
relation between individual differences in dopamine receptors and behavioral measures of 
reward learning. The findings suggest that the level of available D2/D3 receptors in the NAcc 
and ventromedial caudate is associated with improved learning from feedback in general. 
Higher levels of D2 receptor availability may provide more sites for dopamine to act promoting 
enhanced reinforcement learning. Consistent with prior animal work, our results suggest that 
the human striatal dopamine system promotes reinforcement learning. !
     Although recently it has been demonstrated in monkeys that individual differences in D2 
receptor availability in the dorsal striatum are associated with the ability to shift behavior in a 
reversal learning task [12], we did not observe these effects in our human sample. !
     While several imaging and pharmacological studies have demonstrated selective valence 
effects of dopamine on reinforcement learning [6, 12, 13], we did not find evidence for valence 
effects here. However, it is important to note that although our task includes separate 
conditions with monetary gains and losses, we are not able to distinguish between learning 
from positive or negative prediction errors. Both positive and negative prediction errors are 
generated within both the gain and loss conditions, which might have contributed to the lack of 
a valence effect.!
     We are currently extending this work by examining potential relations between individual 
differences in dopamine receptors (using PET) and the functional representation of prediction 
errors (using fMRI) across adulthood given recent evidence for age differences in 
reinforcement learning and neural activity [e.g., 7, 14].
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Participants!
25 healthy, young adult participants completed the study at Vanderbilt University!
! Mean Age = 20.88, Age Range = 18 – 24, 60% Female!
!
Procedures!
Day 1: Behavioral Testing!
! Two-arm Probabilistic Learning Task!
! Probabilistic Reversal Learning Task!
! !
Day 2: PET scan!
! 5 mCi [18F]Fallypride PET Scan!
!
Behavioral Measures!
Percentage of trials where the higher expected value option was selected!
Learning rates and decision slopes (estimated from fitting reinforcement learning model to 
choice data)
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Task and Results

Dopamine Receptor Binding!
The average percent of correct choices across 

conditions (i.e. choosing the higher expected 
value cue) in the learning task was associated 
with greater [18F]Fallypride binding in the right 
ventromedial caudate and nucleus accumbens 

(peak t24 = 4.62; max coordinates x = – 4; y = 10; 
z = – 6). The scatter plot displays the association 

within the indicated cluster.!
!

Although the percentage of higher EV choices 
was correlated with decision slopes (but not 

learning rates) estimated from the reinforcement 
learning model, neither decision slope nor 

learning rate were better correlated with binding 
potential than the overall performance measure 

(i.e., percent high EV choices).

Two-arm Probabilistic Learning Task!
Participants were instructed to repeatedly choose between a pair of abstract images in a 
stationary two-armed bandit task. On each trial, participants chose from one of three pairs 
of fractal cues corresponding to three conditions: gain, lose, neutral [9]. Images in the gain 
cue pair each had a chance of winning $1, but one image would win 66% of the time while 
the other image would win 33% of the time. The loss cue pair each had a chance of losing 
$1, but one image would lose 66% of the time and the other image would lose 33% of the 
time. In the neutral cue pair all choices yielded a $0 outcome. Participants were instructed 
to try to make as much money as possible (i.e., maximize their earnings) and that they 
would be paid based on performance. After a practice run that included 24 trails for each 
condition (72 trails total), the participants completed two paid runs with the same 
parameters.

Valence Effects!
Within the striatal region identified in the whole 
brain analysis, the correlations between D2 
binding and gain learning (green) and D2 binding 
and loss learning (red) were not significantly 
different (t = – 0.27, p = .60). That is, we did not 
observe a valence effect.
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