
Decisions in the real world often involve integrating the benefits of 
rewards with other decision features such as time delays, physical 
effort, or probability. Discounting these benefits by other decision 
features generates an integrated subjective value which is a critical 
step when making decisions where alternatives are compared on a 
common scale (“common currency”) to maximize utility. Recent 
neuroimaging meta-analyses have demonstrated that 
subjective values are represented in 
overlapping areas of the medial prefrontal 
cortex (MPFC), posterior parietal cortex, 
and striatum supporting a neural common 
currency account 1, 2. However, these meta-
analytic approaches focus on convergent 
activation rather than the divergent 
components of these networks 
representing subjective value signals that 
integrate benefits with different types of cost. Further, relatively 
few studies have explored the convergence and divergence of these 
subjective value signals across different cost types within 
participants. Prior studies have compared up to two cost types often 
integrating them within the same task3-6.

In the present study we attempt to dissociate behavioral preferences 
for different decision features to examine the convergence and 
divergence of neural representations of subjective value. Across a 
broad age range of healthy adults we examine neural subjective value 
representations in tasks where monetary rewards must be integrated 
with three other decision features: time delays, physical effort, and 
probability.

Discount rates (or the proportion of sooner / lower effort / higher 
probability choices) were not correlated across tasks within subjects 
suggesting that the tolerances for these decision features are 
dissociable.
 
Overlapping activity in the medial prefrontal cortex was correlated 
with the difference in subjective value between options for time 
delays or probability 6. Interestingly, activation in the medial 
prefrontal cortex was not correlated with subjective value when costs 
involved physical effort (except at a very low threshold in a more 
superior region). Instead, subjective value was represented in the left 
anterior insula.

Future Directions: Age and Individual Differences in Dopamine

The regions that are critical for computing and/or representing 
subjective value have high D2 dopamine receptor density. It has been 
hypothesized that age differences in dopaminergic function may 
underlie age differences in tolerance of decision costs 7, 8. In this 
sample, we are also collecting measures of dopamine D2 receptor 
availability using PET imaging to examine the association between 
these measures and discount rates across the three cost domains to 
better understand whether and where dopaminergic neuromodulation 
influences age-related changes in value representations and decision 
making.
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Participants
55 healthy participants completed the study at Vanderbilt University  
Mean Age (SD) = 44.49 (17.15), Age Range = 22 – 81, 62% Female

Procedures
• Time: choices between a smaller magnitude reward with a shorter time delay 

and a larger magnitude reward with a longer time delay. 

• Effort: choices between a smaller magnitude reward with a lower level of 
physical effort required and a larger magnitude reward with a higher level of 
physical effort required. 

• Probability: choices between a smaller magnitude reward with a higher 
probability and a larger magnitude reward with a lower probability.
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Task

Individual Differences

Neural Activation: Absolute Difference in Subjective Value
Best fitting k was used to generate trial-by-trial parametric modulators of subjective values tailored to each individual. P < .001
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Subjective values are represented by an overlapping region of 
the MPFC in the context of risk and time costs, but not effort
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There is no correlation between discount rates across tasks (k)

Computational Models
Subjective values were modeled using a hyperbolic discount 
function:

For each task, C represents either:
• Effort: Proportion of maximum ability 
• Probability: Odds against winning (1-P(win)/P(win))
• Time: Time delay in days

Data was fit with three decision rules (Softmax with free decision slope, Softmax 
with decision slope = 1, Hardmax + e), and a random responder model. Best fitting 
parameters were determined using Akaike Weights.
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