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Conclusions & Next steps

u
cue0+ ucue* + *�¨�X �¨�Xp(abort)= (1+ e - (                                       ))-1

Task Objective: Learn to select the images that result in the most tokens of the color 
associated with the preferred fluid reward
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Attractor dynamics hypothesis:

or

or

State value as a measurement of motivation

Areas across the limbic circuit respond to task variables

Dual fluid tokens task & behavior

How do motivation & learning affect neural 
dynamics in the limbic circuit?

Markov Decision Process (MDP) model to compute state value
Model adapted from Burk et al., (2024)
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Reaction times can vary independently from learning
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 Data
 RW model

Rescorla Wagner (RW) 
RL model:

Example: choices i vs. j
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Cashout: 1:1 exchange of tokens for fluid drops
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500 ms
Token Update
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u(st) =state utility

st = state
at = action

r(st, at) = immediate reward

��= discount factor

p(j |st, at)= transition probability to future state j

u(st) = max { r(st, at) + ���
�™p(j |st, at)u(j) }
at �Å���$ j �Å���6t+1 

St = immediate future possible states from st

RT= ufix0+ ufix*
Reinforcement learning (RL) is the 
behavioral process of learning to 
make choices that maximize 
reward and minimize punishment.

Learning enables choosing 
the most valuable option available.

Performance  level can be influenced 
by learning and/or motivation, and it 
is often hard to decouple these.

Motivation  enables using 
knowledge gained from learning.

How are neural 
dynamics affected by these two signals?
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Approach: Semi-chronic guide tubes 
for acute simultaneous recordings

State value accounts for how # of tokens, trials since cashout, task epoch, 
and number of cue observations affect behavior beyond what the RW-RL model can capture 

VS VP LH

Amyg Ins

Projected rates suggest that limbic areas carry information about #Tk 
during fixation and cue periods 

Regression for each neuron, 
in each time bin, produce weights to 

calculate projection dimensions
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State values are correlated with 
behaviors known to be affected by motivation
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Trial initiation Choice reaction times

Trial completion

Neural activity during fixation predicts completion of a trial

*MDP value and #Tk Water 
are correlated; these come 
from separate ANOVAs 
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Approach: Pseudopopulation decoding of aborts v. completed trials (CT)
Aborts = trials where cue came on but monkey did not choose or did not hold choice (repeat aborts excluded)

Using targeted dimensionality reduction to assess information

Neural representations of learning and # tokens

58 aborts & 58 completed trials randomly selected per session (8-16 sessions depending on area)

#Tk during fixation predicts
trial completion
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Projected rates suggest that limbic areas carry information about 
learning during the cue period
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(1) Monkeys learn to select images 
associated with preferred fluid (water).

(2) MDP state value model can be used
as a measure of motivation.

(3) All recording areas represent 
information about learning and motivation.

(4) Trial completion can be predicted by neural
activity during the fixation period.

(5) Motivation signals (e.g. #Tk) can be extracted
from neural activity earlier than learning signals.


