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How could phasic variations in dopamine level affect the
learning outcome of a spiking neural network? How may
neuromodulation affect the network’s instantaneous
response to simultaneously arriving glutamatergic inputs?
How may this depend on the brain regions involved?
In our spiking phenomenological model for signal transmission across the synapse and along the dendritic tree,
we propose a new approach for the influence of dopamine-like neuromodulators on the ascribed aspects, which
unifies diverging views on its role in (reinforcement) learning and (attentional) contrast.
We call into question the common practice of simulating dopaminergic influence on an STDP rule as a third
factor, and instead show how an instantaneous effect of a
dopamine-like neuromodulator on postsynaptic activity
can also lead to reinforced learning outcomes.
As the phasic change of neuromodulator needs to be
present during glutamatergic transmission in our model,
we do not account for delayed reward as stated in the distal reward problem. Instead, we assume an involvement of
hippocampus and cortical working memory for long
delays of reward. However, as our transmission-based
model does not interfere with the standard two-factor
STDP rule, it may be freely combined with existing extensions to STDP if needed.
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