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Perceptual decision-making tasks: convert noisy
sensory signals to a motor act
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Evolutionarily conserved across primates & rodents



spike rate (sp/s)

spike trains

Rich paradigm for understanding how neural
dynamics subserve cognition

ramping (diffusion-to-bound) model
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Basic questions about this distributed network

* What dynamical regime is the network operating in?
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e \What are the differential roles of cortical and subcortical areas”

Association cortex as controller Association cortex as evidence integrator
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Parallel sensorimotor loops

 How do these networks reconfigure across conditions and perturbations?
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Poisson clicks change detection task

Poisson cllcks ¥ click rate
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Neuropixels population recordings across
rat frontal cortex and dorsal striatum
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PC2 loadings

Cortical and striatal activity show similar
stereotyped trajectories over trial

Dorsal striatum (ADS) Frontal cortex (FOF)
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Trajectories encode elapsed time from stimulus start

* Time is linearly decodable

e Similar performance across areas

Dorsal striatum (ADS) Frontal cortex (FOF)
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Classification of neurons by decoder weights reveal

ramps and transient dynamics
Dorsal striatum (ADS
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Trajectories collapse to lower-dimensional subspace
upon decision commitment movement

dimension comparison
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Cortex and striatum diverge near time of decision
commitment and movement initiation

Dorsal striatum (ADS) Frontal cortex (FOF)
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Cortical dynamics rotate into new subspace near
decision commitment movement
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e Construct an alignment index to compare local subspaces (inspired
by Elsayed et al., 2016)

* Captures how direction of high variance (principal components)
during one task epoch capture variance during another epoch



Cortical dynamics rotate into new subspace near
decision commitment movement

ADS FOF
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Optogenetic inactivation o
IN withholding ©
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Basic questions about this distributed network

* What dynamical regime is the network operating in”

Activity follows stereotyped nonlinear paths, suggesting dynamic

coding by internally-generated neural trajectories rather than static or
predominantly stimulus-driven representations.

e \What are the differential roles of cortical and subcortical areas?

Flexibly modulated cortico-striatal loop: frontal cortex and striatum tightly
coupled, but cortex controls decision commitment

 How do these networks reconfigure across conditions and perturbations?



Latent variable model to capture underlying behavioral
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(modeled by HMM)
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* Adapt Generalized Linear Model -

Hidden Markov Model (GMM-HLM)
(Calhoun et al., 2019; Ashwood et al., 2022)

* |Latent states shape mapping
between task inputs and outputs
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behavioral states
(modeled by HMM)

Rats alternate between a task-engaged and an
impulsive state
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Behavioral state reflected in fronto-striatal coupling
strength but not in mean firing rate

Example Session: Mean firing rate per neuron

Impulsive Trials vs Engaged trials Root Mean Square of FOF-ADS Correlation vs Engagement Probability
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Conclusions

Sequence coding: activity follows stereotyped nonlinear
paths, suggesting dynamic coding by internally-
generated neural trajectories rather than static or
predominantly stimulus-driven representations.

Koay et al., 2022

Basic anatomical unit of computation seems to be a
flexibly modulated cortico-striatal loop: frontal cortex and
striatum tightly coupled, but cortex controls decision

commitment A J
Rats switch between engaged and impulsive behavioral “ oa,

states, with corresponding changes in fronto-striatal i
COU p | | N g (modeled by HMM) ta:; ;T.‘Z,fsﬂféiut

Highly-dynamic and distributed decision-making circuit
that is strongly shaped by internal state
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