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Action Selection and Specification

“What we have is a circuit…the motor response determines the stimulus just as truly as the sensory 
stimulus determines movement” ~ John Dewey (1896)

Cisek and Kalaska (2010) Cisek and Pastor-Bernier (2013)Cisek and Kalaska (2005)



Urgency vs. Accumulation

Cisek et al (2009) Winkel et al (2014)



Dynamic Decision-making: 
The Tokens Task

Thura et al (2014)



Tokens SAT and Movement Parameters
Reach Saccade
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The Basal Ganglia

Garret and Crutcher (1990) Dunovan and Verstynen (2015) Cue et al (2013)



Neural Activity in the Globus Pallidus During 
Evidence Integration



Neural Activity in the Globus Pallidus During 
Evidence Integration



Speed Accuracy Tradeoff and GP Activity



GP Activity and The Moment of Commitment



Paper Conclusions

• BG do not contribute to deciding which movement target choice is 
selected, but reflect an urgency signal and its adjustment between 
SAT policies

• The BG are involved in confirming the commitment to a cortically 
determined choice, controlling the amount of evidence needed 
before an action is selected



Discussion

• Basal Ganglia is strongly implicated in 
sequential procedures and motor learning. 
The two monkeys tested here are extremely 
well trained on the task (…years of practice). 
How would the observed correlates between 
BG output activity and selection/specification 
change when task outcome (although 
probabilistic) is less predictable across the 
duration of a session?
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