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How Does the Brain Control the 
Movements of Our Arms?

Abstract 
Our brains constantly generate skilled 
movements with our arms, allowing us 
to interact with our environment. Yet how 
sensorimotor circuits learn, identify, and control 
the task-relevant aspects of these movements 
remains unclear. I will present work using a 
joystick-based reaching task in head-fixed 
mice, in which animals learn to reach to 
invisible spatial targets through exploratory 
forelimb movements. This ambiguous task has 
multiple potentially task-relevant aspects, such 
as initial reach direction and final endpoint 
location, which allows us to ask how the 
brain identifies, represents, and reinforces 
the aspects that matter for achieving a goal. 
Using probe tests with novel start positions, 
we find that individual mice preferentially learn 
either an endpoint-based or direction-based 
strategy, reflecting which task-relevant aspect 
is reinforced early in learning. The emergence 
of these strategies is related to the variability of initial movements and can be captured by 
model-free reinforcement learning agents. As mice learn this task, reaches become more refined 
in direction, tortuosity, speed, and targeting precision. We combine this behavioral framework 
with two-photon imaging, lesions, and pathway-specific perturbations to dissect the underlying 
circuitry. Initial reach direction is strongly encoded in the parafascicular thalamic nucleus, which 
projects to the dorsolateral striatum; lesioning this pathway prevents refinement of initial direction 
and impairs skill learning. In contrast, sensorimotor cortex provides rich information about 
ongoing hand position and influences which task-relevant strategy (direction- vs endpoint-based) 
is used, but is not required for successful acquisition of the task. Building on this platform, my lab 
investigates how different circuits identify and use task-relevant sensory feedback. Guided by the 
minimum intervention principle: the idea that feedback selectively corrects only those movement 
dimensions that are task-relevant, while allowing irrelevant variability to persist. By designing 
tasks that explicitly impose either feedforward- (preplanned control with minimal sensory 
feedback) or feedback control (requiring rich proprioceptive input and ongoing correction), we 
probe how the brain flexibly selects and regulates specific movement aspects. Using behavior 
combined with neural and muscle recordings, causal circuit manipulations, and computational 
analyses, our goal is to determine how descending and ascending pathways encode and 
reinforce task-relevant aspects of action, and how these mechanisms confer resilience and 
support recovery after nervous system injury or stroke.
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