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Title
Brain mechanisms of cognitive flexibility in health and brain disorders

Abstract

Humans and other vertebrates often update or revise initial decisions, a “change-of-mind” (CoM),
even without any new sensory information, which likely represents a key aspect of cognitive
flexibility. Despite its prevalence and importance, the neural substrate(s) and mechanisms of
CoM in humans remain poorly understood in both health and brain disorders. Based on prior
results, we reasoned that frontal and parietal neocortical regions would have key roles related to
changes in initial decisions. We collected behavioral and functional MRI-(fMRI) data during a
reaching task in which participants moved in the direction of perceived apparent motion of a
random-dot-motion (RDM) pattern. As expected, performance improved with more coherent RDM
patterns, which we turned off as soon as movement started, thus eliminating new sensory
evidence. We also observed up to 40% CoM events, with more CoM events for lower coherent
RDM patterns. In neurotypical adults, we identified several brain regions, including the right
precuneus, superior frontal gyrus, supramarginal gyrus (SMG), angular gyrus, left supplementary
motor area (SMA), and bilateral middle frontal cortex, that exhibited more activation during CoM
events compared to non-CoM events. Activation in many of these areas was correlated with
incidence of CoM events, the time that participants reversed their initial decision, or confidence
about the decision. A region in the right SMG exhibited a complex relationship between CoM
incidence and local processing, such that the effect of right SMG intrinsic neural processing on
CoM incidence was mediated by the strength of right SMG activation. In a separate experiment,
patients with obsessive compulsive disorder (OCD), as predicted, exhibited fewer CoM events,
consistent with their known cognitive inflexibility. OCD patients showed reduced activation,
compared to healthy controls, during CoM events in the inferior frontal gyrus and the subgenual
cingulate cortex, regions previously implicated in OCD. Taken together, these observations
suggest a specific role for frontal and parietal regions in cognitive flexibility and suggest that
intrinsic neural processing mediates this observed behavior

Speaker information:

Jerome Sanes is a professor of neuroscience and an affiliate member of the Robert J. and Nancy
Carney Institute of Brain Science at Brown University. He also holds a research scientist position
at the Center for Neurorestoration and Neurotechnology at the Providence Veterans
Administration Healthcare System, U.S. Department of Veterans Affairs. He currently studies
brain mechanisms of voluntary movement, motor learning, cognitive flexibility, and non-image
forming vision using neuroimaging, neurophysiology, and behavioral methods in healthy adults
and individuals with brain disorders. ]While advancing the field’s understanding of the basic
neurobiology of voluntary movement and learning, and cognitive flexibility, and non-image
forming vision , his work also relates to developing technology based rehabilitative strategies for
patients with brain disorders.
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