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I will discuss the relationship between modularity of neural
activity in the brain and cognitive ability, reviewing
observations and theories relating modularity to plasticity of
brain neural activity.
About the Speaker
Michael W. Deem works in the area of evolution,
immunology, physiology, and materials. He has
brought tools from statistical physics to bear on
problems in these areas.
Of particular focus to him are those biological
issues involving randomness, diversity, and
correlations. Deem has developed:
•
methods to quantify vaccine effectiveness
and antigenic distance for influenza
•
methods to sculpt the immune system to
mitigate immunodominance in dengue fever
•
a physical theory of the competition that
allows HIV to escape from the immune
system
•
the first exact solution of a quasispecies
theory of evolution that accounts for
cross-species genetic exchange
•
a hierarchical approach to protein molecular
evolution
•
a `thermodynamic’ formulation of evolution
•
a theory for how biological modularity
spontaneously arises in an evolving system
•
an elucidation of how static and dynamic
measures of human brain connectivity
predict complementary aspects of human
cognitive performance.

By analogy with evolutionary biology, I hypothesize that
selection for maximum plasticity of the human brain occurs
in young adulthood, which implies modularity should peak
in young adults. I will show that modularity of neural activity
derived from fMRI data rises from childhood, peaks in young
adults, and declines in older adults. I will review experiments
being carried out by collaborators at Rice to answer three
innovative applications in cognitive neuroscience:
i) the relation among modularity, task complexity,		
and performance in the human brain
ii) the relation of task complexity to hierarchical 		
scale of neural activity
iii) the predictive power of resting state
measurements for performance on specific tasks.
I will also briefly describe how modularity helps to
understand structure and performance in gene networks,
with applications to cancer metastasis and recurrence.

