








Planar Brain Imaging with Radionuclides: 1970’s
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How do you increase spatial sampling?







Population Assessment of Cognitive Subtraction

50-60% signal 
change



Mechanism of BOLD Functional MRI
Brain activity
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Low Frequency Noise: F-test of basis functions



Residual Movement Effects



Respiration Induced Noise



Cardiac Induced Noise



Visual Activation







There is no procedural memory SYSTEM 



Large-Scale Organization of Connectivity 
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Visual associative learning: 
Object identification and location 



Modularity in Function 





Modularity in Function 





Building Cortical Connectivity Maps 
from task based fMRI 

How do we build a brain network? 

fMRI runs	


time 

Complete Experiment (3.45hr) 

Session One (69min) Session Two (69min) Session Three (69min) 

Twenty-Five Intra-Session Windows, Each ~3.45min Long 





Modularity in the Complete Experiment 

time 

Complete Experiment (3.45hr) 



Modularity in Individual Sessions 

time 

Session One (69min) Session Two (69min) Session Three (69min) 

Session 1 



Modularity in Individual Time Windows 

Twenty-Five Intra-Session Windows, Each ~3.45min Long 

time 



Temporal Evolution of Modular Architecture 

What if we want to not only measure the temporal dependence of modular architecture, but also the 
temporal evolution of that architecture? We need a new framework. 

Community detection can now be performed on this linked multilayered network to find modules 
with longevity in the temporal domain. 
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1) The topological organization of 
cortical connectivity is highly 
structured 

2) Diverse brain regions perform 
distinct non-interchangeable tasks 
throughout the experiment 

3) The evolution of modular 
architecture in human brain 
function is cohesive in time. 

Temporal Evolution of Modular Architecture 
Statistical Testing 



Flexibility of Module Composition 

Now that we know there is significant structure here, we can ask how it relates to learning over the 
three scanning sessions. 

During learning, flexibility first increases and then decreases. 
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Modularity in Individual Time Windows 

Twenty-Five Intra-Session Windows, Each ~3.45min Long 

time 



Effect of time window length on dynamic network properties 

Cortical 
Temporal Null 
Nodal Null 
Connection Null 



Cortical 
Temporal Null 
Nodal Null 
Connection Null 

Effect of coupling strength on dynamic network properties 


