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Å     Connectivity and network analyses have exploded over the last decade, and 

       hold potential in helping us understand normal and abnormal brain function. 

Å     FC analysis examines associations between time series in specific regions. 

Å     Network analysis quantifies associations between time series in all regions 

       to create an interconnected representation of the brain (a brain network). 

Å    FC underlie network analyses, subtle distinction overlooked in the literature. 



I. Motivation  

Å Systemic organization confers functional abilities as connections may be lost 

due to adverse health condition, but compensatory connections may develop to 

maintain organizational consistency and functional performance. 
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Å Developing more useful methods and allowing for more precise biological  
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Å Joint and hybrid methods will be paramount for advancing our understanding  

of normal and abnormal brain function. 
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II. Connectivity Methods 

Å Estimation Methods 

Å Association Measures (Correlation, Coherence, MI, etc.) 

Å Modeling Approaches (Simpson et al., 2013; Bowman et al., 2016) 

Å Inherently allow identifying group-related connectivity differences 

(remains subsequent step when association measures employed). 
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II. Connectivity Methods 

Å Estimation Methods 

Å Association Measures (Correlation, Coherence, MI, etc.) 

Å Modeling Approaches (Simpson et al., 2013; Bowman et al., 2015) 

Å Inherently allow identifying group-related connectivity differences 

(remains subsequent step when association measures employed). 

 

 

Å Inferential Methods (for association measures) 

Å Mass-univariate comparisons with multiple testing correction. 

Å Edges as covariates in GLM predicting phenotype (Smith et al., 2013). 

 



III. Network Methods  
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clustering coefficient (C) 

Proportion of a regionôs connections that are connected to each other 

path length (L) 
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Degree = 2

Degree = 1Degree = 6

Degree = 2

Degree = 1Degree = 6

ÅDegree ï K 
ïNumber of connections 

for each node  

ïDistribution is assessed 

to evaluate network 

type/resilience properties 

ïAssortativity is assessed 

to evaluate network 

type/resilience properties 
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Graph Centrality and Information Flow 

Joyce et al. (2010) 

Leverage centrality (LC) identifies nodes that have high 

degree relative to neighbors 



III. Network Methods 

Community Structure 

 



6 

Å     As with connectivity methods, most inferential network methods, which aim   
      to identify differences in systemic properties, rely on univariate approaches. 

 

 

Å Network metrics (e.g., small-world property) often rudimentarily compared 

employing t-test or ANOVA like techniques. 
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Å     As with connectivity methods, most inferential network methods, which aim   
      to identify differences in systemic properties, rely on univariate approaches. 

 

 

Å Network metrics (e.g., small-world property) often rudimentarily compared 

employing t-test or ANOVA like techniques. 

 

 

Å NBS and SPC comprise more sophisticated univariate approaches  

(Zalesky et al., 2012). 

Å Predicated on connection by connection comparisons then aggregate 

results to identify clusters of edge-based differences. 

Å One could also categorize as connectivity methods. 
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III. Network Methods 

 

             

ÅWhile approaches have led to important insights, gaining a deeper understanding  

of normal and abnormal changes in complex functional organization demands  

methods that leverage wealth of data present in entire brain network. 
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ÅWhile approaches have led to important insights, gaining a deeper understanding  

of normal and abnormal changes in complex functional organization demands  

methods that leverage wealth of data present in entire brain network. 

 

 

 

ÅInitial attempts have fused multivariate statistical approaches with network  

science. 



Å Aimed to develop a multivariate explanatory and predictive brain network 

model. 

 

 

Data 

 

 

 

Want P(Yi| Xi,   i) 

Yi: network of subject i 

X i: covariate information (network metrics, demographics, etc.) 

i: parameters q

q
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