
Introduction to network theory 
 

Why ‘n How 

March 7th, 2013 

Linda Douw 

http://www.youtube.com/watch?v=eAXVa__XWZ8 



Euler in Kalinigrad 

Network theory        Neural networks       Disease       Future 



Network theory        Neural networks       Disease       Future 



Network theory        Neural networks       Disease       Future 

Six degrees of separation 

Stanley Milgram 

small world experiment, 1967 



The small world 
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Regular Small-world Random 

Watts & Strogatz (1998) 
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Rewiring a few connections makes a big difference 
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Watts & Strogatz (1998) 



Scale-freedom 
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Scale-freedom 
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http://acko.net/blog/how-to-fold-a-julia-fractal/?second
http://acko.net/blog/how-to-fold-a-julia-fractal/?second
http://acko.net/blog/how-to-fold-a-julia-fractal/?second
http://acko.net/blog/how-to-fold-a-julia-fractal/?second
http://acko.net/blog/how-to-fold-a-julia-fractal/?second
http://acko.net/blog/how-to-fold-a-julia-fractal/?second
http://acko.net/blog/how-to-fold-a-julia-fractal/?second
http://acko.net/blog/how-to-fold-a-julia-fractal/?second
http://acko.net/blog/how-to-fold-a-julia-fractal/?second
http://acko.net/blog/how-to-fold-a-julia-fractal/?second
http://acko.net/blog/how-to-fold-a-julia-fractal/?second
http://acko.net/blog/how-to-fold-a-julia-fractal/?second


Network theory        Neural networks       Disease       Future 



Adjacency matrix 
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Degree 
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Degree of node 2? 



Binary versus weighted 
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Path length 
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Path length = 4 
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Clustering coefficient 
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Clustering coefficient 

 

Clustering coefficient = 2/10 = 0.2 
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Modularity  

• modularity (q) 



Assortativity (related: rich-club) 
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Assortative: Social network Disassortative: Internet 
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Hubs in immigration 
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Betweenness centrality 

http://bladesofblue.blogspot.com/2007/05/data-visualization-world-cup-final.html 
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within-module connectivity (zi) 

provincial hub 

high zi 
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between-module connectivity (pc) 

connector hub 

high pc 



 

Eigenvector centrality (~ Google PageRank) 
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The brain: localization vs distribution 
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c. elegans 
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Watts & Strogatz (1998) 
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Neurons in vitro 

Network theory        Neural networks       Disease       Future 

Bettencourt et al (2007), Shefi et al (2002) 



EEG/MEG synchronization 

fMRI correlation 
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Raw data 

(rs-fMRI, 

MEG, DTI) 

Preprocessing 

Correlations between 

ROIS define adjacency 

matrices 

Network 

analysis 
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Achard et al (2006), Eguiluz et al (2005), Stam et al (2004), Stoop et al (2013) 



Modules 

Network theory        Neural networks       Disease       Future 

Meunier et al (2009) 



Structural hubs 
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Hagmann et al (2008) 



Functional hubs 
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Buckner et al (2009) 
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Van den Heuvel & Sporns (2011) 

Rich-club 



Cognition 
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Van den Heuvel et al (2009) J Neurosci; Douw et al (2011) Neurosci 

Efficiency Small-worldness 



Genetics component 

Smit et al (2008), Fornito et al (2011) 
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Giedd et al (1999) 

Network theory        Neural networks       Disease       Future 



Network theory        Neural networks       Disease       Future 

Hagmann et al (2010) 



Network theory        Neural networks       Disease       Future 

Fair et al (2009) 



More immediate dynamics 

• Wada test: 

– Unilateral intracarotid injection of sodium 

amobarbital 

– Preoperative procedure of epilepsy surgery 

– To determine lateralization of language and 

memory  

– 21-channel EEG recording  

• Analyzed 30s before and directly after injection 

Douw et al (2009) NeuroImage; Douw et al (2010) Front Hum Neurosci 
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Douw et al (2009) NeuroImage; Douw et al (2010) Front Hum Neurosci 
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Brain tumors 

Healthy control Patient MRI Patient 

Bartolomei (2006) Clin Neurophysiol 

nose 

L R 
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Brain tumors 
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Van Dellen et al (2012) 
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Van Dellen et al (2012) 



Tumor resection 

Douw et al (2008) Exp Neurol 
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Douw et al, unpublished data 
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Douw et al, unpublished data 

Network theory        Neural networks       Disease       Future 



Martino et al (2011), Taragone et al (2012) 
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Clinical applications 



Clinical applications 
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Ortega et al (2008), Stufflebeam et al (2011), Wilke et al (2011) 



Large-scale network topology: 

the intermediate between cells 

and behavior? 
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Douw et al (2013) 



Douw et al (2013) 
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Network topology: the 

intermediate between cells and 

behavior? 
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It’s a small (world) brain after all! 

“How Kevin Bacon cured cancer”, documentary featuring Strogatz & Barabasi   

http://www.youtube.com/playlist?list=PL2DB408AF84F66CD9   

 

TED talk by Strogatz on synchronization in complex systems 

http://www.ted.com/talks/steven_strogatz_on_sync.html 
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