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Associations between Intelligence and Profiles of              
Between-Module AND Within-Module Connectivity   
 

Module Membership Analysis* 
for Intelligence-Related Regions 

Intelligence and Network Modularity 
 

§  Neural correlates of intelligence were identified in the 
structure and function of frontal and parietal cortex                             
(Jung & Haier, 2007; Basten et al., 2015) 

§  Graph theory provides a method for studying functional brain 
networks based on the coactivation of different brain regions 

§  Brain networks are characterized by a highly modular 
organization – consisting of subnetworks (i.e., modules) that 
are densely connected internally but only weakly coupled with 
the rest of the network (Sporns & Betzel, 2016) 

§  It is an open question how individual differences in the 
modular organization of the brain may contribute to 
differences in general intelligence 

§  The present study investigates this question, focusing on 
whole-brain and node-specific aspects of modular network 
organization 

General Methods 
 
 
 

§  Participants: N = 309  
Age 18-60, M = 38.93, SD = 13.94 

§  NKI Enhanced Rockland Sample                     
(Nooner et al., 2012) 

§  Intelligence: WASI FSIQ (Wechsler, 1999)  
FSIQ 67-135, M = 99.12, SD = 13.23   

§  MRI-Acquisition:  
à resting state functional scan  
5.05 min; 120 volumes; TR 2500 ms; TE 30 ms;                               
FOV 216 x 216; voxel size 3x3x3 mm; flip angle 80° 

§  Individual Level:                                          
Graph construction and metrics 

§  Group Level:  
à Correlation Analyses (SPSS22, JASP) 
à General Linear Model (SPM8) 
Covariates of no interest: sex, age, handedness; Voxel-level p < .005, 
uncorrected + cluster-level p < .05; cluster size k > 26 voxels, FWE  

Correla'on	

Nodes 
    5411 6mm3 gray matter voxels  	

Edges 
   10-30% highest positive 
    correlations of BOLD 
    time series  

Graph 
    binary 

Whole-Brain Aspects of Modular Organization 
§  Modularity (Q)  

           (Newman & Girvan, 2004)  

 

Node-Specific Aspects of Modular Organization 
§  Participation Coefficient (P):  
    à between-module connectivity 
            

§  Within-Module Degree Centrality Z-Score (Z):  
    à within-module connectivity 
           

 

Functional Cartography 
§  Classification of nodes regarding their profile of between-

module connectivity (P) and within-module connectivity (Z)   
      (Guimerà & Amaral, 2005)                
 

§  While we observed no intelligence-related differences in modularity 
at a whole-brain level, our study demonstrates intelligence-related 
differences in region-specific aspects of modular brain 
network organization 
Ø  In more intelligent people ... 

Ø  ... a distinct set of frontal and parietal brain regions 
exhibited different profiles of within-module and/or 
between-module connectivity 

Ø  ... right AI, bilateral TPJ, and right SFG were associated 
with both aspects, i.e., between-module and within-
module connectivity, in opposite direction 

§  These results corroborate the critical relevance of frontal and 
parietal brain regions for human intelligence (e.g., Jung & Haier, 2007) 

§  As AI has been associated with the detection of salient and 
relevant information (Corbetta et al., 2008), and TPJ with the shielding 
of cognitive processing against interference (Anticevic et al., 2010), we 
conclude that superior cognitive performance may result from 
optimizing of both processes simultaneously 
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Methods I – Graph Theory 
Network Modularity 
§  Optimization of Q: See Methods II 

Louvain Algorithm (Blondel et al., 2008) 

§  Modules:                                       
Clusters of highly connected nodes 
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No Association between Intelligence 
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 Whole-brain	measure	 r	 p	 BF01	

Modularity	 .03	 .569	 3.16			

Total	number	of	modules	 .04	 .531	 3.07	

Average	size	of	modules	 -.04	 .466	 2.86	

Variability	in	average	size	of	
modules	 .05	 .355	 2.50	

....or the Proportions of Specific 
Node Types  

Module of the AI effect resembles the     
Salience Network 

Module of the TPJ & SFG effects 
resembles the Default Mode Network 
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Note: BF01, Bayes Factor for Bayes linear regression models predicting 
FSIQ from whole-brain measure by controlling for age, sex, handedness 

Guimerà & Amaral (2005): 
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* = Figures illustrate nodes that were assigned to the same module as peak 
node (    /    = approximate location) of intelligence-related region in > 50% of 
participants.                                                      

tpeak	=	-2.63		tpeak	=	4.04		 tpeak	=	3.93		 tpeak	=	-2.61		

tpeak	=	-2.61		 tpeak	=	4.09		
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Associations between Intelligence 
and Profiles of Between-Module OR 

Within-Module Connectivity   


