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Types of connectivity

Anatomical/structural connectivity: presence of axonal connections
﹘ example: tracing techniques, DTI

Functional connectivity: statistical dependencies between regional time series
- Simple temporal correlation between activation of remote neural areas
- Descriptive in nature; establishing whether correlation between areas is significant
- example: seed voxel, eigen-decomposition (PCA, SVD), independent component 

analysis (ICA)

Effective connectivity: causal/directed influences between neurons or populations
- The influence that one neuronal system exerts over another (Friston et al., 1997)
- Model-based; analysed through model comparison or optimisation
- examples: SEM - Structural Equation Modelling

DCM - Dynamic Causal Modelling

Connectivity definitions

Adapted from UCL Intro to Connectivity
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Seed region construction
• Seed-based

• Calculate connectivity between one region and all voxels

• ROI-based
• Multiple regions, calculate ROI-ROI connectivity

• Parcellation
• Regularly defined ROI definition

• These can both a priori, anatomical, or functional based



Functional 
connectivity

Pearson correlation 

Fisher z transformation

Seed based example (Hart et al., J Neurosurg 126:1941, 2017) 



ROI-to-ROI example

Pechenkova, et. al., Front. Physiol. 10:761 (2019)



Farahani et al., Front Neuroscience13:585 (2019)



Dynamic connectivity

• Can calculate connectivity in time 
windows during fMRI time series

• Examine dominant brain states, 
dwell time in each state


