
Network modeling analysis

• Resting state preprocessing


• Node definition and edge calculation


• Group analysis and challenges


• Comparison of resting state methods



Node-based methods

Node definition


Timeseries extraction


Edge calculation


Network matrix


Group analysis

Bijsterbosch et al (2017)

https://global.oup.com/academic/product/an-introduction-to-resting-state-fmri-functional-connectivity-9780198808220?cc=us&lang=en&


Group Analysis



Building a network matrix
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Hierarchical clustering

35344217131553012633143329411024223145221911362526281638207431437328442721409 18 39



Partial correlation is sparser than full

35344217131553012633143329411024223145221911362526281638207431437328442721409 18 39
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Group analysis
• Calculate network matrix for each 

subject


• Combine all network matrices 
into one


• Perform group-level comparisons:


• Univariate tests for each edge 
(GLM)


• Multivariate prediction methods 
(SVM)

Bijsterbosch et al (2017)

https://global.oup.com/academic/product/an-introduction-to-resting-state-fmri-functional-connectivity-9780198808220?cc=us&lang=en&


FSLnets

• Currently uses Matlab or Octave


• Therefore this practical will be a bit different from 
other practicals


• More information and download here:                                                
https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/FSLNets

https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/FSLNets


Examples



Example: positive-negative mode

Smith et al (2015)

https://www.nature.com/articles/nn.4125


Example: connectivity fingerprint

Finn et al (2015)

https://www.nature.com/articles/nn.4135


Challenges



Between-subject variability
Subject-specific node estimation:


• Dual regression


• PROFUMO (all-in-one)


• Classifier


• Task-based activation mapping
Group

Subject

Braga et al (2017), Laumann et al (2015), Nickerson et al (2017), Harrison et al (2020), Hacket er al (2013)

https://www.sciencedirect.com/science/article/pii/S0896627317305627?via=ihub
https://www.sciencedirect.com/science/article/pii/S0896627315006005?via=ihub
https://www.frontiersin.org/articles/10.3389/fnins.2017.00115/full
https://www.sciencedirect.com/science/article/pii/S1053811920307126?via=ihub
https://www.sciencedirect.com/science/article/pii/S1053811913006113?via=ihub
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Within-subject variability
State-dependent changes


• Task demands


• Emotional state

Within-scan dynamics


• Mind-wandering


• Arousal

Longitudinal trajectories


• Development/ Aging


• Disease progression

Salahi et al (2019), Boukhdir et al (bioRxiv), Sheline et al (2013)

https://www.sciencedirect.com/science/article/pii/S1053811919309577?via=ihub
https://www.biorxiv.org/content/10.1101/2020.03.02.972760v2
https://www.sciencedirect.com/science/article/pii/S0006322312010591?via=ihub


Representational ambiguity

• Correlation results may often not be 
driven by connectivity


• Amplitude changes can be seen as  
correlation changes


• Minor spatial changes in node shape/ 
location drive correlation
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Duff et al (2018), Bijsterbosch et al (2018 & 2019)
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https://www.sciencedirect.com/science/article/pii/S1053811918300533?via=ihub
https://elifesciences.org/articles/32992
https://elifesciences.org/articles/44890
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Spontaneous ‘resting-state’ fluctuations in neuronal activity o!er insights 
into the inherent organization of the human brain, and may provide markers 
for diagnosis and treatment of mental disorders. Resting state functional 
magnetic resonance imaging (fMRI) can be used to investigate intrinsic 
functional connectivity networks, which are identified based on similarities 
in the signal measured from di!erent brain regions. 

From data acquisition to interpretation of results, Introduction to Resting 
State fMRI Functional Connectivity discusses a wide range of approaches 
without requiring any previous knowledge of resting state fMRI, making it 
highly accessible to readers from a broad range of backgrounds.
 
Supplemented with online datasets and examples to enable the reader to 
obtain hands-on experience working with real data, this primer provides 
a practical and approachable introduction for those new to the field of 
resting state fMRI.
 
The Oxford Neuroimaging Primers are short texts aimed at new researchers 
or advanced undergraduates from the biological, medical or physical 
sciences. They are intended to provide a thorough understanding of the 
ways in which neuroimaging data can be analyzed and how that relates to 
acquisition and interpretation. Each primer has been written so that it is 
a stand-alone introduction to a particular area of neuroimaging, and the 
primers also work together to provide a comprehensive foundation for this 
increasingly influential field.

Cover image: ESB Professional /Shutterstock

• FSL mailing list


• Book (Amazon/ OUP)


• All references on the bottom of slides contain 
‘clickable’ links 

https://www.jiscmail.ac.uk/cgi-bin/webadmin?A0=FSL
https://www.amazon.com/Introduction-Resting-Functional-Connectivity-Neuroimaging/dp/0198808224/ref=sr_1_1?dchild=1&keywords=bijsterbosch&qid=1598376225&sr=8-1
https://global.oup.com/academic/product/an-introduction-to-resting-state-fmri-functional-connectivity-9780198808220?cc=us&lang=en&

