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Why should we consider venturing 
beyond standard metrics for quantifying 
brain activity from structural and/or 
functional neuroimaging?
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How might we begin to quantify brain dynamics?

Pearson correlation

fALFF

ReHo

Pairwise phase consistency

Cointegration

Nonlinear autocorrelation

Power spectral density shape

Rescaling analysis

Transfer entropy
Distance metrics

Autoregressive model fits

Granger Causality

Lempel-Ziv complexity

Outlier timing

Mean/SD

Integrated information

2/10



annie.bryant@sydney.edu.au FMH Networks EMCR Symposium 2024

The brain is a complex system of great biological interest

Economics

National economy: 

economic growth, recession

Physic

s

Fluid dynamics: 

vortices, turbulence

Social networks

Facebook friends: 

community formation

City structure

City properties: density, traffic 

patterns, crime rates, culture
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What does this generalized representation offer us?

 Cliff et al. Nat Comp Sci (2023) 

Statistical dependencies between pairs of processes

 Fulcher et al. J R Soc (2013), Cell Systems (2017)

 Lubba et al. Data Mining and Knowledge Discovery (2019)

Localized dynamics of one process
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Measuring local dynamics + pairwise coupling in the brain

Shafiei et al. eLife 2020 (pictured), 

Nat Comms 2023

Cliff et al. Nat Comp Sci 2023 (left)

Liu et al. bioRxiv 2024 (right)
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How can this systematic method be applied 
in a comprehensive yet interpretable way 
to real functional neuroimaging problems?
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Bryant et al. bioRxiv (2024)

+

× 10-fold CV

× 10 repeats

Linear support vector machine (SVM)

• Balanced accuracy

• Inverse probability weighting

Cases

Controls

Data preprocessed by Kevin Aquino & Linden Parkes

Data preprocessed by Traut et al. NeuroImage (2022)

Case study: classifying neuropsychiatric disorders

Source: scikit-learn
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Interpretable spatial maps of region-specific dysfunction

Dynamical signatures of resting-state 

activity in individual brain regions can 

distinguish patients from controls in 

schizophrenia and bipolar disorder

Gene expression

Anatomical changes

Stimulation analysis

aparc+aseg FreeSurfer atlas

Bryant et al. bioRxiv (2024)
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The benefit of integrating local dynamics and pairwise coupling

Most pairwise functional 

connectivity metrics are 

more informative with the 

inclusion of brain-wide 

maps of local regional 

dynamics, and the 

Pearson correlation 

coefficient is the top 

performer

+

synergy
Analysis type

Bryant et al. bioRxiv (2024)
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What other types of neuroimaging-focused 
insights can this comprehensive approach 
offer?
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Quantifying properties inter-areal coupling to evaluate 
competing hypotheses of consciousness

[1]: 

Integrated 

information 

theory (IIT)

[2]: Global 

neuronal 

workspace 

theory (GNWT)

Christopher 

Whyte

 Bryant & Whyte, In Preparation
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My final PhD project: Comparing spatially-resolved associations 
between resting-state brain activity and AD neuropathology

 Bryant et al., In Preparation

FC + Tau Gradients

 Ottoy et al. Nat Comms (2024)

N=346 participants from the 

Anti-Amyloid Treatment 

in Asymptomatic Alzheimer’s 

(A4) study

How does the accumulation of Alzheimer’s 

disease neuropathology relate to region-

specific alterations to brain dynamics?
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