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1. Question and Setup
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Human Connectome Project1

fMRI data of ~1000 subjects

2. Ingredients
Edge time series2

Mapper3

Graph Modularity4
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Cofluc𝑖𝑗 𝑡 = ෝ𝑥𝑖 𝑡 ෝ𝑥𝑗 𝑡

ෝ𝑥𝑖 𝑡 = normalized 
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Cofluctuation of brain 

regions at an instant Mapper

Let 𝑥𝑖 𝑡  be the activation level of brain region i at time t.

Let ෝ𝑥𝑖 𝑡  be the temporally z-scored activation.
Define Cofluc𝑖𝑗 𝑡 = ෝ𝑥𝑖 𝑡 ෝ𝑥𝑗 𝑡

Why neuroscientists like this

Probes instantaneous interaction between brain regions

For a graph G with a partition P of its nodes, the quality of modularity 

of the the partitioned graph (G, P) measures the discrepancy between 

the proportions of in-group edges and inter-group edges. 

Precisely, for nodes u and v, let 𝑄𝑢𝑣 = 𝟏𝐮∼𝐯 −
𝑑𝑒𝑔 𝑢 𝑑𝑒𝑔 𝑣

num. nodes in 𝐺
.

The quality of modularity Q of the partitioned graph is the sum of the 𝑄𝑖𝑗’s 

for all in-group node pairs.

Why neuroscientists like this
Visual representation of high-
dimensional time series

Why neuroscientists like this
Well established in network 
science
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3. Mapper and Modularity

4. Behavioral Implications
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p-value < 0.05 <0.01 <0.001
uncorrected † †† †††
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Questions

How to understand brain activity?

Across tasks?

Instantaneous interaction between 

brain regions?
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5. Why better task 
differentiation?

Representative Subject

6. Next Step: 
from Mapper 
to Homology
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The edge time series-based Mapper graph shows 

the highest level of task segregation.

(Left) Mapper graphs of brain dynamics of a 

representative subject.

(Above) Distributions of Mapper graph quality of 

modularity

We speculate that the better topological 

organization arises from the the treatment of 

antiphase (antipodal) patterns as related states 

while ignoring sign reversals that may arise from 

oscillatory or context-dependent activity. 

Edge Mapper modularity is associated with:

Conscientiousness tendency toward organization and  self-

discipline

Externalizing behavior outward-directed problem behavior 

such as aggression, rule-breaking

Internalizing behavior inward-directed problems such as 

anxiety, depression 

We speculate they all correlate with the mind’s ”orderliness”.
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