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Agenda

 Neuroscience — data, people, questions and techniques
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Behavior?

How do different brain regions interact to give
rise to complex mental activities?

from Andreas Vesalius' Fabrica

https://en.wikipedia.org/wiki/
File:1543,_Andreas_Vesalius%27_Fabrica,_Base_Of_The_Brain.jpg



Behavior?

How do different brain regions interact to give How can we understand psychopathology like
rise to complex mental activities? depression and addiction?

from Andreas Vesalius' Fabrica Edvard Munch, 1893
https://en.wikipedia.org/wiki/The_Scream#/media/
File:Edvard_Munch,_1893, The_Scream,_oil, tempera_and_pastel_on_cardbo
ard,_91_x_73_cm,_National_Gallery_of_Norway.jpg

https://en.wikipedia.org/wiki/
File:1543,_Andreas_Vesalius%27_Fabrica,_Base_Of_The_Brain.jpg



Existing tools — classics

activation

pain

An aurtomated metra-anzlysis of 516 studies

Neurosynth

https://neurosynth.org/analyses/terms/pain/
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activation temporal correlation (functional connectivity)
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https://nilearn.github.io/stable/auto_examples/03_connectivity/
https://neurosynth.org/analyses/terms/pain/ plot_atlas_comparison.html#sphx-glr-auto-examples-03-connectivity-plot-

atlas-comparison-py
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Existing tools — edge time series
Faskowitz et al., 2020

 X(7) = [x(), ..., xp(D)]

_corr(x;, X;) = — 2 X(1)Xx(t), where hat means standardization over time
1<t<T

® COnSIder E(t) — [Elz(t), E13(t) ..... El](t)’ ¢ o o ED—l,D]’

where E (1) = X)X 1) 4

E Is the edge time series.
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Mapper brain activation
homology functional connectivity

sheaf theory edge time series
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Quantification of Segregation by Task

 Consider a graph with ny, nodes.

» Denote by A the adjacency matrix. For every pair of nodes j and j, let

0, = A, — 229 d9))

My

 The modularity of the graph
with respect to a partition of the nodes

IS the sum of the Qlj’s for all in-group node pairs (i.e./ andj belong to the
same subset in the partition).



Modularity across subjects

09 - Cohort one, LR session, schaefer100x7

» Better metric (?) 08

node edge triangle



Behavior?

e personality
e conscientiousness
* neuroticism
e agreeableness
* Openness

e extraversion



Behavior?

e personality
e conscientiousness
* neuroticism
e agreeableness
* Openness
e extraversion
* pathology
* internalizing behavior

e externalizing behavior



Behavior?
~400 subjects

edge, one, 2-tail
|




Behavior?
~400 subjects
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Control for demographics and head motion
~1000 subjects

node, all, 1-tail edge, all, 1-tail
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 Modularity increases with conscientiousness

 Modularity decreases with internalizing and externalizing behavior



What is with the edge time series metric?

edge metric

100206, upper violation: 0, lower violation: 0

e y=1-(1 —x)°
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 Mapper helps clinicians visualize
fMRI data.
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The End... of the Beginning...

 Mapper helps clinicians visualize  What is mental orderliness? How
fMRI data. do we measure that?

* [he resultant Mapper graph * |s edge time series the right way
shows segregation by tasks. to go beyond linear measures?
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 Modularity of Mapper graph is

correlated with personality and
psychopathology.



The End... of the Beginning...

 Mapper helps clinicians visualize  What is mental orderliness? How
fMRI data. do we measure that?

* [he resultant Mapper graph * |s edge time series the right way
shows segregation by tasks. to go beyond linear measures?

How do we overcome noise?
 Modularity of Mapper graph is

correlated with personality and * Can thought patterns of
psychopathology. psychiatric patients be
characterized”? Topologically?
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Preprint? — Not Yet, But...
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my homepage paper (homology, homotopy) my video about small holes



Thank you!

Chunyin Siu — siuc@stanford.edu

my homepage paper (homology, homotopy) my video about small holes
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