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The Electromagnetic
Forward / Inverse Problem
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Phase cones (Freeman)

Avalanches (Plenz)







Electromagnetic source localization using realistic
head models —the NFT toolbox

Solve the Simple
forward problem - Map
using realistic
head models
(BEM) / \ Source
Image
Sensor Signal
Localization Processing

Segmentation

MRI

Zeynep Akalin Acar, & Scott Makeig ‘06 EEG/M EG



The very broad EEG point-spread function

Akalin Acar & Makeig 2010




The very broad EEG point-spread function

Simulated spatially labile parietal source activity
Akalin Acar & Makeig 2010




Information-based
Signal Processing



Blind EEG Source Separation
by ICA

Cocktail Party
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Independent Companert Analyais
of Electroencephalographic Danta
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“ICA may be used to segregate obvious artificial EEG
component (line and muscle noise, eye movements)

from other sources.”

- Makeig et al., 1996
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IC activation time courses
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Independent muscle components
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S. Makeig, 2005



“ICA is capable of isolating overlapping EEG
phenomena including alpha and theta bursts
and spatially separable ERP components, to
separate [ICs].”

- Makeig et al., 1996
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“ICA training is insensitive to

different random seeds,”

... and can separate out
independent components of
data with hundreds of channels.

- Makeig et al., 1996



Brain-based, ‘dipolar’
independent components of
EEG data are projections of
single (dual) cortical patches.



Independent cortical components

Equivalent dipoles
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Single dipole
component

Dual-symmetric dipole

component
Julie Onton & S. Makeig (2006)
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THUS -2 ICA (BSS) decompositions that

find components whose time courses are more
independent

— also find more components whose scalp maps
are ‘dipolar’!

Thus, the two approaches to

constraining the EEG inverse problem,
biophysical and statistical,

are directly interlinked.

S. Makeig, 2010



Why?
Very likely because the physiological assumptions
motivating the use of ICA for EEG data
are substantially correct...

Independent
Cortical Domains
of Local Synchrony

Freeman - ‘phase cones’ \ /

Plenz ~ ‘avalanches’ e
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Frontal Midline Theta Process
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Anterior Cingulate Cognitive Division

Counting Stroop Studies
Present Study  Bush et al. 1998

Bush et al., 1999



Similar independent components tend to
reappear in different subjects performing the

same task.

S. Makeig, 2007



Clustering ICA components
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Equivalent dipole density

Visual Working Memory

Onton et al., ‘05



Independent components of EEG data tend to
be functionally independent -

changes in their activity patterns tend to reflect
‘top-down’ changes in cognitive state and/or
cognitive appraisal.

S. Makeig, 2007



Embodied Cognition & Agency

Brain processes :
evaluation

have evolved and function ‘

to optimize the outcome . .
perception action

of the behavior
the brain organizes
in response to
perceived challenges

and opportunities.

Brains meet the challenge of
the moment!

S Makeig 2010



Collections of single trials, even at the source
level, are regular, but in multiple ways — so

they appear noisy!
Stim RT
The ERP Image | V\
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Sorted trial number
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Visual Selective Attention Task

100D @ O
+

15 subjects

S. Makeig (2001)
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Partial Phase Coherence of
FM and CM Clusters
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Complex event-related dynamics sum to ‘the’ P300
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ICA-modeled theta-band event-related dynamics
accompanying the speeded manual target responses

Tihe (ms)

S Makeig et al., PLOS Biology 2004



S Makeig et al., PLOS Biology 2004



A Passive Spatial Navigation Paradigm

Klaus Gramann et al., 2010



A Passive Spatial Navigation Paradigm

Klaus Gramann et al., 2010



‘Turner’ and ‘Nonturner’ subjects use
different spatial orienting styles

i i
@ Turners @ Nonturners

Klaus Gramann et al., 2010



Parietal component clusters
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Pre-motor component clusters
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Medial prefrontal component clusters
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Clusters distinguishing Turners & Nonturners
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EEG & Aging

V. Bjerre J. Onton, & S. Makeig, 2006



Visual spatial working memory in young and older adults

Low-load
Encoding: 4 s sec

Maintenance
Delay: 5s PS

Test: Y/N\

V. Bjerre J. Onton, & S. Makeig, 2006




Visual spatial working memory
In young and older adults

Young adults

lele

Older adults

V. Bjerre J. Onton, & S. Makeig, 2006 V. Bjerre J. Onton, & S. Makeig, 2006



Young adults — Older adults

V. Bjerre J. Onton, & S. Makeig, 2006




Active Cognition




Increasing

the behavioral
bandwidth ...
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Mobile
Brain/body
Imaging
(MoBl)



Brain imaging during movement — How?

e Current advances in miniaturization, computer power, and information-
based signal processing make possible a new imaging modality:

—> Mobile Brain/Body Imaging (MoBI)

Concept:

Combine whole-head EEG, eye
gaze tracking, and whole-body
motion capture recording in a
real-world 3-D environment.

Scott Makeig, 2008



3-D Orienting Head Turns
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Neuroscience

Open-Source Electrophysiological Software

MatRiver DataRiver

Enactor ‘ ERICA ‘ Producer
BCILAB MPT
| EEGLAB |
SIFT — EEGChat

| HeadIT |

S Makeig 2010
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