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Many tools now available -- but still (?) a two-cultures problem.

S Makeig, 2012



ulated in complex ways.
. not well-understood functional significance.

Cloud art: Berndnaut



The very broad EEG point-spread function
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Single simulated parietal source - Very broad projected scalp potentials

Akalin Acar & Makeig 2010
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The generation and modulation of EEG
is COMPLEX and not well studied

e mn  — o — v ——

— ey - —— e e o ——— -

Vi

—— - —— e ——— - - . —— - -

aus dem contralateralen Cortex

Corticothalamic s. Makeig 2007



S. Makeig 2007



1 million Summ%q3
independent scal
minicolumns proj

One
emergent,
spatially
coherent

tion

-24 effective -0.13
mA/mm? source "y .
Change in
spatial
)
Y S = coherence
o / \\ only — not in
5 / power or
-§ power
- spectrum
e
a
1 l/ T T T T T T \i T r
0 0.1 02 03 0.4 05

time (seconds)



2.4

24
|..
mA/mm?

Z. Akalin Acar & S. Makeig (2015)

0.13

0.13
mVY

0.1 02

L L L

03 04
time (seconds)



1 million Summ% 2

active scal
minicolumns
ne
mergent,
patially

projection

0
coherent
effective -0.13
mA/mm? source mV

The effective sources of the scalp EEG
& MEG are emergent islands of local
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Information-based
Signal Processing



Independent Component
Dipolarity
Measured by residual variance

not accounted for by the best fitting single
(or dual) equivalent dipole model.
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ICA separates non-brain effective source processes

IC activation time courses
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... and also separates cortical brain IC processes

! Equivalent dipoles
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Regress
Overlapping

Event Responses
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aMFC-IC

Stimulus-locked

Response-locked

-

pMFC-IC

Stimulus-locked

Response-locked
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Trial-by-Trial Analysis
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regression
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Spatial Navigation



Tunnel Task — A Passive Spatial Navigation Paradigm

Klaus Gramann et al., 2010



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

@ Turners

(R
""' Nonturners

Klaus Gramann & S. Makeig, 2010



Two parietal component clusters

20
Power (dB)

~Exit visible /

~38 8 »38 3

O s

Klaus Gramann et al., 2010



Medial prefrontal component cluster
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Clinical Research

Data Analysis
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Can ICA reveal subject differences?
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High-Resolution

EEG Source Imaging



SCALE-returned BSCR values for 9 subjects

SCALE applied to data from 9 subjects between 18-25 years old. Four-layer head
models (scalp, skull, CSF, and brain) were derived from whole head MR images.
Assumed conductivities: Scalp: 0.33S/m, CSF:1.79S/m, Brain: 0.33S/m

The numbers of ICs used to run SCALE are shown in parentheses.

Skull conductivity and brain source patch distributions were learned from the data.
Skull conductivities are expressed as Brain/Skull Conductivity Ratio (BSCR):

A12% A8%

STRUM 28 43 30 68 31 48 31.5
(10) (14) (13) (15) (11) (15) (15)
Darts 45 ?q:’ )
(14) 5 3.“\
Arrow \/ 54 34
Flanker (13) (13)




Topological source clustering —

2-D measure projection

Arthur Tsai et al., Neurolmage, 2014



Mobile
Brain/body
Imaging
(MoBl)



VobBl

Mobile Brain/Body Imaging

Record what the brain does,
What the brain experiences,
And what the brain organizes.



MoBI Lab at SCCN, UCSD
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S Makeig & M Miyakoshi, 20112



Measuring Musical Engagement
Through Expressive Rhythm

How can we measure listeners’ engagement?

Attention <«

Engagement

HBM 2014
' Poster #1538 online

G Leslie & S Makeig,



EEG Result

Right TPJ
- Theory of Mind
- Sense of Agency
- both Action & Emotion Inhibition

wa%g Cycle
Less Engaged

WON TREORLE ~
ty | \ i . ‘. f<
‘ Y 3

"‘
N 2
XL
(&)
c
Q
=
(@)
Q
-
LL




Spatial Navigation Experiment — the Audiomaze

* Navigate an ‘invisible’ maze in the dark.
 Receive directional audio feedback, not tactile feedback.

« Task: Explore the maze and learn its configuration.

e Test: Draw the maze.

S. Makeig, 2016
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1st Pass Navigation




2" Pass Navigation







3rd Pass Navigation
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Brain imaging natural cognition -- actions & interactions

S . Makeig, 2007



Gedeon Deak et al., 2011



3-yr old child — Reward Observation

Motheriops the Bubble!
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Yu Liao, T Mullen ,S Makeig, G. Deak 2011



Now feasible — Low-cost MoBI Systems

Any < $500 < $5OO

EEG
System Emotiv

.-ﬁ-

f'm

Low-Cost
MoBI < $500
Touchscreen
< $1000 A ~
Full Body me
Wireless Inertial < $100 < $100

Motion Capture

LSL software drivers exist for all these
(and more) devices



Imaging Brain Support
for
Three Aspects of
Consciousness
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S. Makeig (2017)
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Onton & Makeig, Frontiers in Human Neuroscience ‘09
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Willing

’ 4

Imaging H h Agenc

Mobile Brain/ Imaging (MoBI)

S . Makeig, 2007



Embodied Cognition & Agency

evaluation

@ perception

the brain organizes

in response to
perceived challenges

and opportunities.

Brains seize the dpportunity
of the moment!

S Makeig 2010



The Beginning

fEEG, BCI, MoBI,
NFB, BrainStim ...
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