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Brain Electrophysiology 
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I jumped ...  
I swerved … 

I smiled … 

I threw …. 

I pointed … 

I held … 

I reached … 
I ran … 

I shot … 

I ducked 

I tossed … 
I gaped … 

Who 
am I? 

S. Makeig 2001 



 

 

 

 

All of a sudden ...  

I looked to see if … 

I searched the scene for … 

I looked again at …. 

It occurred to me that … 

I wondered if … 

I noticed that … 

I decided that … 

I imagined … 

The feeling hit me like … 

It struck me that … 
I realized that … 

?
S. Makeig 2001 

 

 

Distributed Brain 
Dynamic Events  

 

 



Brain processes  

have evolved and function  

to optimize the outcome 

of the behavior 

the brain organizes 

in response to 

perceived challenges 

and opportunities.  
 

Embodied Agency  
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perception        action 

evaluation 
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Makeig (2006) 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

!
What is EEG?!

!
!



EEG (scalp surface fields) 

ECOG (larger cortical     
surface fields) 

Local 
Extracellular 
Fields 

Intracellular and 
peri-cellular fields 

Synaptic and 
other trans-
membrane 
potentials 

Brain dynamics are 
inherently multi-scale 

At each  spatial recording scale, the signal 
is produced by active partial coherence of 
distributed activities at the next smaller 
scale. 

Scott Makeig 2007 

Cross-scale coupling 
is bi-directional! 

Larger 
 

 
Smaller 



EEG (scalp surface fields) 

ECOG (larger cortical     
surface fields) 

Local 
Extracellular 
Fields 

Intracellular and 
peri-cellular fields 

Synaptic and 
other trans-
membrane 
potentials 

Brain dynamics are 
inherently multi-scale 

At each  spatial recording scale, the 
signal is produced by active partial 
coherence of distributed activities at 
the next smaller scale. 

Scott Makeig 2007 

Cross-scale coupling 
is bi-directional! 

Larger 

 

 

Smaller 

!
SCALE 

CHAUVINISM!
!
!
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Scott Makeig 2008 

Macro field dynamics are 
spontaneous emergent 

dynamic patterns – in both 
space and cortex. 



Alan Friedman 



Alan Friedman 

 
The spatiotemporal field 

dynamics of cortex and brain 
have not yet been imaged on 

multiple spatial scales! 
 



K*0'S/#-0"1%"0-$"#$%

e!30-83#8!.*F-.!V+-3#!

;#*,$/!

73+(F&!HQ7!3#4(+$(!0*G(.<!

V'&!f'3&(!$.*_!`!3#G3+(F&!

Functional Brain Imaging 

;J*19,'0-$#*(1%"0-$"#$%

e!30-83#8!.*F-.!F*+%F-.!

4/#1:,'#/!

HQ7!30-83#8!+(f'3+($!0*G(.<!

V'&!f'3&(!)-$&!`!G3+(F&!0(-$'+(!!

*)!*#(!-$1(F&!*)!#('+-.!-F%43&59!

69!:-;(38<!=>>?!4H%!-6*"$%FG7G!



Makeig (2006) 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

!
How to  

measure EEG?!
!
!



M
I
C
R
O

MACRO 
RT 

SPIKES 

          LFP 

              ECOG 

                      EEG 
Recorded !? 

~1,000,000 GHz 

~1 Hz 

BEHAVIOR BRAIN 
? 

~1 MHz 

S. Makeig 2007 

? 

ERP  
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Naïve 2-D interpretation of EEG signals?   

? 
? ? 

? 
? 

? ? 

Actual cortical source volume 
conduction patterns (cartoon) 

Cortical EEG signal projection 
patterns as point processes 
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The very broad EEG point-spread function 

!M;-.3#!MF-+!`!:-;(38!=>@>!

Simulated parietal source Very broad projected scalp potentials 



The very broad EEG point-spread function 
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Simulated EEG summing cortical sources 
(animation at 1/5th real time) 

[Nsources_alpha.mp4] 



The very broad EEG point-spread function 
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Simulated EEG summing 30 cortical sources 
(animation at 1/5th real time) 



Effects of  non-brain artifacts on scalp EEG 

Without non-brain sources Including non-brain sources 



The 2-D Dome of the Sky 

Scott Makeig 2008 



3-D structure of the Universe 

 NASA 2009 



MRI Segmentation 

Solve the 
forward problem 

using realistic 
head models 

(BEM) 

Mesh generation 
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Inverse 
Problem 

Signal  
Processing 

Sensor Co-
Registration 
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Neuroelectromagnetic 
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Toolbox (NFT) 
 



Makeig (2006) 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

!
Information 
based signal 
processing !

!
!
!
!
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Tony Bell, 
developer of 
Infomax ICA 

ICA can find distinct EEG source 
activities -- and their ‘simple’ scalp 

maps! 
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ICA is a linear data decomposition method 

W * Channel_Data = Activations 

W-1 * Activations= Channel_Data 

Makeig & Onton, 2011 



J. Onton & S. Makeig 2006 
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Independent muscle signals 

S. Makeig, J. Onton 2005 



Distributed 
neck muscle  
& movement 
dynamics 

N. Bigdely & S. Makeig, 2009 



]'.3(!T#&*#!`!69!:-;(38!L=>>AO!

h%-#S%-J2'%2*@-,-9*2%1',(1-J%I,-"#%3&%@,'1*22*2%

7'-.Q$500(&+3F!G31*.(!
F*01*#(#&!

63#8.(!G31*.(!
F*01*#(#&!

Df'34-.(#&!G31*.($!





Equivalent dipole density 
Visual Working Memory 

Onton et al., 2005 

Sternberg 
letter 
memory 
task 

Onton et al., ‘05 
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Delorme et al., PLOS One, 2012 
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BCILAB Toolbox 
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Measure Projection Toolbox (MPT) 
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Source Information Flow Toolbox (SIFT) 
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S. Makeig 2007 

Questions please! 


