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Functional Brain Imaging 
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Brain Electrophysiology 
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•! 200+ EEGLAB downloads a week 

     … to at least 90 country domains in all 

•! >3,500 on the ‘eeglablist’ discussion list 

•! 30+ EEGLAB plug-ins available 

S. Makeig 2007 
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S. Makeig 2011 
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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  



All of a sudden ...  

I looked to see if … 

I searched my memory for … 

I thought again …. 

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 



Suddenly I stopped ...  

I peered fixedly into the … 

I pursed my lips in … 

I recoiled in mock horror …. 

I froze, eyes open wide … 

A big smile slowly spread over … 

I frowned – his claim seemed … 

I nodded, while not really … 

I breathed in slowly and … 

I did a double-take: Why … 

I bowed my head in … 

I winked to let him know that … 

S. Makeig 2001 



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  

+,-"#2%0**9%9:*%1:-CC*#$*%'_%

9:*%0'0*#9`%

perception        action 

evaluation 

4H%!-6*"$%FG77!



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 
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Scott Makeig 2008 

Macro field dynamics are 

spontaneous emergent 

dynamic patterns – in both 

space and cortex. 



Alan Friedman 
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Alan Friedman 

The spatiotemporal field 

dynamics of cortex and brain 

have not yet been imaged on 

multiple spatial scales! 
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Brain EEG vs 
Scalp EEG!
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The very broad EEG point-spread function 

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



The very broad EEG point-spread function 

e9!M;-.3#!MF-+!`!69!:-;(38!=>@>!



Effects of  non-brain artifacts on scalp EEG 

Without non-brain sources Including non-brain sources 
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MRI 
Segmentation 

Solve the 
forward 
problem 

using realistic 
head models 

(BEM) 

Mesh generation 

EEG/MEG 

Source  
Estimate 

Inverse 
Problem 

Signal  
Processing 

Sensor 
Localization 

Electromagnetic source localization 

                                 using realistic head models 
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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  



Scott Makeig, 2008 

Studying ‘cognitive perception’ using ERPs 



Conceptual legacies of 

single sensor response/rate averaging 

-! Reduction of the time series data at each channel 

   to a single average-response (ERP) time series. 

-! Reduction of the data collected at each channel   

 to an isolated spatial point process. 

How to capture more of the event-related brain 

dynamics in high-density EEG data? 



                 CSF 

EEG    Cocktail Party 

Blind EEG Source Separation by 

Independent Component Analysis 

S. Makeig (2000) 

Spatial Source 
Filtering!



                 CSF 

EEG    Cocktail Party 

Blind EEG Source Separation by 

Independent Component Analysis 

S. Makeig (2000) 



Makeig et al., NIPS95 

Infomax ICA 



Cortex 

Domains  

of Local Synchrony 

Maximally Independent 

Thalamus 

Are EEG source outputs (nearly) independent? 

Freeman - phase cones 

Plenz - avalanches 

S. Makeig (2007) 



Onton & Makeig, 2006 

Some non-brain source ICs 



Independent muscle signals 

S. Makeig, J. Onton 2005 
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ICA is a linear data decomposition method 

W * Channel_Data = Activations 

W-1 * Activations= Channel_Data 

Makeig & Onton, 2011 



Independent Components of Human EEG are Dipolar 

Delorme, Palmer, Makeig, 2011 
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(100 channels, 

~500k time points) 
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The 2-D Dome of the Sky 

Scott Makeig 2008 



3-D structure of the Universe 

 NASA 2009 



47 

Measure Projection Toolbox 
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T Mullen, 2011 



S. Makeig 2007 

Questions please! 


