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Brain processes  

have evolved and func$on  

to op%mize the outcome 

of the behavior 

the brain organizes 

in response to 

perceived challenges 

and opportuni4es.  

Embodied Agency  

Brains meet the challenge 
of the moment! 

S Makeig 2010 

Evalua4on 

Percep4on Ac4on 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R. Ramirez, 2005 

EEG Source AcAviAes 

EEG Scalp Shadows 

    What is EEG? 
•  Brain electrical activity 
•  A small portion of cortical brain electrical activity 
•  An even smaller portion of total brain electrical activity 

•  Which portion? 
•  With what functional significance? 



ScoR Makeig 2008 

Macro field dynamics are 
spontaneously emerging 
dynamic paRerns in 

complex, nonlinear media. 



Alan Friedman 

The spatiotemporal field dynamics 
of cortex have not yet been imaged 

on multiple spatial scales 
simultaneously ! 



 Phase cones (Freeman) 

 Avalanches (Plenz) 

S. Makeig 2007 



EEG is not ‘the roar of the crowd’ 
     [of billions of cortical neurons].  

Instead, it is dominated by the concerted roars  
      of dozens of small, independent  

        organized cheering sections! 

S. Makeig 2012 



Anordnung neokor$kaler Zellen 

CorAcocorAcal 

CorAcothalamic 

Value System 
ModulaAons 

EphapAc 
ModulaAons 

The generaAon and modulaAon of EEG / LFP 
is COMPLEX  

S. Makeig 2007 

Neuroglial? 

Excitatory Inhibitory 



Cortex 

Skull 

Local 
Synchrony 

Local 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Skin 

S. Makeig 2007 

Each scalp EEG data channel sums the projected acAviAes 
of mulAple brain (and non‐brain) source processes. 

EEG 
Effec$ve 
Sources 



The very broad EEG point-spread function 

 Akalin Acar & Makeig 2010 

Simulated parietal source Very broad projected scalp potentials 



The very broad EEG point‐spread funcAon 

 Akalin Acar & Makeig 2010 

Simulated cm2‐scale mul$‐source ac$vity,  and its EEG projec$on 

http://www.youtube.com/playlist?list=PLDF9D201769ADC62D&feature=mh_lolz 



                 CSF 

EEG    Cocktail Party 

Blind EEG Source Separa$on by 
Independent Component Analysis 

S. Makeig, S. Enghoff (2000) 

Tony Bell, 
developer of 
Infomax ICA ICA can find disAnct EEG source acAviAes ‐‐ 

and their ‘simple’ scalp maps! 



J. Onton & S. Makeig 2006 

ICA finds Non‐Brain Independent Component (IC) Processes … 

… separates them from the remainder of the data … 



Julie Onton & S. Makeig (2006) 

ICA also separates corAcal brain IC processes 

Dual‐symmetric dipole 
component 

Single dipole 
component 

Equivalent dipoles 



Independent EEG Components are Dipolar 
Delorme, Palmer, Onton, & Makeig, 2012 



Julie Onton & ScoR Makeig, Fron%ers in Human Neuroscience, 2009 

Changes in the distribu$on of high‐frequency 
broadband EEG power with imagined emo$on 

EEG & Emo$on 



S Makeig, 2012 

EEGLAB 

SIFT 
BCILAB 

MoBILAB 

MPA 

SCCN Open Source So[ware Tools for MATLAB 



Brain imaging during motor behavior? 
•  Nearly all brain imaging studies (MEG, PET, fMRI, and 

EEG)  are conducted in rigidly sta$c seated or prone 
posi$ons with only the most minimal finger movements 
allowed.  

Why?  
•  In all modali$es but EEG, the sensors are heavy.  

•  Muscle and movements contribute (‘noise’) signals. 

•  But this limitaAon is highly arAficial. Nearly all our life involves ac%ve 
movements and interac%ons within a 3‐D environment. 

•   Brain acAvity during free movement in 3‐D space  

                                   has never been observed or modeled! 

fMRI 

MEG 

PET 

EEG 

ScoR Makeig 2008 



Mobile Brain/Body Imaging (MoBI) Concept 

1. Record simultaneously, during naturally mo$vated behavior, 

 What the brain does       (high‐density EEG) 
    What the brain experiences   (sensory scene recording) 
     What the brain organizes     (body & eye movements, 
                                      psychophysiology) 

2. Then –  
 Use evolving machine learning methods  

    to find, model, and measure  
       non‐staAonary (context‐ and intenAon‐related)  

          funcAonal relaAonships among these data modaliAes. 

Scott Makeig, 2011 



MoBI: Mobile Brain/Body Imaging 

S. Makeig & K. Gramann  2008 



MoBI Lab at SCCN, UCSD 

http://thesciencenetwork.org/programs/inc-sccn-open-house/inc-sccn-open-house-hi-lite-reel 

Lab Streaming Layer (LSL) software for 
synchronous multi-stream, multi-platform recording 
and feedback – freely available via Google Code. 



S Makeig & M Miyakoshi, 20112 

MoBI Lab: Dart Game Experiment 



Photo: T Bel Bahar & E Tumer, 2011 

MoBI Lab: Two-Person Mirroring Experiment 



MoBI Lab: Two-Person Mirroring Experiment 

IC Loreta es$mate  Laplacian 
projec$on 



Photo: T Bel Bahar, E Tumer, 2011 

MoBI Lab: Collaborative Gesture Game 



Gedeon Deak et al., 2011 

Development of Shared Attention – 
A Mother and Child MoBI Experiment 



Gedeon Deak et al., 2011 



                       3-yr old child – Reward Observation 

blank screen 
(baseline) mu 

T Mullen, Yu Liao, ,S Makeig, G. Deak 2011 

 Mother Pops the Bubble! 



MoBILAB 
A software environment 
for MoBI data analysis 

Alejandro Ojeda et al., 2011 



Mobile Brain/Body Imaging (MoBI) 

S Makeig 2012 



Empathy ( compassion)  

   for all sen$ent beings … 

Empathy ( sympathy)          

 for another’s pain … 

Two Poles of 
Empathy Research 



Two Poles of 
Empathy Research 

Compassion involves (or gives rise to) 

 an ac$ve desire 

   to alleviate others’ suffering. 

Sympathy is a concern for   

the well‐being of another. 

Empathy 





subcortical regions related to regulating internal organism states,
all conditions produced activation of the hypothalamus, as well
as the mesencephalon and pontomedullary junction, which
include nuclei involved in autonomic regulation. AV and CSP
also engaged the medulla. All conditions activated the anterior
middle cingulate cortex. All conditions activated cortical regions
involved in sensing the body, including anterior insula and
supramarginal gyrus. AS and CPP activated the posterior insula.
All conditions strongly activated the PMC, but there was a
separation between conditions: AV and CSP activated the
inferior/posterior sector, whereas AS and CPP activated the
superior/anterior sector (see also Fig. 1; see Table S2 for details).

Of particular interest, relative to the hypothesized regions,
there was a partial separation between emotions pertaining to

physical circumstances (AS and CPP) versus those pertaining to
social/psychological circumstances (AV and CSP). This finding
is explored below.

BOLD Results Comparing AV/CSP Versus AS/CPP. Because of the
findings mentioned in the previous section and growing interest
in the function of the PMC, we calculated a contrast of AV/CSP
(combined) versus AS/CPP (combined). This allowed us to
contrast effects of social processing about others’ social/
psychological situations versus physical situations. This contrast
confirmed the functional subdivision in the PMC mentioned
above, in that AV/CSP produced more activation in the posterior/
inferior portion of the PMC (the sector most related to intero-
ceptive processing), whereas AS/CPP produced more activation
in the anterior/superior portion of the PMC (the sector most
related to musculoskeletal processing; see Fig. 2). In addition,
AV/CSP produced more activation in the anterior cingulate,
anterior insula, and hypothalamus, all regions involved in ho-
meostatic regulation. By contrast, AS/CPP produced more ac-
tivation in the posterior insula and lateral parietal cortices,
including the supramarginal gyrus and superior parietal lobule,
all regions related to the musculoskeletal system (see Table S3
for more details).

Event-Related Averaging: Comparison of Time Courses. To test the
hypothesis that the activity correlated with CPP would peak
earlier and extinguish more quickly than the other emotions, we
used double-gamma curve fitting to compare the ERA time
courses of the BOLD effects associated with each of the
conditions in the anterior insula (see Fig. 3). Duration was
calculated from the width of the curves at half-height. Tests for
significance were performed in terms of the Z scores of the
difference between conditions at a criterion level of 0.05 after
correction for multiple comparisons (Bonferroni). CPP peaked
more quickly than each of the other emotions and had a shorter
duration (see Table S4 for details).

Discussion
The ability to empathize with another person’s psychological and
physical circumstances is a foundation of sociality and moral
behavior (42). In most circumstances, empathy is likely to begin
with a cognitive appraisal of another’s situation, which leads to

Fig. 1. Neural correlates of admiration for virtue (A) and skill (B) and
compassion for social (C) and physical (D) pain. fMRI data are from 13 subjects,
displayed on the brain of 1 subject. Each image shows a target emotion
contrasted with control. The position of each transverse slice is marked on the
parasagittal images; Talairach coordinates of each slice and of the parasagittal
view are annotated. Images are thresholded by using the false discovery rate
statistic, q(FDR) ! 0.05. The bar to the right of each image provides a color
code for t statistics of the respective contrast. Note the bilateral activation in
the insula (in), anterior cingulate (ac), and dorsal posterior cingulate (pc) for
all emotions. Note the activation in the posteroinferior posteromedial cortices
(pm) in AV (A) and CSP (C) compared with anterosuperior sector in AS (B) and
CPP (D). Note brainstem and hypothalamus (ht) in A and C.

Fig. 2. Relative activation in the posteromedial cortices (PMC, outlined in
pink) for admiration for virtue and compassion for social pain (AV/CSP, blue3
green) versus admiration for skill and compassion for physical pain (AS/CPP,
orange3 yellow). The image is thresholded at q(FDR) ! 0.05. The bar to the
right provides a color code for t statistics associated with the contrast. The red
box frames the location of the magnified view. Note the clear separation
between the anterosuperior sector activated by AS/CPP, and the posteroin-
ferior activated by AV/CSP.

Immordino-Yang et al. PNAS ! May 12, 2009 ! vol. 106 ! no. 19 ! 8023
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subcortical regions related to regulating internal organism states,
all conditions produced activation of the hypothalamus, as well
as the mesencephalon and pontomedullary junction, which
include nuclei involved in autonomic regulation. AV and CSP
also engaged the medulla. All conditions activated the anterior
middle cingulate cortex. All conditions activated cortical regions
involved in sensing the body, including anterior insula and
supramarginal gyrus. AS and CPP activated the posterior insula.
All conditions strongly activated the PMC, but there was a
separation between conditions: AV and CSP activated the
inferior/posterior sector, whereas AS and CPP activated the
superior/anterior sector (see also Fig. 1; see Table S2 for details).

Of particular interest, relative to the hypothesized regions,
there was a partial separation between emotions pertaining to

physical circumstances (AS and CPP) versus those pertaining to
social/psychological circumstances (AV and CSP). This finding
is explored below.

BOLD Results Comparing AV/CSP Versus AS/CPP. Because of the
findings mentioned in the previous section and growing interest
in the function of the PMC, we calculated a contrast of AV/CSP
(combined) versus AS/CPP (combined). This allowed us to
contrast effects of social processing about others’ social/
psychological situations versus physical situations. This contrast
confirmed the functional subdivision in the PMC mentioned
above, in that AV/CSP produced more activation in the posterior/
inferior portion of the PMC (the sector most related to intero-
ceptive processing), whereas AS/CPP produced more activation
in the anterior/superior portion of the PMC (the sector most
related to musculoskeletal processing; see Fig. 2). In addition,
AV/CSP produced more activation in the anterior cingulate,
anterior insula, and hypothalamus, all regions involved in ho-
meostatic regulation. By contrast, AS/CPP produced more ac-
tivation in the posterior insula and lateral parietal cortices,
including the supramarginal gyrus and superior parietal lobule,
all regions related to the musculoskeletal system (see Table S3
for more details).

Event-Related Averaging: Comparison of Time Courses. To test the
hypothesis that the activity correlated with CPP would peak
earlier and extinguish more quickly than the other emotions, we
used double-gamma curve fitting to compare the ERA time
courses of the BOLD effects associated with each of the
conditions in the anterior insula (see Fig. 3). Duration was
calculated from the width of the curves at half-height. Tests for
significance were performed in terms of the Z scores of the
difference between conditions at a criterion level of 0.05 after
correction for multiple comparisons (Bonferroni). CPP peaked
more quickly than each of the other emotions and had a shorter
duration (see Table S4 for details).

Discussion
The ability to empathize with another person’s psychological and
physical circumstances is a foundation of sociality and moral
behavior (42). In most circumstances, empathy is likely to begin
with a cognitive appraisal of another’s situation, which leads to

Fig. 1. Neural correlates of admiration for virtue (A) and skill (B) and
compassion for social (C) and physical (D) pain. fMRI data are from 13 subjects,
displayed on the brain of 1 subject. Each image shows a target emotion
contrasted with control. The position of each transverse slice is marked on the
parasagittal images; Talairach coordinates of each slice and of the parasagittal
view are annotated. Images are thresholded by using the false discovery rate
statistic, q(FDR) ! 0.05. The bar to the right of each image provides a color
code for t statistics of the respective contrast. Note the bilateral activation in
the insula (in), anterior cingulate (ac), and dorsal posterior cingulate (pc) for
all emotions. Note the activation in the posteroinferior posteromedial cortices
(pm) in AV (A) and CSP (C) compared with anterosuperior sector in AS (B) and
CPP (D). Note brainstem and hypothalamus (ht) in A and C.

Fig. 2. Relative activation in the posteromedial cortices (PMC, outlined in
pink) for admiration for virtue and compassion for social pain (AV/CSP, blue3
green) versus admiration for skill and compassion for physical pain (AS/CPP,
orange3 yellow). The image is thresholded at q(FDR) ! 0.05. The bar to the
right provides a color code for t statistics associated with the contrast. The red
box frames the location of the magnified view. Note the clear separation
between the anterosuperior sector activated by AS/CPP, and the posteroin-
ferior activated by AV/CSP.

Immordino-Yang et al. PNAS ! May 12, 2009 ! vol. 106 ! no. 19 ! 8023

PS
YC

HO
LO

G
Y

N
EU

RO
SC

IE
N

CE
SE

E
CO

M
M

EN
TA

RY

H. Immordino‐Yang et al., PNAS 2009) 

Brain Imaging of Empathy/Compassion 
Admira$on  Compassion 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subcortical regions related to regulating internal organism states,
all conditions produced activation of the hypothalamus, as well
as the mesencephalon and pontomedullary junction, which
include nuclei involved in autonomic regulation. AV and CSP
also engaged the medulla. All conditions activated the anterior
middle cingulate cortex. All conditions activated cortical regions
involved in sensing the body, including anterior insula and
supramarginal gyrus. AS and CPP activated the posterior insula.
All conditions strongly activated the PMC, but there was a
separation between conditions: AV and CSP activated the
inferior/posterior sector, whereas AS and CPP activated the
superior/anterior sector (see also Fig. 1; see Table S2 for details).

Of particular interest, relative to the hypothesized regions,
there was a partial separation between emotions pertaining to

physical circumstances (AS and CPP) versus those pertaining to
social/psychological circumstances (AV and CSP). This finding
is explored below.

BOLD Results Comparing AV/CSP Versus AS/CPP. Because of the
findings mentioned in the previous section and growing interest
in the function of the PMC, we calculated a contrast of AV/CSP
(combined) versus AS/CPP (combined). This allowed us to
contrast effects of social processing about others’ social/
psychological situations versus physical situations. This contrast
confirmed the functional subdivision in the PMC mentioned
above, in that AV/CSP produced more activation in the posterior/
inferior portion of the PMC (the sector most related to intero-
ceptive processing), whereas AS/CPP produced more activation
in the anterior/superior portion of the PMC (the sector most
related to musculoskeletal processing; see Fig. 2). In addition,
AV/CSP produced more activation in the anterior cingulate,
anterior insula, and hypothalamus, all regions involved in ho-
meostatic regulation. By contrast, AS/CPP produced more ac-
tivation in the posterior insula and lateral parietal cortices,
including the supramarginal gyrus and superior parietal lobule,
all regions related to the musculoskeletal system (see Table S3
for more details).

Event-Related Averaging: Comparison of Time Courses. To test the
hypothesis that the activity correlated with CPP would peak
earlier and extinguish more quickly than the other emotions, we
used double-gamma curve fitting to compare the ERA time
courses of the BOLD effects associated with each of the
conditions in the anterior insula (see Fig. 3). Duration was
calculated from the width of the curves at half-height. Tests for
significance were performed in terms of the Z scores of the
difference between conditions at a criterion level of 0.05 after
correction for multiple comparisons (Bonferroni). CPP peaked
more quickly than each of the other emotions and had a shorter
duration (see Table S4 for details).

Discussion
The ability to empathize with another person’s psychological and
physical circumstances is a foundation of sociality and moral
behavior (42). In most circumstances, empathy is likely to begin
with a cognitive appraisal of another’s situation, which leads to

Fig. 1. Neural correlates of admiration for virtue (A) and skill (B) and
compassion for social (C) and physical (D) pain. fMRI data are from 13 subjects,
displayed on the brain of 1 subject. Each image shows a target emotion
contrasted with control. The position of each transverse slice is marked on the
parasagittal images; Talairach coordinates of each slice and of the parasagittal
view are annotated. Images are thresholded by using the false discovery rate
statistic, q(FDR) ! 0.05. The bar to the right of each image provides a color
code for t statistics of the respective contrast. Note the bilateral activation in
the insula (in), anterior cingulate (ac), and dorsal posterior cingulate (pc) for
all emotions. Note the activation in the posteroinferior posteromedial cortices
(pm) in AV (A) and CSP (C) compared with anterosuperior sector in AS (B) and
CPP (D). Note brainstem and hypothalamus (ht) in A and C.

Fig. 2. Relative activation in the posteromedial cortices (PMC, outlined in
pink) for admiration for virtue and compassion for social pain (AV/CSP, blue3
green) versus admiration for skill and compassion for physical pain (AS/CPP,
orange3 yellow). The image is thresholded at q(FDR) ! 0.05. The bar to the
right provides a color code for t statistics associated with the contrast. The red
box frames the location of the magnified view. Note the clear separation
between the anterosuperior sector activated by AS/CPP, and the posteroin-
ferior activated by AV/CSP.

Immordino-Yang et al. PNAS ! May 12, 2009 ! vol. 106 ! no. 19 ! 8023
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Fan, Y., Duncan, N. W., de Greck, M., Northoff, G. (2011). Is there a core neural network in empathy? An fMRI based 
quantitative meta-analysis. Neuroscience & Biobehavioral Reviews 35 (3). 903-911. 40 studies,  

Tarik Bel Bahar, 2012 



Empathy ( compassion)  

Empathy ( sympathy)          

What form of 
empathy to study ? 

Empathic CommunicaAon 





Empathic CommunicaAon 



Empathy  is  a  respeckul  understanding  of  what  others  are 
experiencing.  Instead  of  offering  empathy  we  olen  have  a 
strong  urge  to  give  advice  or  reassurance  and  to  explain  our 
own  posi$on  or  feeling.  Empathy,  however,  calls  upon  us  to 
empty our mind and listen to others with our whole being. 

Empathic communicaAon through listening 

Empathic connecAon is an understanding of the heart in which we see the beauty 
in  the other person,  the divine energy  in  the other person,  the  life  that's alive  in 
them… 

With empathy we don't direct, we follow.    Don't just do something, be there! 

                    
                ‐ Marshall Rosenberg (Nonviolent Communica%on) 

In Nonviolent  Communica$on,  no maRer what words  others may use  to  express 
themselves, we simply listen for their observa$ons, feelings, needs, and requests.  
Then we may wish  to  reflect back,  paraphrasing what we have understood.   We 
stay  with  empathy,  allowing  others  the  opportunity  to  fully  express  themselves 
before we turn our aRen$on to solu$ons or requests for relief… 



Empathy, I would say is presence. Pure presence to what is alive 
in a person at this moment, bringing nothing  in from the past. 
The more you know a person, the harder empathy is. The more 
you  have  studied  psychology,  the  harder  empathy  really  is. 
Because you can bring no thinking in from the past. If you surf, 
you'd  be  beRer  at  empathy  because  you  will  have  built  into 
your body what it  is about – being present and geong in tune 
with the energy that is coming through you in the present. It is 
not a mental understanding. 

What is empathy? 

                 ‐ Marshall Rosenberg (Nonviolent Communica%on) 

     Is it speaking from the heart? 

In  empathy,  you  don't  speak  at  all.  You  speak with  the  eyes.  You  speak with  the 
body.  If  you  say  any words  at  all,  it's  because  you  are  not  sure  you  are with  the 
person.  So  you may  say  some words. But  the words are not empathy.  Empathy  is 
when the other person feels the connec$on to what's alive in you. … 

The greatest gil one can give another person is empathy. 





To address a person with whom you are having some difficulty: 

-  Say what they've done that you don't like. 
-  Say what you feel. 
-  Say what needs of yours are not being met. 

-  Say what your request is. 

Empathic communicaAon 

                 ‐ Marshall Rosenberg (Nonviolent Communica%on) 



Design: 

CNV leader / trainer + volunteer par$cipant group 

‐  Group prac$ce sessions 

‐  Par$cipant pair prac$ce sessions     

Measures: 

‐  Video debriefing (each par$cipant, trainer) 

‐  During uRerances, 

 contrast listener‐experienced 

‐  Empathic connec$on increases 

vs. Empathic connec$on decreases 

‐   Listener empathy level es$mates 

Goals: 

‐  Image EEG source dynamics 

‐  Image EEG source network dynamics 

‐  Develop & test BCI feedback tools 

Possible experiment design? 





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 

Local field dynamics  
also influence spike  

rate, timing, and  
synchrony.  



Cortex 

Domains  
of Local Synchrony 

Independent 

Thalamus 

Are EEG source outputs (near) independent? 

Freeman ‐ phase cones 

Plenz ‐ avalanches 

S. Makeig (2007) 



Loca$ng independent component processes 

Onton et al., 2005 Onton et al., ‘05 

IC source 
domain 
estimate 

Scalp EEG source 

iEEG seizure activity source 

FOR SCALP EEG ALSO?  

POSSIBLY – BUT NEED AT LEAST: 
•  Anatomic MR image 
•  Accurate electrode positions 
•  Accurate co-registration 
•  Skull conductivity estimate 



High‐Dimensional EMG 

Cheng Cao, S Makeig 2011 



muscle end 

Cheng Cao, S Makeig, J Brown 2011 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A Natural Basis for Efficient Brain-Actuated Control

Scott Makeig, Sigurd Enghoff, Tzyy-Ping Jung, and

Terrence J. Sejnowski

Abstract—The prospect of noninvasive brain-actuated control of
computerized screen displays or locomotive devices is of interest to many

and of crucial importance to a few ‘locked-in’ subjects who experience
near total motor paralysis while retaining sensory and mental faculties.

Currently several groups are attempting to achieve brain-actuated control
of screen displays using operant conditioning of particular features of
the spontaneous scalp electroencephalogram (EEG) including central

-rhythms (9–12 Hz). A new EEG decomposition technique, independent
component analysis (ICA), appears to be a foundation for new research in

the design of systems for detection and operant control of endogenous EEG
rhythms to achieve flexible EEG-based communication. ICA separates

multichannel EEG data into spatially static and temporally independent
components including separate components accounting for posterior
alpha rhythms and central activities. We demonstrate using data from

a visual selective attention task that ICA-derived -components can show
much stronger spectral reactivity to motor events than activity measures

for single scalp channels. ICA decompositions of spontaneous EEG would
thus appear to form a natural basis for operant conditioning to achieve

efficient and multidimensional brain-actuated control in motor-limited
and locked-in subjects.

I. INTRODUCTION

Recent work in several laboratories has demonstrated that noninva-

sively recorded electric brain activity can be used to voluntarily con-

trol switches and communication channels, allowing a few so-called

locked-in near-totally paralyzed subjects the ability to communicate,

however slowly, with their families and aides ([4]; [14]; [2]). Com-

munication rates achieved to date are in the range of several bits a

minute, far from rates that would allow locked-in persons access to

normal social interaction. This communication briefly describes a tech-

nique for blind decomposition of electroencephalogram (EEG) data

into temporally and often functionally independent components that

would appear to provide a natural basis for optimizing brain-actuated

control ([7]; [9]). An example is given of a decomposition of sponta-

neous EEG in one subject into four components accounting for spatially

distinguishable though widely overlapping posterior alpha and central

-rhythmic activities. Learned control of the amplitude of motor-re-

lated central -rhythms in the alpha frequency range (8–12 Hz) ([5]) is

being used for brain-actuated control by at least two groups ([13]; [15]).

We demonstrate that the motor-response related spectral perturbations

demonstrated by the independent component analysis (ICA)-defined

Manuscript received August 2, 1999; revisedFebruary 28, 2000. The work
of S. Makeig was supported by the Office of Naval Research, Department of
the Navy (ONR.reimb.6429), the work of T. Sejnowski was supported by the
Howard Hughes Medical Institute and the work of T.-P. Jung and T. Sejnowski
was supported by the Swartz Foundation.
S. Makeig is with the Naval Health Research Center, San Diego, CA 92186

USA. He is also with Computational Neurobiology Laboratory, Salk Institute
for Biological Studies, La Jolla, CA 92037 USA (e-mail: scott@salk.edu).
S. Enghoff is with the Department of Physics, Technical University of Den-

mark, Copenhagen, Denmark. He is also with the Computational Neurobiology
Laboratory, Salk Institute for Biological Studies, La Jolla, CA 92037 USA.
T.-P. Jung is with the Institute for Neural Computation, University of Cal-

ifornia, San Diego, La Jolla, CA 92093 USA. He is also with Computational
Neurobiology Laboratory, Salk Institute for Biological Studies, La Jolla, CA
92037 USA.
T. J. Sejnowski is with the Howard Hughes Medical Institute and Computa-

tional Neurobiology Laboratory, Salk Institute for Biological Studies, La Jolla,
CA 92037 USA. He is also with the Institute for Neural Computation, Univer-
sity of California, San Diego, La Jolla, CA 92093 USA.
Publisher Item Identifier S 1063-6528(00)04112-4.

1063–6528/00$10.00 © 2000 IEEE

ICA for BCI Theory and Design ? 



Audiovisual A9enAon Shi[ Experiment 

J Townsend et al., 2003 

QuesAon: What is the brain ac$vity signature of switching 
between auditory and visual aRen$on? (DAS) 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Kothe 2011 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Transient ERN Theta Network ConnecAvity 
during/a[er a speeded performance error 

Tim Mullen, S. Makeig et al. unpublished 
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