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EEGLAB History

• 1993 – ERSP (Makeig)
• 1995 – Infomax ICA for EEG (Makeig, Bell, Jung, Sejnowski)
• 1997 - EEG/ICA Toolbox (cnl.salk.edu), ITC & ERC

• 1999 - ERP-image ploGng (Jung & Makeig)
• 2000 –GUI design & name ‘EEGLAB’ (Delorme)

• 2002 – 1st EEGLAB (sccn.ucsd.edu)

• 2004 - 1st EEGLAB support from U.S. NIH and reference paper (Delorme & Makeig, 2004)

• 2006 - 1st EEGLAB plug-ins, STUDY structure, and component clustering tools
• 2009+ – New toolboxes: NFT, SIFT, BCILAB, MPT, … (Akalin Acar, Mullen, Kothe, …)
• 2011 – EEGLAB, the most widely used EEG research environment (Henke & Halchenko)

• 2013 – Lab Streaming Layer (LSL) (Kothe) for Mobile Brain/Body Imaging (MoBI) (Makeig)
• 2013 – HeadIT.org online, HED neuroinforma_c tools (Bigdely-Shamlo)
• 2017 – LIMO / GLM integrated (Pernet)  -- and 24rd- 26th EEGLAB Workshops …
• 2018 – The Open EEGLAB Portal via the Neuroscience Gateway (nsgportal.org).

• 2020 – EEGLAB 2019, BIDS integra_on, ICLabel, get_chanlocs, …
•2022 -- HED tools, NEMAR, ………

S. Makeig 2019 



EEGLAB Workshops

S. Makeig 2011
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BCILAB

DIPFIT

SIFTMPT

EEGLAB
Plug-In

Extensions 

S. Makeig et al. (2011)

NIST
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Hemodynamic imaging
= imaging local brain

Energy
Direct 3-D inverse model,
but quite slow & indirect

as well as expensive,
very heavy & non-portable.

EEG as Functional Brain Imaging

Electromagnetic imaging

= imaging 

local cortical field synchrony

3-D imaging needs head model,

but a quite fast & direct measure 

of one aspect of cortical activity – 

local spatial field coherence..

S. Makeig 2018

1926 -1993 -



Functional Brain Imaging using EEG

S. Makeig 2017
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Figure 1. Relative number of PubMed citations retrieved by ‘All Fields’ search terms: ‘EEG,’ ‘ERP,’ and ‘Brain 
Oscillations.’ The percent of citations for each search term relative to the total number of citations returned 
by a search for any of the three terms is plotted relative to the other two search terms. For visual clarity, 

‘Brain Oscillations’ citations are graphed with a green dotted line according to the Y-axis labels on the right; 
‘EEG’ with a blue solid line and ‘ERP’ with a red dashed line according to the Y-axis labels on the left.  
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“EEG”

“ERP”

“Brain Oscillations”

Three Modern Eras of EEG Research

ERSPERD ICA

Loo, Lenartowicz & Makeig, 2015

EEGLAB

ERP

SSR

S. Makeig, 2016

EEG ERP ERBD

We are here

?



What is EEG?
• Brain electrical activity

• A small portion of cortical brain electrical activity

• An even smaller portion of total brain electrical activity

• But which portion?
• Triggered and modulated how?
• With what functional significance?

Cloud art:  Berndnaut



Cor\cocor\cal

Corticothalamic

Value System 
Modula\ons

Ephaptic 
Modulations

The genera.on and modula.on of local field poten.als
is COMPLEX and not well studied

S. Makeig 2007

Neuroglial

Excitatory
Inhibitory



Information flow is

bi-directional !

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 
spatial scale.

Scott Makeig 2007

What is an 
EEG 

”source” ?



Phase cones (Freeman)

S. Makeig 2010



RS Anderson, 2007

‘Event-related 
synchronization’ S. Anderson



Sim
ple patterns

C
om

plex patterns
Delta band

(1-4 Hz)
in 

anesth.
animals

ß 4 mm à

“Synchrony was associated with high delta-band 

amplitude (averaged across the recording array), 

whereas complex waves were associated with 

low average delta-band amplitude. …

Townsend et al., 2015

Spike rates were highest near the position and 

time of spirals and saddles and lowest in the 

presence of synchrony.”



Z Akalin Acar, 2017

1-cm ECoG 

chan spacing



Tchoe et al., Science Translat. Med., 2022

1-mm ECoG 

chan spacing



Naïve 2-D interpretation of EEG signals?  

?
? ?

?
?

??

Cortical source current volume 
conduction patterns

Cortical EEG signal projection 
patterns as point processes

X



Akalin Acar & Makeig 2010

Single simulated parietal source  à

The very broad EEG point-spread function

Very broad projected scalp potentials

0

+
-
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Single simulated parietal source  à

The very broad EEG point-spread function

Very broad projected scalp potentials

0

+
-



Its cortical ‘receptive field’

V 
+

-

Scalp EEG channel

+

-

The ‘receptive field’ of a bipolar EEG channel



Its cortical ‘receptive field’

V 
+

-

Scalp EEG channel AàB

+

-

0

X

VAàB = ∑   vr✖ WAB(r)
r in Cortex

WAB

vr
A

B

S. Makeig & Z. Akalin Acar, 2017

At time t,

The ‘receptive field’ of a bipolar EEG channel!

(t)



Bipolar channel



Average reference channel



Phase cones (Freeman)

S. Makeig 2010



One
emerging, 
spatially 
coherent 
effective 
source
region

1 million 
active 
minicolumns

Summed scalp 
projection
of the 1M
sources.

Local coherence 
change only – 
no change in 
spectrum or 
amplitude

Z. Akalin Acar & S. Makeig (2015)

An Effective 

EEG Source



[Show Zeynep_1MSources_2.mov]

Z. Akalin Acar & S. Makeig (2015)



Two spatially static
cortical sources

Scalp projection

9  Hz 10 Hz

Z. Akalin Acar & S. Makeig (2012)

Here, what are the cortical ‘effective sources’?



Two spatially stationary
cortical effective sources

Summed
 scalp projection

9  Hz 10 Hz

Z. Akalin Acar & S. Makeig (2012)

Phenomena

epiphenomena --

 secondary effects or byproducts 

that arise from but do not 

causally influence a process.

Epiphenomena
Scalp epiphenomena  !



One
emergent, 
spatially 
coherent 
effective 
source

1 million 
active 
minicolumns

Summed 
scalp 
projection

The effective sources of the scalp EEG  

are emergent islands of cortical LFP 

synchrony or near synchrony.

Z. Akalin Acar & S. Makeig (2015)

Cortical brain dynamics comprise 

spatiotemporal dynamics at all spatial 

and frequency scales at once.



Who 
am I?



Brain processes 

have evolved and function 

to optimize the outcomes

of the willed behavior

the brain organizes

in response to

perceived & felt 
challenges and opportunities. 

Embodied Agency 

Brains meet the challenge
of the moment 

– every moment!

S Makeig 2010

Evaluate

PerceiveAct PerceiveAct

Evaluate



“[Humans] have full consciousness of the [physical] world 
     in all the aspects of knowing, feeling and willing.”
           
           Meher Baba
          

Knowing - 
 Feeling  - 
  Willing  -

I perceive, remember, believe 
 I feel, experience as feeling
  I act, aim, intend  

Three Aspects 
of Human Consciousness 

S. Makeig (2017)



EEG can be used to learn and monitor 
how the brain and nervous system 

support human consciousness
in ALL its aspects -- 

S. Makeig (2017)

Knowing  

 Feeling   

  Willing 



NFT

Proton Density

T1-weighted T2-weighted

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

Zeynep Akalin Acar & Scott Makeig ‘06

Simple 
Map



CSF
EEG Cocktail Party

Blind EEG Source Separa5on by
Independent Component Analysis

S. Makeig, S. Enghoff (2000)

Tony Bell, 
developer of 
Infomax ICA

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

maps!



Cortex

Domains 
of Local Synchrony

Independent

Thalamus

Are EEG ‘effec6ve source’ signals independent?

Freeman - phase cones

Plenz - avalanches

S. Makeig (2007)



The EEG Inverse Problem is Twofold

CSF
EEG

ICA gives a model-based response to the first question:

- What are the effective sources? (identification)

And it greatly helps answer the second question:

 - Where do these sources originate? (localization)

Effective source
Identification    à     Localization



J. Onton & S. Makeig 2006

ICA separates non-brain effective source processes



J. Onton & S. Makeig 2006

ICA finds non-brain independent component (IC) processes …

… separates them from the remainder of the data …



… including IC EMG sources

S. Makeig, J. Onton 2005



Julie Onton & S. Makeig (2006)

… and also separates cortical brain IC processes

Dual-symmetric dipole 
component

Single dipole 
component

Equivalent dipoles



ICLabel

labeling.ucsd.edu/tutorial

ICLabel: A crowd-sourced AI
independent component classifier

Luca Pion-Tonachini, 2019



ICLabel

labeling.ucsd.edu/tutorial

ICLabel: A crowd-sourced AI
independent component classifier

Luca Pion-Tonachini, 2019



ICA in 
pracJce

Onton & Makeig, 2006



3-D Tunnel 
Passive Navigation Task

Klaus Gramann 
3-D Tunnel Task



A Passive Spatial Navigation Paradigm

Klaus Gramann et al., 2010



A Passive Spatial Navigation Paradigm

Klaus Gramann et al., 2010



A Passive SpaJal NavigaJon Paradigm

Klaus Gramann et al., 2010



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

NonturnersTurners

Klaus Gramann & S. Makeig, 2010



Time (s)

Two parietal component clusters

Klaus Gramann et al., 2010



Medial prefrontal component cluster

Time (s)

Klaus Gramann et al., 2010



Clusters distinguishing Turners & Nonturners

Klaus Gramann et al., 2010



The Beginning

EEG brain imaging
       etc. . . .

24 / 7 / 52


