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L SCCN Open Source Software Tools

Center for

Plug-in name & Version $ Short plug-in description s Link < Contact % Comments &
rERP & 0.4 Estimate overlapping ERPs using multiple regression Download & M. Burns &2 User comments
m LIMO & 1.5 Linear MOdelling of EEG data Download & C. Pernet 5 User comments
k. corrmap B2 2.02 Cluster ICA components using correlation of scalp maps Download &7 S. Debener 5 User comments
Ehég bicelectromag & 1.01 Uses Bioelectromagnetism toolbox for ERP peak detection Download & D. Weber 2 User comments
E"IJT VisEd & 1.05 Add/Edit dataset events Download @ |  J. Desjardins & |User comments
::\J loreta 1.10 Export and import data to and from LORETA software Download ¢ A. Delorme & User comments
r":cf; iirfilt 1.02 Mon linear filtering using lIR filter Download & M. Pozdin & User comments
'E :}\; std_envtopo 2.39 Plot STUDY ICA cluster cantribution to ERP Download & M. Miyakoshi 5} User comments
:cri _*\,- std_selectiCsByCluster & 0.10 Forward-project clustered ICs to channels (beta) Download ¢ M. Miyakoshi 5 User comments
:: “‘VJA std_dipoleDensity & 0.23 Plot STUDY ICA cluster dipole density (beta) Download & M. Miyakoshi S User comments
o std_ErpCalc 0.11 Test and visualize simple effects on ERP (beta) Download & M. Miyakoshi S} User comments
— pvaftopo 0.10 Plot topography of percent variance accounted for (beta) Download ¢ M. Miyakoshi 5 User comments
I trimQutlier & 0.16 Trim outlier channels and datapoints interactively (beta) Download & M. Miyakoshi S} User comments
clean_rawdata B 0.31 Cleans continuous data using Artifact Subspace Reconstruction Download & | Miyakoshi and Kothe 3 |User comments
ARfitStudio & 0.10 Cleans spiky artifacts using AFfit (beta) Download & |Miyakoshi and Mullen & |User comments
Mutual_Info_Clustering 1.00 Group single dataset ICA components by Mutual Information Download & M. Bigdely =) User comments
mass_univ i 130502 Mass Univariate ERP Toolbox Download & D. Groppe & User comments
REGICA & 1.00 ICA regression based EOG removal Download & M. Klados £ User comments
MARA & 1.1 Multiple Artifact Rejection Algorithm Download & I. Winkler 54 User comments
firfitt 1.6.1 Routines for designing linear filters Download &7 A. Widmann £ User comments
PACT & 0.17 Computes phase-amplitude coupling for continuous data Download & M. Miyakoshi 5 User comments
fMRIb & 2.00 Remove fMRI artifacts from EEG Download & | J.Dien S} & R. Niazy |User comments
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Many tools now available -- but still(?) a two-cultures problem.

S Makeig, 2012
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But ,
Triggered and modulated how?

With what functional significance?
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The very broad EEG point-spread function

Simulated parietal effective source Very broad projected scalp potentials

Akalin Acar & Makeig 2010



The generation and modulation of EEG
is COMPLEX and not well studied
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Z. Akalin Acar & S. Makeig (2015)
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Information-based
Signhal Processing



ICA separates non-brain effective source processes

IC activation time courses

Eye blink -
Lateral IC1
EOG
ECG IC5
1IC30
EMG |
I +

Time (s)

J. Onton & S. Makeig 2006



... and also separates cortical brain IC processes

Equivalent dipoles
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component

Julie Onton & S. Makeig (2006)



Independent Component
Dipolarity
Measured by residual variance

not accounted for by the best fitting single
(or dual) equivalent dipole model.
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Flanker Task
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Trial-by-Trial Analysis
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Spatial Navigation



Tunnel Task — A Passive Spatial Navigation Paradigm

Klaus Gramann et al., 2010



Tunnel Task — A Passive Spatial Navigation Paradigm

Klaus Gramann et al., 2010



Tunnel Task — A Passive Spatial Navigation Paradigm

Klaus Gramann et al., 2010



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

@ Turners

N
."‘. Nonturners

Klaus Gramann & S. Makeig, 2010



Two parietal component clusters
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Klaus Gramann et al., 2010



Medial prefrontal component cluster
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Clusters distinguishing Turners & Nonturners
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Clinical Research

Data Analysis



ADHD Working Memory
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Can ICA reveal subject differences?
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High-Resolution

EEG Source Imaging
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Skull Conductivity
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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):

A8%

A12% AB%

STRUM 28 43 30 68 31 48 31.5
(10) (14) (13) (15) (112) (15) (15)
Darts 45 )
(14) . 3."\
Arrow \/ 54 34

Flanker




Topological source clustering —
2-D measure projection

Arthur Tsai et al.,

Neurolmage, 2014
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Mobile
Brain/body
Imaging

(MoBl)



VoB|

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?

N

Action

Attention <«—

Engagement

HBM 2014
r Poster #1538 online

G Leslie & S Makeig,



EEG Result

ClsS[BS 12 ICs) Cls 4 {6 S5. 7 ICs) Cls 5 (13 53, 26 ICs)
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- Sense of Agency
- both Action & Emotion Inhibition

Cis 12 {11 S5, 22 ICs} Cls 13 (& Ss, B ICs) Cls 14 (9 55, 21 ICs) Cls 15 (9 S5, 181Cs) Cls 18 (7 S5, 13ICs)

Cls 17 {10 Ss, 11 ICs} Cls 18 (6 55,10 ICs)

Engaged

L '(‘j

Swing Cycle
Less Engaged

Frequency (Hz)

| Swing Cycle



Spatial Navigation Experiment — the Audiomaze

S. Makeig, 2016



15t Pass Navigation

S826



15t Pass Navigation




2"d Pass Navigation




3'd Pass Navigation

Run3 25




3'd Pass Navigation
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DEPARTIFNT (IF

BIOLOGICAL PSYCHOLOGY
AND NEUROERGONOMICS

Spatial Cognition MoBI Experiment



Brain imaging natural cognition -- actions & interactions

S . Makeig, 2007



Gedeon Deak Lab @ UCSD Cognitive Science
“Development of Shared Attention” —
A Mother and Toddler MoBI Experiment

Gedeon Deak et al., 2011



3-yr old child — Reward Observation
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Now feasible — Low-cost MoBI Systems

Any < $500 < $500

SEEtG Emotiv
ystem Neuroheadset

Low-Cost .
MoBlI < $500
Touchscreen
< $1000 = | -
Full Body e
Wireless Inertial < $100 < $100

Motion Capture

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



New EEGLAB Portal project

Center for
Computational
Neuroscience

1. Add multimodal data processing capabilities to the core EEGLAB
environment by adding support for joint processing of other time series
information collected concurrently with EEG signals including appropriate data
preprocessing for several modalities to allow direct comparisons to source-
resolved EEG measures. We will also extend the EEGLAB General Linear
Model framework to allow hypothesis testing on multimodal data.

2. Make available high-performance computing within EEGLAB through the
Neuroscience Gateway. The Neuroscience Gateway (nsgportal.org) now
provides public HPC access for eight popular neuroscience software
environments. Adding an Open EEGLAB Portal will hasten the development of
human 3-D electrophysiological brain imaging, and will also allow researchers to
run custom EEGLAB processing pipelines for the first time on collections of
datasets for meta-analysis purposes.



Embodied Cognition & Agency

evaluation

cepton
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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 ..

S. Makeiqg, 2016
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