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• Neural Origins of EEG


• Event-Related Potentials (ERPs)


• Analyzing ERP Data


•  Source Analysis


• EEG / EEG-fMRI @ NIH

Overview



• Hans Berger’s “discovery” of EEG in 1924


• Hans Berger 1873-1941


• Physician, Lecturer, Medical Chief


• Discovered the EEG in 1924


• Eyes Open/Eyes Closed - Alpha/Beta


• Paper published in 1929


• Did not go over well…


• Replications from London in 1934

EEG Turns 102



Spatial-Temporal Trade-offs

Sejnowski et al. (2014)



Neural Origins of EEG

Dipo



Types of Data From EEG

Band Frequency

Delta 0.5-4Hz

Theta 4-8Hz

Alpha 8-12Hz

Beta 12-35Hz

Gamma >35Hz



• Time/Event-locked EEG


• Event-Related Potential or ERP


• Never “ERRRP”


• Portion of the ongoing EEG


• Time-Locked to Stimulus Onset


• Strong Temporal Information


• Comparability across the lifespan

The Event-Related Potential



“Sequence of overlapping 
components, each perhaps 
representing activity of 
different populations of nerve 
cells and each sometimes 
standing in different, perhaps 
orthogonal, relations to 
experimental variables”


-Donchin, 1979, p24

ERP
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• Predict later behavior and 
conditions


• Reading ability 


• Accurate prediction of 
dyslexia as early as 1 day 
old infants

ERPs are comparable across lifespan
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Infant EEG Recording



ERP Measures: Latency, Amplitude, Distribution
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• Measure the amplitude of peak


• Postive


• Negative


• Measure the latency of peak


• Try to make search windows over the entire 
head


• Latency and polarity may vary or even flip

Amplitude & Latency Measures
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Multivariate Alternatives to Peak Picking



• Cluster correction for t-statistics and/or F-statistics


• Similar to fMRI in using TFCE and permutations

Multivariate Alternatives to Peak Picking



• Adequate Number of Sensors


• Know the Geometry of Head & Sensors


• Know Conductivity of the head


• Brain segmentation


• Choose a inverse solution model

Source Analysis

} Head model



• Forward Problem: Given the sources 
and a propagation model, what does 
the scalp topography look like?


• Inverse Problem: Given scalp 
topography and propagation model, 
what are the generators?

Source Analysis Details

No Noise Low Noise



• BEM - Boundary Element Model


• Typically uses a simple three-layer model (scalp, 
skull, brain) with isotropic conductivity


• FEM - Finite Element Model


• Divide head volume into small elements 
(tetrahedral or hexahedral) with specific 
conductivity properties (e.g. brain, skull, scalp, 
CSF)


• Allows for complex geometries to exist and be 
modeled & currents to vary by direction of flow 
(e.g. white matter tracts)

Forward Solution
FEM BEM



• Single Dipoles


• Distributed Source Models


• Minimum Norm Estimates (MNE)


• Beamforming

Inverse Models



• Assume EEG signals are generated by a single 
equivalent current dipole source in the brain.


• Specifies location (XYZ), orientation, and strength


• The quality of the fit is assessed using measures like 
residual variance or goodness of fit


• Particularly useful for focal sources: 


• Early sensory evoked potentials or Epileptic spikes


• May not be appropriate for more complex or 
distributed brain activity patterns

Single Current Dipoles



• Best fit of the sensor data while minimizing the overall amplitude of brain 
activity


• Variants: sLORETA, dSPM


• Pros


• Computationally efficient, even for large datasets


• Can handle complex source configurations


• Limitations


• Tends to produce spatially smeared results (requires some regularization)


• May have difficulty with deep sources

Minimum Norm / Distributed



• Can record EEG during an fMRI session


• Pros


• Same stimuli, same subjects, same response


• Cons


• Added noise in EEG recording

Combined EEG-fMRI



Combined EEG-fMRI

Debener et al. (2005)



• AAS (Allen et al. 2000)


• Average Artifact Subtraction


• Possible problems if you have movement in 
scanner


• OBS (Mossmann et al. 2009)


• Optimal Basis Sets to potentially model artifact


• More flexible to changes in artifact over time


• More complex, possible overfitting?

MR Artifact Removal / Reduction



Subduing fMRI Artifacts
RAW Data MR Data Removed Filtered

BCG Reduced 
Using OBS



Struggles of Combining Data

Parahippocampal Activation to P300



• 2x EGI MR-Conditional 256-Channel EEG 
Systems


• 1x EGI GTEN “Neuromodulation” 256-Channel 
EEG System


• tACS/tDCS/tRNS


• Can record EEG continuously


• GeoScan NDI Sensor for Electrode Triangulation


• Data Storage Node

EEG / EEG-fMRI @ NIH



• FLOW from BELCO


• Sort of like XNAT for your EEG data


• Stores your EEG Data and assorted extras


• Electrode location files


• Screen captures


• Can also process your data on the 
node with MNE scripts

EEG / EEG-fMRI @ NIH



• Write your experiment with


• E-PRIME


• PsychoPy


• CMN (Josh & Pete) wrote the Python 
package to communicate between 
PsychoPy and EGI’s Net Station. 

Experimental Control



• Net applications


• Training offered 1-2 times a year


• Ideal for when new folks join the lab


• Also learn how to hook system into MRI


• Proper patient/subject prep


• Recording good quality data


• Cleaning / sanitizing

Learn how to use the system



• Python notebooks available


• Processing nodes for Commercial 
Programs


• Guidance on analysis trajectory


• If you don’t mind being a beta tester, I 
write my own Mac apps for analyzing 
EEG, EEG-fMRI

Learn to Analyze Data
Commercial

Python

Matlab

Pete’s Apps



Choosing Analysis Platform







Artifact Identification / Removal



• Scheduler can be accessed from our website


• fmrif.nimh.nih.gov


• First come, first serve


• “Pre-wired” on most 3T scanners


• 3Tb


• 3Td


• NIAAA 3T Prisma

Scheduling



Come Collect Data!


