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Why this QEEG controversy? A few points ... and our perspective

standardization of EEG recording, pre-processing steps, etc.
sample size
diurnal effects
task conditions (beyond EC/EO ?)
effects of long-stay at clinic
etc.
————————————————————————————–
wider frequency bands vs. individual narrow-oscillatory rhythms
inter-individual variability
electrodes space
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Motivational Examples (frequency)
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Motivational Examples (space)
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Averaged oscillatory part of the EEG power spectrum recorded during resting eyes-closed. A chronic stroke patient with ischemia in the
fronto-temporo-parietal area on the left side
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Applied Procedure
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Brain Oscillations vs. Scale-free Brain Activity

”...... there are two types of brain activity that coexist: the
broadband, arrhythmic activity and the narrow-band, rhythmic
oscillations”. [He, 2014]
EEG recorded from the scalp originates from electrical currents
generated by a mixture of a large number of quasi-random neural
sources across the entire cortex (broadband background EEG)
and a small number of more localized cortical sources whose
power spectra are narrow-band (oscillatory).
[Nunez, 2006; He, 2014]
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Irregular-Resampling Auto-Spectral Analysis (IRASA) [Wen & Liu, 2016]
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Decomposition of the power spectrum density (PSD) into the fractal (scale-free) and oscillatory components underlying the eyes-closed
awake state recorded after mirror-box training. Plots represent means of the IRASA decomposition computed separately for 4-s-long
overlapping segments of approximately two minutes long resting block at two central EEG electrodes C3 and C4. Frequencies were

restricted to the range 1-25 Hz for the visualization purposes..
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Parallel Factor Analysis (PARAFAC) Decomposition [Bro 97]

Data matrix construction:
X(I×J×K )

I - time segments
J - electrodes
K - power or amplitude (or
log+)
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The PARAFAC model with F
factors:

xijk =
F∑

f=1

aif bjf ckf + εijk

The criterion:

min
aif ,bjf ,ckf

= ‖xijk −
F∑

f=1

aif bjf ckf‖2
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PARAFAC - single subject
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PARAFAC - single subject
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PARAFAC - single subject (remove eye-blink atom and re-run)
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PARAFAC Time-scores
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Clustering PARAFAC runs - DBSCAN (by space, frequency and time-scores)
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Averaged space and frequency PARAFAC weights (8 subjects)
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Variability of the PARAFAC spatial weights: individual subjects
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Time-scores to Endpoints and Beyond

A statistic(s) of time-scores can be
computed

mean over time-points
frequency, duration of activation
etc.

and used for formal testing

ANOVA or ANCOVA,
exposure response
etc.
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Conclusions

Using the approach we analyzed a collection of data from:
two pharmaco-clinical studies
longitudinal study focused on motor neurorehabilitation
neurobiofeedback studies

We found that:
A discrete set of common PARAFAC atoms can be identified
across different task conditions and subjects
The atoms show a high day-to-day stability
Time-scores allow to built parsimonious EEG representation
suitable for formal drug effects testing
Pharmaco-clinical studies indicate that effects not observed with
standard QEEG testing can be found
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Thank you !

www.pacdel.com
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