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Parallel factor analysis (PARAFAC) and EEG
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Factor number selection methods
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Core consistency diagnostics (CCD)

e [Bro and Kiers, 2003]
o Parallel factor analysis (PARAFAC) models with f =1,..., Fpnax
factors
CCD(f) € (—o0,100]
@ an "elbow" /rapid change in the CCD decreasing profile
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Non-redundant model order selection (NORMO)

o [Fernandes et al., 2020]
o PARAFAC models with f =1,..., F,.x factors

NORMO(f) = number of redundant factors — correlation > 0.7
o F — the largest f with NORMO(f) = 0 and NORMO(f +1) >0
o NORMOg/NORMOg - all/selected PARAFAC models are considered
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Numerical convex hull (NCH)

o [Ceulemans and Kiers, 2006]
o PARAFAC models with f = 1,..., Fax factors

@ maximal change in fit between models with a consecutive number of
factors

— only models, which fit belongs to the fit convex hull boundary, are
considered
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Minimal description length (MDL)

o [Liu et al., 2016]

o eigenvalues of matricized versions of the tensor

= indirect" assumption of factors orthogonality

o F €argmingcpy y MDL(f)
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Automatic relevance determination (ARD)

o [Mgrup and Hansen, 2009]
@ factor elements are assumed to follow

o normal distribution — ridge version of ARD (ARDg)

o Laplacian distribution — sparse version of ARD (ARD5)
@ iterative algorithm:

o k' step: PARAFAC model with F factors is estimated
— factors with lowest weights are pruned out

= number of factors decreases to Fy 1 < Fy

@ modified selection criterion
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Simulated EEG data

SEEG = C X Ssource signal

64 x T 64 x 2004 2004 x T (number of time points)

EEG signal forward model oscillations + broadband brain activity
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Simulated EEG data

@ Np - only 4 oscillations C3 electrode

5 Hz, 8 Hz, 11 Hz, 14 Hz - -

® NGpign - No + gaussian noise A/(0,1000) %

o o1 o0z 03 04 05 06 07 08 o9 1

e NBBA,, - 4 oscillations and "low" BBA MWWWMWWWWWWW
© NBBAigh - 4 oscillations + "high" BBA WWMWWWMWWWWWWW

— 20 sets for each type of data
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Results
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Mission 1 - N, data
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Mission 2 - NG, data
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Mission 2 - NG, data
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Mission 3 - NGy, data
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Mission 3 - NGy, data

CCD NORMOg, NORMOs ~ NCH /)L ARDg, ARDs
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Mission 3 - NGy, data
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Mission 4 - NBBA,,, data
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Mission 4 - NBBA,,, data
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Mission 4 - NBBA,,, data
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Mission 5 - NBBA,, data
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Conclusion: Mission impossible ?

= none method produced satisfactory results for PARAFAC
decomposition of simulated EEG data

e NORMO, MDL - problems already for noiseless data

@ CCD - no visible change-point in CCD due to the gaussian noise/BBA
o NCH - data with BBA — F ~ minimal allowed value 2

@ ARD - the most promising method — modification in the future

— new approaches are needed
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