
VU Research Portal

Stochastic modeling and statistical analysis of EEG-fMRI data

Ros, B.P.

2015

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Ros, B. P. (2015). Stochastic modeling and statistical analysis of EEG-fMRI data. [PhD-Thesis - Research and
graduation internal, Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 23. May. 2023

https://research.vu.nl/en/publications/1ee8c946-494e-4c63-aa83-a9a43e59a348


Summary

The research described in the thesis concerns stochastic modeling and statistical analysis of
brain dynamics. The main goal of the research was to use mathematical modeling and statis-
tical analysis to identify which regions in the brain become active and cooperate in different
situations and under different conditions, and how they do this, based on co-registered EEG
and fMRI data. These two types of data contain complementary information about the activ-
ity of the brain. The idea was to build an integrated model for EEG and fMRI data, so that a
statistical analysis could take advantage of the high temporal resolution of EEG as well as of
the high spatial resolution of fMRI.

Before actual data analysis was addressed, several mathematical problems had to be tack-
led. First, a general mathematical framework for certain constrained minimization problems
was established. This is described in Chapter 2. Theoretical analyses of these problems with
respect to existence and uniqueness of a solution were carried out. The results of the analyses
were needed for proving properties of the maximum likelihood estimators that are considered
in Chapters 3 and 4.

In Chapter 3 the modeling and estimation of the covariance structure of the EEG data are
investigated. Since the EEG signal is generally modeled as a multivariate normal distribution
for which the covariance matrix is a Kronecker product of two matrices, one corresponding
to the time domain and one corresponding to the space domain, existence and uniqueness of
maximum likelihood estimators of such structured covariance matrices were studied. Several
new results have been found, and it was shown that some existing, frequently used, results
were in fact not correct.

Next, from preliminary data analysis it turned out that the two-domain EEG-covariance
model was not appropriate for an integrated analysis of EEG data together with fMRI data,
and that a third domain that would represent the fMRI data collection procedure, had to be
added. Moreover, the time-domain component needed to be further structured as a Toeplitz
matrix. However, this meant that also the estimation procedure had to be adapted. Especially
the estimation of the Toeplitz component was no longer straightforward. A way to approach
this estimation problem and an accompanying computer algorithm was developed. The three-
domain model not only serves to model the covariance structure of EEG in integrated EEG-
fMRI modeling but also the covariance structure of MEG data under certain experimental
conditions. In Chapter 4 the new model and the estimation procedure are described and
evaluated, and examples of their use for actual data analysis are given.
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Because some aspects of the overall model that was used for integrated EEG-fMRI anal-
ysis, a linear regression model in which fMRI data serve as response variables and functions
of the EEG data as explanatory variables, were not completely satisfying, a new integrated
model which improves EEG-fMRI data analysis results was sought for. For that purpose,
a class of graphical models was investigated. In particular, in Chapter 5 of the thesis it is
proposed to use a hierarchical Gaussian graphical model with two layers, one layer for both
types of observed random variables and one hidden layer for unobserved random variables
that represent the neuronal and hemodynamic processes that underlie the observed phenom-
ena. This model takes into account covariance structure of EEG, autocorrelation of fMRI,
and models the relationship between the hidden variables of these two data modalities. A
corresponding numerical iterative estimation procedure based on maximum likelihood and
the graphical Lasso was derived and its performance investigated on simulated data and its
use is illustrated on experimental co-registered EEG-fMRI data.


