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Problem definition

Classification tasks: Decode color and orientation

Q Left versus right orientation of recalled gratings
g Red versus green color of recalled gratings

Research questions

@ Can information from channel correlations and channel frequency coherence
improve classification accuracy?

@ Does combination of multiple sources of information extracted from brain signals
increase accuracy?

@ Are unsupervised classification methods able to capture relevant differences
between conditions?




Problem approach

Steps in the problem solution

@ Process brain signals to extract multiple-sources of information (Sl), e.g., EEG
temporal data, MEG channel correlations, EEG or MEG channel coherences
over different frequencies

@ For each SI, identify the (k = 500) most statistically significant
condition-discriminating features (Wilcoxon rank test)

@ Learn a set of classifiers for each Sl-derived set of features and estimate its
accuracy using 5-fold crossvalidation

@ Combine high-accuracy classifier using an ensemple approach




Information extraction and feature selection

Sources of informations (SI)

@ Temporal information: For each channel, median MEG amplitude values for a
given time interval (24 0.01s-long intervals between time 0.0 and 2.4). Object
presentation, delay, and probe periods covered by 2, 12 and 2 variables,
respectively.

@ Channels correlation: Degree of association between amplitudes or magnitudes
of the MEG signals over intervals of time (upper triangular correlation matrix).
One correlation matrix computed for the full time interval and each of the three
main time periods of the trial design.

@ Combined SI: Features corresponding to different combinations of previous Sls
are appended in a single vector

Feature selection

@ Wilcoxon rank sum test for equal medians is applied to all features
@ Features are sorted in ascending order according p-values
@ The k = 500 features with lowest p-values are selected



Classifiers and ensembles

Classifiers

Q Breimans random forest (RF) algorithm as implemented in Package
randomForest (Liaw and Wiener:2012). 500 trees, number of tries: 500

g Support vector machine (SVM) as implemented in Package libsvm (Chang et
al:2011). RBF kernel, different SVM parameters

e Classification tree as implemented by MATLAB function classregtree

0 Variation of the original affinity propagation (AP) clustering algorithm as
implemented by apcluster.m function (Frey and Dueck:2006): Multiple similarity
metrics between poins are simultaneously used

@ Only outputs by RF and (parameter-optimized) SVMs are used for ensembles
@ Voting scheme based on estimated classification accuracy



Classification results

Crossvalidation results

Problem | Subjects Classifier accuracy
Random forests | SVM | SVM+ | Tree AP
1 S08 0.66 | 0.71 0.72 | 0.56 | 0.53
1 S09 0.68 | 0.71 0.72 | 0.58 | 0.54
2 S08 0.66 | 0.70 0.71 | 0.56 | 0.53
2 S09 0.68 | 0.71 0.72 | 0.58 | 0.52




Classification results

Influence of information sources

Accuracy
Accuracy

1 2 1 2
Subject 1: Sources of information for classification tasks 1 and 2 Subject 2: Sources of information for classification tasks 1 and 2

EEG-correlations computed in the complete trial interval (EEG-COR+) does not improve classification
accuracy

Adding temporal and correlation information computed from particular time intervals (object presentation,
delay, or probe) improves classification




Conclusions and future work

Automatic search for discriminatory brain signatures using multiple, possibly redundant, sources of
information can improve classification accuracy and help to focus the identification of causal paths.

Adding information from different sources (e.g., temporal, frequency, correlations) can improve classification
accuracy

Relevant temporal and spatial features have been identified by direct application of statistical tests

SVM outperforms random forests, classification trees and the unsupervised classification methods for all
subjects and tasks




Conclusions and future work

uestions and future work

%] Investigate classification accuracy achieved using channel coherence values for the three main time
intervals

Does the “most informative” source of information (e.g., temporal or correlations) for a given task change for
different subjects? More experiments required.

Visualize most significant correlations and determine significant features common to the two subjects

o
o
@ Evaluate network motifs and network measures computed from correlation networks as higher-order brain
signatures

*)

Investigate methods that simultaneously reduce dimensionality and maximize class discrimination as an
alternative to variable selection by statistical tests
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