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Problem definition

Challenge
Challenge question: Apply a classifier to predict in which direction four subjects
were covertly attending.

Combined machine learning approach
Apply a multi-variable channel information representation.

Use and combine different type of information (raw data, channels correlation,
interaction graphs).

Apply an efficient classification method (deals with up to 53841 variables and
254 cases).

Search for a subset of informative channels (out of 274) using a multi-objective
evolutionary-based optimization algorithm over the four subjects.

Use classification accuracy estimation to reduce the cost of the accuracy
evaluation step.

Apply leave-one-out cross-validation to the Pareto set of optimal solutions.



Representation and type of information

Representation
Each channel is represented by a vector of m variables.

Type of information
Raw data: Average data from raw time series (m = 60).

Channel correlation: Correlation matrix from raw time series (m ≤ 273).

Interaction graph topological measures: (m = 13 plus 7 global variables).

Combined representation: Raw data and channel correlation (m ≤ 333).

Classification
Regularized logistic regression classifier using elastic net (Friedman et al. 2009).

lambda selection: lambda that maximizes accuracy of the training set.



Accuracy results for the four types of information and all 27 4 channels (top) and
occipitoparietal channels (bottom)
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Selection of optimal channels

Feature subset selection approach using optimization
Find the set of channels (features) whose corresponding variables, passed to the
classifier, give the best accuracy.

A binary vector x = (x1, . . . , x274) represents a possible subset of channels.

Estimate accuracy with (less costly) 2-fold cross-validation accuracy.

Simultaneously optimize the accuracy for all the subjects with multi-objective
optimization, (likely) sacrificing accuracy but increasing robustness.

Reevaluate with leave-one-out cross-validation accuracy only solutions in the
Pareto set.

Answer to the challenge: Best achieved results using the comb ined type of
information

Subjects 1 2 3 4
Accuracy 0.8701 0.8505 0.8031 0.8031



Analysis of the Pareto set solutions

Most informative channels can be automatically extracted from Pareto set of
solutions and compared with a priori known sets of involved brain areas.

The accuracy provided by each channel can be estimated by averaging
accuracies of solutions where each channel is involved.

Channels that were in at least 80% of Pareto set solutions (black) and average channel classifi cation
accuracy (color)
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Conclusions

Main contributions
Multi-variable channel representation that increases the amount of information
used by the classifier.

Innovative combination of different types of information that increases
classification accuracy.

Channel subset selection as a novel approach that increases classification
accuracy and avoids the need of using a priori information about the brain areas
involved in the mental process.

Multi-objective optimization approach that simultaneously searches for best
subject classifiers and globally good (likely robust) classifiers.

Possible extensions and future work
Use the same strategy with other types of information (e.g. ICA, other kinds of
regularization, different interaction graph topological measures, etc.).

Differences between Pareto set points could be used for analyzing interindividual
variability in functional brain activity.
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