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Introduction
. .

Recently we proposed the concept of a novel auditory single-switch BCI

and investigated the transition of a paradigm from healthy subjects (HS)

to patients (PA) in minimally conscious state (MCS) [1]. The paradigm

was evaluated in 10 HS and applied to 12 PA. In 8 of the 10 HS signifi-

cant single-trial classification accuracies up to 77.2 % could be reached.

However, for MCS patients only a small number of classification results

were above chance level.

In this study we report on the improvement of classification accuracy

by using SWLDA with an increased number of channels and analytic

shrinkage-regularized LDA (sLDA) as classifier.

Methods
. .

Subjects, Experimental Paradigm and Data Recording:

•Subjects - Data of 10 HS (27.6 ± 3.0 years), 12 PA (45.8 ± 18.2 years)

from [1]

•Experimental Paradigm - Auditory based P300 BCI: 2 intermixed

tone streams (LTS, 396 Hz; HTS, 1900 Hz); deviant tones (LTS, 297

Hz; HTS, 2640 Hz); details see Figure 1a

- HS instructed visually (Figure 1b), PA auditory (Figure 1c) to focus

attention on one stream per run

- HS: 80 runs (40 runs for each stream; with 4000/400 (stan-

dard/deviant) tones in the LTS and 1800/400 in the HTS)

- PA: 1-2 sessions, with 20 runs (10 for each stream)

Figure 1: a) Schematic representation of the two intermixed tone streams. b) Paradigm used with healthy participants.
c) Paradigm used with MCS patients. Modified from [1].

•Data Collection - HS: 15 positions, sampling rate 512 Hz (filter setup:

0.5–100 Hz). PA: reduced channel set (9 positions) to facilitate mea-

surements in a clinical environment. For electrode setup see [1].

Classification and Analysis

•Classification - Features: Time points between 200 and 800 ms after

tone onset

- In [1]: Three EEG channels (Fz, Cz, Pz) used for classification

(stepwise linear discriminant analysis (SWLDA), with 10x10 cross-

validation)

- In the present work: 1) All channels for SWLDA classification and 2)

sLDA [2] instead of the SWLDA

•Analysis - P300: Target deviant tones against standard tones (for each
target stream)

- Attentional modulation: Target deviant tones against non-target de-

viant tones (for each stream separately)

Results
. .

Results are shown for P300 and attentional modulation detection. Fig-

ure 2 depicts classification accuracies for both groups (HS, PA). Table 1

summarizes the results of HS, Table 2 for the PA.
P300 Attention

Subj. SWLDA 3 SWLDA all sLDA all SWLDA 3 SWLDA all sLDA all

LTS HTS LTS HTS LTS HTS LTS HTS LTS HTS LTS HTS

HS01 57.3 61.2 58.0 62.5 64.0 68.2 55.2 57.8 55.8 56.0 58.6 59.3

HS02 70.7 61.8 73.5 63.6 76.7 65.2 62.6 62.8 61.9 62.9 65.3 69.4

HS03 77.2 72.0 78.2 73.3 85.1 77.7 69.5 70.4 70.9 69.2 75.9 74.8

HS04 62.2 57.2 64.3 57.9 67.2 61.4 56.9 53.5 59.4 57.4 61.1 61.2

HS05 63.9 60.7 65.2 61.5 69.2 65.8 63.5 61.0 65.4 65.5 67.2 71.2

HS06 71.5 64.4 78.7 75.0 81.3 79.7 65.5 65.5 71.6 76.7 76.5 78.8

HS07 61.9 54.4 62.9 55.6 67.2 59.8 53.3 55.6 54.1 54.6 56.7 58.1

HS08 67.2 59.7 74.0 65.1 80.7 72.1 58.9 60.2 61.0 62.2 65.9 69.3

HS09 56.8 55.4 59.6 57.6 62.6 58.6 52.8 52.1 53.4 53.0 54.7 55.9

HS10 56.0 52.6 60.9 53.6 64.4 56.7 51.4 50.6 51.4 53.4 57.0 60.3

Mean 64.5 59.9 67.5 62.6 71.8 66.5 59.0 59.0 60.8 61.1 63.9 65.8

SD 7.1 5.6 7.8 7.1 8.3 7.9 6.1 6.3 6.7 7.7 7.7 7.9

Table 1: SWLDA and sLDA classification accuracies (in %) for the HS for P300 and attentional modulation detection using
either 3 or all channels. All results significantly better than random [3] (α = 1%) are indicated in italic. Highest subject
specific accuracies are indicated in bold.

Figure 2: Mean (± SD) classification accuracies (in %) for a) HS
and b) PA. Significant differences are indicated.

P300

SWLDA 3 SWLDA all sLDA all

LTS HTS LTS HTS LTS HTS

Mean 51.9 51.5 51.7 52.4 52.3 53.8

SD 4.0 3.9 4.1 4.2 4.6 5.6

Attention

SWLDA 3 SWLDA all sLDA all

LTS HTS LTS HTS LTS HTS

Mean 50.8 51.1 50.3 51.0 51.2 52.7

SD 5.6 4.4 5.6 4.4 5.1 5.3

Table 2: Mean (± SD) SWLDA and sLDA classifi-
cation accuracies (in %) for the patient group for P300
and attentional modulation detection using either 3 or
all channels.

Discussion
. .

For the HS group the classification accuracies could be significantly im-

proved by using sLDA and the inclusion of all recorded channels. Unlike

HS, for PA the results were less encouraging, although in some PA the

single-trial classification accuracies could be improved.

For PA recordings further studies should aim on investigating the use

of additional electrode positions [2, 4] and improvements on the used

paradigm are required [1].
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