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P300 speller using a new stimulus presentation paradigm
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Abstract

In the implementation of a P300 speller, rows and columns paradigm (RCP) is most commonly used. However, the RCP
remains subject to adjacency-distraction error and double-flash problems. This study suggests a novel P300 speller stimuli
presentation—the sub-block paradigm (SBP) that is likely to solve the problems effectively. Fifteen subjects participated in
this experiment where both SBP and RCP were used to implement the P300 speller. Electroencephalography (EEG) activity
was recorded from Fz, Cz, Pz, Oz, P3, P4, PO7, and POS8. Each paradigm consisted of a training phase to train a
classifier and a testing phase to evaluate the speller. Eighteen characters were used for the target stimuli in the training
phase. Additionally, 5 subjects were required to spell 50 characters and the rest of the subjects were to spell 25
characters in the testing phase. Classification accuracy results show that average accuracy was significantly higher in
SBP as of 83.73% than that of RCP as of 66.40%. Grand mean event-related potentials (ERPs) at Pz show that positive
peak amplitude for the target stimuli was greater in SBP compared to that of RCP. It was found that subjects tended
to attend more to the characters in SBP. According to the participants’ ratings on how comfortable they were with
using each type of paradigm on 7-point Likert scale, most subjects responded ‘very difficult’ in RCP while responding
‘medium’ and ‘easy’ in SBP. The result showed that SBP was felt more comfortable than RCP by the subjects. In sum,
the SBP was more correct in P300 speller performance as well as more convenient for users than the RCP. The actual
limitations in the study were discussed in the last part of this paper.
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Figure 1. (A) Row-column paradigm. (B) Checker-board paradigm
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Figure 2. (A) Sub-block paradigm. (B) In SBP, when the target item is ‘O’, this shows the virtual probability

distribution regarding P300 amplitude. Dark color (black) indicates the higher probability for larger P300 amplitude.
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Table 1. Values of accuracies, bit rates (bits/min) and WSR for the RCP and SBP
RCP SBP
Participant Sequence

Accuracy Bit rate WSR Accuracy Bit rate WSR

1 RCP-SBP 52.00 7.60 0.00 76.00 13.97 0.96

2 SBP-RCP 60.00 9.54 0.00 70.00 12.22 0.28

3 RCP-SBP 28.00 2.76 0.00 96.00 20.99 3.68

4 SBP-RCP 72.00 12.79 0.50 58.00 9.04 0.00

5 RCP-SBP 96.00 20.99 3.68 96.00 20.99 3.68

6 SBP-RCP 88.00 17.89 2.48 84.00 16.51 1.94

7 RCP-SBP 88.00 17.89 2.48 100.00 22.98 444

8 SBP-RCP 36.00 420 0.00 60.00 9.54 0.00

9 RCP-SBP 60.00 9.54 0.00 80.00 15.21 1.44

10 SBP-RCP 92.00 19.37 3.05 100.00 22.98 444

11 RCP-SBP 32.00 3.46 0.00 72.00 12.79 0.50

12 SBP-RCP 88.00 17.89 248 80.00 15.21 1.44

13 RCP-SBP 36.00 4.20 0.00 96.00 20.99 3.68

14 SBP-RCP 88.00 17.89 248 100.00 22.98 4.44

15 RCP-SBP 80.00 15.21 1.44 88.00 17.89 248
Mean 66.40 12.08 1.24 83.73 16.95 2.23
SD 23.68 6.30 1.33 13.91 4.70 1.65
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Figure 5. (A) Error distributions for the RCP. (B) Error distributions for the SBP. All target items have been centered

in each matrix; the number in the black cell is the number of correct selections for each paradigm. Numbers in other

cells represent the number of errors occurring in each cell relative to the target location.
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