






Condition [F(1,18)=2.33; p=0.15] nor a Condition X Run interaction [F(3,45)=1.35;p=0.27]
when considering all the participants. However, when the 3 illiterates are excluded, the 2-way
ANOVA showed a main effect of the Condition [F(1,15)=7.48;p=0.01]: the PSP group seemed
to perform better than the S group (meanPSP=91.00 ± 3.82, meanS=83.29 ± 6.95). However,
random sampling of the participants led by chance to a PSP group with classification accuracies
for the first run that are higher than that of the S group, which prevents us from drawing any
relevant conclusion on comparative learning effects.

UQ results (see Figure 2(c)) showed no main effect of the Condition [F(1,18)=0.98;
p=0.33]. However, they showed a trend towards a Condition X Evaluated Dimension inter-
action [F(3,54)=2.40; p=0.077], which is due to the better evaluation of LM, EE and Saf. in
the PSP condition than in the S condition, which is not the case for the Sat. dimension. These
results suggested that while the PSP approach is not more pleasant to learn with than the
S approach, it is easier. Interestingly enough, 8 subjects reported in an open-question of the
questionnaire that the feedback was very uninformative, which made learning the tasks difficult.

4 Conclusion

This study aimed to concretely assess how well one could learn a given skill with BCI training
approaches. To do so, we proposed to study BCI training approaches without using BCI,
i.e., we used feedback and training tasks from MI-BCI to train participants to draw triangles
and circles (i.e., simple motor tasks) so these can be recognized by the computer. Half of the
participants did so using a S training approach while the other half used a PSP one. In terms
of learning effects, results unfortunately showed no relevant differences between conditions (S
vs. PSP), due to initial performances that differed between conditions, by chance. However,
irrespectively of the condition, 15% of the participants (3 out of 20) seemed unable to learn
the motor tasks, despite their simplicity. This suggests that such training approaches are not
optimal for learning and thus that they may be an important factor of BCI illiteracy. Concerning
user experience, UQ showed a tendancy towards a better feeling of learnability/memorability,
efficiency/effectiveness and safety with the PSP than with the S approach, while the satisfaction
appeared similar for both. Overall, this study confirmed in practice the theoretical analyses
from [3] suggesting that current BCI training approaches were suboptimal and need to be
changed. In the future, we will increase the number of participants, explore the PSP approach
with actual BCIs, and propose new training approaches that consider the user’s cognitive style
and motivational states to improve both the learning experience and performance.

References

[1] B.Z. Allison and C. Neuper. Could anyone use a BCI? In Desney S. Tan and Anton Nijholt, editors,
Brain-Computer Interfaces, pages 35–54. Springer London, 2010.

[2] B Blankertz, C Sannelli, S Halder, EM Hammer, A Kübler, K-R Müller, G Curio, and T Dickhaus.
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[3] F. Lotte, F. Larrue, and C. Mühl. Flaws in current human training protocols for spontaneous BCI:
lessons learned from instructional design. Frontiers in Human Neurosciences, 7:568, 2013.
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