Overlaid P300 stimulation-based BCI: a solution to “limit” workload in communication
application?
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BACKGROUND AND OBJECTIVE
Advancing in BCI technology towards practical applications in technology based assistive solutions for people with disabilities requires coping with problems of accessibility
and usability, in order to increase user acceptance and satisfaction.
Here, we propose an initial approach in the assessment of BCI technology development in terms of usability that is focused on the evaluation of user’s mental workload in
operating a mainstream software controlled via a P300-based BCI.
BCI-controlled software applications are usually either embedded in the BCI system (e.g. a simple speller) or they are specifically developed with BCI control in mind. A
third option is that mainstream software (e.g. a web browser or a commercial assistive software) with no or little customization is operated by a BCI. Applications like
Mozilla Firefox were previously controlled by a P300 based BCI [1], using separate screens (or windows) for the control interface (i.e. the P300 stimulation) and the
application itself. In this study compare the usability in term of performance, workload and satisfaction of two systems: a) a prototype with separate screens/windows to
display the control interface (i.e. P300 stimulator) and the application (Fig 1) b) a prototype in which the BCI stimulation overlays the application (Fig 2).This latter
condition should require the user not to switch attention as in the case of two separate screens/windows, and thus would reduce her/his workload in mastering the BCI
application.

METHODS
User interface. The prototype is based on a brain
transducer based on P300, implemented in the BCI2000
platform [2], and on the QualiWorld accessibility software
(QualiLife A, Paradiso, Switzerland).
•In the “overlaid” condition the stimulation by dots (125 ms
SD, 125 ms ISI) randomly occurs directly on the QualiWorld
graphical user interface (GUI); no dedicated BCI window is
visible to the user (Fig. 2).
•Under the “split” condition, the QualiWorld computer is
connected to 2 screens: on the first, it is displayed the
QualiWorld GUI where the user can choose the desired
control or control group (a letter is associated to each single
control); on the second screen, a speller matrix is showed to
the user for the stimulation (Fig 1)
Experimental procedure. Eight healthy volunteers were
challenged with 3 tasks (internet browsing, word
processing, configuration of the software), each requiring 1017 selections with both overlaid and split interface.
The EEG was recorded with Ag/AgCl electrodes in a 16channel
cap
(Electro-Cap
International)
(Fp1, Fp2, F3, Fz, F4, T7, T8, C3, Cz, C4, Cp3, Cp4, P3, Pz, P
4, and Oz) based on the International 10–20 system [2]. All
16 channels were referenced to the right earlobe, and
grounded to the right mastoid. Impedances were kept below
5 k. The EEG was amplified with a g-tec USB
amplifier, bandpass filtered between 0.1 and 60 Hz, and
sampled at 256 Hz.
All aspects of data collection and experimental procedure
were controlled by the BCI2000 system [3].
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The usability is defined by three measures: effectiveness (the accuracy and the completeness with which
intended goals are achieved), efficiency (the measure of the amount of human, economic and temporal
resources that are expended in attaining the required level of product effectiveness), satisfaction (the
immediate and the long term comfort and acceptability of the overall system .
Effectiveness of both the systems was measured in terms of measuring accuracy/error rate. The global
time to successfully complete each task was considered. The ratio between the total time and the minimum
number of selections needed to achieve each single task was considered as the parameter to compare the
level of performance under the 2 interface modalities.
Efficiency was measured by subject’s evaluation. Rating of mental workload was performed by means of
the multidimensional NASA TLX questionnaire [4] that assesses the workload by considering six different
factors: Mental, Physical and Temporal Demands, Frustration, Effort and Performance. These factors have a
direct bearing on the usability of a software interface. If fewer mental resources are used, then the
efficiency, and also the effectiveness and satisfaction associated with the interface can be increased. The
questionnaire was self-administered to the users at the end of each performed task to capture the potential
differences in workload level relative to the 2 conditions.
User satisfaction was measured by presenting to the subjects a Visual Analogue Scale (VAS) for
satisfaction either at the end of the “overlaid” condition both at the end of the split condition. The
subjects were asked to rate their overall satisfaction with the BCI-device drawing a vertical bar on a line
where number 0 indicated that they were not satisfied at all with the device while number 10 meant that
they were absolutely satisfied.
Finally the participant‘s overall preference between the two conditions was recorded with a VAS. The VAS
showed the complete preference for the overlaid condition at the left extremity (0 points) and the
complete preference for the split condition at the right extremity (10 points). The mid-point was the ‘nopreference’ point (5 points).
Results:
Student’s T test was used to test for a significant difference
between the means of subjects performances in the two
conditions and it was not statistically significant (p=0.71 );
the differences between the workload measured by NASA-TLX
in the two conditions shown to be non-significant as well
(p=0.21); no significant differences between the satisfaction
scores for the two conditions (p=0.56) were found and the
mean expressed preference score was 5,15 where 5 was no
preference.
Conclusion

Unlike we hypothesized, no differences were observed in efficiency, user satisfaction and workload measures between the two prototypes. These preliminary results
suggest that the benefit/cost ratio (usability) associated with the use of the overlaid interface is affected by several variables. In this end, from a methodological
perspective, the human factor methodologies such as workload assessment using the NASA TLX, user satisfaction measurement, and time accuracy measurement
are important in approaching the evaluation of BCI-based prototypes . Usability studies can provide a well-suited approach for investigating human influences on the
use of a BCI system. These analyses should be conducted on BCI systems to adequately support the end-users and to increase their acceptance of the system.
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