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Abstract. Within the TOBI project (tools for brain computer interaction, tobi-project.org) different BCI prototypes
have been developed for (1) communication, (2) motor substitution, (3) entertainment and (4) motor recovery. Here,
we report on evaluation results of four TOBI prototypes: Qualilife-P300-Communication, Brain Painting, Connect-
Four and Hybrid-P300-Communication. BCI prototypes have been tested and evaluated by 11 end-users. Main
obstacles for daily BCI use were the EEG cap/electrodes, time-consuming and complicated adjustment, low
effectiveness and low speed. Highest satisfaction was expressed for the brain painting application.
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1. Introduction

Following a user-centered approach, in TOBI different BCI prototypes have been developed and consecutively
evaluated by end-users. In this paper we report on evaluation results of four BCI prototypes, two communication and
two entertainment prototypes. To acknowledge the user-centered approach, we assessed satisfaction with the device.

2. Material and Methods

2.1. Subjects

11 patients (one female) tested the TOBI-BCI prototypes. Four were diagnosed with amyotrophic lateral
sclerosis, two with stroke/cerebral bleeding, one with pontine infarct, two with spinal muscular atrophy, two with
muscular dystrophy (Duchenne) and one with infantile cerebral palsy. Since patients were severely disabled or in the
locked-in state (two), patients were considered as potential end-users of BCI.

2.2. Evaluation of BCI prototypes

The BClI-prototypes were the Qualilife-P300-communication [Zickler et al., 2011], Brain Painting [Zickler et
al.,, under revision], Connect-Four [Holz et al., under revision] and Hybrid-P300-Qualilife [Holz et al, in
preparation]. N = 9 patients tested one prototype, N = 1 patient tested two and N = 2 patients tested three prototypes,
resulting in N =4 patients per prototype. Three prototypes used the P300 as input, and Connect-Four SMR
amplitude. End-users were asked how satisfied they were with different aspects of the BCI [Extended Quest 2.0,
Demers et al., 2000; Zickler et al., 2011]. Satisfaction was rated on a scale between 1 (not satisfied at all) and 5
(very satisfied). End-users were asked whether they could imagine using the BCI in their daily life (interview).

3. Results

Table 1 displays results of satisfaction ratings with the Extended Quest 2.0 for the four prototypes and results of
the interview. Overall, lowest satisfaction scores were indicated for dimensions (e.g. due to “EEG-cap and gel”,
“cables restrict mobility, e.g. Bluetooth would be useful”, M =3.38), adjustment (e.g. “takes too long, too
complicated”, “can be erroneous”), M =3.33), effectiveness (e.g. “too low”, “it is exhausting to reach the goal”,
M =3.65), speed (e.g. “too slow”, “for communication less sequences needed in the P300-matrix), M = 3.5) and
aesthetic design. (e.g. “cap looks unaesthetic/like in hospital”, M = 3.46). Overall, end-users were highest satisfied
with safety and learnability (M = 4.79 and 4.73). Best evaluated, regarding satisfaction and daily-life use, was the
Brain Painting prototype. End-users could rather imagine using the entertainment BCI prototypes than those for

communication. Both locked-in end-users could imagine using the BCI in their daily life (tested Connect-Four).
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Table 1. Results of Extended Quest for the four BCI prototypes. Satisfaction ratings of N = 12 end-users range between 1 = not

satisfied at all and 5 = very satisfied. N = 4 end-users tested each BCI prototype (Lowest average ratings displayed in bold).
*one (locked-in) end-user who did not gain control over BCI, can nevertheless imagine to use the BCI if'it “works better”.

QL- Hybrid-QL- Brain Connect-

Communication Communication Painting Four ':;“IIZ?:’IT

(N=4) (N=4) (N=4) (N=4)
1: Dimensions 3.5 3.5 3.75 2.75 3.38
2: Weight 4.08 4 4.75 4.25 4.27
3: Adjustment 3.08 3.25 3.75 3.25 3.33
4: Safety 4.67 5 5 45 4.79
5: Comfort 3.5 3.5 45 3.75 3.81
6: Ease of Use 3.58 4 4.25 3.5 3.83
7: Effectiveness 3.58 3.25 4.25 3.5 3.65
8: Prof. Services 4.5 4.5 5 4.75 4.69
Quest total score 3.81 3.88 4.41 3.78 3.97
9: Reliability 4.08 4.25 4.25 3.5 4.02
10:Speed 3.25 3.5 3.75 3.5 3.50
11: Learnability 4.42 4.75 5 4.75 4.73
12: Aesthetic Design 3.08 3 4 3.75 3.46
Quest added item score 3.7 3.88 4.25 3.875 3.93
Can you imagine to use Yes: 0 Yes: 1 Yes: 3 Yes:2*
BCI in your daily life? No:4 No:3 No:1 No:1

4. Discussion

The results indicate, that BCIs, at the current state-of-the-art, are not competitive with other AT-solutions, but
would be a solution for locked-in end-users, if it can be a better or even the only solution for them to communicate.
Therefore BCI use in daily-life strongly depends on the life-situation of the person, meaning the persons’ existing
solutions for communication. BCI-users prefer using the entertainment programs (for creative expression and
games) in their daily life. These are probably considered as “additive” assistive applications for daily life, since for
this purpose, the obstacles do probably matter less (e.g. lower speed).
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