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Abstract  

Objective The aim of this work is to assess the usability of two BCI prototypes by 
measuring interaction with the systems in context, considering the performance, 
cognitive workload and satisfaction of non-disabled users in order to better 
understand how the interface affect these parameters. We tested two keyboard-
controlled Java BCI prototypes based on the Language Support Program (LSP) 
and the P300 Speller (P3S). 

Main Content We performed two different evaluations. In the first one, we tested 
the learnability of BCIs on 6 healthy users through the Thinking Aloud technique. 
Then, we tested BCI efficiency on 30 participants through the Copy Spelling Task 
(CST) and we administered the System Usability Scale (SUS) to measure usability 
and the Survey of Technology Use (SOTU) scale of the Matching Person and 
Technology (MPT) to measure predisposition to the use of technology. In the 
second evaluation, we tested again using 61 participants with different computer 
skills, and administered usability and cognitive workload questionnaires. 

Results The first test showed that all users easily learned how the system worked 
with the LSP, but failed with P3S. We found that P3S users were more accurate in 
selecting and recognising letters on the screen. Both SUS and SOTU did not show 
any significant effects. In the second one, the results showed differences in the 
number of errors, in user satisfaction and in the cognitive workload. 

Conclusions We found that the Thought Translation Device was more error-
resistant, less stressful and more satisfactory for the users compared to the P3S. 

Keywords Brain Computer Interfaces, Neurodegenerative disease, Amyotrophic 
lateral sclerosis, Usability, Psychotechnology, Human Computer Interaction. 
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Introduction 

A Brain Computer Interface (BCI) is a control and/or communication system in which 
the user’s commands and messages do not depend on muscular control; information is 
not conveyed directly from nerves and muscles, and muscular activity is not necessary 
for the production of the signal that is needed to convey the message [10].  

Since BCIs could provide paralysed people a means of communicating, this 
technology should be considered and treated as an assistive technology that facilitates 
daily activities [5; 6]. Therefore, BCIs need an assessment process to match person and 
technology in order to avoid dissatisfaction and abandonment [15].  

Approaches such as “User-centered design” [2], “User interfaces for all” [1] and 
the most recent “Integrated model of usability” [24; 27] already highlight the 
importance of a complete and full evaluation of the interaction. As already pointed out 
by De Kerckhove [3; 4], technology has a big impact on the properties of the mind. He 
defined the role of psychotechnology as an artefact capable of turning the human mind 
into an electronic sensory extension. Federici overtook this definition, embracing it in 
an intrasystemic perspective [17]. Following this approach, he defined 
psychotechnology as any “technology that emulates, extends, amplifies and modifies 
sensory-motor, psychological or cognitive functions of the mind” [14; 22]. The 
“modification” component that the author included in the original definition 
emphasised that any technology is able to permit the adaptation of the human being to 
the environment-system and, at the same time, force users toward cognitive and 
cultural modification and adaptation [25]. 

1. Aim 

The tradition of Human Computer Interaction (HCI) has already given us most of the 
tools we need to analyse and evaluate technology. Although studies have aimed at 
evaluating human factors, the tools developed in HCI are still poorly used in the design 
of BCIs. During the development of BCIs, there is a lack of consideration of the human 
factors involved in user-technology interaction. Such factors could lead to better 
structuring of the information, with a consequent increase of bit rate and writing 
accuracy, and thus allowing a more usable communication. Moreover, more pleasant 
and effective interfaces could lead to more motivating and satisfactory conditions, 
minimising the risk of discontinuation. 

In this study, we aimed to assess the usability of two BCI prototypes by measuring 
interaction with the systems in context, considering the performance, cognitive 
workload and satisfaction of non-disabled users in order to better understand how the 
interface affect these parameters. We planned two studies. The first one was an 
exploratory assessment study (see paragraph 3 below) of two BCI prototypes divided 
into two parts: the first part to evaluate the learnability of the prototypes and the second 
part to evaluate the ease of use. In both cases, our aim was also to test our material and 
methods for the subsequent study. The second study (see paragraph 4 below) was an 
extensive assessment performed using the same prototypes. 
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Our version of the LSP works in the same way, in addition to the fact that it is 
controlled by the arrow keys on the keyboard. By selecting the left arrow key, the user 
can accept the displayed half while by selecting the right arrow key, the user can reject 
the displayed half and pass on to the next one. 

The P300 Speller described by Farwell and Donchin [12] presents a 6x6 matrix of 
symbols (see Figure 2). Each row and each column are intensified and the 
intensifications are presented in a random sequence. The user focuses attention on the 
desired cell in the matrix. The intensification of rows and columns constitutes the 
Oddball Paradigm necessary to elicit a P300 event-related potential [13]. 

By using one key to select when the target appears, it is possible to control the P3S 
prototype developed by our team. As with the P300 Speller, it is necessary to press the 
key twice to hit a target, once for the row and once for the column where the target is. 
Due to the EEG components used, the P300 Speller and the LSP represent two different 
ways of using input in a speller device: single hit and double hit modality, respectively. 

3. Assessment of learnability and ease of use  

3.1. Learnability 

3.1.1. Procedure 
The aim of this study was to assess which interface, between the LSP and P3S, is more 
supportive for the user in the learning or re-learning phase. The more the interface is 
self-explanatory, the shorter the learning procedure is.  

An assessment of the interface using the Thinking Aloud (TA) technique [11; 21; 
26] was performed on six subjects, who were healthy gender-balanced university 
students (mean age: 24.8, range: 22 to 28). All subjects were presented with both 
interfaces, balancing the presentation order, and none had ever seen the interfaces 
before. Subjects were informed of the final aim of the interfaces but not about how they 
worked. They were instructed first to understand the functioning of the interfaces and 
then to perform a Copy Spelling Task (CST). 

3.1.2. Results 
All six users of the LSP understood the system’s functioning in less than 9 minutes. 
The results of this first exploratory study indicated that the LSP had a more intuitive, 
conceptual and functioning model compared to that of the P3S. 

Regarding user satisfaction, all users explicitly declared that the LSP was more 
intuitive. However, two of the six subjects preferred the P3S, showing how the routine 
quality of the system allowed greater control of the situation.  

3.2. Ease of use 

3.2.1. Procedure 

In order to evaluate the ease of use of the two interfaces, we administered the CST in 
the same way as the previous test to 30 healthy gender-balanced subjects (mean age: 
27.6, range: 19 to 42). The subjects were divided into two groups, one for each 
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interface. At the end of the tasks, we administered the Survey of Technology Use 
Version C (SOTU-C) [15; 16; 23] scale and the System Usability Scale (SUS) [9; 20].  

3.2.2. Results 

We used the Number of Errors made during the CST as a measure; moreover, we 
differentiated between two types of error: Choice-based Error and a Recognition-based 
Error. The former represented either a wrong choice or a false positive (a choice that 
led to the wrong result) while the latter represented the lack of recognition of the letter 
to be selected or a false negative, leading to continued search for the desired target. We 
analysed SUS as a global score and as a two-factor scale: SUS Usability and SUS 
Learnability [20].  

We analysed the data by means of an analysis of variance (ANOVA) using the 
variable Interface (LSP and P3S) as an independent variable and the scores of SUS, 
SOTU-C, Number of Errors, Choice-based Error, and Recognition-based Error as 
dependent variables. Results showed a difference in the use of the two interfaces in 
favour of the P300 Speller. The differences in the global Number of Errors (F(1,28)=7.84, 
p=.009), Choice-based Error (F(1,28)=5.18, p=.031) and Recognition-based Error 
(F(1,28)=7.67, p=.01) were significant. The analyses of the SOTU-C scores and of the 
SUS did not show any significant differences between the two groups of participants. 
Subsequently, in order to assess the presence of possible unforeseen effects, a median 
split based on the number of errors of the groups was performed but no significant 
results emerged.  

3.3. Discussion 

The difference in the result could lead to the conclusion that although P3S is less 
intuitive during the learning phase, it allows a higher control of the status of the system, 
as seen during the TA. The user satisfaction result obtained initially, however, was not 
confirmed. It has been hypothesised that the questionnaire used may not have been 
sensitive enough to assess the satisfaction using these kinds of interfaces. Moreover, a 
methodological issue needs to be pointed out: the investigators recorded the errors 
manually; although this method is widely used, it clearly suffers from human 
imprecision. The performance speed of both interfaces could have affected the 
accuracy of the measure. 

4. Evaluation of BCI  

4.1. Aim 

The aim of the second study was to understand whether the subjects interacted with the 
two different interfaces in different ways. As a consequence of the previous findings, 
we decided to modify the Java Interfaces. Using an automatic collection of the errors, it 
was possible to avoid the drawbacks of the observational method. Due to this change, 
we expected to have a more accurate measure. In this study, we also introduced the 
cognitive workload as a measure. It was our aim to additionally assess whether gender 
differences and computer skills could affect performance and the measure on usability 
and cognitive workload.  
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4.2. Material and methods 

We tested our BCI prototypes on 61 healthy participants (mean age: 22.3, range: 18 to 
38) with different computer skills assessed by a questionnaire. Subjects were randomly 
assigned to one of two groups, one for each prototype. Using the CST, where users 
were asked to write on the screen through the interface, our participants wrote in one 
session the same list of ten randomised words used previously. None of the participants 
was involved in the previous studies. We then administered the SUS to measure 
usability and the NASA Task Load Index (TLX) [34] to measure cognitive workload.  

4.3. Results 

We analysed the data using a General Linear Model procedure and a 2x2x3 design, 
where the independent variables were Interface (PS3 and LSP), Gender, and Computer 
Skills (low, medium and high). We used the Number of Errors, Choice-based Errors, 
Recognition-based Errors, and the SUS and NASA-TLX scores as dependent variables. 

Gender and Computer Skills did not interact with the measures. On the contrary, 
the Interface played a major role. Using the P3S, users were less accurate, as shown 
from the Number of Errors (F(1,60)=24.8, p<.00) and Choice-based Errors (F(1,60)=30.1, 
p<.00) made. This is consistent with the finding that users considered the LSP more 
satisfactory and effortless, as shown by the SUS (F(1,60)= 8.7, p=.005) and the NASA-
TLX score (F(1,60)=4.08, p=.049). The analysis of the NASA-TLX factors did not show 
any difference, except for the Frustration Level (F(1,60)=5.9, p=.019). The analysis of 
the two factors of SUS confirmed a difference in the SUS Usability score (F(1,60)=10.76, 
p=.002) but not in the SUS Learnability score.  

4.4. Discussion 

Gender and Computer Skills did not interact with the measures, showing that 
performance and satisfaction were not influenced by these features. The effects of the 
interfaces, on the other hand, were significantly evident and they demonstrated how a 
difference in the interface could change the perspective of the user. Users were more 
accurate with the LSP interface than with the P3S interface. The LSP supports the users 
more while writing and requires less mental effort. This result emerges clearly from the 
difference in the usability scores, which highlight user preference for the LSP. 
Surprisingly, the findings of the second pilot study revealed that a more accurate 
measure obtained using an automatic procedure reversed the findings of the first study.  

Moreover, our results are particularly interesting considering the findings of 
Njiober and colleagues [8].  In a study that involved Amyotrophic lateral sclerosis 
(ALS) patients using a Sensorimotor and a P300 BCI, they recommend the use of the 
P300, if possible, as first choice because of better immediate results. Although their 
findings appear to contradict our results, it is important to underline that their 
differences could be more related to the difficulties controlling the EEG than to the 
interface itself. 
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5. Conclusions 

Although BCIs are innovative and still progressing technology, the lack of evaluation is 
still underestimated. The findings of our study highlight the need for adequate tools to 
assess usability and demonstrate that a change in perspective can affect results on a 
large scale. 

In our first pilot study, we assessed the learnability and the ease of use of two 
interfaces. The initial data we had with the Thinking Aloud technique showed that the 
LSP had greater effectiveness in the ease of learning and was therefore preferred by the 
subjects. The functioning of the LSP did not need much effort to be explained and 
understood.  

The experimental data obtained were partially conflicting. In the pilot study, the 
P3S appeared to be preferable to the LSP while in the subsequent evaluation study, the 
opposite was true. Due to the difference in the error-collecting method, we consider the 
results of the second evaluation to be more reliable. We found that in the use of our 
interfaces, features such as gender and computer skills did not affect the measures. 
Using the Language Support Program, users were more accurate and satisfied, and 
employed less mental effort compared to when they used the P3S.  

As highlighted by Federici, technology has a big impact on the properties of the 
mind. The way an interface works can affect not only variables such as performance 
speed but also how the information conveyed by the interface is used and how much 
effort is needed to process such information. Moreover, this process affects satisfaction 
related to the use of the technology. In fact, following the definition of 
psychotechnology, a BCI shares and modifies the functions of the mind and 
participates in the process of configuring and constructing relationships within the 
user’s experience. For this reason, we suggest that future studies about BCIs should 
involve disabled user and consider more carefully the processes above mentioned. 

When designing new technology for disabled people, we should always try to 
understand how and if this will be used. Disabled users are too often ignored and it is 
assumed that they will use the technology only because they have no other choice. The 
fact that disabled people abandon technology clearly shows that the idea that users will 
use technology because it is needed is wrong. Users want something they can 
appreciate and be satisfied with, no matter their health conditions. 
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