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Abstract:  In recent years different applications have been 
linked to BCI control and tested by severely motor im-
paired users in the field. An effort has been made to apply 
objective and standardised evaluation metrics to foster a 
user-centred design process in the development of BCI 
controlled applications. The user-centred design appears 
appropriate to bridge the reliability and translational gap 
faced by BCI research that aims at providing people in 
need with an optimally adapted assistive BCI driven tech-
nology.   
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Introduction 

Studies with BCI controlled applications have become 
numerous, yet those with targeted end-users, i.e. is pa-
tients with severe motor impairment (locked-in) are still 
sparse. Thus, BCI research is facing a translational gap as 
profound knowledge about how to transfer BCI technolo-
gy from the laboratory to the field does not exist. There is 
also a reliability gap such that the pre-requisites for long-
term stability of the brain signal of interest are sparse. To 
bridge these gaps, the user-centred design has been 
adapted and applied to evaluate BCI-controlled applica-
tions with end-users in the field [1]. 
The user-centered design was standardized in the ISO 
9241-210 and adopts the concept of usability which is the 
“extent to which a … product … can be used by specified 
users to achieve specified goals with effectiveness, effi-
ciency and satisfaction in a specified context of use [2]. 
Its principles and steps of the developmental process are 
listed in Table 1. 

For evaluating BCI-controlled applications according to 
these principles, metrics were defined and applied to BCI-
controlled applications tested by end-users.  
 
Methods 

Operalisation of usability in the BCI context:  
• Effectiveness 

– Accuracy (correct selections of total selections)1 
• Efficiency 

– ITR (information transfer rate) 1 
– Workload (NASA questionnaire) 2 

• Satisfaction 
– Extended QUEST (adapted for BCI) 2 
– VAS satisfaction, joy, frustration (visual analogue 

scale, quick assessment) 1 
– ATD PA (Assistive Technology Device Predisposi-

tion Assessment) – expected technology benefit2 
– Open interview2 

1Metrics assessed in each session 
2Metrics assessed at the end of the evaluation period 

Table 1: Principles of the user-centred design and iterative 
steps needed for implementation 
The Principles 
 understand the user, the task and environmental requirements 
 encourage early and active involvement of users 
 be driven and refined by user-centered evaluation 
 include iteration of design solutions 
 address the whole user experience 
 encourage multi-disciplinary design 
The Steps 
 understand and specify the context of use; 2, specify the user 

requirements 
 specify the user requirements 
 produce design solutions to meet user requirements; and 
 evaluate the designs against requirements 

Four applications were brought to end-users (N=17) diag-
nosed with diseases affecting the motor system including 
locked-in patients. Table 2 summarizes the applications.  

Table 2: Summary of applications 
Application Input 

signal for 
BCI 

Domain Number of 
patients 
involved 

Spelling with commercial AT 
software (Qualilife) [1] 

P300 communication 4 

Brain Painting [3,4] P300 entertainment 5 
Spelling with AT software – 
hybrid [5] 

P300 + 
EMG3 

communication 4 

Connect 4 [6] SMR4 entertainment 4 
3 electromyogram; 4 sensorimotor rhythms 
 
End-users were involved in 4 to 8 sessions in their home 
environment. In the Brain Painting applied independently 
at home 140 sessions were conducted [4].  
 
Results 

Table 3 summarizes the results for effectiveness, efficien-
cy, and satisfaction for the three prototypes. 
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Table 3: Summary of evaluation results. 

Application Effectiveness Efficiency 
ITR 

Efficiency 
NASA 

Satisfaction 
VAS 

Satisfaction 
QUEST 

Satisfaction 
ATD PA 

Use in daily 
life 

Spelling 70-100% 4.0-8.6 9-49 4.2-9.0 2.8-4.8 -  
Brain Paint-

ing 
80-100% 4.0-6.7 5-49 5.0-7.9 3.3-4.9 3.4-4.3  

Spelling 
hybrid 

68-100% Mean 3.9 - - - -  
Connect 4 40-80% 0.05-1.44 17-72 6.0-10.0 2.8-4.4 2.3-4.3  

Brain Paint-
ing at home 

- - - 0-10 - 5  

NASA scale is 0-100; QUEST scale is 1-5; VAS is from 0-10; ATD PA scale 1-5 with 4-5 meaning good match, 3-3.9 need 
for improvement, < 3 risk of non-use. 
 
In the open interview the users stated several caveats of 
the BCI that prevent independent home use. These were 
(1) time consuming set-up of hardware and software, (2) 
need for washing hair after use due to gel for electrode 
cap, (3) uncomfortable cap, (4) restricted mobility when 
using the BCI, (5) eye-catching look of the cap, and (6) 
low speed. In contrast, reliability and learnability of the 
BCI was rated high.  
 
Discussion 

Effectiveness was high for P300 and low for SMR con-
trolled applicatons. Efficiency as measured with ITR and 
the NASA was moderate. Satisfaction was overall moder-
ate but high for independent home use. Use in daily life 
seems possible even with moderate effectiveness. It is 
important to note that satisfaction can be high even when 
performance is moderate provided that the BCI applica-
tion is not aiming at basic needs for interaction, i.e. com-
munication.  
 
To conclude, the user-centred approach has been success-
fully implemented in evaluation of BCI-controlled appli-
cation. It can be used in an iterative manner to provide 
information about steps that need to be taken to bring 
BCIs to end-users home and enable independent home 
use, i.e. to bridge the translational gap. To bridge the 
reliability gap long-term studies need to be conducted 
with end-user in their home environment.  
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