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Abstract—Providing a usable domestic brain-computer
interface (BCI) for persons with disabilities requires that the
development team ensure ease of interaction for all the
potential users. To do this for individuals with complex needs
often requires that an approach is tailored to a specific user.
However, in developing a domestic BCI it is necessary to
consider the provision of an application which hides the
complexity of the underlying science from the user whilst
delivering acceptable levels of interaction for many. This is not
an unusual circumstance in the realm of assistive technology.
We present a cohesive test suite which allows the development
team to assess what constitutes an acceptable level of accuracy
in a four-way command interface using steady-state visually
evoked potentials (SSVEP). It also facilitates a uniform
assessment of the level of accuracy achieved by a specific user
operating a BCI and provides a means of contrasting and
selecting performance parameters in order to enhance user
performance.

I. INTRODUCTION

RAIN-COMPUTER interfaces currently use

‘electroencephalographic (EEG) activity or cortical
single-neuron activity to control cursor movement, select
letters or icons or operate neuroprostheses.” [1]. There are
many papers published giving an account of brain-computer
interfaces which allow a user to control a single specific
device or application [2]-[7]. The ability to use the same
underlying BCI application in order to control multiple
devices has also been identified [8]. The ability of a BCI to
provide individuals suffering from neurophysiological
disorders with a means to control their environment and
communicate is cited as a motive behind many research
initiatives [6], [8]-[12].

It is the underlying objective of the BRAIN project to
combine these factors by providing a BCI for use in a
domestic environment to control multiple domotic devices
and applications for individuals suffering from a variety of
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underlying conditions [13]. To this end a ubiquitous
intuitive graphical user interface (IGUI) employing a four-
way command mechanism has been developed [14], [15].
The interface facilitates the user by allowing navigation
between the rooms of a home in order to enact commands on
a variety of devices. Currently it has been demonstrated that
this interface can be operated by using one of three BCI
signal acquisition/processing applications available to the
research team. All three offer interaction via detecting the
user’s reaction to flickering visual stimuli, SSVEP. They
include an application dedicated to the use of high-frequency
stimuli [16] one originally based upon low-frequency stimuli
[17] and an openSource application [18]. Other forms of
interaction based upon different BCI paradigms are under
development and can also be accommodated by the IGUI.
This includes monitoring for voluntary imagined movement.
By offering multiple approaches it is intended to facilitate as
many users as possible, allowing the user to select the
modality of interaction best suited to their individual
circumstances or to switch paradigms, in order to prolong
tolerance of interaction during a single session. This may be
applicable should the user become fatigued by the constant
flicker of SSVEP or by the concentration required for
imagined movement.

When providing a user interface there are many factors,
which contribute to the success of the application and the
users’ willingness to take up the technology and sustain it
use over time. An application needs to meet its stated
objectives. Major factors concerning the perceived success
of BCI applications concern ‘the ability to take sensitive and
reliable measures of brain activity’ and to ‘harness the
measures in order to control interactive systems’ [19]. From
a users perspective we can ask, 1) What constitutes reliable
measures of brain activity? and 2) What constitutes the
ability to control an interactive system? Many papers on
BCI and specifically in this context SSVEP provide
measures of performance. Typically these take many forms:
communication bit rate and operating frequency [16],
robustness to false positives [20], average bits per minute
[17], average error rate [20] and accurate classification over
time [17]. Some of these measures focus upon single
underlying indicators, such as the ability of the user to
respond to stimuli Figure 1. However, whilst providing the
foundations for a successful system these indicators may not
always translate into performance measures which express
the users perception of the success or otherwise of the
application. In this instance a good SSVEP response did not
translate into good command classification when four



frequencies of flicker were combined.

Other work in the realm of assistive technology has
focused upon the user experience [21] and performance in
relation to input modalities. It can be argued that for the
user the single overriding performance measure is of
command classification accuracy within a reasonable time-
scale [11]. This is particularly significant when placed
within the context of BCI where commonly applications are
not wholly accurate: 70% [8], 68-77% [12] 97.5% [17] and
the operation of an interface may require a trade-off between
technological factors and usage patterns.
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Figure 1: User's SSVEP response to visual stimuli at 34Hz.

In attempting to answer what constitutes a reliable
measure we have provided a test application which focuses
upon the user’s perception of reliability. Similarly, when
attempting to answer the question - what constitutes the
ability to control an application, measures of command
classification performance are harvested as a user interacts
with a test tool. This paper details the test suites employed,
section II, an empirical investigation based upon five user,
section III, and our conclusions and future work, section I'V.

II. BCIUSER TEST APPLICATIONS

The user interface devised by the BRAIN project adopts
the suggested modular approach to BCI systems [22] which
is enshrined in BCI2000 [10]. It employs a minimum
communication interface between the BCI application which
acquires and classifies EEG signals and the interfaces or
devices that the user operates. It is based upon passing UDP
packets between a specific BCI application and the IGUI,
each packet containing a single command classification.
This architectural model facilitates the substitution of test
applications when detecting items of interest concerning the
user’s personal interaction model Figure 2.

A. BCI Accessibility Assessment

As yet, the BCI community has not established a
minimum level of tolerated accuracy in the command
interface. This test is designed to provide an indication of a
minimum level of accuracy for a user when using a four-way
command interface designed for the purpose of menu
navigation. There are two measures taken during the testing
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procedure. These are used to suggest: a) A minimum
desirable level of accuracy in a command mechanism, and b)
A minimum acceptable level of accuracy in a command
interface when used by a motivated and informed user.
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Figure 2: BCI User Test Applications in the Context of the
BRAIN Systems Architecture

The BCI accessibility assessment uses a mouse-controlled
interface to provide input to the IGUI, Figure 3. The user is
asked to achieve navigational tasks by the tester who issues
high level navigational prompts. Typically, ‘Go to the
dining room and turn on the light’. The test tool is designed
to issue incorrect commands to the IGUI on an increasing
scale. Concerning test a.), initially the user is unaware that
inaccuracies will be generated. In the first instance their
ability to perceive and tolerate these inaccuracies prior to
exhibiting discouragement is measured. The result is
presented as a percentage score of inaccurate commands in
relation to the total command set. This is used to represent
an initial level toleration to an inaccurate interface. In test
b.), the user is asked to repeat the test once more. This time
knowingly tolerating and accommodating the inaccurate
interface until they judge that any meaningful navigation
becomes impossible. This test is performed a number of
days after the initial test. Again the score is represented as a
percentage of inaccurate commands to the total command
set. This measure is used to represent the level of toleration
of a user towards an interface when the user expects the
interface to be inaccurate but is prepared to make an attempt.
Combined the measures provide an indicator of the level of
accuracy to which a user expects a system to conform.

Figure 3: BCI Accessibility Test Application with the IGUI



B. BCI Command Operation Assessment

Due to their differing underlying features various BCI
applications will perform differently when used with the
same user interface and operated by the same individual.
Also the same BCI application will perform differently with
the same user with different input parameters. To the user
one of the primary performance measures is command
accuracy levels combined with time to operate. This
interface is designed to present a uniform four-way
command interface which can interact with various BCI
applications whilst harvesting user usage statistics.

Figure 4: BCI Command Operation Assessment Test

A sequence of directional stimuli (up, down, left, right)
designed to generate specified responses is determined by
the tester in accordance with the requirements of the test. In
this instance a test sequence is designed to encompass
movement from a specific arrow to all other arrows and to
include for each arrow multiple consecutive requests for the
same arrow. There are 42 directional prompts. During the
test the user is asked to observe the various stimuli of the
sequence. The resulting command classification is recorded
and the duration to complete. These measures are used as an
indicator of the level of command accuracy that a user can
achieve in a specific interaction sequence with a particular
BCI application. The overall accuracy level is recorded as a
percentage of correct interactions from the whole command
set.

III. BCI USER ASSESSMENTS

The test suite was applied to a group of five users. This
consisted of both computer literate and naive users and
individuals with and without disabilities; it encompassed an
age range of 25-78. All subjects participated in the BCI
accessibility assessment, they then completed the command
operation assessment, facilitating a contrast between user
specific accuracy levels and the levels achieved using one of
the BCI applications [17] with frequency values of the range
13-16Hz at 1Hz increments. The results for this test are
presented in TABLE 1. Concerning the accessibility
assessment it is interesting to note that three users were less
tolerant of an application, which was known to be
inaccurate. Perhaps trusting the technology is significant, or,
alternatively, the impact of the mis-sent command is greater

in some contexts than others. With all users, they terminated
the test when the application in-advertently exited. There
was no significant difference in expected accuracy levels
between the naive user-4, than the other users. This person
used the application less confidently; however, they were
methodical in their approach. They detected inaccurate
commands on the second occurrence continuing operation
whilst checking this impression. User expected levels of
accuracy range between 74-81%. Users 1 and 3 did not
achieve either of their accuracy indicators. Both these users
suffer from a physical disability: an acquired brain injury
and cerebral palsy respectively.

TABLEI:
BCI ACCESSIBILITY REQUIREMENTS CONTRASTED TO COMMAND
OPERATION ACCURACY

Users 1 2 3 4 5
Minimum Desirable 79 77 77 74 73
% Accuracy
Minimum Acceptable ]1 ]1 76 77 77
% Accuracy
% Achieved Accuracy 16 95 62 80 95

A second test was run, which focused upon a single
healthy user. This test used the BCI command operation
assessment utility alone. It was used to determine an
optimum frequency range for a single BCI application [17],
Table II. The advantage of using the test interface under
these circumstances is that an objective assessment from the
perspective of the user can be obtained. This remains true
even when the BCI application is changed or as in this
particular test, the parameters of operation are modified.

TABLE II:
BCI COMMAND OPERATION ACCURACY OBTAINED WITH DIFFERING
FREQUENCY INPUTS

Range % Accuracy Time Taken
Achieved minutes

13-16Hz

with 1 Hz increments 93 4

18- 24 Hz

With 2 Hz increments 9% 3

26-32Hz

With 2Hz increments 95 4

30-36Hz 90 4

With 2 Hz increments
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The test demonstrated that a good SSVEP response was
achieved in all cases, as all readings were above the level of
accuracy indicated by every subject in the previous test. The
optimum frequency appears to be in the middle/high
frequency range. This is desirable as the higher rates of
flicker are more easily tolerated and less likely to induce
epilepsy [20]. The operational duration was broadly similar.

IV. CONCLUSIONS AND FUTURE WORK

The BCI accessibility assessment indicates that users



expect a high level of command accuracy from an
application before considering it worthwhile. However, the
performance of the test demonstrated that the context of the
command inaccuracy is significant in supporting the users
continued use of the application. Some users discontinued
the session after inadvertently exiting the application. This
suggests that strategies in the interface which support the
user or attempt to detect inadvertent command sequences
should be adopted. The accuracy levels reported in recent
publications tend to [12], [17] conform to users expectations.
Significantly, however, concerning the test of command
operational accuracy, the users with disabilities did not
achieve a level of operation which conformed to their
specified expectations.  This suggests that either the
mechanisms employed in the BCI application should be
tailored to their use or that this paradigm is not suited to
their capabilities. This needs further investigation. The test
for BCI accessibility relies upon the use of a mouse to input
commands; requiring that the user has a significant degree of
physical mobility or that they can communicate their wishes
to a third party, thereby negating the need for a BCI. Some
of the disabled users involved in the study do not currently
need such assistance but contemplate possible future
circumstances. Others feel that they represent a user group
from whom meaningful results can be extrapolated.

The second test examining the impact of modified input
parameters upon command operation performance provided
a means of assessing accuracy in relation to frequency in the
context of a single user. This test indicated that for this user
all frequency ranges provided an acceptable level of
operation, however, the frequency range 26-32Hz provided
the best command accuracy. Modifications to frequency
ranges did not significantly impact upon time to operate. It
was felt that the command operation assessment is useful
when representing the final outcome of technical
modifications in conjunction with a user interface.

These tests and findings illustrate that the user
assessments are capable of informing the development
process and thereby improving the user experience.
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