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Abstract. The ability of people affected by amyotrophic latesclerosis (ALS),
muscular dystrophy or spinal cord injuries to pbgBy interact with the envi-
ronment, is usually reduced. In some cases, thagengs suffer from a syndrome
known as locked-in syndrome (LIS), defined by tla¢ignt’s inability to make
any movement but blinks and eye movements. Techrzoritation systems
available for people in LIS are very limited, beithpse based on eye-tracking
and brain-computer interface (BCI) the most useafutliese patients. A compar-
ative study between both technologies in an ALSepais carried out: an eye
tracker and a visual P300-based BCI. The purpodeeadtudy presented in this
paper is to show that the choice of the technotmgyld depend on user’s prefer-
ence. The evaluation of performance, workload aherosubjective measures
will allow us to determine the usability of the ®ms. The obtained results sug-
gest that, even if for this patient the BCI technglagy more appropriate, the
technology should be always tested and adaptesbftir user.
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1 Introduction

Several of the neurological diseases that humarsgfer result in severe disabilities.
For instance, the ability of people affected by atrgphic lateral sclerosis (ALS), mus-
cular dystrophy or spinal cord injuries to phydigahteract with the environment, is
usually reduced, and they may even lose it comiplete

ALS patients suffer from a syndrome known as loekedyndrome (LIS). In its
classical modality, this syndrome is defined by gagient's inability to make any
movement but blinks and eye movements, despiteglstith conscious. This renders
them completely dependent not only on their claseilfy, but also on ventilatory ma-
chines to remain alive. If the disease draws anptitient is bound to be unable to make
even those residual movements, thus remaining adgiplisolated.

If there are several tech communication system#adla for people who has resid-
ual muscular control, for people in LIS, these teahgies are very limited. Probably,
the technologies based on eye-tracking, electrogcaphy (EOG) and brain-computer
interface (BCI) are the only useful for these pasd1].

As much the eye tracker as the electrooculographpased on the measurement of
eye activity, and both rely on the users” abilitesontrol their eye-muscles.

The eye trackers, generally, include two componentight source and a camera.
The camera tracks the reflection of the light seuatong with visible ocular features
such as the pupil. Electrooculograpkya technique for measuring, though electrodes
placed around the eyes of the user, the corneatetianding potential that exists be-
tween the front and the back of the human eye.réselting signal is called the elec-
trooculogram.

A brain-computer interface (BCI) is based on thalgsis of the brain activity rec-
orded during certain mental activities, in ordecomtrol an external devic€urrently,
the most commonly used BCI systems are those baseslectroencephalographic
(EEG) signals, mainly because they can be recardedon-invasive manner and show
adequée temporal resolution. Among them, those baseith@®300 event-related po-
tential (ERP) are very common due to easiness witich this ERP can be elicited.
Specifically, the P300 is a positive deflectiorviritage occurring about 300 ms after
an infrequent or significant stimulus is perceiy2Hd P300 wave amplitude is typically
between @V and 2wV and is symmetrically distributed around centredilp areas,
showing greater amplitude in occipital rather tframtal regions [3].

From those technologies, the eye-tracking is, @sgmt, one the most advanced de-
vices for communication in patients in LIS and,@aly, in patients with ALS. A re-
cent study tried to explore the effectiveness ohicmnication and the variable affect-
ing the eye-tracking computer system utilizatiorpatients ALS [4]. The study was
carried out on 30 patients with advanced ALS andH®wved a high acceptance and
average daily eye-tracking system utilization o0 36in. However, the remaining 11
subjects reported limited and irregular daily usethe device, being the reported
causes, gaze fatigue (8 subjects), oculomotor imm@ait, i.e., inability to properly
move the eyes (2 subjects) and difficulty to keephead still (1 subject). Finally, au-
thors concluded that limitation of the eye-trackiagyiven by the fact that it actually



relies on eye movements. For patients with oculomadysfunction, the use of an eye-
tracking is uncomfortable or even impossible, baiegessary to provide other tech-
nologies, such are those based on brain-computfane (BCl).

Another study [1] compares three technologies twvide binary communication:
eye-tracking, electrooculography (EOG) and auditorgin-computer interface. The
participant of the study was a patient with ALS wiaxd been in the LIS for 6 years.
He was able to communicate with slow residual eggements, restricting the number
of choices. With the EOG based system, the useheshan accuracy mean of 71 %
with 5 choices. With the eye tracking based systemuser had difficulties looking at
a particular direction and only two choices werevided however, the reached accu-
racy was 100%, being all selections classifiedexitly. Finally, with the auditory BCI,
only two choices were provided and participant heacaccuracies above 75%. In this
study, the reduced number of choices provided wagalthe slow residual eye move-
ments of the participant.

Other BCls used for communication purpose are thased on visual P300 signal.
They are based on the P300 speller first develbgdearwell and Donchin [5], which
is still referenced and intensely studied [3, 8]7]n this BCI, a 6 x 6 matrix of letters,
arranged in rows and columns, is shown to the subJée user focuses his/her atten-
tion on the matrix element he/she wishes to seleaach row and column is flashed
(i.e., intensified) randomly, one after the oth&fter a number of flashes, the symbol
that the user has supposedly chosen is presentscteen.

Recently, a study compares a visual P300-based-boanputer interface and an
eye-tracking for controlling an Internet browse}. [A total of 12 patients with severe
motor impairment (11 affected by ALS, and 1 affedbg Duchenne muscular dystro-
phy, participated in this study. According to theained results in this study, the per-
formance measures showed the advantages of usimyétiracker as a communication
device. Besides, participants rated the eye traa&er more satisfying device and con-
sidered the BCI as a technology requiring morereffnd that was more time-consum-
ing than the eye tracker. The conclusion of thislgtwas that if users can rely on eye
movements, they tend to consider the eye trackarsaperior technology.

The purpose of the study presented in this papgershow that the choice of a tech-
nology could depend on user’s preference, andlhtiteausers have the same prefer-
ence. To this end, the usability of the two tecbgas [10, 11], the eye tracker and a
visual P300-based BCI, will be evaluated.

2 M ethods

2.1 Participants

One French man, 57-years-old, diagnosed with arogbtc lateral sclerosis in 2010
and without any impairment of cognitive functiopsyticipated in this study. The pa-
tient, with severe motor impairment, was naive @thlitechnologies: the eye tracker
and the BCI. He was able to move his eyes and tifaclitty to communicate through
the voice. He gave informed consent through a podteeviewed by the ENSC-IMS



Cognitive team. The experiment was carried ouhat@HU (centre Hospitalier Uni-
versitaire) at Bordeaux.

2.2  Procedure

On the same day, the participant tested the vidg8aD-based BCI (session 1) and the
eye tracker (session 2). During the experimentp#mrticipant sat in his wheelchair in
a reclining position at a distance about 60 cm fthenscreen. Before the beginning of
each session, instructions regarding the proceghadéhe device (BCl and eye tracker)
management were given in verbal form. The expartmas conducted in accordance
with standard ethical guidelines as defined byDkelaration of Helsinki and the study
was approved by the Ethics Committee of the Unityecs Malaga.

Because the objective of the study was to comparausability of the eye tracker
and the visual BCI in a communication task, thellspsize was the same for both
technologies. The speller used was based on tlssicdh Farwell & Donchin [5]
speller, which consists on a 6 x 6 matrix of syrsl{@6 alphanumeric letters and num-
bers) arranged within rows and columns (see FigTh¢ matrix size was 14.69 cm,
being the symbols size of 1.17 cm and the disthetween symbols of 1.53 cm.

Fig. 1. Schematic representation of a classical P300es2{CI

Each session consisted of a calibration phase medaluation phase. The purpose
of the calibration phase was to adapt the techiyologhe user. Once the calibration
was done, the subject participated in the evalogtlase to copy-spell the sentence “il
fait beau” (i.e., “the weather is nice”). The peifiant was allowed to correct each error
only once. After the copy-spelling tasks, he wadsedso complete a visual analogue
scale (VAS) of: fatigue, difficulty, stress andfditilty to perceive the characters, and
the NASA-TLX test [12] to evaluate the subjectivagnitive workload.

At the end of the last session, the participant aslsed to express his preference
between the two technologies. A comparative questize adapted from the SUS
(System Usability Scale) allowed to evaluate sire@hisions: favourite, complex, com-
fortable, stressful, controllable, tiring.



2.3  Equipment and tasks

Brain-Computer Interface. EEG was recorded using gold electrodes placedsit p
tions Fz, Cz, Pz, Oz, P3, P4, PO7 and PO8, acaptdithe 10/20 international system.
All channels were referenced to the left earlolsng FPz as ground. The EEG was
amplified through a 16 channel biosignal amplifiglBSamp, Guger Technologies).
The amplifier settings were 0.5 and 100 Hz forlthad-pass filter, the notch (50 Hz)
was on, and the sensitivity was 500 puV. The EEG than digitized at a rate of 256
Hz by a 12-bit resolution NI-USB-6210 data acqiositcard (National Instruments).
All aspects of EEG data collection and processimgewcontrolled by the BCI2000
system.

During the calibration phase, each row and coluras randomly flashed 10 times.
Therefore, each character was randomly intens#fietimes. The duration of each flash
was 125 ms and the inter-stimulus interval (ISteen flashes was also 125 ms. There
was a pause of 6 s after each sequence of flashesafter a character had been se-
lected). The calibration consisted in spelling W@ ds “lune”, “feux” and “kilo” and
the number “2015". It is important to mention tlia time required for the calibration
phase for the BCI system depends on the numbewoadsato spell (4 in this experi-
ment).

After these runs, we performed a stepwise linesgraninant analysis (SWLDA) of
the data from the last three runs to obtain theyktsifor the on-line P300 classifier.

After calibration and training of the classifiehgtevaluation phase started (see Fig.
2). We set the number of intensification sequertogbie minimum number need to
reach 100% accuracy off-line.

Fig. 2. Participant during the evaluation phase of the BGlesn

Eye Tracker. The experiment was carried out using the Tobii (ldbii Technology,

Sweden) [13]. The eye tracker interface speller eadigured to be identical to the
one used for the BCI. The calibration phase coedist fixating 9 targets located on
different positions of the screen. The time reqlifiar this calibration phase should be,



usually, very short. The evaluation phase startéyg once the operator considered an
acceptable calibration. For the evaluation phase Eg. 3), participant could select a
symbol by gazing at the intended target for 1.6 s.

Fig. 3. Participant during the evaluation phase of theiiledmmunicator system

24  Objective and subjective measures

To compare the performance of the BCI and the eaker, different objective meas-
ured were considered: the time required for thibtion phase, the time required for
the evaluation phase, the final written sentenckthe number of errors.

Regarding the subjective measures, we analyze A®ANT LX for each experiment
in order to evaluate the subjective workload. Tiffexknt Visual Analog Scales (VAS),
added to the comparative questionnaire adaptedtfrier8US (System Usability Scale),
allow us to obtain a global subjective assessmiensability.

3 Results

3.1 Objective measures

The different objective measures obtained for ¢achnology are shown in Table 1.

Table 1. Objective measures (times, final sentence, erasgined for BCl and Tobii system.

BCI Tobii
Time for calibration phase 8 min 5 min
Time for evaluation phase 7min34s 7 min 47 s
Final written sentence IL FAIT BEA7LIL LFAI7_BEAP65

Number of error 3 7




The user had high difficulty to fix the targets ath calibration failed several
times. Finally, the calibration was done considganly the right eye.

Regarding the BCI, the participant required 7 fessfone flash is the intensifica-
tion of one row and one column) to obtain 100%axfumacy. Finally, we configured 8
flashes to select a letter during the evaluaticasph

3.2  Subjective measures

The total subjective workload (NASA-TLX- Global sepranged from 0 to 100)
and dimensions contributions to the subjective \aatt (mental, physical and tem-
poral demand, performance, effort and frustratianged from 0 to 33.3) for each tech-
nology is sowed in Fig. 4.
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Fig. 4. NASA-TLX scores obtained for BCl and Tobii

The obtained values of the different Visual AnaBagales (VAS) for each technol-
ogy is shown in Fig. 5.

Visual analog scale
10

OBCl

O Eye Tracker

, ] ]

Level of Degree of  Stress Level Difficulty for
Fatigue  Task Difficulty Letter
Recognition

Fig. 5. VAS obtained for BCI and Tobii



Finally, the obtained results of the comparativesjionnaire are shown in Table

Table 2. Comparatives results between BCI and Tobii.

BCI Tobii

Positive view The most controllable
The most comfortable
The favourite

Negative view The most stressful

The most complex
The most tired

4 Discussion and conclusion

In this study, two different technologies for commuation purpose designed for peo-
ple with severe motor impairment have been comptmexligh objective and subjec-
tive measures. The experiment has been carriethaatparticipant with ALS. The
obtained results show that, for this participams,tisual BCI has been considered more
advantageous that the eye tracker as a communiaéeizice.

During the calibration phase, the participant haat,only a high difficulty to gaze
the different targets presented by the eye tradkaralso high difficulty to keep this
eyes open, being this an obstacle to calibratsytsem. Finally, after several runs, the
calibration was carried out with the right eye agkn in this condition, the calibration
was not really satisfactory for the operator. Toigjer time required for the calibration
of the Tobi could affect the perceived fatigue affécted the usability of the system.
However, for the BCI, the participant did not harey problem during the calibration
phase, getting 100% of performance with only 7héss Besides, even if the time re-
quired for the evaluation phase was similar fohiiethnologies, the number of error
was higher with the Tobii system. These resultsashdoetter performance with the
BCI system.

Regarding the subjective measures, the global ssformrkload of the visual BCI
was lower than of the Tobii system. This resulinsgéo be contrary to that other study
[1, 9] which suggest that the workload of the epeker was lower that the workload
of the BCI. The mental demand and the effort subseare considered higher in the
BCI system compare to the Tobii System. The higlhme needed to select a letter
during the evaluation phase with the BCI systemgqpwas, probably, contributed to
this increase in both dimensions (mental demanceéiod). However, the BCI system
requires less temporal demand, makes easier tiedopenent of the task and produces
less frustration. Probably, the fact that the desm@mporal contribution was so low,
could have a positive effect on performance anstration.

The obtained results in the different VAS show exel of fatigue for the BCI. Alt-
hough the degree of task difficulty was lower foe BCl, the obtained values were



important for both technologies (6 for the BCI ahébr the Tobii). None of the tech-
nology were considered stressful and the subjechdi present any difficulty to rec-
ognize the characters.

The obtained results in the comparative questioaraiow to summarize which
technology has been considered as most advantafpedhs participant. Undoubtedly,
the visual BCI has been select as the favouritiaghthe stressful the only dimension
with a negative point of view for the BCI howevas, it was mentioned before, the level
of stress was very low for both technologies.

The preference to BCI system can be due to altdiigchieve control of BCI over
Eye-tracing. By the way, the participant verbabyported feeling satisfaction particu-
larly related with the BCI experience, possiblydnese it could represent a greater chal-
lenge that needed to be raised.

Although a recent study concluded that an eye &asistem is more advantageous
than a P300-based BCI for communication purpose) these results we conclude that
a BCI system may be a not negligible alternativatsm for some patients with special
difficulties, not only for controlling their eye mements, but who present difficulties
to manage an eye tracker. Even if the results baee obtained with only one patient,
these show that the technology should be alwaysdesd adapted for each user, not
being able to stablish a specific technology asrnhst appropriate without, previously,
testing it.
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