
Technology and Disability 28 (2016) 79–89 79
DOI 10.3233/TAD-160446
IOS Press

Adaptive inputs in an interface for people
with Dyskinetic Cerebral Palsy: Learning and
usability

Amparo López-Vicentea,b,∗, Carla Artacho-Péreza,c, Néstor Jarque-Boud, Rafael Rayae,
Mariano Lloriaf , Juan-Manuel Belda-Loisa,g and Eduardo Rocóne
aInstituto de Biomecánica de Valencia (IBV) Universidad Politécnica de Valencia, Camino de Vera s/n, 46022
Valencia, Spain
bSociology University of Valencia, Universitat de València, Valencia, Spain
cDepartment of Anatomy and Human Embryology, Faculty of Medicine, Universitat de València, Valencia, Spain
dUniversitat Jaume I, Castelló, Spain
eCentro de Automática y Robótica, CAR UPM-CSIC, Madrid, Spain
fAvapace, Asociación Valenciana de ayuda a la parálisis Cerebral, Valencia, Spain
gGrupo de Tecnología Sanitaria del IBV, CIBER de Bioingeniería, Biomateriales y Nanomedicina (CIBER-BBN),
Valencia, Spain

Accepted 26 September 2016

Abstract. This study concerns the difficulty in accessing computers faced by people with Dyskinetic Cerebral Palsy (DCP). Thus
diminishing their opportunities to communicate or learn. This population usually needs an alternative input human-computer
interface (HCI). The paper presents an alternative multimodal HCI that incorporates a head-mounted interface and superficial
electromyography sensors (sEMG). The aim of the study is to assess the usability and the suitability of these two HCI devices. Six
non-disabled subjects and ten subjects with DCP participated in the iterative process in which each test follows an improvement of
an input. The results indicated that for both systems, the improvements in the usability are remarkable when there were previous
training programmes with both interfaces. These tests allowed the identification of the main difficulties associated with disability:
poor control of the voluntary muscle contraction, which affects the EMG signal, and abnormal postures, which affect the head-
mounted interface control. Regarding the EMG signal, the characterisation of the involuntary patterns of muscle contractions
may prevent false positives. In the case of the inertial interface, a relative mode control (based on the velocity of the movement
instead of posture) may be a solution to increasing the usability and task performance.

Keywords: Cerebral palsy, dyskinesia, usability, augmentative and alternative communication, human-machine interaction, as-
sistive technology, user-adaptation, sEMG, inertial sensors, motor disorders

1. Introduction

Cerebral Palsy (CP) is a non-progressive condition
caused by an injury in the brain in early stages of preg-

∗Corresponding author: Amparo López-Vicente, Sociology Uni-
versity of Valencia, Universitat de València, Valencia, Spain. E-mail:
amparo.lopez@ibv.upv.es.

nancy, through birth, to early childhood, and results in
motor and sensitivity impairments [1,2]. CP is classi-
fied as “non-progressive”, meaning the condition does
not get worse with time [3]. However, specific symp-
toms can change with the individual’s body growth and
development [4].

Dyskinetic Cerebral Palsy (DCP) is a permanent
condition that causes severe motor impairments (i.e.
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changes in muscle tone and posture, and involuntary
movements) and speech disorders (i.e. anarthria and
dysarthria) which greatly limit physical and social ac-
tivity. DCP affects over 125.000 people in Europe and
there are 1.500 new cases each year [5–7]. It is caused
by a non-progressive interference, lesion, or abnormal-
ity of the developing/immature brain (before, during or
shortly after birth). Over the last years, the prevalence
of CP has increased due to the increase in the survival
rate of prematurely born infants. The estimated life-
time cost per CP patient is nearly one million euros [8].

Despite the fact that 78% of DCP children have nor-
mal intelligence, 96% have been classified as “educa-
tionally subnormal”. This discrepancy between their
intellectual potential and their actual development is to
a large degree caused by their impaired communication
and interaction abilities, which hamper their learning
processes. Indeed, this lack of communication channel
does not only affect learning but other key processes
such as rehabilitation therapies, diagnostic and health
management, gaming, social relationships or environ-
ment control. In fact, this lack of communication com-
bined with limited mobility leads to increased depen-
dency, loneliness, social exclusion, reduced quality of
life, and eventually the premature death of people with
DCP [9–11].

Improvements in health and rehabilitation treat-
ments and new communication systems have increased
considerably their quality of life and extended their life
expectancy. The autonomy of people with DCP is con-
sidered a primary target as the compensation of their
multiple and severe limitations (speech and motor con-
trol) can allow them to reach their maximum poten-
tial [11–13].

The majority of people with DCP cannot communi-
cate through written language because they have very
limited fine motor control. Consequently, they need
to use Augmentative and Alternative Communication
(AAC). The American Speech-Language-Hearing As-
sociation (2014) defines AAC as any kind of commu-
nication mechanisms (other than oral speech) that is
used to declare thoughts, ideas, wants and needs. Peo-
ple with severe speech or language problems rely on
AAC to complement existing speech or replace speech
that is not functional. Special augmentative aids, such
as picture and symbol communication boards and elec-
tronic devices, are available to help people express
themselves. This is expected to support social interac-
tion, improve school performance, and increase self-
esteem (“American Speech-Language-HearingAssoci-
ation”, s.f.) [14].

An AAC system consists of a package of techniques
and technologies that makes up ‘total communication’
for one specific individual. This system is based on
the communication medium, a system that represents
meaning, means of access and strategies for interact-
ing (Royal College of Speech and Language Therapists
(RCSLT) 2006) [15].

– Communication medium refers to the way of
transmitting the message. This might be via un-
aided or aided systems. The UNE-EN ISO 9999
defines assistive products for face-to-face commu-
nication in letter and/or symbol sets and boards,
communication amplifiers, dialogue units and
software for face-to-face communication [16].

– The system of representing meaning, ideas and
concepts includes body language, pictures, ges-
tures, facial expressions, paintings, words, line
drawings or Bliss symbols.

– The means of access to the communication me-
dium introduces the tools to interact with the
assistive devices, for example, keyboard, touch
screen or a switch to scan from an array of let-
ters/words/pictures and are included in the UNE-
EN ISO 9999 [16].

– The term strategy comprises any plan to use sym-
bols, aids, and techniques to improve commu-
nication. For example, being able to start up a
conversation, maintain a conversation by turn-
taking and using questions, and reparation strate-
gies when communication breaks down (RCSLT
2006; UNE-EN ISO 9999:2011) [16].

The support devices for the AAC can be accessed
via two basic strategies: direct selection and scanning.
The direct selection approach allows the user access to
all possible symbol choices at all times. This kind of
selection can be carried out with keyboards, joysticks
or switches installed on the wheelchair, light and op-
tical pointers or eye-gaze [17,18]. For users with re-
duced mobility, especially in their hands, direct selec-
tion systems generally are not a good alternative. These
kinds of users use scanning as means of alternative ac-
cess [19].

Lee and Thomas [20] describe four general scanning
techniques:

– Automatic scanning: A cursor or marker automat-
ically moves in sequence across items or groups.
The marker pauses at each group/item for a prede-
fined time. When the user holds down the switch,
the highlighted item is selected. Usually, users are
trained to focus on the target item and press the
switch whenever the target is highlighted.
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– Step scanning: In this technique, the scan and se-
lection of an item is completed in several steps
(i.e. rows and columns of icons). Even though
more switch activations are required, this strategy
can actually be faster than automatic scanning. In
any case, the advantage of this approach is that the
user can go at their own pace according to their
physical and cognitive limitations.

– Inverse scanning: The cursor or marker advances
by maintained switch activation. While the switch
is activated, the highlight pauses at each item for
a scan interval. The item is selected when the user
releases the switch.

– Directed scanning: Separate switches are used to
control the direction of cursor movements. The
switches can be in step or inverse mode [20].

Each scanning technique and pattern requires dif-
ferent physical, cognitive and perceptual abilities from
the user. For this reason, the scanning mode has to
be chosen according with the user needs and limita-
tions [21,22].

Nowadays, scanning solutions are being adapted to
the specific characteristics of users. Some proposed
solutions for scanning are focused on switching by
head movements, pressure sensors, electromyography
or mechanomyography [23]. In general, DCP users
need an input interface to select and point at the desired
concept. However, their lack of movement and posture
control restrains the possible use of interfaces. Typical
keyboards, a mouse or touch screens cannot be used
by most of DCP users, and they have similar problems
with more natural interfaces such as speech, gesture or
eye tracking commands [24].

A head-mounted interface has been used in infants
with CP and evaluated as a useful tool for commu-
nicating, learning and therapy [25]. In addition, some
approaches use a combination of different technolo-
gies such as the EMG signals from muscles in the face
and point of gaze coordinates produced by an eye-gaze
tracking system with non-disabled people [26].

In the framework of the ABC project (European
Project 287774: ABC “Advanced BNCI Communica-
tion”, financed by the Seventh Framework Programme,
corresponding to the FP7-ICT-2011-7 call), the usabil-
ity of a multimodal Human-Computer Interface (HCI)
fusing the EMG and the inertial head-mounted inter-
face as the input device was investigated for people
with DCP including when they acted as social partners
in the process design [27,28].

This study aims to assess the usability and suitability
of the two devices analysed (EMG and inertial head-

(a) (b)

Fig. 1. (a) EMG interface and (b) head-mounted interface.

Fig. 2. The instrumentation for EMG with the communicator proto-
type.

mounted interface) to determine the most appropriate
for each subject and to identify the improvements in
efficiency during use.

2. Materials and methods

2.1. Materials

2.1.1. Inputs
Two input devices (Figs 1(a) and (b)) were studied

simultaneously because they provide complementary
functions. The assessment is based on generating mes-
sages from a communicator developed in the frame-
work of the ABC project.

EMG
The EMG signal was recorded by two surface elec-

trodes placed on the appropriate muscle and one ref-
erence electrode placed following the SENIAM, Sur-
face Electromyography (SEMG) for non-invasive as-
sessment of muscles procedures [29]. The bioPLUX
system (Fig. 1(a)) allow wireless recording of a broad
range of (bio) signals [30]. EMG signals were plugged
into the bioPLUX device, and connected to channels
1 and G, which transmits the data to a computer over
Bluetooth (Fig. 2).
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Fig. 3. The instrumentation for head-mounted interface.

The EMG signal was filtered to smoothen out short-
term fluctuations with a moving average as the mean
of 500 samples each of 0.05 seconds. EMG data was
sampled at a frequency of 500 Hz. In order to differen-
tiate voluntary and involuntary contractions, a thresh-
old (minimum value) was selected for each user and
each test.

Head-mounted interface
Although all areas of the motor function can be lim-

ited, limbs are usually more affected than the head mo-
tion in infants with severe CP [31]. This is the reason
why the inertial interface is a head-mounted device.

The interface is based on a head-mounted interface
(Fig. 1(b)) that integrates a three-dimensional (3D) ac-
celerometer, a 3D gyroscope and a 3D magnetometer
mounted on a commercial helmet. A calibrated head-
mounted interface measures 3D acceleration (caused
by motion and gravity), 3D angular velocity and 3D
earth magnetic field. This system (Fig. 3) tracks the
user’s head movements and translates them into the
displacements of the mouse pointer on the screen. The
angular orientation of the head-mounted interface had
an accuracy of about 1◦, and was related to the perfor-
mance [25]:

– Throughput value 1.5 bits/s.
– SD 0.5 bits/s.

2.1.2. ABC communicator prototype
The ABC system consists of two main subsystems:

The Signal Server and the User Interface.
The Signal Server collects the information from

each input device in the ABC system. This information
is processed in order to generate high-level commands
to the communicator. In the case of the head-mounted
interface, an “absolute mapping” between head posture
and pointer location is implemented. That means that
there is a point-to-point relation between head angle
and pointer location. In the case of the EMG, when the

Fig. 4. ABC Communicator prototype.

electromyographic signal reaches a specific threshold
personalised for each subject, the ABC system turns it
into a click. Figure 4 shows the ABC Communicator
prototype.

2.2. Methods

Our study involves an iterative process in three
stages. Each test is finished with an improvement in
the inputs of the following test. Firstly, a pilot study
was performed with non-disabled people to identify
usability problems. Secondly, an initial test with sub-
jects with DCP incorporated the improvements identi-
fied in the pilot study and the configuration of the in-
put devices was the same for each subject. The final
test with subjects with DCP incorporated the improve-
ment of the EMG signal recordings according to indi-
vidual muscle tone and a previous training period with
the head-mounted interface.

2.2.1. Subjects
Six non-disabled subjects (3 males and 3 females

with an age range of 23 to 43 and a median age of
30.4, SD = 6.5) participated in the pilot study. Six sub-
jects with DCP (2 males and 4 females with an age
range of 26 to 45 and a median age of 36.83, SD =
6.36) participated in the initial test. Seven subjects with
DCP (4 males and 3 females with an age range of 32 to
39 and a median age of 35.5, SD = 2.88) participated
in the final test, and three of the subjects; (001, 002,
006) did the two tests. Details of the subjects are sum-
marised in Table 1. Ethical approval was obtained for
all measurements before conducting the experiments.

2.2.2. Task and procedures
Two different input devices were used: superficial

electromyography (sEMG) for clicking and the head-
mounted interface to control the mouse pointer (direct
selection).

According to the DCP subjects’ characteristics,
these two inputs were combined with the activation of
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Table 1
Gross motor function classification system score (GMFCS) for DCP subjects

Subject code Gender Age GMFCS CP type
Pilot test P001 Male 35 Healthy Healthy

P002 Male 25 Healthy Healthy
P003 Male 25 Healthy Healthy
P004 Female 23 Healthy Healthy
P005 Female 24 Healthy Healthy
P006 Female 30 Healthy Healthy

Initial test *001 Male 39 IV Dystonic-spastic tetraparesis
*002 Female 34 V Dystonic tetraparesis
003 Female 26 IV Dystonic tetraparesis
004 Female 38 V Spastic tetraparesis hypertonic
005 Male 45 V Dystonic-spastic tetraparesis

*006 Female 39 V Dystonic-spastic tetraparesis

Final test *001 Male 39 IV Dystonic-spastic tetraparesis
*002 Female 34 V Dystonic tetraparesis
*006 Female 39 V Dystonic-spastic tetraparesis
007 Male 33 V Spastic tetraparesis hypertonic
008 Male 37 V Dyskinetic cerebral palsy (choreo-athetoid) and spastic tetraparesis
009 Female 32 IV Dystonic tetraparesis
010 Male 38 V Spastic cerebral palsy tetraparesis G-80/G-82

*The three subjects participated in both studies.

the click by a dwell time of one second and the auto-
matic scanning. Therefore, the three ways of function-
ing were configured as automatic scanning + EMG,
head-mounted interface+ EMG and head-mounted In-
terface + dwell time.

In the pilot study, six non-disabled subjects tested
the three modes of control. The test consisted of nine
tasks with the communicator prototype.

The tasks were organised into three groups: search-
ing and selecting concepts, creating phrases and man-
agement of messages. In addition, two libraries of pic-
tograms were created: the first one was destined for
those tasks related to the concepts and the second was
used for the creation of phrases and the management of
messages. Moreover, an assessment was done follow-
ing a protocol in which the opinion of the subjects and
the time, the nature of the mistake and its frequency
were evaluated.

In the initial test with subjects with DCP, six of them
participated, two subjects using each combination of
inputs: automatic scanning + EMG, head-mounted in-
terface + EMG, head-mounted Interface + dwell time.

During the familiarization process, which was based
on five minutes of free use of the system, one subject
with automatic scanning + EMG decided not to con-
tinue before beginning the tasks because was tired and
stressed. Therefore, one subject of automatic scanning
+ EMG and two subjects of head-mounted interface +
dwell time also participated in the final test.

The tasks were initially intended to be the same as
in the pilot study with the three modes of control but,

in order to avoid fatigue and stress for the subjects, we
only analysed the first five tasks of searching and se-
lecting concepts and the subjective assessment in the
initial test with subjects with DCP. This initial test was
useful to confirm the decision tree for the configuration
of the sample.

In the final test with subjects with DCP, three sub-
jects used the automatic scanning + EMG: two males
and one female. These had done the test previous to
the final test. Two different subjects were used for the
head-mounted interface + EMG: one male and one fe-
male. Both of these were doing the test for the first
time. Finally, two subjects used the head-mounted in-
terface + dwell time: one male and one female. These
had already done the test before. The protocol was fi-
nally reduced to five tasks consisting of searching and
selecting concepts.

The subjects who tested the head-mounted interface
had trained with it for eight days before the test. How-
ever, in the case of the sEMG-based system, only the
last subject of the automatic scanning + EMG had
trained before the tests for fifteen minutes. The others,
including the two subjects with head-mounted inter-
face + EMG, did not train for this part. The amplitude
of EMG contraction was evaluated in order to find the
most appropriate contraction threshold. Details of the
tasks are summarised in Table 2.

All of the procedures were carried out according to
ISO 9241-9:2000 [32]. In the case of the EMG click,
the procedure followed was that recommended by SE-
NIAM [30] regarding muscle instrumentation.
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Table 2
Methodological procedure

Test parameters Pilot test Initial DCP test Final DCP test
HCI mode of 6 subjects with automatic Subjects 002, 004 with Subjects 002, 007, 008 with
function scanning + EMG automatic scanning + EMG automatic scanning + EMG

6 subjects with head-mounted Subjects 003, 005 with head- Subjects 009, 010 with head-
interface + EMG mounted interface + EMG mounted interface + EMG
6 subjects with head-mounted Subjects 001, 006 with head- Subjects 001, 006 with head-
interface + dwell time mounted interface + dwell time mounted interface + dwell time

EMG muscle* All the healthy subjects Subject Muscle Subject Muscle
did the task with 002 Rectus femoris 002 Rectus femoris

005 007
010

the masseter muscle 003 Extensor carpi ulnaris 008 Occipito-frontalis
004 Sternocleidomastoid 009 Biceps brachii

EMG threshold 10.1, SD = 6.0 18.33, SD = 12.5 19.8, SD = 7.39
data (mV) mean
Dwell time activation 1 second
configuration
Tasks Nine tasks of searching and Five tasks of searching and selecting concepts using the communicator

selecting concepts, creating phrases
and management of messages

*The subjects that were tested with scanning + EMG and the head-mounted interface + EMG had EMG sensors placed in the muscle with the
best control. The subjects without any muscular control tested the head-mounted interface + dwell time.

2.2.3. Data analysis
According to standard ISO 9241-11, each task has

been measured as follows:

– Effectiveness: Assess whether the user is able to
successfully complete the task or not. To com-
plete the task means to achieve the required pic-
togram selection (the pictogram appears in the
text field) before a maximum time of 2 minutes is
exceeded.

– Efficiency: Number and kind of mistakes.
– Satisfaction: Comments from think-aloud proto-

col.
– The System Usability Scale (SUS): [33] Applied

through ten-item scale giving a global view of
subjective assessments of usability.

3. Results

This study has provided three kinds of outputs and
some improvements have been identified and imple-
mented during the entire test. The results obtained in
each input device detail the number of completed tasks,
the mistakes found, their frequency and the improve-
ment proposals outlined by the participants. Moreover,
the different subject experiences have been used to de-
velop a decision tree to assign the most suitable input
device for each user.

Fig. 5. Screen configuration with 3 rows and 6 columns. Scanning
made by row/columns.

3.1. Improvements addressed

After the tests carried out in the pilot study, we did a
series of improvements based on the experiences to be
applied in the usability DCP tests.

The configuration of the screen was modified by in-
creasing the pictogram size, they were organised in3
rows and 6 columns and also increasing the informa-
tion architecture of the communicator prototype (see
Fig. 5). In the automatic scanning + EMG a new con-
trol option was implemented and allowed the scanning
by row/columns shown in Fig. 5.

We created another page inside the library intended
for the management of functions (see Fig. 6). We also
included a message asking the user if he/she wants to
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Table 3
Improvements addressed in methodological procedure

Test parameters Pilot test Initial DCP test Final DCP test
Scanning type configuration Cell scanning Row/column scanning
Library screen configuration 5 rows/4 columns 2 pages 3 rows/6 columns 2 pages
EMG click delaying None None 2 seconds after first click
Acquainting process Five minutes of free use Familiarisation process of fifteen minutes with EMG.

Eight previous training days with head-mounted interface

Fig. 6. Functions. From top to bottom and from left to right: come
back home, return, say phrase, save phrase, delete phrase, load saved
phrases and erase the last pictogram.

delete the complete phrase that has been created and
also he or she wants to save it.

After the initial test, we achieved a series of im-
provements to increase the training period with the
EMG and head-mounted interface input devices (see
Table 3).

The subjects using the head-mounted interface had
trained with it for 8 days before the test, but in the case
of subjects using the EMG, they only trained before the
tests for 15 minutes. The amplitude of the EMG signal
was used to calculate the most appropriate threshold.

3.2. Pilot study

All of the non-disabled subjects completed the tasks
with the two input devices and the modes of control in
a randomised experimental design. The problems iden-
tified regarding the interfaces and the communicator
allowed the improvements in our system to reduce fa-
tigue and stress during the DCP tests.

A limitation of the EMG input is the low frequency
filtering that produced a delay during clicking and
caused the selection of the previous or next pictogram
instead of the desired one. In addition to this, a stan-
dard configuration of the EMG threshold initially made
the clicking with an involuntary selection more com-
plicated. A limitation with the head-mounted interface
is related to the lack of a visual feedback (seeing the

movement of the head reflected as a cursor) on the
screen.

3.3. Usability DCP tests

3.3.1. Automatic scanning + EMG
The usability assessment in comparing tests as-

signed a score of 54 in the initial test and 60 in the final
test in a scale of 0 to 100 proposed by the SUS scale.
The main differences that increase the score in the final
test are the well integration of functions, the quickness
in use and the confidence in the system.

In the initial test, due to a severe spastic tetraparesis
and difficulties at voluntary the contracting the muscle
to click, Subject 004 became stressed and decided to
not continue the test.

Subject 002 needed more time (about 30 seconds)
to relax the muscle after each contraction and the tra-
ditional detector based on the amplitude of the EMG
signal detected several false clicks during this period.
Consequently, involuntary repetitive clicks were per-
formed during the task. Therefore, the subject was only
able to complete two tasks.

Accordingly, the EMG control was adjusted to the
muscle spasticity taking only the first peak of contrac-
tion and delaying the next click for two seconds. Ad-
ditionally, a previous familiarisation of fifteen minutes
for performing muscle contractions and adjusting the
correct threshold was scheduled for next tests.

Three subjects participated in the final test and only
one of them repeated the experience. Figure 7 shows
the electromyographic pattern of these three subjects
before performing the test that allowed adjusting the
EMG threshold.

The categories and the frequency of the mistakes
found in the final test is markedly lower and the sub-
jects were able to complete almost three tasks with less
physical and verbal assistance than the initial test. Ta-
ble 4 shows the mean of mistakes for each test.

3.3.2. Head-mounted interface + EMG
Subject 005 presented an extensor pattern so when
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(a)

(b)

(c)

Fig. 7. EMG patterns study on the final test: (a) EMG pattern of the
rectus femoris during activation in three voluntary contractions be-
fore doing the test. (b) EMG pattern of the occipitofrontalis. Due
to a severe spastic and choreo – athetoid tretraparesis it was diffi-
cult to register voluntary contractions. (c) EMG pattern of the rectus
femoris during activation in voluntary contractions.

he tried to reach pictograms placed above the others;
he had to complete a cervical extension that activated
the rectus femoris and consequently the click for the
selection.

(a)

(b)

Fig. 8. EMG patterns study on the final test with the head-mounted
interface. (a) EMG pattern of the biceps brachii during activation in
voluntary contractions. (b) EMG pattern of the rectus femoris during
activation in voluntary contractions.

The other identified limitations were the same as
those of the EMG signal recording previously de-
scribed in the automatic scanning + EMG section. Fig-
ure 8 shows the EMG patterns study on the final test
with the head-mounted interface.

In the final test, the sample was adjusted and two
other subjects performed the test. The number of com-
pleted tasks increased and the subjects were able to
complete more tasks with less physical and verbal as-
sistance than during the initial test. Table 5 shows the
mistake mean and tasks completed.

3.3.3. Head-mounted interface + dwell time
Despite the fact that the two subjects of this mode of

control declared that this strategy was appropriate for
them, in the initial test, they were not able to complete
the tasks. Both subjects had problems with the head-
mounted interface: they were not able to recover the
home position and the pictogram was not selected by
the dwell time.
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Table 4
Mistake categories, mistake mean and tasks completed for automatic scanning + EMG for all DCP subjects

Initial test Final test
Automatic scanning + EMG 24 Mistakes/subject 7 Mistakes/subject

2/5 Tasks completed 2.3/5 Tasks completed

Categories of mistakes (in both tests)

Not selecting pictogram because the muscle did not contract in the required time.
Involuntary contraction that activates the click in a pictogram that is not the required by the task.
Multiple selection because of muscle spasticity and not immediate relaxation.
Incorrectly selected pictogram because of incorrectly selected row.

Table 5
Mistake categories, mistake mean and tasks completed for head-mounted interface + EMG for all DCP subjects

Initial test Final test
Head-mounted 9 Mistakes/subject 9 Mistakes/subject
interface + EMG 2/5 Tasks completed 3.5/5 Tasks completed

Categories of mistakes (in both tests)

*Cephalic control but has an extensor pattern, so in the pictogram that is above, the cervical extension is produced and
the musculature is activated and also the EMG click for the selection.
Selection of the following pictogram because of the contraction is produced but not the immediate relaxation.
Multiple selection of pictograms because of the muscle spasticity and no muscular activity relaxation.

*This mistake appears only in the initial test.

Table 6
Mistake categories, mistake mean and tasks completed for each mode of function for all DCP subjects

Initial test Final test
Head-mounted 9 Mistakes/subject 3.5 Mistakes/subject
interface + Dwell time 0/5 Tasks completed 4.5/5 tasks completed

Categories of mistakes (in both tests)

Not selected pictogram because of the impossibility of coming back to the neutral position of the calibration.
Incorrectly selected pictogram because of the impossibility of coming back to the neutral position of the calibration.

In the final test, after the eight days of training, both
subjects reduced remarkably the number of mistakes
made and were almost able to complete the five tasks.
Table 6 shows the mistakes’ mean and tasks completed.

3.4. Decision tree

The two stages of the validation with DCP have pro-
vided a general result that facilitates the selection of
the most suitable mode of control for each user profile.
The decision tree shown in Fig. 9 proposes an alloca-
tion process for the communicator access that is very
useful for professionals.

This tree has been created according to knowledge
of professional caregivers concerning the individual
motor control of each DCP user involved in the project
and the user’s experience of alternative devices to com-
puter access. It allows taking a decision about the best
mode of control according to the functional profile of
each user.

Three essential functional requirements are estab-
lished for the use of the system:

1. Voluntary muscular control is understood as the
following:
a. Intentional relaxation and shrinkage of a mus-

cle or group of muscles
b. A muscle signal can be registered
c. Carrying on usability criteria
d. With a delay between the command and exe-

cution inferior to 3 seconds.
If these requirements are not accomplished, the
user must be excluded from the system. Unfortu-
nately, the user is not able to access to the com-
municator through any device.

2. Cephalic relative control is understood as one or
more of these:
a. Making movements with the head in the X and

Y axes
b. At least with a range of 5 centimetres
c. Movement in the horizontal plane is not nec-

essary
d. Precision is not required but it is necessary for

the system one orientation identified.
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Fig. 9. Decision tree for an individual’s inclusion criteria.

If these requirements are not accomplished, the
user must be change the way of functioning. The
user is able to access the communicator through
EMG selection and automatic scanning.

3. Voluntary muscular control + cephalic relative
control is understood as the possibility of make
the two actions independent, i.e. doing the selec-
tion through a voluntary movement (EMG) with-
out it affectings the position/mobility of the head.
If these requirements are not accomplished, the
user must access the communicator through the
head-mounted interface and select the pictogram
with a dwelling time. If these requirements are
accomplished, the user must access the commu-
nicator through the head-mounted interface and
select the pictogram with the EMG.

4. Conclusions and future work

This study concerns the difficulty in accessing com-
puters faced by people with Dyskinetic Cerebral Palsy
(DCP), thus diminishing their opportunities to com-
municate or learn. The studies presented in this paper
aim to assess the usability and the suitability of two
input devices for people with DCP to open the pos-
sibility of increasing the autonomous communication
and interaction with their environment. Although there

are a wide variety of advanced interfaces for disabled
people, few studies are focused on controlling an in-
terface with the distinctive pathological movements of
the DCP, filtering the involuntary motion and fixing the
EMG signal recording for spastic muscles.

An iterative process reduced the time needed to re-
design the prototype and allowed us to know the im-
pact of each improvement done in the system usabil-
ity. The input devices and the communicator proto-
type were adapted for the initial test with people with
DCP after the evaluation of the tests performed by
nondisabled subjects. In the initial test we validated the
improvements achieved and identified new limitations
based on the lack of experience or training in the sys-
tem management. This reasoning led to the final test
where the subjects trained and were acquainted with
the system.

This study proves the feasibility of using alternative
methods to improve communication for people with
DCP and the relevance of a training programme to in-
crease usability. It was, for instance, the characteriza-
tion of the EMG pattern during voluntary contractions
that is required.

These tests allowed the identification of several
problems. Firstly, regarding the EMG signal the user
must have control of the voluntary muscle contraction.
Secondly, with regard to the head-mounted interface,
there is a difficulty returning to the calibration position.
Finally, regarding the HCI based on the head-mounted
interface, a relative mode control, which allows sub-
jects to reach the centre of the screen from any head
angle, might improve the usability.

According to the decision tree, the sample selection
of the subjects with DCP must be based on an indi-
vidual’s inclusion criteria according to voluntary mus-
cular control, cephalic relative control and voluntary
muscular control remaining the head position without
any pattern of alteration (e.g. extensor pattern).

This study showed the utility of filtering, calibration
and biofeedback systems to improve system efficiency.
Progress must be focused on intelligent systems that
detect dyskinetic patterns, and testing the devices in
real life conditions to analyse the effect of stress and
muscle overloading during extended use.

Future research in the development of devices aimed
at DCP subjects should improve their robustness to
minimise current difficulties, such as the limited con-
trol of muscle contraction-relaxation, the pace of
movement, and the difficulty of keeping the posture ac-
quired during prolonged use.
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