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Abstract. Several computing platforms and software today enable the user to
specify some adaptation decisions for the interaction techniques, styles, device s
and presentation styles to accommodate the broadest possible range of users
having varying behaviors , including users with special needs . However, these
adaptation decisions are mostly achieved by hand on a trial and error basis.
Moreover, these adaptation decisions are dynamically changing, depending on
the type of user and other parameters. The goal of the ER GOLAB software de­
scribed in this paper is to carry out ergonomic analyse s for children suffering
from cerebral palsy. These analyses are intended to provide results that would
help to take these adaptation decisions in a more rigorous and systematic way.
For this purpose, three interrelated aspects, namely perception, motor functions
and intelligence, are involved to identify, to evaluate the factors that would en­
able a particular child to adapt to software . ERGOLAB consists of three stages
divided into progressive levels where different exercises are proposed either in
initiation mode or in test mode. Two experiments are described .

1 Introduction

Nearly all existing computing platforms and software today provide several facilities
to tailor the user interface of the environment to the user's needs . These facilities of­
ten consist in adapting, refining , and customizing parameters governing interaction
techniques (e.g., drag and drop, point and click, data entry), interaction styles (e.g.,
direct manipulation , questions/answers, form filling) , interaction devices (e.g., mouse,
track ball, touch pad), and presentation styles (e.g., screen colors, icon size, font size).
The environment is expected therefore to accommodate the broadest range of human
abilities, requirements, preferences, cognitive styles, habits and conventions. Univer­
sal design [13] entails the consideration of all potential users ' abilities, skills, re­
quirements, and preferences, and seeks to proactively accommodate the result ing di­
versity in the user populat ion. It thus includes users with disabilities as an important
and equitable portion of the user populat ion.
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1.1 Goals and Aims of Adaptation

Adaptation decisions generally occur in the selection and the tailoring of alternative
modalities, depending on the type of user and/or the type of disabilities (e.g., auditive
feedback for visually impaired people, alternative interaction techniques for people
with motor impairment, speech generator for blind persons). Since extensive research
already exists in the selection and use of these modalities ([12,15] are among others).
our purpose would rather focus on how to adapt these selected modalities to a fine­
grained tune, depending on precise human abilities or disabilities.

First, these adaptation decisions are up to now mostly achieved by hand with the
facilities provided by computing platforms and software. For instance, in the Win­
dows '98 environment, accessibility facilities enable the user to:

1. Adjust the mouse pointer speed by specifying how fast or how slow it should be
(Fig . la). This adaptation decision is entirely achieved manually by assuming that
the user knows the required pointer speed and the corresponding value of the
slider.

2. Tailor the double-click speed by specifying the time interval between the two
clicks (Fig . Ib). This adaptation decision is entirely achieved automatically by the
environment by allowing the user double-clicking on a set object and by adapting
the speed accordingly. .
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Fig. 1. Controlling the mouse pointer speed (a) and double-click speed (b) in Windows '98.

Second, these adaptation decisions are basically tuned on a trial and error basis so
that the final adaptation decision is assumed to be the one wanted by the final user.
On one hand, these adaptation decisions are sometimes hard to specify for people
with disabilities. On the other hand, some people with disabilities are using device s
whose adaptation decisions are not supported by the computing platform. but by sepa-
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rate software, which is not so usable as the computing platform facilities are.
Third, these adaptation decisions are changing dynamically with time, user experi­

ence and usage of alternative modalities, devices so that the adaptation decisions do
not stay valid for a long time. The standard deviation of these changes with respect to
the mean is often large comparatively with the standard deviation of the parameters
for an able-bodied user.

Fourth, the default values proposed by computing platform facilities are generally
intended to accommodate the abilities of an able-bodied user, although they claim to
support other users as well, but without any guidance for this purpose. At least for
these reasons, investigating how these adaptation decisions can be taken to a fine­
grained tune in a more rigorous and systematic way seems important to us.

1.2 State of the art

Several works have already been conducted in the domain of adaptation decisions:
McMillan et at. introduced a rule-based advice-giving system about how to confi­

gure a computing system for users who have special needs [7]. It employs a simple
user model describing visual, cognitive, motor, and other abilities. Recommendations
are made about appropriate input and output devices, including screens, keyboards,
speech devices, and many others. The program was tested against professionals in this
field and was shown to agree with them about as well as they agree with one another.
Potential uses include advising those who configure computer systems.

Stephanidis et at. developed the USE-IT environment where these adaptation deci­
sions are automatically derived by the tool itself [1,12]. These decisions are taken in a
three-steps approach: (I) a reasoning about the user interface components which are
subject to adaptation, (2) a selection of possible adaptations for each component, (3)
a final decision on adaptations maximizing the user preferences. One important ad­
vantage of this environment relies on its ability to apply adaptation decisions on Ab­
stract Interaction Objects (AIOs), which form an abstraction of identified user inter­
face component [15], rather than directly on the concrete components themselves.

Keates et at. conducted experiments to identify the differences between adaptation
decisions for able-bodied users and for motion-impaired persons [6]. From these re­
sults, they developed a methodology for the design of adapted user interfaces.

1.3 Our current work

For several years we have been developing software designed to assist persons with
disabilities [3,4,8,9]. The software described in this paper, ERGOLAB, is the result of a
joint effort involving the Computer Science Institute and the Psychology Department
at "Facultes Universitaires Notre-Dame de la Paix" and the Cerebral Palsy Depart­
ment of the Kremlin-Bicetre Hospital in Paris [8]. This software may either serve to
help a mentally handicapped person in performing daily tasks (e.g. keeping accounts,
planning meals, making purchases) or take the form of didactic or even therapeutic
games (e.g., knowing about one's body, puppet-show game). The last mentioned is
intended for children suffering from cerebral palsy whereas the other programs have
been designed for adults. The methodology employed to design the software consists
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in:
• Defining the users and the purpose of the software .
• Setting up as exact as possible a schedule of conditions with instructors.
• Producing screens.
• Trying out the first version of the screens on a few users.
• Making correction to the screens and linking them together.
• Evaluating the end product, making particular use of questionnaires.

As the population concerned is very varied and as what may suit one user does not
necessarily suit another , we solved the problem by introducing software parameters
(e.g., sound speech rhythm, mouse speed , mode of data introduction, precision of tar­
get to reach). Nevertheles s, there still remained the problem of regulating the parame ­
ters .

Moreover, despite the help provided by the therapists who know the users well, it
is no easy task to work out these individual capabilities when put in front of a com­
puter : what are they able to do? Can they operate a mouse? Can they understand how
scrolling or a pull-down menu works? Etc. This gave rise to the idea of creating soft­
ware to diagnose a person's capab ilities in respect of a computer with a view to facili­
tating the creation of other programs and their parameters. This software will also
provide figures to adapt the currently existing facilities to tailor the modalities of a
particular computing platform or other piece of software .

The idea took shape when the Cerebral Palsy Department at the Kremlin-Bicetre
Hospital experienced several troubles using the different modalities provided by these
computing platforms and their adaptation facilities . This department makes consider­
able use of computers in teaching handicapped children but comes up against a seri­
ous obstacle when trying to decide on the appropriate interface, the appropriate mo­
dalities, interaction devices and their parameters.

ERGOLAB, a software for carrying out ergonomic analyses and intended for chil­
dren suffering from cerebral palsy, has been developed to address these issues . It
helps, for a particular child with multiple deficiencies, to determine the objective,
technological features that need to be introduced and adapted . In this way, it is ex­
pected adaptation decis ions be taken in a more rigorous and systematic way than sim­
ply by hand . It is aimed at helping therapists to decide these adaptations according to
experimental results provided by the ERGOLAB test bed.

1.4 Cerebral palsy and computer as a technical aid

The term cerebral palsy is employed here to cover the consequences of a cerebral le­
sion occurring prior to birth. The infant with cerebral palsy retains the after-effects of
the inter-related deficiencies; the extent to which he will in fact be able to compensate
for them will vary. The child with cerebral palsy learns to act differently, adopting the
most effective strategies put to him, and perhaps off-setting particular deficiencies by
means of individualized technical aids. Among these technical aids, the computer is
first and foremost employed as a communication tool. It is highly valued in an educa­
tional context where it makes up for lack of knowledge of know-how, especially writ­
ing.
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2 ERGOLAB: ALaboratory of Ergonomic Analyses

ERGOLAB allows the child's ability to grasp and handle the information presented on
the screen to be studied, as well as its behavior with respect to the computer tool. It
must be seen as part of the evaluative methodology developed by Prof. Tardieu in the
Cerebral Palsy Department at Kremlin-Bicetre Hospital, which in turn forms part of
the much larger project of Therapeutic Education. The latter focuses on the child and
combines a particular education with analytic forms of therapy, which may be global
or functional and are prescribed. The "factorial" evaluation underlying Therapeutic
Education identifies the causes of the observed disorders, their relative responsibility
for the disturbed function and the possible forms of treatment. The faculties required
to perform the tasks proposed by ERGOLAB involve three aspects that are closely in­
terrelated, namelyperception, motor functions and intelligence.

ERGOLAB is therefore most particularly useful to ergo therapists, whose work is to
evaluate functional capabilities and handicapsituations as well as to study ergonomic
improvements and functional learning.This software consists in four features:

1. Everything is reduced to essentials. The software is intended to support evaluation
of interaction techniques, not learning them. That is why any playing portion is in­
tentionallyexcluded and the drawings have been made as simple as possible so as
to allow the child to concentrate on the task in hand. Any kind of distraction is
avoided. His might make certain screens seem slightly off-putting at first sight,
but it is intended in order to avoid any interference in the evaluation. It is also
with this end in view that the controls not directly related to the actual test are
made accessible only to the instructorand do not appear on the child's screen.

2. There is no progression . The exercises are progressive in the sense that they are
presented in three stages, each stage being divided into several levels and each
level capable of comprising several exercises. The tests range from the simple
click in response to a concrete or abstract stimulus to manipulating an object such
as a pull-down menu having two dimensions or even a circular structure. The
therapist has, however, the possibility of beginning where he wishes and of skip­
ping certain exercises.

3. The software is bimodal. Each exercise exists in two modes: (I) an initiation mode
when the instructorexplains the test to the user and in the course of which the lat­
ter may receive training; (2) a test mode during which no explanation is provided
and certain statistical data are recorded. A different color background is used to
distinguish the two modes: gray for the training,white for the test.

4. Data are recorded. During each test, data are recorded for future usage. These
data obviously depend on the test in question. The data relate to pressing down
time, response time, numberof errors, mean, standard deviation, numberof clicks.

The rationale behind the exercisesdesign is driven by two elements: the experience
with children with cerebral palsy of the therapistsof Kremlin Bycetre hospital and the
tasks to be performed with standard software. From the abilities necessary to perform
tasks in standard software, therapistshave derived simple exercises to test these abili­
ties, separately and systematically [2].
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3 Description of the Stages

This section summarizes the different exercises proposed. Exercises are structured in
stages, which are further decomposed into several levels of difficulty [10]. For more
details, we refer the reader to [2].

3.1 Stage 1: Pressing the Contactor

This stage measures the possibility of reacting to a stimulus by pressing down on a
mouse contactor (usually, the main button) . At level I. the exercise tests the simple
click, i.e, pressing down on the contactor as soon as an abstract (Fig . 2a )or a concrete
visual stimulus appears on the screen (Fig . 2b).

Fig. 2. Pressingthe contactorin reaction to a visual abstract(a) or concrete(b) stimulus.

At level 2, the exercise consists in testing maintaining the pressure on the contac­
tor, i.e. pressing down on the contactor until an abstract or a concrete object has
reached its target (Fig. 3).

Fig. 3. Pressingand maintaining the pressure on the contactor.

At level 3, the exercise is testing the scrolling activity. A cross is presented in a
square. A frame moves sequentially from one square to the next one, at a certain
speed . The user has to select (to press the contactor) when the frame is around the
square with the cross . The scrolling may be horizontal (Fig. 4), line/column or quad­
rangular. Scrolling speed is adjustable. This type of test is very important as certain
children with cerebral palsy interact with the computer only by means of scrolling de­
vices. The test enables, among other things, scrolling speed to be adapted to any soft­
ware used in the future .
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Fig.4. User selection of a figure from a scrolling sequence

4.2 Stage 2: Screen Navigation

This stage measures the ability to move the cursor about in the screen space using an
indirect method like mouse, trackball, head-mounted mouse, etc. At levell, several
exercises are proposed to evaluate the ability of navigation through moving and des­
ignating moving targets. The first exercise enables the user to designating a target us­
ing the current cursor. The target appears at different places on the screen (Fig. 5).
The exact position or distance from the position of the cursor at the moment of the
"click" to the center of the target is recorded. This allows the size of the targets to be
adjusted in further test. This test also provides information about the size needed for
the squared objects employed in other applications . The second exercise is similar to
the first one but this time the size of the square is determined by the user's perform­
ance in the preceding exercise and the traced path pattern is recorded as a series of
points reached by different intervals of time..

Fig.5. Designating a target using the cursor.
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At the end of the test, this traced path can be displayed (Fig. 6) and printed . There
is no learning phase for this test. As observed [6), there is a cyclic combination of bal­
listic phases (consisting of rapid mouse movements) and homing phases (consisting in
reaching the target precisely). Fig. 6 shows the importance of the homing phases,
while ballistic phases seem to remain similar to those of able-bodied users.

Fig. 6. Record of the mouse pathon the screen.

At level 2, several exercises are proposed to test the moving of an object so as to
place it correctly at foreseen places. These exercises require good manual and visual
coordination. The first exercise at this level is based of a section of a racing-car cir­
cuit. The screen displays a circuit from which one or more sections have been re­
moved. A piece is provided at the base of the screen (Fig. 7). The task is to move the
cursor and place it on the piece, to move the piece while moving the mouse and, by
keeping it pressed down, put it where it belongs on the circuit. When the part has
been correctly placed in position. the child releases the pressure on the mouse and
confirms its selection by clicking on the appropriate screen button .

Fig. 7. Racing-car circuit.

Exercises two and three at this level were inspired from the Gesell board (Fig. 8)
[14) where one or all the forms displayed have to be placed in one position or several.
The moving about principle is the same as before but it is a matter of recognizing the
geometric forms.
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Fig. 8. Test inspired by the Gesell board.

In these two exercises the therapist can observe the plan of action and the strategy
employed by the child to place each figure. For certain children, the multiple type of
placing the forms is complicated, depending on the visual strategy they employ . The
fourth exercise at this level was suggested by the Terman-Cesselin tests [14] and is
also based on geometric figures , which have to be recognized and moved (Fig. 9). For
each of the four exercises, the child is allowed a margin of accuracy in respect of the
spot where the object must be placed. The length of the training, the test duration, the
response time, the pressing down time and the number of times that the child releases
the button on the contactor before finally placing the object are all measured and re­
corded . The screen captures allow the instructor to note the child's accuracy as well
as the mistakes made.

Fig. 9. Test suggested by the Terman -Cesselin tests.

The level 3 focuses on the activity of linking up points by pressing on the contactor
while moving the cursor on the screen. A line appears from the starting points to the
point reached (Fig. 10).

Fig. 10. Linking up points.

4.3 Stage 3: Controlling Hidden Information

In the exercises at this stage, part of the useful information is hidden, the aim being to
display the information being sought by employing pull-down systems . At level I, a
linear structure is tested. To illustrate the notion of "preceding" and "following" (or
"previous" and "next"), the screen displays a book, whose pages must be turned, first
by clicking on the lower right-hand corner of the book, then by clicking on the arrows
situated outside the book (Fig. II ).
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Fig. 11. Book featuring a sequential story .

At level 2, the task consists in finding among a set of square figures of different
shades the figure that matches the proposed model item. The squares are displayed by
means of pull-down bars and arrows. Three exercises are provided: a horizontal or­
dering of the figures of different shades, vertical for figures of different sizes or rec­
tangular for figures ordered horizontally from lightest to darkest and vertically from
smallest to largest (Fig. 12).

;<=1. .... 0 .._ .,., _. I=>I

Fig. 12. Series of squares and user selection of a square in lD .

A model is provided and the child must find the right square in the picture, which
may be one- (Fig. 12) or two-dimensional (Fig. 13) by moving the only visible square
using the pull-down arrows.

Fig. 13. User selection of a square in 2D.

The level 3 is similar to the level 2, except that information is conveyed in a circu­
lar structure . The test is to find a number in a circular structure part of which is hid­
den. A number is proposed on the top of the screen. The first exercise allows the
wheel to be moved by clicking on the hands. In the second exercise, it is no longer
possible to click on the hands; instead, the child must click on the arrows placed at the
bottom of the screen (Fig. 14).
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Fig. 14. Circular structure with arrows (a) and handles (b).

5 Experiments

The ERGOLAB software is regularly used at the Kremlin-Bicetre Hospital. Two very
typical cases are here described to depict how ERGOLAB can be useful to evaluate the
usage of interaction techniques and to decide adaptation accordingly.

5.1 Dominique (Aged 11)

Dominique is severely handicapped. He is kept stable and protected from orthopedic
deterioration by a corset-seat with head cap and leg extensions. He moves about in an
electronic wheelchair to which this protective ensemble is attached . As he does not
have sufficient hand control, he operates the control lever by means of a head­
mounted mouse . Since he cannot speak, he communicates using speech synthesis by
means of the head-mounted mouse.

He is using communication software in BLISS code, a kind of abridged picto­
graphic writing . Its use requires memorizing sequences of dual entry tables . On sev­
eral occasions Dominique has performed the first stage of ERGOLAB (pressing on the
contactor). ERGOLAB has enables the best environment to be worked out for Domi­
nique (Mouvement Site Interface Positionnement). This MSIP is linked to determin­
ing the part of the body that is best controlled and choosing a means of access accu­
rately positioned for using it. This concept was originally in the Motor Evaluation
software developed in the early generations of Apple, the value of which influencing
our adopting it.

After comparing the reliability of various types of contactor, we decided on a re­
mote control cable from the left temple, which could nevertheless be sued in a resting
position, by leaning on the support at the nape of the neck. It should be noted that the
results are very variable according to the environment, reflecting a very marked ten­
dency to fatigue in respect of internal and external occurrences.

The test at level 3 (two-dimensional scrolling) has enables the speed of the auto­
matic scrolling to be regulated .
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5.2 Stephane (Aged 10)

Steph ane was a premature dyspraxi c baby, i.e. he experienced cerebral lesions, which
prevent him coord inating several operations involved in spatial relations. On the other
hand , his language development has been normal and psychometric assessment using
the Zescher scale (WESC) shows a clear superiority of verbal intelligence quotient ,
which is normal , over visual-spatial performance quotien t, which is at least 20 points
lower. Dyspraxia disturbances are accompan ied by visual problems (e.g., distinguish­
ing a figure from its background, constancy of form). The computer provide s many
advantages for this type of handicap, as

• The visual field is restricted .
• The child can manipulate information in standard and comprehensible fashion.
• Action space and representation space are kept well apart.

However, one can imagine that the usability of the screen of a program is of vital
importance in this case . At 8, Stephane was reading simple texts but was unable to
copy an oblique line and produce a triangle. He could transcribe only a few letters but
could find them using a keyboard . Two years later, as a result of patient teaching, he
can use the must of a simple word processor adapted to his abilities, record and find
his files. He uses a trackball and sometimes even the ordinary mouse, but which he
revolves very strongly without attempting to hold straight.

Steph ane has performed all the tasks provided by ERGOLAB. He has, of course, ex­
perienced the greate st difficulty with the navigation tasks (stage 2). In order to better
foresee the path to be taken , we recommended the use of a trackball equipped with a
braking system, which limits its force. The occupational therapist has noted a sudden
loss of attent ion at a certain level of difficulty when the child disconnects. Through
the stage 3 exercises, Stephane has been able to understand how pull-down menus
operate, although it was not our intention to teach him this at the outset. These scroll­
ing menus and windows are based on the Macintosh style guide with Human Inter­
face guidel ines applied [5], without him having understood them before, but through
short, interlocking exercises of progressive difficulty, he was better able to under­
stand their working.

6 Evaluating the Software

To evaluate ERGOLAB, we decided to take a group of non-handicapped children , as
this would allow us to have a large and more homogeneous group; actually , the popu­
lation of handicapped children with cerebral palsy is very heterogeneous, which
makes it difficult to reach sound statistical results. This evalu ation enables us to de­
tect inconsistencies or gaps in the proposed software. Of course the results of this
study will not be entirely applicable to the case of children with cerebral palsy but we
think that if some exercises appear to be not adapted and too difficult for non handi­
capped children, they will be also not suited to children with cerebral palsy.

Experimentation is far from finished but a study involving a score of children aged
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between 2 years 8 months and 7 years has already provide a number of interesting re­
sults . Exercise 1 of level 2 (screen navigation), which consists in moving part of a cir­
cuit to the correct spot, appears more difficult than exercises 2 and 3 which , however,
require geometric forms to be recognized. The reasons for failing to perform this ex­
ercise are of two kinds :

• To put back certain sections. it is necessary to cross the circuit; if there is no pedes­
trian crossing, many children do not dare to do so!

• For certain exercises. several sections are missing and it is not easy to see where
the part provided should go: many children proceed by trial and error ; others do
not notice that the part is incorrectly placed . This exercise will, therefore, have to
be rethought.

Level 3 of the same stage (linking up points) has a serious defect: the point indicat­
ing the spot where the pointer controlled by the mouse is situated is scarcely visible ,
especially during the training phase because of the difficulty in distinguishing it
against the gray background. This emerged even more clearly in trials with handi­
capped children, the difficulty being accentuated when the child's movements were
uncoordinated. This defect is unfortunately due to the development environment and
has not yet been corrected. Other less important defects also came to the surface, such
as the need for training phases and intermediary exercises for stage 3 (controlling hid­
den information) . We should also note that the gray shades are not always clearly dis­
tinguished, this not necessarily depending on age.

ERGOLAB is now currently used in different institutions for disabled children.
These children do not have necessarily cerebral palsy. For example, some of them are
trisomic . Therapists told us that ERGOLAB can give good help to measure the differ­
ent use parameters (reaction time, scrolling speed. etc) and to know more preci sely
what are the difficulties of a particular child . After that, they use commercial software
like KENIX to adapt the computer parameters to the child abilities.

7 Conclusion

Although ERGOLAB is not complete , it provides a hierarchy of exercises structured
into 3 levels (Fig. 15). We have been able to appreciate its usefulness not only with
children with cerebral palsy, but also with children with other handicap or even with
non-handicapped children . We think that the software is useful in the following in­
stances:

• In choosing a technological environment and computer configuration for a multi-
deficient child ;

• In regulating the parameters of existing programs for a given child ;
• In choosing software well adapted to the cognitive abilities of the child ;
• In specifying new software , which would be targeted for specific users .

Various other tests must be incorporated into ERGOLAB: we are currently working on
defining tests that will enable us to check a child's ability to use various types of
menu. We would again draw attention to the fact that, when evaluating, we were able
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to appreciate the pedagogical quality of certain tests: this prompts us, therefore, to de­
sign another software which would be more software for learning basic forms of ma­
nipulation that would serve as an introduction to standard software. ERGOLAB could
also provide a useful aid for consolidating and formulating context- specific accessi­
bility guidelines [11]. The development of this important problem is beyond the scope
of this paper and will be addressed in the future
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