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Abstract. The objective of our work is to adapt a new user-centered design
(UCD) methodology in the field of design of assistive systems for multiple dis-
abilities people who live in specialized care homes. We have adopted a specific
approach by integrating clinical data interpreted on these people with multiple
disabilities by medical and social staff. This is a new approach to remedy their
difficulty in identifying and/or expressing their needs for assistive technologies.
We will show through a case study how these clinical data have enabled us to
design high-fidelity prototypes for communication and environmental control
devices.

Keywords: User Centered design; interaction technique; multiple disabilities;
clinical data; ecosystem

1 Introduction

User-centered design (UCD) is a design approach where the specific needs, expecta-
tions and characteristics of end users are taken into account at each step of the product
design process. The standard 1SO 9241-210 [1] (See Fig. 1) has defined the steps for
implementing this approach. It is based on the hypothesis that end-users are best
placed to express their needs, participate in the design, evaluate and use the interac-
tive system, until the needs and requirements expressed by users are met. The rele-
vance of the UCD is well established [2]. However, expressing needs is quite impos-
sible for end user with communication difficulties. In addition, there is an emerging
stream of consideration of deficiency characteristics in the design process. Several
approaches have been studied to involve people with disabilities in the design process
and to consider disabilities data. These approaches are reported in the related work
section of this article

The aim of this article is to illustrate how clinical data and the profile of the person
with a multiple disability impact the prototyping phases of the user-centered design



method. To answer this question, we will describe the implementation of the user-
centered approach, focusing on the clinical data acquisition scales and how we used
them in the prototyping phases. We will illustrate this approach with a case study for
a person with multiple disabilities. We will end our article with a discussion on the
consideration of clinical data in the UCD process.

2 Related works

In the context of the design of assistive technology systems, User Centered Design
(UCD) tools and methods may not be appropriate [3] for the participation of people
with multiple disabilities. The team of Antona et al. [3] evaluated a set of methods
and techniques according to two main criteria: (disability and age) and a set of .sub
criteria (sensory, motor and/or cognitive impairments). Each of the methods is then
qualified as “v"Appropriate”, “M Needs modifications and adjustments”, and “[X] Not
recommended” (See table 1). Ritter et al. [4] proposed a human-centered approach
based on how human capacities are affected during direct interaction with the interac-
tive system itself.

Plan the human-centred
design process

Understand and speclfy
P the context of use

Designed solution
meets user requirements

rwhere ——
T~

/" appropriate
/ pprop \\

ra
/4 A
'\
Evaluate the deslgns \\ Specify the user
against requirements \ requirements

Produce deslgn solutions
to meet user requirements

Fig. 1. Interdependence of user-centered design activities according to ISO [1].

Several research studies have proposed adaptations of the implementation of the
UCD method. The works [5], [6], [7] and [8] showed that the participation of people
(family, medical and social workers, etc.) close to the end users was beneficial in
the design of prototypes meeting their needs. Guffroy et al [8] defined the concept
of ecosystem, which represents this whole human environment (professional and
sometimes family caregivers). Roche et al [9] proposed AMICAS (Innovative



Methodological Approach to Adapted Systemic Design), which aims to take into
account the analysis grids (context, profiles, and characteristic action situations) of
people with multiple disabilities by matching them with the situations of use in or-
der to identify which tasks users can perform and describe the difficulties encoun-
tered.

Table 1. Summary of User Requirements Elicitation Methods [3].

User Requirements Elicitation Disability Age

Cognitive/ .
Communication Children Elderly

Methods and Techniques Motion  Vision Hearing
Brainstorming

Direct observation

Activity diaries and cultural probes
Survey and questionnaires
Interviews

Group discussions

Empathic modelling

User trials

Scenarios and personas

Prototyping

Cooperative and participatory design
Art-based approaches
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Other work shows the importance of disability [10] or health [11] data to develop
ontologies. These are used to design, for example, adapted systems for generating
therapeutic programs [10] or for the adaptation of assistive technologies [11]. It is in
this trend towards taking clinical data into account that our approach to the design of
communication assistive devices for people with multiple disabilities is based, for
whom the evaluation and characterization of their capacities can be difficult and can
evolve over time. We are planning to implement this methodology for the design of
OUPSCECI assistive technologies (AT) for communication and environmental con-
trol. The OUPSCECI AT consists of a virtual interface (see Fig. 6, Fig. 7) and a con-
trol box for the interaction devices (see Fig. 5).

3 Implementation of the CCU approach

The study population concerns adults and children with motor and severe mental im-
pairment, associated with various disease (behavioral disorders, sensory disorders, (no
or little written and/or oral language), hosted by a specialized care homes (SCH) or by
an institute for motor skills development (IMS). According to the professionals in-
volved, these residents suffer from social isolation and loneliness, a sense of power-
lessness and a reduced self-image. They need assistive technologies to communicate
with their ecosystem. In addition, this population is composed of people who have
difficulty expressing their needs due to the nature of their disability. The abilities of
the residents in the sense of ICF (International Classification of Functioning) [12] are
constantly evolving (worsening of disabilities, appearance of associated disorders,
etc.). This potential change in capabilities confronts us with two challenges: the adap-
tation of user requirements and the adaptation of assistive technology to meet the
changing needs. To address these challenges, we have implemented the UCD ap-



proach of 1SO 9241-210 [1] in which we will demonstrate the importance of observa-
tional methods, including the contribution of both clinical scales and ecosystem ex-
pertise in all stages of UCD (see Fig. 2.) for people with multiple disabilities.
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Fig. 2. Interdependence of user-centered design activities according to 1SO with the
role of the ecosystem (in blue) and the role of the data used (clinical data) or produced
(design sheet) (in red).

3.1 Understanding and specificity of the usability’ context

For this study population, a set of observational tools was used by occupational thera-
pists, psychologists and a psychology student with the objectives of assessing motor,
communication, memory span, visual attention, reasoning and learning skills. This set
of tools is composed of:

- The Corsi's test [13]; It measures the person's visual-spatial memory span; this will
allow us to define the level of depth (sub-menu of the virtual interface) of the assis-
tance system;

- The ComVoor tool [14]; It allows us to evaluate the perception and representation of
stable mode of communication (objects, images, pictograms and written). For our
design issue, the ComVoor tool makes it possible to define which form of communi-
cation is most suitable and at which level of meaning attribution the communication
can be implemented;

- The ECP (Polyhandicap Cognitive Skills Rating Scale) [15]; It measures cognitive
abilities (attentional, communicative, learning, reasoning and spatio-temporal) as well
as social, emotional and autonomy abilities for people with multiple disabilities. For
design purposes, the ECP scale makes it possible to define the complexity of the inter-



face (e.g. number of items per menu level, which mode of communication, etc.) ac-
cording to the learning and reasoning abilities of the person with multiple disabilities.
During the evaluation phase, the ECP will also aim to qualify the evolution of social
and emotional skills during the appropriation phase of the assistive technologies;

- A clinical rating scale for the flexion-extension of long fingers using the Kapanji
scale [16]; this scale gives recommendations for the choice of the interaction device
according to the flexion and extension skills. This measurement is supplemented by
an indication of the grip force estimated by an occupational therapist as well as rec-
ommendations (type of switch recommended, body parts allowing interaction, ergo-
nomics of tablet setting on the wheelchair and so on).

A functional analysis grid completes these measures. This grid is an adaptation of
the ABC (Immediate Antecedents, Behavior, and Consequent Context) behavior func-
tional analysis grid [17]. It aims to describe the modalities of communication behav-
ior, to understand the context, in which the participant's communication and/or inter-
action behavior appears, as well as its nature and modality, and then the responses
provided by his ecosystem. Moreover, the grid allows the identification of daily activ-
ities and interests and will eventually allow the specification of the functionalities of
the CECI (Environmental Control and Integrated Communication) high-fidelity proto-
type that will be designed with the SoKeyTo design platform [18]. The Fig. 3 illus-
trates how the clinical data are used to provide the design sheet.
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Fig. 3. Clinical data and their use in providing specifications.



3.2 Specifying the user’ requirements

For the 9 study’s participants, three focus groups were set up. Each of them deter-
mines the needs for 3 participants living respectively in 2 SCH and one IMS The ob-
jective of these Focus Groups was to be able to interpret the information provided by
the evaluation scales and translate them into needs and interface features. These Focus
Groups consisted of a psychologist, an occupational therapist, two Master 1 students
(psychology and Human Computer Interaction) and three senior HCI researchers. The
medico-social staff previously interpreted the scale information to present their func-
tional recommendations and the HCI researchers proposed interaction specifications
(interaction modes, interaction techniques, user feedback, interface layout, etc.). Arbi-
tration were made on the proposals between the two fields of expertise in order to
arrive at a needs sheet for the specification of assistive technologies that is best suited
to the needs and abilities of the person with multiple disabilities.

3.3 Prototyping of OUPSCECI virtual interfaces

From the requirements sheet established, high-fidelity prototypes have been made
using the SoKeyTo platform [18], which allows to define the features of the virtual
interfaces. These are the size, shape, icon returns and interaction techniques, the num-
ber of items and the number of levels in the interface. The versions of the first and
second level of the virtual interfaces are submitted to the occupational therapist for
testing and feedback to the design team until approval. A videoconference between
the psychologist and occupational therapist and the three HCI designers takes place
every two weeks. The various design specifications are arbitrated during these pro-
gresses of the discussion. The HCI and designers and the medical-social team meet in
focus groups on request within the establishments. We propose to illustrate the steps
of the UCD of participant P1.

3.4 Prototyping of the control box of interaction devices

The diversity of people with motor disabilities means that they need access to a com-
puter with several types of devices. In relation to this diversity and the results of the
assessment scales, occupational therapists were asked to have the option of using
either a joystick, touch and/or ON/OFF switches for validation. Based on this, we
developed a prototype circuit board (see Fig. 4) in order to be able to connect these
three types of interaction devices. The interest of this control box is to allow the oc-
cupational therapist to refine these device choices and their settings for the person
with a disability. That is to say, to be able to test other interaction devices and to con-
figure them by means of software. This device is composed of a Teensy 3.2! micro-
controller because it implements touch input pins that allows touch interaction for
people with little strength.

L https://www.prjc.com/teensy
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Fig. 4. Control device system architecture.

On this microcontroller we have connected a joystick and four jack type connec-
tions. These allow up to four switches to be connected. This option makes it possible
to connect a maximum of four contactors depending on the residual movements of the
person (palm of the hand, finger, head movement, etc.). Our device has been devel-
oped with the open-source Arduino language.

4 P1 CASE STUDY

4.1 Profile of P1

P1 is an adult person with cerebral palsy, without written and oral expression. P1 uses
a foot control device, with five switches, to control his electric wheelchair (see Fig.
5). He has athetotic movements in his upper limbs but there are fewer of them at foot
level. The movements that P1 can control are:

- On the right with switch above the buttons of movement of the wheelchair: 30
press of the button per minute;

- On the left with switch on the footrest on the left of his left foot: press of the button
per minute.

Currently, he communicates using a paper’s notebook, designed by the medico-
social staff of his place of live. It is used with a third person who slides his finger over
the various pictograms in the communication notebook to help him express his needs.
The choice of the pictogram is validated by the nodding of your head. These picto-
grams are listed according to eleven categories: feelings, body, grooming, clothing,
family, questions, activities, objects, colors, SCH personnel and life events.



Fig. 5. Control device for the P1 chair and the OUPSCECI interface. The four grey
buttons are used to control the wheelchair and the two yellow markers for "'l want to
talk to you" and "Please grab my communication notebook". The last red ON/OFF
switch on the right end will be used for the virtual OUPSCECI interface of P1.

4.2  Needs Sheet

The request of P1's ecosystem is that his paper’s communication notebook should be
integrated into the digital interface, in which there will also be a home automation
part (music management, television control, access to his calendar), functionalities
identified in the functional analysis grid.

Table 2. Specification sheet.

Interaction

Scales Features Choice made
components
Kapanji Device Control device Foot pedals
Plhyswal selection 1 to Yes
. . Scanning strategies Yes, Read direction
Kapanji, func- Interaction 9 9
tional analysis techniques

ComVor, Corsi,
ECP, eye track-
ing

Visual represen-
tation

Pointing technique
(finger, stylus, mouse)
Validation principle

Layout

Item number

No, none

Yes, button push
Line/column (affordance of
the paper communication
notebook)

6 or 9 per screen



Icon Shape Rectangular with Highlight-

ing edge
Icon size 5cmx5cm
Color preference Primary
Object characterization v
- es
capability
Maximum number of 5
levels
Visual Ye
Textual No, no mastery of language
ComVor, ECP Feedback
Sound Yes
Multimodal Yes
Functional Ana- . .
lysis, eye track- Device setting Tablet under windowxs Anywhere, preferentially in

ing the visual field, at a distance

Table 2 illustrates how the information from the various clinical scales impacts the
specifications for prototyping. For example, the ComVoor tool informs us about the
categorization capacity and the ECP about its learning capacity: this translates into the
fact that a given screen will be composed of a maximum of twelve pictograms relat-
ing to a topic and seven navigation pictograms in the OUPSCECI virtual interface
(see Fig. 6, Fig. 7). Similarly, the value of the Corsi test indicates that we should not
go beyond five screen pages (submenus), but this should be confirmed during the
interface appropriation phase for P1. The ComVor and Corsi tests advocate highlight-
ing the contours of the pictograms (of the line, column or only pictogram of the line,
column) in order to distinguish them from the others. On the other hand, validation
tests carried out by the occupational therapist have shown that it is preferable to vali-
date the selection when releasing the switch.

4.3  High-fidelity prototypes

We have designed two versions of the high-fidelity prototype (VO and V1) of
OUPSCECI's virtual interface with the platform SoKeyTo. The first prototype was
composed of only three rows and three columns (See Fig. 6, as illustration) for each
interface level. The selected pictograms were those of its paper’s communication

notebook. The last line was made uE of navigation pictograms (previous , hext

and return to topic selection ). The scanning strategy was a line/column
scanning strategy with a scanning speed of 3,5 seconds. Validation was effective
when the button was pressed with the right foot of P1. However, the choice of the foot
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to be used for navigation and pictogram selection is not yet defined. This choice will
require pressure and release tests in real situations during the appropriation phases of
OUPSCECI. Table 3 reports advantages and disadvantages depending on the pressure
foot after preliminary trials carried out by the occupational therapist. In addition, tests
to determine the foot for which movements are best controlled should also be carried
out real conditions. The first trials conducted by the occupational therapist led to dis-
cussions and modifications to take into account his cognitive and motor abilities in
next versions of the OUPSCECI virtual interface.

) Claviet Vitue! PY - 0 X

Fig. 6. Example of the OUPSCECI virtual interface of P1 (version 0).
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Table 4. Advantages and disadvantages depending on the pressure foot.

Switch on the left foot Switch on the right foot

Advantages Advantages

- Better control in movement repeti- - More possibilities for positioning the

tion switch.

- Fewer unrestrained movements - P1 prefers the right side because he
Disadvantages feels more precise.

- Limit the positioning by the wheel- Disadvantages

chair's switches - Less control in the repetition of

- Risk of two presses of the button movements.

(wheelchair switch and OUPSCECI - More unrestrained movements

application switch)

Précédent (D Retour Suivant
o . 57 ) e
J'ai un Je pose A A racJonte
¢ b probléme une ¢ & uelque
question m thoE;e
X JAIAIA_psh IR Je e me suis
Je me Arréter / @ !
@ sens / j'en ai S -E, raﬁs\gte Satee
ressentir marre blague
Je veux e veux
9 e . J Je ne ' Retour
= montrer % Ve pas . gl
quelque
“-’ chose
Oublier, Q Avoir A
on a une idée faire
oublié quelque
. gualgiie chose

Fig. 7. Example of the OUPSCECI virtual interface of P1 (version 1).

In version 1, the interface displayed currently consists of three blocks:

- 1% line (in yellow), navigation pictograms (previous: return to the previous interface
of the same pictogram topic; next: move to the next interface of the same topic and
back: return to the screen of the 11 pictogram categories;

- 4™ column (in yellow), pictogram of choice of the communication theme; pictogram
signifying a choice error; return to the first level of the interface with a choice be-
tween three pictograms ("'l want to talk to you" which is intended to indicate to the
interlocutor that P1 wants to talk; "communication" pictograms” and "home automa-
tion" pictogram).

- The central block composed of 4 lines / 3 columns is made up of communication
pictograms. Table 5 gives the meaning of the pictograms. To facilitate communication
between P1 and her caregivers (family and professional) a textual description was
added. The navigation pictograms have been moved to the first line for easier access
(time saving).
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Real-world trials will be required to define whether pressure or release is used as a
validation technique to select a pictogram. The muscles involved in each movement
(pressure or release) are not the same, so each action does not mobilize the same mus-
cles:

- Validation by release essentially involves the levator muscles of the foot;
- Validation by support requires the mobilization of several muscles and more coordi-
nation.

Table 5. Pictograms and signification.

Previous @ I'm felling
= - .
q Back @ I m tired something
Next I'm telling a joke.

Topics @f“’ I want to show something
@ﬂ I was mistaken » | want
i
@ Home >{ I don’t want
4
a Others ® To forget, to have forgotten
e something
@” I have a problem & Have an idea
= N
I'm asking a question Iﬁ;gﬂ | want to show something

I’'m telling something

These three blocks were chosen because they allow the pictograms to be categorized
(navigation, central communication or environment control block, change of topic or
mention of an error). This layout has been retained because P1 has characterization
capabilities under development. Ongoing tests carried out by the occupational thera-
pist show that the representation of the interface is suitable even if the number of
items is greater than initially envisaged by the ECP scale (from 9 to 12 for the central
block).

A feedback (red, primary color suggested by ComVor scale) mentions that the pic-
togram block or the current pictogram depending on the scanning strategy chosen for
P1. The text description of the pictogram by means of text-to-speech can be activated.
Several scanning strategies (block by block, or row/column) and several selection
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modes (row by row and then block by block or block by block) are being evaluated.
All these configurations can be modified in the profile file of P1.

5 DISCUSSION/CONCLUSION

Designing assistive technologies for the benefit of a population of multi-disabled
users living in institutions involves the implementation of a UCD. Our approach is to
integrate clinical data in addition to the needs. Considering the lack of oral or written
language, our approach integrates needs expressed by the ecosystem and when possi-
ble by end-users himself or herself The case study presented here has allowed us,
through a concrete case, to validate the relevance of this approach and to better under-
stand the contribution of clinical data in the two design phases (understand and speci-
fy the context of use and prototyping phases). These clinical data will also be used by
occupational therapists to adapt the assistive technology to daily life. They will be
supplemented by data from the log analysis of the use of the technical aid and ecosys-
tem interviews. The real contribution of these data sources will be measured during
the phase of appropriation of the assistive technology and its adaptation to the re-
quirements of the person with a disability. Moreover, each participant in our study,
depending on his or her degree of autonomy and the evolution of his or her pathologi-
cal profile, will have specific needs that are likely to evolve over time. This is why,
when scaling up (all nine residents), in addition to using clinical data to express
needs, we also wish to adopt an agile approach [19] in the development of these tech-
nical aids. The next step will be to validate the contribution of clinical data in the
design stage by analyzing the phases of appropriation of the technical aids and to
write recommendations for the design and configuration for occupational therapists
and psychologists.

ACKNOWLEDGEMENT

This project is partially supported by “Region Occitanie” and OPTEO Foundation
(France).

References

1. 1SO, 1. 9241: Ergonomic requirements for office work with visual display terminals-Part
11: Guidance on usability. ISO, Geneva (1998).

2. Marti, P., and Bannon, L. J.: Exploring user-centred design in practice: Some caveats. In:
Knowledge, technology & policy, 22(1), pp. 7-15, (2009).

3. Antona, M., Ntoa, S., Adami, |., & Stephanidis, C.: Chapter 15 - User Requirements Elici-
tation for Universal Access. In: Universal Access Handbook, pp.15-1-15-14, CRC Press,
(2009).

4. Ritter, F. E., Baxter, G. D., Churchill, E. F.: Foundations for designing user-centered sys-
tems: what system designers need to know about people. In: Springer Science & Business
Media, (2014).



14

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

Sauzin, D., Vella, F., Rhfir, R., Truillet, P., Cauchois, M., Samoyeau, V., ... & Vigouroux,
N.: MATT, un dispositif de domotique et d'aide a la communication: un cas d'étude de co-
conception. In: Congres de la SOFMER (SOFMER 2015), Société Francaise de Médecine
Physique et de Réadaptation, (2015)

. Augusto, J., Kramer, D., Alegre, U., Covaci, A., and Santokhee, A.: The user-centred intel-

ligent environments development process as a guide to co-create smart technology for
people with special needs. In: Universal Access in the Information Society, 17(1), pp. 115-
130, (2018).

. Branco, R. M., Quental, J., Ribeiro, O.: Playing with personalisation and openness in a

codesign project involving people with dementia. In Proceedings of the 14th Participatory
Design Conference: Full papers-Volume 1, pp. 61-70, ACM, (2016).

Guffroy, M., Vigouroux, N., Kolski, C., Vella, F., & Teutsch, P.: From Human-Centered
Design to Disabled User & Ecosystem Centered Design. In Case of Assistive Interactive
Systems. International Journal of Sociotechnology and Knowledge Development (1JSKD),
9(4), pp. 28-42, (2017).

. Roche, A., Lespinet-Najib, V., & André, J. M.: Development of a pedagogical aid tool for

pupils with multiple disabilities: setting up a systemic design method. In Congress of
applied Psychology. UCAP 2014, (2014).

Robles-Bykbaev, V. E., Guaman-Murillo, W., Quisi-Peralta, D., Lopez-Nores, M., Pazos-
Arias, J. J., & Garcia-Duque, J. An ontology-based expert system to generate therapy plans
for children with disabilities and communication disorders. In: 2016 IEEE Ecuador
Technical Chapters Meeting (ETCM), pp. 1-6, IEEE, (2016).

Skillen, K. L., Chen, L., Nugent, C. D., Donnelly, M. P., & Solheim, I.: A user profile on-
tology based approach for assisting people with dementia in mobile environments. In:
2012 Annual International Conference of the IEEE Engineering in Medicine and Biology
Society, pp. 6390-6393, IEEE, (2012).

http://apps.who.int/classifications/icfbrowser/

Berch, D.B., Krikorian, R. , Huha, E. M.: The Corsi block-tapping task: methodological
and theoretical considerations, Brain Cogn. 38(3), pp. 317-38, (1998).

Noens, I., Van Berckelaer-Onnes, 1., Verpoorten, R., & Van Duijn, G.: The ComVor: an
instrument for the indication of augmentative communication in people with autism and
intellectual disability. In: Journal of Intellectual Disability Research, 50(9), pp. 621-632,
(2006).

Scelles, R.: EVALUATION — COGNITION — POLYHANDICAP (ECP), Rapport de re-
cherche, Novembre 2014 — Novembre 2017.

Kapandji, A.: Proposition pour une cotation clinique de la flexion-extension des doigts
longs. In: Annales de Chirurgie de la Main, Volume 6, Issue 4, pp. 288-294, (1987).
Willaye E.: Analyse fonctionnelle du comportement. In: 11e Université d'automne, le Bul-
letin scientifique de I’arapi - numéro 29, pp. 35-43, (2012).

Sauzin, D., Vella, F., Vigouroux, N.: SoKeyTo: a tool to design universal accessible inter-
faces. In: International Conference on Applied Human Factors and Ergonomics - AHFE
2014, (2014)

Garcia, A., Silva da Silva, T. M. Selbach Silveira.: Artifacts for Agile User-Centered De-
sign: A Systematic Mapping. In: Proceedings of the 50th Hawaii International Conference
on System Sciences (HICSS-50). IEEE, HI, 2017, 10 pages.
DOI=http://doi.org/10.24251/HICSS.2017.706, (2017).


https://www.ncbi.nlm.nih.gov/pubmed/?term=Berch%2520DB%255BAuthor%255D&cauthor=true&cauthor_uid=9841789
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krikorian%2520R%255BAuthor%255D&cauthor=true&cauthor_uid=9841789
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huha%2520EM%255BAuthor%255D&cauthor=true&cauthor_uid=9841789
https://www.ncbi.nlm.nih.gov/pubmed/9841789
https://www.sciencedirect.com/science/journal/07539053
https://www.sciencedirect.com/science/journal/07539053/6/4

