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Abstract

Current comercially avail able comunication aids
suffer fromthe [ ack of a general technical solution
facilitating the inplenentation of user-adapted and
functionally flexible systems on the basis of
general criteria and tools. This paper ains to
address sone of the problens characterising existing
communi cation aids and User Interface devel opnent
tools, and to present a general solution under a
conmon t echni cal f ramewor k and t hr ough t he
introduction of a new approach. It describes and
anal yses a nodular architecture for the devel opnent
of the functional core of a proposed novel
i nterpersonal comrunicator and a unified approach
for the devel opnent of user-adaptable interfaces.

1. Introduction

Al t hough interpersonal conmunication constitutes a
crucial problem for various categories of disabled
people, the functionality and the wusability of
existing technical aids are |imted, provi di ng
solutions only to specific communication problens
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for specific users or user groups. Current problens
in the devel opnment of interpersonal comrunication
aids are attributed to a nunber of reasons: the
I ncreased demand for nore flexible and adaptable
systens; the considerable efforts that are required
in order to maintain and further develop existing
systens; the continuous devel opnent of new products
based on simlar concepts and functionality; the
dependency of such systens on a specific
t echnol ogi cal platform

Current comercially available communication aids
suffer fromthe |lack of a general technical solution
exploiting the new possibilities offered by recent
devel opnents in hardware and software technol ogies
and which facilitate the inplenentation of user-
adapted and functionally flexible systems on the
basis of general criteria and tools. The design and
devel opment of the next generation of interpersona
conmuni cation aids needs to follow new approaches,
if the above difficulties are to be overcone.

Wth the objective of spurring the reuse and sharing
of technical resources at the design and devel opnent
phase, and increasing the functional flexibility
provided to the user, this paper presents and
anal yses the need for a nodular architecture for the
devel opnment of the functional core of a proposed
novel I nt er per sonal communi cator and a unified
approach for the developnent of user-adaptable
I nterfaces.

The concept of a wunified approach for t he
devel opnment of wuser-adaptable interfaces elimnates
the drawbacks associated wth the traditional
approach of custom adapted interactive applications,
according to the requirenents of a given target user
group. It also supports the developnent of tools
which aid the ~construction of user interfaces
adaptable to the particular end wuser abilities,
requi renments and pref erences, and whi ch are
i ndependent of any specific technol ogical platform

In this context, the interaction requirenments of the
vari ous user groups are analyzed at different |evels
followng a new nethodology. Abstract interface
constructs (appropriate for all user groups) are
descri bed; these are realised at the lexical |eve
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of i nteraction accor di ng to t he specific
characteristics of the target user group(s).

The architectural framework ains towards the
provision of a developnent environnment for the
construction of flexible and nodularly extensible
conmuni cation aids. Specialised functional nodules
for di fferent users are t herefore provi ded,
supporting the integration of various speci al
purpose devices which neet the requirenents and
preferences of individual users and which enabl e
the definition of the target user |anguage as well
as a variety of conmmunication nodes.

2. Overview of the current situation
2.1 Interpersonal Comunication A ds

Comruni cation aids are neant to provide speech or
| anguage 1inpaired wusers wth adequate neans for
I nt er per sonal communi cati on, perform ng t hose
functions of the comunication process which the
user cannot perform on his/her own due to his/her
disability: for exanple, a communication aid can
provide a synbolic I|anguage to a wuser who has
difficulties with natural |anguage, or a speech
output to a natural |anguage speaker presenting
speech problens, or both, etc. For the comrunication
process to take place effectively, a conmunication
aid should therefore:

- provi de adequate expressive neans, i.e. an
adequat e | anguage Wi th respect to t he
conmuni cative and |inguistic conpetence of each
i ndi vidual user, and an adequate vocabulary
si ze;

- provi de adequat e conmmuni cati on functions
(nmessage conposition, sending, etc) with respect
to user requirenents;

- provide an adequate access to the |anguage and
to the comunication functions with respect to
the notor, sensory and cognitive abilities of
each individual wuser, i.e provide adequate
I nput / out put devi ces, comruni cati on nodes
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(visual, aural, tactile, etc) and communication
functi ons.

User needs, abilities and preferences wth respect
to interpersonal communi cation may vary highly
according to a nunber of factors such as type of

disability, age, literacy, occupation, etc. An ideal
comuni cation aid fromthe user point of view should
be wuser specific, i.e. it should neet his/her

specific needs, use his/her abilities to the fullest
and show only the features required by the specific

individual. As a consequence of this state of
affairs, a variety of different systens have been
desi gned and produced up to now providing limted

solutions to specific communication problens of
specific wuser groups (for exanple, conmunication
ai ds using BLISS or other synbolic |anguages, etc.).

The devel opnent of conmunication aids has followed
so far a fragnented and ad hoc approach to the
cruci al problem of interpersonal comruni cat i on,

whi ch shows several disadvantages: existing systens
often require adaptations in order to be effectively
used by individual wusers; they are difficult to
mai ntain and further develop; they do not allow
communi cati on between wusers of different systens;

user interfaces may not be adequate to user needs,

i.e. the system may not provide a user-friendly and
usabl e user interface or/and interaction techniques
suitable for the particular wuser (groups), etc. A
nore effective solution can be provided by designing
flexible and adaptable systens to be configured
according to user requirenents. In Section 3.1 we
argue that a nodular design architecture is best
suited for the creation of flexible and adaptable
conmuni cation aids capable of providi ng user-
specific solutions by nmeans of general approach and
criteria to t he probl em of I nt er per sonal

communi cat i on.

2.2 User Interface Technol ogy

In the field of Human-Conputer interaction, the
appearance of graphical wuser interfaces has been
acconpanied wth the energence of tools for
devel oping User Interfaces. Usually, these tools are
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provided by a set of software nodules which

I mpl enment a nunber of specific I nteraction
techni ques (e.qg. nmenus, di al ogue boxes, etc).
However, each different t ool I nposes certain

restrictions on the so called "I ook-and-feel™ of the
created User Interfaces. Also, the techniques for
constructing the User Interface differ significantly
for different tools; wusually, such tools require a
certain anount of expertise and considerable
programmi ng experience in order to be efficiently
utilised for the developnent of User Interfaces.
Addi tional ly, nost of these +tools are tightly
coupled to specific technological platforns and
environnents (dedicated tools for a specific
envi ronnment) .

Despite the advances in the User Interface Software
Technol ogy, the vast majority of the current
avai l able conputer-based applications are stil

| naccessible to many disabled users. The present
situation shows that conmmercially available products
are built wth traditional met hods and tools
addressing only the needs of able wusers wthout
paying attention to the requirenents of the disabled
and elderly people. This is due to the fact that on
the one hand software firnms involved in devel opi ng
applications do not denonstrate particular interest
in moving in that direction, while nore inportantly
on the other hand, the present |ack of the necessary
techni cal know edge increases the resources required
for investnment on building advanced devel opnent
tools which would enable the accessibility of the
produced User Interfaces by disabled users.

Exi sting sol uti ons for t he provi si on of
accessibility to conputer-based applications by
di sabled wusers provide ad hoc procedures for the
construction of User Interfaces addressing specific
problems of specific wusers or user groups. The
speci al purpose peripherals that exist, are utilised
by a relatively limted nunber of dedi cat ed
I nteractive applications providing partial access to
di sabl ed users. Mbr eover, t he exi sting User
I nterface devel opnent tool s do not support
i ntegration of speci al pur pose devi ces and
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consequently do not enable the description of
I nteraction di al ogues for disabl ed users.

3. A proposed approach for devel oping
user - adapt abl e User | nterface for
Communi cati on Ai ds

3.1 A nodul ar architecture for devel opi ng
Communi cation A ds

A flexible and wuser-adaptable communication aid
should include a variety of functions and features
to be configured to best match user requirenents. In
particul ar, the system shoul d:

- allow the possibility of defining and using any
user | anguage (ranging from natural |anguage to
uni versal synbolic |anguages Ilike BLISS to
especially designed set of synbol s) W th
unlimted vocabul ary si ze;

- ensure adequate communication functions and
access to wuser |anguage by accepting a wde
range of input/output devices and communi cation
nodes, and by allowing the |ocal configuration
of the communication functions and of the user
interface to better match user requirenents.

Communi cation aid flexibility and adaptability

elimnate the need of adaptations and ad hoc

solutions, allow easy nodification of the system
according to user requirenent evolution and enable
conmuni cation between users with different types of

needs and disabilities. A suitable architectural

framework for the design and inplenentation of

flexi ble and adaptable systens has therefore to be

found out in order to overcone the present

difficulties and give rise to a new generation of

conmuni cati on ai ds.

The following two basic strategies can be followed
for the devel opnent of communi cation aids:

(a) develop all-enconpassing systens that can be
configured to neet individual needs;
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(b) develop a nodular architecture supporting a
variety of specialised conpatible nodul es.

Bot h approaches can potentially support the system
flexibility and adaptability necessary for neeting
the requirenents of individual wusers. The first

approach has the advantage of allow ng the designer

to maintain control over all aspects of the system
thus ensuring quality control. It also enables the
designer to develop a <consistent approach to
custom zation. On the other hand, however, such an
approach would tend to produce |arge, conplex and
expensive systens, probably difficult to configure
given the extended range of custom sation features.

Furthernore, the user would have to buy the whole
package including the functions not required for his
speci fi c needs.

On the contrary, the nodular architecture approach
Is best suited for the design of flexible and
adaptable communication aids for a nunber of
reasons. The wuser could potentially buy only the
functions required for his specific needs. This
woul d reduce costs by allow ng the inplenentation of
smal l er hardware and software nodules easier and
faster to develop. Furthernore, custom sation woul d
be sinplified since a nore restricted range of
functions would need to be taken into account, and
the use of the system would be nade |ess confusing
by the reduced nunber of features. Also, design
nodul arity would facilitate the naintenance and
further devel opnent of individual nodules as well as
their reusability and shari ng.

An adequate nodul ar architecture for the design of
comruni cati on aids wll have to ensure the
conpatibility and consistency of different nodul es:
the architecture should be such to allow the easy
integration of new nodules or features to the
system A wuser-friendly software tool wll have to
be provided to the comrunication aid designer in
order to allow easy selection of nodules. Also,

nodules wll have to be classified into general
categories according to their functions and goals,
and each nmodule will have to be designed in such a

way to ensure the optiml balance between flexible
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and fixed features in order to ensure maximm
adaptability. However, given the conplex and high
speci alised nature of sonme nodules, it may still be
difficult to design a "plug and go" system and a
m ni mum anount of overall integration could still be
necessary. Furthernore, the nodular architecture
wil | have to address the problem of user
characteristics changi ng over tine.

3.2 Unified devel opnent of User Interface

The problem of accessibility to conputer-based
applications by people with disabilities is minly
attributed to issues related to enabling access to
their User Interfaces. The inadequacies of existing
user interface devel opnment tools for supporting the
construction of User Interfaces for disabled users
can be treated as a two-fold probl em

- on one hand is the fact that the interaction
techniques they provide are not designed to
address the interaction needs of disabl ed users,
and

- on the other hand the underlying utilised
technol ogi cal platfornms are not appropriate for
supporting the devel opnent of wuser interfaces
accessi bl e by di sabl ed users.

Hence, there is a need to address efficiently the
above 1ssues through an appropriate technol ogical
solution. The unified devel opnent of User Interfaces
pronotes the developnent of a new kind of User
Interfaces adaptable to the particular needs,
abilities and preferences of the different user
groups. Only one User Interface needs to be built,
which can be adapted to the particular target user
group; the produced User Interfaces for the various
user groups, may have nmany simlarities regarding
the way the wuser-conputer dialogue is structured,
but are always adapted to their particular needs,
abilities and preferences (i.e. the sanme sequence of
interaction tasks could be performed by different
users, but wutilising different special pur pose
devices according to their abilities). Follow ng
such an approach, the requirenent for devel oping
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user interfaces that are both "consistent" and all ow
the "integration" of the various user categories is
achi eved.

In this context, an appropriate devel opnment platform
need to be specified and constructed, which is able
to address all the issues stated above, and wl|
allow the developnent of User Interfaces for
di sabl ed people. This can be achi eved by

- designing appropriate "high-level" description
nmethods that are capable of describing User
I nterfaces for the various user-groups, and by

- developing User Interface developnent tools
whi ch do not depend on any specific
t echnol ogi cal platform

A prerequisite for constructing user-adaptable
interfaces is the availability of a body of
know edge whi ch decl ares t he particul ar
characteristics, abilities and preferences of a
given user (or user group) wth respect to a
particul ar application. This know edge needs to be
formally described and effectively wused for the
configuration of the User Interface at the |exica

| evel . Since the proper selection of input/output
devices and interaction techniques is one of the
nost critical 1issues for the developnment of User

Interfaces for disabled people, the availability of
di fferent know edge sources, at the design phase of
the User Interface, is considered necessary in order
to address potentially conflicting requirenents for
the dialogue construction. For exanple, at the
design phase, it is inportant to specify the devices
that should be used by the wuser for identifying
objects in the interface (e.g. a pointing device, a
spoken description, etc).

In order to enable the specification of platform
i ndependent interaction, it is necessary to define
and describe "unified interface constructs”; such
constructs can be treated as generalisations of the
"physi cal constructs" (e.g nenus, buttons, etc) that
are provided by conventional tools, and can be
realised, at the devel opnent phase, at a specific
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technol ogical platform The physical realisation of

the "unified interface <constructs" to specific
interaction objects of the target technol ogica

platformis perforned on the basis of the know edge
t hat has been descri bed, analysed and stored for the
di fferent user groups. The provision of "high-Ilevel™
description techniques for the design of User
Interfaces, on the one hand enables the integration
of the wvarious wuser groups while on the other
elimnates the drawbacks associated wth the
existing user interface devel opnment tools. Such an
approach offers the possibility +to interface
developers to build interaction dialogues for
different users in a nore abstract and easy way,

which can be mapped to any technological platform
through the automatic translation of the "unified
interface constructs” to physical inplenentations.

A fundanmental concept of the proposed approach is
that an interactive application can be conceptually
split into two different |layers: the user interface
| ayer, which concerns the nodule of the system that
deal with user- conputer I nteraction, and t he
functi onal core which concerns the application
internal functionality. As a result, user interfaces
can be easily custom sed Wi t hout requiring
nodi fication of the application functional core.

In this respect, user-adaptable user interfaces can
be developed for comrunication aids. Based on the
I nteraction needs, abilities and preferences of
particular user groups and/or individual |users,
configuration of the user interfaces for the
communi cation aids can be perforned through the
sel ection of appropriate interaction techni ques and
| nput / out put devi ces (for t he | exi cal | evel
I nteraction).

4. Concl usi ons

A new approach to the devel opnent of flexible and
user-adapt abl e conmuni cation aids has been presented
with respect to both the system functional core and
the User Interface. At the functional core level a
nodul ar design architecture allows the creation of
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communi cation aids easy to inplenment and configure
as for communication functions and user | anguages,
while User Interfaces can be created through a
uni fi ed approach which ensures the selection of the
nor e appropriate | nput / out put devi ces and
i nteraction techni ques for each individual user.

Furthernore, the proposed approach exploits the new
possibilities offered by the recent devel opnents in
sof t war e and har dwar e t echnol ogi es, and in
particular in the field of User Interface Software
Technol ogy and allows the reusability and sharing of
technical resources through the provision of generic
i nterface constructs and fl exible software nodul es.
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