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Abstract

Augmentative and Alternative Communication Systems (AAC) improve the com-
munication of people with physical, psychological and cogitive di culties. As the
community needing such systems is large, and personal neesary, the AAC must
be adapted to each individual. In the majority of cases, adapation implies an
evolution of the system in real time. This paper proposes thearchitecture for an
adaptable and unanticipated AAC system used for autistic clildren. It is based on
a two-tier architecture: the rstis a communicator based on an adaptive hyperme-
dia, and the second is a meta-communicator which enables therst to evolve during
its execution. Implementation consists of the connection ba PDA device (for the
communicator) to a computer (for the meta-communicator) by means of a wireless
network.

Key words: Evolution, Adaptation, Augmentative and
Alternative Communication Systems, Hypermedia Systems.

1 Introduction

The software evolution problem begins with an analysis of theequirements.
Software evolution implies software adaptation when the gba to change the
software to match the user pro les or the context in which the safvare is to
be used. If the adaptation occurs at run-time, we speak abowidaptability
(adaptive software) instead ofadaptation (adaptable software)p1].

As context and work environment are sometimes modelled in thefseare,
changes in the real world must be mapped to changes in software.

In some cases, adaptability is not programmed, that is to say, theause
for the changes in user pro le and in the context is not known anpori but
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arises at run-time. In this context, we say that the adaptabily of the software
Is unanticipated. The designers must provide mechanisms for chang the
software in fully unanticipated ways.

The Augmentative and Alternative Communication Systems (AAC) 20|
are a case of software applications which should have this profye These
systems allow the communication of and with people with convéanal im-
pairment. There are several AAC systems which are being used by drent
communities to improve the communication. Examples of thesare sign lan-
guages (used mainly by deaf people), pictorial languages aksB, templates
and the communicators like Minspeak. The communicators areggrammable
devices based on an array of cells which allow the creation affore templates
and programming voices by combining cell touches.

Although one goal of AAC systems is adaptation to user needs, nonetioé
AACs studied satis es this property. The communicators are farao general
to be used by a broad community, or are created only for a conteeindividual
context, modi able by a programmer in a maintenance operain.

Examples of people who need AAC with the unanticipated adapkality
feature are autistic children with the following charactemstics [14]:

They have di culty with social relationships and with verbal and non-verbal
communication.

Each autistic child is special and di erent from the others.
The autistic child is strongly in uenced by his/her environmer.
They do not learn by imitating other people but by repeating &sks.

Di culty in communicating with others provokes fears and arxiety crises.
These crises often occur when the situation/activity is new, fistrating, uncer-
tain or di cult. In this eld, therapeutic researchers have focused on reducing
the behavioural symptoms, anticipating future events and ceging control-
lable situations [7], [5]. However, anticipation is not always possible due to
the child's behaviour and the environment can be unpredickde. We can learn
from the child's interaction with the communicator using theadaptation as a
tool to prevent these situations.

In the next section, we will present our proposed AAC for autistictdldren
based on adaptive hypermedia and wireless technology. In thieird section,
the learning and evolving process followed for adaptabilitwill be described.
Some implementation aspects will be shown in the fourth sectionFinally,
related works and conclusions shall be described.

2 Sc@ut: AAC for autistic children

Our approach for an adaptive and unanticipated AAC system, call Sc@ut,
is based on adaptive hypermedia, which is an application andtension of our
previous work in this area 11].
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Pictorial templates are one of the most useful tools for commigating with
people with cognitive disabilities. The communicators are ls&d on pictorial
templates with sound attached to each image, but they are stati user de-
pendent, represent di erent levels of concepts, and not adagible. A template
can be represented by a hypermedia document, which includésns adapted
to each child and may easily be changed.

Taking into account these ideas, we propose the communicator@at for
autistic children with the following features [L8]:

The children use hypermedia to express their desires, navigadirthrough
the templates and selecting items.

The user pro le and knowledge domain (communication scenajiare rep-
resented and considered in the hypermedia design.

The communicator evolves, adapting to each child and to the anges in
the scenarios.

Fig. 1. The Sc@ut Architecture.

Moreover, Sc@ut is not only a communicator. As Figure 1 shows,@ut is
based on a two-tier architecture: the communicator and the ni@-communicator.
The meta-communicator is a meta-tool which allows us to cormsict the com-
municator. It also acquires knowledge from the child interdion, adapting
to him/her and improving communication. The communicator § used by
the children, and the meta-communicator is used by the chilén's educa-
tors. The meta-communicator architecture includes compongs responsible
for specifying: the user pro le, the knowledge domain, the usenteraction,
the hypermedia model, and the learning and evolving process.

The bene t of this architecture is the separation of concernsFirstly, it is
used by two kinds of users with di erent purposes. Secondly, theognitive,
interaction, design and learning aspects must be di erentiatein order to avoid
coupling. Therefore, evolution/adaptability can be perfomed more easily and
safely because the architecture components are independefjt [
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The two-tier architecture is implemented in di erent devies. The meta-
communicator is a PC and the communicator is a PDA (see Figurg.1The PC
and the PDA are connected by means of a wireless network. Theldruses the
PDA for the following reasons: it is highly con gurable and prgrammable,
its small size makes it easy for the child to use, the speed of povegr-min-
imises child anxiety, and the display allows direct pointingad select an object
(additional input devices are not necessary).

The meta-communicator follows an iterative process to consict and evolve
the communicator, and consists of ve steps. Each component ofdhmeta-
communicator is responsible for carrying out one of the steps, wh are de-
scribed in more detail below.

| User prole description. This consists in obtaining information about
the features of each child, which will help the hypermedia agbtability.
This information is directly obtained from the child educabrs and it may
change. There is a history of user pro le versions for each childThe
history collects the changes in the children, represents theadvances,
and can be used to recover previous information about them.

Fig. 2. Semantic net for the scenario "has a meal" of Ana

Il Representing the knowledge domains or scenaribbe di erent conver-
sation scenarios (knowledge domain) are modelled. The worlérmpeived
by the children and the world which the educators want to showhem
are represented. The scenarios are modelled using UML, whichoals a
semantic network p] to be represented in which: the scenario is a con-
cept diagram, the templates are container objects with is-ar @art-of
relationships, a concept is a conceptual object, a relationghis an object
relationship, and the items which represent the image, text asound of
the concept are stereotypes. Figure 2 shows the scenario "has aathe

for the pro le of a girl (Ana).
4



Rodr guez-F ortiz et al.

[l Interaction speci cation We use a formal approach to analyse the inter-
active systems based on a direct manipulation style in order to gilight
relevant features and properties of the system&7]. This approach allows
us to formally describe the user's manipulation process with éhsystem
objects. It also allows us to de ne and check usability propemis, which
are deduced from the formal representation of the model.

IV Hypermedia model construction A hypermedia is created automatically
from the knowledge domain, taking the speci cation of the irg¢raction
into account. The hypermedia comprises templates and links.h& tem-
plates include the items (images, text or sounds) associated wigdach of
the concepts which appear in the knowledge domain. The hypeedia
navigation order, given by the links, depends on the relati@hips estab-
lished in the knowledge model. There are navigation order cetmaints to
restrict the navigation depending on previous user interaan. New items
can be added to allow the child navigating to the previous orrst tem-
plates, or to express desires ("what | want is not here"). Figur& shows
the hypermedia model for the scenario "has a meal”, which is t@ned
from the formal speci cation of the interaction.

Fig. 3. Hypermedia model for the scenario "has a meal" of Ana.

V Learning and evolving process.The system learns how to improve the
hypermedia model, and therefore, communication. Informatn about
child interaction is used as feedback to decide what changeayrbe made,
beginning the process again: changes in the user pro le, in tkaowledge
domain, in the interaction, and in the hypermedia design. Thenext
section describes this step in more detail.

Table 1 shows the correspondence between the models obtainedhese
components and helps to understand the communicator consttian.

5
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Autism UML Interaction Hypermedia
Scenario Concepts diagram System Related templates
Template Aggregation Container-object Document or page
Concept Conceptual object Interaction-object Concept
Relationship Objects relationship Relationship and action Link
Pictogram,text and sound Stereotype Object representation Item

Table 1. Correspondence between models.

3 Learning and evolving process

This component measures the child interaction and decides athchanges can
be made in order to adapt the hypermedia. Changes are made kgch com-
ponent of the architecture. The meta-communicator suggest®ogsible cases of
evolution to the educators who con rm the updates as they kne the children
and their perceptions are very important. Firstly, the learimng process is de-
scribed, and then the evolving process. Figure 4 represents thess followed
for the adaptability.

Fig. 4. Learning and evolving process

3.1 Learning

The meta-communicator tool collects measurable informatmabout the child's
navigation through the hypermedia, modelling its interadon. All of this in-
formation will be used to improve the communicator, adaptingo its needs.
The following data may be obtained:

The templates, items (concepts) or links (relationships) whiclnave been
visited or selected.
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The number of times that each concrete template has been visit.
The number of times that each concrete item has been selected.
The order navigation, path, followed to reach a concrete it8.

The time taken to observe each template.

The time taken to reach a concrete item.

The templates and items which intervene in the yo-yo navigains.

As mentioned in the rst section, adaptability is triggered by danges in
user pro le and changes in scenarios. The meta-communicatordssignated
to modify these independently because there is one componemtcharge of
each task. Changes must be propagated to the components in artiz obtain
a new hypermedia model on the communicator.

For the learning process, update rules based on the data obserad pro-
vided. If the rules are satis ed, concrete evolving/adaptingctions are carried
out automatically during the evolving process. Updating rulesre described
for parents and educators based on the user pro le, the child baviour in the
interaction with the hypermedia. Examples of updating rule are:

If a template has been visited more than 10 times in a specic ped of

time, and a speci c item of the template has never been selectatien that

item should be eliminated. This implies that the user pro le ha changed
and the concept represented by the item is not interesting foihe child.

If the child selected the item which represents "What | want is at here"
more than three times, a new concept should be added to the copteal
world, and therefore to the hypermedia system.

If the child always selects an item after selecting another, drthere is no
link between these items, a relationship between the conceptspresented
by the items should be added to facilitate navigation.

These rules written in natural language are speci ed and vered formally
in order to allow automation of the changes in the communicat, as we have
presented in previous papersLf].

The children's educators can also observe (and sometimes quintthe
child's reactions while he/she is using the hypermedia, and ¢hcauses of these
reactions. This information can also be used to improve the conumicator.
For example, if the child is furious when the item "cheese" isrpsented (see
Figure 3), the educators should avoid that feeling. They carhoose whether
to delete the item or change it for another. In this case, theém and concept
are part of the user pro le and of the scenario because the child¢@pts and
recognises them. Because the child changes his/her behaviole (or she no
longer likes "cheese"), his/her pro le and/or scenario must be di ed, and
therefore, the changes propagated to the hypermedia modélhe next time
the child uses the communicator, they will not nd the item "cheese" that
made them feel furious.
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The goal is to monitor the child's interaction to detect at run-time what
changes are necessary in order to adapt the communicator. Thiegaages in
the model are the decisions of the child's educators. The intemtion of the
educators is important as they observe the children and best &w their needs,
and can interpret their responses to the communicator. The le@ng subsys-
tem suggests what changes could be made in each situation depegdn the
history of the child's interaction. Once the educators have etided to make
a speci c change, they can then observe, helped by the learnisgbsystem,
whether they have made the correct decision.

3.2 Evolving

After the system has learnt from user interaction or from the edwtors' per-
ceptions, it can evolve. Evolution at run-time allows adapthility. There are
ve kinds of changes that can be made in the elements of the hgpnedia:
add an item, add a template, delete an item, delete a templatand modify
the order navigation (add or delete links).

As the hypermedia modi cations are carried out during use, caurrent
access to the elements must be controlled. While a child is visit) a template,
his/her educators can make modi cations to it, depending onhe type of
change and on the granularity of the element to be changed.

In order to solve concurrency problems, we propose a temporatkoof the
elements based on mutual exclusion, which depends on the chamgganularity.
For example, if an item is to be deleted in a template that is beg used, the
template is locked during the time of the change. This prevésiaccess to the
item and to other templates or items related to it. Otherwisejf the educator
decides to delete a concept whose items do not appear in the fdate in use,
this change can made concurrently with child interaction. bcks are carried
out with a synchronization mechanism based on transactions. Lalshould
take the least time possible in order to prevent the child's fearor anxiety.

As we have seen, changes in the hypermedia are suggested fromeheiing
subsystem. Previously, changes in user pro le, knowledge domand inter-
action speci cation should be made. The meta-communicator ppagates the
changes between its components. It also guarantees commutocantegrity
by describing how to propagate the changes and de ning consinés. Con-
straints are pre- and post-conditions of the evolution operains and are based
on the state of the communicator, which is given by the previaichanges and
interactions of the communicator. In previous paperslp|, we formalized the
constraints using temporal logic and Coloured Petri nets. Forxample, the
following formula indicates that in order to delete a concdp(c) from the
knowledge domain or scenarigs), its items (i) must previously have been
deleted.

del(c; s) 3 (8i del(i;c;s) Since addi;c;s))

One of our objectives is to implement an author's tool for thaneta-
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communicator. This shall be used by the educators in order to maor the
child's interaction and will enable them to adapt the commuicator to their
children. As educators are not specialists in computers and foalisms, the
tool will provide an assistant to guide them in the process of consiction of
scenarios and the interaction model. It will ask the educatorthe name of
concepts, items (image and sound les), the order navigation bveeen items
(allowed and not allowed sequences), and the links betweennte and tem-
plates. In the same way, for the evolution, the assistant could aském for
data for the learning process such as the number of times thatetchild must
visit a template without selecting an item. The information oltained by the
assistant will be modelled using di erent formalisms and translad to the
meta-communicator

An evolution operation for an element of the hypermedia shalldodescribed
below, observing the causes, the information used to carry outdhchanges
(depending on the causes), the process followed in the evoluti@and the locks
which are necessary to guarantee safe concurrency. The procashides other
operations to propagate the changes and to guarantee comnmator integrity.

Deleting an item
For example, we might consider deleting the item "cheese" in §lire 3.
There are two possible reasons for this modi cation:

() The educator decides to delete an item or a concept from ¢huser pro le
(or scenario) because it is not suitable for the child.

(i) The learning subsystem reports that the child has never sadeed an item,
or in the last k visits to the template which include it, it has nd been
selected. The learning subsystem suggests three di erent evolgiactions
and the educator shall decide which one to perform:

(a) Deleting the item

(b) Deleting the item and the concept represented by the item

(c) Substituting the item for another one which represents theame con-
cept better.

In both causes, the evolving subsystem needs to know the identitian of the
item to be deleted. If the educator decides to delete the caemt, the learning
subsystem is told of this and informs the evolving subsystem abotit if the

educator wants to substitute the item for another, the identi cation of the new
item must also be given. In this case, a library of items or a toobf creating
pictograms could be provided to the educator for selecting @onstructing the
new item. During evolution, the meta-communicator must lockhe templates
from which the item is to be deleted. It must also lock the linksd these
templates to avoid the child visiting them during the change.

The following process is carried out during evolution:

1 Verify constraints (pre-conditions) to perform the deletio.
9
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2 Delete the item from the user pro le and/or from the scenario gction
(a)). Delete the concept and all of their items from the user prle
and/or from the scenario (action (b)).

3 Modify navigation and order constraints related to the deked item/s.
If there are links to any template associated to the item, the nia-
communicator must guarantee (verifying post-conditions) thisthese tem-
plates can still be accessible by means of other links. In any othease,
it shall make the decision to abort the deletion of the item or tanaintain
the links to the templates associating them to another item.

4 Add a new item in the scenario (action (c)). This is another evotion
action and must be treated independently.

4 Implementation aspects for unanticipated evolution
and evaluation of previous prototypes

We have several prototypes implemented in Smalltalk, Java dnVisual Basic
languages, which have been used to prove speci c parts of the apach:

The evolution of a system while it is running 16].

The evolution of the knowledge modell[].

The automatic code generation from the user interaction specation [ 17].
The use of the learning rules for the hypermedia adaptatiori§.

Sc@ut: Communicator based on hypermedia models for childneith autism[18].

We have developed a version of Sc@ut in Embedded Visual Basic fO/A2. In
this prototype, we only wanted to evaluate the response of ctiilen with autism
and their educators. Our experience has been very interestiagd promising.
In the course of a year, one teacher has taught several autisttaildren how to
use it. The hypermedia has been adapted to each child, obseryihow they
used it and taking into account their characteristics (pro |9. Each child has
learned in a di erent way. In general, the children are comftable using it to
communicate, and their parents can understand their childre
We are working in the following extensions:

The evolution of the hypermedia at run-time.

The creation of an application which is easy for educators tose. So far,
the intervention of a programmer is still necessary in order tovelve and
adapt the communicator.

We are interested in using Java for this new prototype becausei# object
oriented, portable and easily adaptable to the speci c chargeristics of the
PDAs. We propose a distributed architecture with an object datahse and
the meta-communicator located in a PC, and a PDA that implemats the hy-
permedia application. The PC and PDA are connected by a wiress network
using Bluetooth technology. The RMI class could be used to exaige objects

10
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between them. Evolution operations could be reduced in ond& verify con-
straints querying the database and sending objects to the PDA tmodify or
amply the functionality of the communicator. In some cases, daes should
also be modi ed. As the Java standard does not manage classes asots, the
components of the meta-communicator could use the mechanisfrdelegation
[4] or wrapping [3] (extending class functionality by means of interfaces).

Languages such as AspectJ or HyperJ could be used to separate thelenp
mentation of the concurrency, interaction and evolution (beach component),
aspects which have been speci ed a priori.

We are open to considering the use of other environments, langes and
platforms if they are more appropriate, taking into accounthe limitations of
the PDA devices.

5 Related Works

The approach that we propose is the application of unanticiggad evolution to
adapt a system at run-time. Table 2 shows the Sc@ut evolution alaateristics
following the software evolution taxonomy of 12].

Dynamic Software Updating has been formalised by Bierman et.al[1]
taking into account the semantic aspects of the changes. Implentation de-
tails have been considered, but in our opinion, the architegte to support
the changes must previously be de ned. We increase the abstramtilevel and
propose an architecture to distinguish evolution and concumey aspects; edu-
cators change the communicator while it is being used by a athil Afterwards,
the implementation details of the evolution operations (ad item, template,
etc.), are also speci ed but not described in detail.

Lowe and Hall [LO] provide a good review of software engineering ap-
proaches to develop hypermedia systems, many of which considee tevel-
opment process as an iterative process with an important magmance phase.
However, the evolutionary perspective, as proposed by LemandaRamil [8],
has not been widely discussed, probably due to the innovation tife evolu-
tionary perspective, both in software and in hypermedia systems.

Our approach, which is intended to be evolutionary in naturéecause of the
hypermedia systems and the adaptation of the communicator, kantecedents
in three important contributions to hypermedia models:

The Adaptive Hypermedia Application model (AHA) [23] has been pro-
posed as the reference model for adaptive hypermedia. It pages di erent

models (domain model, user model and adaptive model) in ord&r manage
the di erent concerns of adaptive hypermedia. We have triedo improve

this approach by considering the adaptation to the users of theemantic
networks, and providing constraints which guarantee the corsgency of the
adaptation rules and the evolving operations.

Like Stotts et al. [22], we also consider that a hyperdocument is an interac-
11
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tive document with a dynamic structure. These authors introdae temporal
logic to check navigation properties and Petri nets to modehe hypermedia
structure. We also use these formalisms to model the evolution dfe user
interaction and the navigation restrictions.

Brusilovsky [2] states that the objective of adaptive hypermedia is to adapt
to the user, not the reverse. The author di erentiates two kind of adapta-
tions: adaptive presentation (relative to the contents), and soport for the
adaptive navigation (relative to the links). We have considexd these and
integrated them into the evolution process of the communicat.

Classi cation of properties Sc@ut properties
When Time of change Run-time
Change history Sequential, Divergent changes
Change frequency Continuously, arbitrary intervals
Where Artifact Architecture components
Granularity Hypermedia: Templates, concepts, items
Impact Architecture components, high abstraction level
Change Propagation Architectural. Constraints for change-impact
What Availability Always: from its conception and during its use
Activeness Reactive (educator) and proactive (learning)
Openness Open (limited by the architecture) and unanticipated
Safety Dynamic: constraints veri ed at run-time
How Degree of automation Partially automated
Degree of formality Agents to specify the architecture
Temporal logic and Petri nets to specify constraints
Process support Formal methods
Change type Structural changes

Table 2. Sc@ut classi cation

The most important innovation of our work is probably two-fol: it con-
siders the whole life cycle of evolving and adaptive hypermiedsystems 11],
and it applies this process in the construction of a communicat which must
evolve at run-time to adapt to the user pro le while it is in use.

12
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6 Conclusions and Future Work

Augmentative and Alternative Communication Systems (AAC) are gpromis-
ing technology to enhance the communicative ability of a pson with a speech
impediment. From our experience of dealing with children wh autism, we
know the potential users of AAC systems are a heterogeneous paidn
with notable di erences in sensorial, physical or psychical sksl. Anticipation
of child requirements might not always be possible or even rdged. An e -
cient approach to designing an AAC system should be based on an adapt
approach, allowing the system to be adjusted to the needs of eacgker at
run-time.

Our approach for AAC systems, called Sc@ut, consists of a two-tier-a
chitecture: a communicator (based on an adaptive hypermedmodel), and
a meta-communicator. The meta-communicator allows the daition of the
user pro le, the creation of the knowledge model to specify thecenarios that
constitute the child's world, the speci cation of the child'sinteraction, and the
construction of the hypermedia model used by the child to navage. Finally,
the meta-communicator is also in charge of the learning and @ving process
to improve the communicator from the child's interaction so lat it may be
adapted while in use. This approach has been applied on a clas<hildren
with autism, concluding that the system may be used as a therapeaal tool
which helps to improve communication between children anddacators [L8].

Our main objective is to create a tool, the meta-communicatp which
allows educators to create an adaptive communicator whicls ieasy for the
children to use and easy for the educators to adapt.

Some of our future work will focus on the study of other commutiés with
disabilities such as Down syndrome, people with spinal cord injas, people
with temporal problems in speaking, etc. In our opinion, the stem could be
applied to these communities, and we are interested in compagitthe results
with other traditional communication techniques.

The approach that we have proposed can be applied to other wigedif-
ferent applications. The goal is to di erentiate, in the lifecycle, the steps and
models necessary to create an application (separating conc®tnChanges are
applied in a speci ¢ model (step) and then propagated to the néxnodels. The
meta-system used by a developer is always responsible for the des) and
this has information about all the models and can decide (lagrules) when
changes should be made and how they can be propagated. Consegmd struc-
ture of the application are dynamically adapted by the metasystem, which
guarantees the application consistency during evolution. TEhimeta-system
and the application can be distributed in di erent machines, poviding the
meta-system mechanism to allow evolution at run-time in these sas. This
scheme can also be useful for other problem domains, for exampleative
systems and memory schedules, based on images to achieve knowledgl
rules to predict correct paths or selections.
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