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Abstract: Universal design of user interfaces attempts to cover design issues in multiple con
texts of use where multiple types of users may carry out multiple tasks, possibly on multiple
domains of interest. Existing design methods do not necessarily support designing such user
interfaces. A new design method is presented for this purpose in three layers: (i) a conceptua
layer where a domain expert defines an ontology of concepts, relationships, and attributes of
the domain of discourse; (i) alogicd layer where adesigner specifies multiple modds based
on the previoudy defined ontology; and (iii) a physica layer where a developer derives mul-
tiple user interfaces from the previoudy specified modd s with dterretives.

Keywor ds. automated generation of user interfaces, computer-aided design of user interfaces,
conceptud leve, context of use, ingtantiation, logica level, mode-based approach, modeling,
ontology, physicd leve, universa design.

1. Introduction

Universdl design [10] adheres to a vison where user interfaces (Uls) of interactive applica
tions are developed for the widest population of users in different contexts of use by taking
into account differences such as preferences, cognitive dyle, language, culture, habits, con
ventions, and system experience. Universal design of single or multiple Uls (MUIs) poses
some difficulties due to the consderation of these multiple parameters depending on the sup-
ported differences. In paticular, the multiplicity of parameters dramaticaly incresses the
complexity of the design phase by adding many design options among which to decide. In a-
dition, methods for developing Uls do not mesh wdl with this variety of parameters as they
are not necessarily identified and manipulated in a gructured way nor truly consdered in the
design process.

The god of this paper is to present a structured method addressing parameters required for
univers design. The method is supported by a suite of tools al based on an ontology of the
domain of discourse and models that capture ingtantiations of concepts identified in this on
tology for producing multiple Uls for one desgn stuation. These different Uls exhibit differ-
ent presentation styles, didogue genres, and Ul structures.

The method structures the Ul design in three levels of abstraction as represented infig. 1:



1. The conceptual level enables a domain expert to define ontology of concepts, relation
ships, and attributes involved in the production of multiple Uls.

2. The logical level dlows desgners to capture requirements of a specific Ul design case by
ingantiating concepts, relationships, and attributes with a grephicd editor. Each st of in
dantiations results in a set of models for each considered design case (n desgnsin fig. 1).

3. The physical level heps deveopers in deriving multiple Uls from each set of modds
thanks to a modd-based Ul generator: in fig. 1, m possible Uls are obtained for Ul design
#1, p for Ul design #2,..., r for Ul design #. The generation is then exported to imported
in atraditiond development environment for any manua edition (here, MS Visud Basic).
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Figure 1. The different levels of the proposed method for universal design of user interfaces.
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The remainder of this paper is structured as follows: section 2 provides a State of the art of
methods for developing Uls with a focus on universa design. The three levels are progres-
svely described: conceptud in section 3, logicd in section 4, and physcd in section 5. Al-
though the method is generic, one particular application of this method is demonsrated
throughout the paper by the usage of a particular series of supporting tools on the same case
sudy: paient admisson a a hospitd. Each leve is described by introducing mativation and
gods, by presenting a supporting tool with required input/output, by showing how it ad-
dresses the case study, and by discussing some advantages of the layer and its associated tool.
Section 6 summarizes the main points of the paper.



2. Related Work

The Author's Interactive Didogue Environment (AIDE) [4] is an integrated set of interactive
tools enabling devedopers to implement Uls by directly manipulating and defining its objects,
rather than by the traditional method of writing source code. AIDE provides developers with a
more dructured way to develop Ul than with traditiond, yet radicdly different, “rush-to-
code’ approaches where unclear steps possibly result in a poorly usable UL.

User-Centered Development Environment (UCDE) [1] is an object-oriented Ul development
method investigating how software development can function as an extenson of busness
process improvements. Business-oriented components (BOCs) are software objects that
modd business rules, processes, and data from the end-user’s perspective. They clearly map
this information onto Ul objects that are competible by congruction with the information. The
advantage of UCDE is a smooth process sarting from high-level abgtractionsto find Uls.

Another methodologica framework for Ul development is provided in [6,7] which enables to
integrate usability issues into the software development process from the beginning. The focd
point of this gpproach is a psychologicaly based forma task description, which serves as the
centrd reference for assessing the usability of the user interface under development. This con
tribution emphasizes the need of a task modd as dating point for ensuring Ul usability,
whereas UCDE emphasizes the need of a domain mode!.

The MUSE method [8] uses structured notations to specify other elements of the context of
use such as organizationa hierarchies, conceptud tasks, and doman semantics. Moreover,
graphica structured notations are proved to communicate Ul design to users more easlly.

In the above contributions, we see the importance of having a structured way to capture, store,
and manipulate multiple dements of the context of use, such as task, domain, and user. Al-
though the above methods partialy consder this information, they do not consder dedgning
multiple Uls where task [2,3], domain, and user parameters are varying, possbly smultane-
oudy. Only the unified process [10] suggests deriving multiple refinements of a task modd to
cope with individua differences induced by universl design. However, this contribution is
focussng more on task modeling operations than on steps and information required to pro-
gressivey take multiple users in multiple contexts of use into account. The following method
atemptsto fill this gap by dividing the main problem into the three subsequent levels.

3. Conceptual Leve

Motivation and goals. Each method to design Ul displays its own set of concepts, relation
ships, and dtributes, dong with thelr possble vaues and ways to incorporate them in the
method. However, this set is completely embedded in the method and its supporting tool, thus
making the method little flexible to condgder multiple parameters for universal design. When
this set is hidden, the risk of manipulating fuzzy and undgtructured pieces of informetion may
occur. The conceptud leve is therefore intended to enable domain experts to identify comr
mon concepts, relationships, and attributes involved in any particular way in universal design.

Description. An ontology can explicitly define any set of concepts, relationships, and attrib-
utes that need to be manipulated in a paticular universd design [5,11]. The ontology notion
comes from the Artificid Intdligence context where it is identified as the st of forma terms
with one represents knowledge, since the representation completely determines what “exists’
for the sysem. We hereby define a context of use as the globd environment in which a user
population, perhaps with different profiles, skills, and preferences, are carrying out a series of
interactive tasks on one or multiple semantic domains. In universa design, it is expected to
benefit from the advantage of conddering any type of the above information to produce mul-
tiple Uls depending on the varying conditions. These pieces of information d a context of use



can be captured in different models [9]. A model is hereby defined as a set of postulates, data
and inferences presented as a declarative description of a Ul facet. Many facets do exist as
well as rdaed modes task, doman, user, interaction device, computing platform, gpplica
tion, presentation, didogue, help, guidance, tutorid, organizationd environment. A modd is
typicaly built as a hierarchicad decompostion of abstract concepts into severa refined sub-
levels. A modd should dso encompass relations between these concepts with roles, as well as
for models, and between models.

Case study. For the amplicity of this paper, the context of use is focusing on three modds.
1. A domain model defines the data objects that a user can view, access, and manipulate

3.

through a Ul. These data objects belong to the domain of discourse. A domain model can
be represented as a decompodtion of information items, any item may be iteratively re-
fined into sub-items. Each such item can be described by one or many parameters (such as
datatype, length). Each parameter possessesits own domain of possible values.

A task model is a hierarchica decompostion of a task into sub-tasks to end-up with a-
tions which are no longer decomposed [8,11]. The model can then be augmented with
tempord reationships sating when, how and why these sub-tasks and actions are carried
out. Smilarly to the domain model, a task modd may hold a series of parameters with
domains of possble values. For ingtance, task importance (low/mediunvhigh), task struc-
ture (low/medium/high decompostion), task criticd aspects (little/lsome/many), and re-
quired experience (low/moderate, high) are often considered.

A user model consds of a hierarchica decompostion of the user population into stereo-
types. Each dereotype gathers people sharing the same vaue for a given st of parame-
ters. Each stereotype can be further decomposed into sub-stereotypes. For instance, the
population diversty may be reflected by many user parameters such as language, culture,
preference (manud input vs. sdection), task experience (€ementary/medium/ complex),
sysgem experience (dementary/medium/complex), motivation (low/mediumy  high), and
experience of acomplex interaction media (elementary/medium/complex).
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Figure 2. The ontology editor at the modeling stage.



Fig. 2 graphicaly depicts how the ontology editor can be used a the modding stage to inpt,
define, and structure concepts, relationships, and attributes of models used to describe a con
text of use. Here, the three modds are represented and they dl share a description by informa:
tion parameters. Each parameter has a doman, each doman has a st of vaues, possbly
enumerated. The composed-of reaionship denotes aggregation, while has denotes properties.

Discussion. A definition of an ontology fosters structured Ul design based on explicit con-
cepts, relationships, and attributes rather than eclectic or extreme programming where the
code is directly produced or rather than desgn methods which are not open to incorporate ex-
ternd information, such as required by universa desgn. Such ontology facilitates multi-
disciplinarity when people having different backgrounds need to gather for collaborative or
participatory design. The big win of this level is that the ontology can be defined once and
used as many times as wished. When univers design requires the condderation of more i+
formation in models or more models, this ontology can be updated accordingly and so is yo-
dated the method that supports universa design of Uls.

4. Logical level

Motivation and goals. Each modd defined at the conceptud level is now represented with its
own information parameters. In the context of universd Ul, a user modd for ingtance is moti-
vated by the observation that o unique Ul may fit to an “average’ user. Rather, multiple user
stereotypes, sored as user models, alows the consideration of different user types in the same
desgn. Any usr modding can be followed snce there is no predefined/fixed set of parame-
ters. This shows the generdity of the method proposed here to support universal design.

Description. The set of concepts and atributes defined in the ontology are ingtantiated for
each context of use of a domain. In this modd-based approach, it means each modd, which
composes a context of use, is indantisted when its parameters are defined with domains of
possible values.

Case study. The ontology editor is now used to indantiate the context of use, the rdation
ships and attributes of models for the Medical Attendance doman involved in patient admis-
son. Fig. 3 graphicdly depicts the Urgency Admission context of use and the attributes of
models of task, user and domain. There are two tasks indantiated: to admit patient and to
show patient data. The firs one is activated by a secretary and uses patient information dur-
ing its execution. To the user model of the secretary the parameters consdered are her/his
experience levd, input preference, information dendty with the enumerated vaues low and
high.

The information items describing a patient are the following: date of the day, fird name, last
name, birth date, address, phone number, gender and civil status. Information items reagard-
ing insurance dfiliation and medicd regimen can be described smilaly. The parameters of
an information item of a domain model depend on the Ul design process.

For ingtance, parameters and vaues of an information item used to generate Uls in [12] are
data type (calendar, Boolean, grephic, integer, red, or aphanumeric), length (n>1), domain
definition (know, unknown, or mixed), interaction way (input, output, or input/output), orien
tation (horizontd, vertica, circular, or undefined), number of possble vdues (n>1), number
of vauesto choose (n>1), and precision (low or high).
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Figure 3. The ontology editor at the instantiation stage.

Discussion. Models defined and input a the logicd level are dl consgently based on the
same ontology. The big win is that when the ontology changes, al associated modds change
accordingly snce the ontology is used as a reference input for the grgphicd editor. The
grgphicd nature of the editor improves the legibility and the communicability of information,
while information which cannot be represented graphicdly is mantaned in text properties.
The modds serve for both requirements documentation and Ul production in the next leve.

5. Physical level

Motivation and goals. The man god of the phydcd levd rdies in its adility to exploit in-
dantiations cgptured in individua modes to produce multiple Uls, possbly for different
computing plaforms, development environments, or programming languages. This leve is
the only one which is dependent of the target hardware/software configuration intended to
support the UI.

Description. Indantiations of the previoudy defined modds dong with the vdues of ther
parameters, are dored in the logica leve into specification files. Each specification file bas-
cdly condsts of a hierarchicd decompostion of the Ul modds into models, parameters, val-
ues, etc. maintained in an ASCII file. This file can in turn be imported in different Ul produc-
ers as needed. Here, we are using SEGUIA (fig. 4), a model-based interface development that is
cgpable of automaticdly generating MS Visud Basc code for a running Ul from any specifi-
cation file. Of course, any other tool which is compliant with the modd format and/or which
can import the specification file may be intended to produce running Ul for other design
stuations, contexts of use, user modds, or computing platforms. SEGUIA is able to automati-
cdly generate severd Ul presentations to obtain multiple Uls. These different presentations
are obtained

In an automated manner, where the developer only launches the generation process by &
lecting which layout dgorithm to rey on (eg. two-column format or right/bottom dtrai-
egy).

In a computer-aided manner, where the developer can see a each step what are the results
of the generation, can “intervene’, and govern the process before reaching afina satus.
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Figure 4. Example of afinal Ul for the considered case study during manual editing.

Case study. In our case study, information items and their vaues introduced a the ingtantia-
tion levd (fig. 3) are imported in a list box (left in fig. 4) of information items, each of which
is specified separatey (right in fig. 4). If needed, this information can 4ill be edited (in fig. 4,
for instance, gender has been renamed to sex). By sdecting Generation in the menu bar, the
developer launches the generation process and may produce different user interfaces, depend-
ing on rules used for this purpose. Sdlection rules automaticaly sdlect concrete interaction do-
jects (or widgets) from parameters and ther vaues for each information item. For instance,
this information item is mapped onto a radio-button with two vaues as illudrated in the firgt
pat of fig. 5. Sdection rules are gathered in different selection drategies. Some drategies -
ply rules for sdecting input/output widgets, while others prefer graphica representations. For
example, in the second part of fig. 5, a graphica representation of the same nformation item
has been preferred with reference to relevant icons. The sdected widgets are then automati-
cdly laid out according layout algorithms based on presentation guiddines.
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Figure 5. Examples of different final Uls.

For ingtance, the first part of fig. 5 reproduces a rather straightforward presentation, whereas
the second part optimised the presentation by moving the Civil Status group box and by resiz-
ing it so that it is properly digned with other widgets.

Discussion. This leve dlows sharing or reusng previoudy defined modds for severa Ul -
agns, which is paticularly ussful when working in the same doman where smilar informe-
tion can be found. It dso encourages users to work a a higher level abdtraction than merdly
the code levd and to explore multiple Ul dternatives for the same Ul design case. This flexi-
bility may even produce Uls with unforeseen, unexpected or under-explored fegtures. The big
win is that when the set of models change, dl Uls that can be created from this set can change
accordingly. The design space is often referred to as the set of dl possible Uls that can be cre-
ated from an initid set of models for one Ul design.

6. Conclusion

The main contributions and benefits of the method presented in this paper are:
Ul desgn method can be explicitly sructured into three separate levels (i.e, conceptud,
logicd, and physicd, as frequently found in other disciplines such as data bases, software
engineering, and tdecommunications. Each level can be consdered as a levd of abdtrac-
tion from the physicd levd as represented in fig. 6. The physicd levd is the indance levd
where ingtances of the case study are anaysed, the logicd levd is the mode level where
theses indances are mapped onto relevant abgractions, and the conceptua leve is the
metamodd level where abdractions manipulated in the previous levels can be aggregated
to identify the concepts, relationships, and attributes used in a particular method.

The three levds make it possble to goply the “separation of concern” principle (i) a
definition of useful concepts first by someone who is aware of Ul techniques such as user-
centered design, task andyss, and human factors, (i) a modd definition where, for each
Ul design, multiple sets of models can be defined on the same basis wih no redefinition of
previoudy defined concepts, and (iii) multiple Ul creation: for each st of Ul modds,
severa Uls can be created by playing with parameters supported by the Ul generator and
manua editing is alowed when needed, thus achieving the god stated in the introduction.

The big win of the method is that change operated a any level are ingtantly propagated to
subsequent levels: when the ontology changes, dl possble modds change accordingly;
when a modd change, al possble specification change accordingly and so the st of dl
possible Uls that can be created (the Ul design space).
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