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Abstract 
More frequently, design of user interfaces covers design issues related to multiple contexts of use 
where multiple stereotypes of users may carry out multiple tasks, possibly on multiple domains of 
interest. Existing development methods do not necessarily support developing such user interfaces 
as they do not factor out common parts between similar cases while putting aside uncommon parts 
that are specific to some user stereotypes. To address this need, a new development method is 
presented based on three layers: (i) a conceptual layer where a domain expert defines an ontology 
of concepts, relationships, and attributes of the domain of discourse, including user modeling; (ii) 
a logical layer where a designer specifies multiple models based on the previously defined 
ontology and its allowed rules; and (iii) a physical layer where a developer develops multiple user 
interfaces from the previously specified models with design alternatives depending on 
characteristics maintained in the user models. 
 

1 Introduction 
Universal design (Savidis, Akoumianakis & Stephanidis, 2001) adheres to a vision where user 
interfaces (UIs) of interactive applications are developed for the widest population of users in 
different contexts of use by taking into account differences such as preferences, cognitive style, 
language, culture, habits, conventions, and system experience. Universal design of UIs poses some 
difficulties due to the consideration of these multiple parameters depending on the supported 
differences. In particular, the multiplicity of parameters dramatically increases the complexity of 
the design phase by adding many design options among which to decide. In addition, methods for 
developing UIs do not mesh well with this variety of parameters as they are not necessarily 
identified and manipulated in a structured way nor truly considered in the design process. The 
method structures the UI design in three levels of abstraction as represented in fig. 1 so as to 
delegate specific conditions and decisions the latest possible in the whole development life cycle: 
1. The conceptual level enables a domain expert to define ontology of concepts, relationships, 

and attributes involved in the production of multiple UIs. 
2. The logical level allows designers to capture requirements of a specific UI design case by 

instantiating concepts, relationships, and attributes with a graphical editor. Each set of 
instantiations results in a set of models for each considered design case (n designs in fig. 1). 

3. The physical level helps developers in deriving multiple UIs from each set of models thanks 
to a model-based UI generator: in fig. 1, m possible UIs are obtained for UI design #1, p for 
UI design #2,…, r for UI design #n. The generation is then exported to  imported in a 
traditional development environment for any manual edition (here, MS Visual Basic). 
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Figure 1: The different levels of the proposed method for universal design of user interfaces 

2 Ontology Editor  
An ontology (Guarino, 1995) explicitly defines any set of concepts, relationships, and attributes 
that need to be manipulated in a particular situation, including universal design. The ontology 
notion comes from the Artificial Intelligence context where it is identified as the set of formal 
terms with one represents knowledge, since the representation completely determines what 
“exists”  for the system. We define a context of use as the global 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 universal design, it is expected to benefit 
from the advantage of considering any type of the above information to produce multiple UIs 
depending on the varying conditions. These pieces of information of a context of use can be 
captured in different models (Puerta, 1997). In order to input model properly, an ontology of these 
models is needed so as to preserve not only their syntactical aspects, but also their semantics. For 
this purpose, an ontology defines a specification language with which any model can be specified. 
The concepts and relations of interest at this layer are here introduced as meta-concepts and meta-
relations belonging to the meta-modeling stage. An ontology defines a kind of reference meta-
model. Of course, several meta-models can be defined, but only one reference is used here. 
Moreover, the ontology may allow the transformation of concepts expressed according to one 
meta-model to another one. Fig. 2 exemplifies how these fundamental concepts can be defined in 
an ontology editor that will serve ultimately to constrain any model that will be further defined 
and instantiated. The core entity of fig. 2 is the concept, characterized by one or many attributes, 



each having here a data type (e.g., string, real, integer, Boolean, or symbol). Concepts can be 
related to each other thanks to relations. Some particular, yet useful, relations include inheritance 
(i.e., “ is” ), aggregation (i.e., “composed of” ); and characterization (i.e., “has” ). At the meta-
modeling stage, we do know that concepts, relations, and attributes will be manipulated, but we do 
not know yet of what type. Any UI model, can be expressed in terms of the basic entities as 
specified in fig. 2. 

 
Figure 2: The different basic elements (concepts, relations, attributes) in the ontology editor 

3 Concept Graphical Editor  
Once the basic elements have been defined, any instance of these elements can be used at the 
subsequent level to define the models used to capture the specifications of a single UI or for 
several ones. In particular, it is important to separate, when appropriate, aspects that are 
independent of the context of use (e.g., a task or a sub-task that needs to be carried out) from 
aspects that are dependent of this context of use. Therefore, it is likely that each model (i.e., task, 
domain, user, presentation, dialogue) (Puerta, 1997) will be subject to identifying and separating 
dependent parts from independent parts. The concept graphical editor is now used to instantiate 
the context of use, the relationships and attributes of models for the Medical Attendance domain 
involved in patient admission. Fig. 3 graphically depicts the Urgency Admission context of use 
and the attributes of models of task, user and domain. There are two tasks instantiated: to admit 
patient and to show patient data. The first one is activated by a secretary and uses patient 
information during its execution. For the user model of the secretary, the following parameters are 
considered: her/his experience layer, input preference, information density with the enumerated 
values low and high. The information items describing a patient are the following: date of the day, 
first name, last name, birth date, address, phone number, gender, and civil status. Information 
items regarding insurance affiliation and medical regimen can be described similarly. The 
parameters of an information item of a domain model depend on the UI design process. For 
instance, parameters and values of an information item used to generate UIs are (Vanderdonckt, 
2000): data type (date, Boolean, graphic, integer, real, or alphanumeric), length (n>1), domain 
definition (know, unknown, or mixed), interaction way (input, output, or input/output), orientation 
(horizontal, vertical, circular, or undefined), number of possible values (n>1), number of values to 
choose (n>1), and precision (low or high). 



 
Figure 3: Instantiating the basic elements for a particular model in the concept graphical editor 

4 Model-based generator  
Once a particular model is obtained, each model can initiate a UI generation process. Here, the 
SEGUIA (Vanderdonckt and Bodart, 1993) tool is used (fig. 4): it consists of a model-based 
interface development that is capable of automatically generating code for a running UI from a file 
containing the specifications defined in the previous step. For this purpose, any model stored in 
the graphical editor can be exported from this editor and imported in SEGUIA, as a simple file or a 
DSL file (Dynamic Specification Language) (fig. 4a). Of course, any other tool which is compliant 
with the model format and/or which can import the specification file may be intended to produce 
running UI for other design situations, contexts of use, user models, or computing platforms. 
SEGUIA is able to automatically generate several UI presentations to obtain multiple UIs. These 
different presentations are obtained 
·  In an automated manner, where the developer only launches the generation process by 

selecting which layout algorithm to rely on (e.g. two-column format or right/bottom strategy). 
·  In a computer-aided manner, where the developer can see at each step what are the results of 

the generation, can cooperate in a mixed-initiative manner, and govern the process before 
reaching a final status. 

Once a file is opened, the designer may ask the tool to generate a presentation model, if not done 
before by relying on the concepts of presentation units and logical windows (fig. 4b). A 
presentation unit is a set of logical windows all related to a same interactive task, but not all these 
logical windows should be presented simultaneously. For instance, a first input logical window 
may be presented and a second one afterwards, depending on the status of information acquired in 
the first one. Logical windows (e.g., a window, a dialog box, a tabbed dialog box) can be 
determined according to various strategies: maximal, minimal, input/output, functional, and free. 
Once a presentation model is finalised, the generation process is performed into 4 steps (fig. 4c): 
1. Selection of Abstract Interaction Objects: the tools selects interaction objects to 

input/output information items contained in the model. The objects are tried to be 
independent from any context of use. 

2. Transformation of Abstract Interaction Objects into Concrete Interaction Objects: once a 
context of use is known, the abstract part can be mapped onto a concrete part that is 
context-dependent. For instance, once a computing platform is targeted, it univocally 
determines the possible objects, turned into widgets, upon availability on this platform. 



3. Placement of Concrete Interaction Objects: once the context is fixed, the physical 
constraints imposed by this context can restrict the design space for producing the 
running UI. Widgets can be laid out in containers, containers can be arranged together so 
as to create a final UI. Several algorithms exist that lay these widgets out. 

4. Manual edition of Concrete Interaction Objects: after being laid out by the algorithm, the 
layout can be manually retouched using any traditional graphical editor, such as the one 
we can find in the Microsoft Visual Basic Development environment. This step is 
sometimes referred to as beautification, as it attempts to improve the final layout. Fig. 5 
shows a sample of UIs generated for the example above. 

 

 
Figure 4: Menus of the model-based generator to generate a running UI 

   
Figure 5: Sample of user interfaces generated for the task “patient admission”  
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