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Abstract. In this paper we discuss a user-centered approach of developing 
software, which is based on models and allows bridging the gap between soft-
ware engineering and usability engineering. The development process consists 
of a sequence of interactive model transformations. It is demonstrated how 
first prototypes of interactive systems, which are animated models, can help to 
capture requirements and how the models evolve to the final interactive sys-
tem. This model-based approach provides excellent opportunities for testing 
the usability of software based on the tasks users have to perform. A tool is 
presented, which visualizes the activities of a test person based on the models. 
The tool supports remote testing, which can be performed even on mobile de-
vices. 

1   Introduction 

It is commonly accepted that software development has to start with an analysis of 
the problem domain users work in. There are some discussions whether one has to 
start to analyze objects, tasks or interactions first but at the end there is a common 
understanding of the importance of all aspects of the problem domain. It is also more 
and more accepted that the point of view of the user is most important for the soft-
ware under development. Indeed, a user-centered development process supports this 
idea perfectly. 
Model-based development of software systems becomes more and more popular. 
Even if it is up to now not used very extensively it is an attractive process with 
proven record of success, especially in the context of developing multiple user inter-
faces.  There are approaches focusing on object models first like the model-driven 
architecture of UML [24]. However, we follow task-based approaches like ADEPT 
[26], CTTE [4] or Cameleon [1]. Typically, such systems are used to model existing 
or envisioned tasks. They help to understand the tasks a user has to perform in more 
detail by allowing simulations. Additionally, systems like TERESA [23] support the 
development of user interfaces.   

Our System DiaTask [21] follows a similar approach. Based on task-, object-, 
user- and environment-models interactive systems are developed. Chapter 2 will 



describe this approach in a little bit more details. Afterwards opportunities for re-
mote usability testing will be sketched and at the end we will discuss achieved and 
further goals. 

2   Model-Based Development of Interactive Systems 

We strongly believe that software engineers and user interface designers have to base 
their work on the same models. Fig. 1 visualizes this fact by presenting these models 
on the left hand side. Task-, business-object-, user- and device models are very much 
interrelated. The device model is a representative of a general environment model 
here.  
These models are as well the basis for the development of the software developed by 
software engineers as those for the software developed by user-interface experts. 
Furthermore, we consider software development as a sequence of transformations of 
models that is not performed in a fully automated way but by humans using interac-
tive tools.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.  Model-based development process model 

Even if our work is especially focused on methods and tools supporting transforma-
tions by patterns (The transformation of class diagrams by patterns using the case 
tool Rational Rose is described in [11]. In [22], the idea of supporting the develop-
ment of task models by patterns is presented.) we want to focus this paper on the 
models, which are within the development process.  



In the following, we demonstrate the application of our ideas to a very small example 
of developing a mail management system. Fig. 2 is the result of the interviews of 
forthcoming users. It demonstrates how task models look like.  

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Task model for the mail management system 

According to the task model of Fig. 2, a user may either read his mail, or write a new 
one. To read his mails, he has to select a specific mail from a list that is generated 
and presented to him by the application. Once he has selected a mail, he gets its 
content displayed. “Select” and “display” are consecutive subtasks of an iterative task 
that can be cancelled at any time. 

Writing mails is modeled in a similar manner. After a user decides to write a mail 
he has to enter the iterative task produce mail, where he is requested to compose a 
new mail and, after finishing this, the application will send it away. This sub-task 
may also be cancelled at any time. 

Additionally to the classical temporal operations like  >> - enabling, ||| - in paral-
lel, [] – alternative a new operation symbol # is introduced. It represents the “in-
stance iteration” operation. In contrast to the classical iteration * it allows to start a 
new iteration before the old one is finished, a specification feature, which is very 
helpful in a lot of applications.  

 
With one of our tools called DiaTask [21] we are able to develop dialog graphs 

that represent the navigation structure of the interactive systems. Such a graph is 
based on the previously specified task model.  

A dialog graph consists of a set of nodes, which are called views and a set of tran-
sitions. There are 5 types of views: single, multi, modal, complex, and end views. A 
single view is an abstraction of a single sub-dialog of the user interface that has to be 
described. A multi view serves to specify a set of similar sub-dialogs. A modal view 
specifies a sub-dialog, which has to be finished in order to continue other sub-dialogs 
of the system. Complex views allow a hierarchical description of a user interface 
model. End views are final points in (sub-) dialogs. Each view is characterized by a 
set of (navigational) elements. A transition is a directed relation between an element 
of a view and another view. Transitions reflect navigational aspects of user inter-
faces. It is distinguished between sequential and concurrent transitions. A sequential 



transition from view v1 to view v2 closes the sub-dialog described by v1 and acti-
vates the sub-dialog, which corresponds to v2. In contrast, v1 remains open while v2 
is activated if v1 and v2 are connected by a concurrent transition. Fig. 3 shows the 
graphical notation for the different types of views and transitions. 

Unlike TERESA [23] the dialog graph is the result of a design process and not the 
result of automatic transformations. 

DiaTask allows assigning several different dialog graphs to one task model. Fig. 3 
demonstrates the example of our mailing system with single views (main window, 
write mail), multiple views (read mail) and the end view (end). The screenshot is 
produced using the eclipse [9] plug-in for DiaTask. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 3. Dialog graph for the management system of mails 

 
There are concurrent transitions from “mail client” to “read mail” and “write 

mail”. This means that “main window” stays open and can be activated by a mouse 
click.  

Multiple views are able to instantiate several instances. In the example of a mail 
system this means that users can read several mails in parallel. Multiple views go 
together with concurrent transitions. Fig. 3 gives an impression of the abstract proto-
type generated from the model of Fig. 2. It captures a situation where one mail is 
read and another one is written. The “main window” is active and as well pressing 
the corresponding button can activate “end”, “read mail” or “write mail”. 

Fig. 4 demonstrates an abstract user interface.  
 



 
 
 
 
 
 

 

 
 
 

 
 
 
 
 
 
 
 
 
 

 

Fig. 4. Canonical abstract prototype of  

Fig. 3 in animated mode 

The abstract user interface of  
Fig. 4 is automatically generated from the specification of the dialog graph and 

behaves according to the temporal relations of the task model. It is already very good 
to improve the communication with users during the requirements analysis phase. 
Unfortunately it has the drawback of a very abstract interface. It was our intention to 
improve this situation. It was our idea to generate the abstract user interface (e.g.  

Fig. 4) in a language, which can be picked up by a GUI-editor for improvements. 
Our decision was to use XUL [11] for this purpose. This user-interface description 
language was introduced with the Mozilla project and is part of its success story. 
Based on an existing GUI plug-in for eclipse an editor for XUL was developed. This 
editor is able to replace existing elements by other ones. In this way the abstract user 
interface can be improved to a more useful one while keeping up the reference from 
the GUI elements to tasks. We are especially working on the problem how patterns 
can be used for this purpose. Possible tool support is discussed in [22]. 

The interpreter of the models, which controls the animation, recognizes the exis-
tence of improved windows and includes them into the animation process. In this 
way, the user is able to have a look at a user interface, which is already a candidate 
for the final interactive system. 



 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 

Fig. 5.  Designed GUI for  Select & Read 

Details of the GUI-editor can be found in [27] and [28]. During simulation our 
system offers a view on the prototype of the user interface and a view on the ani-
mated task model. Fig. 6 demonstrates how the animated task model is visualized. 
Basic tasks (represented by squares) with green circles can be executed. Red crosses 
represent a status of the task that allows no execution because of restrictions (e.g. 
temporal relations between tasks). A blue tick signals the successful execution of a 
task. 

 
 

 

 

 

 

 
 
 

Fig. 6. Visualization of an animated task model 



3   Remote Usability Testing 

Usability testing is often the first activity, where software engineers come into 
contact with usability engineers. It is our idea that they start their co-operation al-
ready by commonly designing models. 

Nevertheless, testing the usability of software is a time consuming process. Test 
scenarios have to be developed, test persons have to be hired and experienced usabil-
ity experts have to observe the behavior of the test person. Sometimes it is very diffi-
cult to have test person and the usability expert as test supervisor at the same time at 
the same place. This is especially true for mobile applications. 

Sometimes the presence of the test supervisors influences the test persons by exe-
cuting their tasks. 

These problems can be reduced by remote usability tests. This kind of test allows 
the test person and the test supervisor to work at different places. This is not new but 
it opens new opportunities based on our model-based development approach. 

3.1 Software Architecture 

It is possible to run a model-based system on client-server architectures. In this 
way models are interpreted on severs and the results are delivered to the clients. Fig. 
7 gives an impression how this architecture looks like. 

 

 

 

 

 

 

 

 

Fig. 7.  Software architecture 

The architecture of Fig. 7 opens new opportunities for remote usability testing be-
cause in addition to videos and the capturing of screens it is possible to observe the 
status of the interpreted models. Some features of our TMSClient and TMSServer 
(TMS = Task Model System) will be discussed within the following paragraph. 

Server

• Task model
• Dialog graph
• UI specification
• Interpreter



3.2 Tool Support for Remote Usability Tests 

Based on our model-based approach a TMSServer was implemented, which al-
lows first remote usability tests. Up to now, the system’s input is a generated Java-
application (see Fig. 8) that was built using the transformations described in the 
previous paragraph.  

 
   
 
 
 
 
 
 
 

Fig. 8. User interface for the test person 

Model related events (creations, state changes) are captured on client side and 
transmitted to the server where the model is reconstructed and sent to the supervi-
sor’s client(s). The usability experts get an impression of the test by looking at the 
visualization of the actual state of the execution of the task-model instance, which is 
presented in Fig. 9. We do not want to comment to all the information presented but 
would like to draw the attention of the reader to the left side of the screen shot, 
where the activated task model can be seen.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9. User interface (animated task model) for usability experts 



This user interface of Fig. 9 was technically produced based on a Java implemen-
tation, where parameterized cascaded observers were used to observe the states of the 
models on the server. 

At the moment the usability expert has to watch the changes of the task model in-
stance. He has to observe whether the test person behaves as expected or whether 
tasks are activated that have nothing to do with the actual test scenario. In this last 
case something is wrong with the system and a usability problem was found. In the 
future there will be further tool support such tests like automatic extraction of critical 
actions. 

One can imagine that predefined scenarios are stored and as long as the test per-
son acts according to these scenarios nothing happens. Otherwise the usability expert 
is informed that something happened that was not expected. It is his decision what to 
do next. 

This kind of usability testing offers a new type of information, which is not 
strongly connected to specific UI-elements like buttons etc but to structural informa-
tion that was transformed from models to the final software. This allows a much 
more detailed analysis of the software’s logical structure than other test methods, and 
different versions of the software generated from different versions of the task model 
can be compared and optimized. 

Of course, it is not the intention to replace all other kinds of observations by this 
method but it is intended to use this idea additionally. 

6   Summaries and Outlook 

Within this paper a model-based development (Fig. 1) process was proposed. This 
process model postulates the idea of having the same models as basis of the work of 
software engineers and usability engineers. This fact is very important for us. Even if 
not every detail of the models is important for both groups of the different developers 
there have to be common models as basis of the development process. This is one big 
first step towards bridging the gap between software engineering and usability engi-
neering. The approach has the following advantages: 

• Software engineers are focused on the tasks a user has to perform, on 
the object he has to manipulate and on the work situation (context of 
work). In this way it is guaranteed that the developed interactive sys-
tems are user-centered. 

• Usability experts are involved in the specification of models in very 
early development stages. In this way they can influence the implemen-
tation process of the software engineers and integrate usability test re-
sults to ensure the task model and the modeled temporal relations to 
fulfill the user’s needs and support their work in an efficient manner. 



• Usability evaluation is supported during all stages of the development 
process based on the existing models. Especially remote usability test-
ing can be supported. 

We have been using our approach in different small projects. However, up to now we 
did not use models for projects of large scale. Currently we are working in a project 
for a mobile maintenance system together with 8 partners from university and 9 
partners from industry, which follows our model-based approach. The project started 
2004 and will be finished 2006. We are sure that the demonstrated approach will 
lead to a successful result of the project and that we will gain further knowledge to 
improve our tool for remote usability testing in a mobile environment. 
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