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Chapter 8
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Abstract In practice, designers often select user interface elements like widgets intui-
tively. So, important design decisions may never become conscious or explicit,
and therefore also not traceable. In order to improve this situation, we propose
a systematic process for selecting user interface elements (in the form of wid-
gets) in a few explicitly defined steps, starting from usage scenarios. This pro-
cess provides a seamless way of going from scenarios through (attached) sub-
task definitions and various task classifications and (de)compositions to widget
classes. In this way, it makes an important part of user interface design more
systematic and conscious. For an initial evaluation of the usefulness of this ap-
proach, we conducted a small experiment that compares the widgets of an in-
dustrial GUI that was developed as usual by experienced practitioners, with
the outcome of an independent execution of the proposed process. Since the
results of this experiment are encouraging, we suggest to investigate this ap-
proach further in real-world practice. 

Keywords: Task analysis, Usage scenarios, User interface elements, Widgets.

1. INTRODUCTION

In current practice, user interface design is typically more an art rather
than science or engineering and requires much experience. In particular, de-
signers tend to select user interface elements in the form of widgets for pro-
ductivity tools intuitively, based on their experience. So, we address the
problem of selecting widgets for a GUI that will be built from those building
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blocks. Striving for a systematic process to be followed in a step-by-step
fashion, we propose a task-based approach to widget selection.

Our approach is based upon task analysis and scenario-based design, as-
suming that envisaged usage scenarios of reasonable quality are already
available. We propose to explicitly assign subtask descriptions to the inter-
actions documented in such a scenario, to the steps of both users and the
proposed system to be built. Through combining those subtasks that together
make up an interaction, interaction tasks are identified. For these, the right
granularity needs to be found, which may require task composition or de-
composition. The resulting interaction tasks can be classified according to
the kind of interaction they require, using a class hierarchy of interaction
tasks that we developed for this purpose. From this classification, it is possi-
ble to map the interaction tasks to a class hierarchy of widgets that we de-
veloped as well. Up to this point, our process description is seamless, while
the subsequent selection of concrete widgets is beyond the scope of this pa-
per.

We wanted to get an idea of whether and how strongly the kinds of wid-
gets selected with this approach might correspond with those in the devel-
opment of an industrial GUI. So, we conducted a small experiment with such
a GUI. The results are encouraging and make us believe that this approach is
promising. This paper is organized in the following manner. First, we sum-
marize related work in the literature. Then, we present our process for wid-
get selection, with its focus on the identification of interaction tasks and their
mapping to widget classes, and illustrate it with a running example. Finally,
we describe the experiment and present its results.

2. RELATED WORK

In the literature, many approaches to task analysis and task modeling can
be found (see, e.g., [1, 4, 10]). A task can be viewed as a piece of work that a
person or other agent has to (or wishes to) perform. The granularity of tasks
can vary from whole work tasks [4] to minute detail of how a user interacts
with a computer at the command and input/output level [1]. Since we pro-
pose an approach to identifying user interface elements in this paper, our fo-
cus here is on the latter, more detailed level. Still, work tasks are the original
starting point for the design of a user interface in our approach.

Concrete ways of performing work tasks can be described in scenarios
such as those in our approach. Similar constructs to scenarios have occasion-
ally been called methods or plans in the context of task analysis. The author
of TKS (Task Knowledge Structures) [4] also dealt with scenarios, which in
this context describe human activity [5]. Another role of scenarios in this ap



From Usage Scenarios to User Interface Elements in a Few Steps 93

proach is in depicting an account of a proposed course of action. Our ap-
proach fits in here as a proposal for systematically designing a task model
based on such scenarios and developing an abstract interface model from it
(these notions are taken from ADEPT [13]).

The approach most similar to ours for scenario-based GUI design is
called essential modeling and can be found in [2]. While we stick with con-
crete scenarios, the basic idea behind essential modeling is abstraction from
a concrete use case to an abstract use case and, to develop an abstract user
interface with abstract interface elements from it and finally a concrete GUI
with widgets. This approach is certainly useful and can possibly also be
combined with ours, but there is no seamless process defined of how one
should go from scenario descriptions to the user interface elements (wid-
gets).

Even approaches to automatic generation of user interfaces can be found
in the literature (see, e.g., [12]). They typically focus on input and output of
data, based on data models (E/R models). In [12], there is a distinction be-
tween abstract and concrete interface objects and a focus on automatically
mapping the former to the latter using selection rules. Other work has its fo-
cus on layout issues, proposing knowledge-based generation and evaluation
[7] or creation and metric-based evaluation [11] of user interfaces. Rather
than building on what is to be input and output, or elaborating on how the
user interface should really look like, we focus on what is to be done with
the resulting user interface once it will be available, and what its basic
building blocks should be.

Our approach centers around (a taxonomy of) interaction tasks, a notion
that can be found already in [9]. It is used there for abstracting from the de-
tails of window management, which is similar to our abstraction from con-
crete widgets. But we describe how to systematically determine such inter-
action tasks and to map them to widget classes.

3. A SYSTEMATIC PROCESS FOR WIDGET SE-
LECTION

Our new process for widget selection is based on scenarios, more pre-
cisely envisaged interaction scenarios of the kind dealt with in [6], in the
larger context of the method and tool named RETH (Requirements Engi-
neering Through Hypertext). This approach combines scenarios both with
functions and goals. Functions are required to make the desired behavior of
some scenario happen in order to achieve one or more goals. Rather than
giving elaborate theoretical explanations, we simply present the example
scenario “Displaying a summary of changes” in Table 1 as an illustration,
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which was developed according to this approach. This scenario serves also
as a running example for the explanations of the new process below. It is one
of the 20 scenarios actually defined in the case study at hand.

In order to facilitate a better understanding of this scenario and the wid-
gets resulting from it, let us briefly sketch the context. This scenario is part
of a requirements specification for a versioning facility of the RETH tool,
where it helped to acquire and to define the functional requirements. One
might think that there would be a complication introduced through having
RETH both as the target system and the tool. However, it is a common boot-
strapping approach to use an existing tool for developing a subsequent re-
lease of the same but enhanced tool. In addition, our focus here is not on the
use of the RETH tool, but rather on a specific part of the RETH method.

Table 1. A tabular representation of the scenario Displaying a summary of changes.

Scenario Displaying a summary of changes
1. The user initiates the displaying of a
summary of changes between any two ver-
sions.
Task: To select Display Change Summary

2. RETH displays a list of all available ver-
sions and asks the user to select the first ver-
sion.
Task: To display version list

3. The user selects a version from the list.
Task: To pick a version

4. RETH displays a list of all available ver-
sions and asks the user to select the second
version.
Task: To display version list

5. The user selects a version from the list.
Task: To pick a version

6. RETH displays a summary of changes that
have occurred between the two versions
Task: To display change summary

Since such a scenario describes interactions between a user and the sys-
tem to be built, it pre-determines to some extent the kind of interface that
will support it. The extent depends on how concrete or abstract these inter-
actions are specified. Abstract use cases [2] leave more room for later GUI
design decisions. In fact, scenario descriptions may actually vary within a
spectrum from concrete to abstract [6]. In this paper, we assume the avail-
ability of more concrete scenarios.

The creation of more concrete scenarios already involves more such de-
sign work. In some sense, designing more concrete scenarios also has to as-
sume the availability of certain user-interface elements, in our case widget
classes. As long as the usual functionality is covered, this should not con-
strain the design much. We deal with widgets from the MS Windows style
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guide [8] in the context of this paper. The process for widget selection as
presented here selects appropriate widget classes from the ones available.

Since this process is seamless from concrete scenarios to widget classes
through several steps of task manipulations, it facilitates traceability. Of
course, some record linking the various tasks needs to be kept for this pur-
pose. The difference to unguided GUI design in this respect is, however, that
defined artifacts in the form of such task descriptions are available for such a
record.

3.1 Interaction Scenarios with Attached Task Descrip-
tions

As a unique feature of our scenario descriptions, the steps of the pro-
posed system to be built have annotations that link to descriptions of func-
tional requirements. Whenever this system performs such a step, it will need
to accomplish these functions. In this sense, this relation between a step and
a function is called By-Function. Since the scenarios are envisaged at the re-
quirements stage, the functions are not yet available but they are still func-
tional requirements.

Additionally, the steps of users of that system can have analogous at-
tachments. Rather than talking about functions to be required from users, let
us view them as attachments to task descriptions. In fact, we can also view
the functional requirements as specifications of tasks that the proposed sys-
tem to be built will have to perform. In the following, we assume that each
and every step of an envisaged interaction scenario has an attachment of de-
scriptions of one or more tasks that are associated with the step. In Table 1,
only the names of these tasks are given. They are underlined in order to indi-
cate that they link to the corresponding task descriptions (in the RETH tool
itself or Web representations automatically generated from it, in the form of
hypertext links). We assume that the actual task descriptions are not needed
here for understanding this example.

In general, these are many-to-many relations between the steps of a sce-
nario and such tasks. Therefore, a given set of scenarios is associated with a
set of tasks which have to be performed for executing these scenarios. So,
this set of tasks is related to the whole set of scenarios, rather than a single
one.

3.2 From Task Descriptions to Widget Classes

The core of our new approach leads from the set of those task descrip-
tions to widget classes in the following steps. It is systematic in that these
steps can and should be performed in the given sequence.
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Task

System task User task

Complementary task Output task Initial System task

Figure 1. A hierarchy of task categories.

1. Put tasks into predefined categories. First, we propose to put each task
into one of several categories that we define here with the intention to
work out which of the tasks relate to the user interface and, in which way.
As indicated above, we distinguish between tasks to be performed by the
user (User Tasks) from tasks to be performed by the proposed system to
be built (System Tasks). Fig. 1 illustrates this distinction in a UML class
diagram, where the triangles denote a relationship between object classes
that we can intuitively view as a specialization. That is, a User Task is a
special case of a Task in general. In our running example, the following
tasks are obviously put into the category User Task: “To select Display
Change Summary” and “To pick a version”. The latter occurs actually
twice, which is a specialty of this scenario. A System Task is also a spe-
cial case of a Task in general. In this diagram, we can even see a further
specialization of System Tasks.
� Complementary Tasks – These System Tasks are complementary to

User Tasks in the sense that they together need the user interface for
being performed. For each User Task, something needs to be pre-
pared in the user interface so that it can be performed on it. That is
what a Complementary Task of the system to be built does. In our
running example, the task “To display version list” occurs twice, and
we put it into the category Complementary Task, corresponding to
the User Task “To pick a version” given above.

� Output Tasks – These are tasks of the system to be built that output
something without a User Task to complement with. That is, an Out-
put Task does not prepare anything in the user interface that would
be needed by a complementary task as defined above. In our running
example, we understand the task “To display change summary” in
such a way that the change summary output is not to be processed
further in the user interface by a User Task. So, we put it into the
category Output Task.

� Internal System Tasks – These are System Tasks that do not have any
effect on the user interface, since they are performed with computa-
tions inside the program only. Of course, Internal System Tasks are
not directly involved in our process of widget selection, but we in
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clude them for the purpose of completeness. In our running example,
there is no Internal System Task.

2. Aggregate complementary tasks. Then, the complementary tasks of us-
ers and the proposed system can be aggregated. For this purpose, we de-
fine an aggregate of such tasks and call it Interaction Task, since the
complementary tasks together make up an interaction through the user
interface. Fig. 2 illustrates this relationship in a UML class diagram,
where the diamonds denote the aggregation relationship. A concrete In-
teraction Task (an object-oriented instance of this class) is the whole and,
concrete User Tasks and Complementary Tasks are the parts in such an
aggregation. In our scenario descriptions, not for every User Task a
Complementary Task is explicitly given and vice versa. Since the point
of this step is the identification of Interaction Tasks, this should not be
much of a problem, as long as they can be identified from either a User
Task or a Complementary Task. Output Tasks are special, since they ave
no complementary User Tasks in our approach. Still, we think it is ap-
propriate to view them as a specialization of Interaction Tasks (more pre-
cisely a specialization of I/O Tasks, see below). In our running example,
we aggregate the tasks “To display version list” and “To pick a version”
into the Interaction Task “To interact on selecting a version”. For the
User Task “To select Display Change Summary”, no Complementary
Task is explicitly given in this scenario. Its (implicit) precondition is that
such a selection is possible before the scenario can be executed, i.e., a
Complementary Task has been performed before. Still, it is possible to
identify a corresponding Interaction Task “To interact on selecting Dis-
play Change Summary”.

Aggregate Interaction Task

Interaction Task

Complementary Task User Task

Figure 2. Task aggregations.

3. Compose and decompose tasks. This step is optional, since those Inter-
action Tasks may or may not yet have the right granularity. Either they
might need to be composed with others to an Aggregate Interaction Task
or they might need to be decomposed into “atomic” tasks, where the de-
composed task is modeled as an Aggregate Interaction Task. This is
again an aggregation relationship, which is illustrated in the top part of
Fig. 2. In our running example, the Interaction Task “To interact on se
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lecting a version” occurs twice, once for the old and once for the new
version to be compared. But according to the scenario description these
selections are to be executed in sequence. So, no Aggregate Interaction
Task is needed here and also none for the other Interaction Tasks in this
scenario. Since all of them are “atomic”, also no decomposition is needed
here. In general, however, even recursive composition may occur, ac-
cording to the quasi-recursion in UML between Interaction Task and Ag-
gregate Interaction Task in Fig. 3. That is, an Aggregate Interaction Task
aggregates Interaction Tasks. It is an Interaction Task itself and can,
therefore, be aggregated by another Aggregate Interaction Task. This
case actually occurred in the scenario “Displaying the List of Document
Versions”, where first the Interaction Tasks on selecting all versions and
on major versions only are aggregated. The resulting Aggregate Interac-
tion Task is itself aggregated with the Interaction Task on viewing a ver-
sion list. It is clear that such task composition and decomposition is due
to human judgement. Still, it occurs embedded in the systematic process
and is done consciously.

Interaction Task

Task of Selecting an Action Aggregate Interaction Task I/O Task

Output Task Task of Numeric Input Task of Text Input Task of Boolean Input

Figure 3. A classification hierarchy of Interaction Tasks.

4. Classify tasks according to the kind of interaction required. After
that, we propose to classify the resulting Interaction Tasks according to
the kind of interaction they require. Fig. 3 shows the classification hierar-
chy that we have defined for this step. (In fact, this is another possibility
of specializing tasks than that illustrated above in Fig. 1.) Apart from the
Aggregate Interaction Tasks, we distinguish here Tasks of Selecting an
Action from I/O Tasks, which are further specialized according to what is
input and output, e.g., text or Boolean values. In our running example, we
obviously classify “To interact on selecting Display Change Summary”
as a Task of Selecting an Action. Since “To interact on selecting a ver-
sion” means I/O on the textual representation of the version name, we
classify it as a Task of Text Input.

5. Map to widget classes. Finally, it is possible to map from the domain of
classes of Interaction Tasks (see Fig. 3) to the domain of Widget classes
(see Fig. 4) in such a way that a widget from the resulting class can sup-
port the corresponding Interaction Task in a GUI. More precisely, we



From Usage Scenarios to User Interface Elements in a Few Steps 99

map I/O Task to Control, Task of Selecting an Action to Widget for Se-
lecting an Action, and Aggregate Interaction Task to Container Widget.
In addition, we map the specializations of I/O Task to their obvious
counterpart in the specializations of Control in the widget classification
hierarchy. Due to space restrictions, we show here only the top-most part
of the hierarchy of widget classes, but the full and fine-grained hierarchy
can be found in [3]. This object-oriented hierarchy reflects a breakdown
according to the purpose of the widgets in the GUI, rather than a struc-
tural view of widgets. Structural composition, however, is modeled
through aggregations of widgets. While we cannot show our full hierar-
chy of Interaction Tasks in this paper either, note that it is equally de-
tailed as the hierarchy of widget classes. In fact, it is complete with re-
gard to the functionality of the widgets of the MSWindows style guide
[8]. In our running example, for the task “To interact on selecting Display
Change Summary” a Widget for Selecting an Action should be appropri-
ate and, for the task “To interact on selecting a version” a Widget for
Text Input. We view text input not only in the sense of typing text here,
but more generally, so that it includes selection of text from a list. For the
Output Task “To display change summary”, an Output Widget should be
appropriate. So, this mapping looks rather straight-forward. In fact, this is
partly due to the way we defined both hierarchies, so that there are more
or less obvious one-to-one correspondences. However, it seems clear that
for any reasonable and complete hierarchy of user interface elements,
there will exist some mapping from our classification hierarchy of Inter-
action Tasks to it.

Widget

Widget for Selecting an Action Control Tool Container Widget

Figure 4. Our classification hierarchy of widgets (its top-most level).

4. AN EXPERIMENT WITH THIS APPROACH

Ideally, the usability of a user interface resulting from our process should
be evaluated. However, it systematically covers the selection of widget
classes only, while the selection of concrete widgets and their placement are
out of its scope and require much human skill and experience. So, evaluating
concrete widgets or even a complete user interface built by using our process
would involve too much bias, because even more human judgement would
be involved. Since a usability test requires a real user interface or at least a
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reasonable mockup, a selection of widget classes cannot be evaluated in this
way. Even usability inspections cannot be applied to a set of widget classes.

Still, in order to get an idea about the validity of this new approach, we
conducted a small experiment. The second author of this paper worked com-
pletely through the process described above for all 20 scenarios in the given
requirements specification of the versioning facility of RETH (which was
the only information available to him about this facility). This approach had
the advantage that he knew our process already, of course, while we would
have had to teach someone else first. Note, that he is less experienced in
user-interface design than the key interface developer in the regular devel-
opment.

For the various (re)classifications, he used the RETH tool itself. Primar-
ily, he utilized the object-oriented features of the tool, which helped to avoid
inconsistency. Of course, this was the RETH tool without the versioning fa-
cility, which the second author has never seen until this exercise was com-
pletely finished. In fact, the versioning facility was developed concurrently
and independently. The real GUI of this facility was designed and imple-
mented by experienced GUI developers. After both this exercise and the de-
velopment of the real GUI was finished completely, we compared the results
of executing our proposed process with the part of the RETH user interface
for versioning of the tool itself.

Before this experiment was conducted, we formulated the following hy-
pothesis: The kinds of widgets selected in both processes would correspond
to a high degree.

A major issue was to define how to measure the proportion of the widget
classes selected through execution of the new proposed process, from the
widgets in the GUI developed as usual (which served as a kind of “oracle”).
We defined the following way of measuring this degree of correspondence:
How frequent is a widget of the real versioning GUI in the widget class that
is the direct result of the mapping from the corresponding task in step 5 of
our process as described above?

Table 2. Experimental results.

No. of widgets No. of corresp. Wid-
get classes

Frequency of corre-
spondence

Widget class mapped 75 64 85%
Widget class at level 1 75 65 87%

Table 2 shows the results. 85.3 percent of the widgets of the real ver-
sioning GUI were in the widget class that is the direct result of the mapping.
Since the mapping is partly done on two levels of the hierarchies (1 and 2),
we were also interested in how the results would differ between them. With
86.7 percent for the level 1 only, this result is more or less the same as that
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of the mapping overall. This means that the widgets of the real versioning
GUI were also in the more specific classes most of the time when they were
in the less specific class at level 1. This suggests that most of the different
selections actually occurred close to the root of the widget class hierarchy.
An analysis of these differences confirmed this and revealed that they came
from different strategic design decisions made. The second author of this pa-
per had rather straightforward enhancements, e.g., of the already existing
menus in mind, while the designers of the real GUI decided to introduce an
extra subpane for versioning, that provides a permanent display of version-
ing information whenever a versioned document is loaded. This implies that
in the real GUI there is a permanent selection of versioning-related informa-
tion, where an action can be immediately performed on. In essence, this
amounts to a trade-off between less “real-estate” used on the screen and
fewer interactions required. Based on this result, we tend to accept the hy-
pothesis above. While the outcome is clearly not the same, the results are en-
couraging. The high frequency of the same widget classes on a higher level
of classification after the mapping from the systematically determined Inter-
action Tasks suggests preliminary evidence that the proposed process deliv-
ers results that correspond to a high degree with what designers elaborate
intuitively and based on their experience.

5. CONCLUSION

In this paper, we propose a new and systematic process for selecting user
 interface elements in the form of widgets. From given interaction scenarios,
it leads in a few steps to classes of widgets, which specify the kinds of
building blocks for a GUI that shall support the execution of these scenarios.

This process involves various manipulations of tasks, based upon task
categories that we have defined for it. As a result of these task manipula-
tions, interaction tasks are identified and categorized, which seems to be a
new approach. These interaction tasks are finally mapped to widget classes.
Preliminary evidence suggests that these are more or less the right kinds of
building blocks.

For this mapping, we defined a hierarchy of widget classes according to a
functional rather than the usual structural view of classifying widgets. This
hierarchy covers the MSWindows style guide [8]. We also defined a hierar-
chy of interaction tasks that reflects this widget hierarchy. We conjecture,
however, that it is more generally applicable in the sense that it could also be
mapped to other classes of user-interface-elements (e.g., built in hardware).
These classification hierarchies are new contributions of this paper, in addi-
tion to the process that builds upon them.
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There should also be a certain completeness with respect to the given
scenarios in the sense that no functionality in the GUI is missing for their
execution based on the determined building blocks. These user interface
elements should even be consistent with respect to the given scenarios, in the
sense that the required functionality is provided by them. So, all of the given
scenarios should be executable at least somehow with a user interface that
contains widgets of the kind the derived interaction tasks are mapped to.

We hope that this systematic process contributes to a better understand-
ing of the relationship between usage scenarios and user interface elements
through the various tasks involved. More generally, it should help to better
understand a certain part of user interface design.
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