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ABSTRACT

Task models have proven useful in many different areas, including user requirements analysis, user interface design, user
documentation generation and usability evaluation. However, building task models from scratch has proven to be a
difficult process. In this paper, three different tools are presented for automatically acquiring task models from three
heterogeneous information sources, namely from object-oriented UML diagrams, from written task scenarios, and from
recordings of user and system interaction events. We then demonstrate how task models obtained from these diverse
sources can be merged into a coherent whole.
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1. INTRODUCTION

Often, the bottom line of developing software systems is improving productivity. That, in turn, requires that the resulting
system support end users in performing their tasks in an efficient manner. This almost always implies that the system
needs to go beyond utility, though essential, into the realm of usability. As the computer user population diversifies,
usability is becoming the determining factor in a system’s success or failure. Therefore, it is no surprise that more and
more software companies are putting emphasis not only on utility, but also on usability. As with utility, which has many
dimensions® such as usefulness, reliability, robustness, extensibility, and efficiency in terms of resource usage, usability
covers many aspects of system usage® including efficiency (in terms of facilitating task performance), learnability,
memorability, flexibility, and user satisfaction. Among them, how well user tasks are facilitated is often by far the most
important aspect of software usability.

In order to construct software systems to best support users in their task, we need to have a good understanding of
user tasks. That is where task analysis and modelling come in. Increasingly, task modelling is used in different stages of
software development life cycle, e.g., in requirement analysis** and in design®. It is also used for implementation™ and
evaluation®. Task models can also be used to drive prototyping of user interfaces® or act as communication tools between
all participants in the software design process'® *. Properly formalised, task models can be used to generate user interface
code'”?* 3 and user documentation®.

Given that task models are so useful in software development, the question of how they can be produced becomes
important because building them by hand from scratch can be difficult and time consuming™. It is thus desirable to
acquire automatically as much of them as possible from existing information sources.

In this paper, we present 3 different tools that acquire task models automatically from 3 different knowledge sources.
The approaches are presented in the following 3 sections. In the first approach, a tool is developed to obtain task models
from object-oriented UML diagrams. The second approach uses written task scenarios as a source of information. The
third approach provides a way to construct task models from the interface events recorded when monitoring a system’s
use. While it is unlikely that one could acquire a complete task model from any one given source, there is promise in
integrating of pieces of task models from different sources. This is the issue discussed in section 5 where Tamot, an open
task modelling environment is introduced. With Tamot, it is possible not only to merge fragments of task model from
different sources, but also to add or to modify portions of the task model. The paper concludes in section 6.



2. DERIVING TASK MODELS FROM UML DIAGRAMS: UML-TO-TASK TOOL (U2T)

Object oriented (OO) analysis and design is the major development paradigm in software industry. As a result, many OO
design models exist. The OO design model normally consists of two parts, one modelling system structure (such as class
diagrams), and the other modelling system behaviour (such as use cases, use case diagrams, interaction diagrams and
state transition diagrams). While task models represent an overt, user-oriented view of a system’s behaviour, system
behaviour models represent internal, system-oriented view of this system. The common concern on dynamic system
behaviour forms the common semantic ground between task models (TM) and system behaviour models (SBM). Based
on detailed analysis of the relationship between the two, we can observe the following’:

e Use cases and use case diagrams can be seen as equivalent to composite tasks in a task model;

e The containment of use cases by other user-case diagrams resembles the hierarchical structure in a task model;

e Extend relationships in use case diagrams can be seen as equivalent to task sequence preconditions;

e Interms of scope, task models are a sub-set of interaction diagrams, but they contain considerably more information
on user tasks;

e While some task attributes are defined explicitly, others are defined implicitly, and some are not defined at all in
system behaviour models.

By taking advantage of these similarities between SBM and TM, we developed a UML diagram to task model (U2T)
acquisition tool. U2T, implemented in Rose script, can be seen as an extension of Rational Rose. With U2T, task models
can be automatically generated from use cases, use case diagrams and interaction diagrams residing in Rose model. For
example, the task model fragment “create new task™ shown on the right of Figure 1 was generated from the Tamot Rose
interaction diagram shown on the left.
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Figure 1. Example for U2T



3. ACQUIRING TASK MODELS FROM TASK SCENARIOS: TEXT-TO-TASK TOOL (T2T)

Authoring task models is much harder than authoring textual scenarios*?. Written task scenarios, which provide informal
descriptions of how a task could be accomplished, are often used in requirements analysis to capture how a system is to
be used to perform the required tasks. They are relatively easy to write and can serve as a rich source of task information.
It is, therefore, no surprise that tools for facilitating task model construction from task scenarios have been developed,
including U_TEL® and EL_TaskModels*. Except for differing notations, U_TEL and EL_TaskModels both rely on
users to identify, manually, expressions of the processes and the objects in the task scenario texts. For example, if the
scenario includes a statement such as “user select task icon from the tool bar” (see Figure 2), the user of U_TEL or
EL_TM would manually mark “user” as the actor, “select” as the process, and so forth. They could then combine these
elements into a single “user-select” task that can be included within a full task model. As an extension of this manual
process, we have built the Text-to-Task tool (T2T), which attempts to acquire this information automatically.

User select task icon from the tool bar

actor process actee location

Figure 2. An example of task names

The core of T2T is a parser that is based on a finite-state grammar. The grammar is designed to parse one expression
in the task scenario after another. For each expression, it tries to identify two types of information:

o the different constituents of the expression — The key constituents are the actor (the agent that performs the
action), the process (the action that is being performed), and the actee (the object on which the action is
performed, if there is one). Other optional constituents include destination (typically indicated by the
prepositions “to/into”), instrument (typically indicated with “with/using”), and location (e.g., “in/from”)
(Figure 2).

e the procedural relation that the current task holds with the the task expressed around it — The writer may
intend for the expressed tasks to executed in sequence, or may express one as the goal (or purpose) for
others. Other procedural relations include precondition and result.

For example, consider the written task scenario included on the left of Figure 3, and the task model that T2T derives
from it included on the right. The scenario expresses a humber of tasks, including “create a link between two tasks”,
which T2T extracts as the overall goal (composite task) of the task scenario (displayed as the parent task in the
background of Figure 3). T2T also extracts a sequence of user actions: select the “link” icon from the tool bar, press left-
mouse button down on the starting task, drag the cursor to the ending task, and release left-mouse button (displayed as
rounded boxes in the task model of Figure 3). T2T also extracts system actions: system will display a link-shaped cursor,
system will draw a link between the starting and ending tasks (displayed as rectangular boxes in the task model).

The grammar does not have any hard-coded domain knowledge, and thus doesn’t know anything in particular about
domain objects like “tasks” or “icons”, or about processes like “select” or “display”. It parses the text based on the
general lexical classifications of WordNet*. For example, WordNet classifies the first word, “select”, as a verb, so the
grammar designates it as the process of the first task. WordNet classifies “icon” as a noun, so the grammar designates it
as the actee of the first task. The grammar identifies “to create a link” as the main goal of the scenario because of its use
of the “to” infinitive form. Otherwise, written sequences of expressions are taken to be temporal sequences of tasks.
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Figure 3. T2T Extract Task Models from Task scenarios
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4. ACQUIRING A MODEL BY RECORDING USER ACTIONS: USER INTERACTION
RECORDER (UIR)

Sometimes, interactive system prototypes exist at the time when task models are constructed. If this is the case,
automatically capturing user system interactions provides a good way to flesh out high-level tasks with a sequence of
elementary tasks. That is the purpose of our user Interaction Recorder (UIR) tool. The UIR makes use of SUN
Microsystems Java Accessibility Utility™ to extract GUI objects, such as Menu, Menu Item, Button, Dialog-box, Combo
box, and Text Field, etc, and to capture user interaction events associated with those GUI objects, such as, mouse in,
mouse out, mouse clicked, mouse double clicked, key pressed, key released, and key typed, etc. Obviously, not all these
events are relevant to task models, as some are too low-level. For instance, mouse in or out of a GUI object and key
pressed or released are generally considered too low-level to be included in a task model of the form we are considering
here. We thus have built into UIR heuristics to filter them out.

The UIR can be configured to record user interaction with any Java applications. Once configured, the UIR runs
parallel with the acting application. Figure (a) shows the user interface of the UIR. The left panel of UIR window
displays the task hierarchy, which can be built manually or imported from other sources. Instantiating a higher level task
is a three step process:

(1) Select — the user selects the high level task to be instantiated, e.g., “open task model”

(2) Press — the user presses the “Record” button, which causes the UIR window to disappear and the system to
begin recording actual interactions between the user and the acting application

(3) Demonstrate — the user interacts with the application, e.g., when the user selects “open model” icon, the system
records an “open dialog box” task; when the user clicks on a file name and clicks Open push button, system
records an “open file dialog” task and then a “close file dialog” task once the file is opened.

(4) Stop - A session of recording is finished when the user presses the “Stop”(11) button

A list of recorded tasks is displayed in the right-hand side panel. Figure 4 (b) shows the task decomposition built in
this way: the “open task model” task.
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Figure 4. R2T Extract Task Models from User System Interaction

5. INTEGRATION

It would be rare for a task model derived from any single given source discussed in sections 2, 3, or 4 to be complete.
The result would almost certainly be a task model fragment of some sort. For example, a fragment might contain some
high level tasks (obtained from UML use cases for example) or a set of low-level tasks (e.g., obtained through UIR).
Even when tasks from all three sources are extracted and consolidated, there might still be missing or inaccurate task
information. Thus, we need a platform where task model fragments can be integrated and extended manually if necessary.

In this context, we introduce Tamot (Task Modelling Editing Tool), a software tool for supporting task model
construction and editing®.
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Figure 4. The main window for Tamot

Tamot is a graphical task model editor. It uses the Diane+ notation'® and stores the models internally in an XML
specified format. The task model acquisition tools, namely, U2T, T2T and UIR, all use the same XML representation for
task model fragments, and thus Tamot is able to integrate the model fragments. In addition, Tamot provides a rich set of
functionalities which are geared to support task modelling with maximum usability. For instance, Tamot supports
conventional copy/cut/paste functionality and short cuts for creating a set of parallel as well as sequenced tasks. Some
common operations in task modelling are also made easy such as adding or removing intermediate-level tasks.

Generally, it does not matter from where the partial task models are derived, as long as they conform to the XML
DTD defined for Tamot. Any such conforming task model can be easily integrated with the facility to copy/paste across
different task models. For instance, to integrate the resulting task model fragments from section 2, 3, and 4, we could
first load the resulting task model from section 1 and copy all the tasks need to be incorporated using multiple selections.
Then, one can load the resulting task model from section 2 and paste the one from section 1 into the appropriate place.
Similarly, task model fragments from section 3 can be incorporated. Figure 5 shows the Tamot main screen with the
integrated task model from section 2, 3, and 4.

In addition, the task model fragments may require manual editing. For example, the second task name in section 2
should be “display task shaped cursor” rather than “setTaskCursor componentinternalFrame”. Similarly, the third task
name in section 4 should be “(user) click task model file” rather than “(user) click default_actee”. Tamot provides
manual editing features to fix this sort of problem which can be employed either before or after the integration of the
model fragments.



6. CONCLUSION

Task models are useful in interactive system design. However, their use in practice is severely hampered by the lack of,
on the one hand, appropriate tool support, and, on the other hand, proper integration mechanisms. In this paper, we
explored approaches to alleviate the effort in task model building by reusing information from various sources. Three
information sources, namely, UML design models, task scenarios, and user system interaction, are identified in such a
context. By analysing key characteristics of each individual source, tools are built to facilitate the task model acquisition
process. Finally, we demonstrated how task model fragments from heterogeneous sources could be fully integrated.
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