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TASK MODELING IN SYSTEMS DESIGN

ADRIANA-MIHAELA TARTA

ABSTRACT. This paper aims to provide a discussion of how model-based ap-
proaches and the related tools can be used to obtain usable systems. More
than that, in the last years the design of software systems is regarded as a
multisciplinary area, where knowledge from psychology, sociology, etnogra-
phy are interrelated. This paper will show how some techinques specific to
these disciplines can be used in user interfaces design.

1. INTRODUCTION

People are often using models in their everyday life. Everytime when a more
complex problem is encountered, the way of dealing with the complexity is by
using models, i.e. identifying the main aspects that should be taken into account
and their relations. It is not suprising that in the software design domain, this
approach has been adopted and now is a technique often used to represent the
various aspects of the problem that must be solved (domain, data, interaction,
etc.). The models’ goal is to provide a structural description of the relevant infor-
mation. The purpose of model-based design is to identify high-level models which
allow designers to specify and analyse interactive software applications from a
more semantic-oriented level rather than starting immediately to address the im-
plementation level. This allows them to concentrate on important aspects without
being confused by the implementation details. Models are capturing the semantic
meaningful aspects and allow the designers to manage more easily the increasing
complexity of interactive systems [Pat04]. The most succesful modeling technique
used in software engineering is UML (Unified Modelling Language), which focus
on modeling the objects composing a system and then modeling of activities that
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manipulates the system. The object-oriented approaches are successful at engi-
neering the software implementation level. One of the basic usability principles
says: “focus on the user and their tasks”, that’s why a new trend have gained atten-
tion in the last years, when the comfort of people, the ergonomic aspects of people
work are emphasized more and more. This new trend is called task modeling. The
task oriented approaches focus also on objects and activities, but the difference
from object-oriented approaches is that the task-oriented approaches first identify
the tasks that users perform and then the object manipulated.

2. TASK ANALYSIS AND MODELING

Before discussing the task analysis and modeling techniques, we have to un-
derstand the meaning of “task” concept. A task is an activity that should be
performed in order to reach a goal. A goal is a desired modification of state or an
inquiry to obtain information on the current state of an object (system)[GMO02].

Task models’ goal is to identify useful abstractions highlighting the main aspects
that should be considered when designing interactive systems. The main advantage
of task models is that they represent the logical activities that an application must
support. In order to better understand the user, his work and his expectations,
there are two types of task models: descriptive and prescriptive. The descriptive
task models describe the way in which the task is performed currently (even in
an manual way, or supported by another system). The prescriptive task model
describes how the task should be supported by a new developed system [Pri03].

The descriptive task models are developed by psychologists, etnographers and
domain experts, using data aquisition techniques like: interviews, video record-
ing or direct observation. After data acquisition the information are gathered,
analyzed, and a descriptive task model is generated.

The prescriptive task model is build on the descriptive task model, but it is
restructured, in order to include the modification introduced by the use of new
technology (some redundant tasks will be eliminated, some user tasks will change
in application tasks or interaction tasks, when the user and the system perform
a task in a collaborative manner). The prescriptive task model is conceived by
the designer teams and human factor experts, in order to assure a high level of
usability.

A task model in the design of an interactive system describes a set of activities
that users intend to perform while interacting with the system. There are two
types of task models: the system task model that provide information about how
the designed system requires tasks to be performed, and user task model which is
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how users expect to perform their activities. It is desirable that these two models
be very similar, otherwise some usability problems will be present.

Task models are essential in the design of interactive systems because they rep-
resent the logical activities that should support users in reaching their goals. From
informal representations only (like mock-ups or scenarios) the designers won’t have
the necessary information to support the design decisions. Task models represent
the intersection between user interface design and more systematic approaches by
providing designers with means of representing and manipulating an abstraction
of activities that should be performed to reach user’s goals.

Task models are built after task analysis is performed. Task analysis aims to
identify the relevant tasks and how activities are performed currently. Task models
describe the semantic and temporal relations between the identified tasks.

3. TaAsk MODELING TECHINQUES AND TOOLS

Task analysis and modeling is an old method of describing and analyzing the
structure of work and was first used in psychology. The first important method of
task analysis was HTA (Hierarchical Task Analysis), developed in 1960 [DFAB93].
The method represents the structure of task in a hierachical decomposition. The
representation of task structure had two forms: a textual description, where inden-
tation and numbering of task/subtasks were used, and a graphical representation,
using trees. The order of task performance was given by plans which describe the
performance order using the tasks/subtasks numbers.

This approach have been used lately in other task analysis techniques like
GOMS (Goals, Operators, Methods, and Selection Rules), where the tasks and
it’s goals were represented hierarchically, using a textual description.

Even in the last years, the hierarchical decomposition of tasks is considered the
best suited method to describe task models. Because of the interdisciplinary effort
for the design of interactive systems, the graphical representation was adopted.
Task analysis methods like GTA (Groupware Task Analysis)[vdVvWO00] and CTT
(ConcurTaskTrees)[GMO02] use a tree representation of task in their associated
tools. GTA is a method that starts from the basic idea that nowadays people
are performing their work in a collaborative way, so the work analysis is made for
groups of people. People who are performing a common set of tasks form roles, and
the system or the people is considered to be an agent. In task performance, agents
manipulate objects. The performance of a task is triggered by events or by another
task. In GTA the temporal relation between tasks can’t be precisely specified. The
method doesn’t provide any formal mean of specifying such relations, providing
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support only for the description of sequential tasks. These are the main concepts
used to describe the task world and the temporal relations between tasks [vWO01].

While the number of task analysis method is signifiant, there are only few tools
that support the use of these methods and that generates task models. Only two
tools are freely available on the Internet: EUTERPE, the task analysis and mod-
eling tool that supports the use of GTA technique [vWO01], and CTTE (Concur-
TaskTrees Environment)[GMO02] corresponding to CTT (ConcurTaskTrees) analy-
sis and modeling method. EUTERPE provides functionality for describing the
task models in a graphical manner and to store all the objects, responsible roles,
triggered tasks and triggering events for each task. The models can be verified
using a validation tool which verifies a set of constraints that must hold for every
correct model (e.g. tasks that are never triggered, roles which aren’t responsible
for any task). EUTERPE also generates the work flow based on the triggering
events or tasks, but the temporal description is quite ambiguous, because of the
lack of formal methods for representing the time relations between tasks.

The problem of unambiguous specification of time relations is well solved in
CTT (ConcurTaskTrees) that has an associated tool called CTTE (ConcurTask-
Trees Environment). CTT use also a hierarchical representation of tasks using
task trees, but the relations between tasks is described using LOTOS operators:
choice, order independency, concurrent, concurrent with info exchange, CTT dis-
abling, suspend/resume, enabling, enabling with info exchange [GM02]. In CTT
descriptions are also considered the agents, roles and objects related to tasks.
CTTE provides means of describing single user task models and also cooperative
task models. The tool provides also a simulator that helps designers understand-
ing the logical order of tasks’ performance, because when having task models for
complex systems is difficult to verify all the possible paths in task execution.

From our experience in using the above mentioned tools the conclusion is that
each of them has its advantages and disadvantages. EUTERPE supports the
phase of task analysis because of the various information about task’s world which
can be stored by filling the task templates forms and associating documentation
fragments (video fragments, audio fragments, sketches). From a GTA approach,
we can say that EUTERPE supports very well the building and the validation
of task model 1 (the descriptive model of the task). On the other hand, CTTE
supports the building, verification and simulation of task model 2 (the prescriptive
one). The use of temporal operators is an essential feature and opens a road to
the specification of presentations and interactions of the modeled system.
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4. TASK MODELING IN THE DESIGN OF INTERACTIVE SYSTEMS

In the design of interactive systems the task analysis can be used with different
goals:

e requirement analysis - when through a task analysis designers identify
requirements that should be satisfied in order to obtain an useful system;

e design of interactive applications - the information from task models is
used to better identify the interaction techniques and the presentations
of the application (in this case the modeling technique should provide
temporal information about the logical order of tasks);

e usability evaluation - the system task model and the user task model are
compared in order to get information about the matching between these
models; also, having a structured task model some techniques like KLM
(Keystroke Level Model) can be applied to get information about the
time needed to perform a task - this kind of approximation may be used
also to compare different task models addressing the same problem.

Task models are built for many different situations: usually, a task model is
built when designing a new application with the goal of obtaining precise informa-
tion about: the order of task performance, objects from the domain manipulated
in the task performance process, agents and roles responsible for the task perfor-
mance, events triggering task performance, preconditions and postconditions for
task performance. Also, a task model can be built for an existing application, in
this case the goal is to understand the underlying design, analyse its limitations,
and solutions to overcome them. Task model can address the problem of designing
an entire application, or just a part of it.

4.1. User Interface Design Based on Task Analysis. Having stored in a
repository all the information acquired in the task analysis phase, having the
structured representation of activities implied by a task performance in a task
model and having the relations between activities, objects manipulated, agents or
roles responsible for each task, using some additional information about the type
of tasks (editing, selection of one/multiple choices, responding to alerts, etc.) and
some descriptions about the objects manipulated (numerical values, texts, etc),
we have the possibility of automatic determination of the main presentations of
the interactive system (the kind of widgets needed in a presentation); also, from
the task model we know the navigational path in the interactive system. The in-
formation obtained might support the process of building an abstract specification
of the user interface (using specification languages like XML, XIML (eXTended
Interface Markup Language) or UIML (User Interface Markup Language)) which
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can be then rendered in a concrete user interface. Task models play a key role
when the goal is to develop multiple user interfaces for different devices. In this
situation, the task models capture all the relevant requirements at the task level
and using some tools the abstract specifications, and then the concrete specifica-
tion for different platforms can be generated. The structure of task model provides
guidance for the navigational structure of the concrete user interface and for the
grouping of the object manipulated in the task performance [LMO03].

5. PROBLEMS WITH TASK MODELING TECHNIQUES AND TOOLS

Although the use of task modeling approaches even in real case study have
proved its efficiency, there are some aspects criticised in the domain literature
[vWO01, Pat04].

One problem related to the development of task models in software design
process is the extra time needed. Indeed, the process of analyzing people work
and of representing the most important aspects in a structured model need a time
for data acquisition and analysis, but now there are tools that help designers in
building such task models or functionality of modeling tools (e.g. EUTERPE can
display multimedia files registered in the working environment that helps design-
ers in building task models, the CCT task models can be built from an informal
specification (scenarios) using the El-TaskModels tool which helps designers iden-
tifying roles, objects, tasks from informal descriptions [GMO02]. Also, if the goal is
to develop a complex application, it is hard to manage complexity without creat-
ing models that provides the semantic and temporal information. The graphical
representation of models takes advantage of the readability for different kind of
specialists involved in the design process.

Another criticism of task modeling technique is that they aren’t applicable for
creative tasks, because in that special case there is no structured task model.
Task models support only functionality where users want to achieve a goal and
the activities needed can be modeled in a structured fashion.

Task models are often used for the design of user interfaces and interaction
styles. Task models lead to verb-noun interaction style which is not preffered by
some users who like first select an object and then the actions on that objects.
We have to mention that these are two different ways of achieving goals, and task
models can be used for implementing both interaction styles, even the verb-noun
style is more intuitively extracted from models.
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6. CONCLUSIONS

We have presented in this article a different approach that can be used in the
design of usable software systems. This approach focuses on user and user’s tasks
and from the analysis of this information a task model is built that supports the
further design of interaction and presentations of the designed system. We have
presented also some available tools that support the task analysis and design. Be-
cause this approach is still at the beginning the number of such tools is reduced,
but from the experience of using them we know now what are the requirements for
such a tool: the presence of a graphical editor for task trees, support for multiple
representations (formal and informal), consistency between representation, sup-
port for handling different media types in the documentation process of building
models (audio files, video fragments), support for models’ verification and support
for simulation. Most of these requirements are met by the above mentioned pre-
sented tools, but there is an essential aspect that isn’t covered by any of them.
While building a task model, there are several persons implied in this activity,
each of them bringing it’s own contribution to the task model. There isn’t any
tool that offers support for collaborative building of tasks that implies the man-
agement of versions and changes. We consider that this is an important aspect
for future research and development of task analysis and modeling tools. Using
the above mentioned tools we have found the difficulties in using the tak analysis
methods and the corresponding task analysis tools. Our future work will focus on
developing a new task analysis and modeling tool based on the GTA approach.
Some improvements will be made on the specification of temporal relations be-
tween tasks following the ConcurTaskTrees approach. The tool should have the
functionality of automatic generation of an abstract user interface specification
from the task models.
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