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ABSTRACT
Task Knowledge Structures (TKS) are models of users' do-
main tasks.  These TKS models are being utilised within
the design process to facilitate design generation and early
evaluation of interactive systems.  By understanding the
knowledge users possess of their domain, we believe that
we can support designers in generating designs in a princi-
pled manner.  Often it may be desirable to change the ways
in which users perform their tasks, e.g. to improve task ef-
ficiency.  However, in changing the nature of users' tasks it
is possible to introduce learning problems. We are attempt-
ing to produce a framework for predicting what difficulties
users might have in using the new system by comparing
the knowledge they currently have about their domain to the
knowledge required to interact effectively with a system de-
signed to support their goals in that domain.
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INTRODUCTION
Usability problems in a design at the conceptual level (e.g.
domain objects and tasks) are among the most difficult to
rectify as design proceeds: changes at this level inevitably
propagate to the dialogue and presentation.  By the time de-
tailed design decisions have been made, perhaps in an opera-
tional prototype,  designers may be reluctant, or unable, to
make changes at the conceptual level, either because of time
pressures or of the effort required.  Anecdotal evidence from
interface designers in industry (personal communication)
suggests that operational prototypes frequently evolve into
the final user interface, despite designers’ original intentions
to throw them away.  Evaluating the usability of an interac-
tive system during the early stages of design, e.g. at the
conceptual level, is therefore an important task.  With the
knowledge that the conceptual design is usable, detailed de-
sign can proceed with confidence.

The conceptual design of an interactive system can be mod-
elled as the task knowledge that users must possess to use
that system efficiently. Task Knowledge Structures (TKS)
[4] model the knowledge people have of domain tasks. TKS
has a theoretical underpinning which assumes that as people

learn and perform tasks they develop knowledge structures.
Systems that promote the rapid recall and processing of
users’ developed task knowledge promote quicker learning
and task performance.  These assumptions, and others, are
discussed further in [3].  By comparing the task knowledge
users possess to achieve their goals with a currently used
system to the task knowledge needed to achieve the same
goals using a newly designed system, we can predict what
behaviour might occur in learning and using the new sys-
tem.

Our work builds upon that of Cognitive Complexity
Theory (CCT) [5].  Like TKS, CCT models users’ knowl-
edge as goal hierarchies, following the GOMS model [1],
and attempts to predict aspects of usability.  However, TKS
distinguishes between a variety of knowledge types, e.g.
goals, tasks, objects, central actions (i.e. actions important
for goal achievement), preconditions of actions, typical
objects, and so on.  Some types of knowledge are easier to
recall and process than other types, e.g. central actions are
more likely to be recalled than non-central actions.  This is
in contrast to CCT which assumes that transfer (i.e. recall)
of knowledge is only dependant upon the number of actions
within a task.

USING TKS IN DESIGN
To illustrate the use of TKS in the generation and early
evaluation of designs, the design for a system to handle the
ordering of customer books by bookshop staff is considered.
A detailed domain analysis was undertaken to obtain a
model of the task knowledge structures that staff had of
ordering books.  Part of the resulting task model is shown
in figure 1.

The task model in figure 1 shows that staff complete a cus-
tomer order slip for the books that a customer wants to or-
der.  Arrows between subtasks denote temporal sequencing.
Typically, the tasks are performed sequentially: 1, 2, 3,
then 4.  First, the staff member writes the customer details,
then writes the book details.  The customer is then given a
receipt.  Depending on whether the customer knew the
ISBN of all the books s/he wanted to order, the customer
order slip is filed into either a red or a white card index box.

The task model for a proposed design of a computerised sys-
tem to support the above task is shown in figure 2.  Note
that the task model deals with conceptual objects and ac-
tions, not the low level dialogue and presentation aspects of
the user interface.
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In the proposed design, once the staff member has entered
the customer and book details these are automatically filed,
by the system, into one of two containers.  Following this,
the customer’s receipt is printed by an on-line printer, taken
by the staff member and given to the customer.  Note that
the ordering of tasks 3 and 4 in the proposed design (figure
2) differ from the ordering of the tasks in the current system
(figure 1): the system automatically files the book details
then the receipt is given to the customer.

A prediction resulting from the change in sequencing of
subtasks 3 and 4 is that the staff members will forget to
give customers their receipt.  This is because, in the current
system, the last subtask in “Fill in customer order slip”
was “File customer order slip”.  Filing the customer order
slip cued the staff member that the higher level task was
complete. In the new system, therefore, once the customer
order slip is filed, staff members will believe (i.e. be cued
by the system's filing action) that the higher level task is
complete, missing out the last subtask of “Give receipt to
customer.”

An improved design would print out the receipt, then, once
the receipt had been printed, cue the staff member to give
the receipt to the customer.  Having done that, the system
would indicate that the book details had been filed appropri-
ately.  Resolving the afore mentioned predicted usability
problem would be easier during conceptual design than after
the development of an operational prototype. The earlier
such problems are detected, the more likely they are to be
resolved.

Among other things, TKS also models the degree to which
an object is central (i.e. very important) to the achievement
of a goal.  In the analysis of the users' domain tasks, the
object “customer order slip” was detected as being central to
the higher level goal of “Fill in customer order slip”.  (See
[4] for detecting object centrality.)  Galambos and Black [2]
found that central concepts are more quickly recalled than
less central concepts.  Therefore, we predict that presenting
the user with a faithfully reproduced on-screen representa-
tion of the customer order slip would promote quicker recall
of the actions required on that object, than if the customer
order slip object was not so faithfully represented, e.g. dif-
ferent layout, different fields. That is, the object "customer
order slip" cues the tasks associated with that object.

DISCUSSION AND FURTHER WORK
These examples illustrate how we are using TKS to inform
design and evaluate designs at an early stage of the devel-
opment process.  Whilst these examples concentrate on the
problems users may have in learning to use a new system
to support their domain tasks, we are also developing pre-
dictions that are relevant to skilled performance.  For exam-
ple, two tasks that have actions in common, particularly
near the beginning of the task structure, may lead to the in-
correct task being performed due to over learning [6].
However, this is most prevalent in skilled task performers,
well past the initial stages of learning.  We believe TKS
will be useful in predicting these types of problems as well
as problems related to initial learning. Additionally, we are
liaising with user interface designers in industry to ascertain
typical decisions that designers make which might benefit
from early evaluation.  Finally, the predictions are, as yet,
untested; they are to be tested in experiments shortly.
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