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Abstract. The role ofan agreed,sharedtask model as an intermediate
representationof a design/decisiontask upon which (1) negotiation
betweenan expert userand a knowledgeengineer,and (2) interaction
between an expemserand an intelligent design/decisiorsupportsystem
are based, is the focus of the research presented. A declarative
compositional approach to user-centered system design (within the
DESIRE framework) ispresentedand illustrated on the basisof a shared
task model for the design of environmental policy.

1. INTRODUCTION

The role of theinterface betweenan intelligent design/decision
supportsystemas such and the humanuseris to support the
understanding of the task at hand (s¢so [1,2]) of the roles of
the participating parties and of the results. User centeredtask
analysis and task modelling are essential elementldamesign
of suchsystems[3,4]. To design a user interface for a design
decision support system the interaction between system and
(one or more) expert users can be based simaedmodel of the
task. In other situations, for example,for multi-user informa-
tion retrieval supportsystems, collective interests may be of
importance [5] and influence the design of the user interface.

2. INTERACTING WITH EXPERTS

To structurethe exchangeof knowledge betweena knowledge
engineer and one or more expert users often mediating

representations are used (e.g., [6]). From our perspectivegfone

the results of knowledgeacquisition (task analysis)is a shared
task model: a model which both the knowledgeineerandthe
expertuser(s)agreeto be an acceptablerepresentationof the
task structure for which support is to be provided.

2.1 Knowledge acquisition

During knowledgeacquisition andtask analysis the mediating
representations upon which a more extensive understandiag
task is acquiredis initially abstract.Subsequentlythe different
types of knowledgeinvolved are made explicit: the tasks and
subtasks,task sequencing,knowledge structures, information
exchange and delegation of tasks. These tyjidsiowledgeare
also distinguished in task analysis approaches sudfARSTKS
[7,8].

The tasks involved in design/decision support systems,
however, are often reasoning tasks: tasks which involve
different types of reasoningat different meta levels. The task
model (of a complex, multi-level reasoning taskjich evolves
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during the phase of knowledge acquisition should be fully
supported by the expert: the expert should agree that the
(reasoning) tasks distinguished ane,someway, relatedto the
way he/she views as the task at hand.

2.2 Shared task model

As a shared task model is the resuldokct interaction between
a knowledge engineer and onernore expertswith the purpose
of identifying a commorunderstandingf the task at hand, the
model defines the user’s view of the requifadctionality of the
system and possible delegation of tasks to participaigpgnts,
e.g. asystemanda user. This model provides a basis for the
design of the interface betweenthe design/decisionsupport
system and the expert user. Within thi®del different types of
subtaskswill have been distinguished: some of which may
requireinteraction betweenthe userandthe system,andothers
which may not. Different types of information may be
exchangeddependingon the subtask. Thesedifferent types of

information can be seen to define different levels of interaction

2.3 Levdsof interaction

Within the context ofa given task often specific subtasksmay
be assigned to either the expert user or the systemex@mple,
the system may discover that certain informatigaguiredto be
able to provide an answer to a specific user’s request related
issue, is unknown to the system. This is the casewhen, for
example, the user has not yet made speéifits abouta current
problem known tothe system. This type of interaction, object
level interaction in which oneof the parties (often the user)is
requestedo provide facts of this type, is not uncommonto
knowledge-based systems.

Interaction betweenthe expert user and the system is,
however, often of a slightly different nature. In design and
decision making processesexpert users frequently wish to
influence thefactors on which designs/decisionsare based:the
goals, the heuristics employed, preferences, assumplisisg
the system to explore the results of different strategies.
Interaction at this levethe level of strategic preferenges not
uncommon within the tasks examindalt is not often included
in knowledge-based system design.

Although a shared task model is the resultréraction with
an expert user, it is not necessarily “the” correct maded task
for all problems in all domains. Thexpertusermay wantto be
able to influence, for example, the sequencingor choice of
subtasksin a particular situation. The design/decisionsupport
system with which the user interacts shomekethis possible.
This is not only of importancefor the individual expert for
which a system may have been designed,but also for other
expert users (often the expert involved in the desiga ®fstem



representsa class of expertsfor which the systemis designed)
for which themodel can be seenas a model of consensusThis
model may need tbe adaptedfor individual experts. This level
of interaction has been termed the level of task model
modification

To model the knowledge requiredat these three levels of
interaction within the task model, a task basedframework for
the design and development of compositional systems is
required.

3. MODELLING INTERACTION

Declarative compositional frameworks for the design of
complex (knowledge-based) reasoning systems proxiaeans
to specify sharedtask models. The framework developed and
employedwithin our currentresearchis discussedbelow, asis
the processof model acquisition and model employmentas a
basis for the design of interactions with an expert user.

3.1 Declarative compositional approach

DesirRe [9,10,11], provides support for the specification (and
implementation) of task models including knowledge of:

1 the task structure (taside)composition)as, for example,
hierarchies;

2 sequencing of (sub)tasks and goals (control
(de)composition) specifying, for example, which
(sub)tasks can be done when (and under which
conditions);

3 knowledgestructures(knowledge(de)composition),such
as, for example, taxonomies;

4 information exchange,suchasthe types of information
transferred between components; and

5 which (sub)tasksmay be assignedto which party (task
delegation).

All this knowledgeis declaratively specified with semantics
based on temporal logic [10].

3.2 Task models

A shared task model, as a mediatiegresentationjs the result
of negotiation betweena knowledgeengineerand one or more

experts. An expert has extensive (often implicit) knowledge of

domain and of his/her task and strategies. A knowlestygineer
has knowledge of existing models of related taskéch may or
may not be applicable. Abstract task modelsare often usedto
structure the knowledge acquisition process.

Within the DesIrRe framework [9,11], a number of such
abstract task modelgienerictask models, exist which are used

addition of domain-specificknowledge). Moreover, the way a
generic task model is specified in DESIRE is more declarative
(with semanticsbasedon temporallogic) than the way generic
tasks are describedin Chandrasekaraiil2,13] and Brown and
Chandrasekaran [14].

Existing task models have been analysed and generic
elementsdistinguished. The generic task model for designin
DEesIRg, for example,is a result of this type of process.Task
models for the design of financial routing specificat{@s] and
the design of office assignment formed the béaisthis model.
This model has since been uded the designof alift [16], but
also for the design of an emission inventory support system
[17].

The integral approachto levels of abstraction within the
DesIrRe framework supports the use of generic task modeting
knowledge acquisition. Different levels of abstraction and
composition play a role during the negotiation phase. Once,
however, a sharedmodel has beenfound, this modelis usedto
structureinteraction with the user (see also [18]). A system
designed, developed and implemenfed RIVM [19] (the Dutch
Researchlinstitute for Environmental Studies) within SKBS
(Foundationof Knowledge BasedSystems)for environmental
decision support will be used to illustrate the knowledge
included in a shared task model but atexw the model was used
to structure interaction with the user.

4. A SHARED TASK MODEL FOR
ENVIRONMENTAL DECISION MAKING

The task of constructing combinations of possible political
environmentalmeasuresvhich canbe taken to reducespecific
types of pollution, is atask with which most governmentsare
faced. In general, this task is done “hgnd” using modelswith
which the result of garticular measureon emission factors can
be calculated.These systems most often do not support the
processof choosing and combining (sets of) measuresvhich
together should reach a given goal.

Within the SKBS projec(supportedby RIVM andthe Dutch
Ministry of Economic Affairs) the decision making/design
processentailedin this particular task has been analysedand
modelled. In interaction with policy makerssharedtask model
has been developed for the taskdesigning, for a given set of
goals (with respectto the reduction of future emissions of
polluting matters;e.g., NO,), a set of environmentalmeasures
or processesin, e.g., metal industry, oil refineries, traffic,
agriculture; thesgrocessedorm a taxonomy. This sharedtask
modelandits role in the designof interaction with the expert
user will be discussed below. Based the knowledgecontained
in this sharedtask model and further analysis the interactive
decision support systeneSse has been developed.

for this purpose. These models have been defined on thedfasis

experience and logicanalysis. The conceptof a generictask,
introduced by Chandrasekaran[12,13] and Brown and
Chandrasekaraifl4], is comparableto the notion of generic
task model in that they are both generic with respectto
domains. Generictask models within the DesIRe framework,
however, are generic with respectto both tasks and domain:
generictask modelscan be refined with respectto the task by
specialisation(e.g., further decompositionof a subtask) and
refined with respectto the domain by instantiation (e.g.,
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4.1 Theshared task model: task decomposition
and delegation

basedon the generictask modelfor designtasks, presentedin
[20] a shared task model was developed and used in
communicationwith expertsin this field. The main tasks for
environmental policy making, are:
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1 Acquire problem statemenfo acquire theiser’'sgoals, in
terms of overall emissions for specific polluting matter:

2 Manipulate requirementgqualification sets To determine
requirementgandtheir qualifications) at different levels
of abstraction on future emissions for the various
processes.

3 Manipulate design objeafescriptions To determinesets
of measures for different processes.

4 Design processcoordination To coordinatethe overall
design strategy.

The shared task model includes mdegtailedknowledgeof each
of thesemain tasks andthe delegationof subtasks.A pictorial
representatiorof decompositionandinformation exchange,as
shownin Figure 1, providesthe basis for the userinterface of
the $ENSE system.
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Control = System Status: Initiative User
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problem determine determine evaluate
statement emission s Mmeasure selected ——
™ requirement selection measure set
refinement parameters
parameters l
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measure set
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problem refine determine
statement emission —— applicable
specification requirement measures
¥
determine
emission

(RIM+)

User interface including decomposition and information
exchange of the shared task model (translated)

Figure 1.

Acquire problem statement

To acquire the problem statement a user specifies a l¢sfed
reductionsfor matters distributed over different regions (see
Figure 2). The system completesthis list (by adding desired
reductionson processesthat are logically implied by desired
reductions specified by the user).

Manipulate requirement qualification sets

The task of defining priorities and relations between
requirements (requirement qualifications) involves the user
specifying the extent to which eachof the processesinvolved
should contribute to the required reduction. The system uses
these parameters teterminea refinement(distribution) of the
emissionrequirementgo the lower levels of processesin the
taxonomy. Furthermore, the user specifies parametebe tsed
for the measure set selection: codtgure expandability, social
acceptability. The systemcalculatesrelative measureselection
parameters from these user specified parameter (by
normalisation).
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Figure2. Specification of user goals

Manipulate design object descriptions

Given a set of requirementssat of measuresieedsto be found.
The system determines which measuresagglicable. Basedon
the applicability of the measuresand the measureselection
parameters determined in the previous task,sysemselectsa
set of measuresThis setis presentedo the userwho canthen
indicate that he/she acceptsor rejects the proposed set of
measureslf the useracceptsthe proposedset of measureghe
systemdeterminesthe emissionsimplied by the selectedset.
This is performed by a calculation-intensive system which
predicts the effects of measures on future emissionthe basis
of modelsdesignedfor this purpose(the RIM+ system). If the
set of measureshas been rejected the emissions are not
determined but the next task, (decide about continuation)
described below, is performed.

Design process coordination

The coordination of the overall design strategy is a task in
itself. In principle, the systemhas sufficient knowledgeto be
able to coordinatethe design process according to a global
design strategy. However, at some points in the procesgstre
may wish to influence the strategy. For example, after the
emissions for a selected setmkasuregin fact for a numberof
them) have been determined, the results are presemtide user
who can indicate whether this is a satisfactory solution or not.

4.2 Decomposition of knowledge and global
control

Subtasks in the shared task model makeafigglomain) specific
knowledge. Different parts of the knowledge are used by
different subtasks. For example, the knowledge expressing
pollution causedby eachof the processespr which processes
occur in which geographic regions, etc.

To guide task execution, global contiahowledgerelatedto
the task model has been specified. In contrastto knowledge
decompositionglobal control decompositiors directly related
to the task decomposition: for each decomposition of a
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(sub)task into sub(sub)tasksrelated control knowledge is
specified for the sequencingof these sub(sub)tasks.A more
detailed description of our approath (formal) specification of
hierarchical task decomposition can be found in [10,11].

4.3 Levesof interaction in the example shared
task model

In Section 2 threelevels of interaction were distinguished.In
the current section the levels in the sharedtask model for
environmental decision support are discussed below.

Object level interaction

Within the sharedtask model the only exchangeof factual
information is initiated by the system when the sysg@msents
the selected setsf measuresThis is one-sidedinteraction: the
user is not given the opportunity to change object-level
information on the measuregthemselves.The user’sinfluence
on the combination of measuress limited to the specification
of strategic preferences.

Interaction at the level of strategic preferences

Most interaction within the shared task modeMdirectly related
to the user’s preferencesand requirementswith respectto the
choice of measures.This level of interaction, the level of
strategic preferences, is modelled in:

» Establishing the initial goals of the design process.

« Providing strategic preferenceon the mannerin which
requirementsshould be refined or distributed over the
various processes

» Specifying strategicpreferencesn measureset selection
They are in fact soft requirements;they guide the
reasoning strategy for a (preferred, optimal) set of
measures.

Interaction at the level of task model modification

This most global level of interaction is relatedto the global
sequencingof tasks: under which conditions which subtask
should be performed.Interaction at this level is for example:
after having seenthe selectedset of measuresthe user decides
which subtaskis to be performed:determinemeasureselection
parameters, determine emission requirement refinement
parameters, or determine emissions.

5. DISCUSSION

intelligent design/decision support system have been
distinguished: object level interaction, strategic preference
interaction and interaction required for taslodel modification,
each requiring specific modelling techniques.

The knowledgeinvolved in a collaborative design task, to
the extent modelled in an agreed shaesk model, includesthe
knowledge of different types of interactionvolved within: (1)
knowledge of the task structure, (B)yowledgeof sequencingof
(sub)tasks and goals, (3) knowledge of the knowledge structure
(4) knowledgeof information exchange,and (5) knowledge of
task delegation.

These five types of knowledge aeaplicitly modelledin the
declarative compositional framework ftine designof complex
reasoningtasks, DEsSIRE Within this frameworkagreed,shared
task models have been designed ferumberof design/decision
support systems in different domains. In this paper the
principles behind the DEsIRE approachto user-centeredystem
design are presented and illustratedthe basis of one of these
systems, the EBNSE system, a system for environmental decisior
support.

The role an agreed shared task model can play dsatis for
modelling the necessary functionality of interactioetweenan
expert user and thgystem, and thus as the basis for the design
of an interface, has been discussedin this paper. The most
global level of interaction distinguished, the level of task mode
modification, provides a meansto allow expert usersto adapt
shared task models their own specific situation (the result of
domain characteristicgr individual preferencesfor example).
User modelswithin which the user’s“own” version of the task
modelis stored, could be usedto initiate interaction with the
design/decisionsupportsystem, making the individual expert
user’'s task model the agreed“shared” task model upon task
commencement.

Within the DesIRe framework existing abstract models of
generictasks, provide a meansto structureinitial interaction
with the expert userduring knowledgeacquisition, but also to
declaratively specify the most abstractlevel of the sharedtask
model. The declarative natucé knowledgespecificationitself,
is of particular importanceto modelling strategic preference
interaction betweenthe user and the design/decisionsupport
system. Explicit, declarative representation of strategic
knowledge (for which modelling primitives exist withIDESIRE
allows strategicknowledgeitself to be subject of interaction,
both from the user to the system (which preferertwad, which
relations between preferences exist, etc. influencing the
system’sreasoningstrategy), and from the systemto the user
(which preferences have been fulfilled, to which extent, etc.).

CoMMONKADS [21] with its six models is less tuned to
modelling interaction between users and a system. Within
expertise models object level interaction can be defined (by
transfer tasks between system and user(s)), but modelling

To model a design task in which an expert user and an intelligefHteraction at the level of strategic preferencesor task model

decision support system collaborate, appropriateintermediate
representations of the task at hand must be designedokhef

a shared task model as an intermediate representatite sk
(within which different levels of specificity are modelled), has
been addressed in this paper.

Not only the knowledge acquisition process (and task
analysis) is structured on the basis of this shared modehlbat
the design of the interaction between the wesstsystem. Three
different levels of interaction betweenan expert user and an
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modification is less clearly defined. It either hasto be defined
within the task layer of the expertise model, or within the
domain and inference layer whethe REFLECT [22] principle is
included in the architecture. Using thkeesk layer to modelthese
levels of interaction is not really appropriate, as domain
specific (strategic) knowledge is involved, which then would
not be specifiedat the domain layer andinferencelayer of the
expertise model. The RerLECT approach models an entire
expertise-model in the domain layer of another expertise mode
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Therole of sharedtask modelsin situationsin which more
than two parties (agents) are involved, is a current focus of
research.A sharedtask model is an agreedmodel: in some
situations agreementmay be reachedbetweenmore than two
parties (resulting in a situation comparableto the situation
described above for two parties), but in other situatidifferent
models of a task may exist between parties, thus requiring
“attunement” between parties. Such collaborative tasks are
currently being analysed,providing insight in the extensions
required to the BsIRe framework.
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