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Abstract. Knowledge-acquisition iswell known to be a bottleneck
activity in the development of knowledge-based systems. Severa
techniques and tool s were proposed to support this process. However,
knowledge engineers still have difficultiesto understand the problem
domain, to apply these techniques and to interact with the experts.
Considering that domain-specific tools can be useful for knowledge
acquisition, we defined a generic architecture of knowledge acquisi-
tion tools and, based on that, we built KED, a Knowledge Editor for
Diagnosis in the cardiology domain. KED is part of a genera envi-
ronment that aims at supporting the software development in cardi-
ology domain.

1 INTRODUCTION

Knowledge acquisition is one of the longest and most difficult activ-
ities in the development of knowledge-based systems [8]. We could
verify this while developing SEC [7], an expert system for diagno-
sis of acute myocardial infarction. At the beginning of this project
the computer science team had a one-day course on basic cardiology
concepts to make it possible to start the knowledge acquisition pro-
cess. Although we used various techniques, we had severa problems
like the difficulty to schedule a meeting with the experts, or the diffi-
culty to interact with them using their own jargon. One way to assist
in this process is to use knowledge acquisition tools. In this context,
domain-specific tools [3] are very useful because they can interact
directly with the experts using the terminology of the domain and
provide basic knowledge for the knowledge engineers in the knowl-
edge acquisition process.

With the goa of developing new expert systems and believing
in the importance of assisting in the knowledge acquisition process
by using domain-specific tools we defined a generic architecture for
knowledge acquisition tools for the cardiology domain. The basic
feature of this architecture is to organize independently the domain
knowledge and the tasks. Using this architecture we built KED, a
knowledge editor for cardiology specialized in diagnosis.

KED is one of the tools of an environment that provides sup-
port for the construction, management and maintenance of software
products for Cardiology (see [10]). This environment uses embed-
ded domain-knowledge to guide the software developers across the
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several phases of the software process. It is made of a set of domain-
specific tools like KED. These tools differ from more classical ones
because they use the vocabulary of the domain (specified in the do-
main ontology) for all their interactions.

In the following sections, we will first describe how the cardiology
knowledge is organized in our environment and how the domain-
specific tools use it (section 2). In section 3, we describe the generic
architecture of the knowledge acquisition tools exemplified with
KED. Findly, in section 4, we present our conclusions and future
works.

2 THE DOMAIN-KNOWLEDGE

Knowledge acquisition involves knowledge €licitation and represen-
tation. Ontology [1, 2] can be used during this process to facilitate
the communication between the experts and the knowledge engineers
by establishing a common vocabulary and a semantic interpretation
of terms. Ontology is defined as a coherent set of representation
terms, together with textual and formal definitions, that embodies
a set of representation design choices. It can be used in knowledge-
acquisition toolsthat directly interact with domain experts and effec-
tively avoid errorsin the acquired knowledge by constantly verifying
constraints on the form and content of the knowledge. Ontology can
also provide sharability of knowledge bases and knowledge organi-
zation.

To define the ontology for cardiology we used a methodology de-
fined in [5]. To simplify this activity and better organize the domain
model, we divided the cardiology domain in sub-domains. Each sub-
domain has a group of concepts and relations among them sharing
the same semantic context. The sub-domains also have relations be-
tween themselves to compose the whole domain. We have identified
the following sub-domains: (i) heart anatomy (concepts about the
heart structure and the physiology); (ii) findings (concepts used in
the physician’s investigation process); (iii) therapy (kinds of thera-
pies and their features); (iv) diagnosis (concepts and characteristics
that identify syndrome and etiology diagnoses); and (v) pathologies
(representing different situations of heart components whose clas-
sification and features are important for the purpose of the domain
theory of cardiology in the environment). Figure 1 shows some of
the concepts of these sub-domains. The ontology was validated by
cardiologists and formalized using first order logic and Prolog.

We aso identified potential tasks of the domain and mapped them
with the domain knowledge. These tasks represent activities such
as diagnosis or interpretation that happen in the domain, but are
domain-independent (e.g. diagnosis of diseases and diagnosis of ma-
chine failures). They are important to specify tools. For cardiology
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Figurel. Domain Knowledge for Cardiology

we consider the following main tasks: diagnosis, therapeutic plan-
ning, simulation and monitoring. The mapping between the task and
the ontology gives an idea of the concepts more closely related to
each task. For the diagnosis task, for instance, it isimportant to con-
sider the findings, pathology and diagnosis sub-ontologies. Similarly,
for therapeutic planning, the important sub-ontologies are therapy
and pathology; for monitoring, the heart anatomy and findings sub-
ontologies; and for smulation, the heart anatomy sub-ontol ogy.

3 KED: A KNOWLEDGE EDITOR FOR
DIAGNOSISIN CARDIOLOGY

Using this domain ontology, we defined a generic architecture to
build knowledge acquisition tools. Thisarchitectureisbased oninter-
actions with the experts (asking them to enter cases) and is composed
of three levels (Figure 2): the Knowledge Representation Level, the
Generic Process Level and the Operational Level. The Knowledge
Representation Level is the ontology for cardiology defining the
structure and content of the knowledge domain. The Generic Pro-
cess Level isamodel of the task specific to each tool (e.g. for KED
it will be diagnosis). The Operational Level records a set of cases,
used to define the generic process model and to find out the knowl-
edge. The tools following this generic architecture can ask informa-
tion about cases to the expert using the domain language (concepts
from the ontology). These cases are stored in a database and can be
used later for testing. They are also used to instantiate the domain
ontology and, if possible, to define general rules for the specific task.

Using this architecture we built KED, the knowledge editor for
cardiology, specialized in diagnosis task. Figure 3 shows KED’s con-
ceptual model for the three-level architecture. We can seethat thefirst
level consists in the domain sub-ontologies related to the diagnosis
task (findings, pathology and diagnosis). The Generic Process Level
and the Operational Level are based on analysis patterns defined by
Fowler [4]. We also consider the generic task model of systematic di-
agnosis by causal tracing proposed by KADS[6] to better understand
and define the typesin the Generic Process Level. In thismodel, con-
cepts are caused by other concepts and these in turn by others, etc.,

in a causa hierarchy. This hierarchy is represented in the Generic
Process Level by defining general rules (Norms) for diagnosis us-
ing the cases (set of qualitative and quantitative observations from
the patient) entered in the Operationa Level. These rules are formed
by justifications of the diagnoses entered by the cardiologists, they
are simple diagnostic associations. While entering new justifications
the tool generalizes them with the previous ones, so that, in the end,
some genera rules for the diagnosis of the pathologies are available
for future use in interviews during the elicitation process.
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Figure2. Three-level architecture of the Knowledge Acquisition Tool

KED supports knowledge elicitation in five steps. In the first one,
it inquires observations from one patient case using the information
from the ontology. In the second step, the expert enters a diagnostic
for that patient specifying which observations are significant for his
decision. The third and fourth steps are performed starting from the
second case. In this situation, KED analyzes the important observa-
tions (chosen in the second step) and generalizes the previous associ-
ations (defined for others patient cases for the same pathology) using
simple machine learning rules[9]. Then, KED shows this generaliza-
tion and the cardiologist validates it (fourth step). If he/she disagree,



Tablel. Example of Knowledge Elicitation with KED

Casel Case 2
1st step (expert enters | Sex =Male, Age=45, | Sex=Female,
the required informa- | Weigh=70, Symp- | Age=60, Weigh=55,
tion) tom=chest pain Symptom=chest
pain
2nd step (expert gives | Diagnosis  Acute | Diagnosis  Acute
the diagnosis and | myocardia infarc- | myocardial infarc-
chooses the significant | tion, Sex=Male, | tion, Sex=Female,
observations) Age=45, Symp- | Age=60, Symp-
tom=chest pain tom=chest pain
3rd step (Ked genera- (Sex=female or
izes the cases entered) Sex=male) and
Age>45 and Symp-
tom=chest pain
4th step (expert evalu- Disagree
ates the generalization)
5rd step (expert pro- | Sex=Made and | Sex=femade and
vides justifications) Age>45 and Symp- | Age>55 and Symp-
tom=chest pain tom=chest pain

KED learns that this generalization should never be proposed again.
Finally, the expert gives justifications for that case (that will be gen-
eralized in the next cases) and new justifications when he/she did not
agree with the generalization in the previous step. Table 1 shows a
simple example of this process considering the information sex, age,
weigh and symptom. The generalization in the third step was done
with the justification provided in case 1. Thisisjust one kind of gen-
eralization that the KED uses. In the fifth step the expert provides an
association to correct the one gave by the system.

The associations can be translated to Prolog to be used as a first
draft knowledge base. They can also be used, by the knowledge en-
gineers, to continue the knowledge acquisition.

KED was validated with several cases collected at UCCV/FBC
and considering associations provided by cardiologists.

4 CONCLUSION

Knowledge acquisition tools are an essential support for the devel op-
ment of knowledge-based systems. They can be used directly by the
experts and can provide a valuable starting point for the knowledge
engineers in the knowledge dlicitation process. This paper presents a
generic architecture for building knowledge acquisition tools in the
cardiology domain along with a specific example: KED, the Knowl-
edge Editor for Diagnosis in Cardiology. The generic architecture
relies on a single domain ontology for cardiology and a model of the
desired task for each knowledge acquisition tool. In this paper we
present how we organize the knowledge and how these tools interact
by describing KED.

We are working on thistool to manage conflicting associations de-
fined by the experts. Besides this, we will define tools for other tasks
to help in the development of expert systemsto be used in intelligent
tutors under development at UCCV/FBC.
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Figure3. KED Conceptual Model



