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The late 1980s and the first half of 
the 1990s decade produced an increas
lsunderstanding and appreciation for 
the process of designing, developing, 
l)aintaining, and evaluating knowl
IJge-based systems (KBSs). Projects 
such as the European KADS project 
[6] and the PROTEGE-II framework 
[8] promote the systematic develop
ment of knowledge-based decision
support systems, so as to facilitate the 
lfquisition, representation, mainte
nance and, eventually, reuse and shar
ing of the knowledge these systems 
require and represent. These and simi
lar approaches view knowledge ac
Quisition as an active modeling task: 
An explicit modeling of the domain 
(e.g., infectious diseases), the task (e.g., 
fjagnosis) and the problem-solving 
method or inference structure (e.g., 
heuristic classification). Furthermore, 
the increasing maturity of the area of 
clinical KBSs can be demonstrated by 
the growing number of studies evalu
ating the results of applying such sys
tems or discussing methodologies for 
such evaluations. 

The papers appearing in this section 
U -5] demonstrate several features that 
can be related to the trend mentioned 
Jhove. The first paper [1] discusses 
general development and evaluation 
fethodologies of clinical KBSs; the 
second [2] analyzes the results of evalu
ating the same clinical KBS on epide
IJiologically different data sets and of 
~plying different KBSs to the same 
data set; the third paper [3] presents a . 
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general task-modeling methodology 
and a particular logical reasoning 
method for diagnostic support; the 
fourth paper [ 4] discusses and evalu
ates an innovative technique for learn
ing in competitive neural networks 
that enables diagnosis of multiple neu
rological disorders; and the last paper 
[ 5] demonstrates and evaluates the use 
of KBS techniques in a rather unusual 
setting for an expert system for diag
nosis and treatment of chronic hepati
tis based on Chinese-medicine diag
nostic and therapeutic techniques. 

Clarke et al. [1] present a compre
hensive methodology for development 
and evaluation of knowledge-based 
systems within an application envi
ronment. The authors recommend an 
iterative development and evaluation 
cycle that includes four phases: (1) 
Preliminary exploration and/or devel
opment of an early prototype. The 
development style is expected to be 
somewhere between the fast, interac
tive, but potentially superficial rapid 
prototyping technique and a rigorous 
software-development methodology 
such as requirements specification. (2) 
Evaluation of the validity of the sys
tem, that is, the correctness of the 
output. Both the appropriateness of 
the inference mechanism chosen and 
thestructureandcontentsoftheknowl
edge base should be examined at that 
phase. (3) Evaluation of the function
ality of the system, emphasizing the 
interaction with the user, the various 
responsibilities for maintenance of the 

system, and the degree to which the 
system retains its reliability when ap
plied in another location and environ
ment. ( 4) A field-trial evaluation of the 
system's impact on physicians' ac
tions and on various measures of health 
care (such as length of stay), and a 
cost-benefit analysis (though such an 
analysis seems very difficult in most 
clinical systems). As othe.r authors have 
suggested, the evaluation methodol
ogy is relevant from the initial devel
opment phase of a new KBS. 

Clarke et al. emphasize the impor
tance of conformity with six safety
first principles of data protection and 
integrity described by the C.E.C AIM 
Requirements board. Some of these 
principles are rather specific to the 
European community, but most are 
general to development oflarge soft
ware systems. The authors conclude 
that a formal evaluation methodology 
in which users, developers and experts 
collaborate, will contribute to the cred
ibility of KBSs in clinical care and 
might alleviate some of the fears or 
apathy that is currently often felt by 
the medical profession towards such 
systems. 

An interesting paper by Schioler et 
al. [2] examines in detail an issue, 
crucial for dissemination of knowl
edge-based technology and for en
abling technologies such as telemedi
cine: the transferability of the clinical 
knowledge represented in clinical 
KBSs·. The paper describes several 
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experiments in knowledge transfer: 
testing different knowledge bases 
(KBs) created by different knowledge
acquisition techniques (implied by dif
ferent reasoning methods) on the same 
database(DB), and testing the same 
KB on different DBs. The authors 
emphasize the importance of both 
knowledge-acquisition methodology 
and geographic differences on the 
transferability of expertise. The most 
robust system was not the most accu
rate one; a tradeoff exists. 

The domain chosen by Schioler et 
al. was thyroid functional disorders. 
DBs included (1) a DB of patients and 
normal controls in Dublin, Ireland, 
documenting seven thyroid functional 
parameters; (2) a DB in Copenhagen, 
Denmark, of patients suspected of thy
roid disorders, which was used as a 
training data set for some of the algo
rithms (and included five thyroid func
tion parameters); and (3) another, simi
lar, Copenhagen DB, which was used . 
for evaluation of the trained KBSs. 

The KBSs included ( 1) a rule-based 
. system developed in Dublin for inter
pretation of all test-result combina
tions, (2) a manually constructed rule
based system from Copenhagen, based 
on the Copenhagen training DB, (3) a 
KBS using a KB derived from the 
Copenhagen KB using a recursive
partitioning induction algorithm for 
construction of binary classification 
trees, and (4) a probabilistic KBS de
veloped from the Copenhagen train
ing DB, whose KB was represented as 
a classification tree. Due to the mul
tiple (three) diagnoses the perfonrui.nce 
measures included not sensitivity and 
specificity but correctness (ratio of 
correctly classified c'ases to all classi
fied cases), coverage (fraction of cases 
classified), and test consumption (av
erage number of test results used). 

The two rule-based systems were 
tested on the Dublin DB. The correct-
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ness was similar, but the manual KB 
could not classify 35% (49/140) of the 
cases, due to missing required data, 
reflecting differences in laboratory 
practice among the two sites. (Unfor
tunately, a test of both KBSs on the 
Copenhagen training set was not de
scribed; similar results, reflecting in
flexibility in data requirements, might 
be expected.) In a second experiment, 
the manually constructed rule-based 
system, the KBS derived by the induc
tion algorithm, and the probabilistically 
derived KBS were trained on the 
Copenhagen training DB and tested 
on the Copenhagen evaluation DB. 
The main outlier amongst the KBSs 
was the probabilistic KB, due to a poor 
correctness measure in cases involv
ing thyrotoxicosis. The poor perfor
mance might be due, as the authors 
point out, to the greater sensitivity of 
this algorithm to different thyrotoxic 
features in the training data set and in 
the testing data set. (Whether a proba
bilistic network can be or should be 
used as a static classification tree is 
another issue.) In the last experiment 
reported, the number of myxedema 
(hypothyroidism) cases in the 
Copenhagen training DB was doubled 
(increasing their proportion from 10% 
to 18%) and the two derived KBs were 
created from this new DB. This "epi
demiological" transformation resulted 
in a dramatic improvement in the cor
rectness of the probabilistically de
rived KBS, accompanied, however, 
by a significant reduction in the cover
age. The induction algorithm 'seemed 
much more robust to population-di
stribution changes. In both KBS, the 
new DB caused an increase in the test 
consumption. 

Huang et al. [3] consider both gen
eral design and specific reasoning con
siderations for clinical KBSs. The au
thors present a specific · reasoning 
method for clinical diagnosis: a quali
tative logic of argumentation, in which 
arguments for or against a proposition 

can either confirm, increase or dirnint 
ish a belief in, or exclude a concludef 
proposition (e.g., a diagnosis). Th0~ 
framework, implemented in PROLO(J 
within the European DILEMMJt 
project, is somewhat similar to the 
KADS methodology [ 6] in distinguish. 
ing among different layers of knowlt 
edge. In particular, the knowledgt 
base contains knowledge about dQ.. 
mains (e.g., oncology), about task$ 
(e.g., diagnosis, therapy), and about 
patients (patient records). A task model 
defines which relation (e.g., causality) 
can play a specific role (e.g., refme1 

ment) in a particulartask(e.g., diagn01 
sis). This task modeling is similar to 
the mapping defined by Gennari et al. 
[7] between entities and relations in 
particular domains and the internal 
terminology of specific problem-solVI 
ing methods, albeit in a much simpleJ 
format. (For instance, mapping migh~ 
in general involve more complex func ... 
tions, such as when a whole class is 
mapped into a single instance, or when 
procedural knowledge is mapped int() 
a certain inference role.) The authot1 
do not discuss automatic generatiort 
from a task model, of a knowledgCI 
acquisition tool, as is the case in the 
PROTEGE-II project [8]. The under1 
lying argumentation logic ofHuanget 
al.' s system is described in other pa ... 
pers. Thus, the authors do not discus~ 
in detail how a meaningful score is 
computed from different conflicting 
arguments (with the same equivalent 
absolute strength of support), which 
might reflect probabilistic dependen 
cies of very different strengths, an 
which pertain to conclusions with ve 
different prior probabilities. The au 
thors acknowledge that the omissio 
of facilities for probabilistic and othell 
kinds of quantitative reasoning abou 
uncertainty is controversial, but as 
sume that it should be possible to in 
traduce such methods into their sys 
tern when.necessary. However, as h 
been shown in the case of tempo 
and spatial reasoning, the addition of 
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neW dimension (literally and concep
tuallY) often forces the developers to 
change the whole framework . . 

The argumentation system de
scribed is at the prototype stage and 
remains to be generalized, imple
p~ented as a set of decision-support 
tools, and evaluated on clinical data 
and in a clinical setting. However, the 
Jntent to clarify the underlying roles of 
different types of knowledge is com
lllendable and should facilitate the 
~quisition, maintenance, reuse, and 
sharing of clinical knowledge. 

In a paper discussing and evaluat- . 
ing a very specific reasoning method, 
Cho and Reggia [ 4] present encourag
ltgresults for anew back-propagation 
rule for training competitive neural 
11etworks in the task of diagnosis of 
multiple neurological disorders. In 
standard neural networks, the activa
tion mechanism utilizes only the static 
weight of the link among neighbor 
nodes; in contrast, nodes in competi
tive networks compete for the output 
of neighboring units, the ability to 
compete increasingly with the node's 
own activation level. The effect is to 
~ncourage several eventual winners, 
as opposed to a "winner take all phe
pomenon" that accompanies standard 
;nhibition techniques (in which the 
lone winner inhibits other potential 
pinners). The competitive property 
suggests better suitability formultiple
~isorder diagnosis. 

Cho and Reggia present a new learn
ing rule that can be used in the context 
of competitive neural networks, and 
.sent persuasive, although very pre
fninary evidence that competitive 
petworks trained on single-diagnosis 
cases do significantly better than stan
dard networks when presented with 
fmpletely new cases involving com
fmations of two disorders (in this case, 
the disorders involved different brain
farnage localizations). 
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Given the typical complexity of real 
clinical cases, these results· are en
couraging with respect to the potential 
of diagnosis of multiple-disorder cases. 
The work also has knowledge-acqui
sition ramifications: in theory, com
petitive networks might need to be 
trained only on single-diagnosis cases 
in order to produce satisfactory behav
ior on multiple-diagnoses cases. How
ever, the results are currently highly 
specific to the particular domain and 
training set described. Furthermore, 
due to well-known problems such as 
the fact that the interaction between 
different underlying disorders might 
emphasize unduly certain quantitative 
symptoms while "canceling out" oth
ers, caution is necessary regarding the 
clinical value of competitive networks. 
The work, however, is a significant 
step forward in the difficult diagnostic 
problem of multiple disorders. 

In the last paper of this section, 
Zhao et al. [5] describe a rather differ
ent type of a clinical KBS: an expert 
system to diagnose and treat chronic 
hepatitis, based on Chinese medicine. 
The system is intended for use by 
physicians who are not necessarily 
knowledgeable in Chinese medicine. 
The need for the system occurs when 
the physician or the patient prefer this 
style of therapy, when conventional 
therapy is considered ineffective, or 
when a combination of Chinese and 
modem medicine is deemed desirable. 
The inference strategy is ahypothetico
deductive approach-findings suggest 
a set of hypotheses, that are then re
fined by referring additional questions 
to the user. In that respect the system is 
reminiscent of early systems such as 
INTERNIST-I [9]. The authors do not 
specify whether there is any weight 
attached to the semantic links among 
findings and diagnoses, and how the 
system determines what is the most 
appropriate additional required piece 
of information. After deciding on a 
diagnosis, the system suggests one or 

Synopsis 

more of a set of 42 herbal recipes, 
based on 96 herbs. The authors do not 
elaborate how that task is being car
ried out, and in particular, whether the 
system selects therapies indexed by 
the (single) final diagnosis, or attempts 
to "cover" the whole set of most likely 
disorders. 

The Chinese-medicine chronic
hepatitis KBS has been evaluated in a 
preliminary fashion on 40 clinical 
cases, by comparison of the system's 
conclusions with the actual diagnosis 
and advice given. The results had been 
analyzed by a Chinese-medicine ex
pert with respect to appropriateness of 
the diagnosis offered and the herbal 
recipes suggested; 87% (35/40) of the 
diagnoses and 82% (33/40) of the reci
pes recommended were judged as ap
propriate. 

In summary, as several of the pa
pers in the section emphasize, both a 
systematic design and a methodologi
cally sound evaluation of clinical KBSs 
are crucial for successful dissemina
tion and use of such systems in real 
clinical environments. 
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