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Introduction 

Perhaps the first time researchers 
realized that solving complex problems 
requires collaborative knowledge pro
cessing was around the late 1980s. By 
that time, it became apparent that KBSs 
were bound to remain small in size and 
only able to address very simple prob
lems if their whole knowledge bodies 
were to be built every time from 
scratch by a small pool of experts, if 
not just by a single expert. Thus, in 
order to improve the performance of 
KBSs and solve problems with in
creasing levels of complexity, research
ers started pursuing new ways of pre
serving existing knowledge bases and 
building on them, thereby bringing for
tvard know ledge sharing and reusabil
ity issues. 

The network infrastructure was still 
in its early stages and, at least in the 
J>eginning, sharability and reusability 
could only take place in terms of com
ponent modules that could be easily 
exchanged between different applica
tions. Nevertheless, what happened is 
latalmostevery research group imple
mented those concepts on top of a 
~ecialized framework, thereby giving 
rise to a large number of still isolated 
islands and ending up with exactly the 
same kind of problems the new meth
fdology was supposed to solve. 

Fortunately, in less than one decade 

tear~ookofMedicallnformatics 1997 

Synopsis 

Synopsis 

Collaborative.Knowledge 
Processing 

the situation concerning the network 
infrastructure has dramatically 
changed, and an experiment such as 
the Internet has definitely proven its 
excellent potential as a cheap and 
widely available means of sharing in
formation. Time is now ripe for a new 
paradigm shift which entails looking at 
it as the underlying framework for 
building and distributing a whole set of 
knowledge-level services required to 
proficiently support the collaboration 
among health-care personnel. 

All the papers in this section illus
trate interesting approaches which 
could have an enormous impact on 
collaborative knowledge processing if 
bridged with network technologies, al
though only one of them [1] explicitly 
addresses the topic. In order to support 
it we have to develop frameworks for 
Knowledge and Information Repre
sentation and Interchange [1-3]. 
There is a strong emphasis on this in 
the medical domain since it is known 
that it takes years for important changes 
in medical knowledge to make their 
way into the daily practice. Then we 
need suitable Automatic Knowledge 
Acquisition techniques to help in rep
resenting and formalizing the increas
ing amounts of information available 
[ 4,5]. Finally, we should provide frame
works for Knowledge Based Appli
cations in order to proficiently and 
effectively exploit knowledge for in
creasing the quality of health-care ser-

vices while reducing the associated 
costs [6]. 

Knowledge and Information 
Representation and 
Interchange 

One of the main bottlenecks which 
hinders a proficient collaboration 
among health-care workers is repre
sented by the existing impediments in 
accessing relevant information and 
knowledge. While this is an important 
issue for the daily practice it becomes 
even more serious in research envi
ronments. Analyzmg biological sys
tems calls for an ever-increasing spe
cialization because of their inherent 
complexity. However, research strictly 
depends on the integration of contribu
tions from multiple heterogeneous 
sources as part of the process of gen
erating new knowledge. 

Several paradigms have been de
veloped over the years with the aim of 
facilitating formalization and exchange 
of knowledge. Conceptual Graphs 
were first introduced by Sowa [7] as a 
mean of formalizing natural language 
analysis and understanding, and given 
their similarity with semantic networks 
~hey exhibit very high expressiveness 
and representation power. Thus, they 
are frequently used in complex prob
lems addressing knowledge represen
tation issues since they provide a uni-

525 



Synap~is 

fying model which facilitates the map
ping of a representation onto another 
one while preserving the underlying 
semantic content. The paper by Graves 
et al. [2] tries to leverage this feature 
proposing a conceptual model aimed at 
simplifying the process of designing 
and implementing databases for a ge
nome center, and considers collabora
tion from two different perspectives. 
At the database design level, concep
tual graphs are introduced as a means 
of achieving cooperation between the 
domain expert and the software engi
neer since they provide a middle ground 
for exchanging knowledge and bridg
ing the gap that exists between their 
different expertise. The database is 
constructed through a sequence of 
modeling and refinement steps cen
tered on the interaction between the 
two experts, through which the most 
appropriate structures for represent
ing data. are identified. Nevertheless, 
the semantic model underlying the da
tabase is also exploited for improving 
cooperation among biologists and over
corriing one of the main problems ex
perienced in this area. While the re
search could certainly benefit from a 
more abstract analysis aimed at point
ing out similarities and differences 
among DNA sequences of genes be
longing to different organisms, the lack 
of a conceptual model has prevented, 
so far, the integration of that informa
tion across species boundaries. 

Exploiting the information technol
ogy for implementing large-scale clini
cal repositories has always been a 
challenging task, despite the availabil
ity of good methodologies for develop
ing models which closely capture the 
application domains. What happens is 
that rendering the inherent complexity 
of a medical domain into a database 
automatically translates into poorly per
forming applications. Often, ad-hoc 
solutions are adopted that in trying to 
reduce the complexity of the applica
tion also cause the loss of some of the 
underlying semantic constraints. The 
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· paper by Johnson [3] illustrates the 
"generic data modeling" technology 
with the aim of overcoming the prob
lem and reconciling the two opposite 
requirements concerning data model
ing and database design. While con
ventional approaches are still appro
priate for describing the conceptual 
schema, generic data modeling tech
niques may be adopted for making 
explicit a set of transformations over 
that schema in order to achieve an 
efficient patient database design. Even 
in this paper, conceptual graphs are 
adopted for formally defining the ge
neric transformations thereby preserv
ing the underlying semantics of the 
model. The proposed approach also 
increases the flexibility and the adapt
ability of the database. This is an inter
esting feature since formalized knowl
edge of a health-care process is al
ways evolving and incomplete, and the 
rapid emergence of new insights may 
continuously require changes in the 
domain structure. 

Any discussion addressing collabo
rative environments can not refrain 
from quoting the Internet and the Web 
which has turned it into an easy to use 

· technology having the potential of revo
lutionizing the way in which medical 
information is accessed. Web Brows
ers were initially conceived only as a 
means of distributing information by 
supporting hypertextual navigation com
bined with some capabilities for ren
dering images. Nevertheless, their 
widespread availability along with the 
adoption of a uniform way for access
ing and displaymg information has rap
idly and forcibly turned them into ge
neric and platform-independent inter
face building tools. All of this hap
pened in spite of the obvious limitations 
shown by the adopted protocols, whose 
exploitation according to this new para
digm required some clumsy expedi
ents going to the detriment of the per
formance. The use of network ser
vices for providing a collaborative en
vironment for information exchange 

;· 

among domain experts is also the cen 
tral theme in the paper by Peterson et 
al. [1] which illustrates how databas;; 
technologies may be successfully 
merged with Web ones in order to 
easily make available high-level ser
vices worldwi~e. More specifically, 
the paper descnbes a system acting as 
a front end for both a modeling envi
ronment and a cluster of databases. 
The system is able to facilitate the 
collaborative development of models 
among experts while enforcing the 
referential integrity among the model 

' the parameters adopted for running 
the simulations and the relevant results 
which are all stored in the databases. 
Web support is exploited for making 
available through the Internet a sophis
ticated graphical environment. This 
simplifies the process ofbuilding mod
els and adjusting simulation param
eters even for domain experts in the 
area of neuroscience, who do not usu
ally have the expertise in any particular 
simulation package, nor a deep knowl
edge in mathematics. 

Automatic Knowledge 
Acquisition 

Building frameworks for dissemi
nating information is only part of the 
problem of developing collaborative 
care environments. There is an urgent 
need also for methodologies and tools 
helping human experts to deal with the 
growing amount of data in order to 
easily and rapidly extract useful knowl
edge. Statistical and probabilistic tech
niques based on the Bayes' theorem 
assuming a conditional independency 
of the data were probably among tha 
first ones to be used for perforrnin~ 
automatic classification within medi~ 
cal contexts. They perform adequate! 
well in narrow domains, but exhibi 
problems in others. Furthermore, thos 
approaches are inherently affected b 
a lack of transparency which is 
serious drawback for medical applic 
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uons. The same black-box nature is 
also typical of other recently emerged 
techniques which are increasingly gain
ing popularity within the AI commu
nity. Artificial neural networks, for 
example, have proved to be adequate 
for formulating many different kinds of 
predictions while being competitive in 
terms of performance. However, since 
neural networks do not formalize 
knowledge, it is impossible to modify 
them by any means other than by 
training on specific sets of data. This 
also means that it is no~ possible to 
analyze what they have learnt and, even 
worse, they cannot be explicitly taught 
any medical expertise which is unavail
able in the initial training data set. 

On those grounds more principled 
approaches have always been pre
ferred for AI applications in medicine, 
such as those performing classifica
tion tasks by creating hierarchies of 
concept descriptions. The paper by 
Ohmann et al. [5] actually addresses 
this topic by analyzing the performance 
of six different techniques of auto
matic rule induction applied in a pro
spective study, and comparing them 
with the standard model based on 
Bayes' theorem. The different algo
rithms presented no striking differ
ences between each other and with 
the standard Bayes' reference model. 
Unfortunately they only showed an 
average diagnostic accuracy compa
rable to that of a junior physician. The 
reason for this probably lies in the 
dimensionality of the problem, sug
gesting that a closer integration with 
distributed databases may result in a 
possible performance improveme:p.t. 

A different perspective emerges 
from the paper by Braaten [4] which 
llses the ID3 algorithm to build a binary 
decision tree for identifying important 
signs in the diagnosis of newborn syn

omes. A decision support system is 
enerated after a set of artificial cases 
uiltfrom the information available in 
e literature and subsequently run on 
different set of test cases. The per-
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formance is rather poor, probably be
cause of the implicit unrealistic as
sumption of a closed world. Neverthe
less, the algorithm classified as impor
tant all the well-established clinical 
signs. This may be of potential help for 
rapidly focusing a human expert while 
addressing new situations. 

Knowledge-Based 
Applications 

Perhaps the most renowned results 
of applying AI methodologies in health
care are represented by computer
based clinical decision support sys
tems. The open challenge driving the 
most ambitious research efforts in this 
area has been that of emulating within 
a computer· system the reasoning ca
pabilities of the human expert for solv
ing highly structured tasks, such as 
diagnosis or therapy planning, in a com
plex and less formalized domain like 
medicine. 

Several studies point out that addi
tional recommendations, such as those 
provided by computerized medical sys
tems, could definitely improve the ef
fectiveness and efficiency of patient 
care and even achieve a better com
pliance of the clinicians in following 
treatment protocols and guidelines. 
Nevertheless building those systems 
is still a daunting task given that huge 
bodies ofknowledge must be acquired 
and represented even for solving small 
classes of closely related problems, 
and further methodological and tech
nological advances are required. This 
is witnessed by the large number of 
papers illustrating the construction of 
prototypical systems accomplishing 
knowledge-level tasks compared to 
the very few ones addressing real 
evaluations of the effects arising from 
adopting the systems in the daily prac
tice, or simply trying to assess their 
reliability and performance through 
sound controlled trials [8]. 

Furthermore, there are still many 
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open issues concerning ethical, legal 
and technical aspects preventing the 
exploitation of those tools in the real 
clinical practice. The more cognitive 
scientists understand the complex and 
ever-changingnatureofmedicalknowl
edge the clearer it is that human ex
perts will always be involved as key 
characters in every decision-making 
process. In fact there is no evidence so 
far, and probably there will not be any 
in the near future, that computer sys
tems, no matter how complex they are, 
will measure up to the capabilities of 
the human mind in dealing with new 
and unexpected situations, and in inte
grating different 'and apparently unre
lated pieces of information which are 
instead determinant for properly un
dertaking clinical decisions. 

Thus, instead of envisioning tools 
supporting the whole diagnostic or 
therapeutic planning processes, a chal
lenging area where AI methodologies 
could be proficiently exploited even on 
a short-term perspective is that of 
intelligent real-time patient monitoring 
systems. These systems may defi
nitely help health-care personnel in 
improving the quality of assistance by 
being operational all-day long with low 
running costs and performing smoothly 
overtime. Achieving the same level of 

· assistance only with humans would be 
almost impossible, as witnessed by 
surveys pointing out that errors are 
very likely to occur on protracted shifts 
and especially across their changes. 
Moreover, whenever those systems 
are about to undertake important deci
sions, they may easily request an ac
knowledgment by the human expert 
who in the meanwhile may be avail
able for accomplishing different tasks. 

This issue is well addressed in the 
paper by Dojat et al. [6] which evalu
ates a KBS connected to a ventilator 
able to predict the ability of patients to 
tolerate total withdrawal from ventila
tory support. The system runs on a 
microcomputer located at the patient's 
bedside; is connected both to the ven-
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tilator and a gas analyzer and accom
plishes two different tasks. On one 
hand it monitors the patient's clinical 
situation and continuously adapts the 
ventilatory assistance to his/her needs, 
possibly decreasing it gradually in or
derto prepare the patient for the wean
ing. On the other hand the system 
selects an optimal strategy for wean
ing and indicates the most appropriate 
moment for performing tracheal extu
bation. The system operates in closed-

. loop and successfully combines AI 
techniques concerning knowledge rep
resentation and temporal reasoning 
with real-time issues in order to guar
antee a timely response even in com
plex situations. The paper reports on 
the evaluation of the system performed 
on 38 real patients and aimed at com
paring the advice provided by the KBS 
with the decision usually undertaken 
by a physician and based on a set of 
conventional tests. Although the num
ber of cases is small, the results are 
encouraging and show even a better 
performance than that achieved by 
the physicians adopting conventional 
methods. 

Conclusions 

It is clear that despite several inter
esting achievements during the past 
decade in areas concerning knowl
edge processing, a real application of 
those methodologies in clinical prac
tice is still to come, and the reasons for 
that failure are manifold. 

Certainly solving medical problems 
is a challenge on its own, since diverse 
and complex forms of knowledge rep
resentation are involved, requiring 
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multiple reasoning strategies. Never
theless, it must be said that the whole 
research in AI in the past ten years has 
been mostly shaped according to a 
technology-push paradigm rather than 
after an application-pull one. More 
specifically, the research has focused 
too much on basic issues concerning 
knowledge modeling and representa
tion, and too little interest has been put 
on pursuing suitable methodologies and 
techniques for exchanging and pro
cessing that knowledge in a shared 
environment. 

However, managing patients is defi
nitely a collaborative and knowledge
intensive process involving several 
persons, including physicians, nurses, 
therapists, technicians, administrators 
and clerks, all with a slightly different 
view about what the process is. Fur
thermore, medical care delivery has 
distinguishing features that make such 
cooperation difficult to support since it 
is inherently connected with the distri
bution of resources, skills, control and 
data along two different dimensions 
such as time and space. 

Supporting the requirement of medi
cal applications requires further re
search efforts in all the traditional AI 
areas concerning knowledge mod
eling and representation, machine 
learning and adaptation, cognitive 
modeling and epistemology. How
ever, it is clear that no application is 
ever bound to succeed if it does not 
also tackle those organizational issues 
which are part of the medical practice. 
This is also the goal of new emerging 
projects such as InterMed which tries 
to exploit the network for providing 
knowledge-level services within a 
medical context. 
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