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Abstracfi Performance analysis of intelligent systems is
an important task that should be considered within the
developing cycle of such systems. In this work the
authors present a formal approach to deal with the
analysis of performance of intelligent monitoring
systems (trUS) in the intensive care units (ICU). In this
approach, the use of any of the existing validation
paradigms depends on the particular characteristics of
the application domain, on the architecture of the IMS
and on its knowledge representation.
INTRODUCTION

Typically, the performance analysis of intelligent
difficult task that involves a number of phases

systems is a

[1]: (a) verification, (b) validation, (c) credibility analysis,

(d) assessment, and (d) evaluation. These phases are

hierarchically ordered in such a way that deficiencies
encountered in lower phases yield to inconsistencies in
upper phases.

Current approaches to deal with the performance
analysis problem of intelligent systems, usually are based
on classical software engineering methodologies which
need to be adapted to the differential characteristics of the
intelligent system in question. Figure 1 shows a classical
software engineering methodology. In order to apply this
methodology

to

knowledge engineering developments,

efforts need to be done to include knowledge elicitation,
concepts formalization and knowledge operationalization
within the developing cycle of the system [2].
There is also another interesting point that should be

considered

to achieve a reasonable analysis of
that is the domain sensitivity of the

performance,

corresponding intelligent system. Thus, depending on the
characteristics of the domain, the methodology has also to
be adapted.

domains, in which the relevance of a given decision affects
in a very important manner the system outputs and the
environment.

A

BRIEF DESCRIPNON OF SOME

EXISTING

VALIDATION PARADIGMS

Traditional approaches to estimate the accuracy of
intelligent systems usually try to compare the
interpretations supplied by the system with a "gold
standard". However, this gold standard is not always
available. This is due, in part, because: (a) the opinions of
the human experts (our gold standards) can vary, (b) the
human experts not always are "independent", (c) frequently
there are not enough number of human experts in a given
domain, and (d) if the human expert collaborated in the
design of the system he or she cannot be considered as a
"gold standard". This inconvenients have stimulated

artificial intelligence researchers that

fy to develop

standard references from the evaluation of the opinions of
group of experts (e.g., Delphi method [3]). In any event
there are some cases in which Delphi methods cannot be

In such cases standard references could be
obtained by means of cluster analysis t4l or Williams
measurements [5].
Other methods to validate intelligent systems, which
are not based on the idea of "gold slandard" are known as
qualitative and quantitative methods. Qualitative methods
applied.

use subjective techniques to evaluate the accuracy of the
system. Some of these methods are the following: face
validation, Turing test, field test, subsystem validation and
sensitivity analysis [6]. On the other hand, quantitative
methods are based on statistical analysis of results carried

out to compare the intelligent system with the human
experts t61. Some of these methods are the following:
percentages of agreement, kappa and weighted kappa,
ROC curves, ...
Other approaches

to validate intelligent systems

are

based on a totally different philosophy, that is to perform
the validation process either "against" the human expert or
"against" the problem to be resolved. Thus we have

retrospective and prospective methods of validation.
Retrospective methods investigate how much the results
and interpretations of a given, system agree with those

given by a group of human experts when both entities (i.e.,
inteltigent system and the group of experts) are faced with

Figure 1. Classical softrvare engineering methodology.

In this paper we present a methodology for the analysis
of performance of intelligent monitoring systems in critical

the same sets of problem data. Conversely, prospective
methods emphasize on the quality of the "solutions"
offered by the intelligent system. That is, if a given
problem is identified by the system, and the system
prescribes a given action to solve the problem, does the
problem evolves as desired? In practice, due to evident
deontological reasons, prospective methods are limited to
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those cases

in which both the group of experts and the
system agree. In other words, a retrospective analysis
should be performed before to investigate a system with

Phase 3: Global analysis of the results
experts" (including the system)

prospective methods.

With the results obtained in the previous phase, we
propose the use of Williams measurements, in order to
investigate if the agreements of our system with the rest of
experts are similar to the agreements obtained between the
experts of the group. Also, a cluster analysis should be
performed to establish "categories" among the experts and
to identify to which level of "expertise" our system belongs.

A

METHODOLOGY

TO VALIDATE INTELLIGENT

MONITORING SYSTEMS IN CRITICAL DOMAINS

Although many different approaches can be used to
investigate the performance of intelligent systems, it is
clear that the kind of system (i.e., diagnostic, therapeutic,
time-dependent,...),

its

architecture,

and the

way

knowledge is represented, are crucial elements to consider
when trying to establish a methodology for validating the
system.

Our approach is useful for validating systems in
domains that observe the following characteristics: (a) the
application domain should be "critic" (i.e., according to the
definition previously given), (b) no "gold standards" exist

to validate the system and, (c) different opinions of
different experts are available for the same sets of patient
data. Also, the system has to observe the following specific
characteristics: (a) results should be presented to the user
in categories in which nuances are considered through a
given, and hierarchically ordered, semantic set (i.e.,
"severe respiratory acidosis", or "slight bradycardia"), and
(b) no certainty factors (or any kind of "numeric
approach") are used to quantify the uncertainty of the
interpretations given by the system.

of the "group of

DISCUSSION

Although many different approaches can be used to
validate intelligent systems, there is not a well-established
methodology
accomplish
task. hoposed

to

the

methodologies should consider the peculiarities of the
application domain and the characteristics of the systems
that have to be validated. Results obtained during the
validation prccess can be used as a part of the knowledge
acquisition task, thus being validation a part of the cycle of
life of intelligent systems. A given methodology should

in

involve different validation paradigms,
order to
emphasize the advantages of each of them, thus achieving
a better understanding of our system's behaviour.
The proposed approach has been successfully applied to
the intelligent monitoring system PATRICIA, a system for
dealing with patients in the Intensive Care Unit, in which
temporal restrictions of the monitored parameters, and of

When the previously mentioned restrictions apply to
both the application domain and the system, the following
validation method can be used:

the environment, are of great importance when trying to
perform an adequate validation process.
At present, the required software to follow the proposed
validation approach is already implernented in a 486

Phase 1: Sampling.

machine running in the Windows environment.

Given that we are in a critical domain, and given that a
gold standard is not available, we need different opinions
of different experts related to the same sets of clinical data.
Although a large amount of data and opinions are always
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