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[EMYCIN (van Melle et al., 1981), EXPERT (Weiss and Kulikowski, 
1979), AGE (Nii and Aiello, 1979)}. By providing an environment for 
encoding knowledge, editing the evolving knowledge base, and testing pro­
grams, these systems provide techniques and tools that promise to be very 
versatile in helping to design new medical expert systems. 

While the earlier chapters in this volume provide motivation for applying 
artificial intelligence techniques to medicine, comparing the methods to those 
of traditional algorithmic programming and statistics, in this paper Kuli­
kowski presents the knowledge-based perspective as a whole. This serves as 
a prelude to detailed discussions of particular consultation systems (Chap­
ters 5, 6, 7, and 8) and to Szolovits and Pauker's analysis of medical 
reasoning in the context of these programs (Chapter 9). 

4 1 Introduction • 

4.1.1 The Need for Computer-Based Medical 
Consultation 

Expert medical consultation is a scarce, expensive, yet critical component 
of any health care system. Making the knowledge and expertise of human 
experts more widely available through computer consultation systems has 
been recognized as an important mechanism for improving the access to 
high-quality health care (Schoolman and Bernstein, 1978; Schwartz, 1970). 
The simulation of clinical cognition by the computer raises important sci­
entific questions about the structure, consistency, completeness, and un­
certainty of medical knowledge. These considerations are of particular in­
terest to researchers in artificial intelligence (Minsky, 1968; Newell and 
Simon, 1972; Nilsson, 1980), cognitive psychology (Elstein, 1976), and 
medical science and education (Feinstein, 1967; Komaroff, 1979; School­
man and Bernstein, 1978). These matters are also important if we are to 
assess the performance and understand the role of computer consultation 
systems in medical practice. 

In a recent bibliography of automated medical decision-making meth­
ods and systems (Wagner et aI., 1978) over 800 references are cited, and 
these do not include many of the simplest state-of-the-art applications or 
the most complex AI methods. If all of these are taken into account, it is 
likely that closer to 2,000 articles have been written describing medical 
decision-making and consultation systems. Yet the effect of automated de­
cision making on medical practice after 20 yeaTS of fairly intense activity 
has not been very dramatic. There have been some notable successes, such 
as automated EKG interpretation, which is now routinely available, and a 
few institutions have on-line consultative decision capabilities, but on bal­
ance, remarkably few systems have gone beyond the prototype stage. 
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teaching, for comparison with medical practice, and for guiding the deci­
sions of physicians' assistants (Komaroff et aI., 1974). Simple decision al­
gorithms for patient self-help have been proposed recently as a technique 
of preventive medicine (Vickery and Fries, 1978), which may also reduce 
the burden on health care facilities. A mixed algorithm scheme is charac­
teristic of one of the best-known consultation programs-Bleich's system 
for acid-base and electrolyte balance (Bleich, 1969). It intermingles the 
direct logical assessment of patient findings with calculations from math­
ematical formulas that describe the underlying biochemical changes. 

To provide information about past experiences with prognosis and 
treatment, several different groups have relied on the logical matching of 
current patient profiles to prior stored cases in a large data base. The 
ARAMIS system in rheumatology at Stanford University (Fries, 1972; 
1976) and similar ones in lung cancer at Yale University (Feinstein et aI., 
1972) and cardiovascular diseases at Duke University (Rosati et aI., 1975) 
are well-known examples. The m<tior methodological question for these 
systems is the form in which patient profiles are to be specified and the 
choice of query types that can be easily supported by the data base struc­
ture. Although they have not addressed the problems of how to incorporate 
their results into the broader interpretation of a patient's condition, they 
represent an important step in the direction of standardizing knowkdge 
about the time course of diseases within a data base. And insofar as all 
interpretation is left to the physician using the system, they have been more 
readily accepted than many of the consultation programs. 

In the late 1960s and early 1970s various pattern-recognitivn methods 
began to be applied to medical decision making (Kulikowski, 1970; Patrick 
et aI., 1977). In some instances they provided the means of overcoming 
the limitations of small-sized statistical samples through the use of well­
chosen heuristics; in others they enabled the summarization of large num­
bers of findings through synthetic "features" (Kulikowski, 1970), but in 
common with the statistical approaches, they suffered from being a "black 
box" approach to medical reasoning. That is, the patient's findings would 
be transformed mathematically into some heuristic score or weight, which 
would then become the sole basis for ranking diagnoses or treatment rec­
ommendations. 

Figure 4-2 shows a schematic diagram of a typical pattern-recognition 
or statistical system for medical consultation. The sequence of operations 
specified by algorithm typically consists of a preprocessing, or filtering, to 
extract the set of patient findings relevant to the clinical problem under 
consideration, and the extraction of features (logical or mathematical trans­
formations) that when selected for best discriminatory performance enable 
the classifier to be both simple and effective. The domain-specific knowl­
edge base used by the algorithm is composed of various patterns of asso­
ciation between findings and hypotheses (for statistical methods), profiles 
of correctly diagnosed cases (for nonparametric sample-based methods, 
such as the nearest-neighbor technique), or explicit sequences of decisions 
(for the flowcharting methods). Most programs implementing these meth-
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offer sufficient challenges of an epistemological and formal nature and are 
likely to encourage active research that will parallel the engineering efforts 
for many years to come. 
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