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Remarkably little is known about the cognitive processes employed in the
solution of clinical problems. This paucity of information is probably accounted for in large part by the lack of suitable analytic tools for the study
of the physician's thought processes. In the following early work, which
arose from Gorry's observations outlined in Chapter 2, Pauker and his
colleagues report on the use of the computer as a laboratory for the study
of clinical cognition.
Their experimental approach consisted of several elements. First, cognitive insights gained from the study of clinicians' behavior were used to
develop PIP, a computer program designed to take the present illness of a
patient with edema. The program was then tested with a series of prototypical cases, and the present illnesses generated by the computer were compared to those taken by the clinicians in their group. Discrepant behavior
on the part of the program was taken as a stimulus for further refinement
of the evolving cognitive theory of the present illness. Corresponding refinements were made in the program, and the process of testing and revision
was continued until the program's behavior closely resembled that of the
clinicians.
The advances in computer science that made this kind of effort possible
included goal-directed programming, pattern matching, and a large associative memory, all of which were products of research in the AI field.
From American Journal of Medicine, 60: 981-996 (1976). Used with permission.
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systems that can deal competently with complex clinical problems. To
achieve such progress, however, the essential first step is to examine in
depth the nature of the clinician's cognitive processes.

6 •3

Methods of Procedure

Our first efforts were directed toward elucidating a number of the problem-solving strategies that physicians use in taking the history of the
present illness of a patient with edema. This analytic effort was carried out
through introspection and through direct observations of clinicians' problem-solving behavior. The insights gained in this way were represented as
a computer program [using the CONNIVER programming system (Sussman and McDermott, 1972)] that incorporates the goal-directed techniques
described in Section 6.2. The program was then tested with a series of
prototypical cases in which edema was the presenting problem, and the
questioning strategy followed by the program was compared to that of the
physicians whom it was intended to simulate.
It immediately became apparent that the program's behavior differed
markedly from that of the physicians, but, by examining specific discrepancies, we were able to recognize components of the clinicians' reasoning
process that had been misunderstood or neglected in our initial analysis.
With these new insights, we revised the program and evaluated its historytaking performance again. With each iteration of this process, the performance of the program im proved and our insights into the cognitive process
deepened. The study was terminated when the program closely simulated
the manner in which the physician members of the team take the present
illness of a patient with edema. 4

6.4

Examples of Computer-Generated Analyses
of Present Illnesses

Figure 6-1 presents a portion of a typical dialogue between a user (a physician) and the program. The language of both the questions and the computer-generated summaries (Figures 6-2 through 6-5) is rather stilted because most of our effort has been devoted to examining the history-taking
process, not to producing a polished output. Each case demonstrates the
program's use of somewhat different overall strategies of history taking.
40ur program simulates the behavior of the particular physicians in our group. The question
of differences in problem-solving behavior among physicians is one we intend to pursue
further.
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PRESENTING PROBLEM: A YOUNG MAN WITH PEDAL EDEMA AND OLIGURIA

THE CASE CAN BE SUMMARIZED AS FOLLOWS:
THIS IS A YOUNG MAN, WHO HAS OLIGURIA. HE HAS PEDAL EDEMA, WHICH IS NOT-PAINFUL, NOTERYTHEMATOUS, PITTING, SYMMETRICAL, WITHOUT-TEMPORAL-PATTERN, FIRST-TIME AND FOR-DAYS.
IT HAS BEEN DENIED THAT HE HAS RECENT SCARLET FEVER. IN THE RECENT PAST HE DID NOT HAVE
PHARYNGITIS. IN THE RECENT PAST HE HAD NOT-ATTENDED SUMMER CAMP. IN THE RECENT PAST HE
HAD NOT-BEEN-EXPOSED-TO STREPTOCOCCI. HE HAS NOT-RECEIVED RADIOGRAPHIC CONTRAST
MATERIAL. HE HAS NOT-RECEIVED NEPHROTOXIC DRUGS. IN THE RECENT PAST HE DID NOT HAVE
HYPOTENSION. HE HAS MODERATELY-ELEVATED URINE SODIUM. HE HAS URINE SPECIFIC GRAVITY
WHICH IS ISOSTHENURIC. HE HAS NO-RED-CELLS-IN, NO-WHITE-CELLS-IN, RENAL-CELLS-IN, NORENAL-CELL-CASTS-IN, HYALINE-CASTS-IN URINARY SEDIMENT. IT IS NOT EXPLICITLY KNOWN
WHETHER HE HAS BEEN-EXPOSED-TO A CLEANING FLUID. HE DOES NOT HAVE HYPOTENSION. HE
DOES NOT HAVE TACHYCARDIA. HE HAS NORMAL TURGOR-AND-PERFUSION-OF SKIN. HE HAS
MODERATELY-ELEVATED, RISING WEIGHT.
DIAGNOSES THAT HAVE BEEN ACCEPTED ARE: SODIUM RETENTION, EXPOSURE TO NEPHROTOXINS,
EXPOSURE TO HEPATOTOXINS AND ACUTE RENAL FAILURE.
THE LEADING HYPOTHESIS IS ACUTE TUBULAR NECROSIS.
HYPOTHESES BEING CONSIDERED:
A.
fit of case
to hypothesis

ACUTE TUBULAR NECROSIS
ACUTE GLOMERULONEPHRITIS
IDIOPATHIC NEPHROTIC SYNDROME
CHRONIC GLOMERULONEPHRITIS

0.50
0.20
0.18
0.19

B.
fraction
of findings
explained by
hypothesis
0.37
0.21
0.16
0.11

average
of
A and B
0.43
0.20
0.17
0.15

FIGURE 6-4 Case 3. Computer-generated summary of the
present illness of a patient, with acute tubular necrosis. The
format is identical to that of Figure 6-2.

plored other etiologies of liver disease, such as the hepatitis induced by
transfusions or by the ingestion of raw shellfish, but could find no evidence
in support of these diagnoses. It then returned to the primary hypothesis
of cirrhosis and, in searching for possible complications, noted the presence of both esophageal varices and chronic gastrointestinal bleeding. It
concluded that the patient had alcoholic cirrhosis and that hepatitis was
an alternative, but much less likely, possibility.
Case 3. Figure 6-4 shows the computer-generated summary of a patient with acute tubular necrosis produced by carbon tetrachloride exposure. The computer was given as the chief complaint "a young man with
edema and oliguria." The program immediately undertook a search for
causes of acute renal failure. It first focused on the diagnosis of acute
glomerulonephritis but could find no evidence of streptococcal exposure.
It next explored the possibility of acute tubular necrosis but was unable to
find an etiological factor. When the program later assessed the characteristics of the urine sediment, however, it noted many hallmarks of tubular

Nature of the Underl ying Computer Programs

145

FIGURE 6-8 The long-term (associative) memory. The longterm memory consists of a rich collection of knowledge about
diseases, signs, symptoms, pathologic states, real-world situations, etc. Each point of entry into the memory allows access to
many related concepts through a variety of associative links
shown as rods. Each rod is labeled to indicate the kind of association it represents. Note that the dark gray spheres denote
disease states, medium gray spheres denote clinical states (e.g.,
nephrotic syndrome) and light gray spheres denote physiologic
states (e.g., sodium retention). Abbreviations used in this figure
are Acute G.N. = acute glomerulonephritis, Chronic G.N. =
chronic glomerulonephritis, VA~C = vasculitis, CIRR = cirrhosis, Constr. Peric. = constrictive pericarditis, ARF = acute
rheumatic fever, Na Ret. = sodium retention, SLE = systematic
lupus erythematosus, i BP = acute hypertension, Glom. =
glomerulitis, Strep. Inf. = streptococcal infection, Neph.
Synd. = nephrotic syndrome.

d a rk gr ay, clinical sta tes are m edium g ray, a nd ph ys io logic sta tes a re light
g ray), a nd th e links be tw ee n th e fra m es a re re prese nted as labe led rod s.
Th ese links d e pict a va ri ety o f re latio n s, such as MAY-BE-CAUS ED-BY
a nd MAY-BE-COMPLI CAT ED-BY.
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of hypothesis generation (see below), limit the number of diagnostic
possibilities that must be evaluated.
2. Advice can be given that guides the supervisor in its evaluation of information that is being presented. Such validity checks can be of several
types. First, the program might point out that a finding itself is clearly
in error, e.g., a weight gain of 50 pounds in 48 hours. Second, it might
note that new information is inconsistent with other facts known about
the patient, e.g., the presence of red cell casts in the absence of hematuria. Finally, it might indicate that a new finding contradicts a conclusion already drawn about the case. 5
3. Advice can be given that alerts the supervisor to errors that might stem
from a patient's misinterpretation of a particular sign or symptom. For
example, if a patient complains of "blood in the urine," the supervisor
is told that dark urine, which is attributed by the patient to blood, may
be caused by the presence of bile, myoglobin, or anthocyanins (from
beets).

Hypothesis Generation
After the complaint has been characterized and all relevant advice has been
acted upon, the supervisory program proceeds to generate working hypotheses. Hypothesis generation consists of moving frames from long-term
memory to short-term memory, where each frame plays a special role in
guiding further exploration of the patient's problem. Frames can exist in
one of four states: dormant, semiactive, active, and accepted. Initially, the
short-term memory contains no frames; all frames are in the long-term
memory and are said to be in the dormant state. In this nascent condition,
however, some of the findings in the frames are associated with small,
independent computer programs called daemons. A few of these daemons
extend like tentacles from the frame into the short-term memory (see Figure 6-9, BEFORE); these are primarily the daemons of those findings that
are strongly suggestive of their associated frames. When the matching fact
for a daemon is added to the short-term memory, the entire frame attached
to the daemon is added to the short-term memory (see Figure 6-9,
AFTER). As pointed out, this process is synonymous with forming a hypothesis. Those frames that have entered short-term memory as hypotheses are called active. As is reflected in the AFTER half of Figure
6-9, frames one link away from an active frame are also affected in that
during the activation process they are pulled closer to short-term memory.
Consequently, more tentacles from such frames can reach into memory
where they can now watch for their matching facts. These related frames,
5The latter two kinds of advice would not be provided in the initial cycle, which deals with
the chief complaint, because, at such an early stage, the short-term memory would not contain
any detailed information about the patient.
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SHORT-TERM MEMORY

~
AFTER: the matching of fact and daemon causes the movement
of the full frame (in this case, acute glomerulonephritis) into
short-term memory. As a secondary effect, frames immediately
adjacent to the activated frame move closer to short-term memory and are able to place additional daemons therein. Note that,
to avoid complexity, the daemons on many of the frames are
not shown.
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FIGURE 6-10 Schematic representation of pattern matching.
Two wafers are shown in each instance, the lower one denoting
the prototype being sought and the upper one denoting the case
being tested. Case A: an exact match. Every important feature
of the prototype is found in the case, and there are no features
of the case that are not explained by the prototype. Case B: there
are features of the case that are not explained by the prototype.
Case C: there are features in the prototype that are not found
in the case.

greater than 5 g/24 hours), a sufficienc_'V rule immediately accepts the
nephrotic syndrome hypothesis. 6
In this accepted state, the hypothesis is asserted as if it were a fact.
This new "fact" then is added to the short-term memory where it, in turn,
can be found by daemons belonging to other frames. We should emphasize,
however, that if later facts contradict the original conclusion, the acceptance is revoked.
In many instances, of course, there is no simple rule that can serve
either to exclude or to establish a given hypothesis, and a scoring process is
required. This scoring process uses numerical values (contained in the
frame) that reflect the likelihood that various clinical findings will occur in
6Not only can disease frames be accepted or rt::jected, but frames corresponding to physiologic
and clinical states can be similarly accepted or rejected.
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when we consider that, in taking a present illness, the physician can gather
only a small fraction of the potential set of facts concerning the patient
and must therefore seek information very selectively. In consequence, the
clinician must find a context within which to properly focus his or her
questioning and to organize the information that is obtained.
Because the initial hypotheses are usually generated on the basis of
relatively few facts, they will often later prove to be incorrect. In such cases,
how does the experienced clinician proceed to undo any "damage" done
by aggressive hypothesis generation? Our observations suggest that he or
she often employs the rather efficient strategy of associating one hypothesis
with others with which it may be readily confused (e.g., "multiple pulmonary emboli are often confused with cardiomyopathy"). By explicitly remembering such situations, the physician can move directly from a hypothesis that has become suspect to one that offers another plausible
explanation for the presenting findings.
Unlike the seasoned clinician, the medical student or young physician
does not have an extensive knowledge of such relations and so is unlikely
to move from one hypothesis to another in such a skillful fashion. Therefore, the novice who acts aggressively in hypothesis generation risks making
serious errors. We have observed that the student or house officer, apparently to counter this problem, often approaches the diagnostic process in
a highly structured, methodical fashion. Similarly we have noted that the
experienced physician performing outside his or her area of expertise uses
a far more structured approach than is his or her usual custom. The seasoned clinician's expertise in taking a present illness thus appears to derive
in considerable part from a complex set of associations and from a familiarity with many alternative scenarios within that individual's "frames."
We believe that the experimental methods utilized in the present study,
if extensively employed, will provide important new insights into the process of clinical problem-solving. Furthermore, as our understanding of
problem-solving processes grows, it seems likely that the study of clinical
cognition will assume a significant place in the medical curriculum. Such
increased attention to this neglected aspect of medical education should
eventually make an important contribution to improving the quality of
physician performance.
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