
Memory & Cognition
1990, 18 (4), 394-406

Medical expertise as a function of task difficulty
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This paper is concerned with factors that disrupt the pattern of forward reasoning characteris
tic of experts with accurate performance. Two experiments are described. In the first, the perfor
mances of cardiologists, psychiatrists, and surgeons in diagnostic explanation of a clinical problem
in cardiology were examined. In the second, the performances of cardiologists and endocrinolo
gists in diagnostic explanation of clinical problems within and outside their domains of expertise
were examined. The performances of researchers and practicing physicians are also compared.
The results of Experiment 1 replicated earlier results regarding the relationship between forward
reasoning and accurate diagnosis. There were no differences in recall as a function of expertise.
Experts did not show any bias toward using specific knowledge from their own areas of exper
tise. The results of Experiment 2 showed that the breakdown of forward reasoning was related
to the structure of the task. In particular, nonsalient cues induced some backward reasoning even
in subjects with accurate diagnoses. Some differences were also found between the types of ex
planation used by researchers and practitioners. The practitioners referred more to clinical com
ponents in their explanations, whereas the researchers focused more on the biomedical components.

An important distinction made in rule-based models of
problem solving involves the directionality of inferences.
Forward reasoning (or forward chaining) involves the
generation of a hypothesis on the basis of data given in
the problem. Backward reasoning involves the genera
tion of data on the basis of a hypothesis. The distinction
between forward and backward reasoning originated not
in psychology but in artificial intelligence, where early
expert systems tended to use one of these two kinds of
inference mechanisms exclusively. However, this distinc
tion motivated two empirical studies (Larkin, McDermott,
Simon, & Simon, 1980; Simon & Simon, 1978) that were
interpreted as showing that directionality is directly re
lated to expertise. At least on routine problems, experts
used forward reasoning, whereas novices used backward
reasoning.

It is important to note that this interpretation was based
more on theory than on data. The data, which were based
on only 3 subjects, simply demonstrated the existence of
the two methods of reasoning and suggested a correla
tion with level of expertise. The interpretation of this
correlation was derived from the well-established find
ing in artificial intelligence that forward reasoning is an
optimal inference mechanism for solving well-structured
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problems in the presence of a large base of relevant
knowledge, whereas backward reasoning is effective when
a problem is ill-structured or relevant knowledge is ab
sent. The obvious question of the generalizability of the
results exists, and the experimenters made no attempt to
manipulate the conditions under which the directionality
of reasoning might change. There was also a confound
ing between accuracy and expertise, since no attempt was
made to study erroneous expert performance.

However, there is some converging evidence, which
indicates that the phenomenon of expert forward reason
ing may be quite robust. Patel and Groen (1986) presented
7 cardiologists with a clinical case in cardiology and asked
them to explain the underlying pathophysiology. Since di
agnoses were invariably included as part of the explana
tions, it was possible to rate the explanations on a basis
of diagnostic accuracy, as well as to analyze the protocols.
It was found that the 4 subjects who gave completely ac
curate diagnoses also generated their explanations by
means of a process of forward reasoning. In contrast, the
remaining 3 subjects, who gave inaccurate or incomplete
diagnoses, used a mixture of forward and backward rea
soning. These results indicate the possibility of a strong
relationship between diagnostic accuracy and the presence
of forward reasoning. However, they also raise the issue
of what causes the pattern of forward reasoning to break
down. Our purpose in this paper is to consider this ques
tion in the context of medical reasoning.

The strong relationship between forward reasoning and
accuracy suggests that whatever determines the latter
should also determine the former. Greeno and Simon
(1988) suggest that the common factor may be the ability
of experts to chunk large pieces of information. This notion
can be used to explain the greatly enhanced performance
of experts, since high-level chunks can encode large quan-
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tities of information, which can then result in the firing
of more complex production rules than would be possi
ble otherwise. In the case of nonexpert subjects, such
reasoning can only be handled by a much larger number
of production rules. Under this assumption, the existence
of such large chunks makes possible the use of forward
chaining, since such chaining tends not to converge to a
solution if the problem space is too large (Winston, 1984).

An important factor in substantiating the chunking no
tion is the assumption that the existence of large chunks
of this kind can be demonstrated through the use of free
recall tasks. However, there is evidence that, at high levels
of expertise, recall is unrelated to accuracy of perfor
mance. Charness (1985) has shown that the performance
of experts in chess and bridge remains invariant despite
age-related decreases in short-term memory. Similarly,
Patel and Groen (1986) showed that inaccurate diagnosis
by cardiologists (even though it occurred within their own
domain of cardiology) was associated with the use of back
ward reasoning. However, there was no difference in
recall of the case between subjects with accurate and those
with inaccurate diagnoses. In fact, physicians' recall of
clinical cases is quite independent of the domain of
specialization. This independence makes it difficult to ap
ply notions of expertise that assume an intimate connec
tion between enhanced recall and efficiency in reasoning,
in the sense that large chunks are enabling the use of com
plex production rules. Both the kind of rules utilized and
the strategies used to generate the rules seem quite in
dependent of chunking phenomena.

The independence of chunking and reasoning indicates
that the common factor is not to be found in phenomena
related to comprehension. A number of possibilities re
main, however. One is that the presence or absence of
forward reasoning is simply a matter of cognitive style.
Another is that the method of reasoning is determined by
the degree of relevant prior knowledge. This can be exam
ined by varying the closeness of match between the sub
jects' expertise and the expertise demanded by the task.
In most domains, there are degrees of expertise. For ex
ample, a chess master may be expert in a particular,
limited class of openings. The chess master will be likely
to perform somewhat differently if forced to play an open
ing outside that class. In fact, he or she will be more likely
to reason inaccurately and hence lose the game. An analo
gous situation exists in medicine. Cardiologists and en
docrinologists may both be expert physicians, but it is
clear that diagnoses are less likely to be accurate when
an endocrinologist diagnoses a case in cardiology and vice
versa. This kind of performance is not equivalent to novice
or intermediate performance, and hence we assign it a
special term in this paper, namely, subexpertise.

Experiment 1 was designed to examine the possibility
that method of reasoning is a function of the degree of
relevant prior knowledge, by systematically comparing
the performance of subexperts with that of experts. A quite

different possibility is that, whereas diagnostic accuracy
is determined by prior knowledge, the breakdown of for
ward reasoning is determined by coherence of explanation.
This will be examined in connection with Experiment 2.

EXPERIMENT 1

This experiment was designed to compare the results
obtained by Patel and Groen (1986) with diagnostic ex
planations of subexperts (specifically, specialists in do
mains of medicine other than cardiology). The experimen
tal design and the methods of analysis were identical to
those used in the original experiment.

Subexperts should be expected to diagnose a case less
accurately than experts. The main issue is to examine how
closely the absence of forward reasoning is related to
inaccurate performance. It is, however, also possible to
examine the extent to which the diagnostic explanation
is determined by the subject's knowledge base. A con
siderable amount of research on expert problem solving
has argued that the solution process is determined by the
ability to represent specific aspects of content. This posi
tion, which essentially reflects conventional thinking on
expert systems (e.g., Hayes-Roth, Waterman, & Lenat,
1983), assumes that both accuracy of diagnosis and direc
tionality of reasoning are determined by prior knowledge.
Forward reasoning occurs because the rules stored in long
term memory are naturally chained together in a forward
direction when the knowledge base is sufficient to induce
accurate results. Backward reasoning occurs because the
subject is forced to resort to weak methods. If this is the
case, the explanations of subexperts should exhibit a bias
toward the use of rules more typical of their own special
ized areas.

Method
The subjects were 6 surgeons and 6 psychiatrists who volunteered

to participate in the study. These physicians were practitioners with
MD degrees and Board Certification in their respective speciali
ties. They were affiliated with at least one of the teaching hospitals
of McGill's Faculty of Medicine.

The problem text used in this study was the same as the one used
in Patel and Groen (1986). It describes a patient with a diagnosis
of acute bacterial endocarditis, which is a bacterial infection affect
ing heart valves. The case has four main components: (I) infection
the patient contracted the infection from a contaminated needle, pos
sibly from intravenous drug use; (2) aortic valve insufficiency
(AVI)-the aortic valve became infected and the blood gushed back
through the valve, causing heart murmurs; (3) emboli-the patient
manifested a blood-shot eye, due to a capillary's bursting from the
lodging of a particle from the infected valve; and (4) acuteness
the patient was seriously ill and needed immediate attention. All
the components in the text are necessary to generate a complete
and accurate diagnosis. Problems of acute bacterial endocarditis
are reasonably familiar to cardiologists but not to other specialists
such as psychiatrists or surgeons.

The basic experimental procedure was identical to that used by
Patel and Groen (1986). The subjects were shown a written descrip
tion of the case. Each subject was tested individually and allowed
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2.5 min to read the case description, which was then removed. The
subjects were then asked to write down as much of the text as they
remembered, and then explain (again in writing) the underlying
pathophysiology of the case without reference to either the text or
the previous recall response. Finally, the subjects were asked to
provide a diagnosis.

For data analysis, the diagnoses were coded as accurate, par
tially accurate, or inaccurate. A diagnosis was characterized as ac
curate when it was completely correct (i.e., all of its components
were included); partially accurate, when some components of the
diagnosis were included; and inaccurate when no diagnostic com
ponents were included.

Using techniques of propositional analysis based on Kintsch (1974)
and Frederiksen (1975), both the clinical text and the response pro
tocols were analyzed. The protocols were scored for recalls against
the stimulus texts according to the method described in Patel, Groen,
and Frederiksen (1986). The stimulus texts were initially segmented
into clauses and then propositionally represented. Next, the sub
jects' protocols were segmented and matched against the original
text propositions. The scoring involved marking every item in the
subjects' protocols that corresponded to the text base as defined
in the original text. On the basis of experts' classifications, the propo
sitions in both clinical cases were classified as disease relevant or
disease irrelevant propositions, and a record was made of the number
of relevant and irrelevant propositions each subject recalled.

For each pathophysiological explanation protocol, a semantic net
work representation of the causal and conditional rules was obtained,
using the method described in Patel and Groen (1986). Our basic
approach in analyzing these data is to begin by representing the
propositional structure of a protocol as a semantic network. Within
this structure, the propositions that describe attribute information
are called nodes and those that describe relational information are
called links. We will call the attributes that are given in the origi
nal clinical text as facts, and those that are not given, we will call
hypotheses. The causal (CAU:) and conditional (COND:) relation
ships that form a major part of the semantic network arising from
our data closely resemble the rules in an expert system. The direc
tionality of causal and conditional rules is important since causal
rules generally lead away from a diagnosis (diagnosis --+ explana
tion of facts), whereas conditional rules lead toward one (observ
able facts --+ diagnosis). This system thus consists of hypothesis
directed and data-directed or fact-directed rules, which can be viewed
as equivalent to forward and backward reasoning.

In order to be more precise about our analysis, some notions from
graph theory are used to define properties of the semantic networks
in terms of components (Groen & Patel, 1988). A graph is a
nonempty set of nodes and a set of arcs, each leading from a node
N to a node N'. A walk through a graph is a sequence of nodes
such that if ai+1 is the immediate successor of a, in the sequence,
then the two nodes are connected by an arc. A path is a walk in
which all nodes are distinct. In a directed graph, an arc connecting
N to N' is viewed as distinct from an arc connecting N' to N. To
emphasize the distinction, arcs of directed graphs are usually denoted
by arrows. If e is an arrow connecting N to N' then N is called
the source of e, and N' is the target of e. A path is said to be oriented
or directed if every node is the source of an arrow connecting it
to its immediate successor. In other words, it is a path that follows
the direction of the arrows. A subpath of an oriented path P is a
path that is a subsequence of P. Note that undirected paths are pos
sible in directed graphs if one simply ignores the order of the ar
rows. A graph is connected if a path, directed or undirected, exists
between any two nodes. If it is not connected, then it breaks down
into disjoint components, each of which is connected, but none of
which has a path linking it to any other component.

Backward reasoning corresponds to an oriented path or subpath
from a hypothesis to a fact, whereas forward reasoning corresponds
to a path or subpath from a fact to a hypothesis. The presence of
subpaths in these definitions is important, because it gives criteria

for forward or backward reasoning between facts. Pure forward
reasoning corresponds to a graph in which every oriented path satis
fies the forward reasoning criterion. Pure backward reasoning cor
responds to a graph in which every oriented path satisfies the back
ward reasoning criterion.

Wherever possible, statistical analyses were performed on the
data to test for significance of results. Because of the small sample
size, a series of nonparametric Mann-Whitney tests was performed
on each of the dependent variables separately.

Results
Because of the use of procedure and stimulus materials

identical to those in Patel and Groen (1986), the specialists
in cardiology studied by Patel and Groen were used as
a comparison group. Four out of 7 cardiologists arrived
at a completely correct diagnosis, whereas the other 3
cardiologists gave partially correct diagnoses. One of the
6 surgeons in the present study was able to provide a com
pletely accurate diagnosis. The rest of the surgeons were
only partially accurate with their diagnoses. Psychiatrists,
by contrast, provided either partially correct or incorrect
diagnoses. None of the psychiatrists provided completely
accurate diagnoses of the case.

The protocols were analyzed as described for the pres
ence of pure forward reasoning. The only subject who ex
hibited this pattern was the surgeon who made the accurate
diagnosis. No subject with partially accurate or inaccurate
diagnoses showed this pattern of pure forward reasoning.

Analysis of a single subject. To make our analysis
clear, we will concentrate in some detail on the results
of the single subject who made a completely accurate di
agnosis. A discussion of the results with the other sub
jects will follow the analysis of this single subject.

The explanation of the underlying pathophysiology
given by Surgeon 1 does not have a close relation to the
original text. The protocol generated by the surgeon and
the propositional representation of the protocol are given
in the Appendix. The propositions are represented in terms
of a relational structure, which is given in Figure 1. In
this diagram, the numbers denote propositions numbered
in accordance with the Appendix. The arrows correspond
to the linking propositions and indicate directionality.
These are referred to as links and the other propositions
as nodes. The diagram also indicates the nodes that cor
respond to propositions appearing in the text (text cues)
and those that are part of the expert canonical knowledge
(intermediate components).

Figure 1 defmes a process that leads to a diagnosis simi
lar to the one described in Patel and Groen (1986). To
investigate the extent to which the other subjects are using
a similar process, we make use of a reference model for
the disease. This network contains the knowledge base
of an expert cardiologist and the rules necessary to ex
plain the diagnosis. Altogether, there are 15 rules, all of
which are in a forward direction toward the diagnosis with
no instance of backward chaining. These rules are given
in Table 1.

The reference model can be decomposed into a num
ber of disease components. To make a diagnosis, one has
to understand the disease process in each component and



MEDICAL EXPERTISE AND TASK DIFFICULTY 397

1.5,1.1> I 2

2.4

1.1

cono: moo: QUAl:

22,2.1

cono:
2.1

FEVEROF4 DAY
DURAmJN WITII

MALAISE

ACUTE
BACTERIAL

ENDOCARDITIS
cono

3.4

12

SHORTNESSOF
BREATIl

ON EXERTION

AORTIC
DIASTOLIC
MURMUR

31

4.2

4.5

conO: PRO.:
4.1

TRANSIENT
VISUAL

LOSS

FLAME SHAPED
HEMORRHAGE

4.4

Figure 1. Representation of the relational structure of the patient problem from Surgeon 1. The
proposition numbers refer to those in the Appendix and the arrows indicate directionality. Textual
cues: DCOND: = conditional relation. Intermediate components:~MOD: QUAL: =
modality:qualify. Diagnosis: 0 PROX: = proximal.

also be able to connect these various components. From
a rule-based point of view, each disease component can
be viewed as a set of rules that lead to an independent
part of the diagnosis. The connecting rules are (Rule 7
and Rule 15 in Table 1) those that connect component di
agnoses. Critical rules (Rule 2 and Rule 9 in Table 1) are
those that are considered by expert consultants, who did
not participate in the study, as the minimal number of rules
that would elicit the production of an accurate diagnosis
by an expert.

A total of five rules from the reference model, includ
ing critical and connecting rules, were used by our sin
gle subject. A comparison of this subject with the single
subject (a cardiologist) described in Patel and Groen in
dicates a similar pattern for both subjects, with the rele
vant propositions from the text being used as input infor
mation in the network derived from the explanation
protocol. All the rules are in the forward direction, point
ing toward the diagnosis, This implies that the subject is
using pure forward reasoning, like the cardiologist with
the accurate diagnosis, Both the cardiologist and the sur
geon make use of critical and connecting rules for accurate
diagnosis. The use of two disease components, intravenous
drug abuse and aortic insufficiency, was also common to
the two subjects with accurate diagnoses.

Recall and diagnostic accuracy. There were no differ
ences in recall of propositions in each of the four disease
components (infection, emboli, AVI, and acuteness), by
surgeons, psychiatrists, and cardiologists,

The propositions were separated into relevant and ir
relevant ones, The overall recall of relevant propositions
was high for all three groups of subjects, The propositions
corresponding to the infection component were recalled
the most and propositions of the AVI component recalled
the least, although the differences were not statistically
significant. Relevant propositions were separated into ac
curate, partially accurate, and inaccurate diagnoses pooled
over the three groups of experts, Relevant propositions
constituted 64% of the total propositions recalled by sub
jects making accurate diagnoses, Subjects making partially
accurate diagnoses recalled 61% of the relevant proposi
tions. Subjects making inaccurate diagnoses recalled 65 %
of the relevant propositions. There were no significant
recall differences between these categories.

Explanation of clinical case, The total number of rules
used in the explanation of the clinical case was calculated
for accurate, partially accurate, and inaccurate diagnos
tic categories by the three groups of experts. A total of
38 rules were used by the experts with accurate diagnoses,
31 rules were used by experts with partially accurate di-
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Table 1
Production Rules That Yield an Accurate Diagnosis

From "Knowledge-based solutionstrategiesin medicalreasoning," by
V. L. Patel and G. J. Groen, 1986, Cognitive Science, 10, 91-116
(Table 4, p. 104).Copyright1986by AblexPublishing Corp. Reprinted
by permission.

agnoses, and 18 rules by experts with inaccurate diag
noses. There was a significant difference between the
number of rules used in the two diagnostic components
AVI and acuteness, in terms of the accuracy in diagno
sis. Overall, more rules were used in these two compo
nents by subjects making accurate and partially accurate
diagnoses than by subjects making inaccurate diagnoses.
Experts with accurate diagnoses used 9 rules in the AVI
component and 6 rules in the acuteness component of the
disease. The subjects with partially accurate diagnoses
used 6 rules in the AVI component and 4 rules in the
acuteness component. The subjects who did not diagnose
the case accurately did not use any rules in the AVI com
ponent and used only 1 rule in the acuteness component
overall. These results were statistically significant at the
p < .01 level for the use of rules in the AVI component
and the p < .05 level for the acuteness component.

The pattern of rules used by cardiologists with accurate
and inaccurate diagnoses shows that two critical rules and
some of the connecting rules were used by the subjects
with accurate diagnoses, but that they were not used by
any of the subjects with inaccurate diagnoses. The rules
used by psychiatrists and surgeons were pooled accord
ing to partially accurate and inaccurate diagnostic cate
gories. As shown earlier, the subjects who made accurate
diagnoses used both a critical rule (one rule) and the con
necting rules (two rules). The subjects with partially ac-

Production
Rule

2
3

4
5
6
7

8

9
10

11

12

13

14

15

Antecedent (it)

puncture wounds and
young unemployed male

intravenous drug use
bacterial infection and

emboli
fever
transient blindness
red blood cells in urine
intravenous drug use and

bacterial endocarditis
low diastolic pressure and

normal systolic pressure
early diastolic murmur
shaking chills and

bacterial endocarditis
rigor and bacterial

endocarditis
normal spleen and

bacterial endocarditis
shortdurationof illnessand

bacterial endocarditis
normal heart size and

bacterial endocarditis
bacterial endocarditis from

intravenous drug use,
aorticvalveinsufficiency,
and acutenessof bacterial
endocarditis

Consequent (then)

intravenous drug use

bacterial infection
bacterial endocarditis

bacterial infection
emboli
emboli
bacterial endocarditis from

intravenous drug use
aortic valve insufficiency

aortic valve insufficiency
acuteness of bacterial

endocarditis
acuteness of bacterial

endocarditis
acuteness of bacterial

endocarditis
acuteness of bacterial

endocarditis
acuteness of bacterial

endocarditis
acute bacterial endocarditis

with aortic insufficiency
from drug use

curate diagnoses used critical rules but did not use any
connecting rules. None of the subjects with inaccurate di
agnoses used either of these two types of rules.

For the subjects with partially accurate diagnoses, 80%
(24 out of 30) of the rules used were relevant to the diag
nosis as compared with 21% (4 out of 19) for subjects
with inaccurate diagnoses.

Discussion
In general, these results are highly consistent with the

results of Patel and Groen (1986). There are no differ
ences in recall, either as a function of domain specializa
tion or as a function of diagnostic accuracy. The subject
with an accurate diagnosis solved the problem by pure
forward reasoning, using input information from the text.
The other subjects showed mixed directionality in their
reasoning, forward and backward. In fact, the only major
difference lay in the marked decrease in diagnostic ac
curacy within the two groups of subexperts.

The implication is that performance on this task is de
termined by whether or not the subjects possess the rele
vant knowledge. There is, however, no support for the
hypothesis that the area of specialization leads to explana
tory bias based on specific areas of interest. This may,
however, be due to the small number of subjects utilized.

The most significant aspect of this experiment is the
way it reinforces the findings of Patel and Groen regard
ing the relationship between forward reasoning and di
agnostic accuracy. It would seem from these results that
forward reasoning is a necessary and sufficient condition
for diagnostic accuracy, regardless of a subject's knowl
edge base. However, it is possible that the homogeneity
of these results is due to the fact that an extremely well
structured clinical case was used. Experiment 2 was de
signed to examine whether this strong relationship between
forward reasoning and diagnostic accuracy might break
down when more ill-structured clinical cases were used.

EXPERIMENT 2

Since prior knowledge does not seem to determine the
presence or absence of forward reasoning, once diagnostic
accuracy has been factored out, it is necessary to seek
alternative explanations. In Experiment 2, we considered
two assumptions (which essentially constituted a dual
process theory). The first was that all subjects will begin
by using forward reasoning in generating a diagnostic ex
planation. The second was that, although diagnostic ac
curacy is determined by prior knowledge, the breakdown
of forward reasoning is determined by the coherence of
the explanation. The successful application of pure for
ward reasoning yields a distinctive pattern in which all
rules converge to a unique solution. If it is further assumed
that the goal of the subject is to generate a complete ex
planation that accounts for all the important facts in the
clinical case, then an incomplete diagnosis will result in
facts that are not connected to the main diagnosis. If the
subject is aware of such facts, then the breakdown of for
ward reasoning may reflect an attempt to explain why
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these facts are unconnected to the diagnosis. If this
hypothesis is correct, the pattern of forward reasoning
might also be expected to break down independently of
accuracy when experts attempt to explain cases that in
clude symptoms unrelated to the main diagnosis. In Ex
periment 2, we compared the performance of experts and
subexperts on cases with two classes of cues that might
be expected to yield a breakdown of forward reasoning.
The first consisted of cues indicating an alternative diag
nosis that had to be ruled out. The second consisted of
cues related to a secondary disease that the patient had,
but that was unrelated to the main diagnosis.

Experiment 2 differed from Experiment 1 in the use of
cases containing cues that might be expected to yield a
breakdown of forward reasoning. It also differed in the
use of a within-subject design rather than a between-subject
design, to control more closely the possible effects of indi
vidual differences. In addition, in an effort to further ex
plore the possibility ofresponse biases, some ofthe special
ists were researchers rather than clinical practitioners.

Method
Expert physicians associated with the Faculty of Medicine volun

teered for the study. The subjects were 8 cardiologists and 8 en
docrinologists. Four cardiologists and 4 endocrinologists were
researchers in medicine, with both MD and PhD degrees, who spent
about 70% of their time in biomedical research. The rest of the
subjects were practitioners, with MD degrees, who spent about 70%
of their time seeing patients, and with little or no research activity.

Two texts were constructed, which described the history, the phys
ical examination, and the laboratory tests of two patients. The first
text, which described the case of a 63-year-old woman suffering
from an endocrine disorder called Hashimoto's Thyroiditis, precipi
tated to myxedema pre-coma, is as follows:

A 63-year-old woman with I-week history of increasing drowsiness
and shortness of breath was brought to the Emergency Room by her
daughter. The patient had not been well for over a year. She complained
of feeling tired all the time, had a loss of appetite, a 30-lb weight gain,
and constipation. A month later she had been diagnosed as having
"chronic laryngitis" and was prescribed a potassium iodide mixture
as an expectorant.

Physical examination revealed a pale, drowsy, obese lady with marked
periorbital edema. She had difficulty speaking, and when she did speak
her voice was noted to be slow and hoarse. There were patches of vitiligo
over both her legs. Her skin felt rough and scaly. Her body tempera
ture was 36° C. Pulse was 6O/min and regular. B.P. was 160/95. Exam
ination of her neck revealed no jugular venous distention. The thyroid
gland was enlarged to approximately twice the normal size. It felt firm
and irregular. There was grade 1 galactorrhea. The apex beat could not
be palpated. Chest examination showed decreased movements bilaterally
and dullness to percussion. There was no splenomegaly. Neurological
testing revealed symmetrical and normal tendon reflexes, but with a
delayed relaxation phase. Urinalysis was normal. Chest x-ray: low
voltage complexes and nonspecific T-wave flattening. Routine bio
chemistry (SMA = 16) showed Na = 125, BUN = 8 mg/IOO mi.
Arterial blood gases: P02 = 500 mm Hg, PC02 = 60 mm Hg. The
patient was admitted to the Intensive Care Unit for further management.

The diagnosis can be decomposed into three components. The most
general and prototypical component is hypothyroidism. This is in
dicated by the textual cues suggesting fluid accumulation and
decreased thyroid function. The second component, myxedema, in
dicates that the patient is in an advanced state of hypothyroidism.
The clinical cues that constitute the third component suggest a very
specific origin for the disease process: the autoimmune process

known as Hashimoto's thyroiditis. Cues from each of the three com
ponents need to be recognized to accurately diagnose the problem.

The second clinical text, which described the case of a 62-year
old man who was diagnosed as having cardiac tamponade with
pleural effusion, is as follows:

This 62-year-old retired Air Force mechanic was apparently well until
5 months before presenting to the hospital. He then noted he was
"winded" after walking about 40 ft. He was increasingly breathless
lying down, tired, using four pillows to sleep and most recently is sleeping
sitting up. He has occasionally awoken extremely short of breath. He
has a mild nonproductive cough and agrees that his voice is a little hoarse.
During this time, his legs ha 'leen swelling. His appetite has decreased,
yet his abdomen has increase; and he has gained weight. He says "no
food tastes good" and he has constant mild nausea but has not vomited.
He has had no chest or abdominal pain. He does not smoke, drinks al
cohol socially but less lately. His only admission to the hospital was
for a heart attack 12 years ago. He recovered completely and was walking
6 miles a day a year ago. He is taking no medication.

On examination: H.R. 80/min and regular. B.P. 120/98 mm Hg.
Pulsus paradoxicus 12 mm Hg. No cyanosis. Pronounced peripheral
edema of legs and presacrum. Some edema over abdominal wall and
scrotum. Abdomen was large with shifting dullness and a fluid wave
was demonstrated. Liver edge was smooth, 3 em below the right costal
margin. Spleen was not palpated. No masses. Jugular veins distended
to the angle of the jaw at 45°; apex not palpable, heart sound faint,
no S3, no 84, no murmurs. Some dullness to percussion at right lung
base. Breath sounds diminished at both lung bases with decreased chest
expansion. Fine end inspiratory crepitutions noted. Remainder of ex
amination was normal.

Hb = 13.5 gm%, WBC = 5.500 with a normal differential. Pro
thrombin time 12.5 (control 11.8), P.T.T. 34 (control 34), T4 = 7.5
(normal 4.5-10.5). Urinalysis was normal except urobilinogen 4.0 (nor
mal 0.1-1.0); SMAC 16 normal except: Albumin 3.5 (N = 3.7-4.9),
total bilirubin 1.7 (N = 0.2-1.0); alkaline phosphotase 169 (N =
30-105). Chest x-ray: "Enlarged cardiac silhouette; no evidence of pul
monary edema, right pleural effusion, partial atalectasis in right lower
lobe." ECG: Remote inferior myocardial infarction. Diffuse ST sag
ging with T-wave inversion. Generally low voltage QRs with voltage
fluctuation.

This patient has been referred from an outlying hospital for defini
tive management.

This case is more difficult than the endocrinology case, because
there are more commonalities between knowledge for various causal
patterns leading to alternative diagnoses. To diagnose the case, the
physician must decide whether the problem is caused by a left- or
right-sided failure, and then identify the presence of pericardial ef
fusion and cardiac tamponade. Determining the actual causal process
(right-sided heart failure) is a difficult task, because many of the
diagnostic features are common to different diagnostic possibili
ties. There are, however, a few cues that either serve to rule out
alternative diagnoses, or are not related to the main diagnosis.

The procedure used was the same as the one used in Experiment 1.
Each subject was required to read, recall, and explain the under
lying pathophysiology of the clinical case before providing the final
diagnosis for both the cardiology and the endocrinology texts. The
order of text presentation was controlled such that all subjects
worked on the problem in their own domain first, followed by the
problem outside their domain of expertise. The order was not counter
balanced, because the specialists are not normally presented with
problems outside their area of specialty. Because of this, presenta
tion in reverse order might lead to results influenced by motiva
tional factors, which are irrelevant with respect to the issues of con
cern in the experiments.

Results
Diagnostic accuracy. Because there were no clear cri

teria for partially accurate diagnoses for the two clinical
problems, we used only two diagnostic categories, ac-
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curate and inaccurate. If the accurate diagnosis was given
as a part of a differential list of diagnoses, it was consid
ered accurate. Three out of 4 endocrinology practitioners
and 4 out of 4 endocrinology researchers made completely
accurate diagnoses on the clinical problem in endocrinol
ogy. However, all the endocrinologists made inaccurate
diagnoses on the cardiology case. No alternative diagnoses
were made on the endocrinology case, as compared with
the cardiology case, where alternative diagnoses were
provided.

Three out of 4 cardiologist practitioners and 2 out of
4 cardiologist researchers provided completely accurate
diagnoses for the clinical problem in cardiology. How
ever, in contrast with the endocrinologists, the cardiolo
gists provided other alternatives beside the correct diag
nosis. Seven out of 8 cardiologists provided incomplete
diagnoses of the clinical problem in endocrinology, with
only the most general aspects of the problem being iden
tified. There were alternative diagnoses provided.

Overall, the diagnoses of the researchers showed more
use of a pathophysiological level of explanation together
with the clinical aspect of the problem explanation. In con
trast, the diagnoses of the practitioners were restricted to
the clinical manifestations only.

Relationship between recall and explanation. All sub
jects were able to recall the information in the text, ir
respective of their specific areas of expertise. The results
show that both cardiologists and endocrinologists were
able to select the relevant propositions and provide a sum
maryof the most important features of the text, even when
an inaccurate diagnosis was ultimately given. This result
is similar to the findings in Experiment 1, even though
a far more difficult text was used. However, the issue of
interest lay in the relation of the pathophysiology protocol
to the recall protocol. In this case, the propositions in the
recall protocols were matched against the propositions in
the pathophysiological explanation protocols to determine
the overlapping information.

The researchers repeated a high percentage of the recall
propositions in the pathophysiology when solving the pa
tient problems in their own speciality, with 48 % of the
propositions repeated for the endocrinology text and 45 %
for the cardiology text. However, this was not true for
solving the case outside their area of specialization, where
5 % of the propositions recalled were used in the expla
nation of the problem in endocrinology and 25 % of the
propositions in the cardiology problem. Practitioners,
however, showed the opposite effect: They used fewer
cues from the summary to explain the pathophysiology
of the problem in their own domain, with 14% overlap
between recall and explanation for the endocrinology
problem and 7% overall for the cardiology problem. How
ever, they used more cues to explain the problem outside
their domain of expertise, with 39% for endocrinology
and 59 % for cardiology.

When the subjects are in their own domain, the practi
tioners use very little of the propositions in the original

case to explain the patient problem. In contrast, the
researchers use more of the original propositions. When
out of their domain, this relationship is reversed. Practi
tioners use many more propositions from the clinical case,
and researchers use far less propositions. There is an ef
ficient use of textual propositions in the case of practi
tioners in their own domain, in that a few relevant propo
sitions from the text are used in the explanation. These
relevant propositions are necessary for the diagnosis.

Pattern of reasoning in diagnostic explanation. All
the subjects with accurate diagnoses used forward reason
ing on one large component leading to a diagnosis in their
explanation protocols. This was accompanied by one to
two small components with backward reasoning to explain
the textual cues not accounted for in the major compo
nent. This is true for 3 out of4 endocrinologists who made
the accurate diagnosis.

This was also true for 3 out of 4 cardiologist practi
tioners who made partially accurate diagnoses on the
cardiology problem. The subjects used forward reason
ing for the major component in the protocol and back
ward reasoning to tie up the nonsalient cues. However,
all 4 cardiologists used forward reasoning at the begin
ning to rule out the possible alternative diagnosis. These
cardiologist and endocrinologist practitioners solving the
problem out of their domain of expertise used a mixture
of forward and backward reasoning.

The researchers, all 4 in endocrinology and 3 out of
4 in cardiology, used forward chaining as a major pat
tern of reasoning and backward chaining to tie up loose
ends. This is the same pattern of reasoning shown by the
practitioners in their own domain of expertise. However,
the researchers made greater use of biomedically oriented
information, as compared with the more clinical or patient
oriented information used by the practitioners. When these
researchers solved problems outside their domain of ex
pertise, all subjects displayed a greater use of backward
reasoning. The diagnoses were inaccurate and incomplete
in this case.

We will concentrate on the pathophysiological expla
nations contained in four protocols that indicate the pat
tern of forward and backward chaining clearly. The
semantic networks were generated by the method given
in Patel and Groen (1986). We begin with practitioners
explaining the clinical case in their own domain. Figure 2
gives the semantic network representation of the protocol
of an endocrinology practitioner explaining the endocri
nology problem.

The explanation presents very little text information,
and it is constructed to justify a diagnosis. The order
of reasoning is completely forward except at the very
end of the protocol, where a condition related to low
general metabolism (hypo metabolic state) is explained in
terms of a possible outcome (respiratory failures), and
where the existence of a low serum level of sodium ions
(hyponatremia) is explained in terms of impaired water
excretion. There is one large component with forward



MEDICAL EXPERTISE AND TASK DIFFICULTY 401

chaining leading to a diagnosis, and there are two small
components with backward reasoning to explain the tex
tual cues.

Because it was a more difficult case, nobody obtained
a completely accurate diagnosis for the cardiology prob
lem. The reasoning of the 4 cardiology practitioners
followed the pattern in the protocol of the endocrine prac
titioners explaining the endocrine problem. The subjects
used pure forward reasoning, except to account for fac
tors not critical for the diagnosis. However, most of the
rules were not used to generate a causal explanation, but
rather to rule out possible alternative disorders. This was

accomplished before proceeding to the explanation of the
actual process. Figure 3 gives the semantic representa
tion of the protocol of a cardiology practitioner explain
ing the cardiology problem. This protocol illustrates the
pattern of reasoning described. The strategy used is to
rule out the alternatives or interfering information such
as textual cues that rule out pericardial constriction, tam
ponade, right heart failure, anemia, and so forth, as seen
in the top half of Figure 3, before attempting to diagnose
the actual problem, which is seen in the bottom half of
Figure 3. This was a common strategy in all of the four
protocols generated by the practitioners. The use of ad-
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ditional reasoning strategies other than forward reason
ing depended on the alternative hypothesis being con
sidered.

Unlike experts working within their domains of exper
tise, experts solving problems outside their area of spe
cialization do not show patterns dominated by forward
reasoning. These subexperts regularly appeal to rules that
introduce new details, which expand rather than constrain
the problem space.

The responses from physicians who are actively in
volved in biomedical research are quite different from
those of practitioners. In general, a greater and more
detailed use is made of biomedical scientific knowledge
rather than clinical or patient-oriented knowledge. The
direction of reasoning was found to be mostly forward
with some backward reasoning at the end of the protocols.
Once again, as with our practitioners in their own domain
of specializations, the researcher also used backward
reasoning to causally explain the propositions that were
left unexplained, so as to provide a general coherence to
their explanation. All four researchers showed the same
pattern of reasoning. It should be noted that all the endo
crine researchers made accurate diagnoses.

In contrast with the researchers in their own domain
of specialization, researchers out of their domain do not
make use of much of the textual cues. Cues from the text
are selected that provide evidence of biochemical and
physiological mechanisms rather than the clinical manifes
tations of the disease. There is a greater use of backward
reasoning in all explanations. They were all associated
with inaccurate or incomplete diagnoses.

To show precisely the kinds of information-biochemical/
physiological versus clinical/patient-that were included
in the underlying problem explanation, the semantic net
work generated for each protocol was broken down into
the components according to the graph theoretic analysis
described in Experiment 1. The total number of compo
nents that related to the biomedical aspects and ones that
related to the clinical aspects were recorded. For exam
ple, the relational network generated from the explana
tion protocol of an endocrine practitioner working on the
endocrine problem was decomposed into four components,
as is shown in Figure 4. Each of the four components was

identified as a clinically related component, in which all
propositions were associated with clinical manifestations
of the disease. Similarly, four components generated from
the cardiologist's protocol working on an endocrine case
are shown in Figure 5. In contrast, each of these compo
nents is associated by means of detailed physiological
mechanisms rather than clinical ones.

The results for the endocrinologists are shown in Table 2.
The endocrinologist practitioners in their own domain use
equally the clinical and the biomedical components to ex
plain the case. Some endocrinologist practitioners solving
a problem in cardiology were shown to have emphasized
biomedically oriented rather than clinically oriented com
ponents in their explanations. However, the researchers,
both in and out of their domain, focused more on the bio
medical than on the clinical aspect of the disorder. Further
more, there was an increase in the total number of com
ponents with researchers, indicating a certain lack of global
coherence. Global coherence is defined here as a seman
tic coherence that provides some form of overall related
ness or unity in the explanation of the case (van Dijk &
Kintsch, 1983).

The cardiologist practitioners utilized biomedically ori
ented more than clinically oriented information in their
explanations of the cardiology case. This is shown in Ta
ble 3. There was even a greater tendency among the cardi
ology researchers than among the endocrine researchers
to use biomedically based information.

Overall, when endocrinologists were compared to the
cardiologists in terms of component types, there were no
statistical significant differences in either of the two case
types. However, significant results were found in the use
of clinical information in both case types when practi
tioners were compared with researchers, regardless of
specialization. This result was significant for the use of
clinical information in the endocrine case (u < 7, p < .01)
and for the cardiology case (u < 4, p < .05). There were
no significant differences for the use of physiological in
formation in either of the two clinical cases.

The results suggest that when experts who are practi
tioners explain a problem in their own domain of exper
tise, they focus on patient-oriented components of the
problem. When they are explaining a problem outside
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their domain of expertise, they focus on both the biomed
ical and the patient-oriented component. This is true for
both routine and difficult cases with unconnected infor
mation. In all cases, the researchers, regardless of their
expertise, focus on the biomedical aspect rather than the
clinical/patient aspect.

Discussion
These results support the hypothesis proposed in the in

troduction that properties of the structure of the clinical
case can result in a breakdown of forward reasoning.
However, only one type of property considered in this
experiment seems to induce breakdown. Contrary to ex
pectation, the ruling out of alternative diagnoses was
generated by forward reasoning. The breakdown of for
ward reasoning appears to occur when irrelevant facts are
tested for consistency against the main diagnosis. Apart
from this, the results once again provide a close replica
tion of the results of Patel and Groen (1986). The sub
jects with accurate diagnoses always used pure forward
reasoning in their explanations of the principal compo
nent of the diagnosis. The subjects with inaccurate diag
noses all exhibited an absence of pure forward reasoning.

There is, however, one additional respect in which the
results of this experiment go beyond those of Experi
ment 1. This is the indication of a highly generic type of
explanatory bias, in the sense that researchers tend to make
more use of biomedical concepts than of clinical concepts.

GENERAL DISCUSSION

These results indicate that two phenomena may have
a considerable amount ofgenerality. The first is thelack
of relationship between accuracy of recall and accuracy
of diagnosis. It is reasonably clear that recall encounters

a ceiling effect, and that this ceiling occurs at relatively
low levels of expertise. This is important, because many
theoretical accounts of expertise emphasize the importance
of processes of comprehension and short-term memory
encoding that might be expected to result in recall differ
ences. This may reflect the fact that most problem-solving
tasks studied in the literature do not require the high
degree of expertise demanded by the cases presented in
this experiment. Because of this, Patel and Groen (in
press) have suggested a distinction between generic ex
pertise and specific expertise. All experts and subexperts

Table 2
Number and Type of Components in Pathophysiological

Explanations by Endocrinologists and Case Type

Number of Components

Physiology/ Clinical/
Subject Total Pathophysiology Patient

Endocrinology

Practitioner
I 2 0 2
2 5 2 3
3 4 2 2

Researcher
I 4 4 0
2 9 8 I
3 8 7 I

Cardiology
Practitioner

I 6 4 2
2 8 6 2
3 4 3 I

Researcher
I 8 6 2
2 10 9 I
3 4 3 1
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Table 3
Number and Type of Components in Pathophysiological

Explanations by Cardiologists and Case Type

Number of Components

Physiology/ Clinical/
Subject Total Pathophysiology Patient

Cardiology

Practitioner
1 6 5 I
2 10 4 6
3 8 6 3

Researcher
I 4 3 I
2 5 5 0
3 5 5 0

Endocrinology

Practitioner
I 8 6 2
2 6 2 4
3 4 2 2

Researcher
I 4 4 0
2 3 3 0
3 5 5 0

appear to have the generic expertise required for the recall
of relevant information in a clinical case. Only the do
main experts normally have the specific expertise required
for an accurate diagnosis. It is, however, possible for a
nonexpert to possess this expertise, as was indicated by
the surgeon in Experiment I, whose explanation was both
accurate and generated by pure forward reasoning. This
distinction between generic and specific expertise is con
sistent with the distinction proposed by van Dijk and
Kintsch (1983) between a text-base and a situation model.
Groen and Patel (1988) have shown that the absence of
recall differences between experts and subexperts can be
explained through the use of a model in which the text
base can be constructed solely on a basis of familiarity
with clinical situations, where the domain-specific rules
reside in the situation model.

The second phenomenon is the strong relationship be
tween forward reasoning and diagnostic accuracy on the
one hand, and between breakdown of forward reasoning
and inaccuracy on the other. Although the results of the
experiments presented in this paper serve to extend the
generality of the phenomenon in medicine beyond a sin
gle domain, they also indicate that diagnostic accuracy
is not invariably accompanied by forward reasoning, even
though inaccurate diagnoses appear to be invariably ac
companied by a breakdown of forward reasoning. Our
results indicate, however, that it is possible to be precise
regarding how and why this pattern of results can break
down in accurate diagnoses. The pattern is disrupted when
a problem contains loose ends consisting of facts unrelated
to the principal solution. In certain cases, subjects are evi
dently forced to resort to a form of backward reasoning
to account for these loose ends.

It is tempting to speculate that this may reflect a general
phenomenon that may also explain the breakdown of for-

ward reasoning by subjects with inaccurate diagnoses. To
be precise, we note that there are resemblances between
the cardiology case of Patel and Groen and a traditional
concept-identification task. Generating an accurate diag
nosis involves recognizing a set of attributes that charac
terize the disorder category and making appropriate in
ferences from it. In this connection, it is important to note
that clinical diagnoses are based on elaborate taxonomy
that one can asssume to be overlearned by specialists in
a domain. Thus, these attributes have many of the charac
teristics present in the artificial dimensional tasks studied
in the 1960s and 1970s, as opposed to the much more un
stable characteristics that are a focus of contemporary
research on concept learning (e.g., Neisser, 1987). As
a result, it is legitimate to make a distinction analogous
to that of Bruner, Goodnow, and Austin (1956) between
conjunctive and disjunctive concepts.

The medical taxonomy is essentially organized so that
all these categories are conjunctive. Thus the formation
of a disjunctive concept is essentially a sign that a patient
has a disorder that does not easily fit the standard tax
onomy. This is often phrased in terms of a differential
diagnosis or one in which a patient has a main complaint
and subsidiary complaints.

The main point is that an inaccurate or incomplete di
agnosis will be represented as a disjunctive concept. It
is reasonable to put forward a hypothesis that it is this
disjunctiveness that induces the backward reasoning, since
Bruner et al. 's (1956) classical comparison of strategies
used to obtain conjunctive and disjunctive concepts im
plies that forward reasoning will be extremely efficient
for conjunctive concepts, but inadequate for disjunctive
concepts. It is possible that this kind of approach could
be recast in a more contemporary form by combining it
with the SOAR model of Laird, Rosenbloom, and Newell
(1985). In a sense, SOAR represents a prototype for ex
pert systems of the future, since it goes far beyond cur
rent "flat" systems by positing a nontrivial chunking
mechanism, a learning mechanism, and methods for mak
ing transitions between forward and backward reasoning.
In particular, there is a mechanism in SOAR that switches
between different problem spaces in response to "im
passes" in reasoning. Essentially, the presence and ab
sence of forward reasoning can be viewed as indicating
the use of different spaces. The issue is whether it could
be shown that the presence of disjunctive concepts or loose
ends is a trigger for a change in problem space.
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APPENDIX
Propositional Representation

of Pathophysiology Protocol by Surgeon 1

1. Puncture wounds on left arm leads to suspect intravenous
drug abuse.
1.1. COND: (leads to) [1.2],[1.4] MOD: QUAL: suspect;P
1.2. wound ATT:puncture,LOC:arm;
1.3. arm ATT:left;
1.4. suspect ACT:1.5;
1.5. abuse ATT:drug;
1.6. drug CAT:intravenous;

2. Fever of 4-day duration with malaise suggest an infec
tion process.
2.1. COND: (suggest) [2.2],[2.3],[2.4];
2.2. fever *DUR*daY,NUM:4;
2.3. PROX: [2.2],[malaise];
2.4. process ATT:infectious;

3. Shortnessof breath on exertion and aortic diastolicmurmur
suggest cardiac insufficiency.
3.1. COND: (suggest) [3.2],[3.3],[3.4];
3.2. breath ATT:short,TEM:(on) exertion;
3.3. murmur ATT:aortic,CAT:diastolic;
3.4. insufficiency ATT:cardiac

4. Transient visual loss on eye with flame shaped haemor
rhage suggest embolic phenomena.
4.1. COND: (suggest) [4.2],[4.3],[4.5];
4.2. loss CAT:visual,*DUR*transient,LOC:eye;
4.3. PROX: [4.2],[4.4];
4.4. shape ACT:haemorrhage,ATT:flamed;
4.5. phenomena ATT:embolic;
Note-COND: = conditional relation. PROX: = proximity relation.
TEM: = temporal relation. ATT: = attribute. LaC: = location.
CAT: = category. *DUR* = duration. MOD: QUAL: = modality:
qualify. ACT: = action.
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