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Despite training, professionals sometimes make serious errors in risky decision making. The authors
investigated judgments and decisions for 9 hypothetical patients at 3 levels of cardiac risk, comparing
student and physician groups varying in domain-specific knowledge. Decisions were examined regarding
whether they deviated from guidelines, how risk perceptions and risk tolerances determined decisions,
and how the latter differed for knowledge groups. More knowledgeable professionals were better at
discriminating levels of risk according to external correspondence criteria but committed similar errors
in disjunctive probability judgments, violating internal coherence criteria. Also, higher knowledge groups
relied on fewer dimensions of information than did lower knowledge groups. Consistent with fuzzy-trace
theory, experts achieved better discrimination by processing less information and made sharper all-or-
none distinctions among decision categories.
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Professionals are often required to make decisions under uncer-
tainty. For example, professors must decide whether graduate
students have passed, passed with distinction, or failed qualifying
examinations; pilots must decide whether to abort a takeoff, con-
tinue on, or take evasive action (e.g., if another plane appears to be
in the flight path); and psychiatrists must make decisions about
whether patients should discontinue, continue, or change treat-
ments for mental illness (e.g., if a patient is experiencing side
effects). In addition to professional training, rubrics or guidelines
exist to assist professionals in making such decisions (e.g., Bauer
et al., 1999; Braunwald et al., 1994, 2000, 2002; Depression
Guideline Panel, 1993; Federal Aviation Administration, 1994).
Nevertheless, substantial practice variation remains among profes-
sionals, and overall performance falls short of optimality (e.g.,
Reyna & Adam, 2003; Tierney, Overhage, Takesue, Harris, &
Murray, 1995; Wennberg, 1987). For example, 80% of fatal gen-
eral aviation accidents are a result of pilot error, and medical errors
are the eighth leading cause of death in the United States (Kohn,
Corrigan, & Donaldson, 2000; U.S. General Accounting Office,
2001). Although prior research has addressed human error (e.g.,
Fitts, 1947; Reason, 1990), such practice variation, especially for
life-and-death medical decisions, is not fully understood. More-
over, decisions involving medical risk allow for examination of

broader theoretical claims about expertise, risk perception, and
decision making.

Although practice variation—variation in medical or clinical
treatment of similar problems—has been well documented, the
causes and correlates of that variation are poorly understood (Lee,
Pearson, & Johnson, 1995; Weingarten, 1997). We focus on prac-
tice variation in identifying levels of cardiac risk for several
reasons. A key reason is that once risk is accurately identified,
medical and surgical treatments are available that substantially
reduce cardiac mortality. In contrast to some diseases, accurate
identification of cardiac risk has demonstrable benefits for pa-
tients; improved medical outcomes have been demonstrated for
treatments ranging from cardiac rehabilitation (using exercise) to
medication to surgical intervention, provided that patients are
given treatments based on their cardiac risk (e.g., Braunwald et al.,
1994, 2000, 2002; Streuber, Amsterdam, & Stebbins, 2006). In
addition, heart disease is the major cause of death in the United
States, and its impact on society is increasing because of the aging
of the population. For example, more than 6 million people per
year arrive at emergency rooms complaining of chest pain and
discomfort (e.g., Graves & Gillum, 1996). It is estimated that over
20,000 of these patients are sent home erroneously and die of a
heart attack (e.g., Graves & Gillum, 1996; see also Collinson,
Premachandram, & Hashemi, 2000). Analysts have speculated that
many of the remainder are not, on the basis of the latest research
on optimal care, triaged appropriately (discharged or admitted to
the right level of care). Thus, judgment of cardiac risk is a large
and important problem, to which psychological research has sub-
stantial potential application (Lloyd & Reyna, 2001a; Reyna,
2004).

As with many high-stakes decisions, decision making involving
cardiac risk presents certain dilemmas. Admitting everyone with
symptoms vaguely suggestive of heart disease to a hospital is not
feasible because of the large cost and risk to patient health of
inappropriate admission, including unneeded exposure to risks of
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invasive tests and to antibiotic-resistant hospital-acquired infec-
tions. Despite the desirability of discharging low-risk patients
(with subsequent follow-up) for chest pain and many other symp-
toms (e.g., those suggesting stroke or pulmonary embolism), phy-
sicians are caught in a quandary as to how admissions can be
safely reduced in the face of uncertainty about adverse outcomes.
(Again, these considerations apply broadly to any decision that
involves uncertainty and the possibility of serious adverse out-
comes, such as acting on a potential terrorist threat or releasing a
convicted felon into society.) Clinical guidelines have been offered
as a practical solution to this quandary (e.g., Braunwald et al.,
1994, 2000). Guidelines are not intended to provide hard-and-fast
decision rules, but they can reduce clinical uncertainty—for ex-
ample, by providing clear indications for safely discharging pa-
tients. The translation of guidelines into provider behavior is not
trivial, however. In fact, psychological research indicates that there
are predictable barriers to the successful implementation of clinical
guidelines and to improved decision making (e.g., Dawes, 1988;
Eddy, 1996; Kahneman, Slovic, & Tversky, 1982; Reyna & Brain-
erd, 1995; Yates, 1990).

First, some cardiac conditions are more difficult to diagnose
than others. Unstable angina is one such condition, and it is a
prototype for the kinds of uncertainty that frequently characterize
professionals’ decisions (e.g., Katz, Griffith, Beshansky, & Selker,
1996). In unstable angina, the patient is not having a heart attack
and typically has a normal electrocardiogram. (Because of the
subtlety of unstable angina symptoms, cardiologists are commonly
consulted; e.g., emergency room physicians may discuss a case
with the cardiologist on call before discharging a patient.) How-
ever, there are reliable indicators (codified in national guidelines)
that place patients at varying levels of imminent risk of having a
heart attack (e.g., Braunwald et al., 1994, 2000, 2002). Psycho-
logically, judgments are challenging because indicators are uncer-
tain; medical studies do not pinpoint exact probabilities associated
with each indicator (e.g., Dawes, 1988). Thus, ordinal discrimina-
tion of risk (i.e., into low-, intermediate-, or high-risk categories)
can be achieved, but exact probabilities are elusive.

Results from experiments using an array of tasks suggest that
decision makers reason at the least precise level of qualitative gist
necessary to accomplish a task, such as the task of deciding among
levels of triage (e.g., discharge, admit to a hospital ward bed, or
admit to intensive care; for reviews, see Reyna, 2004; Reyna &
Brainerd, 1995). Thus, discriminating vague categories of risk so
as to map them onto three corresponding levels of triage (i.e.,
imprecision per se) is a natural and intuitive approach to thinking
about risk, one that is taken in the unstable angina guidelines as
well as other clinical guidelines aimed at practical issues of diag-
nosis and treatment (e.g., Reyna, Lloyd, & Brainerd, 2003). Ac-
cording to fuzzy-trace theory, as people become more knowledge-
able and experienced at a task, their information processing
becomes more gist-based. That is, they increasingly tend to pro-
cess information as simply, qualitatively, and categorically as
possible given the constraints of the task. Although it takes a great
deal of expertise to know which details to ignore when evaluating
a patient, the prediction is that more expert physicians will base
admission decisions on a few, key dimensions of information, such
as imminent risk of a heart attack (a myocardial infarction [MI]),
rather than the entire panoply of details that less expert physicians
will bring to bear on such decisions.

Fuzzy-trace theory also predicts that more knowledgeable deci-
sion makers should be able to discriminate better among catego-
ries—despite using fewer dimensions of information—than are
less knowledgeable decision makers (Reyna & Brainerd, 1995;
Reyna et al., 2003). Thus, the most advanced (most experienced
and knowledgeable) decision makers should make sharper all-or-
none distinctions among categories of risk. As development
progresses (e.g., expertise increases), according to the theory,
decision making should be based increasingly on vague, intuitive
gist categories and less on trading off of exact magnitudes of risk
and outcomes (e.g., Adam & Reyna, 2005; Reyna & Ellis, 1994;
Reyna & Farley, in press). This developmental prediction has been
upheld in a variety of tasks, such as framing tasks and probability
judgment, comparing children with adults. Reliance on gist has
numerous advantages for human performance, including ensuring
that reasoning depends on relatively stable and flexible memory
representations (e.g., Reyna & Brainerd, 1991). Nevertheless, it is
reasonable to question (and we investigate this question in the
current article) whether this developmental prediction holds in
comparing adult novices with experts making medical decisions.

In addition to differences in risk perception among decision
makers, and thus in discrimination among levels of risk, it is
well-known that there are also individual differences in risk toler-
ance (e.g., Reyna & Farley, in press). For example, Nightingale
(1987) found that physicians in a general medical clinic who were
loss averse on a risk preference scale ordered twice as many
laboratory tests in hypothetical cases as did their colleagues who
were not as sensitive to loss. According to Taylor (2000), the more
loss averse an emergency department physician is, the more cases
are admitted to intensive care units and the longer resuscitation
efforts are continued after spontaneous contractions have ceased.
Thus, some decision makers have a low tolerance for risk, and
such physicians would be expected to be more likely to admit a
patient at lower levels of cardiac risk relative to physicians who are
not risk averse (see also Swets, Dawes, & Monahan, 2000).

In principle, risk discrimination and risk tolerance are separate
influences on decision making and would be expected to each
contribute unique variance in, for example, regression equations
relating them to decision making (von Winterfeldt & Edwards,
1986; Yates, 1990). The fact that these influences may be separa-
ble can be appreciated by imagining that two physicians could
perceive identical risk for the same patient, but one (being willing
to tolerate that risk) might send the patient home, and the other
(being unwilling to tolerate the same level of risk) might admit the
patient.

More specifically, we would expect lower tolerance for risk
among less knowledgeable decision makers. In other words, less
knowledgeable decision makers would be less confident in their
risk judgments and, therefore, more likely to hedge by, for exam-
ple, admitting patients at lower levels of risk. (Research shows that
experts report higher confidence overall than do those with less
expertise [e.g., Chapman & Chapman, 1969; Shanteau, 1969;
Yates, 1990].) Because of wider bands of uncertainty around the
judgments of less knowledgeable decision makers at all levels of
risk, they would also be more likely to admit patients to interme-
diate levels of care (neither discharging patients with troubling
symptoms nor admitting them to costly intensive care but playing
it safe by admitting them to a hospital; von Winterfeldt & Ed-
wards, 1986). Thus, prior research and theory suggests that less
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knowledgeable decision makers should have lower risk thresholds
(i.e., they should admit patients at lower levels of risk, all factors
being equal) and should be more likely to hedge by admitting
patients to intermediate levels of care. Note that if less knowledge-
able decision makers are also less accurate, hedging is entirely
appropriate (e.g., Poses et al. 1993; Swets, 1992).

Thus far, we have discussed a number of differences that we
would expect to observe between more and less knowledgeable
decision makers, including differences in risk discrimination, risk
tolerance or threshold, number of decision dimensions processed,
and use of hedging (among less knowledgeable decision makers)
versus sharply distinguishing categories of patients (among the
most expert decision makers). Each of these predictions is devel-
opmental in the sense that decision makers with less knowledge
and experience, such as medical students, are predicted to differ
from those at higher developmental levels, such as cardiologists
(e.g., Reyna & Brainerd, 1994).

Some of these developmental differences, such as better dis-
crimination, can be said to reflect correspondence criteria for
rationality in that they accurately reflect reality or outcomes in the
real world (Adam & Reyna, 2005; Doherty, 2003; Reyna & Adam,
2003). Accurate discrimination among risk categories, for exam-
ple, can be judged against standards that reflect real differences in
risk (e.g., Fischhoff, Lichtenstein, Slovic, Derby, & Keeney, 1981;
Johnson, 1993; Loewenstein & Mather, 1993; Slovic, Malmfors,
Krewski, & Mertz, 1995; Smith & Kida, 1991). Correspondence
criteria for rationality have been distinguished from coherence
criteria that do not refer to external reality but, rather, to internal
coherence or consistency among an individual’s judgments and/or
decisions. According to fuzzy-trace theory, correspondence and
coherence criteria are fundamentally different from each other
(though both are essential for a full account of rationality); the
former are expected to differ developmentally (as already dis-
cussed), but specific types of coherence difficulties are not pre-
dicted to differ developmentally.

The reason for the lack of developmental differences in internal
coherence is that many illusions or biases that violate coherence
are produced by processing interference between overlapping
classes (e.g., Reyna, 1991; Reyna & Brainerd, 1993; Sloman,
Over, Slovak, & Stibel, 2003). Processing interference errors are
the last class of errors to occur in development, and extensive
experimentation has shown that they are advanced errors that do
not reflect logical, memorial, or conceptual deficits (see Reyna,
1995; Reyna & Brainerd, 1995). Instead, they have to do with
mental bookkeeping difficulties in keeping track of overlapping
referent classes, compounded by distractions from compelling
gists of alternative categories (e.g., patients who have coronary
artery disease but are not at risk of an MI or patients who have
coronary artery disease but are at risk, each of which fit a com-
pelling prototype for clinicians, in contrast to patients at risk of an
MI without coronary artery disease [an atypical presentation]).
Indeed, research has shown that susceptibility to compelling gists
often increases with development as a result of increased emphasis
on meaning as opposed to verbatim or literal information process-
ing, as predicted by fuzzy-trace theory (e.g., Klaczynski, 2005;
Reyna & Ellis, 1994). Therefore, in contrast to predictions for
correspondence criteria, such as discrimination, coherence errors
resulting from processing interference (e.g., from overlapping
classes) are predicted to remain robust in more advanced phases of

development. In the current study, we sought to determine whether
this prediction would hold for highly advanced decision makers,
physicians, reasoning in their domain of expertise.

Specifically, we studied variations in domain-specific expertise
in unstable angina by comparing judgments and decisions of
medical students, family practice physicians, emergency medicine
physicians, internal medicine physicians, cardiologists, and nation-
ally recognized expert cardiologists. Each of these groups had
received medical training in judging risks and making admission
decisions for patients with symptoms suggestive of unstable an-
gina (see Table 1 for examples of symptoms). Naturally, all of the
physicians were once medical students, and students have the
lowest level of training. Family practice, emergency medicine, and
internal medicine physicians are all generalists who are trained to
recognize unstable angina (e.g., Braunwald et al., 1994; Harrold,
Field, & Gurwitz, 1999; Salerno, Alguire, & Waxman, 2003).
However, family practice physicians generally see a younger pa-
tient population (i.e., families with young children) and are some-
what less knowledgeable about chronic diseases of aging such as
cardiovascular disease. Emergency medicine and internal medicine
physicians, however, see cardiovascular disease more routinely as
part of their practices (and receive more specialized training in this
area). Emergency medicine physicians treat patients who present
with chest pains and other symptoms suggestive of heart disease
for acute episodes (although they also treat physical trauma and
many other problems). Internal medicine physicians are also
highly familiar with cardiovascular disease and tend to treat older
patients. Cardiology is a subspecialty of internal medicine that
requires training beyond that for internal medicine. Hence, the
cardiologists in this study were all once internal medicine physi-
cians who received additional training in cardiology. Studies com-
paring generalist physicians (e.g., family practice physicians) with
specialists (e.g., cardiologists) in the domain of specialty generally
report differences in knowledge as well as in adherence to practice
guidelines and medical outcomes (e.g., Chin, Friedman, Cassel, &
Lang, 1997; Harrold et al., 1999; Salerno et al., 2003). (The
physician groups were about equally well versed in statistics in
that a single course in that area is generally taken in medical school
prior to specialization and board certification.) Therefore, we hy-
pothesized that medical students, family practice physicians, emer-
gency medicine physicians, internal medicine physicians, cardiol-
ogists, and expert cardiologists would differ on measures related to
knowledge of cardiovascular disease, including perceptions of MI
risk, perceptions of coronary artery disease (CAD) probability,
admission probability, triage decisions, and risk tolerance (the
level of risk physicians are willing to tolerate in discharging
patients) for patients varying in level of risk according to the
unstable angina guidelines (Braunwald, 1994, 2000, 2002).

According to the guidelines, the two key dimensions of risk and
probability in diagnosing unstable angina are the probability of
clinically significant CAD and the imminent risk of MI. A dis-
junctive combination of these two judgments should govern ad-
mission decisions (Braunwald et al., 1994, 2000): If either the
probability of CAD is high or the risk of MI is high, the patient
should be admitted to the highest level of care—intensive care. If
one or the other is intermediate, the patient should be admitted, but
not necessarily to the highest level of care. Low risk for both
judgments should result in a decision to discharge the patient (with
follow-up by a physician in 72 hr). Thus, perceptions of risk and
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probability along these two dimensions ought to, according to
guidelines, predict admission decisions (although, as noted, fuzzy-
trace theory predicts that the most expert will make decisions using
fewer dimensions of information with starker separations among
categories, reflecting more simplistic, all-or-none thinking).

However, disjunctive judgments (e.g., of CAD or MI) are prone
to error because of processing interference, as discussed above,
because they involve overlapping classes. People tend to underes-
timate disjunctive probabilities (and to overestimate conjunctive
probabilities; e.g., Tversky & Koehler, 1994). Because the com-
bination of CAD and MI probabilities is subject to systematic
biases (Reyna, 1991; Reyna & Brainerd, 1993, 1994, 1995), the
process of combining risk estimates is another source of predict-
able variation in physicians’ decisions (Eddy, 1982; Reyna et al.,
2003). On the basis of fuzzy-trace theory, we would anticipate that
these errors would not vary with knowledge of cardiovascular
disease, and such knowledge should not prevent advanced decision
makers from making coherence errors.

To briefly review, in this study, we assessed practice variation
among physicians for judgments and decisions involving cardiac
risk. We did this by comparing physicians’ decisions for hypo-
thetical patients who varied in risk, according to national guide-
lines, with decisions recommended in the guidelines. As a check
on our interpretation of the guidelines, we also compared physi-
cians’ decisions with those of the nationally recognized expert
cardiologists. Our hypothesis was that physicians’ decisions would
differ significantly from those recommended in the guidelines or
by experts, exemplifying practice variation. In analyzing the data,
we drilled down to the dimensions of risk and probability that are
supposed to underlie physicians’ decisions, according to the guide-

lines, examining effects of knowledge on risk perception (and on
the ability to discriminate a patient’s level of risk) and whether
variations in risk perception and risk tolerance accounted for
variation in decision making. We used analyses of variance to
analyze effects of knowledge on perceptions of MI risk, percep-
tions of CAD probability, admission probability, triage decisions,
and risk tolerance (the level of risk physicians are willing to
tolerate in discharging patients) for patients varying in level of
risk. We hypothesized that physician groups would differ in risk
tolerance (e.g., because of hedging), in their ability to discriminate
between low and high risk of MI and of CAD, and in triage
decisions for low- and high-risk patients (i.e., that more knowl-
edgeable physicians would discriminate better between low- and
high-risk patients). To explain variation in decisions, we used
multiple regression to relate risk perception for MI, perception of
probability of CAD, risk tolerance for MI, and risk tolerance for
CAD (as well as perception of “other” risks) to predict triage
decisions (i.e., level of triage in terms of discharge, admission to
the hospital but not to intensive care, or admission to intensive
care). We hypothesized that these dimensions of risk perception
and risk tolerance should each contribute uniquely to triage deci-
sions. Finally, we also examined such cognitive processes as the
number of dimensions considered in decision making (correlating
perceived risks with level of triage) and the internal coherence
among physicians’ disjunctive judgments of risk and probability
(analyzing the number of logical errors by level of risk and
physician knowledge using analysis of variance [ANOVA]). We
hypothesized that more expert decision makers would use fewer
dimensions of information, but expertise would not affect the

Table 1
Characteristics of the Case Presentations

Characteristic

Low-risk cases Intermediate-risk cases High-risk cases

1 2 3 4 5 6 7 8 9

Age (years) 48 35 54 48 40 65 40 54 65
Sex M M M M F F� F M F�
Risk factors

Diabetes No No No No No No No No No
Hypertension No No Yes No No No Yes Yes Yes
Cholesterol No No No No No No No No No
Smoking 29 years 10 years No 20 years 10 years 10 years Past use Past use Past use
History of CAD No No No No No No No No No
Definite angina No No No Yes Yes Yes Yes Yes Yes
Pain quality Sharp; jabbing Pressure Sharp; jabbing Pressure Pressure Pressure Pressure Pressure Pressure
Frequency 4–5 in 2 mo. 4–5 in 2 mo. 2 in 2 days 4–5 in 2 mo. 4–5 in 2 mo. 4–5 in 2 mo. 2 in 2 days 2 in 2 days 2 in 2 days
Pain on exertion No Yes No Yes Yes Yes No No No
Pain free at evaluation Yes Yes Yes Yes Yes Yes Yes Yes Yes
Normal ECG Yes Yes Yes Yes Yes Yes Yes Yes Yes
Evidence of congestive

heart failure No No No No No No Yes Yes Yes
Likelihood of CAD Low Low Low Intermediate Intermediate Intermediate High High High
Risk of MI or death Low Low Low Intermediate Intermediate Intermediate High High High
Overall risk Low Low Low Intermediate Intermediate Intermediate High High High

Note. The cases were not presented to participants in tabular form but as narrative summaries. They were designed to contain key historical data that would
place patients in three different triage categories on the basis of the likelihood of coronary artery disease (CAD) and the risk of myocardial infarction (MI)
or death as described by the guidelines. Cases were designed so that the triage decision would be based on history and physical exam data only. So that
there would be a complete clinical summary, the laboratory work, electrocardiogram (ECG), and chest x-ray were reported as normal. Participants were
told to assume that the patient was pain free at the time of the triage decision. M � male; F � female; � � postmenopausal.
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number of logical errors, which were not expected to differ sig-
nificantly for physician groups.

Method

Participants

Following institutional review board approval and informed consent,
attending and resident physicians affiliated with an academic health sci-
ences center in the southwest United States, including those in community
practice settings, were enrolled in the study. A total of 75 participants (66
physicians and 9 medical students) enrolled in the study. One physician
refused to participate. The overall mean age of the participants was 35.9
years (SD � 9.6, range � 24–64); 25% of the participants were female.
The mean age of the physician sample was 37.0 years (SD � 9.5), 27%
were female, and their mean self-reported level of experience with unstable
angina (on a 1–7 scale) was 4.9 (highly experienced; SD � 1.2). The mean
age of the medical student sample was 27.2 years (SD � 3.9), and 22%
were female. Physicians were drawn from several areas of specialty per-
tinent to the diagnosis and triage of unstable angina: family practice (n �
12; mean age � 30.8 years, SD � 4.1), emergency medicine (n � 20; mean
age � 33.7 years, SD � 6.1), internal medicine (n � 21; mean age � 35.6
years, SD � 7.2), and cardiology (n � 13; mean age � 50.2 years, SD �
9.0). Three national experts in cardiology, all of whom were male (mean
age � 60.0 years, SD � 5.3), responded to the same stimuli using the same
procedures to provide an additional benchmark for evaluating performance.

Procedure and Materials

Participants responded to nine patient descriptions, three at each of three
levels of overall risk—low, intermediate, or high—according to guidelines
for unstable angina (see Table 1 and the Appendix). The descriptions were
fashioned by a practicing internal medicine physician (who did not partic-
ipate in the study) to capture the information and format typically used by
physicians to communicate about cases—for example, when emergency
room physicians consult with cardiologists about patients with symptoms
suggestive of unstable angina. All patients had normal resting electrocar-
diograms, laboratory work, and x-rays. The descriptions were presented in
random order, and for each patient, the participant made five judgments of
risk or probability and a triage decision. The judgments were estimates of
(a) the probability that the patient had clinically significant CAD, (b) the
patient’s imminent risk of MI, (c) the probability of all other conditions that
would warrant admission, (d) the overall probability that the patient should
be admitted, and (e) the probability that the patient had clinically signifi-
cant CAD or was at imminent risk of MI. The response scale for judgments
ranged from 0 to 100; instructions indicated that “0 means no chance at all,
50 means as likely as not, and 100 means absolutely certain.” The options
provided for the triage decision were (a) outpatient with follow-up (i.e.,
discharge the patient from the emergency department), (b) admission to an
unmonitored ward bed in the hospital, (c) admission to a telemetry unit
(i.e., monitored ward bed) in the hospital, (d) admission to the cardiovas-
cular intensive care unit, or (e) other (specified by the participant).

After responding to each of the nine patient descriptions, participants
answered a series of questions about their background (e.g., demographics,
area of specialty, level of clinical experience with unstable angina) and
attitudes. The response scale for rating clinical experience was anchored by
almost none (1) and expert (7), with very low (2), low (3), average (4), high
(5), and very high (6) as intermediate ratings. Participants were also asked
to indicate which of two possible errors in admission decisions is worse—
not admitting a patient who really should have been admitted or admitting
a patient who really should not have been admitted. They then rated the
degree of difference between these two errors on a 0–100 scale (for which
0 indicated no difference at all between the two errors and 100 indicated
the maximum possible difference between the two errors).

Results

The two intermediate response categories, both referring to
hospital admission, were combined for analyses (guidelines do not
distinguish between them). “Other” was rarely selected, and such
responses (e.g., participants provided a specific hospital unit loca-
tion) were easily classified into one of the three levels of triage that
the guidelines distinguish: 1 � discharge for outpatient follow-up,
2 � admission to the hospital but not to intensive care, or 3 �
admission to cardiac intensive care. Initial analyses compared
residents and attending physicians, but these groups did not differ
significantly, and subsequent analyses collapsed across this factor.
Effect sizes were estimated by Cohen’s f (Cohen, 1988), except
where otherwise noted. Conventionally, an f value of 0.10 is
indicative of a small effect, 0.25 is indicative of a medium effect,
and 0.40 is indicative of a large effect.

Overview

In the following sections, we report results of analyses (includ-
ing goodness-of-fit analyses) regarding whether trained profes-
sionals deviated from practice guidelines and from top experts’
recommendations. We scored decisions as correct or not and
analyzed these scores using ANOVA to examine whether devia-
tions differed according to knowledge group or patient character-
istics. Given that decisions deviated, we then explored factors that
were hypothesized to determine those decisions—that is, risk
perceptions and risk tolerances. We used multiple regression to
predict decisions from risk perceptions and risk tolerances, inves-
tigating the hypothesis that each of these factors would contribute
unique variance to decision making. We then conducted a series of
ANOVAs investigating effects of knowledge and patient risk level
on risk perceptions, risk tolerances, and decision making. Regard-
ing these ANOVAs, we hypothesized that more knowledgeable
professionals would be better able to discriminate between low-
and high-risk patients, as reflected in admission decisions and risk
perceptions for MI and CAD, and that physicians differing in
knowledge would also differ in risk tolerance such that lower
knowledge would be associated with lower risk tolerance and with
hedging (choosing the middle category) in admission decisions.
Each of these analyses involved external criteria, such as deviation
from external guidelines and discrimination between patients at
different risk levels, according to those guidelines.

We performed additional analyses concerning internal coher-
ence and cognitive processing, including examination of correla-
tions between judgment dimensions and decisions. We hypothe-
sized that fewer dimensions would correlate with decisions for
professionals at higher levels of knowledge (i.e., they would pro-
cess fewer dimensions of information to make decisions). We also
examined internal coherence by using ANOVA to analyze the
number of coherence errors by knowledge group and patient risk.
We hypothesized that even advanced decision makers would be
subject to errors of coherence in disjunctive probability judgments
because these errors are a result of processing confusions rather
than knowledge limitations. Finally, we were able to secure the
judgments and decisions of three top experts in cardiology for the
nine patients. We used ANOVA to compare the larger sample’s
decisions with those recommended by the top experts (scoring
correct and incorrect according to the experts’ recommendations),
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again to investigate practice variation. We examined experts’
decisions to test our hypothesis that the most advanced decision
makers would make sharper all-or-none distinctions among deci-
sion categories.

Deviations From Clinical Guidelines

The first question was whether decisions deviated from those
recommended in the guidelines. Recall that we hypothesized that
there would be significant deviation from guidelines. Goodness-
of-fit tests indicated lack of fit between observed decisions and
those stipulated by the guidelines for unstable angina. The devia-
tion of observed decisions from the guidelines was significant for
each patient, t(74) � 7.05, 9.70, 18.05, 4.48, 8.05, 2.98, 13.00,
8.51, and 10.54, all ps � .01, for Patients 1–9, respectively. The
respective effects sizes, computed as Cohen’s d, were 1.64, 2.25,
4.20, 1.04, 1.87, 0.69, 3.02, 1.98, and 2.45. (Lack of fit remained
when students were excluded from the analyses, and the same
pattern of significance was obtained for ordinal tests [i.e.,
Kolmogorov–Smirnov tests].) The overall percentage of decisions
that strictly agreed with the guidelines was 46%. The percentage
increased to 67% if decisions were coded simply on the basis of
admission versus nonadmission (i.e., if any decision to admit,
either to a hospital ward bed or intensive care, for intermediate-
and high-risk patients was counted as agreement). (Similar figures
were obtained when national experts were used as the standard
rather than the guidelines; [see below].) Therefore, our hypothesis
of significant deviation was upheld.

We then scored decisions as correct (1) or incorrect (0) accord-
ing to the guidelines and input these data into ANOVAs (e.g.,
Seeger & Gabrielsson, 1968) with knowledge group (five levels:
medical students, family practice physicians, emergency medicine
physicians, internal medicine physicians, and cardiologists), pa-
tient risk (three levels: low, intermediate, and high), and replica-
tions within each risk level (three replications) as factors. For both
ways of scoring agreement with the guidelines—strict agreement
or admission agreement—ANOVAs revealed that agreement dif-
fered for patients at different levels of risk (see Tables 2 and 3).
Proportion of strict agreement was greatest for the intermediate-
risk patients and declined for both low- and high-risk patients (see
Table 2). If only admission agreement is considered, however,
deviations from the guidelines were asymmetrical: There were
more low-risk patients admitted than there were high-risk patients
discharged (see Table 2). Indeed, physician agreement with the

guidelines was nearly perfect (.98) for the high-risk patients. A
main effect of knowledge group was also obtained for strict
agreement (see Table 3). Level of patient risk interacted with
knowledge group for strict agreement and also for admission
agreement (see Table 3). Differences among knowledge groups,
and associated interactions, are described in greater detail below
where we report group differences in decisions, risk perceptions,
and risk tolerances. As also described in greater detail below,
patients within risk levels (i.e., replications) were not treated as
homogeneous. Replication and the interaction of replication with
risk were significant for both strict agreement and admission
agreement analyses (see Table 3). Thus, agreement with the guide-
lines was greatest for high-risk patients (consistent with low risk
tolerance, examined in detail below) and was associated with
differences in knowledge (also examined below).

Predicting Decisions from Risk Perceptions and Risk
Tolerances

Given that participants’ decisions differed significantly from
those recommended in the guidelines, it made sense to investigate
the bases for those decisions. We examined how perceptions of MI
risk, CAD probability, other risks warranting admission, tolerance
of risk of an MI, and tolerance of risk of CAD predicted triage
decisions at each level of patient risk. Perceptions of MI risk and
CAD probability were obtained from participants’ estimates of
those quantities, averaged separately for low-, intermediate-, and
high-risk patients. For each participant, overall risk tolerance was
calculated, separately for MI risk and CAD probability, by taking
the highest estimate of MI risk that was coupled with a discharge
decision as a measure of MI risk tolerance and the highest estimate
of CAD probability coupled with a discharge decision as a mea-
sure of CAD risk tolerance. Because the nine patients varied across
a wide range of risks and probabilities, we were able to obtain
reasonably sensitive measures of risk tolerance, as demonstrated
by the detection of significant effects (see below). Table 4 shows
the results of multiple regression analyses for low-risk,
intermediate-risk, and high-risk patients.

For low-risk patients, all predictors except the estimate of other
risks were significant, indicating that estimates of MI risk and
CAD probability each contributed to triage decisions (per the
guidelines). In addition, tolerance for risk also contributed signif-
icantly to decisions, beyond perceptions of risk, and risk tolerances
for MI and for CAD contributed independently to admission
decisions. As might be expected, beta weights for risk tolerance
were negative: The lower the tolerance for risk, the more likely it
was that low-risk patients would be triaged to higher levels of care
(i.e., admitted to the hospital).

Results for patients at intermediate levels of risk were similar to
those for patients at low risk, except that perception of CAD
probability failed to reach significance as a predictor of triage
decisions. Perceptions of MI risk and risk tolerances for MI and for
CAD each contributed unique variance in predicting admission
(triage) decisions for patients at intermediate levels of risk. For
patients at high levels of risk, perceptions of risk of MI as well as
probability of CAD predicted triage decisions, and risk tolerance
for MI was also significant. However, risk tolerance for CAD was
not a significant predictor of admission decisions for high-risk
patients. Patients at high levels of risk exceeded the threshold for

Table 2
Proportions of Strict Agreement and Admission Agreement With
Guidelines for Level of Triage for Patients at Low, Intermediate,
and High Levels of Risk

Patient risk Strict agreement Admission agreement

Low .38 .38
Intermediate .68 .69
High .33 .95

Note. Strict agreement was based on the guidelines for unstable angina.
Admission agreement was based on assessment of either admission deci-
sion (ward bed or cardiac intensive care unit) as agreement for
intermediate- and high-risk patients.
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admission across a range of risk tolerances for CAD (and, so, CAD
risk tolerance was not a significant predictor), but the more serious
risk, that of MI, remained significant in predicting levels of triage
(e.g., in determining whether high-risk patients would be admitted
to the highest level of care, cardiac intensive care). Overall, there-
fore, the hypothesis was confirmed that differences in risk toler-
ance would predict unique variance in decision making, beyond
that accounted for by risk perceptions.

Effects of Knowledge on Risk Perceptions, Risk
Tolerances, and Decision Making

Previous analyses indicated that decisions deviated significantly
from those recommended in clinical guidelines. This finding is an
illustration of practice variation—namely, treating the same or
similar patients differently (in this instance, differently from the
way the experts who wrote the guidelines would treat these pa-
tients). In this section, we present analyses of differences in
decision making among knowledge groups designed to address the
issue of practice variation. These results are followed by results of
analyses of differences among knowledge groups in risk percep-
tions and risk tolerances that underlie decision making (according
to the findings of regression analyses reported above). Each of the
analyses presented here involved comparison of knowledge groups

(medical students, family practice physicians, emergency medicine
physicians, internal medicine physicians, and cardiologists) for
patients at three levels of risk (low, intermediate, and high), with
three replications within each level of patient risk. Self-reported
ratings of experience with unstable angina on a 1–7 scale differed
for knowledge groups: Mean ratings were 2.2 for medical students
(SD � 1.1), 3.8 for family practice physicians (SD � 0.4), 4.8 for
emergency medicine physicians (SD � 1.2), 4.6 for internal med-
icine physicians (SD � 0.7), and 6.6 for cardiologists (SD � 0.6).

Differences in decision making across knowledge groups. An
ANOVA comparing triage decisions for knowledge groups across
levels of patient risk and replication showed that knowledge group,
patient risk, and their interaction had significant effects on deci-
sions (see Table 5). Patients classified as high risk by the guide-
lines were more likely to be triaged at higher levels than were
patients at low risk (although intermediate- and low-risk patients
did not differ significantly). Differences among knowledge groups
displayed what developmental theorists often refer to, qualita-
tively, as a U-shaped curve, in which participants at the develop-
mental extremes display superficially similar behavior. Mean tri-
age levels were lowest for medical students and cardiologists, and
they peaked for emergency medicine physicians. However, this
main effect of knowledge group was qualified by an interaction

Table 3
Analysis of Variance Results for Effects of Knowledge Group, Patient Risk, and Replication on
Strict Agreement and Admission Agreement With the Guidelines

Source df

Strict agreement Admission agreement

MS F Cohen’s f MS F Cohen’s f

Group (G) 4 0.64 2.62* 0.39 0.14 1.16 0.26
Error: G 70 0.24 0.12
Risk (R) 2 7.18 18.54** 0.51 16.39 63.15** 0.95
G � R 8 1.70 4.40** 0.50 1.12 4.32** 0.50
Error: R 140 0.39 0.26
Replication (r) 2 0.80 7.61** 0.33 0.63 7.76** 0.33
G � r 8 0.12 1.14 0.25 0.18 2.25* 0.50
Error: r 140 0.10 0.08
R � r 4 2.35 19.26** 0.52 2.30 24.15** 0.59
G � R � r 16 0.21 1.75* 0.32 0.16 1.68 0.31
Error: R � r 280 0.12 0.09

* p � .05. ** p � .01.

Table 4
Multiple Regression Analyses for Variables Predicting Level of Triage Decision for Low-, Intermediate- and High-Risk Patients

Variable

Low risk Intermediate risk High risk

B SE B � B SE B � B SE B �

CAD probability 0.01 0.00 .50** 0.00 0.00 .12 0.01 0.00 .31*
MI risk 0.01 0.00 .47** 0.01 0.00 .58** 0.01 0.00 .37*
Other risks 0.00 0.00 .04 0.00 0.00 �.03 0.00 0.00 .02
CAD risk tolerance 0.00 0.00 �.32** �0.01 0.00 �.51** 0.00 0.00 .06
MI risk tolerance �0.01 0.00 �.49** �0.01 0.00 �.49** �0.01 0.00 �.28*
R2 .55 .58 .31
F 16.81** 18.94** 6.25**

Note. N � 75. CAD � coronary artery disease; MI � myocardial infarction (heart attack).
* p � .05. ** p � .01.
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with patient risk (see Table 5). As can be seen in Figure 1, the
difference between triage levels for low- and high-risk patients
increased from .33 for both medical students and family practice
physicians (at lower levels of domain-specific knowledge) to .78,
.80, and .82 for physicians in emergency medicine, internal med-
icine, and cardiology, respectively (at higher levels of domain-
specific knowledge). Replication and the Risk � Replication in-
teraction were significant, but these effects did not interact with
knowledge group (see Table 5).

Similar effects of patient risk and the interaction of risk with
knowledge group were obtained for judgments of admission prob-
ability, although knowledge group was not significant as a main
effect (see Table 5). Patients at high risk according to the guide-
lines were judged as more likely to need admission to the hospital
than were those at low risk, with intermediate-risk patients some-
where in the middle (see Table 5). Again, the main effect was
qualified by an interaction between patient risk and knowledge
group (see Table 5). Although low- and high-risk patients differed
for each of the knowledge groups, the interaction was significant
because this difference was not identical across knowledge groups.
As can be seen in Figure 1, the difference in admission probability
between low-and high-risk patients was larger with increasing
knowledge: Mean admission probabilities for low- and high-risk
patients differed by 10 points for medical students, 23 points for
family practice physicians, 30 points for emergency medicine
physicians, 33 points for internal medicine physicians, and 40
points for cardiologists. Replication and the Risk � Replication
interaction were significant, but again, these effects did not interact
with knowledge group (see Table 5). Therefore, the analyses for
both admission (triage) decisions and admission probabilities con-
firmed the hypothesis that knowledge groups would differ in terms
of discriminating low- from high-risk patients.

Differences in risk perceptions across knowledge groups. The
analyses on level of triage decision and on admission probability
consistently indicated that participants discriminated among risk
categories and that discrimination was greater at higher levels of
knowledge. We now turn to analyses that further unpack differ-
ences in decision making across knowledge groups. According to
the regression analyses presented above, risk perceptions (of MI

risk and CAD probability) and risk tolerances (for MI risk and
CAD probability) predicted decision making. Thus, given that
knowledge groups differed in decision making, we investigated
whether these differences could be traced to specific differences in
risk perceptions and risk tolerances.

For perceptions of both MI risk and CAD probability, the factor
of patient risk (according to the guidelines) was significant (see
Table 6). Participants discriminated among levels of patient risk as
stipulated by the guidelines in judging MI risk and CAD proba-
bility. For MI risk, means for low, intermediate, and high risk were
31% (SE � 2.25), 37% (SE � 2.70), and 51% (SE � 2.82),
respectively; for CAD probability, means were 57% (SE � 1.97),
68% (SE � 1.74), and 72% (SE � 1.94), respectively. However,
the pattern across knowledge groups for risk perceptions was
found to differ. For perceptions of MI risk, there was a main effect
of knowledge group but no interaction with patient risk (see Table
6). Cardiologists perceived the imminent risk of MI for these
patients (regardless of risk level) to be lower than did other
knowledge groups. The mean estimate for cardiologists was 23%
(SE � 5.36), as opposed to 49% (SE � 6.45) for medical students,
36% (SE � 5.58) for family practice physicians, 48% (SE � 4.32)
for emergency medicine physicians, and 42% (SE � 4.22) for
internal medicine physicians. The opposite pattern was obtained
for CAD probability. There was no significant main effect of
knowledge group, but there was an interaction between knowledge
group and patient risk (see Table 6). Although knowledge groups
did not differ overall, differences between low- and high-risk
patients in perceived CAD probability were larger for higher
knowledge groups: 3 points for medical students, 9 points for
family practice physicians, 20 points for emergency room physi-
cians, 19 points for internal medicine physicians, and 23 points for
cardiologists. Replication and the Risk � Replication interaction
were significant for both MI risk and CAD probability, but again,
these effects did not interact with knowledge group (see Table 6).
Thus, complementing the earlier decision analyses, risk percep-
tions differed across knowledge groups such that cardiologists
perceived a lower risk of MI in general, and the ability to discrim-
inate between low- and high-risk patients for CAD differed across
knowledge groups.

Table 5
Analysis of Variance Results for Effects of Knowledge Group, Patient Risk, and Replication on
Admission Decision and Admission Probability

Source df

Admission decision Admission probability

MS F Cohen’s f MS F Cohen’s f

Group (G) 4 2.21 3.84** 0.47 5,174.51 1.19 0.26
Error: G 70 0.58 4,366.98
Risk (R) 2 23.43 72.72** 1.02 40,265.52 54.91** 0.89
G � R 8 1.10 3.42** 0.44 2,561.06 3.49** 0.45
Error: R 140 0.32 733.37
Replication (r) 2 4.46 29.98** 0.65 3,459.35 7.48** 0.33
G � r 8 0.23 1.54 0.30 469.51 1.02 0.24
Error: r 140 0.15 462.16
R � r 4 2.47 16.99** 0.49 9,278.92 28.96** 0.64
G � R � r 16 0.23 1.56 0.30 398.87 1.24 0.27
Error: R � r 280 0.15 320.41

** p � .01.
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Figure 1. Mean levels of triage/admission decision (upper panel; 1 � outpatient, 2 � ward bed, 3 � cardiac
intensive care) and admission probability (lower panel; judged overall probability that the patient’s condition
warrants admission) for patients at low, intermediate (Int), and high levels of risk, presented separately for six
groups differing in level of knowledge (MS � medical students, FP � family practice physicians, ER �
emergency medicine physicians, IM � internal medicine physicians, CARD � cardiologists, CDE � cardiology
experts). Error bars represent 95% confidence intervals.
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Differences in risk tolerances across knowledge groups. Re-
gression analyses presented above indicated that risk tolerances
contributed to decision making beyond the effects of risk percep-
tion and that tolerance for MI risk and for CAD probability each
contributed uniquely. Thus, we performed an ANOVA on partic-
ipants’ risk tolerances for MI risk and CAD probability (as re-
peated measures), comparing the five knowledge groups. Patient
risk and replications were not factors because all nine patients
were used to derive two scores for risk tolerance, one for MI and
one for CAD. Both of the main effects were significant, as was
their interaction. Risk tolerance was lower for MI risk than for
CAD probability (see Table 7). Knowledge group was also signif-
icant (see Table 7). Family practice physicians had lower tolerance
for both kinds of risk than did more knowledgeable physicians; the
maximum probability on average at which family practice physi-
cians discharged patients was only 22% (SE � 4.93), whereas
other physicians tolerated risks that were more than 20% higher,
41% (SE � 3.82), 45% (SE � 3.72), and 41% (SE � 4.73) for
emergency medicine physicians, internal medicine physicians, and
cardiologists, respectively. Students had a higher tolerance for risk
(at 48%, SE � 5.69) than did family practice physicians. Thus,
consistent with our hypothesis, physicians differing in knowledge
differed in risk tolerance such that lower knowledge was associ-
ated with lower risk tolerance.

Knowledge group also interacted significantly with risk toler-
ance (see Table 7). As can be seen in Figure 2, although tolerance
of risk for MI was lower than that for CAD overall, the difference
between these risk tolerances was not constant across knowledge
groups: Differences were 19% for medical students, 26% for
family practice physicians, 22% for emergency medicine physi-
cians, 36% for internal medicine physicians, and 53% for cardiol-
ogists. Thus, cardiologists discriminated sharply (as did, to a lesser
extent, internal medicine and other physicians) between the immi-
nent risk of MI, for which they had a very low tolerance, and the
probability of CAD, for which they had a very high tolerance
(despite the admonitions of the guidelines that CAD probability is
relevant to admission decisions). Indeed, risk tolerance for CAD
was so high among cardiologists that the maximum probability at
which they would discharge patients approached the judged prob-
ability of CAD even for the higher risk patients. Hence, MI risk
and MI risk tolerance mainly determined triage decisions for the
highest knowledge group, rather than CAD probability and risk
tolerance for CAD. Overall, knowledge groups differed in discrim-
ination between risk tolerances such that higher knowledge groups
were less tolerant of risk on one dimension (MI) than they were on
the other (CAD).

Risk tolerance was not significantly related to physicians’ atti-
tudes about different decision errors (i.e., their ratings of the
relative undesirability of failure to admit and unnecessary admis-
sion). However, the range of attitudes was restricted: Over 95% of
physicians indicated that failure to admit a patient who should
have been admitted was worse than unnecessary admission, al-
though this view was held to different degrees (on the evidence of
0%–100% ratings of those errors). Such ratings were not predictive
of a bias to admit low-risk patients. For example, despite rating
failure to admit as highly undesirable, cardiologists were least
likely to admit low-risk patients. Family practice physicians, de-
spite rating failure to admit as more acceptable than did any other
group, were most likely to admit low-risk patients.

Hedging by selecting the middle category. The last analysis
we report concerning risk tolerance and uncertainty concerns
hedging—that is, selecting the middle response category. Selecting

Table 6
Analysis of Variance Results for Effects of Knowledge Group, Patient Risk, and Replication on
Estimates of MI Risk and CAD Probability

Source df

MI risk CAD probability

MS F Cohen’s f MS F Cohen’s f

Group (G) 4 12,845.73 3.82** 0.47 432.73 0.26 0.12
Error: G 70 3,367.19 1,698.44
Risk (R) 2 20,578.87 53.46** 0.87 12,285.23 51.00** 0.85
G � R 8 652.99 1.70 0.31 654.80 2.72** 0.39
Error: R 140 384.96 240.88
Replication (r) 2 2,463.27 11.88** 0.41 3,207.68 14.36** 0.45
G � r 8 290.28 1.40 0.28 176.57 0.79 0.21
Error: r 140 207.27 223.41
R � r 4 7,430.11 40.73** 0.76 16,644.08 69.85** 1.00
G � R � r 16 146.58 0.80 0.21 229.30 0.96 0.23
Error: R � r 280 182.41 238.30

Note. MI � myocardial infarction (heart attack); CAD � coronary artery disease.
** p � .01.

Table 7
Analysis of Variance Results for Effects of Knowledge Group on
Risk Tolerances for MI Risk and CAD Probability

Source df MS F Cohen’s f

Group (G) 4 2,561.12 4.40** 0.50
Error: G 70 582.48
Tolerance (T) 1 33,143.60 110.07** 1.25
G � T 4 1,286.83 4.27** 0.49
Error: T 70 301.11

Note. MI � myocardial infarction (heart attack); CAD � coronary artery
disease.
** p � .01.
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a middle response (e.g., admitting a patient but not to intensive
care) minimizes the degree to which a decision could be wrong. At
most, the middle category is one decision category away from the
correct one, as opposed to discharging a patient who belongs in
intensive care or admitting a patient to intensive care who should
be discharged (both of which are two categories off from the
correct one). In the absence of knowledge about the correct deci-
sion, selecting the middle category is the best bet to minimize
risks. Admitting a patient to a ward bed avoids the risk of dis-
charging a patient who could have an MI and die, and it also avoids
the possibility of committing expensive resources on the basis of
an uncertain judgment of risk. Thus, we compared the total number
of times participants selected the middle decision category, regard-
less of patient risk, across knowledge groups. The latter factor was
significant, F(4, 70) � 4.64, MSE � 4.77, p � .01, f � 0.52.
Family practice physicians chose the middle category more often
(M � 7.67, SE � 0.63) than did emergency medicine physicians
(M � 5.75, SE � 1.86), internal medicine physicians (M � 4.67,
SE � 0.48), or cardiologists (M � 4.38, SE � 0.61). Thus, our
hypothesis that lower knowledge groups would choose the middle
category more often was confirmed.

Internal Coherence and Cognitive Processing

Internal coherence was assessed in three ways: (a) overall con-
sistency between judgments and decisions, (b) correlations be-
tween judgments and decisions within each knowledge group, and
(c) internal coherence as measured by disjunctive errors in prob-
ability judgments (i.e., assessment of whether participants’ dis-
junctive probability judgments of MI or CAD risk were inconsis-
tent with their MI or CAD judgments).

Consistency between judgments and decisions. First, as re-
ported above, regression analyses for each category of patient risk
indicated that judgments of MI risk and CAD probability were
significantly related to triage decisions (see Table 4). This pattern
reflects internal coherence, because patients judged to be at higher
risk were triaged to higher levels of care (analogous to people
being willing to pay higher rents for apartments that they rate as
more desirable; see Fischer & Hawkins, 1993). Overall, as can be
seen in Table 4, decisions were more consistently related to MI
risk than they were to CAD probability.

Correlations between judgments and decisions within knowl-
edge groups. Second, for each knowledge group, we averaged
estimates for MI risk and for CAD probability for each patient, and

Figure 2. Mean tolerance for risk (maximum probability at which a discharge decision was made across all
patients) for coronary artery disease (CAD) and myocardial infarction (MI) probability judgments, presented
separately for six groups differing in level of knowledge (MS � medical students, FP � family practice
physicians, ER � emergency medicine physicians, IM � internal medicine physicians, CARD � cardiologists,
CDE � cardiology experts). Error bars represent 95% confidence intervals.
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we correlated these estimates with level of triage and with admis-
sion probability for each patient using Spearman’s rho. The result-
ing correlations are reported in Table 8. Because these correlations
were computed across patients rather than across participants, each
knowledge group had identical degrees of freedom. That is, for
each group, nine pairs of means were correlated for admission
probability, and nine pairs of means were correlated for triage
decision. The general pattern of significance was that both CAD
probability and MI risk were strongly related to admission prob-
ability and to triage decision. However, for the highest knowledge
groups, cardiologists and expert cardiologists, only the dimension
of MI risk was significantly related to admission probability and to
triage decision. The one exception to this pattern occurred for
family practice physicians in the triage analysis and was likely
attributable to restriction of range in their decisions; as demon-
strated in the hedging analysis, family practice physicians selected
Level 2 for almost all of their triage decisions, leaving little
variability in their responses that could correlate with other mea-
sures. Nevertheless, even for family practice physicians, both
dimensions of risk predicted admission probability, a pattern
shared by all but the most expert decision makers. Correlations
computed within each participant and then averaged showed the
same pattern: Admission probability and admission decisions were
related to both MI risk and CAD probability, except within the
most knowledgeable groups, whose members relied on one
dimension.

Coherence as measured by disjunctive errors in probability
judgments. We assessed disjunctive errors by categorizing rela-
tions among judgments according to whether the relations violated
basic ordinal properties of probabilities. For each participant, MI
or CAD judgments were categorized for each patient in terms of
their relations to the participant’s separate CAD and MI estimates
for that patient—that is, whether they satisfied the constraint that
“or” probabilities should be equal to or greater than each of their
component probabilities. If the disjunctive judgment was smaller
than either component probability, an error was scored. We used
ANOVAs to compare error rates for knowledge groups, level of
risk, and patient replication. Overall, 22% of disjunctive judgments
violated logical constraints. However, the analysis did not yield
any significant effects: The distribution of violations did not vary
by knowledge group, F(4, 70) � 0.59, MSE � 0.68, ns; level of

patient risk, F(2, 140) � 2.92, MSE � 0.13, ns; replication, F(2,
140) � 0.34, MSE � 0.13, ns; or resident versus attending phy-
sician status (as reported above).

Comparisons With Experts

Because large deviations from the guidelines were obtained (i.e.,
agreement was only 46%, and effect sizes were large), partici-
pants’ judgments and decisions were also compared with those of
3 physicians who are nationally recognized experts in the diagno-
sis and triage of unstable angina. These experts responded to the
same patient descriptions.

Experts’ admission decisions and probabilities. Decisions
were unanimous, except for two patients; for them, 2 of the 3
experts concurred. Table 9 shows agreement (strict agreement and
admission agreement) between the experts and the guidelines.
Decisions for each patient can be inferred by recalling that strict
agreement for low-risk patients means the decision was discharge;
similarly, for high-risk patients, strict agreement was admission to
cardiac intensive care; and the lack of either strict or admission
agreement for intermediate patients meant that they were dis-
charged. As indicated in Table 9, experts mainly discharged pa-
tients for outpatient follow-up or placed them in intensive care.
Note that all of the intermediate-risk patients were discharged by
all three experts. The middle decision category was rarely used.
Although the small sample size of national experts precluded their
inclusion in ANOVAs as an additional knowledge group, their
results are shown for illustration in Figures 1 and 2.

Consistency, correlations, and coherence. As can be seen in
Table 9, top experts’ triage decisions and admission probabilities
were strongly related to risk of MI but not to CAD probability. The
asymmetry in these relations was more extreme when compared
with the larger sample. Computing correlations within participants
and averaging them yielded the same pattern: for admission prob-
ability, Spearman’s �(7) � .99, p � .01 (for MI) versus �(7) � .15,
ns (for CAD); for triage decisions, �(7) � .91, p � .05 (for MI)
versus �(7) � .26, ns (for CAD). Thus, national experts based their
decisions almost exclusively on the single dimension of imminent
risk of MI rather than the less immediately relevant probability of
underlying CAD. As in the larger sample, however, internal co-

Table 8
Correlations Between Estimates of MI Risk and CAD Probability With Admission Probability
and Triage Decision for Groups Differing in Knowledge of Cardiovascular Disease

Knowledge group

Admission probability Triage decision

CAD MI CAD MI

Medical students .85** .88** .78** .85**
Family practice physicians .68* .95** .57 .96**
Emergency medicine physicians .92** .97** .73** .82**
Internal medicine physicians .87** .93** .63 .95**
Cardiologists .62 .93** .63 .95**
Cardiology experts .10 .83** .34 .95**

Note. Correlations are Spearman’s rhos. For each group, nine pairs of means were correlated for both
admission probability and triage decision. MI � myocardial infarction (heart attack); CAD � coronary artery
disease.
* p � .05. ** p � .01.
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herence was violated for a substantial percentage of “or” judg-
ments: 30% of disjunctive judgments exhibited errors.

Deviations from experts’ recommendations. We reanalyzed
the larger sample’s decisions using the experts’ decisions in lieu of
the guidelines. Goodness-of-fit tests indicated significant lack of
fit between the decisions of the larger sample and those of the
experts for all but one of the patients (Patient 3): for Patients 1–9,
respectively, t(74) � 7.05, 9.70, 0.47 (ns), 16.52, 9.20, 14.22,
13.00, 8.51, and 10.54 (all ps � .01 except for Patient 3). The
respective effects sizes, computed as Cohen’s d, were 1.64, 2.25,
0.11, 3.84, 2.14, 3.31, 3.02, 1.98, and 2.45.

We also evaluated proportions of strict agreement and admis-
sion agreement, using the experts’ decisions as a standard. As in
the strict agreement and admission agreement analyses presented
above, similar effects for patient risk, knowledge group, and in-
teractions between patient risk and knowledge group were ob-
tained (because of this similarity, these results are not reported in
detail). Overall, 45% of physicians’ decisions agreed with the
experts’ specific decisions, and 66% agreed with respect to admis-
sion versus nonadmission. Residents and attending physicians did
not differ significantly in these analyses.

Discussion

Professionals are called on to make important decisions about
risk, sometimes with life-or-death consequences. Practice varia-
tion—when professionals treat similar cases or situations differ-
ently—is a recurring problem, one that is addressed through con-
tinuing education, publication of professional guidelines, and other
quality assurance measures (e.g., Fuster, 1997). Medical error,
pilot error, misidentification of nuclear threats (or other weapons
of mass destruction), and other professional lapses in risky deci-
sion making are often preventable, in principle. For example, a
2000 Institute of Medicine report stated that the number of deaths
attributable to preventable medical error in the United States is
between 44,000 and 98,000 per year (Kohn et al., 2000; see also

Hollnagel, 1993; Leape, 2000; Leape, Lawthers, Brennan, & John-
son, 1993). Preventing such errors requires a better understanding
of their causes—namely, the psychological processes that underlie
risky decision making.

This study addressed the following hypotheses: (a) that trained
professionals would, despite their training, deviate from practice
guidelines and from top experts’ recommendations; (b) that more
knowledgeable professionals would be better able to discriminate
between low- and high-risk patients, as reflected in admission
decisions and risk perceptions for MI and CAD; (c) that physicians
differing in knowledge would also differ in risk tolerance such that
lower knowledge was associated with lower risk tolerance and
with hedging (choosing the middle category in admission deci-
sions); (d) that these differences in risk tolerance would predict
unique variance in decision making, beyond that accounted for by
risk perceptions; (e) that professionals at higher levels of knowl-
edge would process fewer dimensions of information to make
decisions; (f) that the most advanced decision makers would make
sharper all-or-none distinctions among decision categories; and (g)
that even advanced decision makers would be subject to errors of
coherence in disjunctive probability judgments, because such er-
rors are a result of processing confusions rather than knowledge
limitations. We now discuss each of these hypotheses in turn.

Regarding (a), we found that highly trained professionals devi-
ated significantly from national guidelines for best practices. Phy-
sicians’ decisions differed significantly from both the guidelines
and from those of a panel of experts (suggesting that the observed
practice variation was not a result of ambiguity associated with
interpreting the guidelines). The guidelines had been disseminated
to the professionals as part of their practice and had been discussed
in special meetings. Commitment to the guidelines had been ex-
pressed by those attending the meetings. Nevertheless, the treat-
ment and diagnosis of these, albeit hypothetical, patients did not
meet national standards (see van Miltenburg-van Zijl, Bossuyt,
Nette, Simoons, & Taylor, 1997). Similar disparities have been
seen in treatment and diagnosis of actual patients, though because
the real patients were not identical across physicians, it is always
possible that regional, demographic, or other defensible differ-
ences explained practice variation (e.g., Wennberg, Freeman, &
Culp, 1987). In this study, the patients were identical, making it
impossible to explain differences in practice by appealing to dif-
ferences in patients.

Regarding (b), the present data consistently showed that groups
of students and physicians who differed in knowledge also differed
in their medical decision making, illustrating practice variation
even among highly trained professionals. The ability to discrimi-
nate between low- and high-risk patients also differed across
physician groups for patient risk factors, such as the presence of
CAD. Because of limited resources, most systems designed to
identify risk have less well-trained people make initial assess-
ments. Once some threshold of risk is identified, cases or situations
are then passed on to those with greater expertise for further
scrutiny. The gatekeeper system of managed care, in which gen-
eralist physicians make initial assessments and then refer cases to
specialists if warranted, is such a system of screening and triage
(e.g., Franks, Clancy, & Nutting, 1992; Sulmasy, 1993). However,
although all of the physicians were “qualified” to make these
decisions, our data indicate that specialists, those with greater

Table 9
Proportions of Strict Agreement and Admission Agreement
Between Expert Cardiologists and the Guidelines for Patients at
Low, Intermediate, and High Levels of Risk

Risk level and
patient Strict agreement Admission agreement

Low
1 1.00 1.00
2 1.00 1.00
3 .00 .00

Intermediate
4 .00 .00
5 .00 .00
6 .00 .00

High
7 .67 1.00
8 1.00 1.00
9 1.00 1.00

Note. Strict agreement was based on the guidelines for unstable angina.
Admission agreement was based on assessment of either admission deci-
sion (ward bed or cardiac intensive care unit) as agreement for
intermediate- and high-risk patients.
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domain-specific knowledge, are better able to discriminate low
from high risk for subtle judgments such as unstable angina.

Regarding (c), practice variation is ordinarily assumed to be
undesirable. However, our data illustrate that professionals pre-
dictably exhibit behavior that leads to desirable practice variation.
That is, professionals with lower levels of knowledge (family
practice physicians) were more likely to hedge in their decision
making by choosing intermediate levels of care (protecting pa-
tients against more extreme errors in triage). Similarly, these
professionals had lower tolerance of risk for both MI risk and CAD
probability than did more knowledgeable physicians, which should
protect against more dangerous, false negative errors (failing to
admit a patient who should be admitted). If hedging is associated
with lower levels of accuracy, as it was in this study, it is a
desirable source of practice variation that should minimize human
error.

Regarding (d), for all groups of participants, risk tolerances
predicted decisions above and beyond risk perceptions (Swets et
al., 2000). Unique variance was associated with tolerance of risk
for MI as well as tolerance of probability of CAD. Risk tolerance
in professional contexts has rarely been studied systematically, but
prior work suggests that external factors (e.g., pressure to dis-
charge patients to curb costs) as well as internal factors (e.g.,
individual differences in personality) are likely to influence toler-
ance for risk (e.g., Reyna & Farley, in press; Swets et al., 2000).
Despite differences in degree of risk tolerance, participants over-
whelmingly preferred false positive over false negative errors, and
this asymmetry was also reflected in their greater agreement with
the guidelines for high-risk patients (because high-risk patients
were admitted). Erring on the side of caution, however, produces
inevitable increases in false alarms, all other factors being equal,
particularly without increases in knowledge.

To summarize our discussion so far, differences in knowledge
were associated with differences in risk perception (and, hence,
discrimination) and risk tolerance, which in turn predicted differ-
ences in decision making, accounting for practice variation. De-
spite the absence of scientifically precise information about exact
risks and probabilities in the published literature, professionals
could reliably discriminate low-risk from high-risk patients. As
von Neumann and Morgenstern (1944) observed, humans are able
to process vagueness, noise, and ambiguity in the signal stream
more easily than computers. Regarding (e), according to fuzzy-
trace theory, they are able to do so because human judgment and
decision making is not fundamentally computational. Instead, hu-
mans have a fuzzy-processing preference that generally leads to
superior decisions based on less information processed more sim-
ply (see also Dijksterhuis, Bos, Nordgren, & van Baaren, 2006),
and this preference grows as decision makers develop and become
more knowledgeable about a task. Hence, applying fuzzy-trace
theory, we made the counterintuitive prediction that professionals
at higher levels of knowledge would process fewer dimensions of
information (Hypothesis e) and that the most advanced decision
makers would make sharper all-or-none distinctions among deci-
sion categories (Hypothesis f). These theoretically motivated, but
surprising, predictions were upheld. As can be seen in Table 8,
both dimensions of risk predicted admission probability and ad-
mission decision at lower levels of knowledge, but the two most
knowledgeable groups (cardiologists and nationally recognized

experts in cardiology) only relied on one dimension of risk. Thus,
experts achieved better discrimination by processing less
information.

Figure 2 echoes the theme of better discrimination through the
processing of less information (Hypothesis e). As level of knowl-
edge increased, risk tolerance for CAD generally increased,
whereas risk tolerance for MI decreased. The most knowledgeable
professionals had the largest separation between risk tolerances,
with the tolerance for CAD so high that CAD did not figure in
most admission decisions. In other words, for cardiologists and
expert cardiologists, tolerance for CAD was so high that the
estimated probabilities of CAD even for high-risk patients usually
did not exceed their threshold for admission. These experts were
exquisitely sensitive to the risk of MI, however. Thus, knowledge
groups differed in their discrimination between risk tolerances as
well as risk perceptions, and more knowledgeable professionals
relied mainly on one dimension of risk tolerance to make admis-
sion decisions.

Regarding (f), as Table 8 shows, the most expert physicians (top
cardiologists) sharply distinguished patients who were at imminent
risk of MI, and needed to be admitted to intensive care, from those
who could be discharged with follow-up (even discharging pa-
tients at supposedly intermediate levels of risk). Expert cardiolo-
gists described patients as progressing along a pathophysiological
course of CAD that takes a turn, placing them at risk of an MI, or
continues to slowly progress, not placing them at imminent risk.
This disposition of patients is sharply all-or-none—discharge or
intensive care—as is the conceptualization of risk (see Reyna,
Adam, Poirier, LeCroy, & Brainerd, 2005).

Regarding (g), despite consistent evidence that more knowl-
edgeable professionals made superior decisions with respect to
external criteria (e.g., they were better at discriminating risk ac-
cording to the guidelines), they were not significantly superior
with respect to measures of internal coherence, as predicted by
fuzzy-trace theory. For example, disjunctive probability judgment
errors did not differ statistically across knowledge groups. Errors
ranged from about one out of five judgments to one out of three for
top experts. Such disjunctive judgments are clinically relevant
because they are supposed to be the basis for admission decisions.
Physicians, like other professionals, are expected to integrate in-
formation about risks and probabilities to formulate overall judg-
ments (e.g., regarding admission). For these probability integration
tasks, such factors as limited memory capacity, conceptual deficits,
and illogical reasoning have been ruled out as sources of perfor-
mance error in student samples (Brainerd & Reyna, 1990; Reyna,
1992; Wolfe, 1995). However, researchers have argued that ex-
perts should be less vulnerable to errors in probability judgment
than are students and other nonexperts (e.g., Dougherty, Gronlund,
& Gettys, 2003). The current results do not support this conclusion
for disjunctive probability judgments. Instead, the results are com-
patible with the conclusion that experts are vulnerable to interfer-
ence effects created by overlapping or nested classes, and these
effects are exacerbated by compelling gists of the classes that
distract competent reasoners from correcting their processing er-
rors (Brainerd & Reyna, 1990; Lloyd & Reyna, 2001b; Reyna,
1991; see also Sloman et al., 2003, for replication in a somewhat
different task). Thus, the current results add to other recent find-
ings illustrating dissociation in performance between coherence
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and correspondence criteria for rationality, supporting the emerg-
ing view that these criteria cannot be reduced to one another and
that both criteria are essential for judging rationality (Doherty,
2003; Reyna & Farley, in press).

This study has a number of limitations, which should be ex-
plored in further research. First, although the use of hypothetical
patients allows experimental control over patient characteristics
and ensures that physicians are judged on a common metric, it
would be informative to examine analogous decision making in
real patients (comparisons between hypothetical and real patients
have generally yielded similar results for the condition studied
here [unstable angina]; e.g., van Miltenburg-van Zijl et al., 1997).
Second, this study did not include a nationally representative
sample of physicians in specialty groups; thus, broad conclusions
about such groups are not warranted on the basis of our data. In
fact, a key comparison would be to examine risk discrimination
and gist-based information processing for physicians varying in
domain-specific knowledge (explicitly assessed) within specialty
groups and, ultimately, to study the impact of specific knowledge
and experience using experimental designs that vary exposure to
theoretically motivated educational interventions.
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Appendix

One of Nine Case Descriptions

History

A 65-year-old female comes to the emergency room; she has experi-
enced increasing chest pressure and diaphoresis for 45 minutes. Over the
past 2 days she experienced 2 mild episodes of this discomfort and has felt
more tired than usual. There is no history of heart disease, but she was a
heavy smoker until 1 year ago and has had long-standing hypertension
currently controlled on medications. She denies significant previous illness
except for a duodenal ulcer 3 years ago.

Examination

An anxious, pale middle-aged woman with blood pressure of 154/90 and
heart rate of 84. There is no jugular venous distension, and the carotid
pulsations are normal. The lungs reveal basilar crackles, and there is an S4
gallop. The remainder of the examination is normal.

Additional Data

The lab work, chest x-ray and ECG are normal.

Questions

For the questions below, estimate risk and probability by using a
0–100% scale. Note that 0 means “no chance at all,” 50 means “as likely
as not” and 100 means “absolutely certain.”

1. What is your estimate of the probability that this patient has
coronary artery disease (CAD)?

2. What is your estimate of this patient’s imminent risk of myocar-
dial infarction (MI)?

3. What is your estimate of the probability that this patient has a
condition other than CAD or risk of MI that is serious enough to
warrant admission?

4. The decision to admit a patient does not necessarily indicate
absolute certainty about the patient’s condition. Regardless of
your decision in this case, what is your estimate of the probability
that this patient has (or will imminently develop) a condition
serious enough to warrant admission?

5. What is your estimate of the probability that this patient has CAD
or is at imminent risk of MI?

6. What is your triage decision in this case?

a. Out-patient follow-up

b. Admit to unmonitored bed (with Medicine Team)

c. Admit to telemetry unit

d. Admit to Cardiovascular Intensive Care Unit

e. Other (please indicate where)
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