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ABSTRACT
The great majority of medical diagnoses are made using automatic, efficient cognitive processes, and these
diagnoses are correct most of the time. This analytic review concerns the exceptions: the times when these
cognitive processes fail and the final diagnosis is missed or wrong. We argue that physicians in general
underappreciate the likelihood that their diagnoses are wrong and that this tendency to overconfidence is related
to both intrinsic and systemically reinforced factors. We present a comprehensive review of the available
literature and current thinking related to these issues. The review covers the incidence and impact of diagnostic
error, data on physician overconfidence as a contributing cause of errors, strategies to improve the accuracy of
diagnostic decision making, and recommendations for future research. © 2008 Elsevier Inc. All rights reserved.
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Not only are they wrong but physicians are “walking . . . in a fog of misplaced optimism” with regard
to their confidence.
—Fran Lowry1
Mongerson2 describes in poignant detail the impact of a
diagnostic error on the individual patient. Large-scale surveys of patients have shown that patients and their physicians perceive that medical errors in general, and diagnostic
errors in particular, are common and of concern. For instance, Blendon and colleagues3 surveyed patients and physicians on the extent to which they or a member of their
family had experienced medical errors, defined as mistakes
that “result in serious harm, such as death, disability, or
additional or prolonged treatment.” They found that 35% of
physicians and 42% of patients reported such errors.
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A more recent survey of 2,201 adults in the United States
commissioned by a company that markets a diagnostic decision-support tool found similar results.4 In that survey, 35%
experienced a medical mistake in the past 5 years involving
themselves, their family, or friends; half of the mistakes were
described as diagnostic errors. Of these, 35% resulted in permanent harm or death. Interestingly, 55% of respondents listed
misdiagnosis as the greatest concern when seeing a physician
in the outpatient setting, while 23% listed it as the error of most
concern in the hospital setting. Concerns about medical errors
also were reported by 38% of patients who had recently visited
an emergency department; of these, the most common worry
was misdiagnosis (22%).5
These surveys show that patients report frequent experience with diagnostic errors and/or that these errors are of
significant concern for them in their encounters with the
healthcare system. However, as pointed out in an editorial
by Tierney,6 patients may not always interpret adverse
events accurately, or may differ with their physicians as to
the reason for the adverse event. For this reason, we have
reviewed the scientific literature on the incidence and impact of diagnostic error and have examined the literature on
overconfidence as a contributing cause of diagnostic errors.
In the latter portion of this article we review the literature on
the effectiveness of potential strategies to reduce diagnostic
error and recommend future directions for research.
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INCIDENCE AND IMPACT OF DIAGNOSTIC
ERROR
We reviewed the scientific literature with several questions
in mind: (1) What is the extent of incorrect diagnosis?
(2) What percentage of documented adverse events can be
attributed to diagnostic errors and, conversely, how often do
diagnostic errors lead to adverse events? (3) Has the rate of
diagnostic errors decreased over time?

What is the Extent of Incorrect Diagnosis?
Diagnostic errors are encountered in every specialty, and are
generally lowest for the 2 perceptual specialties, radiology
and pathology, which rely heavily on visual interpretation.
An extensive knowledge base and expertise in visual pattern
recognition serve as the cornerstones of diagnosis for radiologists and pathologists.7 The error rates in clinical radiology and anatomic pathology probably range from 2% to
5%,8 –10 although much higher rates have been reported in
certain circumstances.9,11 The typically low error rates in
these specialties should not be expected in those practices
and institutions that allow x-rays to be read by frontline
clinicians who are not trained radiologists. For example, in
a study of x-rays interpreted by emergency department
physicians because a staff radiologist was unavailable, up to
16% of plain films and 35% of cranial computed tomography (CT) studies were misread.12
Error rates in the clinical specialties are higher than in
perceptual specialties, consistent with the added demands of
data gathering and synthesis. A study of admissions to
British hospitals reported that 6% of the admitting diagnoses were incorrect.13 The emergency department requires
complex decision making in settings of above-average uncertainty and stress. The rate of diagnostic error in this arena
ranges from 0.6% to 12%.14,15
Based on his lifelong experience studying diagnostic
decision making, Elstein16 estimated that the rate of diagnostic error in clinical medicine was approximately 15%. In
this section, we review data from a wide variety of sources
that suggest this estimate is reasonably correct.
Second Opinions and Reviews. Several studies have examined changes in diagnosis after a second opinion. Kedar
and associates,17 using telemedicine consultations with specialists in a variety of fields, found a 5% change in diagnosis. There is a wealth of information in the perceptual
specialties using second opinions to judge the rate of diagnostic error. These studies report a variable rate of discordance, some of which represents true error, and some is
disagreement in interpretation or nonstandard defining criteria. It is important to emphasize that only a fraction of the
discordance in these studies was found to cause harm.
Dermatology. Most studies focused on the diagnosis of
pigmented lesions (e.g., ruling out melanoma). For example, in a study of 5,136 biopsies, a major change in diagnosis was encountered in 11% on second review. Roughly
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1% of diagnoses were changed from benign to malignant,
roughly 1% were downgraded from malignant to benign,
and in roughly 8% the tumor grade was changed enough to
alter treatment.18
Anatomic Pathology. There have been several attempts to
determine the true extent of diagnostic error in anatomic
pathology, although the standards used to define an error in
this field are still evolving.19 In 2000, The American Society
of Clinical Pathologists convened a consensus conference to
review second opinions in anatomic pathology.20 In 1 such
study, the pathology department at the Johns Hopkins Hospital required a second opinion on each of the 6,171 specimens obtained over an 18-month period; discordance resulting in a major change of treatment or prognosis was
found in just 1.4 % of these cases.10 A similar study at
Hershey Medical Center in Pennsylvania identified a 5.8%
incidence of clinically significant changes.20 Disease-specific incidences ranged from 1.3% in prostate samples to 5%
in tissues from the female reproductive tract and 10% in
cancer patients. Certain tissues are notoriously difficult; for
example, discordance rates range from 20% to 25% for
lymphomas and sarcomas.21,22
Radiology. Second readings in radiology typically disclose discordance rates in the range of 2% to 20% for
most general radiology imaging formats, although higher
rates have been found in some studies.23,24 The discordance rate in practice seems to be ⬍5% in most
cases.25,26
Mammography has attracted the most attention in regard to diagnostic error in radiology. There is substantial
variability from one radiologist to another in the ability to
accurately detect breast cancer, and it is estimated that
10% to 30% of breast cancers are missed on mammography.27,28 A recent study of breast cancer found that the
diagnosis was inappropriately delayed in 9%, and a third
of these reflected misreading of the mammogram.29 In
addition to missing cancer known to be present, mammographers can be overly aggressive in reading studies,
frequently recommending biopsies for what turn out to be
benign lesions. Given the differences regarding insurance
coverage and the medical malpractice systems between
the United States and the United Kingdom, it is not
surprising that women in the United States are twice as
likely as women in the United Kingdom to have a negative biopsy.30
Studies of Specific Conditions. Table 1 is a sampling of
studies18,27,31– 46 that have measured the rate of diagnostic error in specific conditions. An unsettling consistency
emerges: the frequency of diagnostic error is disappointingly high. This is true for both relatively benign conditions and disorders where rapid and accurate diagnosis is
essential, such as myocardial infarction, pulmonary embolism, and dissecting or ruptured aortic aneurysms.
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Table 1

Sampling of Diagnostic Error Rates in Specific Conditions

Study

Findings

Shojania et al (2002)

Pulmonary TB

Pidenda et al (2001)33

Pulmonary embolism

Lederle et al (1994),34
von Kodolitsch et al
(2000)35
Edlow (2005)36
Burton et al (1998)37

Ruptured aortic aneurysm

Beam et al (1996)27

Breast cancer

McGinnis et al (2002)18

Melanoma

Perlis (2005)38

Bipolar disorder

Graff et al (2000)39

Appendicitis

Raab et al (2005)40

Cancer pathology

Buchweitz et al (2005)41

Endometriosis

Gorter et al (2002)42
Bogun et al (2004)43

Psoriatic arthritis
Atrial fibrillation

Arnon et al (2006)44

Infant botulism

Edelman (2002)45

Diabetes mellitus

Russell et al (1988)46

Chest x-rays in the ED

Review of autopsy studies that have specifically focused on the diagnosis of pulmonary TB; ⬃50% of these
diagnoses were not suspected antemortem
Review of fatal embolism over a 5-yr period at a single institution. Of 67 patients who died of pulmonary
embolism, the diagnosis was not suspected clinically in 37 (55%)
Review of all cases at a single medical center over a 7-yr period. Of 23 cases involving abdominal aneurysms,
diagnosis of ruptured aneurysm was initially missed in 14 (61%); in patients presenting with chest pain,
diagnosis of dissecting aneurysm of the proximal aorta was missed in 35% of cases
Updated review of published studies on subarachnoid hemorrhage: ⬃30% are misdiagnosed on initial evaluation
Autopsy study at a single hospital: of the 250 malignant neoplasms found at autopsy, 111 were either
misdiagnosed or undiagnosed, and in 57 of the cases the cause of death was judged to be related to the cancer
50 accredited centers agreed to review mammograms of 79 women, 45 of whom had breast cancer; the cancer
would have been missed in 21%
Second review of 5,136 biopsy samples; diagnosis changed in 11% (1.1% from benign to malignant, 1.2% from
malignant to benign, and 8% had a change in tumor grade)
The initial diagnosis was wrong in 69% of patients with bipolar disorder and delays in establishing the correct
diagnosis were common
Retrospective study at 12 hospitals of patients with abdominal pain and operations for appendicitis. Of 1,026
patients who had surgery, there was no appendicitis in 110 (10.5%); of 916 patients with a final diagnosis of
appendicitis, the diagnosis was missed or wrong in 170 (18.6%)
The frequency of errors in diagnosing cancer was measured at 4 hospitals over a 1-yr period. The error rate of
pathologic diagnosis was 2%–9% for gynecology cases and 5%–12% for nongynecology cases; errors
represented sampling deficiencies, preparation problems, and mistakes in histologic interpretation
Digital videotapes of laparoscopies were shown to 108 gynecologic surgeons; the interobserver agreement
regarding the number of lesions was low (18%)
1 of 2 SPs with psoriatic arthritis visited 23 rheumatologists; the diagnosis was missed or wrong in 9 visits (39%)
Review of automated ECG interpretations read as showing atrial fibrillation; 35% of the patients were
misdiagnosed by the machine, and the error was detected by the reviewing clinician only 76% of the time
Study of 129 infants in California suspected of having botulism during a 5-yr period; only 50% of the cases were
suspected at the time of admission
Retrospective review of 1,426 patients with laboratory evidence of diabetes mellitus (glucose ⬎200 mg/dL* or
hemoglobin A1c ⬎7%); there was no mention of diabetes in the medical record of 18% of patients
One third of x-rays were incorrectly interpreted by the ED staff compared with the final readings by radiologists

Subarachnoid hemorrhage
Cancer detection

ECG ⫽ electrocardiograph; ED ⫽ emergency department; SP ⫽ standardized patient; TB ⫽ tuberculosis.
*1 mg/dL ⫽ 0.05551 mmol/L.
Adapted from Advances in Patient Safety: From Research to Implementation.31
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Autopsy Studies. The autopsy has been described as “the
most powerful tool in the history of medicine”47 and the
“gold standard” for detecting diagnostic errors. Richard
Cabot correlated case records with autopsy findings in
several thousand patients at Massachusetts General Hospital, concluding in 1912 that the clinical diagnosis was
wrong 40% of the time.48,49 Similar discrepancies between clinical and autopsy diagnoses were found in a
more recent study of geriatric patients in the Netherlands.50 On average, 10% of autopsies revealed that the
clinical diagnosis was wrong, and 25% revealed a new
problem that had not been suspected clinically. Although
a fraction of these discrepancies reflected incidental findings of no clinical significance, major unexpected discrepancies that potentially could have changed the outcome were found in approximately 10% of all
autopsies.32,51
Shojania and colleagues32 point out that autopsy studies only provide the error rate in patients who die. Because the diagnostic error rate is almost certainly lower
among patients with the condition who are still alive,
error rates measured solely from autopsy data may be
distorted. That is, clinicians are attempting to make the
diagnosis among living patients before death, so the more
relevant statistic in this setting is the sensitivity of clinical diagnosis. For example, whereas autopsy studies
suggest that fatal pulmonary embolism is misdiagnosed
approximately 55% of the time (see Table 1), the misdiagnosis rate for all cases of pulmonary embolism is only
4%. Shojania and associates32 argue that a large discrepancy also exists regarding the misdiagnosis rate for myocardial infarction: although autopsy data suggest roughly
20% of these events are missed, data from the clinical
setting (patients presenting with chest pain or other relevant symptoms) indicate that only 2% to 4% are missed.

Studies Using Standardized Cases. One method of testing diagnostic accuracy is to control for variations in case
presentation by using standardized cases that can enable
comparisons of performance across physicians. One such
approach is to incorporate what are termed standardized
patients (SPs). Usually, SPs are lay individuals trained to
portray a specific case or are individuals with certain
clinical conditions trained to be study subjects.52,53 Diagnostic errors are inevitably detected when physicians
are tested with SPs or standardized case scenarios.42,54
For example, when asked to evaluate SPs with common
conditions in a clinic setting, internists missed the correct
diagnosis 13% of the time.55 Other studies using different
types of standardized cases have found that not only is
there variation between providers who analyze the same
case27,56 but that physicians can even disagree with themselves when presented again with a case they have previously diagnosed.57
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What Percentage of Adverse Events is
Attributable to Diagnostic Errors and What
Percentage of Diagnostic Errors Leads to
Adverse Events?
Data from large-scale, retrospective, chart-review studies
of adverse events have shown a high percentage of diagnostic errors. In the Harvard Medical Practice Study of
30,195 hospital records, diagnostic errors accounted for
17% of adverse events.58,59 A more recent follow-up
study of 15,000 records from Colorado and Utah reported
that diagnostic errors contributed to 6.9% of the adverse
events.60 Using the same methodology, the Canadian
Adverse Events Study found that 10.5% of adverse
events were related to diagnostic procedures.61 The Quality in Australian Health Care Study identified 2,351 adverse events related to hospitalization, of which 20%
represented delays in diagnosis or treatment and 15.8%
reflected failure to “synthesize/decide/act on” information.62 A large study in New Zealand examined 6,579
inpatient medical records from admissions in 1998 and
found that diagnostic errors accounted for 8% of adverse
events; 11.4% of those were judged to be preventable.63
Error Databases. Although of limited use in quantifying
the absolute incidence of diagnostic errors, voluntary errorreporting systems provide insight into the relative incidence
of diagnostic errors compared with medication errors, treatment errors, and other major categories. Out of 805 voluntary reports of medical errors from 324 Australian physicians, there were 275 diagnostic errors (34%) submitted
over a 20-month period.64 Compared with medication and
treatment errors, diagnostic errors were judged to have
caused the most harm, but were the least preventable. A
smaller study reported a 14% relative incidence of diagnostic errors from Australian physicians and 12% from physicians of other countries.65 Mandatory error-reporting systems that rely on self-reporting typically yield fewer error
reports than are found using other methodologies. For example, only 9 diagnostic errors were reported out of almost
1 million ambulatory visits over a 5.5-year period in a large
healthcare system.66
Diagnostic errors are the most common adverse event
reported by medical trainees.67,68 Notably, of the 29 diagnostic errors reported voluntarily by trainees in 1 study,
none of these were detected by the hospital’s traditional
incident-reporting mechanisms.68
Malpractice Claims. Diagnostic errors are typically the
leading or the second-leading cause of malpractice claims in
the United States and abroad.69 –72 Surprisingly, the vast
majority of claims filed reflect a very small subset of diagnoses. For example, 93% of claims in the Australian registry
reflect just 6 scenarios (failure to diagnose cancer, injuries
after trauma, surgical problems, infections, heart attacks,
and venous thromboembolic disease).73 In a recent study of
malpractice claims,74 diagnostic errors were equally preva-
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lent in successful and unsuccessful claims and represented
30% of all claims.
The percentage of diagnostic errors that leads to adverse
events is the most difficult to determine, in that the prospective tracking needed for these studies is rarely done. As
Schiff,75 Redelmeier,76 and Gandhi and colleagues77 advocate, much better methods for tracking and follow-up of
patients are needed. For some authors, diagnostic errors that
do not result in serious harm are not even considered misdiagnoses.78 This is little consolation, however, for the
patients who suffer the consequences of these mistakes. The
increasing adoption of electronic medical records, especially in ambulatory practices, will lead to better data for
answering this question; research should be conducted to
address this deficiency.

topsy, or who filed malpractice claims, or even who had a
serious disease leads to overestimates of the extent of errors,
because such samples are not representative of the vast
majority of patients seen by most clinicians. On the other
hand, given the fragmentation of care in the outpatient
setting, the difficulty of tracking patients, and the amount of
time it often takes for a clear picture of the disease to
emerge, these data may actually underestimate the extent of
error, especially in ambulatory settings.82 Although the exact frequency may be difficult to determine precisely, it is
clear that an extensive and ever-growing literature confirms
that diagnostic errors exist at nontrivial and sometimes
alarming rates. These studies span every specialty and virtually every dimension of both inpatient and outpatient care.

Has the Diagnostic Error Rate Changed Over
Time?

PHYSICIAN OVERCONFIDENCE

Autopsy data provide us the opportunity to see whether the
rate of diagnostic errors has decreased over time, reflecting
the many advances in medical imaging and diagnostic testing. Only 3 major studies have examined this question.
Goldman and colleagues79 analyzed 100 randomly selected
autopsies from the years 1960, 1970, and 1980 at a single
institution in Boston and found that the rate of misdiagnosis
was stable over time. A more recent study in Germany used
a similar approach to study autopsies over a range of 4
decades, from 1959 to 1989. Although the autopsy rate
decreased over these years from 88% to 36%, the misdiagnosis rate was stable.78
Shojania and colleagues80 propose that the near-constant
rate of misdiagnosis found at autopsy over the years probably reflects 2 factors that offset each other: diagnostic
accuracy actually has improved over time (more knowledge, better tests, more skills), but as the autopsy rate
declines, there is a tendency to select only the more challenging clinical cases for autopsy, which then have a higher
likelihood of diagnostic error. A longitudinal study of autopsies in Switzerland (constant 90% autopsy rate) supports
that the absolute rate of diagnostic errors is, as suggested,
decreasing over time.81

Summary
In aggregate, studies consistently demonstrate a rate of
diagnostic error that ranges from ⬍5% in the perceptual
specialties (pathology, radiology, dermatology) up to 10%
to 15% in most other fields.
It should be noted that the accuracy of clinical diagnosis
in practice may differ from that suggested by most studies
assessing error rates. Some of the variability in the estimates
of diagnostic errors described may be attributed to whether
researchers first evaluated diagnostic errors (not all of which
will lead to an adverse event) or adverse events (which will
miss diagnostic errors that do not cause significant injury or
disability). In addition, basing conclusions about the extent
of misdiagnosis on the patients who died and had an au-

“. . . what discourages autopsies is medicine’s twentyfirst century, tall-in-the-saddle confidence.”
“When someone dies, we already know why. We don’t
need an autopsy to find out. Or so I thought.”
—Atul Gawande83
“He who knows best knows how little he knows.”
—attributed to Thomas Jefferson84
“Doctors think a lot of patients are cured who have
simply quit in disgust.”
—attributed to Don Herold85
As Kirch and Schafii78 note, autopsies not only document the presence of diagnostic errors, they also provide an
opportunity to learn from one’s errors (errando discimus) if
one takes advantage of the information. The rate of autopsy
in the United States is not measured any more, but is widely
assumed to be significantly ⬍10%. To the extent that this
important feedback mechanism is no longer a realistic option, clinicians have an increasingly distorted view of their
own error rates. In addition to the lack of autopsies, as the
above quote by Gawande indicates, physician overconfidence may prevent them from taking advantage of these
important lessons. In this section, we review studies related
to physician overconfidence and explore the possibility that
this is a major factor contributing to diagnostic error.86
Overconfidence may have both attitudinal as well as cognitive components and should be distinguished from complacency.
There are several reasons for separating the various aspects of overconfidence and complacency: (1) Some areas
have undergone more research than others. (2) The strategies for addressing these 2 qualities may be different. (3)
Some aspects are more amenable to being addressed than
others. (4) Some may be a more frequent cause of misdiagnoses than others.

Attitudinal Aspects of Overconfidence
This aspect (i.e., “I know all I need to know”) is reflected
within the more pervasive attitude of arrogance, an outlook
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that expresses disinterest in any decision support or feedback, regardless of the specific situation.
Comments like those quoted at the beginning of this
section reflect the perception that physicians are arrogant
and pervasively overconfident about their abilities; however, the data on this point are mostly indirect. For example,
the evidence discussed above—that autopsies are on the
decline despite their providing useful data—inferentially
provides support for the conclusion that physicians do not
think they need diagnostic assistance. Substantially more
data are available on a similar line of evidence, namely, the
general tendency on the part of physicians to disregard, or
fail to use, decision-support resources.
Knowledge-Seeking Behavior. Research shows that physicians admit to having many questions that could be important at the point of care, but which they do not pursue.87– 89 Even when information resources are automated
and easily accessible at the point of care with a computer,
Rosenbloom and colleagues90 found that a tiny fraction of
the resources were actually used. Although the method of
accessing resources affected the degree to which they were
used, even when an indication flashed on the screen that
relevant information was available, physicians rarely reviewed it.
Response to Guidelines and Decision-Support Tools. A
second area related to the attitudinal aspect is research on
physician response to clinical guidelines and to output from
computerized decision-support systems, often in the form of
guidelines, alerts, and reminders. A comprehensive review
of medical practice in the United States found that the care
provided deviated from recommended best practices half of
the time.91 For many conditions, consensus exists on the
best treatments and the recommended goals; nevertheless,
these national clinical guidelines have a high rate of noncompliance.92,93 The treatment of high cholesterol is a good
example: although 95% of physicians were aware of lipid
treatment guidelines from a recent study, they followed
these guidelines only 18% of the time.94 Decision-support
tools have the potential to improve care and decrease variations in care delivery, but, unfortunately, clinicians disregard them, even in areas where care is known to be suboptimal and the support tool is well integrated into their
workflow.95–99
In part, this disregard reflects the inherent belief on the
part of many physicians that their practice conforms to
consensus recommendations, when in fact it does not. For
example, Steinman and colleagues100 were unable to find a
significant correlation between perceived and actual adherence to hypertension treatment guidelines in a large group
of primary care physicians.
Similarly, because treatment guidelines are frequently
dependent on accurate diagnoses, if the clinician does not
recognize the diagnosis, the guideline may not be invoked.
For instance, Tierney and associates101 implemented com-
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puter-based guidelines for asthma that did not work successfully, in part because physicians did not consider certain
cases to be asthma even though they met identified clinical
criteria for the condition.
Timmermans and Mauck102 suggest that the high rate of
noncompliance with clinical guidelines relates to the sociology of what it means to be a professional. Being a professional connotes possessing expert knowledge in an area
and functioning relatively autonomously. In a similar vein,
Tanenbaum103 worries that evidence-based medicine will
decrease the “professionalism” of the physician. van der Sijs
and colleagues104 suggest that the frequent overriding of
computerized alerts may have a positive side in that it shows
clinicians are not becoming overly dependent on an imperfect system. Although these authors focus on the positive
side to professionalism, the converse, a pervasive attitude of
overconfidence, is certainly a possible explanation for the
frequent overrides. At the very least, as Katz105 noted many
years ago, the discomfort in admitting uncertainty to patients that many physicians feel can mask inherent uncertainties in clinical practice even to the physicians themselves. Physicians do not tolerate uncertainty well, nor do
their patients.

Cognitive Aspects of Overconfidence
The cognitive aspect (i.e., “not knowing what you don’t
know”) is situation specific, that is, in a particular instance,
the clinician thinks he/she has the correct diagnosis, but is
wrong. Rarely, the reason for not knowing may be lack of
knowledge per se, such as seeing a patient with a disease
that the physician has never encountered before. More commonly, cognitive errors reflect problems gathering data,
such as failing to elicit complete and accurate information
from the patient; failure to recognize the significance of
data, such as misinterpreting test results; or most commonly, failure to synthesize or “put it all together.”106 This
typically includes a breakdown in clinical reasoning, including using faulty heuristics or “cognitive dispositions to
respond,” as described by Croskerry.107 In general, the
cognitive component also includes a failure of metacognition (the willingness and ability to reflect on one’s own
thinking processes and to critically examine one’s own
assumptions, beliefs, and conclusions).
Direct Evidence of Overconfidence. A direct approach to
studying overconfidence is to simply ask physicians how
confident they are in their diagnoses. Studies examining the
cognitive aspects of overconfidence generally have examined physicians’ expressed confidence in specific diagnoses,
usually in controlled “laboratory” settings rather than studies in actual practice settings. For instance, Friedman and
colleages108 used case scenarios to examine the accuracy of
physicians’, residents’, and medical students’ actual diagnoses compared with how confident they were that their
diagnoses were correct. The researchers found that residents
had the greatest mismatch. That is, medical students were
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both least accurate and least confident, whereas attending
physicians were the most accurate and highly confident.
Residents, on the other hand, were more confident about the
correctness of their diagnoses, but they were less accurate
than the attending physicians.
Berner and colleagues,99 while not directly assessing
confidence, found that residents often stayed wedded to an
incorrect diagnosis even when a diagnostic decision support
system suggested the correct diagnosis. Similarly, experienced dermatologists were confident in diagnosing melanoma in ⬎50% of test cases, but were wrong in 30% of
these decisions.109 In test settings, physicians are also overconfident in treatment decisions.110 These studies were done
with simulated clinical cases in a formal research setting
and, although suggestive, it is not clear that the results
would be the same with cases seen in actual practice.
Concrete and definite evidence of overconfidence in
medical practice has been demonstrated at least twice, using
autopsy findings as the gold standard. Podbregar and colleagues111 studied 126 patients who died in the ICU and
underwent autopsy. Physicians were asked to provide the
clinical diagnosis and also their level of uncertainty: level 1
represented complete certainty, level 2 indicated minor uncertainty, and level 3 designated major uncertainty. The
rates at which the autopsy showed significant discrepancies
between the clinical and postmortem diagnosis were essentially identical in all 3 of these groups. Specifically, clinicians who were “completely certain” of the diagnosis antemorten were wrong 40% of the time.111 Similar findings
were reported by Landefeld and coworkers112: the level of
physician confidence showed no correlation with their ability to predict the accuracy of their clinical diagnosis. Additional direct evidence of overconfidence has been demonstrated in studies of radiologists given sets of “unknown”
films to classify as normal or abnormal. Potchen113 found
that diagnostic accuracy varied among a cohort of 95 boardcertified radiologists: The top 20 had an aggregate accuracy
rate of 95%, compared with 75% for the bottom 20. Yet, the
confidence level of the worst performers was actually higher
than that of the top performers.

cally, correctly. For example, a clinician seeing a weekend
gardener with linear streaks of intensely itchy vesicles on
the legs easily diagnoses the patient as having a contact
sensitivity to poison ivy using the availability heuristic. He
or she has seen many such reactions because this is a
common problem, and it is the first thing to come to mind.
The representativeness heuristic would be used to diagnose
a patient presenting with chest pain if the pain radiates to the
back, varies with posture, and is associated with a cardiac
friction rub. This patient has pericarditis, an extremely uncommon reason for chest pain, but a condition with a characteristic clinical presentation.
Unfortunately, the unconscious use of heuristics can also
predispose to diagnostic errors. If a problem is solved using
the availability heuristic, for example, it is unlikely that the
clinician considers a comprehensive differential diagnosis,
because the diagnosis is so immediately obvious, or so it
appears. Similarly, using the representativeness heuristic
predisposes to base rate errors. That is, by just matching the
patient’s clinical presentation to the prototypical case, the
clinician may not adequately take into account that other
diseases may be much more common and may sometimes
present similarly.
Additional cognitive errors are described below. Of
these, premature closure and the context errors are the most
common causes of cognitive error in internal medicine.86

Causes of Cognitive Error. Retrospective studies of the
accuracy of diagnoses in actual practice, as well as the
autopsy and other studies described previously,77,106,114,115
have attempted to determine reasons for misdiagnosis. Most
of the cognitive errors in diagnosis occur during the “synthesis” step, as the physician integrates his/her medical
knowledge with the patient’s history and findings.106 This
process is largely subconscious and automatic.
Heuristics. Research on these automatic responses has revealed a wide variety of heuristics (subconscious rules of
thumb) that clinicians use to solve diagnostic puzzles.116
Croskerry107 calls these responses our “cognitive predispositions to respond.” These heuristics are powerful clinical
tools that allow problems to be solved quickly and, typi-

Premature Closure. Premature closure is narrowing the
choice of diagnostic hypotheses too early in the process,
such that the correct diagnosis is never seriously considered.117–119 This is the medical equivalent of Herbert Simon’s concept of “satisficing.”120 Once our minds find an
adequate solution to whatever problem we are facing, we
tend to stop thinking of additional, potentially better
solutions.
Confirmation Bias and Related Biases. These biases reflect
the tendency to seek out data that confirm one’s original
idea rather than to seek out disconfirming data.115
Context Errors. Very early in clinical problem solving,
healthcare practitioners start to characterize a problem in
terms of the organ system involved, or the type of abnormality that might be responsible. For example, in the instance of a patient with new shortness of breath and a past
history of cardiac problems, many clinicians quickly jump
to a diagnosis of congestive heart failure, without consideration of other causes of the shortness of breath. Similarly,
a patient with abdominal pain is likely to be diagnosed as
having a gastrointestinal problem, although sometimes
organs in the chest can present in this fashion. In these
situations, clinicians are biased by the history, a previously
established diagnosis, or other factors, and the case is formulated in the wrong context.
Clinical Cognition. Relevant research has been conducted
on how physicians make diagnoses in the first place. Early
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work by Elstein and associates,121 and Barrows and colleagues122–124 showed that when faced with what is perceived as a difficult diagnostic problem, physicians gather
some initial data and very quickly often within seconds,
develop diagnostic hypotheses. They then gather more data to
evaluate these hypotheses and finally reach a diagnostic conclusion. This approach has been referred to as a hypotheticodeductive mode of diagnostic reasoning and is similar to the
traditional descriptions of the scientific method.121 It is during
this evaluation process that the problems of confirmation
bias and premature closure are likely to occur.
Although hypothetico-deductive models may be followed for situations perceived as diagnostic challenges,
there is also evidence that as physicians gain experience and
expertise, most problems are solved by some sort of patternrecognition process, either by recalling prior similar cases,
attending to prototypical features, or other similar strategies.125–129 As Eva and Norman130 and Klein128 have emphasized, most of the time this pattern recognition serves the
clinician well. However, it is during the times when it does
not work, whether because of lack of knowledge or because
of the inherent shortcomings of heuristic problem solving,
that overconfidence may occur.
There is substantial evidence that overconfidence— that
is, miscalibration of one’s own sense of accuracy and actual
accuracy—is ubiquitous and simply part of human nature.
Miscalibration can be easily demonstrated in experimental
settings, almost always in the direction of overconfidence.84,131–133 A striking example derives from surveys of
academic professionals, 94% of whom rate themselves in
the top half of their profession.134 Similarly, only 1% of
drivers rate their skills below that of the average driver.135
Although some attribute the results to statistical artifacts,
and the degree of overconfidence can vary with the task, the
inability of humans to accurately judge what they know (in
terms of accuracy of judgment or even thinking that they
know or do not know something) is found in many areas and
in many types of tasks.
Most of the research that has examined expert decision
making in natural environments, however, has concluded
that rapid and accurate pattern recognition is characteristic
of experts. Klein,128 Gladwell,127 and others have examined
how experts in fields other than medicine diagnose a situation and find that they routinely rapidly and accurately
assess the situation and often cannot even describe how they
do it. Klein128 refers to this process as “recognition primed”
decision making, referring to the extensive experience of the
expert with previous similar cases. Gigerenzer and Goldstein136 similarly support the concept that most real-world
decisions are made using automatic skills, with “fast and
frugal” heuristics that lead to the correct decisions with
surprising frequency.
Again, when experts recognize that the pattern is incorrect they may revert back to a hypothesis testing mode or
may run through alternative scripts of the situation. Expertise is characterized by the ability to recognize when one’s
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initial impression is wrong and to having back-up strategies
readily available when the initial strategy does not work.
Hamm137 has suggested that what is known as the cognitive continuum theory can explain some of the contradictions as to whether experts follow a hypothetico-deductive
or a pattern-recognition approach. The cognitive continuum
theory suggests that clinical judgment can appropriately
range from more intuitive to more analytic, depending on
the task. Intuitive judgment, as Hamm conceives it, is not
some vague sense of intuition, but is really the rapid pattern
acteristic of experts in many situations. Although intuitive
judgment may be most appropriate in the uncertain, fastpaced field environment where Klein observed his subjects,
other strategies might best suit the laboratory environment
that others use to study decision making. In addition, forcing research subjects to verbally explain their strategies, as
done in most experimental studies of physician problem
solving, may lead to the hypothetico-deductive description.
In contrast, Klein,128 who studied experts in field situations,
found his subjects had a very difficult time articulating their
strategies.
Even if we accept that a pattern-recognition strategy is
appropriate under some circumstances and for certain types
of tasks, we are still left with the question as to whether
overconfidence is in fact a significant problem. Gigerenzer138 (like Klein) feels that most of the formal studies of
cognition leading to the conclusion of overconfidence use
tasks that are not representative of decision making in the
real world, either in content or in difficulty. As an example,
to study diagnostic problem solving, most researchers of
necessity use “diagnostically challenging cases,”139 which
are clearly not typical of the range of cases seen in clinical
practice. The zebra adage (i.e., when you hear hoofbeats
think of horses, not zebras) may for the most part be adaptive in the clinicians’ natural environment, where zebras are
much rarer than horses. However, in experimental studies of
clinician diagnostic decision making, the reverse is true.
The challenges of studying clinicians’ diagnostic accuracy
in the natural environment are compounded by the fact that
most initial diagnoses are made in ambulatory settings,
which are notoriously difficult to assess.82

Complacency Aspect of Overconfidence
Complacency (i.e., “nobody’s perfect”) reflects a combination of underestimation of the amount of error, tolerance of
error, and the belief that errors are inevitable. Complacency
may show up as thinking that misdiagnoses are more infrequent than they actually are, that the problem exists but not
in the physician’s own practice, that other problems are
more important to address, or that nothing can be done to
minimize diagnostic errors.
Given the overwhelming evidence that diagnostic error
exists at nontrivial rates, one might assume that physicians
would appreciate that such error is a serious problem. Yet
this is not the case. In 1 study, family physicians asked to
recall memorable errors were able to recall very few.140
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However, 60% of those recalled were diagnostic errors.
When giving talks to groups of physicians on diagnostic
errors, Dr. Graber (coauthor of this article) frequently asks
whether they have made a diagnostic error in the past year.
Typically, only 1% admit to having made a diagnostic error.
The concept that they, personally, could err at a significant
rate is inconceivable to most physicians.
While arguing that clinicians grossly underestimate their
own error rates, we accept that they are generally aware of
the problem of medical error, especially in the context of
medical malpractice. Indeed, 93% of physicians in formal
surveys reported that they practice “defensive medicine,”
including ordering unnecessary lab tests, imaging studies,
and consultations.141 The cost of defensive medicine is
estimated to consume 5% to 9% of healthcare expenditures
in the United States.142 We conclude that physicians acknowledge the possibility of error, but believe that mistakes
are made by others.
The remarkable discrepancy between the known prevalence of error and physician perception of their own error
rate has not been formally quantified and is only indirectly
discussed in the medical literature, but lies at the crux of the
diagnostic error puzzle, and explains in part why so little
attention has been devoted to this problem. Physicians tend
to be overconfident of their diagnoses and are largely unaware of this tendency at any conscious level. This may
reflect either inherent or learned behaviors of self-deception.
Self-deception is thought to be an everyday occurrence,
serving to emphasize to others our positive qualities and
minimize our negative ones.143 From the physician’s perspective, such self-deception can have positive effects. For
example, it can help foster the patient’s perception of the
physician as an all-knowing healer, thus promoting trust,
adherence to the physician’s advice, and an effective patient-physician relationship.
Other evidence for complacency can be seen in data
from the review by van der Sijs and colleagues.104 The
authors cite several studies that examined the outcomes of
the overrides of automated alerts, reminders, and guidelines.
In many cases, the overrides were considered clinically
justified, and when they were not, there were very few
(ⱕ3%) adverse events as a result. While it may be argued
that even those few adverse events could have been averted,
such contentions may not be convincing to a clinician who
can point to adverse events that occur even with adherence
to guidelines or alerts. Both types of adverse events may
appear to be unavoidable and thus reinforce the physician’s
complacency.
Gigerenzer,138 like Eva and Norman130 and Klein,128
suggests that many strategies used in diagnostic decision
making are adaptive and work well most of the time. For
instance, physicians are likely to use data on patients’ health
outcome as a basis for judging their own diagnostic acumen.
That is, the physician is unconsciously evaluating the number of clinical encounters in which patients improve compared with the overall number of visits in a given period of

time, or more likely, over years of practice. The denominator that the clinician uses is clearly not the number of
adverse events, which some studies of diagnostic errors
have used. Nor is it a selected sample of challenging cases,
as others have cited. Because most visits are not diagnostically challenging, the physician not only is going to diagnose most of these cases appropriately but he/she also is
likely to get accurate feedback to that effect, in that most
patients (1) do not wind up in the hospital, (2) appear to be
satisfied when next seen, or (3) do not return for the particular complaint because they are cured or treated appropriately.
Causes of inadequate feedback include patients leaving
the practice, getting better despite the wrong diagnosis, or
returning when symptoms are more pronounced and thus
eventually getting diagnosed correctly. Because immediate
feedback is not even expected, feedback that is delayed or
absent may not be recognized for what it is, and the perception that “misdiagnosis is not a big problem” remains
unchallenged. That is, in the absence of information that the
diagnosis is wrong, it is assumed to be correct (“no news is
good news”). This phenomenom is illustrated in epigraph
above from Herold, “Doctors think a lot of patients are
cured who have simply quit in disgust.”85 The perception
that misdiagnosis is not a major problem, while not necessarily correct, may indeed reflect arrogance, “tall in the
saddle confidence,”83 or “omniscience.”144 Alternatively, it
may simply reflect that over all the patient encounters a
physician has, the number of diagnostic errors of which he
or she is aware is very low.
Thus, despite the evidence that misdiagnoses do occur
more frequently than often presumed by clinicians, and
despite the fact that recognizing that they do occur is the
first step to correcting the problem, the assumption that
misdiagnoses are made only a very small percentage of the
time can be seen as a rational conclusion given the current
healthcare environment where feedback is limited and only
selective outcome data are available for physicians to accurately calibrate the extent of their own misdiagnoses.

Summary
Pulling together the research described above, we can see
why there may be complacency and why it is difficult to
address. First, physicians generate hypotheses almost immediately upon hearing a patient’s initial symptom presentation and in many cases these hypotheses suggest a familiar
pattern. Second, even if more exploration is needed, the
most likely information sought is that which confirms the
initial hypothesis; often, a decision is reached without full
exploration of a large number of other possibilities. In the
great majority of cases, this approach leads to the correct
diagnosis and a positive outcome. The patient’s diagnosis is
made quickly and correctly, treatment is initiated, and both
the patient and physician feel better. This explains why this
approach is used, and why it is so difficult to change. In
addition, in many of the cases where the diagnosis is incorrect, the physician never knows it. If the diagnostic process
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routinely led to errors that the physician recognized, they
could get corrected. Additionally, the physician might be
humbled by the frequent oversights and become inclined to
adopt a more deliberate, contemplative approach or develop
strategies to better identify and prevent the misdiagnoses.

STRATEGIES TO IMPROVE THE ACCURACY OF
DIAGNOSTIC DECISION MAKING
“Ignorance more frequently begets confidence than
does knowledge.”
—Charles Darwin, 1871145
We believe that strategies to reduce misdiagnoses should
focus on physician calibration, i.e., improving the match
between the physician’s self-assessment of errors and actual
errors. Klein128 has shown that experts use their intuition on
a routine basis, but rethink their strategies when that does
not work. Physicians also rethink their diagnoses when it is
obvious that they are wrong. In fact, it is in these situations
that diagnostic decision-support tools are most likely to be
used.146
The challenge becomes how to increase physicians’
awareness of the possibility of error. In fact, it could be
argued that their awareness needs to be increased for a
select type of case: that in which the healthcare provider
thinks he/she is correct and does not receive any timely
feedback to the contrary, but where he/she is, in fact, mistaken. Typically, most of the clinician’s cases are diagnosed
correctly; these do not pose a problem. For the few cases
where the clinician is consciously puzzled about the diagnosis, it is likely that an extended workup, consultation, and
research into possible diagnoses occurs. It is for the cases
that fall between these types, where miscalibration is
present but unrecognized, that we need to focus on strategies for increasing physician awareness and correction.
If overconfidence, or more specifically, miscalibration, is
a problem, what is the solution? We examine 2 broad
categories of solutions: strategies that focus on the individual and system approaches directed at the healthcare environment in which diagnosis takes place. The individual
approaches assume that the physician’s cognition needs
improvement and focus on making the clinician smarter, a
better thinker, less subject to biases, and more cognizant of
what he or she knows and does not know. System approaches assume that the individual physician’s cognition is
adequate for the diagnostic and metacognitive tasks, but that
he/she needs more, and better, data to improve diagnostic
accuracy. Thus, the system approaches focus on changing
the healthcare environment so that the data on the patients,
the potential diagnoses, and any additional information are
more accurate and accessible. These 2 approaches are not
mutually exclusive and the major aim of both is to improve
the physician’s calibration between his/her perception of the
case and the actual case. Theorectically, if improved calibration occurs, overconfidence should decrease, including
the attitudinal components of arrogance and complacency.
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In the discussion about individually focused solutions,
we review the effectiveness of clinical education and practice, development of metacognitive skills, and training in
reflective practice. In the section on systems-focused solutions, we examine the effectiveness of providing performance feedback, the related area of improving follow-up of
patients and their health outcomes, and using automation—
such as providing general knowledge resources at the point
of care and specific diagnostic decision-support programs.

Strategies that Focus on the Individual
Education, Training and Practice. By definition, experts
are smarter, e.g., more knowledgeable than novices. A fascinating (albeit frightening) observation is the general tendency of novices to overrate their skills.84,108,132 Exactly the
same tendency is seen in testing of medical trainees in
regard to skills such as communicating with patients.147 In
a typical experiment a cohort with varying degrees of expertise are asked to undertake a skilled task. At the completion
of the task, the test subjects are asked to grade their own
performance. When their self-rated scores are compared with
the scores assigned by experts, the individuals with the lowest
skill levels predictably overestimate their performance.
Data from a study conducted by Friedman and colleagues108 showed similar results: residents in training performed worse than faculty physicians, but were more confident in the correctness of their diagnoses. A systematic
review of studies assessing the accuracy of physicians’
self-assessment of knowledge compared with an external
measure of competence showed very little correlation between self-assessment and objective data.148 The authors
also found that those physicians who were least expert
tended to be most overconfident in their self-assessments.
These observations suggest a possible solution to overconfidence: make physicians more expert. The expert is
better calibrated (i.e. better assesses his/her own accuracy),
and excels at distinguishing cases that are easily diagnosed from those that require more deliberation. In addition to their enhanced ability to make this distinction,
experts are likely to make the correct diagnosis more
often in both recognized as well as unrecognized cases.
Moreover, experts carry out these functions automatically, more efficiently, and with less resource consumption than nonexperts.127,128
The question, of course, is how to develop that expertise.
Presumably, thorough medical training and continuing education for physicians would be useful; however, data show
that the effects on actual practice of many continuing education programs are minimal.149 –151 Another approach is to
advocate the development of expertise in a narrow domain.
This strategy has implications for both individual clinicians
and healthcare systems. At the level of the individual clinician, the mandate to become a true expert would drive more
trainees into subspecialty training and emphasize development of a comprehensive knowledge base.
Another mechanism for gaining knowledge is to gain
more extensive practice and experience with actual clinical
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cases. Both Bordage152 and Norman151,153 champion this
approach, arguing that “practice is the best predictor of
performance.” Having a large repertoire of mentally stored
exemplars is also the key requirement for Gigerenzer’s “fast
and frugal”136,138 and Klein’s128 “recognition-primed” decision making. Extensive practice with simulated cases may
supplement, although not supplant, experience with real
ones. The key requirements in regard to clinical practice are
extensive, i.e., necessitating more than just a few cases and
occasional feedback.

the rate of diagnostic errors is not yet available, although
preliminary results are encouraging.156
Reflective practice is an approach defined as the ability
of physicians to critically consider their own reasoning and
decisions during professional activities.159 This incorporates the principles of metacognition and 4 additional attributes: (1) the tendency to search for alternative hypotheses when considering a complex, unfamiliar problem;
(2) the ability to explore the consequences of these alternatives; (3) a willingness to test any related predictions against
the known facts; and (4) openness toward reflection that
would allow for better toleration of uncertainty.160 Experimental studies show that reflective practice enhances diagnostic accuracy in complex situations.161 However, even
advocates of this approach recognize that it is an untested
assumption in terms of whether lessons learned in educational settings can transfer to the practice setting.162

Metacognitive Training and Reflective Practice. In addition to strategies that aim to increase the overall level of
clinicians’ knowledge, other educational approaches focus
on increasing physicians’ self-awareness so that they can
recognize when additional information is needed or the
wrong diagnostic path is taken. One such approach is to
increase what has been called “situational awareness,’” the
lack of which has been found to lie behind errors in aviation.154 Singh and colleagues154 advocate this strategy; their
definition of types of situational awareness is similar to what
others have called metacognitive skills. Croskerry115,155 and
Hall156 champion the idea that metacognitive training can
reduce diagnostic errors, especially those involving subconscious processing. The logic behind this approach is appealing: Because much of intuitive medical decision making
involves the use of cognitive dispositions to respond, the
assumption is if trainees or clinicians were educated about
the inherent biases involved in the use of these strategies,
they would be less susceptible to decision errors.
Croskerry157 has outlined the use of what he refers to as
“cognitive forcing strategies” to counteract the tendency to
cognitive error. These would orient clinicians to the general
concepts of metacognition (a universal forcing strategy),
familiarize them with the various heuristics they use intuitively and their associated biases (generic forcing strategies), and train them to recognize any specific pitfalls that
apply to the types of patients they see most commonly
(specific forcing strategies).
Another noteworthy approach developed by the military,
which suggests focusing on a comprehensive conscious
view of the proposed diagnosis and how this was derived, is
the technique of prospective hindsight.158 Once the initial
diagnosis is made, the clinician figuratively gazes into a
crystal ball to see the future, sees that the initial diagnosis is
not correct, and is thus forced to consider what else it could
it be. A related technique, which is taught in every medical
school, is to construct a comprehensive differential diagnosis on each case before planning an appropriate workup.
Although students and residents excel at this exercise, they
rarely use it outside the classroom or teaching rounds. As
we discussed earlier, with more experience, clinicians begin
to use a pattern-recognition approach rather than an exhaustive differential diagnosis. Other examples of cognitive
forcing strategies include advice to always “consider the
opposite,” or ask “what diagnosis can I not afford to
miss?”76 Evidence that metacognitive training can decrease

System Approaches
One could argue that effectively incorporating the education
and training described above would require system-level
change. For instance, at the level of healthcare systems, in
addition to the development of required training and education, a concerted effort to increase the level of expertise of
the individual would require changes in staffing policies and
access to specialists.
If they are designed to teach the clinician, or at least
function as an adjunct to the clinician’s expertise, some
decision-support tools also serve as systems-level interventions that have the potential to increase the total expertise
available. If used correctly, these products are designed to
allow the less expert clinician to function like a more expert
clinician. Computer- or web-based information sources also
may serve this function. These resources may not be very
different from traditional knowledge resources (e.g., medical books and journals), but by making them more accessible at the point of care they are likely to be used more
frequently (assuming the clinician has the metacognitive
skills to recognize when they are needed).
The systems approaches described below are based on
the assumption that both the knowledge and metacognitive
skills of the healthcare provider are generally adequate.
These approaches focus on providing better and more accurate information to the clinician primarily to improve
calibration. James Reason’s ideas on systems approaches
for reducing medical errors have formed the background of
the patient safety movement, although they have not been
applied specifically to diagnostic errors.163 Nolan164 advocates 3 main strategies based on a systems approach: prevention, making error visible, and mitigating the effects of
error. Most of the cognitive strategies described above fall
into the category of prevention.
The systems approaches described below fall chiefly into
the latter two of Nolan’s strategies. One approach is to
provide expert consultation to the physician. Usually this is
done by calling in a consultant or seeking a second opinion.
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A second approach is to use automated methods to provide
diagnostic suggestions. Usually a diagnostic decision-support system is used once the error is visible (e.g., the
clinician is obviously puzzled by the clinical situation).
Using the system may prevent an initial misdiagnosis and
may also mitigate possible sequelae.
Computer-based Diagnostic Decision Support. A variety
of diagnostic decision-support systems were developed out
of early expert system research. Berner and colleagues139
performed a systematic evaluation of 4 of these systems; in
1994, Miller165 described these and other systems. In a
review article. Miller’s overall conclusions were that while
the niche systems for well-defined specific areas were
clearly effective, the perceived usefulness of the more general systems such as Quick Medical Reference (QMR),
DXplain, Iliad, Meditel was less certain, despite evidence
that they could suggest diagnoses that even expert physicians had not considered. The title, “A Report Card on
Computer-Assisted Diagnosis—The Grade Is C,” of Kassirer’s editorial166 that accompanied the article by Berner
and associates139 is illustrative of an overall negative attitude toward these systems. In a subsequent study, Berner
and colleagues167 found that less experienced physicians
were more likely than more experienced physicians to find
QMR useful; some researchers have suggested that these
systems may be more useful in educational settings.168
Lincoln and colleagues169 –171 have shown the effectiveness
of the Iliad system in educational settings. Arene and associates172 showed that QMR was effective in improving
residents’ diagnoses, but then concluded that it took too
much time to learn to use the system.
A similar response was found more recently in a randomized controlled trial of another decision-support system
(Problem-Knowledge Couplers (PKC), Burlington, Vt).173
Users felt that the information provided by PKC was useful,
but that it took too much time to use. More disturbing was
that use of the system actually increased costs, perhaps by
suggesting more diagnoses to rule out. What is interesting
about PKC is that in this system the patient rather than the
physician enters all the data, so the complaint that the
system required too much time most likely reflected physician time to review and discuss the results rather than data
entry.
One of the more recent entries into the diagnostic decision-support system arena is Isabel (Isabel Healthcare, Inc.,
Reston, VA; Isabel Healthcare, Ltd., Haslemere, UK.)
which was initially begun as a pediatric system and now is
also available for use in adults.174 –178 The available studies
using Isabel show that it provides diagnoses that are considered both accurate and relevant by physicians. Both
Miller179 and Berner180 have reviewed the challenges in
evaluating medical diagnostic programs. Basically, it is difficult to determine the gold standard against which the systems
should be evaluated, but both investigators advocate that the
criterion should be how well the clinician using the computer
compares with use of only his/her own cognition.179,180 Vir-
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tually all of the published studies have evaluated these systems
only in artificial situations and many of them have been performed by the developers themselves.
The history of these systems is reflective of the overall
problem we have demonstrated in other domains: despite
evidence that these systems can be helpful, and despite
studies showing users are satisfied with their results when
they do use them, many physicians are simply reluctant to
use decision-support tools in practice.181 Meditel, QMR,
and Iliad are no longer commercially available. DXplain,
PKC, and Isabel are still available commercially, but although there may be data on the extent of use, there are no
data on how often they are used compared with how often
they could/should have been used. The study by Rosenbloom and colleagues,90 which used a well-integrated, easyto-access system, showed that clinicians very rarely take
advantage of the available opportunities for decision support. Because diagnostic tools require the user to enter the
data into the programs, it is likely that their usage would be
even lower or that the data entry may be incomplete.
An additional concern is that the output of most of these
decision-support programs requires subsequent mental filtering, because what is usually displayed is a (sometimes
lengthy) list of diagnostic considerations. As we have discussed previously, not only does such filtering take time,173
but the user must be able to distinguish likely from unlikely
diagnoses, and data show that such recognition can be
difficult.99 Also, as Teich and colleagues182 noted with
other decision-support tools, physicians accept reminders
about things they intend to do, but are less willing to accept
advice that forces them to change their plans. It is likely that
if physicians already have a work-up strategy in mind, or are
sure of their diagnoses, they would be less willing to consult
such a system. For many clinicians, these factors may make
the perceived utility of these systems not worth the cost and
effort to use them. That does not mean that they are not
potentially useful, but the limited interest in them has made
several commercial ventures unsustainable.
In summary, the data on diagnostic decision-support systems in reducing diagnostic errors shows that they can
provide what are perceived as useful diagnostic suggestions.
Every commercial system also has what amounts to testimonials about its usefulness in real life—stories of how the
system helped the clinician recognize a rare disease146
— but to date their use in actual clinical situations has been
limited to those times that the physician is puzzled by a
diagnostic problem. Because such puzzles occur rarely,
there is not enough use of the systems in real practice
situations to truly evaluate their effectiveness.
Feedback and Calibration. A second general category of a
systems approach is to design systems to provide feedback
to the clinician. Overconfidence represents a mismatch between perceived and actual performance. It is a state of
miscalibration that, according to existing paradigms of cognitive psychology, should be correctable by providing feedback. Feedback in general can serve to make the diagnostic
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error visible, and timely feedback can mitigate the harm that
the initial misdiagnosis might have caused. Accurate feedback can improve the basis on which the clinicians are
judging the frequency of events, which may improve
calibration.
Feedback is an essential element in developing expertise.
It confirms strengths and identifies weaknesses, guiding the
way to improved performance. In this framework, a possible
approach to reducing diagnostic error, overconfidence, and
error-related complacency is to enhance feedback with the
goal of improving calibration.183
Experiments confirm that feedback can improve performance,184 especially if the feedback includes cognitive information (for example, why a certain diagnosis is favored)
as opposed to simple feedback on whether the diagnosis was
correct or not.185,186 A recent investigation by Sieck and
Arkes,131 however, emphasizes that overconfidence is
highly ingrained and often resistant to amelioration by simple feedback interventions.
The timing of feedback is important. Immediate feedback is effective, delayed feedback less so.187 This is particularly problematic for diagnostic feedback in real clinical
settings, outside of contrived experiments, because such
feedback often is not available at all, much less immediately
or soon after the diagnosis is made. In fact, the gold standard for feedback regarding clinical judgment is the autopsy, which of course can only provide retrospective, not
real-time, diagnostic feedback.
Radiology and pathology are the only fields of medicine
where feedback has been specifically considered, and in
some cases adopted, as a method of improving performance
and calibration.

Radiology (ACR) recently developed and launched the
“RADPEER” process.188 In this program, radiologists keep
track of their agreement with any prior imaging studies they
re-review while they are evaluating a current study, and the
ACR provides a mechanism to track these scores. Participation is voluntary; it will be interesting to see how many
programs enroll in this effort.

Radiology. The accuracy of radiologic diagnosis is most
sharply focused in the area of mammography, where both
false-positive and false-negative reports have substantial
clinical impact. Of note, a recent study called attention to an
interesting difference between radiologists in the United
States and their counterparts in the United Kingdom: US
radiologists suggested follow-up studies (more radiologic
testing, biopsy, or close clinical follow-up) twice as often as
UK radiologists, and US patients had twice as many normal
biopsies, whereas the cancer detection rates in the 2 countries were comparable.30 In considering the reasons for this
difference in performance, the authors point out that 85% of
mammographers in the United Kingdom voluntarily participate in “PERFORMS,” an organized calibration process,
and 90% of programs perform double readings of mammograms. In contrast, there are no organized calibration exercises in the United States and few programs require “double
reads.” An additional difference is the expectation for accreditation: US radiologists must read 480 mammograms
annually to meet expectations of the Mammography Quality
Standards Act, whereas the comparable expectation for UK
mammographers is 5,000 mammograms per year.30
As an initial step toward performance improvement by
providing organized feedback, the American College of

Pathology. In response to a Wall Street Journal exposé on
the problem of false-negative Pap smears, the US Congress
enacted the Clinical Laboratory Improvement Act of 1988.
This act mandated more rigorous quality measures in regard
to cytopathology, including proficiency testing and mandatory reviews of negative smears.189 Even with these measures in place, however, rescreening of randomly selected
smears discloses a discordance rate in the range of 10% to
30%, although only a fraction of these discordances have
major clinical impact.190
There are no comparable proficiency requirements for
anatomic pathology, other than the voluntary “Q-Probes”
and “Q-Tracks” programs offered by the College of American Pathologists (CAP). Q-Probes are highly focused reviews that examine individual aspects of diagnostic testing,
including preanalytical, analytical, and postanalytical errors. The CAP has sponsored hundreds of these probes.
Recent examples include evaluating the appropriateness of
testing for ␤-natriuretic peptides, determining the rate of urine
sediment examinations, and assessing the accuracy of send-out
tests. Q-Tracks are monitors that “reach beyond the testing
phase to evaluate the processes both within and beyond the
laboratory that can impact test and patient outcomes.”191
Participating labs can track their own data and see comparisons with all other participating labs. Several monitors
evaluate the accuracy of diagnosis by clinical pathologists
and cytopathologists. For example, participating centers can
track the frequency of discrepancies between diagnoses
suggested from Pap smears compared with results obtained
from biopsy or surgical specimens. However, a recent review estimated that ⬍1% of US programs participate in
these monitors.192
Pathology and radiology are 2 specialties that have pioneered the development of computerized second opinions.
Computer programs to overread mammograms and Pap
smears have been available commercially for a number of
years. These programs point out for the radiologists and
cytopathologists suspicious areas that might have been
overlooked. After some early studies with positive results
that led to approval by the US Food and Drug Administration (FDA), these programs have been commercially available. Now that they have been in use for awhile, however,
recently published, large-scale, randomized trials of both
programs have raised doubts about their performance in
practice.193–195 A recently completed randomized trial of
Pap smear results showed a very slight advantage of the
computer programs over unaided cytopathologists,194 but
earlier reports of the trial before completion did not show
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any differences.193 The authors suggest that it may take time
for optimal quality to be achieved with a new technique.
In the area of computer-assisted mammography interpretation, a randomized trial showed no difference in
cancer detection but an increase in false-positives with
the use of the software compared with unaided interpretation by radiologists.195 It is certainly possible that technical improvements have made later systems better than
earlier ones, and, as suggested by Nieminen and colleagues194 about the Pap smear program, and Hall196
about the mammography programs, it may take time,
perhaps years, for the users to learn how to properly
interpret and work with the software. These results highlight that realizing the potential advantages of second
opinions (human or automated) may be a challenge.
Autopsy. Sir William Osler championed the belief that medicine should be learned from patients, at the bedside and in
the autopsy suite. This approach was espoused by Richard
Cabot and many others, a tradition that continues today in
the “Clinical Pathological Correlation” (CPC) exercises
published weekly in The New England Journal of Medicine.
Autopsies and CPCs teach more than just the specific medical content; they also illustrate the uncertainty that is inherent in the practice of medicine and effectively convey the
concepts of fallibility and diagnostic error.
Unfortunately, as discussed above, autopsies in the
United States have largely disappeared. Federal tracking of
autopsy rates was suspended a decade ago, at which point
the autopsy rate had already fallen to ⬍7%. Most trainees in
medicine today will never see an autopsy. Patient safety
advocates have pleaded to resurrect the autopsy as an effective tool to improve calibration and reduce overconfidence, but so far to no avail.144,197
If autopsies are not generally available, has any other
process emerged to provide a comparable feedback experience? An innovative candidate is the “Morbidity and Mortality (M & M) Rounds on the Web” program sponsored by
the Agency for Healthcare Research and Quality
(AHRQ).198 This site features a quarterly set of 4 cases,
each involving a medical error. Each case includes a comprehensive, well-referenced discussion by a safety expert.
These cases are attractive, capsulized gems that, like an
autopsy, have the potential to educate clinicians regarding
medical error, including diagnostic error. The unknown
factor regarding this endeavor is whether these lessons will
provide the same impact as an autopsy, which teaches by the
principle of learning from one’s own mistakes.78 Local
“morbidity and mortality” rounds have the same potential to
alert providers to the possibility of error, and the impact of
these exercises increases if the patient sustains harm.199
A final option to provide feedback in the absence of a
formal autopsy involves detailed postmortem magnetic resonance imaging scanning. This option obviates many of the
traditional objections to an autopsy, and has the potential to
reveal many important diagnostic discrepancies.200
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Feedback in Other Field Settings (The Questec Experiment). A fascinating experiment is underway that could
substantially clarify the power of feedback to improve calibration and performance. This is the Questec experiment
sponsored by Major League Baseball to improve the consistency of umpires in calling balls and strikes. Questec is a
company that installs cameras in selected stadiums that
track the ball path across home plate. At the end of the
game, the umpire is provided a recording that replays every
pitch, and gives him the opportunity to compare the called
balls and strikes with the true ball path.201 Umpires have
vigorously objected to this project, including a planned civil
lawsuit to stop the experiment. The results from this study
have yet to be released, but they will certainly shed light on
the question of whether a skeptical cohort of professionals
can improve their performance through directed feedback.
Follow-up. A systems approach recommended by Redelmeier76 and Gandhi et al77 is to promote the use of
follow-up. Schiff31,75 also has long advocated the importance of follow-up and tracking to improve diagnoses.
Planned follow-up after the initial diagnosis allows time for
other thoughts to emerge, and time for the clinician to apply
more conscious problem-solving strategies (such as decision-support tools) to the problem. A very appealing aspect
of planned follow-up is that a patient’s problems will evolve
over the intervening period, and these changes will either
support the original diagnostic possibilities, or point toward
alternatives. If the follow-up were done soon enough, this
approach might also mitigate the potential harm of diagnostic error, even without solving the problem of how to prevent cognitive error in the first place.

ANALYSIS OF STRATEGIES TO REDUCE
OVERCONFIDENCE
The strategies suggested above, even if they are successful
in addressing the problem of overconfidence or miscalibration, have limitations that must be acknowledged. One involves the trade-offs of time, cost, and accuracy. We can be
more certain, but at a price.202 A second problem is unanticipated negative effects of the intervention.

Tradeoffs in Time, Cost, and Accuracy
As clinicians improve their diagnostic competency from
beginning level skills to expert status, reliability and accuracy improve with decreased cost and effort. However,
using the strategies discussed earlier to move nonexperts
into the realm of experts will involve some expense. In any
given case, we can improve diagnostic accuracy but with
increased cost, time, or effort.
Several of the interventions entail direct costs. For instance, expenditures may be in the form of payment for
consultation or purchasing diagnostic decision-support systems. Less tangible costs relate to clinician time. Attending
training programs involves time, effort, and money. Even
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strategies that do not have direct expenses may still be
costly in terms of physician time. Most medical decision
making takes place in the “adaptive subconscious.” The
application of expert knowledge, pattern and script recognition, and heuristic synthesis takes place essentially instantaneously for the vast majority of medical problems. The
process is effortless. If we now ask physicians to reflect on
how they arrived at a diagnosis, the extra time and effort
required may be just enough to discourage this undertaking.
Applying conscious review of subconscious processing
hopefully uncovers at least some of the hidden biases that
affect subconscious decisions. The hope is that these events
outnumber the new errors that may evolve as we secondguess ourselves. However, it is not clear that conscious
articulation of the reasoning process is an accurate picture
of what really occurs in expert decision making. As discussed above, even reviewing the suggestions from a decision-support system (which would facilitate reflection) is
perceived as taking too long, even though the information is
viewed as useful.173 Although these arguments may not be
persuasive to the individual patient,2 it is clear that the time
involved is a barrier to physician use of decision aids. Thus,
in deciding to use methods to increase reflection, decisions
must be made as to: (1) whether the marginal improvements
in accuracy are worth the time and effort and, given the
extra time involved, (2) how to ensure that clinicians will
routinely make the effort.

cascade effects, where one thing leads to another, all of
them extraneous to the original problem.203 Not only might
these pose additional risks to the patient, such testing is also
likely to increase costs.173 The risk of changing a “right”
diagnosis to a “wrong” one will necessarily increase as the
number of options enlarges; research has found that this
sometimes occurs in experimental settings.99,168

Unintended Consequences
Innovations made in the name of improving safety sometimes create new opportunities to fail, or have unintended
consequences that decrease the expected benefit. In this
framework, we should carefully examine the possibility that
some of the interventions being considered might actually
increase the risk of diagnostic error.
As an example, consider the interventions we have
grouped under the general heading of “reflective practice.”
Most of the education and feedback efforts, and even the
consultation strategies, are aimed at increasing such reflection. Imagine a physician who has just interviewed and
examined an elderly patient with crampy abdominal pain,
and who has concluded that the most likely explanation is
constipation. What is the downside of consciously reconsidering this diagnosis before taking action?
It Takes More Time. The extra time the reflective process
takes not only affects the physician but may have an impact
on the patient as well. The extra time devoted to this activity
may actually delay the diagnosis for one patient and may be
time subtracted from another.
It Can Lead to Extra Testing. As other possibilities are
envisioned, additional tests and imaging may be ordered.
Our patient with simple constipation now requires an abdominal CT scan. This greatly increases the chances of
discovering incidental findings and the risk of inducing

It May Change the Patient-Physician Dynamic. Like
physicians, most patients much prefer certainty over ambiguity. Patients want to believe that their healthcare providers know exactly what their disorder is, and what to do
about it. An approach that lays out all the uncertainties
involved and the probabilistic nature of medical decisions is
unlikely to be warmly received by patients unless they are
highly sophisticated. A patient who is reassured that he or
she most likely has constipation will probably sleep a lot
better than the one who is told that the abdominal CT scan
is needed to rule out more serious concerns.
The Risk of Diagnostic Error May Actually Increase.
The quality of automatic decision making may be degraded
if subjected to conscious inspection. As pointed out in
Blink,127 we can all easily envision Marilyn Monroe, but
would be completely stymied in attempting to describe her
well enough for a stranger to recognize her from a set of
pictures. There is, in fact, evidence that complex decisions
are solved best without conscious attention.204 A complementary observation is that the quality of conscious decision
making degrades as the number of options to be considered
increases.205
Increased Reliance on Consultative Systems May Result
in “Deskilling.” Although currently the diagnostic decision-support systems claim that they are only providing
suggestions, not “the definitive diagnosis,”206there is a tendency on the part of users to believe the computer. Tsai and
colleagues207 found that residents reading electrocardiograms improved their interpretations when the computer
interpretation was correct, but were worse when it was
incorrect. A study by Galletta and associates208 using the
spell-checker in a word-processing program found similar
results. There is a risk that, as the automated programs get
more accurate, users will rely on them and lose the ability to
tell when the systems are incorrect.
A summary of the strategies, their assumptions, which
may not always be accurate, and the tradeoffs in implementing them is shown in Table 2.

RECOMMENDATIONS FOR FUTURE RESEARCH
“Happy families are all alike; every unhappy family is
unhappy in its own way.”
—Leo Tolstoy, Anna Karenina209
We are left with the challenge of trying to consider
solutions based on our current understanding of the research

Strategies to Reduce Diagnostic Errors
Purpose

Timing

Focus

Underlying Assumptions

Tradeoffs

Education and training
Training in reflective
practice and
avoidance of biases

Provide metacognitive
skills

Not tied to specific
patient cases

Individual, prevention

Not tied to action: expensive and time
consuming except in defined
educational settings

Provide knowledge
and experience

Not tied to specific
patient cases

Individual, prevention

Transfer from educational to
practice setting will occur;
clinician will recognize when
thinking is incorrect
Transfer across cases will occur;
errors are a result of lack of
knowledge or experience

Validate or correct
initial diagnosis;
suggest alternatives

At the point-ofcare while
considering
diagnosis
Before treatment
of specific
patient

Individual, prevention

Users will recognize the need
for information and will use
the feedback provided

Delay in action; most sources still
need better indexing to improve
speed of accessing information

System, prevention/
mitigation

Expert is correct and/or
agreement would mean
diagnosis is correct

Delay in action; expense, bottlenecks,
may need 3rd opinion if there is
disagreement; if not mandatory
would be only used for cases where
physician is puzzled
Delay in action, cost of system; if not
mandatory for all cases would be
only used for cases where physician
is puzzled

Increase expertise

Consultation
Computer-based
general knowledge
resources
Second opinions/
consult with
experts

Validate or correct
initial diagnosis

DDSS

Validate or correct
initial diagnosis

Before definitive
diagnosis of
specific patient

System, prevention

DDSS suggestions would include
correct diagnosis; physician
will recognize correct
diagnosis when DDSS
suggests it

Feedback
Increase number of
autopsies/M&M

Prevent future errors

After an adverse
event or death
has occurred

System, prevention in
future

Audit and feedback

Prevent future errors

System, prevention in
future

Rapid follow-up

Prevent future errors
and mitigate harm
from errors for
specific patient

At regular intervals
covering multiple
patients seen
over a given
period
At specified
intervals unique
to specific
patients shortly
after diagnosis
or treatment

Clinician will learn from errors
and will not make them
again; feedback will improve
calibration
Clinician will learn from errors
and will not make them
again; feedback will improve
calibration

System, mitigation

Error may not be preventable,
but harm in selected cases
may be mitigated; feedback
will improve calibration

Expensive and time consuming except
in defined educational settings

Cannot change action, too late for
specific patient, expensive
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Strategy
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Table 2

Cannot change action, too late for
specific patient, expensive

Expense, change in workflow, MD time
in considering problem areas

DDSS ⫽ diagnostic decision-support system; MD ⫽ medical doctor; M&M ⫽ morbidity and mortality.
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on overconfidence and the strategies to overcome it. Studies
show that experts seem to know what to do in a given
situation and what they know works well most of the time.
What this means is that diagnoses are correct most of the
time. However, as advocated in the Institute of Medicine
(IOM) reports, the engineering principle of “design for the
usual, but plan for the unusual” should apply to this situation.210 As Gladwell211 discussed in an article in The New
Yorker on homelessness, however, the solutions to address
the “unusual” (or the “unhappy families” referenced in the
epigraph above) may be very different from those that work
for the vast majority of cases. So while we are not advocating complacency in the face of error, we are assuming
that some errors will escape our prevention. For these situations, we must have contingency plans in place for reducing the harm ensuing from them.
If we look at the aspects of overconfidence discussed in
this review, the cognitive and systemic factors appear to
be more easily addressed than the attitudinal issues and
those related to complacency. However, the latter two may
be affected by addressing the former ones. If physicians
were better calibrated, i.e., knew accurately when they were
correct or incorrect, arrogance and complacency would not
be a problem.
Our review demonstrates that while all of the methods to
reduce diagnostic error can potentially reduce misdiagnosis,
none of the educational approaches are systematically used
outside the initial educational setting and when automated
devices operate in the background they are not used uniformly. Our review also shows that on some level, physicians’ overconfidence in their own diagnoses and complacency in the face of diagnostic error can account for the lack
of use. That is, given information and incentives to examine
and modify one’s initial diagnoses, physicians choose not to
undertake the effort. Given that physicians in general are
reasonable individuals, the only feasible explanation is that
they believe that their initial diagnoses are correct (even
when they are not) and there is no reason for change. We
return to the problem that prompted this literature review,
but with a more focused research agenda to address the
areas listed below.

Mitigating Harm

Overconfidence
Because most studies actually addressed overconfidence
indirectly and usually in laboratory as opposed to real-life
settings, we still do not know the prevalence of overconfidence in practice, whether it is the same across specialties,
and what its direct role is in misdiagnosis.

Preventability of Diagnostic Error
One of the glaring issues that is unresolved in the research
to date is the extent to which diagnostic errors are preventable. The answer to this question will influence error-reduction strategies.

More research and evaluation of strategies that focus on
mitigating the harm from the errors is needed. The research approach should include what Nolan has called
“making the error visible.”164 Because these errors are
likely the ones that have traditionally been unrecognized,
focusing research on them can provide better data on how
extensively they occur in routine practice. Most strategies
for addressing diagnostic errors have focused on prevention; it is in the area of mitigation where the strategies are
sorely lacking.

Debiasing
Is instruction on cognitive error and cognitive forcing strategies effective at improving diagnosis? What is the best
stage of medical education to introduce this training? Does
it transfer from the training to the practice setting?

Feedback
How much feedback do physicians get and how much do
they need? What mechanisms can be constructed to get
them more feedback on their own cases? What are the most
effective ways to learn from the mistakes of others?

Follow-up
How can planned follow-up of patient outcomes be encouraged and what approaches can be used for rapid follow-up
to provide more timely feedback on diagnoses?

Minimizing the Downside
Does conscious attention decrease the chances of diagnostic
error or increase it? Can we think of ways to minimize the
possibility that conscious attention to diagnosis may actually make things worse?

CONCLUSIONS
Diagnostic error exists at an appreciable rate, ranging from
⬍5% in the perceptual specialties up to 15% in most other
areas of medicine. In this review, we have examined the
possibility that overconfidence contributes to diagnostic error. Our review of the literature leads us to 2 main conclusions.

Physicians Overestimate the Accuracy of Their
Diagnoses
Overconfidence exists and is probably a trait of human
nature—we all tend to overestimate our skills and abilities.
Physicians’ overconfidence in their decision making may
simply reflect this tendency. Physicians come to trust the
fast and frugal decision strategies they typically use. These
strategies succeed so reliably that physicians can become
complacent; the failure rate is minimal and errors may not
come to their attention for a variety of reasons. Physicians
acknowledge that diagnostic error exists, but seem to believe that the likelihood of error is less than it really is. They
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believe that they personally are unlikely to make a mistake.
Indirect evidence of overconfidence emerges from the routine disregard that physicians show for tools that might be
helpful. They rarely seek out feedback, such as autopsies,
that would clarify their tendency to err, and they tend not to
participate in other exercises that would provide independent information on their diagnostic accuracy. They disregard guidelines for diagnosis and treatment. They tend to
ignore decision-support tools, even when these are readily
accessible and known to be valuable when used.

Overconfidence Contributes to Diagnostic
Error
Physicians in general have well-developed metacognitive
skills, and when they are uncertain about a case they typically devote extra time and attention to the problem and
often request consultation from specialty experts. We believe many or most cognitive errors in diagnosis arise from
the cases where they are certain. These are the cases where
the problem appears to be routine and resembles similar
cases that the clinician has seen in the past. In these situations, the metacognitive angst that exists in more challenging cases may not arise. Physicians may simply stop thinking about the case, predisposing them to all of the pitfalls
that result from our cognitive “dispositions to respond.”
They fail to consider other contexts or other diagnostic
possibilities, and they fail to recognize the many inherent
shortcomings that derive from heuristic thinking.
In summary, improving patient safety will ultimately
require strategies that take into account the data from this
review—why diagnostic errors occur, how they can be prevented, and how the harm that results can be reduced.
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