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Overconfidence in Clinical Decision Making
Within medicine, there are more than a dozen major
disciplines and a variety of further subspecialties. They have
evolved to deal with ⬎10,000 specific illnesses, all of which
must be diagnosed before patient treatment can begin. This
commentary is confined to orthodox medicine; diagnosis
using folk and pseudo-diagnostic methods occurs in complementary and alternative medicine (CAM) and is described elsewhere.1,2
The process of developing an accurate diagnosis involves decision making. The patient typically enters the
system through 1 of 2 portals: either the family doctor’s
office/a walk-in clinic or the emergency department. In both
arenas, the first presentation of the illness is at its most
undifferentiated. Often, the condition is diagnosed and
treated, and the process ends there. Alternately, the general
domain where the diagnosis probably lies is identified and
the patient is referred for further evaluation. Generally,
uncertainty progressively decreases during the evaluative
process. By the time the patient is in the hands of subspecialists, most of the uncertainty is removed. This is not to
say that complete assurance ever prevails; in some areas
(e.g., medicine, critical care, trauma, and surgery), considerable further diagnostic effort may be required due to the
dynamic evolving nature of the patient’s condition and
further challenges arising during the course of management.
For the purposes of the present discussion, we can make
a broad division of medicine into 2 categories: one that
deals with most of the uncertainty about diagnosis (e.g.,
family medicine [FM] and emergency medicine [EM]) and
the other wherein a significant part of the uncertainty is
removed (e.g., the specialty disciplines). Internal medicine
(IM) falls somewhere between the two in that diagnostic
refinement is already underway but may be incomplete.
Benchmark studies in patient safety found that diagnostic
failure was highest in FM, EM, and IM,3-5 presumably
reflecting the relatively high degree of diagnostic uncertainty. These settings, therefore, deserve the closest scrutiny. To examine this further, we need to look at the deciStatement of Author Disclosures: Please see the Author Disclosures
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sion-making behaviors that underlie the diagnostic process,
particularly the biases that may be involved. Overconfidence is one of the most significant of these biases. This
paper expands on the article by Drs. Berner and Graber6 in
this supplement in regard to modes of diagnostic decision
making and their relationship to the phenomenon of overconfidence.

DUAL PROCESSING APPROACH TO DECISION
MAKING
Effective problem solving, sound judgment, and well-calibrated clinical decision making are considered to be among
the highest attributes of physicians. Surprisingly, however,
this important area has been actively researched for only
about 35 years. The main epistemological issues in clinical
decision making have been reviewed.7 Much current work
in cognitive science suggests that the brain utilizes 2 subsystems for thinking, knowing, and information processing:
System 1 and System 2.8-12 Their characteristics are listed in
Table 1, adapted from Hammond9 and Stanovich.13
What is now known as System 1 corresponds to what
Hammond9 descibed as intuitive, referring to a decision
mode that is dominated by heuristics such as mental shortcuts, maxims, and rules of thumb. The system is fast, associative, inductive, frugal, and often primed by an affective
component. Importantly, our first reactions to any situation
often have an affective valence.14 Blushing, for example, is
an unconscious response to specific situational stimuli.
Though socially uncomfortable, it often is very revealing
about deeper beliefs and conflicts. Generally, under conditions of uncertainty, we tend to trust these reflexive, associatively generated feelings.
Stanovich13 adopted the term “the autonomous set of
systems” (TASS), emphasizing the autonomous and reflexive nature of this style of responding to salient features of a
situation (Table 2),13 and providing further characterization
of System 1 decision making. TASS is multifarious. It
encompasses processes of emotional regulation and implicit
learning. It also incorporates Fodorian modular theory,15
which proposes that the brain has a variety of modules that
have undergone Darwinian selection to deal with different
contingencies of the immediate environment. TASS responses are, therefore, highly context bound. Importantly,
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Table 1 Characteristics of System 1 and System 2
approaches in decision making
Characteristic
Cognitive style
Operation
Processing
Cognitive awareness
Conscious control
Automaticity
Rate
Reliability
Errors
Effort
Predictive power
Emotional valence
Detail on judgment
process
Scientific rigor
Context

System 1
(intuitive)

System 2
(analytic)

Heuristic
Associative
Parallel
Low
Low
High
Fast
Low
Normative
distribution
Low
Low
High
Low

Systematic
Rule based
Serial
High
High
Low
Slow
High
Few but
significant
High
High
Low
High

Low
High

High
Low

Adapted from Concise Encyclopedia of Information Processing in
Systems and Organizations,9 and The Robot’s Rebellion: Finding Meaning
in the Age of Darwin.13

Table 2
(TASS)

Properties of the autonomous set of systems

● Processing takes place beyond conscious awareness
● Parallel processing: each “hard-wired” module can
independently respond to the appropriate triggering
stimulus, and more than 1 can respond at a time.
Therefore, many different subprocesses can execute
simultaneously
● An accepting system that does not consider opposites:
tendency to focus only on what is true rather than what
is false. Disposed to believe rather than take the skeptic
position; therefore look to confirm rather than disconfirm
(the analytic system, in contrast, is able to undo
acceptance)
● Higher cognitive (intellectual) ability appears to be
correlated with an ability to use System 2 to override
TASS and produce responses that are instrumentally
rational
● Typically driven by social, narrative and contextualizing
styles, whereas the style of System 2 requires
detachment, decoupling, and decontextualization
Adapted from The Robot’s Rebellion: Finding Meaning in the Age of
Darwin.13

repeated use of analytic (System 2) outputs can allow them
to be relegated to the TASS level.13
Thus, the effortless pattern recognition that characterizes
the clinical acumen of the expert physician is made possible
by accretion of a vast experience (the repetitive use of a
System 2 analytic approach) that eventually allows the process to devolve to an automatic level.16,17 Indeed, it is the
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apparent effortlessness of the method that permits some
disparaging discounting; physicians often refer to diagnosis
based on System 1 thinking as “just pattern recognition.”
The process is viewed as simply a transition to an automatic
way of thinking, analogous to that occurring in the variety
of complex skills required for driving a car; eventually, after
considerable practice, one arrives at the destination with
little conscious recollection of the mechanisms for getting
there.
The essential characteristic of this “nonanalytic” reasoning is that it is a process of matching the new situation to 1
of many exemplars in memory,18 which are apparently
retrievable rapidly and effortlessly. As a consequence, it
may require no more mental effort for a clinician to recognize that the current patient is having a heart attack than it
is for a child to recognize that a dog is a four-legged beast.
This strategy of reasoning based on similarity to a prior
learned example has been described extensively in the literature on exemplar models of concept formation.19,20
Overall, although generally adaptive and often useful for
our purposes,21,22 in some clinical situations, System 1
approaches may fail. When the signs and symptoms of a
particular presentation do not fit into TASS, the response
will not be triggered,16 and recognition failure will result in
System 2 being engaged instead. The other side of the coin
is that occasionally people act against their better judgment
and behave irrationally. Thus, it may be that under certain
conditions, despite a rational judgment having been reached
using System 2, the decision maker defaults to System 1.
This is not an uncommon phenomenon in medicine; despite
being aware of good evidence from painstakingly developed
practice guidelines, clinicians may still overconfidently
choose to follow their intuition.
In contrast, System 2 is analytical, i.e., deductive, slow,
rational, rule based, and low in emotional investment. Unlike the hard-wired, parallel-processing capabilities of System 1, System 2 is a linear processor that follows explicit
computational rules. It corresponds to the software of the
brain, i.e., our learned, rational reasoning power. According
to Stanovich,13 this mode allows us “to sustain the powerful
context-free mechanisms of logical thought, inference, abstraction, planning, decision making, and cognitive control.”
Whereas it is natural to think that System 2 thinking—
coldly logical and analytical—likely is superior to System
1, much depends on context. A series of studies23,24 have
shown that “pure” System 1 and System 2 thinking are error
prone; a combination of the 2 is closer to optimal. A simple
example suffices: the first time a student answers the question “what is 16 x 16?” System 2 thinking is used to
compute slowly and methodically by long multiplication. If
the question is posed again soon after, the student recognizes the solution and volunteers the answer quickly and
accurately (assuming it was done correctly the first time)
using System 1 thinking. Therefore, it is important for
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decision makers to be aware of which system they are using
and its overall appropriateness to the situation.
Certain contexts do not allow System 1. We could not
use this mode, for example, to put a man on the moon; only
System 2 would have worked. In contrast, adopting an
analytical System 2 approach in an emergent situation,
where rapid decision making is called for, may be paradoxically irrational.16 In this situation, the rapid cognitive style
known popularly as “thin-slicing”25 that characterizes System 1 might be more expedient and appropriate. Recent
studies suggest that making unconscious snap decisions
(deliberation-without-attention effect) can outperform more
deliberate “rational” thinking in certain situations.26,27
Perhaps the mark of good decision makers is their ability
to match Systems 1 and 2 to their respective optimal contexts and to consciously blend them into their overall decision making. Although TASS operates at an unconscious
level, their output, once seen, can be consciously modulated
by adding a System 2 approach. Engagement of System 2
may occur when it “catches” an error in System 1.28

tions and conclusions they have reached, rather than take a
more skeptical stance and look for disconfirming evidence
to challenge their assumptions. This is referred to as confirmation bias,36 which is one of the most powerful of the
cognitive biases. Not surprisingly, it takes far more mental
effort to contemplate disconfirmation (the clinician can only
be confident that something isn’t disease A by considering
all the other things it might be) than confirmation. Harkening back to the self-assessment literature, one can only
assess how much one knows by accurately assessing how
much one doesn’t know, and as Frank Keil37 says, “How
can I know what I don’t know when I don’t know what I
don’t know?”
Importantly, overconfidence appears to be related to the
amount and strength of supporting evidence people can find
to support their viewpoints.38 Thus, overconfidence itself
may depend upon confirmation bias. People’s judgments
were better calibrated (there was less overconfidence) when
they were obliged to take account of disconfirming evidence.38 Hindsight bias appears to be another example of
overconfidence; it could similarly be debiased by forcing a
consideration of alternative diagnoses.39 This consider-theopposite strategy appears to be one of the more effective
debiasing strategies. Overall, it appears to be the biased
fashion in which evidence is generated during the development of a particular belief or hypothesis that leads to overconfidence.
Other issues regarding overconfidence may have their
origins within the culture of medicine. Generally, it is considered a weakness and a sign of vulnerability for clinicians
to appear unsure. Confidence is valued over uncertainty, and
there is a prevailing censure against disclosing uncertainty
to patients.40 There are good reasons for this. Shamans, the
progenitors of modern clinicians, would have suffered short
careers had they equivocated about their cures.41 In the
present day, the charisma of physicians and the confidence
they have in their diagnosis and management of illness
probably go some way toward effecting a cure. The same
would hold for CAM therapists, perhaps more so. The
memeplex42 of certainty, overconfidence, autonomy, and an
all-knowing paternalism have propagated extensively
within the medical culture even though, as is sometimes the
case with memes, it may not benefit clinician or patients
over the long term.
Many variables are known to influence overconfidence
behaviors, including ego bias,43 gender,44 self-serving attribution bias,45 personality,46 level of task difficulty,47 feedback efficacy,48,49 base rate,30 predictability of outcome,30
ambiguity of evidence,30 and presumably others. A further
complication is that some of these variables are known to
interact with each other. It would be expected, too, that the
level of critical thinking1,50 would have an influence on
overconfidence behavior. To date, the literature regarding
medical decision making has paid relatively scant regard to
the impact of these variables. Because scientific rigor ap-

OVERCONFIDENCE
Overconfident judgment by clinicians is 1 example of many
cognitive biases that may influence reasoning and medical
decision making. This bias has been well demonstrated in
the psychology literature, where it appears as a common,
but not universal, finding.29,30 Ethnic cross-cultural variations in overconfidence have been described.31 Further, we
appear to be consistently overconfident when we express
extreme confidence.29 Overconfidence also plays a role in
self-assessment, where it is axiomatic that relatively incompetent individuals consistently overestimate their abilities.32,33 In some circumstances, overconfidence would
qualify as irrational behavior.
Why should overconfidence be a general feature of human behavior? First, this trait usually leads to definitive
action, and cognitive evolutionists would argue that in our
distant pasts definitive action, under certain conditions,
would confer a selective advantage. For example, to have
been certain of the threat of danger in a particular situation
and to have acted accordingly increased the chances of that
decision maker’s genes surviving into the next generation.
Equivocation might have spelled extinction. The “false
alarm” cost (taking evasive action) was presumably minimal although some degree of signal-detection trade-off was
necessary so that the false-positive rate was not too high and
wasteful. Indeed, error management theory suggests that
some cognitive biases have been selected due to such cost/
benefit asymmetries for false-negative and false-positive
errors.34 Second, as has been noted, System 1 intuitive
thinking may be associated with strong emotions such as
excitement and enthusiasm. Such positive feelings, in turn,
have been linked with an enhanced level of confidence in
the decision maker’s own judgment.35 Third, from TASS
perspective, it is easy to see how some individuals would be
more accepting of, and overly confident in, apparent solu-
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Sources of overconfidence and strategies for correction

Source
Lack of awareness and insight
into decision theory
Cognitive and affective bias

Limitations in feedback
Biased evidence gathering

Denial of uncertainty

Base rate neglect

Context binding

Limitations on transferability

Lack of critical thinking

Correcting strategy
Introduce specific training in current decision theory approaches at the
undergraduate level, emphasizing context dependency as well as
particular vulnerabilities of different decision-making modes
Specific training at the undergraduate level in the wide variety of
known cognitive and affective biases. Create files of clinical
examples illustrating each bias with appropriate correcting strategies
Identify speed and reliability of feedback as a major requirement in all
clinical domains, both locally and systemically
Promote adoption of cognitive forcing strategies to take account of
disconfirming evidence, competing hypotheses, and consider-theopposite strategy
Specific training to overcome personal and cultural barriers against
admission of uncertainty, and acknowledgement that certainty is not
always possible. Encourage use of “not yet diagnosed”
Make readily available current incidence and prevalence data for
common diseases for particular clinical groups in specific
geographical area
Promote awareness of the impact of context on the decision-making
process; advance metacognitive training to detach from the
immediate pull of the situation and decontextualize the clinical
problem
Illustrate how biases work in a variety of clinical contexts. Adopt
universal debiasing approaches with applicability across multiple
clinical domains
Introduce courses early in the undergraduate curriculum that cover the
basic principles of critical thinking, with iteration at higher levels of
training

pears lacking for System 1, the prevailing research emphasis
in both medical51 and other domains52 has been on System 2.

SOLUTIONS AND CONCLUSIONS
Overconfidence often occurs when determining a course of
action and, accordingly, should be examined in the context
of judgment and decision making. It appears to be influenced by a number of factors related to the individual as
well as the task, some of which interact with one another.
Overconfidence is associated in particular with confirmation
bias and may underlie hindsight bias. It seems to be especially dependent on the manner in which the individual
gathers evidence to support a belief. In medical decision
making, overconfidence frequently is manifest in the context of delayed and missed diagnoses,6 where it may exert
its most harmful effects.
There are a variety of explanations why individual physicians exhibit overconfidence in their judgment. It is recognized as a common cognitive bias; additionally, it may be
propagated as a component of a prevailing memeplex within
the culture of medicine.
Numerous approaches may be taken to correct failures in
reasoning and decision making.2 Berner and Graber6 outline
the major strategies; Table 3 expands on some of these and
suggests specific corrective actions. Presently, no 1 strategy
has demonstrated superiority over another, although, as

noted earlier, several studies38,39 suggest that when the
generation of evidence is unbiased by giving competing
hypotheses as much attention as the preferred hypothesis,
overconfidence is reduced. Inevitably, the solution probably
will require multiple paths.16
Prompt and reliable feedback about decision outcomes
appears to be a prerequisite for calibrating clinician performance, yet it rarely exists in clinical practice.41 From the
standpoint of clinical reasoning, it is disconcerting that
clinicians often are unaware of, or have little insight into,
their thinking processes. As Epstein53 observed of experienced clinicians, they are “less able to articulate what they
do than others who observe them,” or, if articulation were
possible, it may amount to no more than a credible story
about what they believe they might have been thinking, and
no one (including the clinician) can ever be sure that the
account was accurate.16 But this is hardly surprising as it is
a natural consequence of the dominance of System 1 thinking that emerges as one becomes an expert. As noted earlier,
conscious practice of System 2 strategies can get compiled
in TASS and eventually shape TASS responses. A problem
once solved is not a problem; experts are expert in part
precisely because they have solved most problems before
and need only recognize and recall a previous solution. But
this means that much of expert thinking is, and will remain,
an invisible process. Often, the best we can do is make
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inferences about what thinking might have occurred in the
light of events that subsequently transpired. It would be
reassuring to think that with the development of expertise
comes a reduction in overconfidence, but this is not always
the case.54
Seemingly, clinicians would benefit from an understanding of the 2 types of reasoning, providing a greater awareness of the overall process and perhaps allowing them to
explicate their decision making. Whereas System 1 thinking
is unavailable to introspection, it is available to observation
and metacognition. Such reflection might facilitate greater
insight into the overall blend of decision-making modes
typically used in the clinical setting.
Educational theorists in the critical thinking literature
have expressed long-standing concerns about the need for
introducing critical thinking skills into education. As van
Gelder and colleagues50 note, a certain level of competence
in informal reasoning normally occurs through the processes of maturation, socialization, and education but few
people actually progress beyond an everyday working level
of performance to genuine proficiency.
This issue is especially relevant for medical training. The
implicit assumption is made that by the time students have
arrived at this tertiary level of education, they will have
achieved appropriate levels of competence in critical thinking skills, but this is not necessarily so.1 Though some will
become highly proficient thinkers, the majority will probably not, and there is a need for the general level of reasoning
expertise to be raised. In particular, we require education
about detachment, overcoming belief bias effects, perspective switching, decontextualizing,13 and a variety of other
cognitive debiasing strategies.55 It would be important, for
example, to raise awareness of the many shortcomings and
pitfalls of uncritical thinking at the medical undergraduate
level and provide clinical cases to illustrate them. At a more
general level, consideration should be given to introducing
critical thinking training in the undergraduate curriculum so
that many of the ⬃50 cognitive and affective biases in
thinking28 could be known and better understood.
Theoretically, it should be possible to improve clinical
reasoning through specific training and thus reduce the
prevalence of biases such as overconfidence; however, we
should harbor no delusions about the complexity of the task.
To reduce cognitive bias in clinical diagnosis requires far
more than a brief session on cognitive debiasing. Instead, it
is likely that successful educational strategies will require
repeated practice and failure with feedback, so that limitations of transfer can be overcome. While some people have
enjoyed success at demonstrating improved reasoning expertise with training,30,56 –59 to date there is little evidence
that these skills can be applied to a clinical setting.60 Nevertheless, it is a reasonable expectation that training in
critical thinking,1,61 and an understanding of the nature of
cognitive55 and affective bias,62 as well as the informal
logical fallacies that underlie poor reasoning,28 would col-

lectively lead to an overall improvement in decision making
and a reduction in diagnostic failure.
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