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Abstract

Objective

Overconfidence is an important source of medical error. This review analyses experimental
studies of confidence in medical diagnosis to identify factors affecting clinicians’ confidence
in their diagnoses, and how confidence impacts patient care.

Method

A scoping review of medical and psychological literature was conducted. Articles were
categorised according to methodology and clinical speciality. Findings were analysed
thematically. Our review methodology adheres to the JBI’s PRISMA-ScR Checklist for Scoping
Reviews.

Data Sources
We searched SCOPUS, MEDLINE, PsycINFO and Global Health. We then performed citation
tracking within these papers' references to identify additional articles.

Eligibility criteria

Papers were included if they reported quantitative results from an empirical study in which
participants reported their confidence or certainty during a diagnostic decision. Studies
comprised several medical subdisciplines.

Results

77 articles met the inclusion criteria. Across these articles, confidence was not found to be
well-calibrated to true diagnostic accuracy regardless of clinician experience. We organised
articles under two main themes: the determinants of confidence and the uses of confidence
during the patient’s care pathway. Confidence is found to be affected by several factors
including case complexity, early diagnostic differentials, and the healthcare environment.
Factors that affect confidence, but not accuracy, demonstrate how the two can become
decoupled, resulting in overconfidence/underconfidence. Confidence is found to affect
patient testing, medication administration and referral rates, among other clinical actions.

Conclusions

Improving the calibration of confidence should be a priority for medical education and
clinical practice (e.g., via decision aids). We propose a theoretical model of factors that
affect diagnostic confidence/certainty. Such a model can inform future work on how
appropriate diagnostic confidence can be prompted and communicated amongst clinicians.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

There is extensive evidence of diagnostic error in most healthcare specialities, leading to
suggestions that cognitive biases, such as overconfidence, are causally linked with these
errors.

WHAT THIS STUDY ADDS

This review identifies that diagnostic confidence and accuracy have separate contributing
factors related to the patient’s condition, the clinician making the diagnosis, and the
healthcare context. It also identifies pathways by which confidence, and misplaced
confidence, can affect diagnosis and patient care.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR POLICY

Firstly, there is little evidence that clinicians’ confidence is aligned to their diagnostic
accuracy, even when using certain cognitive interventions or aids, across several medical
disciplines. Secondly, confidence is predictive of actions in many parts of the patient care
process, such as ordering investigations, referrals to specialists or prescribing, which may be
suboptimal if confidence is miscalibrated. The proposed conceptual model of confidence
during the patient care process synthesises current findings, identifies both individual and
contextual factors that inform confidence, and recommends how future research can focus
on underexplored areas, particularly on group decisions, individual differences in
confidence, and the link between information seeking and confidence.

INTRODUCTION

Accurate medical diagnosis is crucial to safe, high quality patient care. Research on diagnosis
within acute healthcare has been grounded in the incidence of errors. A report from the US
Institute of Medicine! concluded that most patients will experience a diagnostic error within
their lifetime. Around 32% of clinical errors arise during clinician assessment, particularly
clinicians’ failure to weigh up competing diagnoses?. Diagnostic errors have substantial
downstream consequences: Unnecessary treatment (or ‘overtreatment’) was estimated to
cost the US healthcare system $158-$226 billion in 20113. Diagnostic errors lead to longer
hospital stays and increased patient mortality*.

Heuristics are commonly used in diagnostic decisions, which are necessarily based on
incomplete, imperfect information and made under time pressure. For example, making a
diagnosis may involve considering a hypothesis as likely because the displayed symptoms
correspond with a prototypical case of a particular condition®, or match a recent experience
of a patient with a specific condition®. Although these heuristics are often effective,
associated cognitive biases are thought to be linked to diagnostic error. One cognitive bias
that has been posited as a contributor to diagnostic error is overconfidence’, which may
cause an individual clinician to fail to consider alternative diagnoses or lead a clinical team
to be overly swayed by one individual’s opinion. The accuracy of diagnostic decisions, which
is considered within existing models of diagnosis®?, is only inferred indirectly from a
clinician’s subjective confidence. Given that the ground truth of a patient’s condition (and as
such, the accuracy of clinicians’ diagnosis) is often unknowable, and confidence is
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communicated between clinicians as a marker of accuracy, diagnostic confidence is an
important area of study.

Confidence is the subjective assessment of a decision’s quality or accuracy®C. We refer to
confidence as ‘calibrated’ if it closely predicts objective accuracy (i.e., such that the
individual is neither overconfident nor underconfident, Figure 1). In experimental studies,
confidence can exhibit impressive calibration'?, reflecting people’s ability to evaluate the
quality of evidence on which they base their decisions!?. But calibration is rarely perfect
because confidence also depends on factors that do not directly correlate with accuracy,
such as the time spent deliberating and the total amount of evidence considered
(independent of the quality or consistency of this evidence)'*4, as well as the mood?®,
personality!®, gender!” and status®® of the decision maker. The resulting under- and
overconfidence matters: overconfident decision makers leap to premature conclusions and
ignore useful advice, while underconfident decision makers waste time collecting evidence
that will not improve their decisions®®. Effective decision making in groups likewise depends
on team members sharing calibrated information about their uncertainty: Confident team
members tend to be listened to more, which can lead others astray if they are
overconfident??. Conversely, underconfident team members may be ignored or may fail to
share potentially useful information??.

[INSERT FIGURE 1]

These features of confidence highlight its potential importance in healthcare, as
overconfidence can lead to insufficient consideration of diagnostic alternatives and
inadequate care??. In the absence of objective feedback, confidence can be used as a
marker of how likely someone is to be correct?3. In medicine, a lack of clearly communicated
feedback can cause clinicians to proceed as if they have received positive feedback. This
means that they may not adequately update their internal model of the patient and then
increase their confidence inappropriately, whether working individually or in teams?%.

This scoping review collates and synthesises existing work studying diagnosis as a cognitive
process. Although past work has reviewed literature on confidence calibration in mental
health diagnoses?>, this is the first scoping review, to our knowledge, with such a remit to
include studies of confidence across medical subdisciplines, given its broad importance
across medicine. The use of scoping review is suitable given this remit. We aimed to identify
key determinants of confidence and its role in medical decision making. In common with
practice in the reviewed articles, we use “confidence” and “certainty” interchangeably,
while noting that the psychological literature discusses whether they are subtly different
concepts?®. Our full research questions can be found in Box 1.

BOX 1: Scoping Review Research Questions (Preregistered)

Primary questions:
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- How calibrated are confidence/certainty judgements made during diagnostic
decisions by clinicians relative to their actual accuracy?

- How are confidence/certainty judgements utilised within the wider diagnostic
decision process?

Subsidiary questions:

- What types of empirical procedures/tasks are used to study confidence and
certainty in diagnostic decisions? Do they come to different conclusions?

- What are the prevalent ways in which diagnostic confidence and certainty are
measured and operationalised as variables?

- What strategies, tools or frameworks have been used to prompt better calibration of
confidence and certainty?

- What are the discrepancies between the concepts/research questions studied in the
context of confidence and certainty in the cognitive psychology literature and the
medical diagnosis literature?

- What areas of research are still underexplored within the context of medical
diagnosis?

METHODS

Search Strategy

Our review protocol was preregistered (https://osf.io/wz5se). We conducted a scoping
review of empirical studies on confidence and certainty in medical diagnosis using JBI’s
PRISMA-ScR Checklist for Scoping Reviews?’. The search strategy was designed in
cooperation with a subject specialist librarian at the University of Oxford’s Bodleian Library.
The search string comprised keywords capturing the intersection of four elements:
confidence/certainty, medical diagnoses, decision making and a study population of medical
staff/students (i.e., clinicians, physicians, doctors and medics). The full search terms can be
found in Box 2. SCOPUS, MEDLINE, PsycINFO and Global Health databases were searched
during February 2024. Finally, we hand-searched the citations of the included articles from
these databases for further relevant articles via backward and forward scanning?®%°.

BOX 2: Search Details
Search Terms

(clinicians OR physicians OR doctors OR medics)
AND

( confiden* OR uncertain* OR certain*)

AND

( diagnosis AND medical )

AND
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( decision OR ( decision AND making ) OR decision-making )

Study Selection

e inclusion criteria: (1) original empirical studies with quantitative results, (2) written
in the English language, (3) experimental paradigm uses medical diagnostic
decisions, (4) confidence or certainty is measured as a dependent variable (5) any
medical discipline.

e Exclusion criteria: editorials, review papers and opinion papers (dissertations with
original empirical work were included)

e As we are specifically interested in the diagnosis of physical illnesses and injuries, our
population of interest for studies was medical students, clinicians or medics.

Identified articles were uploaded onto Rayyan (https://rayyan.ai/) to detect duplicate
papers for manual checking and removal. This is the only part of the review process in which
an automation tool is used. Data from the papers was collected using manual review.

Research Synthesis

Papers selected for review were first categorised by their broad research methodology (e.g.,
patient vignettes, in situ questionnaires, etc.) and their medical population of study (e.g.,
medical students, general practitioners/hospital physicians etc.). We also extracted
information such as sample size and the variables manipulated/measured by the
researchers. Research characteristics to be extracted were derived iteratively between the
authors with regular meetings and can be found on OSF (https://osf.io/4g6s3/). We provide
a full list of extracted data in the Supplemental Materials (Table S1). We reviewed the
experimental procedures to extract their key manipulations and independent variables (e.g.,
case complexity, use of a cognitive intervention, level of medical experience). We also
extracted dependent variables as they pertain to confidence/certainty and, where relevant,
recording of both diagnostic differentials and information seeking. Each of the paper’s key
findings were briefly summarised and then the authors categorised findings based on our
two primary research questions and on recurring research themes. As this is a scoping
review that aims to map the existing research landscape, we do not make any assessments
of study quality.

RESULTS

Findings of Scoping Review

Initial search returned 3,332 articles. 48 eligible articles met the inclusion criteria. 439
further articles were retrieved for review from the included articles’ citations. After applying
both exclusions of duplicates and our inclusion criteria, 29 further articles were identified.
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Altogether, 77 articles were reviewed (see Figure 2 for PRISMA diagram). The full set of
papers can be found in Table S2 (Supplemental Materials).

[INSERT FIGURE 2]

Study Characteristics

Table 1 summarises study characteristics. 35 of the 77 studies (45%) were published since
2019, indicating a recent surge of research interest and the timeliness of the present review.
The studies appeared in 59 different publications, including both medical and psychological
journals, with medical education journals being most common (18 studies). Clinical areas
most represented were Primary Care/General Practice, Emergency Medicine and Nursing.

What types of empirical procedures/tasks are used to study confidence and
certainty in diagnostic decisions?

Study designs were split roughly evenly between focusing on how confidence varies across
individuals (34 studies) and how confidence varies according to features of the patient case
(30 studies), with remaining (13 studies) studying both. Thirty-four studies (44%) looked at
the level of medical experience or training’s effect on confidence, either measured as a
dependent variable or by recruiting participants in ‘novice’ versus ‘experienced’ group.
Nineteen studies (25%) manipulated patient case complexity or difficulty. Finally, ten
studies (13%) investigated how diagnostic confidence varies with the information presented
or the opportunity to seek information.

Most studies (57%) used clinical patient text vignettes. For vignettes, there is an established
ground truth in each case (which may not be possible for in situ studies involving real
patients) to compare participants’ confidence to their objective accuracy in order to gauge
calibration. Because vignettes are quick and simple to administer, participants can complete
several diagnoses during a single study such that both their confidence and accuracy can be
averaged across cases. Other experimental methodologies include the use of imaging (e.g.,
ECG, X-Rays, MRI) for diagnosis, high-fidelity simulations (either using extended reality tools
or a patient mannequin), or questionnaires administered in situ to measure confidence
during real patient cases (Table 1). The preponderance of vignette studies is noteworthy
given one finding that nurses were both less accurate and less confident in a high-fidelity
simulation compared to a paper-based vignette3!, suggesting the need for caution when
generalising experimental findings to how medical professionals behave in everyday
practice.

What are the prevalent ways in which diagnostic confidence and certainty
are measured and operationalised as variables?

Studies varied in how confidence and diagnostic accuracy were assessed. Most studies used
a self-reported numerical scale for confidence (usually 1-10 or 1-100), whereas verbal
expressions of confidence (e.g., “not sure” to “certain”) were used in three studies, and
visual analogue scales were used in four studies. The use of numerical scales is common
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within cognitive psychology, where measured confidence values predict other behavioural
indices of uncertainty, such as the tendency to seek further information or to opt out of
making a decision32. Twenty-four studies (31%) allowed participants to input multiple
diagnostic differentials rather than a single diagnosis. Confidence is then either measured
for each differential or in the set of differentials as a whole. Confidence tended to be
measured at the point of diagnosis or shortly afterwards. Only five studies recorded
confidence before a final diagnosis was provided to investigate how confidence changes
over the course of the diagnostic process, rather than at a single decision point.

In terms of accuracy, most studies prompt clinicians for a single diagnosis that is marked as
correct or incorrect. However, clinicians may consider multiple possible diagnoses in their
everyday practice. Hence, 24 studies (31%) allowed participants to record multiple
differentials. This complicates scoring accuracy and confidence: If accuracy is
operationalised as whether a correct diagnosis is included in this set of multiple
differentials, clinicians are more likely to be correct with more differentials, and it may
remain unclear how clinicians weigh up competing differentials. Hence, the operationalised
calibration of confidence judgements is heavily contingent on how diagnoses are recorded.
Twenty studies (26%) did not measure or report accuracy, predominantly because they
utilise paradigms/scenarios in which there was no established ground truth against which to
evaluate accuracy, for instance in involving real patient cases. Accordingly, calibration is not
measured for these studies either, given that a measure of calibration requires an objective
standard of performance to compare confidence against. Studies that measured accuracy
either used pre-determined criteria for correct diagnoses or expert clinicians’ independent
assessments of accuracy.

Publication Year Subdiscipline / Population

1991-2000 10 | Primary Care / General Practice 26

2001-2010 10 | Medical Students 13

2011-2020 29 | Emergency Medicine 10

2021- 28 | Nursing 6
Pathology 4

Study Environment/Context Radiology 4

Text Vignette 44 | Other 14

Imaging Interpretation (e.g. ECG) 18

In Situ Questionnaires/Surveys 13 | Study Population Sample Size

High-Fidelity Simulation 2 | <100 42
101-200 20

Participant Experience Levels 201-300 9

Participants with Similar Experience 44 | > 300 6

Multiple Experience Groups Recruited | 28

Experience Used for Exploratory 5 Total 77

Analyses

TABLE 1: Characteristics of Included Studies, including year of publication, study
environment used and medical population (recruiting single or multiple levels of
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participant experience, medical subdiscipline, sample size). A full list of all included papers
can be found in the Supplemental Materials (Table S1).

Emerging Research Themes

How calibrated are confidence/certainty judgements made during diagnostic decisions by
clinicians relative to their actual accuracy?

Of the included papers, 33 studies analysed the calibration of the participants’ diagnostic
confidence. Of the remaining articles, 20 studies did not include a measure of accuracy,
whilst 24 studies had measures of both confidence and accuracy, but did not analyse
confidence calibration.

Calibration is assessed by comparing confidence ratings with objective diagnostic accuracy:
When clinicians rate 100% (or 50% or 60%, etc.) certainty in their diagnosis, are they in fact
correct 100% (or 50%, 60%, etc.) of the time? Calibration is then an indirect measure that is
calculated by comparing two other observed measures: confidence and accuracy.
Calibration can be defined in a number of ways, with some studies reporting/analysing
multiple measures. One is to calculate the difference between confidence and accuracy
when both are defined as percentages (used by 13 studies). Another measure (11 studies),
commonly referred to as ‘resolution’, involves calculating the difference in confidence when
clinicians are objectively correct versus incorrect. The third common measure is to use a
regression/correlation analysis to determine if accuracy and confidence are closely related
to each other, either within individuals (across multiple cases) or across individuals (13
studies).

In our study sample, there was limited evidence of calibrated confidence judgements, with
some studies reporting underconfidence33334 and others overconfidence3>-*’. To examine
these findings in more detail, we considered factors that impact and promote calibration in
diagnoses.

The Impact of Experience on Calibration

The first major theme of interest is whether calibration improves with experience. This was
not always observed in the results3®3°. However, experienced clinicians seem better able to
identify complex cases and adjust their confidence accordingly*®*!. Looking at the link
between calibration and experience alone may be too simplistic, and there are other
aspects of experience that influence diagnoses. Experienced clinicians were found to be less
likely to ‘distort’ neutral information to be in support of their reported diagnoses, indicating
a lower tendency toward confirmation bias*?. Past work has also suggested a distinction
between experience (operationalised as years of experience or role seniority) and
knowledge (measured using standardised tests of medical knowledge). In medical students,
the calibration of confidence judgements were found to improve with years of education
but not with medical knowledge®3. Information ‘distortion” was found to affect novice
clinicians more*? and lower knowledge was found to be related to higher susceptibility to
irrelevant, distracting features of a patient* However, the latter study from Mamede et al
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(2024) found that medical knowledge on the part of resident physicians was not directly
associated with calibration.

The Impact of Contextual Factors on Calibration

The second major theme relates to contextual and environmental factors. Studies have
found that calibration is affected by case complexity or difficulty*-%’. When confidence
judgements are not sensitive to the difficulty or complexity, confidence stays fairly constant
for difficult cases whilst accuracy decreases, leading to increased overconfidence (and
decreased calibration)®. In past studies, complexity is manipulated by either presenting
patient cases with more comorbid conditions®® or by showing conflicting information about
the patient to indicate multiple possible conditions2. Calibration can be improved by the
presence of feedback during a training period*&4°.

Contextual factors in the medical environment can also affect overall levels of confidence
(rather than calibration), as found using naturalistic paradigms. For example, clinicians may
be constantly interrupted by other tasks®°, especially during busier shifts where they have to
manage more patients®! and may not be present for the sharing of information during
handovers>2. Studies that simulated these situations found they resulted in lower diagnostic
confidence. However, such studies cannot assess the effect of contextual factors on
confidence calibration with diagnostic accuracy because they were conducted in-situ,
meaning that researchers do not yet have a ground truth of the patient’s condition. At this
stage, we can only determine how these contextual factors affect confidence, rather than
calibration.

BOX 3: Papers on Imaging and Decision Support Systems

A subset of seven papers found evidence for an increase in confidence when providing
clinicians with specialised imaging for a patient to assist diagnoses, be they MRI scans>3°4,
CT scans>, evacuation proctography® or photos of wounds®’. Another subset of nine papers
used various forms of computer-aided decision support systems with the goal of increasing
confidence®®®1, The remaining papers did not utilise any imaging or decision support
systems. Hillson, Conelly & Liu (1995) found that the adoption of diagnoses that were
recommended by a computer-aided decision support system was not associated with an
increase in confidence. Neugebauer, Ebert & Vogelmann (2020) did find evidence for such
an association, however, with use of decision support leading to both increased confidence
and increased diagnostic accuracy. On the other hand, both Berner & Maisiak (1999) and
Dreiseitl & Binder (2005) found that usage of decision support recommendations were
associated with lower confidence when compared with decisions in which such
recommendations were not utilised. Taken as a whole, whilst useful imaging increases
confidence when available to clinicians, the efficacy of decision support systems at
increasing confidence is likely dependent on other factors that require future work to
elucidate.

10
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What strategies, tools or frameworks have been used to prompt better calibration of
confidence and certainty?

The process of generating diagnostic differentials has been subject to experimental
manipulations and interventions (such as early diagnostic suggestions) to investigate their
effect on accuracy and confidence. This work is applicable, for instance, to understanding
how a clinician transitions care of a patient to another clinician and gives a handover of
relevant information. A general theme of this work is that there is a tendency toward higher
weighting of early information. Early diagnostic suggestions have been found to be highly
influential on subsequent decisions whereby clinicians find these suggestions difficult to
ignore and have more confidence in them®283, This also affects the breadth of differentials
considered, with fewer differentials considered when provided with early suggestions®* and
underweighting of differentials considered later in the diagnostic process®. Interventions
aimed at mitigating this tendency by asking clinicians to explicitly consider alternatives,
increased their accuracy and calibration®®, or prompting the consideration of the patient’s
‘red flags’ in diagnoses, which increased confidence on simpler cases but not accuracy®’.
These interventions seem to require explicit instructions: Simply asking clinicians to reflect
on their decision without guidance®®®° or participate in an educational training course’®’!
does not seem to improve diagnostic accuracy and calibration.

Studies have also investigated how confidence is affected by the manner in which
information is presented to clinicians. Higher confidence was found when clinicians were
presented with additional patient information, even when this did not carry diagnostic
value’?, and when given all available patient information rather than having to gather
information themselves’3. Clinicians were also found to be more confident and more
accurate when presented with an Electronic Health Record of the patient alongside other
information’* and when presented with the patient history first rather than later”>. This
finding indicates that complete patient history available early on has a positive impact on
confidence. However, erroneous patient history cues both novice and experienced clinicians
towards incorrect diagnoses whilst confidence remains relatively high, resulting in
overconfidence’®.

How are confidence/certainty judgements utilised within the wider diagnostic decision
process?

More naturalistic studies allow investigation of the role of confidence within the wider
diagnostic process, especially where healthcare involves transitions of care between
multiple clinicians and departments. Past work has attempted to establish a link between
confidence and further seeking of patient information and tests, with mixed results. US
hospitalists (medical staff who provide care for patients specifically within US hospitals) with
lower confidence were found to order more tests®! whilst pathologists who were better
calibrated (i.e., who tended to report confidence judgements that were closer to true
accuracy) were more likely to request further tests when they were unsure®!. Confidence
has also been linked to prescribing medication, though overtreatment with unnecessary
medications has been linked to both underconfidence’” and overconfidence®’. Higher
confidence is also linked to more referrals to specialists in other departments’® and to a
lower willingness to admit mistakes3*. One study found that whilst experienced clinicians

11
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were not more accurate in their initial diagnoses, they were more willing to change
diagnoses and request more information’®. Lower confidence has been found to result in
less specific diagnoses for patients in situ®’. Although psychology research on confidence
has examined its role within groups (as discussed in the Introduction), only one article
looked at confidence in group decisions in medicine. It found that a multidisciplinary panel
was more confident and better calibrated than a single clinician®?.

Conceptual Model for Diagnostic Decisions

We synthesised the reviewed findings into a theoretical model (Figure 3) that illustrates
how various factors distinctly impact diagnostic confidence and accuracy. This model aims
to clarify existing research and identify directions for future work, by first building on
existing characterisations of the diagnostic decision process®°. The model starts by mapping
out the stages of the diagnostic process (Figure 3, bottom panel). Based on initial patient
presentation, clinicians gather and interpret patient information (e.g. history, examinations,
tests) to inform their diagnosis. Clinicians’ confidence in their diagnosis guides their
judgment on when they have enough information to begin treatment versus whether
further tests or additional information are needed. Once a diagnosis is reached, this guides
patient treatment and care, the success of which is evident in the outcome for the patient,
reflecting diagnostic accuracy.

The middle panel of Figure 3 characterises the cognitive processes of the clinician that
determine the accuracy of the diagnosis and confidence with which the diagnosis is made.
Critically, many factors have dissociable effects on accuracy vs. confidence. Diagnostic
accuracy depends more on the level of medical knowledge and the quality of information
gathering and interpretation; confidence depends more on years of medical experience and
the quantity of information gathered*?**, Knowledge is improved through feedback on how
a patient case was handled and its outcome, which in turn improves future diagnostic
accuracy (though this feedback loop’s impact on later confidence is yet to be explored).

The top panel of Figure 3 highlights factors pertaining to the medical environment/context.
Separately from the patient case, confidence is reduced by time pressures3?, interruptions
to work>?, busy shifts®! and complex patient cases* 4’ (either due to conflicting information
or comorbidities).

Figure 3 highlights three primary directions for future research. First, whereas research to
date has focused on diagnosis by individual clinicians, we recommend future work also
studies diagnoses in groups, given that diagnoses are often made by teams rather than
individuals, particularly in secondary care settings. This is especially pertinent given the
social influence that experience/seniority can have within a group: junior clinicians may be
less likely to speak up about potential errors® or share valuable case information that only
they currently know?3 in the presence of more experienced clinicians®. Second, future work
should study individual differences across clinicians to characterise how personality and
trait-level factors such as personality!®, gender!’ and status'® may impact clinicians’
confidence in their diagnoses. Finally, we recommend future work investigate the
interaction between the information seeking and confidence formation. Past work has
tended to frame information seeking as a further action after diagnosis, rather than an

12
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inherent part of the process that forms the diagnosis in the first place. Future work should
prioritise examining how to prompt appropriate information seeking (i.e., neither
overtesting nor undertesting) via educational tools or cognitive interventions.

[INSERT FIGURE 3]
DISCUSSION

The present work comprehensively maps out the literature on confidence in medical
diagnoses, thus extending previous work exploring how cognitive biases contribute to
medical error®+8 and characterising medical uncertainty more broadly®”:8. This scoping
review shows the importance of, and recent surge of interest in, diagnostic confidence.
Although confidence has previously been linked to diagnostic error’, full understanding will
benefit from leveraging insights from cognitive psychology to inform medical education and
practice®. How clinicians evaluate their decisions contributes to their effectiveness: An
overconfident clinician may overlook diagnostic possibilities, delay treatment or ignore
crucial information. Conversely, an underconfident clinician may be less likely to speak up in
a group about potential errors®.

Our review finds that confidence and accuracy are rarely aligned during diagnoses. Notably,
miscalibration of confidence is not only a function of social and environmental factors:
Miscalibration is consistently observed in vignette studies performed by individual medical
professionals, who tend to be overconfident particularly when dealing with complex cases.
Nevertheless, social and environmental factors may amplify systematic tendencies toward
misaligned confidence/certainty. Overconfidence is associated with overlooking
differentials, ignoring important patient information and being less willing to admit
mistakes. Hence, mitigating overconfidence is an important direction for future research.
Underconfidence has received less attention, but is observed in medical trainees33334 and
can lead to negative outcomes such as delayed treatment® and ordering of unnecessary
tests>L. Interventions have been tested to improve confidence calibration (such as
considering alternative diagnoses and guided reflection), but these have not proven fully
successful®®®®. More work is therefore needed to design interventions to improve
calibration. Findings from studies of “metacognition” already inform educational practices
outside medicine to improve student learning®>®2. Although cognitive interventions such as
considering alternative diagnoses and guided reflections have been tested, there is yet to be
a standardised cognitive framework to teach non-technical skills such as constructive
confrontation or expressions of uncertainty.

Our conceptual model of the diagnostic decision process reflects how different levels of
factors (related to clinician and environmental context) differently impact accuracy and
confidence. This model demonstrates the importance of both behavioural and work system
factors within healthcare and how environmental aspects can inform an individual’s
decision process. Considering work context is important given findings of lower confidence
due to environmental factors such as shift busyness and time pressures. This corresponds
with other findings of stress being associated with decreased confidence for intermediate
levels of uncertainty®3 and this stress could be amplified by the healthcare environment that
clinicians operate in. Future interventions on diagnosis can refer to this model to
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understand the part and context of the decision process at which they are administering the
intervention.

Beyond these key research themes, two further points emerge from the scope and variety
of work identified in our review. First, our review highlights the broad relevance of
confidence across different medical subdisciplines, suggesting the value of targeting
confidence calibration within medical education as a generally applicable approach to
improve diagnostic decisions. Second, in terms of methodology, we find that confidence and
certainty have been studied in a variety of ways (e.g. using ‘assessments’ or ‘interpretations’
as well as diagnostic decisions), but can sometimes be seen a primary outcome measure to
improve. Increasing the confidence of clinicians without considering their objective accuracy
may exacerbate instances of overconfidence. Future work should focus instead on
prompting calibrated rather than increased confidence given the aforementioned impacts
on patient care. As objective feedback is often unattainable in medical settings, confidence
could be studied using methodologies like virtual reality and high-fidelity simulations that
better emulate real medical settings when compared to vignette methodologies, whilst also
having markers of objective accuracy. Methodologically, future work can also aim to
determine best practices around studying diagnosis, starting with a formal assessment of
the quality of current research.

Implications for Future Clinical Research

The current healthcare context presents additional challenges to clinicians, with substantial
increases in clinical workload in the aftermath of the COVID-19 pandemic, and workforce
stress and burnout at their highest in the NHS since recording began®*. Support to enhance
clinical decision making through improved confidence/accuracy calibration could help to
relieve pressure on the frontline.

What areas of research are still underexplored within the context of medical diagnosis?

Through our conceptual model of the diagnostic process, we identify three primary areas for
future work that have been relatively underexplored to date. First, most extant research has
studied diagnosis as a linear process in which information is presented sequentially prior to
a final diagnosis, at which point confidence is assessed. This is a helpful idealisation of a
process that in reality is complex and dynamic, with diagnosis evolving via cycling between
seeking information and evaluating that information in the context of currently considered
diagnostic possibilities. Moreover, patients’ unexpected responses to initial treatment can
lead to revision of an initial diagnosis and prompt further information seeking. Effects of
(miscalibrated) confidence are likely to be amplified within these dynamics, such as an
overconfident clinician paying too much attention to evidence supporting their diagnosis
and neglecting opposing evidence, resulting in greater overconfidence. These dynamics
could be studied in more naturalistic, in situ methodologies that are closer to everyday
medical practice. Some methodologies permit capturing diagnostic reasoning as it evolves
with time and the receipt of new information, such as asking clinicians to think aloud as they
make diagnoses® or using a visual representation of clinicians’ thought processes to capture
paths and sources of diagnoses®®. The use of high-fidelity or virtual reality simulations are
useful in emulating the pressure and work environment of the clinician (which may affect
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decision making)®®®?, as well as providing an actual ‘patient’ to observe (unlike in textual
vignettes). Another approach that maintains experimental control in a more naturalistic
medical workplace environment is the use of standardised patients, such that actors act as
patients with a preset case that clinicians treat as they would regular patients??°8, Use of
such paradigms would improve the generalisability of results.

Secondly, the vast majority of studies have investigated confidence from the perspective of
individual clinicians. However, diagnosis and treatment decisions are often made by teams
rather than individuals, particularly in secondary care settings. Evidence from organisational
psychology indicates that group decisions depend critically on communicated confidence
and uncertainty?!: Overconfident team members can anchor a group on an incorrect
decision®®. Conversely, underconfident team members may fail to share important
information that is unknown to the rest of the group, exacerbating the problems of ‘hidden
information’ and ‘shared information bias’®31%, In addition, clinicians may modify how they
communicate certainty with others, especially given the collaborative nature of healthcare
and the social benefits of communicating opinions with confidence in order to be listened to
in a group3*. Situational awareness (SA) is also important in a group, and higher stress may
be associated with overconfidence in SA'°!, Taken together, group medical decisions
represent an important naturalistic area for future study.

Finally, the papers in this review have also not looked at individual differences in
expressions of confidence, where past work from cognitive psychology has found individual
systematic tendencies toward higher or lower confidence'%>193, Hence, individual clinicians
may have a consistent tendency toward underconfidence or overconfidence that impacts
their clinical practice and that training or cognitive aids could address.

CONCLUSIONS

This scoping review indicates that, across 33 studies in which calibration of diagnostic
confidence to objective accuracy was measured, confidence was frequently not calibrated
to accuracy during diagnostic decision making processes. Notably, many factors affect
confidence and accuracy separately, creating instances of both overconfidence and
underconfidence. This miscalibration of confidence to objective accuracy can be highly
problematic given that confidence affects the subsequent care pathway of patients, as
demonstrated in studies that involved actual patients rather than patient vignettes. We
propose a conceptual model of diagnostic confidence that could be utilised by future
researchers to identify where interventions for prompting appropriate confidence can
target specific parts of the decision process. More holistically, the review has demonstrated
how diagnostic confidence is a result of the individual clinician, the patient they are treating,
and the environmental context the clinician works in. Future cognitive and human factors
interventions could target each of these levels to support more accurate decision making
and improved patient safety.
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Figure 1: Visual representation of confidence calibration when comparing objective accuracy
(x-axis) to subjective confidence (y-axis). Confidence is said to be calibrated when the two
are matched.

Figure 2: PRISMA Diagram of Literature Review. Created using the Shiny App from
Haddaway et al. (2020).

Figure 3: Conceptual model depicting factors that impact the course of a diagnostic process,
with links established between concepts based on findings from this scoping review. Factors
are categorised in three levels: the level of the diagnostic decision process (bottom box,
blue), the level of the clinician (middle box, pink) and the level of the environmental context
within which the clinician operates (top box, yellow). Black arrows represent a progression
from one concept to another. Green arrows indicate positive impacts between concepts;
red arrows indicate the opposite (i.e. a negative relationship). Orange arrows represent links
between concepts that we highlight for future research. Light grey boxes represent factors
that are known to affect decisions and confidence within the psychology literature but are
currently less understood in the context of medical decisions. Diagnostic Accuracy is
represented as a link between a diagnosis and eventual patient outcomes, such that a
diagnosis is inferred as being accurate or inaccurate only at the end of the decision process,
based on whether a patient improves or deteriorates. We also illustrate the impact of the
decision process by highlighting (using darker boxes and thicker arrows) the interaction
between confidence, the diagnosis/decision and information gathering.
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Figure 1: Visual representation of confidence calibration when comparing objective accuracy (x-
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Figure 2: PRISMA Diagram of Literature Review. Created using the Shiny App from Haddaway et
al. (2020).
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Figure 3: Conceptual model depicting factors that impact the course of a diagnostic process,
with links established between concepts based on findings from this scoping review. Factors are
categorised in three levels: the level of the diagnostic decision process (bottom box, blue), the
level of the clinician (middle box, pink) and the level of the environmental context within which
the clinician operates (top box, yellow). Black arrows represent a progression from one concept
to another. Green arrows indicate positive impacts between concepts; red arrows indicate the
opposite (i.e. a negative relationship). Orange arrows represent links between concepts that we
highlight for future research. Light grey boxes represent factors that are known to affect
decisions and confidence within the psychology literature but are currently less understood in
the context of medical decisions. Diagnostic Accuracy is represented as a link between a
diagnosis and eventual patient outcomes, such that a diagnosis is inferred as being accurate or
inaccurate only at the end of the decision process, based on whether a patient improves or
deteriorates. We also illustrate the impact of the decision process by highlighting (using darker
boxes and thicker arrows) the interaction between confidence, the diagnosis/decision and
information gathering.
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