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Abstract

Objectives: The Dunning-Kruger effect (DKE) is a cognitive bias wherein individu-
als who are unskilled overestimate their abilities, while those who are skilled tend
to underestimate their capabilities. The purpose of this investigation is to determine
if the DKE exists among American Board of Emergency Medicine (ABEM) in-training
examination (ITE) participants.

Methods: This is a prospective, cross-sectional survey of residents in Accreditation
Council for Graduate Medical Education (ACGME)-accredited emergency medicine
(EM) residency programs. All residents who took the 2022 ABEM ITE were eligible for
inclusion. Residents from international programs, residents in combined training pro-
grams, and those who did not complete the voluntary post-ITE survey were excluded.
Half of the residents taking the ITE were asked to predict their self-assessment of per-
formance (percent correct), and the other half were asked to predict their performance
relative to peers at the same level of training (quintile estimate). Pearson'’s correlation
(r) was used for parametric interval data comparisons and a Spearman’s coefficient (o)
was determined for quintile-to-quintile comparisons.

Results: A total of 7568 of 8918 (84.9%) residents completed their assigned survey
question. A total of 3694 residents completed self-assessment (mean predicted per-
centage correct 67.4% and actual 74.6%), with a strong positive correlation (Pearson’s
r 0.58, p < 0.001). There was also a strong positive correlation (Spearman’s p 0.53,
p <0.001) for the 3874 residents who predicted their performance compared to peers.
Of these, 8.5% of residents in the first (lowest) quintile and 15.7% of residents in the
fifth (highest) quintile correctly predicted their performance compared to peers.
Conclusions: EM residents demonstrated accurate self-assessment of their perfor-

mance on the ABEM ITE; however, the DKE was present when comparing their
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self-assessments to their peers. Lower-performing residents tended to overestimate

their performance, with the most significant DKE observed among the lowest-

performing residents. The highest-performing residents tended to underestimate their

relative performance.

1 |

INTRODUCTION

1.1 | Background
Self-assessment and directed learning play pivotal roles in the develop-
ment and maintenance of clinical proficiency.! Studies have revealed
that physicians, in general, possess a limited capacity for accurately
assessing their own abilities.? This holds true for emergency medicine
(EM) residents, who exhibit varying abilities in self-assessment.3

The Dunning-Kruger effect (DKE) is a cognitive bias wherein indi-
viduals who are unskilled overestimate their abilities, while those who
are skilled tend to underestimate their capabilities.* Interestingly, the
more confident one becomes in their abilities, the more pronounced
this overestimation of knowledge and skills becomes. Moreover, peo-
ple often struggle to accurately gauge how their abilities compare
to those of others. In particular, individuals with lower skills fre-
quently lack metacognitive insight into their relative performance and
disproportionately rate their self-assessments as superior.*~¢

Metacognition, defined as the ability to think about one’s own
thinking, consists of two key elements: metacognitive knowledge and
metacognitive regulation. Metacognitive knowledge includes learn-
ing processes, awareness of effective learning strategies, and the
ability to distinguish between knowing and not knowing. Metacog-
nitive regulation refers to learners’ ability to accurately evaluate
strengths and weaknesses, reflect on the success of their strategies,
and adjust accordingly. One method used to assess metacognitive
monitoring ability includes the calculation of the difference between
self-predictive and actual performance. Both over- and underestimates
lead to misalignment in one’s judgment between perceived and actual

performance.”

1.2 | Importance

Emergency physicians routinely make critical decisions during their
shifts, often under high-stakes circumstances. Clinical reasoning and
decision-making processes are complex and prone to errors. Cognitive
error can also be difficult to identify and is equally difficult to pre-
vent. To mitigate patient harm resulting from errors in critical thinking,
it has been proposed to train physicians to understand and maintain
awareness of their thought process, to identify error-prone clinical sit-
uations, to recognize predictable vulnerabilities in thinking, and to use
strategies to avert cognitive errors.8 DKE arises from the following ten-
dencies: (1) overestimation of one’s own skill level; (2) underestimation

of others’ skill and expertise of others; and (3) failing to recognize one’s

own mistakes and lack of skill. Recognition and understanding of these
cognitive biases are important for trainees in graduate medical edu-
cation to ensure the highest level of lifelong learning habits based on
accurate self-assessment.? Identification of DKE in EM residents might
provide program leadership an opportunity for using supervision and

feedback as countermeasures.©

1.3 | Goals of the investigation

The objective of this study is to determine if the DKE exists among
residents taking the American Board of Emergency Medicine (ABEM)
in-training examination (ITE) in their self-estimation of performance
and assessment of performance relative to their peers. This infor-
mation can help residency training programs focus on educational
interventions and professional development opportunities to mitigate
the impact of overconfidence among EM residents.

2 | METHODS

2.1 | Study setting and population
We conducted a cross-sectional study of EM residents in categorical,
Accreditation Council for Graduate Medical Education (ACGME)-
accredited EM residency programs who completed the ABEM ITE and
a voluntary survey at the conclusion of the examination. The examina-
tion was administered from February 22 to 28, 2022. Participants were
provided a statement before the survey that informed them of the sur-
vey’s purpose and that it was voluntary, all data would be deidentified,
program directors and department chairs would not have access to any
responses, and participation would have no effect on the results of any
ABEM examination. Demographic data were self-reported.

EM residents who took the 2022 ABEM ITE were eligible for inclu-
sion. Residents from international programs, residents in combined
training programs (e.g., internal medicine-EM), and those who did not

complete the voluntary post-ITE survey were excluded from the study.

2.2 | Study protocol

Residents were randomly assigned to one of two survey questions (A or
B). Each survey contained a different question to assess possible DKE:
question A asked them to predict their absolute percentage correct
on the ITE, and question B asked them to predict their performance
quintile relative to peers at the same level of training. Responses were



GAETAET AL.

compared to their ITE score, estimated percentile of performance,
or quintile of performance on the February 2022 ITE (Appendix 1—
Survey questions A and B). The large cohort allowed us to investigate
two independent means of evaluating DKE among EM residents. First,
self-assessment compared to absolute objective performance (ques-
tion A), and second, self-assessment compared to relative performance
(question B). Both indicators of DKE have been previously studied.!112

This study was deemed to be exempt for human research by the NYP
Brooklyn Methodist Hospital Institutional Review Board.

2.3 | Key outcome measures

The ITE test score is a scaled score that is an equated count of scorable
items transformed to a scale ranging from O to 100. We used the EM
year of training for “level of training” to compare resident ITE scores
against other residents at the same level. We generated percentiles and

quintiles for examination performance relative to peers.

2.4 | Data analysis

Pearson’s correlation (r) was used for parametric interval data compar-
isons and Spearman’s coefficient (p) was determined for quintile-to-
quintile comparisons. All other analyses are frequencies and descrip-
tive statistics of the score distribution and survey responses. Data
preparation and analysis were conducted in Stata'® and verified using
R 14

3 | RESULTS

Of 8918 EM residents in 272 ACGME-accredited EM residencies
who took the ABEM ITE, 7568 (84.9%) completed a post-ITE survey.

TABLE 1 Race/ethnicity by survey form completed.

The Bottom Line

A post-exam survey was completed by 7,568 emergency
medicine residents who took the 2022 American Board of
Emergency Medicine (ABEM) in-training examination (ITE).
They were asked to estimate their own performance on the
ITE and compare it to their peers. Residents were accurate
in predicting their own performance on the ITE (Pearson
r = 0.58, p < 0.001). However, lower-performing residents
tended to overestimate their performance relative to peers,
and the highest-performing residents tended to underesti-
mate their performance (Spearman rho = 0.53, p < 0.001).
The mismatch in self-awareness suggests an opportunity for
training programs and certification bodies to develop strate-
gies that promote accurate self-assessment and encourage
continuous learning.

The responders included 4579 males (60.5%), 2982 females (39.4%),
4728 non-Hispanic White residents (62.5%) and 2840 residents from
other racial/ethnic groups with comparable demographic distribu-
tion between the two survey formats and between responders and
non-responders (Table 1).

A total of 3694 residents provided responses to question A, where
they predicted the percentage of correct answers. In this group, the
predicted mean was 67.4%, while the actual performance showed a
mean scaled score of 74.6%. There was a strong positive correla-
tion between absolute predicted score and the actual obtained score
(Pearson’s r 0.58, p < 0.001) (Figure 1). Residents underpredicted
their performance across the ability spectrum with visibly greater
inaccuracy at the highest quintile.

Survey A Survey B Total Non-responders
Race/ethnicity n % n % n % n %
Asian or Pacific Islander 508 13.8 550 14.2 1,058 14.0 212 15.7
Alaska Native 2 0.1 1 0.0 S 0.0 1 0.1
Black (non-Hispanic) 188 5.1 204 5.3 392 5.2 79 5.9
Other Hispanics 151 4.1 176 4.5 327 4.3 53 3.9
American Indian 19 0.5 16 0.4 35 0.5 5 0.4
Mexican American 44 12 56 14 100 i3 16 12
Native American 20 0.5 30 0.8 50 0.7 8 0.6
Native Hawaiian 2 0.1 4 0.1 6 0.1 2 0.1
Other Hispanics 134 3.6 132 34 266 35 83 6.1
Puerto Rican 36 1.0 38 1.0 74 1.0 10 0.7
Unknown 266 7.2 263 6.8 529 7.0 93 6.9
White 2324 62.9 2404 62.1 4728 62.5 788 584
Total 3694 100.0 3874 100.0 7568 100.0 1350 100.0
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Question B asked residents to estimate their performance relative
to their peers and was completed by 3874 residents. There was also
a strong positive correlation between perceived relative quintile
and actual quintile of performance (Spearman’s p 0.53, p < 0.001).
Actual ITE performance quintiles were contrasted with the resident’s
predicted ITE quintile relative to peers in Figure 2. The mean values
of predicted ITE level were greatest in the middle of the distribution
at 55.0% of the residents. The mean predicted relative quintile is
most closely matched to actual performance quintile in the middle of
the distribution as well (third quintile had a mean predicted quintile
of 3.0). A total of 8.5% of residents in the first (lowest) quintile and
15.7% of residents in the fifth (highest) quintile correctly predicted
their performance compared to their peers. Actual ITE performance
quintiles are contrasted with the resident’s predicted ITE quintile
in Table 2. The highest percentage of correct predictions was in

the middle of the distribution, meaning the third quintile of actual

Predicted ITE Score

In-training examination (ITE) score and predicted percent correct by overall quintiles.

3 4 5

PGY Quintile

Predicted Percentile

In-training examination (ITE) score as a percentile and predicted percent correct as a percentile within Post Graduate Year (PGY)

TABLE 2 Confusion matrix (consistency table) of predicted and
actual in-training examination (ITE) quintiles.

Predicted ITE quintile at level

Actual ITE Correct
quintile 1 2 3 4 5 (%)

1 80 312 482 62 3 8.5

2 22 200 489 88 5 24.9

3 9 121 493 146 14 63.0

4 9 63 398 209 24 29.7

5 2 25 270 247 101 15.7

performance was able to correctly place themselves in the third
quintile 63.0% of the time. The highest quintile underpredicted their
performance while lowest quintile overpredicted their performance
(Figure 2).
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4 | LIMITATIONS

There are several limitations to this study. First, the cross-sectional
study design is vulnerable to information and selection bias, specifically
recall bias for residents’ assessment of their relative performance and
non-respondent bias where differential selection may occur through
omission of the voluntary survey questions. We consider that the
historical high proportion of response to the post-ITE survey was
sufficient in that our sample is representative of the population of
interest and adequately robust to assess for the presence of the DKE
and to minimize the impact of information bias. Because this study
only evaluates performance on the ITE, it does not evaluate how res-
idents perceive their own clinical knowledge or performance or how
they compare their clinical performance compared to peers. Evaluation
of a resident’s performance in and perception of medical knowledge
compared to peers is one measure, and not the totality, of residency
performance. Additionally, an individual resident taking the ITE is mak-
ing a best guess on how they compare to peers in performance, and
their perception might be impacted by proximity bias of the context of
their own residency program and their limited knowledge of other pro-
grams or EM residents. However, our results are informative as a first
step in addressing gaps between perceived and actual performance on
the ABEM ITE among EM residents relative to their peers. Finally, it is
important to note that this study operates under the assumption that
the DKE can be quantified as a measurable cognitive bias and does not
dismiss the evidence demonstrating that the DKE is a statistical artifact
requiring further investigaton.'®

EM residents demonstrate accurate self-assessment of their perfor-
mance on the ABEM ITE; however, the DKE is present when comparing
their self-assessments to their peers. Notably, lower-performing EM
residents tended to overestimate their performance, with the most sig-
nificant DKE effect observed among the lowest-performing residents.
Conversely, the highest-performing residents tended to underestimate
their relative performance. These results can inform how the ABEM
ITE might be used as a formative educational instrument. Investigation
into the association of DKE with gender, race, and experience, as well
as the impact of self-assessment mismatch on ABEM qualifying exam

results will be the focus of future evaluation.

5 | DISCUSSION

The DKE can occur in any area of knowledge or skill, including aca-
demic, social, and emotional intelligence. It arises when people lack
the metacognitive ability to accurately evaluate their own skills and
knowledge. This is the first report evaluating DKE among EM residents
taking the ABEM ITE. We found that EM residents did not exhibit the
classic DKE when predicting their own absolute raw ITE. While all res-
idents underpredicted their absolute performance, the highest scoring
residents had the biggest gap between prediction and absolute score.
Residents exhibit more classic signs of DKE when estimating their

performance relative to their peers (i.e., predicted percentile compared

to Post Graduate Year (PGY) peers). The lowest-performing residents
overestimated their performance (to a larger degree) compared to
peers, while the highest-performing residents underestimated their
performance (to a smaller degree) compared to peers.

These findings align with others, showing limited or no DKE in
absolute terms, but a more magnified effect in relative terms.’® Our
data suggest that high-performing residents consistently underpredict
their scores in both absolutely and relatively terms. Among the resi-
dents with the lowest scores, the DKE appears to be more pronounced
only relative to peers, overestimating their abilities or underestimating
their peers.

Understanding the DKE is crucial when preparing for high-stakes
exams. Overconfidence can lead to under-preparation, while under-
confidence might cause unnecessary stress and anxiety. Awareness
of the DKE is essential for accurate self-assessment, effective study
strategies, better utilization of feedback, and reduced test anxiety, all
of which may contribute to better outcomes.

In clinical practice reflection and accurate self-assessment are piv-
otal for recognizing and addressing knowledge gaps.” The DKE can
interfere with the ability of those with the largest gaps to identify their
deficits. This can lead to overconfidence, poor decision making, fail-
ure to seek assistance with patient management, and the failure to
recognize the need for further learning and development. Informing
EM residents of their tendency to overestimate or to underestimate
their abilities in relation to their peers could provide insight into their
self-assessment and help them to optimize knowledge acquisition and
self-awareness in professional development. It could also encourage
improved self-directed learning to close knowledge gaps.

Assessment is a key component of the clinical learning
environment.!” Mitigating the DKE involves implementing strate-
gies that promote self-awareness, accurate self-assessment, and
continuous learning. Healthy habits of life-long learning thrive in envi-
ronments where a combination of self-assessments, workplace-based
assessments, 8 such as daily evaluation cards, entrustable professional
activities,'? and independent assessments, such as the ABEM ITE,
occur with minimal distortion between assessment and performance.

Recognizing the DKE allows individuals to gain insight into their
own limitations and strengths. This awareness fosters personal
development by encouraging individuals to acknowledge areas where
they may lack expertise and seek opportunities for improvement.*
By understanding the potential for overestimating their abilities,
individuals can also approach decision making with greater caution
and humility, seeking input from others and avoiding the pitfalls of
overconfidence.2°

Discussions regarding humility and confidence in the clinical learn-
ing environment are increasing.?”2%:22 Intellectual humility (the willing-
ness to recognize the limits of one’s knowledge and the openness to
learning from others) along with self-confidence can play significant
roles in shaping a resident’s learning and professional development.??
In addition, further studies of the relationship between DKE and intel-
lectual humility may be helpful in gaining insight into how residents

approach their learning, patient care, and interactions with colleagues.
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