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Abstract

Objectives: Checklists that aim to support clinicians’
diagnostic reasoning processes are often recommended to
prevent diagnostic errors. Evidence on checklist effective-
ness is mixed and seems to depend on checklist type, case
difficulty, and participants’ expertise. Existing studies
primarily use abnormal cases, leaving it unclear how the
diagnosis of normal cases is affected by checklist use. We
investigated how content-specific and debiasing checklists
impacted performance for normal and abnormal cases in
electrocardiogram (ECG) diagnosis.
Methods: In this randomized experiment, 42 first year
general practice residents interpreted normal, simple
abnormal, and complex abnormal ECGs without a
checklist. One week later, they were randomly assigned
to diagnose the ECGs again with either a debiasing
or content-specific checklist. We measured residents’
diagnostic accuracy, confidence, patient management,
and time taken to diagnose. Additionally, confidence-
accuracy calibration was assessed.
Results: Accuracy, confidence, and patient management
were not significantly affected by checklist use. Time to
diagnose decreased with a checklist (M=147s (77))

compared to without a checklist (M=189s (80), Z=−3.10,
p=0.002). Additionally, residents’ calibration improved
when using a checklist (phase 1: R2=0.14, phase 2:
R2=0.40).
Conclusions: In both normal and abnormal cases, check-
list use improved confidence-accuracy calibration, though
accuracy and confidence were not significantly affected.
Time to diagnose was reduced. Future research should
evaluate this effect in more experienced GPs. Checklists
appear promising for reducing overconfidence without
negatively impacting normal or simple ECGs. Reducing
overconfidence has the potential to improve diagnostic
performance in the long term.

Keywords: checklist; clinical reasoning; diagnostic error;
ECG diagnosis; general practice.

Introduction

In recent years, checklists have received increasing
attention as a promising tool to reduce medical errors
[1–3]. This started with the successful implementation
of checklists in reducing hospital-acquired infections
[4] and preventing errors during surgeries [5]. These
checklists aimed to reduce clinician’s cognitive load
and reliance on memory [6] by documenting the steps
of a specific task (e.g., a surgical procedure). Following
these successes, the use of checklists has also been
advocated as a tool to reduce diagnostic errors [7–11], a
long understudied type of medical errors [12] that occur
when diagnoses are wrong, missed, or delayed [13].
Diagnostic errors are a large burden on patient safety
and it is estimated that a majority of people will experi-
ence a diagnostic error during their lifetime [13, 14].
Therefore, developing successful interventions to reduce
diagnostic errors is crucial [15].

Flaws in the cognitive processes underlying reasoning
are seen as a primary cause of diagnostic errors [16–21]
and consequently, diagnostic checklists aim to reduce
errors by supporting clinicians’ reasoning processes.
These checklists can generally be divided into two types
[22, 23]. The first type aim to have clinicians examine
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and improve their reasoning processes. These process
checklists generally give broad instructions to carefully
reconsider your diagnosis or to check your reasoning
for cognitive biases (i.e., predispositions to think in a
way that leads to systematic failures in judgement [24])
[22, 25, 26]. The second type includes content-specific
checklists, which aim to compensate for possible knowl-
edge deficits or mistakes [21, 27] by having clinicians
examine the content of their reasoning. Content checklists
can give possible diagnoses for certain symptoms
[23, 26, 28] or ensure the clinician considers all relevant
information for a diagnosis, as even those who were
trained to follow the steps of a specific protocol will not
always adhere to this protocol [29–37]. Furthermore,
content checklists might have the potential to reduce
clinicians’ cognitive load by facilitating information
integration [7, 38].

Empirical evidence that checklists reduce diagnostic
errors is scarce and inconsistent [10, 22, 23]. Reviews on
error interventions generally report small to medium im-
provements in diagnostic accuracy [6, 22, 39], but the
practical significance of this improvement is unclear.
Overall, existing studies hint that checklist effectiveness
might depend on the type of checklist, the relative diffi-
culty of the clinical cases that have to be diagnosed, and
the participants’ level of expertise. For example, process
checklists [22] were shown to be ineffective in increasing
diagnostic accuracy [28, 33], with exception of one study
by Sibbald et al. [31] that showed an improvement. Con-
tent checklists often led to small reductions in diagnostic
errors [29–31, 40] – except in one study where no benefit
was seen [33]. Furthermore, checklists weremore effective
in improving diagnostic accuracy for novices than for
experts in two studies examining ECG interpretation and
dermatological images, respectively [30, 36]. Finally, in
some studies checklists only benefited the diagnosis of
complex clinical cases [28, 31, 40]. Unfortunately, the
factors impacting checklist effectiveness are still poorly
understood and more research is necessary to determine
if, and when, checklists are effective [10, 22, 23].

Our understanding of checklist effectiveness is espe-
cially limited for settings such as general practice. For
general practitioners (GPs), it is more important to
recognize normal cases and to exclude certain diagnoses
than it is to arrive at the precise correct diagnosis. Existing
studies, however, mostly test checklists on abnormal
cases that were designed to be complex. This approach is
intended to create a situation where the potential for
making and subsequently correcting mistakes is high, so
that benefits from an intervention can be observed [22].

Furthermore, GPs are also expected to correctly manage
patients, even before knowing the exact diagnosis.
Existing studies primarily measure diagnostic accuracy,
leaving out other such aspects of diagnostic performance.
A task for which these issues are relevant is the interpre-
tation of ECGs. At least one-third of ECGs seen in Dutch
general practice are normal [41] and the most important
decision GPsmake is on whether or not to refer the patient
to a specialist. In the Netherlands, ECG interpretation has
recently shiftedmore andmore from secondary to primary
care, even though most GPs are not specialized in this
task and have had limited training [41]. GP education
now often implements checklists to teach this skill [34]. It
is therefore crucial to understand how checklist use
will impact ECG interpretation, as checklists could lead
to overtesting and overdiagnosis, or unnecessary con-
sumption of resources such as time and personnel [22].

In this randomized experiment, we examined the
impact of checklist use on the performance of GP resi-
dents when interpreting normal, simple abnormal, and
complex abnormal ECGs. Performance was measured
as residents’ diagnostic accuracy, confidence, patient
management, and time to diagnose. Additionally, resi-
dents’ confidence-accuracy calibration was assessed. We
studied two types of checklists – a debiasing checklist
focused on detecting and correcting cognitive biases [28,
33, 38] and a content checklist focused on ensuring all
ECG elements important for interpretation are checked
[34]. We expected that neither checklist would benefit
performance for normal cases. For simple and complex
abnormal cases, we expected that only the content
checklist would be beneficial. Furthermore, we expected
that residents’ confidence-accuracy calibration would
increase for the content checklist, but decrease for the
debiasing checklist.

Materials and methods

Design

The study was a computer-based experiment with a mixed design.
All methods were carried out in accordance with the relevant
guidelines and regulations. In the first phase, residents interpreted
ECGs in a randomized order, without a checklist. In the second
phase one week later, residents were randomly allocated to using
either a debiasing or a content-specific checklist to interpret the
ECGs from phase 1 in a randomized order. Participants were not
informed the same ECGs were shown. We chose to present the same
ECGs twice to ensure a direct comparison between the two phases
was possible.
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Participants

First year GP residents in training at the Erasmus Medical Center
Rotterdam were recruited. The study was scheduled between educa-
tional sessions. Sample size was estimated a priori in G*power for a
repeated measures ANOVA (multiple analysis of variance) with
between-subject factors, for a medium effect size (0.5), a power of
0.8, and an α of 0.05 [42]. The estimated total sample size was 30
participants.

Materials

Checklists: The used checklist materials were taken from recent
studies which showed improvements in diagnostic accuracy when
using the checklists (Table 1). The debiasing checklist and instructions
for use were obtained from Sibbald et al. [33] and were translated to
Dutch by a native speaker (JS). The content-specific condition was the
ECG10+ as it is used in Dutch GP education [34].

ECGs: Two experienced GPs with cardiology specializations selected
nine anonymized ECGs from real patients with a confirmed diagnosis
from an educational database targeted at GP residents. One GP (JCV)
independently selected the ECGs and the second GP (RZ) judged
them. Disagreements were solved via discussion. Three normal ECGs
(with a sinus rhythm and no abnormalities), three simple abnormal
ECGs (indicating atrial fibrillation, an easily recognizable condition
with a high incidence), and three complex abnormal ECGs

(indicating ischemia, a difficult to recognize condition) were
selected. The ratio of normal (one third) to abnormal (two thirds)
ECGs was based on a study that examined the incidence of ECG
presentations in general practice in the Netherlands [41]. The ECGs
were selected from a database with educational materials for GP
residents. The selected cases were labeled appropriate for use in the
education of first year residents in the database and were therefore
deemed of appropriate difficulty for our participants. An overview of
all ECGs is shown in Table 2 and the ECGs are shown in Supple-
mentary Material 1.

Procedure: The study was prepared in Qualtrics (an online survey
tool) and residents filled out the survey at home. They had to com-
plete both phases during the allocated time slots in their schedule.
Before starting a phase, residents received an information letter and
were asked to sign informed consent. Residents were informed of
the study’s purpose and were aware that there were two checklist
conditions, although they were not informed they would see the
same ECGs twice.

In phase 1, residents were asked to provide demographic in-
formation and then to interpret 9 ECGs without specific instructions.
We asked them to indicate the most likely diagnosis (or indicate
“normal” if there were no abnormalities). Each ECG was accompa-
nied by the sex and age of the patient, the patients’ chief complaint,
and the patients’ physical examination and test results. Residents
had 60 min to complete this task. Residents were also asked for their
confidence in the interpretation and if they would refer the patient
based on the ECG.

Table : Overview of checklist materials.

Debiasing checklist []

Please check your ECG diagnosis carefully considering each of the
following:
(1) Was I comprehensive?
(2) Did I consider the inherent flaws of heuristic thinking?
(3) Was my judgment affected by any cognitive bias?
(4) Were any of the following biases present (anchoring, availability,

confirmation, search satisficing, framing)?
(5) What is the worst-case scenario?

Content-specific checklist []

Please check your ECG diagnosis carefully considering each of the
following:
(1) Frequency and rate
(2) Axis
(3) P-wave
(4) PQ-interval
(5) Q-wave
(6) QRS-complex
(7) ST-interval
(8) T-wave
(9) QT-interval
(10) Rhythm
After the  points in this checklist, a ‘+’ is added, where participants
are asked to combine all their previous findings into one interpreta-
tion of the ECG.

Table : Overview of patient information of the selected ECGs.

ECG type Diagnosis Patient
information

Reason for ordering ECG

Practice Left ventricular
hypertrophy

 year old
woman

Shortness of breath,
chest pain

Normal Sinus rhythm  year old
woman

Ordered for regular
check-up

Normal Sinus rhythm  year old
man

Dizziness, heart
palpitations

Normal Sinus rhythm  year old
woman

Chest pain

Abnormal Atrial
fibrillation

 year old
woman

Slower heart rate than
usual combined with
being tired and out of
breath when exercising

Abnormal Atrial
fibrillation

 year old
woman

Swollen legs, out of
breath when exercising

Abnormal Atrial
fibrillation

 year old
woman

Tires quickly, dizziness

Abnormal Ischemia  year old
woman

Pain in the abdomen, a
feeling of pressure on
the elbows

Abnormal Ischemia  year old
woman

Cardiologist detected
atypical chest pain
before, patient asked for
follow-up

Abnormal Ischemia  year old
man

Swollen legs, tires
quickly
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A week later in phase 2, residents were randomly allocated to a
checklist condition and received instructions on how to use their
respective checklist (as in Sibbald et al. [33], Table 1). They had the
opportunity to practice using the checklist on one ECG. Next, they had
60 min to interpret all 9 ECGs using either the debiasing checklist or
the content-specific checklist. They were again asked for their inter-
pretation, their confidence, and their patient management decisions.
After phase 2, an experienced GP (JCV) led a 30-min feedback session
to discuss the study’s ECGs and answer any questions.

Outcome measures: The between subject independent variable was
checklist type: debiasing or content-specific checklist. The within
subjects independent variables were ECG type (normal, simple
abnormal, and complexabnormal) and phase (phase 1: interpretation
without instructions and phase 2: interpretation with checklist). We
further measured four dependent variables, which together charac-
terized residents’ performance: diagnostic accuracy, confidence in
diagnosis, patient management, and time to diagnose.

Diagnostic accuracy was independently scored by two experi-
enced GPs. One GP (JCV) assessed all diagnoses and the second
GP (RZ) scored half of the diagnoses. Their judgements showed
substantial interrater reliability (κ=0.72, 95% CI: 0.62–0.82).
Discrepancies in scoring were resolved through discussion. Diag-
nostic accuracy was scored as 0 if the incorrect diagnosis was given;
as 0.5 if a partially correct diagnosis was given (e.g., the participant
answered AF with aberration in case of an AF diagnosis), and as 1 if
the correct diagnosis was given. Second, participants were asked
to rate their confidence in their interpretation on a scale from 1 to 10.
For each participant, overall accuracy and the confidence corre-
sponding to that accuracy were combined to measure “calibration”.
Third, participants were asked where they would refer the patient
based on the ECG in a multiple-choice format to measure patient
management. Based on consultation with an experienced GP (RZ)
and existing guidelines, patient management was rated as follows:
for normal ECGs, the patient should be reassured; for atrial fibrilla-
tion ECGs, residents were expected to start their own treatment, and
for ischemia ECGs, residents were expected to refer the patient to
the cardiologist [43, 44]. The management decision was scored as
0 if incorrect and as 1 if correct. Fourth, Qualtrics recorded time to
diagnose in seconds for each ECG. Finally, participants were asked
for their age, sex, months as a resident, and level of expertise, which
were measured as covariates (Table 3).

Statistical analysis: For each dependent variable, the average was
calculated for the normal, simple abnormal, and complex abnormal
ECGs. Mean scores were calculated for residents who interpreted all 9
ECGs. A Shapiro-Wilk test showed that these data were not normally
distributed and therefore, non-parametric tests were performed for all
comparisons in IBM SPSS Statistics for Windows (Version 25.0). All
tests were considered significant at the α=0.05 level. A Wilcoxon test
examined differences for each dependent variable between phase 1
and phase 2. Additionally, a Mann Whitney-U test compared each
dependent variable between both checklists and a Friedman test
compared performance for each ECG type. Finally, the calibration
between residents’ confidence and accuracy was averaged per
participant over all cases and examined in a scatterplot to investigate
whether there was a linear association between these variables.
Calibration was then quantified using Spearman’s rho and expressed
as a goodness-of-fit measure (R2). It was further explored by calcu-
lating absolute accuracy (the absolute difference between accuracy
and confidence, where 0 is perfect and 1 is inaccurate) and bias (the
signed difference between accuracy and confidence, where −1 is
underconfident and +1 is overconfident), which were then compared
using a Wilcoxon signed rank test. Absolute accuracy and bias were
calculated as in Kuhn et al. [45].

Results

In total, 55 first year GP residents participated in at least
one phase. Five residents did not give permission to use
their data for research and an additional eight only
completed one phase or did not interpret all ECGs. 42
residents completed both phases. 21 residents were allo-
cated to the debiasing checklist and 21 to the content-
specific checklist. Participant demographics are shown
in Table 3 and Supplementary Material 2.

Residents’ prior experience (specifically, the number
of ECGs diagnosed) was used to test whether experience
moderated the dependent variables (Table 4). Only confi-
dence systematically varied with experience and post-hoc
tests indicated that only residents who diagnosed fewer
than 10 ECGs differed from the other experience groups.
Therefore, these three residents were excluded to correct
for experience as a covariate, leaving 18 participants in the
content-specific condition. Age, sex, and time in residency
did not moderate diagnostic performance.

Diagnostic performance

Phase 1 vs. phase 2

When interpreting ECGs in phase 2 (M=0.63, SD=0.2)
compared to phase 1 (M=0.55, SD=0.2), there was a trend
for overall accuracy to improve (Z=−1.81, p=0.070, g=0.25).
Checklist use did not affect residents’ confidence (phase 1:

Table : Participant demographics.

Content
checklist (n=)

Debiasing
checklist (n=)

Total
(n=)

Demographics
Sex, n (female) (%)  (%)  (%)  (%)

Age, years

Mean (SD)  ()  ()  ()
Range – – –

Time in residency,
months

Mean (SD)  ()  ()  ()
Range – – –
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M=5.5, SD=1.7), (phase 2: M=5.5, SD=1.9, Z=−0.23, p=0.817)
and patient management (phase 1: M=0.61, SD=0.2, phase
2: M=0.63, SD=0.2, Z=−0.92, p=0.358) in phase 1
compared to phase 2. Lastly, residents took less time to
interpret all ECGs in phase 2 (phase 1: M=189, SD=80,
phase 2: M=144, SD=76, Z=−3.10, p=0.002, g=0.54).
Resident’s performance on each outcome measure is
summarized in Table 4.

Checklist type

Using either the debiasing or content-specific checklist
did not differentially affect accuracy (U=158, p=0.707),
confidence (U=134, p=0.270), patient management
(U=137, p=0.311), or time spent to diagnose (U=162,
p=0.821).

ECG type

ECG type did not affect checklist use for accuracy
(χ2(2)=2.54, p=0.281), confidence (χ2(2)=2.74, p=0.254),
patient management (χ2(2)=2.10, p=0.350) and time to
diagnose (χ2(2)=1.16, p=0.559). For patient management,
residents descriptively scored the best for complex
abnormal cases, where the patient should be referred to
the cardiologist. For normal and simple abnormal cases,
more than 90% of the incorrect answers constituted
referral to the cardiologist.

Confidence-accuracy calibration

In both phases, confidence increased when accuracy
increased (phase 1: rs=0.42, p=0.004; phase 2: rs=0.67,
p<0.001). Moreover, residents’ confidence-accuracy cali-
bration was lower when they interpreted ECGs without
specific instructions (R2=0.14, Figure 1) compared to when
they used a checklist (R2=0.40, Figure 2), although cali-
bration remained moderate. Further analysis showed that
their absolute accuracy did not differ between phases
(Z=−0.59, p=0.554). Bias showed a trend to decrease, indi-
cating that residents became less overconfident when using
a checklist (Z=−3.10, p=0.055). Residents improved using
either checklist compared to interpretation without a

Table : Mean and standard deviation for accuracy, confidence in
diagnosis, patient management, and time spent to diagnose in
phase  and phase  per ECG type.

Phase 

(n=)
Phase :
content
(n=)

Phase :
debiasing

(n=)

Moderation
by number of
ECGsb

M (SD) M (SD) M (SD) χ, p

Accuracya Phase :
χ ()=.,
p=.
Phase :
χ ()=.,
p=.

Normal . (.) . (.) . (.)
Simple
abnormal

. (.) . (.) . (.)

Complex
abnormal

. (.) . (.) . (.)

Total . (.) . (.) . (.)
Confidencea Phase :

χ ()=.,
p=.
Phase :
χ ()=.,
p=.

Normal . (.) . (.) . (.)
Simple
abnormal

. (.) . (.) . (.)

Complex
abnormal

. (.) . (.) . (.)

Total . (.) . (.) . (.)
Managementa Phase :

χ ()=.,
p=.
Phase :
χ ()=.,
p=.

Normal . (.) . (.) . (.)
Simple
abnormal

. (.) . (.) . (.)

Complex
abnormal

. (.) . (.) . (.)

Total . (.) . (.) . (.)
Timea,
seconds

Phase :
χ ()=.,
p=.
Phase :
χ ()=.,
p=.

Normal  ()  ()  ()
Simple
abnormal

 ()  ()  ()

Complex
abnormal

 ()  ()  ()

Total  ()  ()  ()

aAverages were computed without participants who diagnosed
fewer than  ECGs during their training. bKruskal-Wallis tests
tested whether the outcome measures were moderated by
experience (based on the number of ECGs residents diagnosed
during their studies).
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checklist, but seemed to benefit more from using the
debiasing checklist (R2=0.59) than from the content-specific
checklist (R2=0.32).

Discussion

This study examined the impact of checklist use on the
interpretation of normal, simple abnormal, and complex
abnormal ECGs. There was a trend for improvement in
residents’ accuracy when they used a checklist, whereas
their confidence did not change. This resulted in an
overall improved confidence-accuracy calibration: par-
ticipants were less overconfident after using a checklist
compared to when they first interpreted the ECGs.
Furthermore, residents’ patient management was very
conservative as they consistently referred patients to
the cardiologist. This was not affected by checklist
use. Finally, residents took less time to interpret ECGs
in phase 2. Contrary to our expectations, these findings
were similar for all ECG types and both the debiasing

checklist and the content-specific checklist, although
the debiasing checklist seemed to improve to residents’
calibration the most.

For our interpretations regarding diagnostic accu-
racy, we should consider the possibility of a learning
effect on diagnostic performance. There was no inde-
pendent control group and therefore, residents saw the
ECGs twice. Furthermore, the effects were similar across
all ECGs and both checklist types, which indicates that
the trend for improvement in accuracy and the decrease
in time to diagnose are likely due to a small learning effect
and do not fully reflect the effects of checklist use. These
findings contradict previous studies that found increases
in accuracy when a checklist was used [23, 28–32], spe-
cifically for the content-specific checklist. In most of these
studies, participants also examined cases once before
verifying their diagnosis using a checklist, although this
verification took place immediately after the initial diag-
nosis [28–30, 32]. Similar studies often did not find an
improvement when using a debiasing checklist, in line
with our current findings [23, 28, 33]. Despite this

Figure 1: Scatterplot of residents’
confidence-accuracy calibration in phase 1,
R2=0.14.

Figure 2: Scatterplot of residents’
confidence-accuracy calibration in phase2,
R2=0.40.
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limitation, our study design is reflective of how checklists
would be used in practice: to verify a working diagnosis or
to check someone’s reasoning process. Alternatively, the
current lack of improvement in diagnostic accuracy could
be explained by the use of singular reasoning approaches.
Our participants were asked only to reason analytically,
following either a feature list (given by the content-specific
checklist) or a debiasing approach. This contrasts work
by Eva et al. [46] and Ark et al. [47, 48], who showed in
several experiments with naïve students that combining
analytical and non-analytical approaches is more effective
than applying singular reasoning approaches. Future
studies might benefit from not only comparing singular
methods but also combining reasoning strategies in error
intervention studies.

Interestingly, the trend for improved accuracy did not
coincide with an increase in confidence. One would expect
that if a previously incorrect diagnosis was changed or if a
previously correct diagnosis was confirmed with the
help of a checklist, this would boost confidence, espe-
cially if residents were simply re-examining a case. Our
data showed that in each phase, if residents were more
accurate, they were also more confident. However, this
did not translate to an increase in confidence between
phases, indicating that residents became less over-
confident and potentially that their insight in their own
skills improved. Despite the increased confidence, the
majority of residents still chose to refer the patient to a
cardiologist. This is likely related to the relative inexpe-
rience of our participants. Future research should also
measure participants’ referral behavior, as overreferral
leads to large economic costs.

The increase in residents’ confidence might have been
extra pronounced for the debiasing checklist because GP
residents in the Netherlands are already taught to interpret
ECGs using the content-specific checklist, whereas the
debiasing checklist was completely new to them. The fact
that the GP residents were already familiar with the
content-specific checklist, and because novices often use a
more analytical step-by-step approach than more experi-
enced clinicians [49], might also have diluted potential
effects of the content-specific checklist. Although our study
showed no immediate benefits of improved calibration,
there could be value in using checklists to reduce over-
confidence. Overconfidence has previously been indicated
as a cause of diagnostic errors [50] and fostering proper
calibration could improve residents’ diagnostic process
and potentially improve their diagnostic performance in
the long term. Future research should confirm whether
checklists can be used to reduce overconfidence and what
the long-term effects of checklist use are.

This study had several strengths and limitations.
Strengths include that this was a randomized experiment
that used ECGs of an appropriate level for first year GP
residents. Furthermore, the ECGs were verified teaching
materials from real patients with a confirmed diagnosis.
A final strength was that participants performed the
experiment online, from their home, and participated in
multiple experiments and lectures. This greatly reduced
the chances of participants discussing the study’s ECGs
amongst themselves.

The study is limited because of the design without an
independent control group in which participants inter-
preted each ECG twice, which left the possibility for a
learning effect to influence our results. This primarily
influenced the interpretation of diagnostic accuracy and
time on task, but even with a possible learning effect
participants did not improve on immediate accuracy.
Furthermore, we chose to have participants diagnose the
same ECGs twice so we could directly compare changes in
confidence, calibration, and patient management. This
allowed for reliable assessment of residents’ confidence,
as there was no room for between-case variability. The
remaining variables could be inflated by a possible
learning effect and should be interpreted with caution.
A second limitation is the relative inexperience of our
participants. Considering that most residents had inter-
preted few ECGs during their studies, suddenly seeing 9
ECGs in one day was a significant increase in practice.
This might have contributed to the trend for improved
accuracy. Lastly, a limitation is that the overall sample
size and the sample size for the separate checklist ana-
lyses were relatively small and might be underpowered,
meaning these results should be interpreted with caution.
The study might, additionally, have benefited from
including more than 9 EKGs. The a priori power calcula-
tion was performed assuming 9 measurements but the
true effect might have been smaller than the medium
effect size we estimated. Future research should examine
the impact of checklist use on accuracy and calibration
in more experienced GP residents, as the issue remains
crucial to GPs, with a control group and a larger sample of
EKGs.

In summary, checklist use did not differentially
affect GP residents’ diagnostic process for normal cases
compared to simple abnormal or complex abnormal cases.
Surprising was that residents’ confidence did not increase
over repeated viewing of the ECGs and that checklists
improved residents’ confidence-accuracy calibration,
which translated in reduced overconfidence. Although
more research is needed to evaluate how checklists impact
residents’ confidence in the long term, checklists could be
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promising. Reducing overconfidence, an important cause
of diagnostic errors, could improve residents’ insight into
their own skill level, and in the long term has the potential
to improve their diagnostic performance.

Acknowledgments: We would like to thank the residents
who participated in the study. We would also like to thank
Dr. Pieter van den Berg for his feedback on the study
design.
Research funding:Dr. Laura Zwaan is supported by a VENI
grant from the Dutch National Scientific Organization
(NWO; 45116032) and an Erasmus MC Fellowship. The
funding body was not involved in the design of the
study and the collection, analysis, and interpretation of
data and in writing the manuscript.
Author contributions: All authors had full access to all
the study data and take responsibility for the integrity of
the data and the accuracy of the analysis. Study conception
and design: all authors. Development of study materials:
JS, RZ, JCV. Acquisition of data: JS, RZ, JCV. Analysis or
interpretation of the data: all authors. Drafting of the
manuscript: JS, LZ. Critical revision of the manuscript
for important intellectual content: all authors. Statistical
analysis: JS, LZ. Administrative, technical or material
support: JS, JCV, LZ. Supervision: JS, LZ.
Competing interests: Authors state no conflict of interest.
Informed consent: Informed consent was obtained from
all individual participants included in the study.
Ethical approval: Research involving human subjects
complied with all relevant national regulations, institu-
tional policies and is in accordance with the tenets of
the Helsinki Declaration (as revised in 2013) and has
been approved by the medical ethical committee of the
Erasmus University Medical Center (MEC-2021-0284).
Data availability: The data that support the findings
of this study are available from the corresponding
author upon reasonable request. The study protocol was
preregistered and is available online at Open Science
Framework (DOI: 10.17605/OSF.IO/W28QA).

References

1. Zia SMR, Zahid R, Ashraf H. The WHO surgical safety checklist: a
systematic literature review. Arch Surg Res 2021;2:27–30.

2. Thomassen Ø, Storesund A, Søfteland E, Brattebø G. The effects
of safety checklists in medicine: a systematic review. Acta
Anaesthesiol Scand 2014;58:5–18.

3. Woodward HI, Mytton OT, Lemer C, Yardley IE, Ellis BM, Rutter PD,
et al. What have we learned about interventions to reduce
medical errors? Annu Rev Publ Health 2010;31:479–97.

4. Pronovost P, Needham D, Berenholtz S, Sinopoli D, Chu H,
Cosgrove S, et al. An intervention to decrease catheter-related
bloodstream infections in the ICU. N Engl J Med 2006;355:
2725–32.

5. Haynes AB, Weiser TG, Berry WR, Lipsitz SR, Breizat AHS,
Dellinger EP, et al. A surgical safety checklist to reduce morbidity
and mortality in a global population. N Engl J Med 2009;360:
491–9.

6. Hartigan S, Brooks M, Hartley S, Miller RE, Santen SA,
Hemphill RR. Review of the basics of cognitive error in
emergency medicine: still no easy answers. West J Emerg Med
2020;21:125.

7. Gawande A. The checklist manifesto: how to get things right.
J Nurs Regul 2011;1:64.

8. Gupta A, Graber ML. Annals for hospitalists inpatient notes-just
what the doctor ordered—checklists to improve diagnosis.
Ann Intern Med 2019;170:HO2–3.

9. Lambe KA, O’Reilly G, Kelly BD, Curristan S. Dual-process
cognitive interventions to enhance diagnostic reasoning:
a systematic review. BMJ Qual Saf 2016;25:808–20.

10. Graber ML, Kissam S, Payne VL, Meyer AND, Sorensen A,
Lenfestey N, et al. Cognitive interventions to reduce diagnostic
error: a narrative review. BMJ Qual Saf 2012;21:535–57.

11. Clinician Checklists [Internet]: Society to Improve Diagnosis in
Medicine; 2020. Available from: https://www.improvediagnosis.
org/clinician-checklists/ [Accessed 1 Jul 2021].

12. Wachter RM. Why diagnostic errors don’t get any respect—and
what can be done about them. Health Aff 2010;29:1605–10.

13. Balogh EP, Miller BT, Ball JR. Improving diagnosis in health care.
Washington: National Academies Press; 2015.

14. Zwaan L, de BruijneM,Wagner C, Thijs A, SmitsM, van derWal G,
et al. Patient record review of the incidence, consequences, and
causes of diagnostic adverse events. Arch Intern Med 2010;170:
1015–21.

15. Zwaan L, El-Kareh R, Meyer AND, Hooftman J, Singh H. Advancing
diagnostic safety research: results of a systematic research
priority setting exercise. J Gen Intern Med 2021;36:1–9.

16. Phua DH, Tan NC. Cognitive aspect of diagnostic errors. Ann Acad
Med Singapore 2013;42:33–41.

17. Croskerry P. The importance of cognitive errors in diagnosis and
strategies to minimize them. Acad Med 2003;78:775–80.

18. Croskerry P. From mindless to mindful practice—cognitive
bias and clinical decision making. N Engl J Med 2013;368:
2445–8.

19. Croskerry P. Clinical cognition and diagnostic error: applications
of a dual process model of reasoning. Adv Health Sci Educ 2009;
14:27–35.

20. Elia F, Apra F, Verhovez A, Crupi V. “First, know thyself”: cognition
and error in medicine. Acta Diabetol 2016;53:169–75.

21. Monteiro S, Norman G, Sherbino J. The 3 faces of
clinical reasoning: epistemological explorations of
disparate error reduction strategies. J Eval Clin Pract 2018;24:
666–73.

22. Zwaan L, Staal J. Evidence on use of clinical reasoning checklists
for diagnostic error reduction. In: AHRQ papers on diagnostic
safety topics [Internet]; 2020.

23. Kämmer JE, Schauber SK, Hautz SC, Stroben F, Hautz WE.
Differential diagnosis checklists reduce diagnostic error
differentially: a randomized experiment. Med Educ 2021;55:
1172–82.

8 Staal et al.: Diagnostic checklists to interpret normal and abnormal electrocardiograms

https://www.improvediagnosis.org/clinician-checklists/
https://www.improvediagnosis.org/clinician-checklists/


24. Kahneman D, Egan P. Thinking, fast and slow. New York: Farrar,
Straus and Giroux; 2011.

25. Croskerry P. Cognitive forcing strategies in clinical
decisionmaking. Ann Emerg Med 2003;41:110–20.

26. Ely JW, Graber MA. Checklists to prevent diagnostic errors: a pilot
randomized controlled trial. Diagnosis 2015;2:163–9.

27. Norman MSD, Sherbino J, Ilgen JS, Schmidt HG, Mamede S. The
causes of errors in clinical reasoning: cognitive biases,
knowledge deficits, and dual process thinking. Acad Med 2017;
92:23–30.

28. Shimizu T, Matsumoto K, Tokuda Y. Effects of the use of
differential diagnosis checklist and general de-biasing checklist
on diagnostic performance in comparison to intuitive diagnosis.
Med Teach 2013;35:e1218–29.

29. Sibbald M, de Bruin ABH, Cavalcanti RB, van Merrienboer JJG. Do
you have to re-examine to reconsider your diagnosis? Checklists
and cardiac exam. BMJ Qual Saf 2013;22:333–8.

30. Sibbald M, Bruin ABHD, van Merrienboer JJG. Finding and fixing
mistakes: do checklists work for clinicians with different levels of
experience? Adv Health Sci Educ 2014;19:43–51.

31. Sibbald M, de Bruin ABH, van Merrienboer JJG. Checklists
improve experts’ diagnostic decisions. Med Educ 2013;47:
301–8.

32. SibbaldM, de Bruin ABH, Yu E, vanMerrienboer JJG.Why verifying
diagnostic decisions with a checklist can help: insights from eye
tracking. Adv Health Sci Educ 2015;20:1053–60.

33. Sibbald M, Sherbino J, Ilgen JS, Zwaan L, Blissett S, Monteiro S,
et al. Debiasing versus knowledge retrieval checklists to reduce
diagnostic error in ECG interpretation. Adv Health Sci Educ 2019;
24:427–40.

34. Konings K, Willemsen R. ECG 10+: systematisch ECG’s
beoordelen. Huisarts Wet 2016;59:166–70.

35. Berbaum K, Franken EA Jr., Caldwell RT, Schartz KM. Can a
checklist reduce SOS errors in chest radiography? Acad Radiol
2006;13:296–304.

36. Kok EM, Abed A, Robben SGF. Does the use of a checklist help
medical students in the detection of abnormalities on a chest
radiograph? J Digit Imag 2017;30:726–31.

37. Krage R, Len LTS, Schober P, Kolenbrander M, van Groeningen D,
Loer SA, et al. Does individual experience affect performance
during cardiopulmonary resuscitation with additional external
distractors? Anaesthesia 2014;69:983–9.

38. Ely JW, Graber ML, Croskerry P. Checklists to reduce diagnostic
errors. Acad Med 2011;86:307–13.

39. Abimanyi-Ochom J, Mudiyanselage SB, Catchpool M, Firipis M,
Dona SWA, Watts JJ. Strategies to reduce diagnostic errors:
a systematic review. BMC Med Inf Decis Making 2019;19:1–14.

40. Nedorost S. A diagnostic checklist for generalized dermatitis.
Clin Cosmet Invest Dermatol 2018;11:545.

41. Rutten FH, Kessels AGH, Willems FF, Hoes AW. Is
elektrocardiografie in de huisartspraktijk nuttig? Huisarts Wet
2001;44:179–83.

42. Faul F, Erdfelder E, Lang AG, Buchner A. G* power 3: a flexible
statistical power analysis program for the social, behavioral, and
biomedical sciences. Behav Res Methods 2007;39:175–91.

43. Boode BSP, Frijling BD, Heeringa J, Rutten FH, Van den Berg PJ,
Zwietering PJ, et al. NHG-standaard atriumfibrilleren. NHG-
standaarden 2009. Houten: Bohn Stafleu van Loghum; 2009:
67–86 pp.

44. Rutten FH, Grundmeijer H, Grijseels EWM, Van Bentum STB,
Hendrick JMA, Bouma M, et al. NHG-standaard acuut coronair
syndroom. NHG-standaarden 2009. Houten: Bohn Stafleu van
Loghum; 2009:3–24 pp.

45. Kuhn J, van den Berg P, Mamede S, Zwaan L, Bindels P, van Gog T.
Improvingmedical residents’ self-assessment of their diagnostic
accuracy: does feedback help? Adv Health Sci Educ 2021;27:1–12.

46. Eva KW, Hatala RM, Blanc VRL, Brooks LR. Teaching from the
clinical reasoning literature: combined reasoning strategies help
novice diagnosticians overcome misleading information. Med
Educ 2007;41:1152–8.

47. Ark TK, Brooks LR, Eva KW. The benefits of flexibility: the
pedagogical value of instructions to adopt multifaceted
diagnostic reasoning strategies. Med Educ 2007;41:281–7.

48. Ark TK, Brooks LR, Eva KW. Giving learners the best of both
worlds: do clinical teachers need to guard against teaching
pattern recognition to novices? Acad Med 2006;81:405–9.

49. Coderre S, Mandin H, Harasym PH, Fick GH. Diagnostic reasoning
strategies and diagnostic success. Med Educ 2003;37:695–703.

50. Berner ES, Graber ML. Overconfidence as a cause of diagnostic
error in medicine. Am J Med 2008;121:S2–3.

Supplementary Material: The online version of this article offers
supplementary material (https://doi.org/10.1515/dx-2022-0092).

Staal et al.: Diagnostic checklists to interpret normal and abnormal electrocardiograms 9

https://doi.org/10.1515/dx-2022-0092

	Impact of diagnostic checklists on the interpretation of normal and abnormal electrocardiograms
	Introduction
	Materials and methods
	Design
	Participants
	Materials
	Checklists
	ECGs
	Procedure
	Outcome measures
	Statistical analysis


	Results
	Diagnostic performance
	Phase 1 vs. phase 2
	Checklist type
	ECG type
	Confidence-accuracy calibration


	Discussion
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


