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BACKGROUND: An experimenter controlled form of re-
flection has been shown to improve the detection and
correction of diagnostic errors in some situations; howev-
er, the benefits of participant-controlled reflection have
not been assessed.
OBJECTIVE: The goal of the current study is to examine
how experience and a self-directed decision to reflect af-
fect the accuracy of revised diagnoses.
DESIGN: Medical residents diagnosed 16 medical cases
(pass 1). Participants were then given the opportunity to
reflect on each case and revise their diagnoses (pass 2).
PARTICIPANTS: Forty-seven medical Residents in post-
graduate year (PGY) 1, 2 and 3 were recruited from Ham-
ilton Health Care Centres.
MAIN MEASURES: Diagnoses were scored as 0 (incor-
rect), 1 (partially correct) and 2 (correct). Accuracies and
response times in pass 1 were analyzed using an ANOVA
with three factors—PGY, Decision to revise yes/no, and
Case 1–16, averaged across residents. The extent towhich
additional reflection affected accuracy was examined by
analyzing only those cases that were revised, using a
repeated measures ANOVA, with pass 1 or 2 as a within
subject factor, and PGY and Case or Resident as a
between-subject factor.
KEY RESULTS: The mean score at pass 1 for each level
was PGY1, 1.17 (SE 0.50); PGY2, 1.35 (SE 0.67) and
PGY3, 1.27 (SE0.94).While therewas a trend for increased
accuracy with level, this did not achieve significance. The
number of residents at each level who revised at least one
diagnosis was 12/19 PGY1 (63 %), 9/11 PGY2 (82 %) and
8/17 PGY3 (47 %). Only 8 % of diagnoses were revised
resulting in a small but significant increase in scores from
Pass 1 to 2, from 1.20/2 to 1.22 /2 (t=2.15, p=0.03).
CONCLUSIONS: Participants did engage in self-directed
reflection for incorrect diagnoses; however, this strategy
provided minimal benefits compared to knowing the cor-
rect answer. Education strategies should be directed at
improving formal and experiential knowledge.
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INTRODUCTION

One popular dual process model of reasoning1–5 proposes that
errors in reasoning are a consequence of cognitive biases that
originate in System 1 processes: a rapid error-prone memory
retrieval system. Importantly, System 1 is contrasted with
System 2, which functions to both detect and correct the biases
that lead to error.1–5 The applied interpretations of this model
have had a significant impact on strategies for error reduc-
tion6–13; specifically that additional cognitive processing can
prevent diagnostic errors.6 Proponents of this dual process
model of reasoning argue that improved metacognitive skills
(i.e., cognitive forcing strategies7) and a slower, cautious
approach can increase reliance on System 2, resulting in more
errors being detected and corrected.2,3,8–10 However, the avail-
able scientific evidence does not support this strategy.14–19

Critically, a series of experiments demonstrated that
instructing residents to proceed slowly and cautiously when
diagnosing written medical cases did not improve diagnostic
accuracy compared to being instructed to be more rapid.16–19

In another study, participants had improved diagnostic accu-
racy after receiving a warning about the extreme difficulty of
written medical cases compared to participants who did not
receive the same warning; however, the authors were not able
to replicate this effect with new cases.20

Still others have suggested that physicians should consider
their initial diagnosis to be incorrect and take a critical ‘second
look’.8–10 In one study of this reflective strategy, participants
were asked to list only their initial diagnosis for half the
cases.21 For the other half of cases, they were required to
evaluate their initial diagnosis using a series of time-
consuming steps that critically appraised the evidence in the
case and identified alternate diagnoses.21 In that study, partic-
ipants required two hours to fully diagnose 16 written cases,
and there was still no overall improvement in accuracy for
cases diagnosed using the reflective strategy.21 In another
study, medical residents were able to detect and correct some
diagnostic errors after taking a second look at the case;22

however, the majority of errors were artificially induced, ex-
perimenters controlled which cases the participants were
allowed to revise and participants were given access to all
the case details to assist in their reflective strategy.
Thus far, investigations of strategies to reduce diagnostic

error have been limited to a prescribed form of error detection

Electronic supplementary material The online version of this article
(doi:10.1007/s11606-015-3369-4) contains supplementary material,
which is available to authorized users.

Published online July 15, 2015

1270

http://dx.doi.org/10.1007/s11606-015-3369-4


or reflection,16,19–22 with mixed results. It is not clear if any
benefit will remain when 1) the decision to reflect is left to the
clinician and 2) there is no prescription about how reflection
should proceed. Further research is required to determine if
reflection is an appropriate and worthwhile strategy for im-
proving accuracy at differing levels of expertise if participants
select which cases to revise. In the present study, we addressed
the following questions:

1) How will physicians choose to use an opportunity to
reflect?

2) Can reflection help detect and correct errors?

Identification of difficult cases should result in increased
time during initial diagnosis. As well, if reflection is benefi-
cial, revisions should increase accuracy significantly.
We also had a number of secondary research questions:

1) Will access to case details during reflection improve
performance compared to having limited access?

2) Does response time predict a decision to revise a
diagnosis?

3) Are more senior residents more accurate overall?

METHOD

Design

The study was a randomized mixed design, comparing be-
tween subject effects due to access to case details and within-
subject effects resulting from decisions to reflect again and
revise a prior case diagnosis.

Setting

Residents doing a medicine rotation in the teaching hospitals
associated with McMaster University in Hamilton were invited
to participate. The test sites were the Juravinski Cancer Centre,
St. Joseph’s Hospital and McMaster Children’s Hospital. The
study was conducted by SM using laptops set up in conference
rooms within each of the test sites.

Participants
Recruitment. Selected residents were informed of the study by
e-mail and invited to participate during the hour before morn-
ing rounds or during the lunch hour by co-authors AP and IM.
Recruitment continued for several months, until we acquired a
sufficient sample size. This study includes a total of 47 resi-
dents; 19 in post-graduate year (PGY) 1, 11 in PGY 2 and 17
in PGY 3. The study was approved by the McMaster Integrat-
ed Research Ethics Board HIREB 11-409.

Materials

Participants were presented with 16 general medicine cases
that were a randomly selected subset of cases, some of which

were used in Sherbino et al.,16 Norman et al.17 and Monteiro
et al.18 These cases were created by a panel of two experienced
EmergencyMedicine physicians and two experienced Internal
Medicine physicians.16 All cases were reviewed by the panel
to ensure that there was only one correct diagnosis. All cases
followed the same structure, presenting the patient’s primary
complaint and a representative patient photograph, followed
by the history, tests ordered and a diagnostic image (e.g., CT
scan, rhythm strip, etc.). These images were not critical to the
diagnosis, but only supported the results reported in the text.
Cases were matched for word count and reading time, but not
difficulty. The level of case difficulty ranged qualitatively
from rare and difficult to straightforward acute medical con-
ditions. Diagnostic performance for these cases ranged from
21 to 82 %.16–18 A sample case is shown in Appendix 1. In
previous studies, performance on this sample case was
82 %.16–18

All participants reviewed the same set of cases, but in
randomized order. Cases were presented on laptop computers
using RunTime Revolution (version 2.8.1; Edinburgh Scot-
land) software. Case processing time and case diagnoses were
recorded by the software and exported as text.

Procedure

Participants were told they would be asked to diagnose 16
general medicine cases. Once the experiment started, partici-
pants saw a welcome screen on the computer and they entered
basic information: name, program name and program year.
The primary instructions, including general tips for navigating
through the program and entering responses as well as a
description of how the case information would be presented
were delivered in written form on screen. In the first phase
(Pass 1) of the experiment, participants were encouraged to
proceed quickly and enter only a single diagnosis for each
case. Their instructions were:

BYou will be asked to read and diagnose several cases in
20min. Each case description includes a brief description
of the patient and vital statistics, as well as a photograph
of the patient and an accompanying diagnostic image
when available (e.g., x-ray, ECG, etc.)…Remember that
you will not be able to go back to the case file once you
have advanced to the diagnosis screen. Read the case
information completely, but remember to use your time
carefully as you only have 20 min.^

After a first pass through the cases, participants were then
given an opportunity for further reflection and asked to review
all 16 cases again and choose between retaining or revising
their previous diagnosis (Pass 2) . The message presented
before proceeding with the review was:

BThank you for assessing these cases quickly. We
would now like you to carefully reconsider every
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diagnosis. Please re-consider all the evidence, before
confirming or changing your initial diagnosis…^

Through random assignment, half the participants were able
to review the full case details and half the participants only saw
the primary complaint and patient photograph during Pass 2.

Scoring

All responses were scored for accuracy on a three-point sys-
tem. This system was created by consensus from an expert
panel of two experienced EmergencyMedicine physicians and
two experienced Internal Medicine physicians.16 The panel
created a list of correct, partially correct and incorrect potential
diagnoses for each of the 16 cases. While all cases only had a
single correct diagnosis, the list included acceptable synonyms
for correct diagnoses. The list also included synonyms for
incorrect and partially correct diagnoses. These cases have
been used in a number of previous studies,16–18 and the list
of diagnoses was continually revised to include scoring for
new responses that arose from those studies. The scoring
rubric for the sample case used in the current study is provided
in Appendix 2.
All participant responses were scored using this list. Incor-

rect diagnoses received a score of 0, partially correct responses
received a score of 1 and correct diagnoses were assigned a 2.
Diagnoses for the current study were scored and tallied by the
author (SM) who was blind to condition. We report accuracy
as average scores out of two and the standard error of the mean
(SEM), percent correct and also as a count for incorrect,
partially correct and correct diagnoses. We also report re-
sponse times in seconds (sec) and standard deviation (SD).

Primary Analysis. The analysis focused on 1) the conditions
under which a decision was made to review a case, and 2) the
consequences of that decision. As the decision arose on a case-
by-case basis, the unit of analysis was Case. A complete
analysis would examine the accuracy and time taken to reach
a diagnosis for each participant, case, and pass 1 or 2 and all
interactions. However, as discussed in the next section, rela-
tively few cases were revised, so there would be large amounts
of missing data (many cases would have no second pass).
Instead, the first question, the extent to which clinicians are
aware of their errors, was addressed by examining the accu-
racies and response times on the first pass using an ANOVA
with three factors—PGY, Decision to revise yes/no, and Case
1–16—averaged across residents, The analysis was then rep-
licated using Resident, averaged across cases. All results are
cited for the analysis using Case; the Resident analysis led to
the same conclusions.
The second question, the extent to which additional reflec-

tion resulted in increased accuracy, was examined by analyz-
ing only those cases that were revised, using a repeated mea-
sures ANOVA, with Pass 1 or 2 as a within-subject factor, and
PGY and Case or Resident as a between-subject factor. All

analyses were calculated using IBM SPSS Statistics, Version
22.0.

RESULTS

Summary

All participants completed the initial diagnosis of all 16 cases;
average time was 26 min (range=12 to 38). Less than 0.5 % of
all responses (7/752) were not recorded due to participant error
(i.e., incorrectly advancing to the next screen). A total of 745
diagnoses were scored, resulting in 309 correct and 436 par-
tially or completely incorrect diagnoses in Pass 1. In Pass 2,
only 60 diagnoses were revised overall, resulting in 322 cor-
rect and 423 partially or completely incorrect diagnoses. The
mean score at Pass 1 for each level was PGY1, 1.17 (SEM
0.50); PGY2, 1.35 (SEM 0.67) and PGY3, 1.27 (SEM 0.94).
While there was a trend for increased accuracy with level, this
did not achieve significance. Average time to diagnosis was
110 s per case for PGY1, 86 s for PGY2 and 101 s for PGY3,
which although significant, did not show a consistent trend.
There was a significant overall effect of case difficulty
(F=2.91, p<0.001), but no interaction with postgraduate level
or decision to revise.

a) How did physicians use the opportunity to reflect?
When residents were offered the opportunity to review
each case again, only 8 % (60 out of 745) of all diagnoses
were revised, suggesting that residents were generally
confident in their initial diagnosis, despite the fact their
accuracy was only 58 to 64 % on average. On average,
residents took 97 s (SD 24) to read a case in Pass 1 and
only 17 s (SD 12) to read a case in Pass 2. Fourteen
residents revised only one diagnosis, seven revised two,
and seven revised more than two cases. The proportion of
cases revised was 10 % for PGY1 residents, 9 % for
PGY2 and 5 % for PGY3 [X 2 (2) = 6.59, p=0.04]. The
number of residents at each level who revised at least one
diagnosis was 12/19 PGY1 (63 %), 9/11 PGY2 (82 %)
and 8/17 PGY3 (47%). Availability of the case resulted in
a higher rate of revisions [38 vs. 22 %, X 2 (2) = 4.1,
p=0.04], but did not affect accuracy.

b) Did reflection help detect and correct errors?
Diagnoses that were revised were significantly less accu-
rate initially than those that were not (0.64/2 vs. 1.25/2;
F(1,671 = 17.7, p<0.001). There was no significant inter-
action with level. Further, diagnoses that were eventually
revised took about 10 sec longer than those that were not
revised; however, this was not significant. Repeated
ANOVA measures showed that scores for the revised
diagnoses increased significantly from 0.64 to 0.90,
F(1,28) = 4.26, p=0.05. The table examines the relation
between initial and revised accuracy in detail and shows
that 28 of 158 (18 %) completely incorrect (i.e., score of
0) diagnoses were revised, and the average final score of
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the revised diagnoses was 0.50 out of two in Pass 2 (Table
1). Similarly, 28 of 279 (10 %) partially correct (i.e., score
of 1) diagnoses were revised, and this resulted in an
increase of 0.14 in score. Conversely, the few diagnoses
(6) that received a 2.0 score in Pass 1 and were revised
after reflection experienced a drop in score of about 0.8.

Because so few diagnoses were revised, the impact on
overall accuracy was small, resulting in an increase in scores
from Pass 1 to 2, from 1.20/2 to 1.22 /2 (t=2.15, p=0.03),
respectively. Therefore, although residents were, to some de-
gree, able to identify their own mistakes and made attempts to
correct them, the impact of revisions on diagnostic accuracy
was minimal.

DISCUSSION

Studies to date of the effect of instruction to slow down, be
systematic or reflect have been of two forms—a parallel
groups design where one group proceeds quickly and the other
slowly,16,17and a longitudinal design where participants ini-
tially proceed quickly then go through the cases more inten-
sively.19–22 The latter studies have shown some success; how-
ever, they involve an intensive Breflection^ intervention in
which the clinician creates comprehensive matrices of signs
and symptoms against diagnoses. Further, Breflection^ is man-
datory, and not under clinician control. Finally, the method
involves reviewing the original case protocol. In the present
study, we focused on the longitudinal design to assess the
impact of revisiting a diagnosis in a more ecologically valid
fashion, in which 1) no instruction about how to be reflective
was given, 2) participants could choose to review a case or not,
and 3) the effect of presence or absence of the case description
was examined experimentally. Examining the overall perfor-
mance under various conditions, we showed that 1) unstruc-
tured reflection on a review of the cases provided some benefit
on individual cases, but the overall effect was small. Relatively
few of the incorrect diagnoses were revised, and overall accu-
racy only increased by 2 %, and 2) to some degree, partici-
pants were able to recognize diagnostic errors and correct
them, and this was associated with slightly longer reading
times both initially and on case revision, replicating and ex-
tending previous work.16

Why were rates of revision so low? One possibility is that
participants were unsuccessful at improving their scores

because of limits in their knowledge or experience,23 so that
they had insufficient knowledge to recognize their errors. As a
consequence, additional reflection resulted in only minimal
improvement in accuracy. Outside of medical education, un-
dergraduate psychology students were far more accurate
(66 %) on general knowledge questions they answered imme-
diately than for questions they deferred and revised (4 %),
consistent with the suggestion that people make quick judge-
ments about their knowledge and only reflect when they are
uncertain or do not have the knowledge.24 In the present study,
participants with the knowledge to diagnose a medical case
correctly the first time did not need to reflect further, while
participants without the required knowledge could not benefit
from further reflection. This suggests that diagnostic perfor-
mance is not modulated by reasoning skills, added reflection
or identification of cognitive biases, but by experience and
knowledge.18

The results of the present study also provide information on
the ability of physicians to self-assess and identify possible
errors. We did demonstrate that if physicians are aware of their
diagnostic mistakes, they will attempt to correct them by
trying to revise incorrect diagnoses. However, their ability to
detect and correct errors is far from perfect; only 18 % of
incorrect diagnoses were revised correctly. The overall accu-
racy of revised diagnoses remained much lower than Pass 1
diagnoses that were not revised in pass 2; most errors
remained undetected.

LIMITATIONS

One clear concern is that the study’s findings are based on
written cases, which obviously leave out important aspects of
the dynamics of clinical reasoning. But the question is not
whether the study is a good representation of the Breal world^
(it is not), but whether the constraints of the study methods
invalidate the findings. Evidence from other studies25 indi-
cates that students learn clinical reasoning as well from written
cases as from videos and from live standardized patients.
A second limitation is that the reflection phase was clearly

constrained in time, and participants had no opportunity to
seek additional knowledge. Further research could expand this
step to permit such strategies as internet searches and measure
the impact on accuracy.
Additionally, the range of expertise was constrained. We

have not examined whether expert clinicians are equally vul-
nerable to errors, although other evidence suggests that they
differ more in degree than in kind.26

CONCLUSION

There remains little consistent evidence that strategies that
focus on improved reasoning and added reflection are reliable.
In some retrospective reports, the rate of diagnostic errors
linked to knowledge deficits is quite low compared to the rate

Table 1 Count (Percent) of Diagnoses that Maintained or Changed
in Accuracy from Pass 1 to Pass 2

Second pass

Incorrect (0 or 1) Correct (2) Total

First pass Incorrect
(0 or 1)

420 (56.4 %) 16 (2.1 %) 436

Correct (2) 3 (0.4 %) 306
(41.0 %)

309

423 322 745
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of errors linked to reasoning deficits.9,10 However, interven-
tions directed at reducing errors by making clinicians aware of
cognitive biases have been negative.14,15 It may well be that
there is no Bquick fix^ to reduce errors, and strategies should
be directed at improving formal and experiential knowledge.
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