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Abstract

Purpose: Flaws in physicians’ reasoning frequently result in diagnostic errors. The method of deliberate reflection was developed
to stimulate physicians to deliberately reflect upon cases, which has shown to improve diagnostic performance in complex cases. In
the current randomised controlled trial, we investigated whether deliberate reflection can be taught to general-practice residents.
Additionally, we investigated whether engaging in deliberate reflection or studying deliberate-reflection models would be more
effective.

Methods: The study consisted of one learning session and two test sessions. Forty-four general-practice residents were randomly
assigned to one of three study conditions in the learning session: (1) control without reflecting (n = 14); (2) engaging in deliberate
reflection (n = 11); or (3) studying deliberate-reflection models (n = 19). To assess learning, they diagnosed new cases in both a
same-day test and a delayed test one week later. In the delayed test, participants were additionally asked to elaborate on their
decisions. We analysed diagnostic accuracy and whether their reasoning contained key elements of deliberate reflection.
Results: We found no significant differences between the study conditions in diagnostic accuracy on the same-day test, p = .649, or
on diagnostic accuracy, p = .747, and reflective reasoning, p = .647, on the delayed test.

Discussion: Against expectations, deliberate reflection did not increase future reflective reasoning. Future studies are needed to
investigate whether residents either did not sufficiently learn the procedure, did not adopt it when diagnosing cases without in-
structions to reflect, or whether the reflective-reasoning process as itself cannot be taught.

© 2020 King Saud bin Abdulaziz University for Health Sciences. Production and Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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diagnostic reasoning, but an approach whose effec-
tiveness is empirically supported is deliberate reflec-
tion. Deliberate reflection aims to stimulate physicians
to further reflect on their first impression of a case at
hand.' Thereby, it could correct diagnostic errors due
to excessive reliance on intuitive reasoning. Intuitive
reasoning is efficient most of the time and it enables
experienced physicians to make good and fast de-
cisions. However, it may also lead to errors, for
example if physicians are being influenced by irrele-
vant contextual factors.” If a wrong initial diagnostic
hypothesis has been generated, the mistake could only
be corrected by further reflection on the case.”

Studies on deliberate reflection have found that it
can counteract diagnostic errors on complex casesl, or
if physicians were distracted by irrelevant patient fea-
tures™® or influenced by other cases they had encoun-
tered recently (i.e., availability bias).®” Deliberate
reflection has been investigated as a learning tool as
well. Students (4th — 6th year) who followed the
deliberate-reflection procedure during practice with
clinical cases showed higher diagnostic accuracy when
solving similar cases one week later than students who
just diagnosed the cases.” '°

Studies have not yet shown, however, whether
physicians could also learn the deliberate-reflection
procedure itself. If this is possible, physicians could
spontaneously apply deliberate reflection on new cases
to be solved in the future, regardless of the content and
without explicit instructions to reflect on them. It is
reasonable to expect that the deliberate-reflection
procedure can be taught by employing instructional
approaches based on example study (i.e., example-
based learning, or EBL). Such approaches have
proven effective to teach problem-solving skills in
many domains, particularly for novice learners.'""'* In
these domains, EBL proved more effective for novices
than, for instance, learning by doing (LBD), i.e.,
practicing of the task. According to Cognitive Load
Theory, the advantages of EBL over LBD derives from
the reduced amount of cognitive load it would impose
on the learner.'® Relative to LBD, the guidance that an
example gives a novice learner reduces the amount of
ineffective cognitive load (i.e., the investment of
cognitive resources to deal with aspects of the problem
that do not help learning how to solve the problem). In
EBL, instead of being focused on finding a solution to
the problem, cognitive resources can be allocated to
understand the steps involved in solving the problem. It
can be said, therefore, that EBL would allow for
replacing the eventually ineffective cognitive load
involved in LBD by effective load imposed by studying
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just the procedure to be used to solve a new problem.
In medical education, EBL has proven effective to
teach medical procedures'* and diagnostic compe-
tence.'” It can therefore be hypothesised that EBL
would be effective to teach deliberate reflection as
well, if learners have never worked with it before.

In this study, we investigated whether the
deliberate-reflection procedure can be learned and then
be applied autonomously on future cases, and which
teaching approach is most effective for residents in
general-practice training. For this purpose, we con-
ducted an experiment consisting of a learning session,
and two test sessions. In the learning session, residents
solved a set of cases either without reflection (control),
by following the deliberate-reflection steps (learning
by doing, LBD), or by studying deliberate-reflection
models (EBL). We expected that residents would
learn and adopt reflective reasoning the most when
practicing with reflection models and that both reflec-
tion groups would score higher than the control group
(EBL > LBD > Control).

2. Method
2.1. Design

The study consisted of a prior-experience assess-
ment and three sessions (Fig. 1): a learning session, a
same-day test session, and a delayed test session. In the
learning session, participants were randomly assigned
to one study condition and diagnosed cases either (1)
without being instructed to reflect (control); (2) by
engaging in deliberate reflection (LBD); or (3) by
studying deliberate-reflection models (EBL). The two
test sessions were the same for all participants. The
same-day test consisted of a diagnostic task, and the
delayed test consisted of a diagnostic task followed by
a justification task.

2.2. Participants

Eighty-one residents from the general-practice
vocational training were invited to participate in the
study. Participants were in the first year of a residency
program at the Erasmus Medical Centre in Rotterdam
or the University Medical Centre Groningen. Residents
in the Netherlands have an MD degree obtained after a
6-year undergraduate training and are engaged in a
three-year training program to specialize in general
practice. An a priori power analysis, assuming to-be-
detected effects of medium size (Cohen’s f = 0.25)'°
at « = 0.05, showed that a sample of 81 would be
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[ 1 year general-practice residents

(n=

44)

[ Prior-experience assessment* I

Control condition

Learning by doing

Example-based learning
with deliberate-
reflection models

(EBL, n=19)

Learriﬁr;g without reflecting deliberate reflection
sessio (CC, n=14) (LBD, n = 11)
Same-day 1. Diagnostic task
test = Related cases & Unrelated cases
(5h later)
Delayed 1. Diagnostic task
test

il e i) 2. Justification task

=>» Related cases & Unrelated cases

Note. *The prior-experience questionnaire was only filled in by 35 of the 44 participants.

Fig. 1. Tllustration of the study protocol.

sufficient to have a power of 0.80. The study took place
during the usual educational program, and participants
did not receive compensation.

2.3. Material and procedure

All material was presented in Dutch. Thirty written
cases were used in this study (Supplementary
material, Table 1), each one describing a new pa-
tient. For the test sessions, 16 of the cases were related
to the cases studied in the learning phase, i.e., had the
same chief complaint, and eight cases were unrelated,
with a completely different clinical presentation.
These two types of cases were necessary to allow us to
distinguish between learning the content of the dis-
eases studied in the learning phase (which would show
only on the related cases) and learning the de
reasoning process, i.e., the deliberate reflection-
procedure (which would show on the unrelated
cases). The cases were prepared by experienced GPs,
reflecting problems encountered in general practice
(example in Supplementary material, Fig. 1) and
validated by two different GPs. The GPs also prepared
the reflection models to be used by the EBL condition
(see below).
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The study was presented using Qualtrics software
(Version 11.2017). All participants saw the same cases
during the same session. Two versions of the program
were prepared for each study condition, alternating the
sequence of presentation of the cases. Each session was
self-paced, participants could not go back in the pro-
gram, and the software automatically recorded partic-
ipants’ responses and time spent on each page.

2.3.1. Prior-experience questionnaire

Two weeks before the learning session, participants
were asked to fill in an online questionnaire on de-
mographics and experience in clinical practice. The
questionnaire was administered in advance instead of
during the study to avoid that it would influence the
participants’ answers during the study by priming them
to diagnoses included in the questionnaire. The number
and nature of new cases encountered between the
prior-knowledge questionnaire and the study can be
expected to be limited and without structural differ-
ences between the conditions. The questionnaire
showed a list of symptoms and diagnoses, including
those included in this study (Supplementary material,
Table 2). For each item, participants indicated their
experience on a 5-point Likert-scale ranging from 1 (I
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have never seen a patient with this condition, symptom,
or complaint) to 5 (I have seen many patients with this
condition, symptom, or complaint).

2.3.2. Learning session

In the learning session, participants were randomly
assigned to one of three study conditions: control
condition (CC), learning by doing deliberate reflection
(LBD), or example-based learning with deliberate-
reflection models (EBL). Before the residents arrived,
we had randomly distributed papers with internet links
to the different programs on the tables where the study
took place. When participants arrived, we asked them
to choose a table, which therefore assigned them to one
of the study conditions. In advance, participants were
told that the study investigated their clinical reasoning
and educational methods, but they were not informed
about the different conditions. Participants first
watched a video with the instructions for their study
condition. In the LBD and EBL condition, the video
explained the steps of deliberate reflection. Thereafter,
participants diagnosed six cases.

2.3.2.1. Control condition (CC). For each case, par-
ticipants were requested to read a case and, as soon as
they had the most likely diagnosis for the case, move on
to the next page and type in the most likely diagnosis.
On the next two screens, they rated their mental effort
when diagnosing and their confidence in their final
diagnosis, by using a 9-point-Likert-scale ranging from
1 (very low) to 9 (very high), similar to the mental-effort
rating by Paas.'” After all cases were diagnosed, the
participants in the control condition did a filler task,
included to ensure similar session duration across the
three conditions. This filler task asked participants to
diagnose four internal medicine cases, completely un-
related to the general-practice cases in this study.

2.3.2.2. Learning by doing (LBD) condition. First,
participants were requested, for each case, to read the
case and to give a diagnosis on the next page, just as
under the control condition. Thereafter, they were asked
to follow the deliberate-reflection procedure, as
explained in the instruction video, to critically review
the initial diagnosis.' Participants saw the case again
with a table below. In the first row, they were asked to
fill in (1) findings that support their diagnosis; (2)
findings that oppose the diagnosis; (3) findings that
would have been expected if the diagnosis was true but
were absent; and in the next row (4) an alternative
diagnosis if the diagnosis at hand turned out to be
wrong. They were asked to follow the same analytical
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steps for this alternative diagnosis, and if possible for a
third diagnosis. After this analysis, they ranked their
diagnoses in order of likelihood. Finally, they rated their
mental effort and confidence, and went on to the next
case until all cases were diagnosed.

2.3.2.3. Example-based learning (EBL) condition.
First, participants in the EBL condition read a case and
gave a diagnosis, just as under the control and LBD
conditions. After that, they saw the case again accom-
panied with a deliberate-reflection model (i.e., a filled in
reflection table; example in Supplementary material,
Fig. 2). The model showed the reflection table with
the analysis of three plausible differential diagnoses, as
used under the LBD condition. Participants were
requested to study this table and, after having decided
on the diagnoses’ likelihood, move to the next page and
fill in the ranking. Finally, they rated their mental effort
and confidence, and went on to the next case until all
cases were diagnosed.

2.3.3. Same-day test session

The same-day test was conducted three to 5 h after
the learning session and was the same for all study
conditions. First, participants were asked to shortly
explain the diagnostic reasoning process they had
applied during the first session. The purpose of this was
to remind participants in the LBD and EBL condition
of the deliberate-reflection steps they had learned.
After this, participants diagnosed 12 new cases of
which eight were related cases and four were unrelated
cases. The related cases (n = 16) presented the same
chief symptoms as studied cases from the learning
session, either with the same or a different diagnosis.
The unrelated cases (n = 8) presented novel chief
symptoms and diagnoses that had not been encoun-
tered in the learning session. The procedure of the
diagnostic task was the same as for the control con-
dition in the learning session: participants read a case,
went on to the next page, and gave the most likely
diagnosis; they rated their mental effort and confi-
dence, and went on to the next case until all cases were
diagnosed.

2.3.4. Delayed test session

The delayed test was conducted seven days after the
first two sessions in order to test whether a possible
effect of practicing with deliberate reflection would
last or would only show later. It consisted of a diag-
nostic task and a justification task. First, participants
diagnosed, one by one, a new set of 12 cases of which
eight were related cases and four were unrelated cases.



J. Kuhn, P. van den Berg, S. Mamede et al.

When all cases had been diagnosed, they performed a
justification task that was later used to evaluate
engagement in reflective reasoning. For each case,
participants were shown a few sentences of the case
(Supplementary material, Fig. 3), together with the
diagnosis that they had given. They were asked to
explain (in writing) their reasoning when making the
diagnosis during the diagnostic task. Finally, partici-
pants received a written debriefing, were asked for
their informed consent and thanked for their
participation.

2.4. Data analysis

We used a significance level of « = .05 and did a
Bonferroni correction for the high number of tests,
which led to o = .005. As a measure of effect size, nf,
is provided for the analyses of variances, with .01, .06,
.14 corresponding to small, medium and large effects,
and r for t-tests with .10, .30, .50 as thresholds. '

2.4.1. Prior experience

For all chief symptoms, and for all correct di-
agnoses of the cases in this study, we computed the
mean prior-experience ratings. On these two measures
we conducted one-way analyses of variance (ANOVA)
with study condition (LBD, EBL, control) as a
between-subjects factor, to check for initial differences
between the groups.

2.4.2. Same-day and delayed test

The accuracy of the diagnoses provided by partici-
pants was scored as either 1 (correct), 0.5 (partially
correct), or 0 (incorrect). An answer was considered
correct if the main component of the diagnosis
appeared in it. An answer was partially correct when it
contained one of the constituent elements of the
diagnosis, but the core diagnosis was not cited.
Incorrect answers did not cite the core diagnosis and
none of its constituent elements. Each answer was
scored by two general practitioners and discrepancies
were resolved by discussion. The inter-rater reliability
of the raters’ initial scores was excellent, ICC = .96,.'8
The time that participants spend on a case (time to
diagnose) was retrieved in seconds. Time to diagnose
was used as an indirect measure of reflection, assuming
that engaging in reflective reasoning takes more time
than intuitive reasoning.

We computed the participants’ mean scores on
diagnostic accuracy, mental effort, confidence, and
time to diagnose, separated by type of cases (related,
unrelated). To test an effect of study condition on these
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measures, each measure was analysed by a mixed
ANOVA with pairwise comparisons using Bonferroni
corrections. Type of case was used as a within-subjects
factor, and study condition (LBD, EBL, control) as a
between-subjects factor.

The answers of the justification task were analysed
for key elements of deliberate reflection. For this
purpose, we counted the numbers of idea units'”*" that
could be categorised according to the deliberate-
reflection steps 1—4 (example in Supplementary
material, Fig. 4). An idea unit is the smallest mean-
ingful idea that can be identified in a fragment of text.
We reconstructed deliberate-reflection tables from the
residents’ answers, and as a result, an idea unit could
be counted multiple times if it was associated with
multiple diagnoses. For example, if a resident argued
that a symptom speaks against two diagnoses, that
symptom was counted twice. Two researchers, who
were blind to the study condition, counted and cat-
egorised the idea units for 6 of the 44 participants,
without judging the correctness of the medical content.
The inter-rater reliability was calculated for the num-
ber of idea units per column of the reflection table and
was ranging from excellent to fair'® (left to right:
ICC = 93, ICC = .80, ICC = .85, ICC = .50).
Therefore, one researcher rated the complete data set.

We calculated two outcome measures about the
count of idea units. As a first measure, we analysed the
number of all idea units to see how many idea units
participants generated in general. A crucial element of
deliberate reflection is that participants are asked to not
only consider information that supports a diagnosis at
hand, but to consider contradictory arguments and
alternative diagnoses also.”! Therefore, as a second
measure, we analysed the number of contradiction
units in the participants reasoning to measure adoption
of the deliberate-reflection procedure. Contradiction
units were idea units counted at step 2, 3, and 4 of the
deliberate-reflection procedure. For the statistical
analysis, the proportion of contradiction units was
calculated to see how many contradiction units were
given relative to all idea units given by the participant.
The proportions adjust for possible differences be-
tween cases in the total number of idea units that
participants reported.

For the analysis, we computed the participants’
mean number of all idea units as well as the mean
proportion of contradiction units, separated by the two
types of cases. Mixed ANOVAs with pairwise com-
parisons were conducted on each outcome measure
with type of cases (related, unrelated) as within-
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Table 1

Statistical outcomes of several ANOVA performed on the outcome data.

Study Condition

Type of Case

Study Condition

* Type of Case

Prior knowledge

F(2, 32) = 1.03, 12 = .06

Chief symptoms

Diagnoses
Same-day test

83, 5 = .05

F(2,32)

=.09

2
> Mp
2

F(2,41) =2.07, p = .139

F(1,41) = 37.34, p < .001

F(1, 41

.02
=.03

2

> Mp

2
> Mp

F(2, 41) = 44, p = 649
F(2, 41) = 70, p = .503

Diagnostic accuracy

Time to diagnose

Mental effort

Confidence
Delayed test

2
.M

, M < .01
.,

F(2, 41) = .05, p = 954

11
A1

F(2,41) = 2.46, p = .098

F(1, 41

A1

=.09

F(2,41) = 2.64, p = .083

2
P

F(2, 41) = 2.45, p = .099, 7

< .01

2
p

F(1,41) = .03, p = .870, 1

2
P

F(2,41) = 2.05, p = .141, 3

=.08

2
393, np = .05

> Mp

F(2,41) = 1.86, p = .169

F(2, 41) = 95, p

=.00
= .48
2

2
> Mp

F(1,41) < .01, p = .996
F(1, 41) = 37.65, p < .001, 7}

= .01
.07
=.16

2
.M

F(2,41) = 29, p = 747
FQ2,41) = 1.46, p = 244, 7} =

Diagnostic accuracy
Time to diagnose
Mental effort
Confidence

2

> Mp
2
s Mp

2
s Mp

= .06
.03
.02

2
> Mp

F(2,41) = 1.22, p = 305
F(2,41) = 62, p = 544
F(2, 41) = 55, p = 624

1
147

0
0
F(1,41) = 1.59, p = 214, 72 = .04

2
s Mp

F(1, 41) = 7.01, p = 011

1
.09
2

, 127,2, =
> np2: 0
s Mp

F(2, 41) = 401, p = .026
F(2,41) = 2.00, p = .148
F(2, 41) = 44, p = .647

Proportion of contradiction units

Number of all idea units

.08

F(2,41) = .15, p = .855, 1}

.10

F(2,41) =2.33,p =.110
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subjects factors, and study condition (EBL, LBD,
control) as a between-subjects factor.

3. Results
3.1. Participants

Fifty-seven residents participated in the learning
session (CC: n = 19; LBD: n = 16; EBL: n = 22) and
44 of them also completed both tests (35 female; age
M = 30.16, SD = 5.04; Appendix A). Unfortunately,
we had difficulties recruiting participants and as a
consequence did not reach the sample size estimated
by the prior power analysis. The 13 participants who
did not attend the test sessions were excluded from the
study, which led to unequal sample sizes of the study
conditions (CC: n = 14; LBD: n = 11; EBL: n = 19).
The study sample consisted of 14 residents from the
Erasmus Medical Centre in Rotterdam and 30 residents
from the University Medical Centre Groningen.
Because the study sessions were considered part of the
regular training, the residents could join any of the
sessions. For that reason, 15 participants came to the
test sessions while not having participated in the
learning session and therefore were excluded from the
data analysis.

3.2. Prior experience

The response rate on the prior-experience ques-
tionnaire was 79.54% (means in Appendix A). There
was no difference in prior experience with the chief
symptoms between the three study conditions,
p = .367, or with the medical conditions, p = .447
(Table 1) and the three groups had similar practical/
working experience in medical practice
(Supplementary material, Table 3).

3.3. Same-day test

Means and standard deviations are shown in
Appendix B. The ANOVA on diagnostic accuracy
showed no main effect of study condition, p = .649,
but participants performed better on related cases than
on unrelated cases, p < .001, without a significant
interaction effect, p = .139 (Table 1). The analysis on
time to diagnose showed no main effect of study
condition, p = .503, no main effect of type of case,
p = .675, and no significant interaction, p = .954. The
analysis on the mental effort ratings showed no main
effect of study condition, p = .083, no main effect of
type of case, p = .468, and no significant interaction,
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p = .098. The analysis on the confidence ratings
showed no main effect of study condition, p = .141, no
main effect of type of case, p = .870, and no significant
interaction, p = .099.

3.4. Delayed test

3.4.1. Diagnostic task

Means and standard deviations are shown in
Appendix C. The analysis of diagnostic accuracy
showed no main effect of study condition, p = .747, no
main effect of type of case, p = .996, and no significant
interaction, p = .169 (Table 1). The analysis on time to
diagnose showed no main effect of study condition,
p = .244, but participants spend more time diagnosing
related cases than unrelated cases, p < .001, without
significant interaction effect, p = .393. The analysis of
the mental effort ratings showed no main effect of
study condition, p = .026, no main effect of type of
case, p = .378, and no significant interaction, p = .305.
The analysis on the confidence ratings showed no main
effect of study condition, p = .148, no main effect of
type of case, p = .622, and no significant interaction,
p = .544.

3.4.2. Justification task

When analysing the data, we noticed that the elab-
orateness of the explanations differed much between
participants. Some residents just listed a couple of
findings without further explanation, which were the
main findings supporting their diagnosis. Others
described different diagnoses they had considered at
the time of diagnosing, and which arguments influ-
enced their estimation of likelihood. Furthermore, it
was often stated that their first concern was to exclude
severe diseases (e.g., cancer) before finding the most
likely diagnosis. The analysis on the number of all idea
units showed no main effect of study condition,
p = .110, no main effect of type of case, p = .214, and
no significant interaction, p = .855 (Table ). The
analysis on mean proportion of contradiction units
showed no main effect of study condition, p = .647, no
main effect of type of case, p = .011, and no significant
interaction, p = .624.

4. Discussion

To our knowledge, this study is the first to investi-
gate whether general-practice residents can learn the
deliberate-reflection procedure and then adopt it
autonomously when diagnosing future cases. However,
our study did not show that practicing with deliberate
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reflection increased residents’ reflective reasoning or
improved their diagnostic performance, when
compared to a control condition. We assumed that
engaging in reflective reasoning is reflected by more
time to diagnose, and more idea units and a higher
proportion of contradiction units on the justification
task. More reflection could then lead to higher diag-
nostic accuracy, when cases are difficult. Contrary to
our hypotheses, the three study conditions (Control,
LBD, EBL) did not differ on any of these main
outcome measures. Below we will discuss why we
think that we did not find LBD and EBL to be effective
methods for residents to learn deliberate reflection in
order to improve their reflective-reasoning skills.

The diagnostic accuracy measures show that per-
formance was not at ceiling level and could have been
improved if the residents had engaged in reflection.
Therefore, there may be three possible explanations
why our hypotheses were not confirmed. A first
explanation is that the residents did not learn the
deliberate-reflection procedure sufficiently during the
learning session. It could be that one learning session
was insufficient to learn the procedure, even though
studies showed that it is possible to learn reasoning
procedures from just one session.”” It is also possible
that they focussed more on the content of the cases
rather than on the reflection procedure. A different
instructional approach than EBL or LBD may be more
effective to teach deliberate reflection.

A second explanation is that, even though residents
learned the deliberate-reflection procedure, they did
not apply it when diagnosing cases in the test sessions.
One reason for that might be that residents are already
too experienced with diagnosing cases, which led them
to have already acquired a diagnostic reasoning
approach that they routinely adopt when solving clin-
ical problems. Consequently, the learning session may
not have been sufficient to change their usual practice.
Therefore, residents’ experience with the task,
although not with the procedure to learn, could explain
why the often found benefit of EBL for teaching
problem-solving skills to novices,'""'* did not apply to
them. In studies where residents’ diagnostic accuracy
was improved by deliberate reflection,””° they were
directly instructed to apply the procedure while solving
clinical cases. It was not tested whether participants
had learned the deliberate reflection procedure and
would apply it by themselves on future cases. There-
fore their experience with a particular reasoning
approach would not have played the same role as in the
current study.
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A third explanation may be that the reflective-
reasoning process as itself cannot be taught, because
which mode a physician would engage in is determined
by the interplay between the physician and the
perceived case difficulty, and is unconsciously deter-
mined. This is in line with the finding that in-
terventions focusing on the reasoning process itself are
often not effective to improve diagnostic accuracy.”"*
Content specific interventions, on the other hand,
which improve or activate physicians’ knowledge,
often are effective. Deliberate reflection may then be a
useful educational tool to improve knowledge, as has
been found in earlier studies,gf10 but not as a reasoning
strategy that is applied in practice.

Another finding of our study was that on the same-
day test, all study conditions scored higher on diag-
nostic accuracy for cases that were related to the
studied cases than for those cases not related. One
explanation is, that the difficulty of these case was
different. However, it could also be that participants
had gained knowledge of the cases’ content or recog-
nised similarities with the studies cases, which were
then forgotten in the delayed test, where this finding
did not reoccur.

There are several limitations of the study. First, the
sample size was small which means that the results can
only serve as an indication, and the prior-knowledge
questionnaire we used to rule out confounders was
not filled in by all participants. Second, residents
practiced the reasoning approach in a single, short
session and then worked in general practice for a week
before they did the delayed test. Therefore, the effect
of the learning session may have limited effect on their
diagnostic reasoning strategy. Third, the justification
task is a post hoc explanation of how residents
reasoned when diagnosing a case. It might be that this
task does not sufficiently reflect the actual reasoning
process but rather a rationale built subsequently. Last,
the same-day test could have served as another op-
portunity to practice with the cases for all study con-
ditions, including the control condition (see testing
effect).”” This could have influenced the diagnostic
performance for similar cases on the delayed test.

From the findings of our study, we conclude that
residents may already have considerable experience in
diagnosing cases, making it more difficult to influence
how they reason. Therefore, it might be more effective
to teach deliberate reflection early on in their educa-
tion, when students start learning how to diagnose, or
with a different instructional approach. It may also be,
that it is not possible to learn reflective reasoning and
apply it to new cases. Practicing with deliberate

513

Health Professions Education 6 (2020) 506—515

reflection could have content specific benefits only and
be effective for diagnosing future similar cases.
Finally, future studies should measure the residents’
reasoning at the time that they are solving a case, as
this could be a better representation of their reasoning
than our justification task.
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Appendix A. Supplementary data

Supplementary data to this article can be found
online at https://doi.org/10.1016/j.hpe.2020.07.004.

Appendixes.

Appendix A: Age and gender of the participants, and
prior-experience rating of the diagnoses and chief

symptoms presented in this study

All cases
N Mean SD

Age

Control 14 (14 female) 29.79 6.19

EBL 19 (14 female) 29.52 3.99

LBD 11 (7 female) 31.73 5.22

Total 44 (35 female) 30.16 5.04
Prior-experience Diagnoses

Control 12 2.52 45

EBL 12 2.72 52

LBD 11 2.39 45

Total 35 2.58 A7
Prior-experience Chief complaints

Control 12 3.03 .54

EBL 12 3.35 .58

LBD 11 3.02 .66

Total 35 3.12 .59

Note. Participants indicated their experience on a 5-point Likert-scale
ranging from 1 (I have never seen a patient with this condition,
symptom, or complaint) to 5 (I have seen many patients with this

condition, symptom, or complaint).

Appendix B: All outcome measures of the diagnostic
task collected during the same-day test

Related cases  Unrelated cases  All cases
N Mean SD Mean SD Mean  SD

Diagnostic Accuracy

Control 14 .44 15 32 12 40 .09

EBL 19 54 21 .29 24 46 .19

LBD 11 .52 17 22 .18 42 .14

Total 44 .50 18 28 .19 43 15
Time to Diagnose

Control 14 109.23 30.26 103.94 3398 107.47 27.54

EBL 19 120.57 5148 117.92 44.12 119.69 42.01

LBD 11 108.65 2528 108.45 29.62 108.59 25.03

Total 44 11398 39.61 111.11 37.51 113.03 33.89
Mental Effort

Control 14 5.46 1.10 5.18 1.06 5.37 .99

EBL 19 4.76 1.32  5.14 1.31 4.89 1.24

LBD 11 422 95 4.41 1.11 4.28 97

Total 44 485 1.24 497 1.20 4.89 1.15
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(continued)
Related cases  Unrelated cases  All cases
N Mean SD Mean SD Mean  SD
Confidence
Control 14 4.46 1.13 493 1.29 4.61 1.07
EBL 19 5.59 94 5.20 1.19 5.46 .88
LBD 11 5.13 .88 4.95 1.33 5.07 .90
Total 44 5.11 1.08 5.05 1.23 5.09 1.00

Note. Diagnostic accuracy was scored as O (incorrect), 0.5 (partially
correct), or 1 point (correct). Time to diagnose was measured in
seconds. Mental Effort and Confidence were rated on a 9-point Likert-
scale ranging from 1 (very low) to 9 (very high).

Appendix C: All outcome measures of the diagnostic
task and the justification task collected during the

delayed test

Related cases  Unrelated cases  All cases
N Mean SD Mean SD Mean  SD

Diagnostic accuracy

Control 14 .68 18 57 32 .65 .16

EBL 19 .64 .19 .63 .26 .63 17

LBD 11 .53 .14 .65 18 .57 .10

Total 44 .62 18 .61 .26 .62 .16
Time to diagnose

Control 14 11222 3420 92.16 29.01 105.53 31.27

EBL 19 12836 38.14 10943 2437 122.05 31.26

LBD 11 12246 31.04 91.21 29.58 112.04 28.78

Total 44 121.75 35.15 99.38 28.02 114.29 30.82
Mental effort

Control 14 5.03 1.30 475 1.00 493 1.13

EBL 19 4.71 1.07 4.89 1.22 4.77 1.03

LBD 11 4.01 .60 3.68 1.37 3.90 1

Total 44 4.64 1.11 455 1.28 4.61 1.06
Confidence

Control 14 4.92 1.25  5.02 1.08 4.95 1.09

EBL 19 5.61 .86 5.47 .90 5.56 .79

LBD 11 543 .86 5.68 1.11 5.52 81

Total 44 534 1.02 538 1.02 5.36 92
Proportion of contradiction units

Control 14 .12 11 15 .09 .13 .10

EBL 19 .12 13 .19 15 .14 12

LBD 11 .09 12 .14 15 11 11

Total 44 11 12 .16 13 13 A1
Number of all idea units

Control 14 5.79 1.38 543 1.58 5.67 1.31

EBL 19 5.79 1.33  5.63 1.49 5.74 1.30

LBD 11 4.78 1.21  4.64 1.39 473 1.16

Total 44 554 1.36  5.32 1.52 547 1.31

Note. Diagnostic accuracy was scored as O (incorrect), 0.5 (partially
correct), or 1 point (correct). Time to diagnose was measured in
seconds. Mental Effort and Confidence were rated on a 9-point Likert-
scale ranging from 1 (very low) to 9 (very high).
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