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Abstract

Background: Simulation-based learning with virtual patients is a highly effective method that could potentially be
further enhanced by including reflection phases. The effectiveness of reflection phases for learning to diagnose has
mainly been demonstrated for problem-centered instruction with text-based cases, not for simulation-based
learning. To close this research gap, we conducted a study on learning history-taking using virtual patients. In this
study, we examined the added benefit of including reflection phases on learning to diagnose accurately, the
associations between knowledge and learning, and the diagnostic process.

Methods: A sample of N= 121 medical students completed a three-group experiment with a control group and
pre- and posttests. The pretest consisted of a conceptual and strategic knowledge test and virtual patients to be
diagnosed. In the learning phase, two intervention groups worked with virtual patients and completed different
types of reflection phases, while the control group learned with virtual patients but without reflection phases. The
posttest again involved virtual patients. For all virtual patients, diagnostic accuracy was assessed as the primary
outcome. Current hypotheses were tracked during reflection phases and in simulation-based learning to measure
diagnostic process.

Results: Regarding the added benefit of reflection phases, an ANCOVA controlling for pretest performance found
no difference in diagnostic accuracy at posttest between the three conditions, £(2, 114) =0.93, p = .398. Concerning
knowledge and learning, both pretest conceptual knowledge and strategic knowledge were not associated with
learning to diagnose accurately through reflection phases. Learners’ diagnostic process improved during simulation-
based learning and the reflection phases.

Conclusions: Reflection phases did not have an added benefit for learning to diagnose accurately in virtual
patients. This finding indicates that reflection phases may not be as effective in simulation-based learning as in
problem-centered instruction with text-based cases and can be explained with two contextual differences. First,
information processing in simulation-based learning uses the verbal channel and the visual channel, while text-
based learning only draws on the verbal channel. Second, in simulation-based learning, serial cue cases are used to
gather information step-wise, whereas, in text-based learning, whole cases are used that present all data at once.
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Introduction

A recent meta-analysis revealed that simulation-based
learning has a large positive effect on learning complex
skills, including diagnostic competences in medicine [1].
Moreover, there is evidence that the positive effects of
simulation-based learning may be enhanced by combin-
ing it with instructional support measures [2—4]. Indeed,
numerous studies have confirmed that reflection phases
are a particularly effective type of instructional support
[5-7]. However, a closer inspection of these studies
shows that reflection phases were primarily investigated
for text-based cases and not for simulation-based learn-
ing with virtual patients. Therefore, to what extent re-
flection phases can foster learning to diagnose accurately
in simulation-based learning is an open question. . Below,
we summarize our study’s underlying conceptual frame-
work, define virtual patients and text-based cases, and
discuss the potential effect of reflection on facilitating
diagnostic competences.

Underlying conceptual framework

Our study is based on the conceptual framework for ac-
quiring diagnostic competences in simulations with in-
structional support by Heitzmann et al. [8]. They define
simulations as models of diagnostic situations that can be
manipulated and sometimes even controlled by partici-
pants. The instructional support provided can include, for
instance, examples, prompts, or reflection phases. The ef-
fectiveness of simulation-based learning with instructional
support depends on individuals’ diagnostic process and
prerequisites such as prior knowledge. The diagnostic
process can be operationalized through eight diagnostic
activities, including the current hypothesis (preliminary
diagnosis) learners form in the course of diagnosing.
Knowledge encompasses the two types conceptual know-
ledge and strategic knowledge. Conceptual knowledge re-
fers to knowledge about constructs and their relations,
while strategic knowledge is defined as knowledge about
heuristics and strategies in diagnosing. The primary out-
come measure of simulation-based learning in this frame-
work is diagnostic accuracy - the agreement between the
participant’s diagnosis and a correct sample solution [8].
Next, we will define virtual patients and text-based cases
and briefly describe possible differences in information
processing while learning from them.

Virtual patients and text-based cases

Virtual patients are a special type of computer simula-
tion representing clinical situations such as history-
taking or physical examinations [9]. Moreover, virtual
patients frequently include audio-visual material as well
as text-based information [10, 11]. The text-based cases
used in studies on reflection phases typically consist of a
description of the patient’s main symptoms, as well as
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relevant findings from history-taking, the physical exam-
ination, and lab investigations [5-7]. Two theoretical
perspectives suggest that information processing during
learning from virtual patients and text-based cases may
differ. According to the cognitive theory of multimedia
learning [12], humans possess two separate channels for
visual and verbal information processing that are used
during learning [13]. Consequently, learners will process
virtual patients using both channels, while text-based
cases will only be processed in the channel for verbal in-
formation. Moreover, differences in the case formats
could determine how information is processed [11, 14].
Virtual patients typically represent serial cue cases, in
which information is obtained step-wise by navigating
through a digital environment. In text-based cases, infor-
mation is typically presented in the whole case format, in
which all relevant information is displayed at once. In
the following section, we will discuss the potential effect
of reflection on facilitating diagnostic competences.

Reflection and facilitating diagnostic competences
Reflection is defined as a cognitive and metacognitive
process in which learners deal with their thoughts and
actions, as well as their bases, intending to modify them
[15]. On the one hand, reflective processes can implicitly
occur in virtual patients containing design features that
provide opportunities for this. On the other hand, reflec-
tion phases as instructional support can explicitly induce
beneficial reflective processes by providing specific in-
structions and a dedicated phase of time for this activity.
In medical diagnosing interventions, the instructions for
reflection phases typically include questions on the ini-
tial hypothesis, alternative hypotheses, and reasons for
and against these hypotheses [5, 7, 16]. The effectiveness
of reflection has been primarily tied to dual-process the-
ory [17], which claims that two cognitive systems are
used in diagnosing: a fast, heuristic, and a slow, reflective
system. In line with Mamede et al. [18], reflection phases
induce slow cognitive processes that could be particu-
larly beneficial for correcting mistakes caused by faulty
heuristic diagnosing. Current research on reflection
phases centers around (1) the effectiveness of reflection,
(2) the associations between prior knowledge and learn-
ing from reflection, and (3) the quality of the diagnostic
process.

Concerning (1) the effectiveness of reflection, a meta-
analysis on instructional support in problem-centered
instruction in the domains of medical education and
teacher education reported a medium positive effect (g =
0.58) of including reflection phases on promoting diag-
nostic competences [2]. In addition, a literature review
for medical education by Mamede et al. [18] found that
reflection phases facilitated diagnostic competences in
most studies that used them to validate diagnoses with
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specific reasoning instructions. At this point, it should
be noted that the medical education literature primarily
investigated the effect of reflection phases for learning
from text-based cases, while results for simulation-based
learning are lacking. In contrast, a cross-domain meta-
analysis focused on simulation-based learning discovered
no added benefit of including reflection phases on fos-
tering complex skills [1]. In sum, there is more evidence
that reflection phases are effective than not effective at
fostering diagnostic competences in medicine. Despite
opposing findings from other domains, we currently as-
sume that this is also true in the context of simulations.

The (2) associations between prior knowledge and
learning from reflection should also be examined. Sup-
port for this association comes from the two aforemen-
tioned meta-analyses on instructional support in
problem-centered instruction and simulation-based
learning [1, 2], which both showed that reflection phases
were more beneficial for college students with high prior
knowledge than with low prior knowledge. In these
meta-analyses, learners’ prior knowledge was measured
dichotomously (low vs. high) based on years of academic
training and content familiarity. In partial contrast to
these results, an experiment by Mamede et al. [19] dem-
onstrated that physicians in specialty training but not
undergraduate medical students benefitted from con-
scious, slow diagnostic thinking when solving complex
problems. The authors argued that the undergraduate
college students in their study did not possess the neces-
sary knowledge foundation to experience improvement
through reflective processes. In short, the literature indi-
cates that learners with higher prior knowledge benefit
more from reflection phases than learners with lower
prior knowledge. However, further research on the level
of expertise required to profit from reflection phases is
necessary.

Two topics concerning the quality of the diagnostic
process (3) should be investigated further. First, the diag-
nostic process during reflection phases should be exam-
ined by inspecting learners’ hypotheses. Mamede et al.
[20] showed that hypotheses improved from a first point
in the diagnostic process before reflection to a second
point in the diagnostic process after reflection. In their
study, four different types of reflection phases (no spe-
cific instructions, arguments for the diagnosis, argu-
ments against the diagnosis, and arguments for and
against the diagnosis) were applied to text-based cases.
As is the case during reflection phases, learners might
also be able to enhance their hypotheses over the course
of simulation-based learning without reflection phases
by gathering and interpreting additional data [8]. Sec-
ond, the optimal timing of reflection phases within the
diagnostic process should be analyzed. Initial evidence
highlights that reflection phases are particularly effective
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during rather than before or after diagnosing [18]. How-
ever, two different operationalizations of reflection
phases during diagnosing are conceivable: In accom-
panying reflection, learners reflect in the middle of a case
and then continue working on it before providing a final
diagnosis. In concluding reflection, learners reflect after
completing a case, right before providing a final diagno-
sis. Each type of reflection phases could have specific
benefits. Accompanying reflection could primarily help
learners plan and monitor their ongoing diagnostic
process in the sense of improved self-regulated learning
[21]. Concluding reflection could offer learners more
case information to reconsider in the sense of self-
generated feedback to be used in problem-solving [22].
In light of the potential benefits of accompanying reflec-
tion over concluding reflection for the diagnostic
process, we assume that this type of instructional sup-
port is particularly effective for virtual patients with ser-
ial cue cases.

Research questions and hypotheses

To investigate reflection phases in the context of simula-
tions, we address the following research questions: To
what extent do reflection phases affect learning to diag-
nose accurately in virtual patients? (RQ1l) We
hypothesize that the inclusion of reflection phases in
simulation-based learning has an added benefit for
learning to diagnose accurately (H1.1). Furthermore, we
assume that accompanying reflection is more beneficial
for learning to diagnose accurately than concluding re-
flection (H1.2). To what extent is prior knowledge asso-
ciated with learning to diagnose accurately through
reflection phases? (RQ2) We expect that learners with
higher conceptual (H2.1) and strategic (H2.2) knowledge
would experience greater improvement in diagnostic ac-
curacy than learners with lower prior knowledge of these
types. To what extent does the diagnostic process im-
prove during simulation-based learning with virtual pa-
tients and during reflection phases, in the sense of
enhancements in current hypotheses and diagnostic ac-
curacy over the course of cases? (RQ3) We assume that
the diagnostic process improves both during simulation-
based learning (H3.1) and reflection phases (H3.2).

Method

Sampling procedure, participants, and research design
Data collection for the study ran from October 2019 to
February 2021. Recruitment took place on-campus and
through online advertising. Medical students from LMU
Munich with high German language proficiency in their
third to fifth year of medical school were eligible. The
final sample consisted of N =121 participants with an
average age of M = 24.90 years, SD = 4.01 years. The gen-
der of participants was distributed as follows: n =282
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(67.7 %) female, n =10 (8.3 %) male, and 7 =29 (24.0 %)
no answer. The high proportion of participants with no
answer on gender was likely caused by the use of an elec-
tronic form that allowed skipping this question without
selecting an option. The final sample represents about 5 %
of the enrolled third to fifth year medical students from
LMU Munich and is representative in age for this popula-
tion. We report more details on the sampling and partici-
pants in Additional file 1: Appendix S1 and S2.

The study used a pretest-posttest design, varying the
type of reflection. Participants were randomly assigned
to one of three conditions: (1) concluding reflection (n =
42), (2) accompanying reflection (n = 39), and (3) control
group (n =40). Data collection moved from the lab to
the web in the middle of the study due to the COVID-
19 pandemic. In both types of data collection, an identi-
cal learning environment was used. In lab-based data
collection, an experimenter was present in the computer
room at the university hospital. In web-based data col-
lection, an experimenter was connected via video chat.
The proportion of participants experiencing each data
collection method across conditions are provided in
Additional file 1: Appendix S2. A chi-square test showed
that the proportions participants experiencing each data
collection method did not differ across the conditions,
Y22, N=121) = 0.01, p = .994.

Procedure

We provide a visualization of the procedure for the
different conditions in Fig. 1. Participants began the
pretest by completing the conceptual and strategic
knowledge tests to assess their prior knowledge. The
conceptual and strategic knowledge tests are de-
scribed in more detail later. Next, participants com-
pleted a familiarization with the simulation-based
learning environment and then diagnosed three virtual
pretest patients. During the learning phase, all partici-
pants solved three other virtual patients. In all condi-
tions, participants were reminded via prompts to
spend a minimum of 5 min on each simulation and
had to stop working on the simulation after a time
limit of 10 min. We selected the time limit of 10 min
based on a prior study using similar cases [23]. Our
goal was to provide sufficient time for diagnosing
with an efficiency mindset but without inducing se-
vere time pressure. In the accompanying reflection
condition, a reflection phase took place halfway
through each case. In the concluding reflection condi-
tion, a reflection phase was conducted after complet-
ing each case but before providing a final diagnosis.
Moreover, only during the learning phase and in all
conditions, including the control group, a video-based
expert solution was presented after fully completing
and diagnosing each virtual patient. The expert
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solution contained the correct diagnosis and strategic
knowledge on the correct diagnostic process. In the
posttest, participants completed three additional vir-
tual patients.

Materials

Virtual patients

Participants diagnosed nine virtual patients suffering
from different causes of dyspnea. The virtual patients
were validated in a study by Fink et al. [23]. In Add-
itional file 1: Appendix S3, we provide an overview of
the diagnoses and characteristics of the virtual patients.
The virtual patients of the learning phase were selected
so that a transfer to the virtual patients of the pre- and
posttest was possible. In fact, the learning phase con-
tained various cardiopulmonary perfusion and diffusion
problems that shared a common hypothesis space with
the pre- and posttest. The (semi)-professional actors
playing the patients were selected based on the virtual
patients’ characteristics and trained for their role by an
acting coach and a physician. The created virtual pa-
tients were then embedded into the digital learning en-
vironment CASUS [24]. We present a screenshot of one
of the virtual patients in Fig. 2.

At the beginning of each virtual patient encounter,
prior diagnostic information (e.g., lab results) and the
chief complaint were presented in an introductory video.
Then, participants took the patient’s history by selecting
from a menu of 69 questions (cf. the questions on the
left of Fig. 2). The answer to each selected history-taking
question was streamed as a short video. Additional file
1: Appendix S3 provides examples of the history-taking
questions used and a source for the complete list of
history-taking questions.

Reflection phases

The content for the accompanying and concluding re-
flection conditions were based on scripts developed by
Mamede et al. [5, 7, 16]. As previously mentioned, in ac-
companying reflection, learners reflected after 5 min
equaling halfway through working on a case. In conclud-
ing reflection, learners reflected after completing the
case, right before offering their final diagnosis. The
scripts for both types of reflection consisted of nine
questions and are documented in Additional file 1: Ap-
pendix S4. Participants received 4 min and 20 s within
each case to engage in reflection.

Instruments

Diagnostic accuracy

Diagnostic accuracy was measured in each virtual patient
with a long menu consisting of 180 possible diagnoses re-
lated to dyspnea. Participants selected one diagnosis per
case, which was compared to a solution. One point was
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Pretest Learning phase Posttest
Condition
Test cases with Learning from ; Test cases with
S e virtual patients virtual patients Reiles onibha virtual patients
Accompanying - o 6 " o
reflection 4
Concluding
. o o o X, o
reflection
Control group o o o o
Duration 1.5 hours 1-1.25 hours 1 hour

Fig. 1 lllustration of the study procedure, including approximate durations. Note on the symbols: o Indicates a measurement, x Indicates a
treatment. Details on the intervention: X;: Reflection halfway through each case, X,: Reflection after completing each case

awarded for the designated correct answer, 0.50 points for
a partially correct answer, and 0 points for all other diagno-
ses. The learners’ answers were compared using R scripts to
the common sample solution of two expert physicians vali-
dated in Fink et al. [23]. Mean scores for diagnostic accur-
acy were calculated for the pretest, posttest, and the

learning phase and ranged from 0 (low) to 1 (high). The
third case in the pretest (diagnostic accuracy M = 0.05, SD =
0.14) and the second case in the posttest (M =0.08, SD =
0.23) were excluded from our analyses because of floor ef-
fects (see Additional file 1: Appendix S3 for the diagnoses
in these cases).

N
Main symptoms Prior history Allergies and medication Social and family history System review

Are you experiencing_the complaints for the first time?

Do you suffer from pain?

How are you doing_right now?

Do you experience the complaints only during exertion or also at re

Have you recently avoided leaving the house because you were aft

Did it occur suddenly or did you already experience dyspnea in rece

Do you have a cough?

Can you rest on a straight surface?

Have you experienced occasionally dizziness in the last few month:

Have you experienced fear of death?

Have you experienced other symptoms? For instance, rapid heartbeat or dizziness?

Were you chewing gum when it happened?

Fig. 2 Virtual patient by Fink et al. [23] licensed under CC BY 4.0
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Current hypothesis in the diagnostic process

To assess participants’ current hypothesis in the diag-
nostic process, we proceeded as follows. We asked par-
ticipants in every condition to select their current
hypothesis for each patient from the same long menu
described for diagnostic accuracy directly after reading
the prior diagnostic information and watching the chief
complaint on video. Moreover, participants’ current hy-
pothesis was additionally measured at the start and the
end of each type of reflection.

Conceptual knowledge test

The conceptual knowledge tests focused on dyspnea and
history-taking. The test consisted of 20 items and con-
tained single-choice and pick-N multiple-choice ques-
tions. In single-choice questions, participants received
one point for the correct answer. In pick-N multiple-
choice questions, participants received one point if their
entire answer pattern was correct. If participants se-
lected more than 50% correct answers in a pick-N
multiple-choice question, they were awarded 0.50 points,
in line with Bauer et al. [25]. Conceptual knowledge
scores were determined by dividing the number of
points achieved by the number of questions posed. Thus,
conceptual knowledge scores ranged from 0 (low know-
ledge) to 1 (high knowledge). The time limit for the test
was set to 20 min. The reliability was acceptable, with
Cronbach’s a = 0.61.

Strategic knowledge test

Strategic knowledge on dyspnea and history-taking was
assessed with four key feature cases [26]. Each case con-
sisted of four single-choice questions regarding the diag-
nosis, treatment, symptoms, and further diagnostic
measures. One point was awarded for each correct an-
swer. Strategic knowledge test scores were calculated by
dividing the number of points achieved by the number
of questions posed. Therefore, strategic knowledge
scores ranged from 0 (low knowledge) to 1 (high know-
ledge). Testing time was set to 20 min. The test’s reliabil-
ity was acceptable, with Cronbach’s a = 0.65.

Cognitive load

Cognitive load was assessed as a control variable once
directly after the end of the learning phase. We mea-
sured this variable as a control variable because a nega-
tive association between cognitive load and performance
in medical skills, such as diagnosing, has been shown re-
peatedly [27]. Moreover, reflection phases could affect
the cognitive load present in the different experimental
conditions. We used for the assessment of cognitive load
a five-item, five-point scale by Opfermann [28]. The
scale differentiates between germane, extraneous, and
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intrinsic cognitive load and lets participants rate their
mental effort from (1) very low to (5) very high.

Manipulation checks

One manipulation check on duration showed that, as
intended, participants in the intervention groups spent
about four additional minutes on the reflection phase for
each case (see Additional file 1: Appendix S5). We con-
sider this sufficient time for reflection in cases with a
time limit of 10 min. Another manipulation check con-
firmed that participants successfully engaged in reflec-
tion by writing a sufficient amount of notes in our
digital environment (see Additional file 1: Appendix S5).

Statistical analyses and sample size

We used R (Version 4.0.2) [29] for the statistical ana-
lyses. We investigated RQ1 with an analysis of covari-
ance. RQ2 was examined with one-tailed Pearson
correlations. For RQ3, we used one-tailed paired sample
t-tests. In all statistical analyses, the significance level
was set to a = 0.05.

An a priori-power analysis was conducted with
G*Power (Version 3.1) [30], assuming an error probabil-
ity of @ = 0.05 and a power of 8 = 0.80. For the main
analysis of RQ1, we hypothesized that the effect of re-
flection phases on learning to diagnose accurately would
be medium-sized, with g=0.58, based on the meta-
analysis by Chernikova et al. [2]. Based on this assumed
effect size, the power analysis yielded a required sample
size of N=118 participants with 39 participants per

group.

Results

Preliminary analyses

We report descriptive statistics and results from a one-
way analysis of variance for knowledge, diagnostic accur-
acy, and cognitive load in Table 1. These results show
that knowledge and diagnostic accuracy did not differ
across the experimental conditions in the different
phases of the experiment. Similarly, cognitive load con-
trol variables did not differ across the experimental con-
ditions when they were measured directly after the
learning phase.

The effect of reflection phases on learning to diagnose
accurately (RQ1)

To answer RQ1, we conducted an analysis of covariance
using the diagnostic accuracy score from the posttest as
the outcome. After adjustment for pretest diagnostic ac-
curacy, there was no statistically significant difference in
posttest diagnostic accuracy between the conditions, F(2,
114) =0.93, p =.398, yp*>=0.02. Thus, H1.1, an added
benefit of reflection phases on learning to diagnose ac-
curately, could not be confirmed. A pairwise comparison
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Table 1 Descriptive statistics and ANOVA results for knowledge, diagnostic accuracy, and cognitive load
Concluding reflection =~ Accompanying reflection  Control group  F df p

Conceptual knowledge - pretest 0.52 (0.13) 0.57 (0.14) 0.53 (0.13) 1.80 2,115 0.169
Strategic knowledge - pretest 0.50 (0.14) 0.50 (0.15) 0.50 (0.13) 003 2,108 0973
Diagnostic accuracy in VPs - pretest 045 (0.31) 049 (0.34) 047 (0.28) 024 2,115 0.785
Diagnostic accuracy in VPs - learning phase 0.56 (0.25) 0.59 (0.16) 0.55 (0.19) 0.46 2,117 0.630
Diagnostic accuracy in VPs - posttest 044 (0.33) 0.37 (0.31) 0.34 (0.33) 1.03 2,117 0360
Cognitive load control variables

Extraneous CL 2.96 (0.88) 2.81 (0.68) 2.77 (0.73) 0.71 2,118 0493
Intrinsic CL 331 (0.95) 3.18 (0.79) 3.30 (0.85) 028 2,118 0759
Germane CL 255 (0.97) 246 (0.79) 252 (0.82) 0.11 2,118 0899

Note. Descriptive statistics and results of one-way ANOVAs for knowledge, diagnostic accuracy, and cognitive load across the three experimental conditions.
Diagnostic accuracy and knowledge ranged from (0) entirely incorrect to (1) entirely correct. In concluding reflection, reflection phases took place after completing
each case. In accompanying reflection, reflection phases took place halfway through each case. In the control group, no reflection phases were provided.
Cognitive load variables were measured once directly after the learning phase and ranged from (1) very low to (5) very high

VPs virtual patients, CL cognitive load

showed that, in contrast to H1.2, accompanying reflec-
tion and concluding reflection did not differ from each
other, #(114) = 0.93, p = .356.

The association between prior knowledge and learning to
diagnose accurately through reflection phases (RQ2)
Next, we examined whether prior knowledge and learn-
ing to diagnose accurately through reflection phases
were associated. Across both reflection groups, the gain
in diagnostic accuracy from pretest to posttest was not
correlated with either pretest conceptual knowledge (r =
12, p=.139) or strategic knowledge (r=.10, p =.207).
Therefore, H2.1 and H2.2 were not substantiated. A
follow-up analysis on the correspondence between both
types of prior knowledge showed that there was a
medium correlation between conceptual and strategic
knowledge (r = .55, p <.001).

Improvement in the diagnostic process during
simulation-based learning and in reflection phases (RQ3)
Finally, we investigated the extent to which participants’
diagnostic process improved during simulation-based
learning and in reflection phases. To do so, we examined
the scores for current hypothesis and diagnostic accur-
acy, which used the same long menu that included 180
possible diagnoses related to dyspnea. Detailed descrip-
tive statistics for our analyses are presented in Table 2.
For simulation-based learning without reflection
phases (the control group), a paired samples t-test dem-
onstrated that participants’ diagnostic accuracy after
working with the virtual patients was significantly higher
than their current hypothesis at the start of the virtual
patient encounters (#(39) =3.08, p=.002). This finding
corroborates H3.1, that participants’ diagnostic process

improves during simulation-based learning. A follow-up
categorical analysis of the learning process showed that
not changing one’s hypothesis (71.6 %) was more fre-
quent than improvement (22.0%) or deterioration
(6.4 %). Looking closer at the category of not changing
one’s hypothesis in this analysis, 28.4 % participants ad-
hered to a fully correct hypothesis, 22.9 % stuck with a
partially correct hypothesis, and 20.2 % kept an incorrect
hypothesis’.

Changes in current hypothesis over the reflection
phases were investigated for both reflection conditions
combined. A paired samples t-test showed that partici-
pants improved their current hypothesis from the start
to the end of reflection phases (£73)=2.73, p =.004).
This result substantiates H3.2, that participants enhance
their diagnostic process in reflection phases. Examining
this part of the learning process categorically, not chan-
ging one’s hypothesis (90.1 %) was more frequent than
improvement (7.0 %) or deterioration (2.9 %). Focusing
on the category of not changing one’s hypothesis in the
last analysis, 32.2 % of the participants adhered to a fully
correct hypothesis, 32.7 % stuck with a partially correct
hypothesis, and 25.1% kept an incorrect hypothesis.
Moreover, an explorative paired samples t-test of the re-
flection conditions showed that the participants’ diag-
nostic accuracy at the end of the virtual patient
encounter was significantly higher than their current hy-
pothesis at the start of the virtual patient encounter
(8(79) =7.91, p < .001). Analyzing this part of the learning
process categorically, not changing one’s hypothesis
(66.6 %), was more frequent than improvement (29.7 %)
and deterioration (3.7 %).” Inspecting the category of not
changing one’s hypothesis for this analysis closer, 24.2 %
of the participants adhered to a fully correct hypothesis,

"The percentages in this analysis differ slightly from the total category
percentage due to rounding.

The percentages in this analysis differ slightly from the total category
percentage due to rounding.
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Table 2 Descriptive statistics for the diagnostic process during the learning phase

Current hypothesis
- start of VPs

Current hypothesis

- start of reflection phase

Current hypothesis
- end of reflection phase

Diagnostic accuracy - end of VPs

045 (0.21) -
0.39 (0.21) 0.50 (0.21)

Control group

Reflection conditions

- 055 (0.19)
0.57 (0.25) 0.58 (0.21)

Note. Current hypothesis and diagnostic accuracy were measured as indicators of the diagnostic process several times during the experiment. Both variables were
assessed with the same instrument and ranged from (0) entirely incorrect to (1) entirely correct. Means and SDs are provided in the table above separately for the
control group and both reflection conditions (accompanying and concluding reflection) combined. For the control group, the current hypothesis at the start of
the VPs and diagnostic accuracy at the end of the VPs are given. In the reflection conditions, the current hypothesis at the start and the end of the reflection

phases is also reported
VPs virtual patients

21.5% stuck with a partially correct hypothesis, and
21.0 % kept an incorrect hypothesis.

Discussion

Principal findings

Regarding the first research question (RQ1), we observed
no added benefit of reflection phases for learning to
diagnose accurately. This finding is not in line with the
medium effects of reflection phases and other instruc-
tional supports on cognitive outcomes in problem-
centered instruction [2, 4]. However, our finding corre-
sponds to new meta-analytic results that reflection has
no additional benefit for complex skills in simulation-
based learning [1].

One difference between simulation-based learning and
problem-centered instruction that could explain the dif-
ferential effects is their average effectiveness. Simulation-
based learning has a large effect on learning [1], while
the effect of problem-centered instruction is moderate
[2, 4]. Consequently, adding reflection to simulation-
based learning might not lead to a further increase in
the highly beneficial effect of simulation-based learning
itself. This explanation, however, is not supported by the
fact that other instructional supports and particular
combinations of instructional supports demonstrated
added benefits in simulation-based learning [1].

Another difference between simulation-based learning
and problem-centered instruction that could influence
reflection phases’ effectiveness could be cognitive load.
However, our control analysis on cognitive load showed
that cognitive load in the virtual patients reached
medium values comparable to problem-centered instruc-
tion with text-based cases [14]. Our results can be com-
pared to the results for the text-based cases because
exactly the same cognitive load scale was used in these
two studies. Therefore, we can infer that cognitive load
was not excessively high in our virtual patients. More-
over, cognitive load did not differ across the experimen-
tal conditions, suggesting that reflection phases did not
manipulate cognitive load.

A more plausible explanation for the discovered differ-
ential effectiveness of reflection phases in simulation-
based learning and problem-centered instruction

concerns the case format. In simulation-based learning,
serial cue cases are typically utilized, which was also true
in our experiment. Serial cue cases present data in a
step-wise fashion and involve interactive case construc-
tion and interpretation [11, 14]. In problem-centered in-
struction, text-based whole cases are typically used.
Whole cases require the learner to remember and
interpret all of the information that is presented [11, 14].
Comparing both case formats, it can also be argued, that
serial cue cases may perhaps provide by their very nature
more room for implicit reflective processes than whole
cases. The lack of effect of reflection phases in our study
could be explained by the differences between these case
formats as follows. Reflection phases might be less ef-
fective in serial cue cases when cases are interactively
constructed, and there is room for implicit reflective
processes. However, reflection phases might be more ef-
fective in whole cases when interpreting the full case in-
formation is essential, and there is little room for
implicit reflective processes.

Another plausible explanation for the difference in the
effectiveness of reflection phases in simulation-based
learning and problem-centered instruction is based on
the theory of multimedia learning [12]. According to this
theory, information processing differs during simulation-
based learning and problem-centered instruction using
text-based cases. The finding that reflection phases had
no effect on learning to diagnose accurately in our study
but are generally effective in problem-centered instruc-
tion can be explained according to this theory as follows.
In simulation-based learning with virtual patients, the
visual and the verbal channels are used simultaneously,
and the largest benefit for learning may arise from inte-
grating both channels [31]. Reflection phases might not
support this integration process. In problem-centered in-
struction based on text cases, however, only the verbal
channel is used. Reflection phases might particularly
support the cognitive processes of selecting and organiz-
ing words that are important for creating an elaborate
verbal representation [31].

Moreover, to complement our main research question,
we examined the optimal timing of reflection phases.
We initially assumed that accompanying reflection
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would outperform concluding reflection due to im-
proved planning and monitoring of the diagnostic
process [21]. Nevertheless, we also acknowledged that
the concluding reflection condition might be associated
with creating better self-generated feedback to be used
in problem-solving [22]. However, the two reflection
conditions had no effect on learning to diagnose accur-
ately and did not differ from each other. Our findings
suggest that in simulation-based learning, the two types
of reflection phases do not differ in their effectiveness,
and none of the described mechanisms is highly
beneficial.

In the second research question (RQ2), we examined
the associations between prior knowledge and learning
to diagnose accurately through reflection phases. Neither
conceptual nor strategic prior knowledge was correlated
with improvements in diagnostic accuracy through re-
flection phases. This finding contradicts results from
meta-analyses that learners with high prior knowledge
benefit more from reflection than learners with low prior
knowledge [1, 2]. However, there is a convincing explan-
ation for this finding. In the described meta-analyses,
knowledge was mainly operationalized as expertise de-
termined by years of training. From an expertise devel-
opment perspective, we investigated third to fifth year
undergraduate medical students in our study, a cohort
of learners with low to medium expertise. This cohort of
learners was not able to learn through reflection phases
in the context of virtual patients. This finding corre-
sponds to an experiment by Mamede et al. [19], which
showed that only postgraduate students and not under-
graduate students, benefited from conscious, slow think-
ing when solving complex text-based cases. Together,
our study and, even more convincingly, the experiment
by Mamede et al. [19] indicate that reflection phases’ ef-
fectiveness for learning to diagnose accurately might de-
pend more on large differences in expertise than on
smaller, context-specific differences in knowledge.

In the third research question (RQ3), we analyzed the
extent to which participants’ diagnostic process im-
proves during simulation-based learning and reflection
phases.

It is important to note that the improvements in the
diagnostic process we reported probably depend to some
extent on case difficulty. On the one hand, greater im-
provements during simulation-based learning and reflec-
tion phases are possible with more difficult cases. On
the other hand, improvements are presumably impos-
sible with overly difficult cases. The separately reported
proportions of not changing one’s hypothesis (specifying
the proportion of fully correct, partially correct, and in-
correct unchanged hypotheses), improvement, and de-
terioration suggest sufficient room for improvement
during virtual patients and reflection phases.
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The analysis of the simulation-based learning phase
without reflection phases (the control group) demon-
strated that participants improved their diagnoses from
the start of each case to the end. A categorical follow-up
analysis showed that a substantial number of partici-
pants improved. This improvement in the diagnostic
process might, on the one hand, be explained by the
step-wise gathering and interpretation of additional data
while working with the virtual patients [8]. On the other
hand, the expert sample solutions provided after partici-
pants gave their final diagnosis in each case might have
also had a positive transfer effect on participants’ diag-
noses in the subsequent virtual patients.

The analysis of the diagnostic process during the re-
flection phases (both intervention groups) revealed that
participants also improved their current hypotheses from
the start of the reflection phase to the end. A categorical
follow-up analysis showed that a smaller proportion of
participants improved their current hypotheses during
the reflection phases than while working with the virtual
patients.

Together, these findings indicate that simulation-based
learning with the virtual patients contributed more sub-
stantially to participants’ improvements in the diagnostic
process than reflection phases. Furthermore, improve-
ments in the diagnostic process during the virtual pa-
tients and in the reflection phases we discovered in the
learning phase did not transfer to an improved diagnos-
tic accuracy in the posttest. There are two explanations
we suggest for this finding. First, the reflection phases
might not have been as effective as expected due to dif-
ferences in case format and information processing
(please see discussion for RQ1). Second, the expert solu-
tions we included in all three experimental conditions
during the learning phase could have affected posttest
performance concerning diagnostic accuracy more
strongly than the reflection phases [32]. More specific-
ally, the expert solutions included strategic knowledge
on the correct diagnostic process that may have contrib-
uted to reducing the differences between the control and
reflection groups. However, providing feedback in the
form of expert solutions is frequently considered a ne-
cessary part of simulation-based learning [33]. Therefore,
we argue that it made sense to include expert solutions
in all conditions.

To link our findings more closely to other research,
we would like to briefly highlight similarities and differ-
ences between debriefing and the expert solutions and
reflection phases used in our study. Debriefing can
stimulate reflection processes and include solutions to
the diagnostic process or performance [34]. In contrast
to reflection phases and expert solutions, however,
debriefing is more interactive and dialogic [34]. Thus,
our findings cannot be generalized to debriefing, for
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which much further research seems necessary and
valuable.

In conclusion, instructional support in the form of reflec-
tion phases had no added benefit for learning to diagnose
accurately for undergraduate students with low to medium
expertise in simulation-based learning with virtual patients.
If our findings are replicated, this would suggest that other
instructional supports might be more beneficial in this con-
text and similar settings. Combinations of selective instruc-
tional support (such as examples and prompts) and
adaptive instructional support could be promising alterna-
tives to reflection phases, as both have been found to be
beneficial in simulation-based learning and for learners with
relatively little expertise [1, 4, 35, 36].

Limitations

One limitation of the study is that we switched data col-
lection from the lab to the internet in the middle of the
data collection period due to the COVID-19 pandemic.
The drawback of web-based data collection is that it is
considered less controlled than lab-based data collection
[37]. However, this limitation should not be considered
too severe in this study for two reasons. First, we con-
ducted detailed manipulation checks that showed that
the experiment was conducted as intended. Second, the
proportions of web-based and lab-based data collection
were similar in all conditions, as the Chi-squared test re-
ported in the methods section showed.

Another limitation of the study could be the relatively
low number of virtual patient cases we used. Other studies
on reflection phases have used a larger number of text-
based cases to assess diagnostic competences [6, 16]. The
advantages of using a larger number of cases are that case
specificity can be mitigated and reliability can be further
increased [38, 39]. However, the benefits of using fewer
virtual patient cases with a realistic duration, as we did in
this study, are that more contextual information is con-
veyed and participants encounter a more interactive, real-
istic situation and task with higher validity [40].

A third limitation of the study could be the use of an
immediate posttest. Even though positive effects of reflec-
tion on diagnostic accuracy have been reported on more
immediate measures [20], most studies discovered positive
effects on delayed posttests [5-7]. Therefore, it is possible
that using a delayed posttest instead of an immediate post-
test may have resulted in a positive effect of reflection
phases on knowledge organization and retention, which
were not assessed in the immediate posttest used.

Conclusions

We conducted a study on diagnosing in virtual patients
with and without reflection phases. Our results showed
that reflection phases did not have an added benefit on
learning to diagnose accurately. This finding may be
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limited to the context of virtual patients and under-
graduate medical students with low to medium expertise
and needs replication. However, the results could have
two important implications. First, reflection phases may
not be as effective in simulation-based learning as in
regular problem-centered instruction using text-based
cases. This implication is substantiated by differences in
case format and information processing between
simulation-based learning and problem-centered in-
struction with text-based cases. Second, instructional
supports other than reflection phases could be more
beneficial for medical students with low to medium ex-
pertise in the context of simulation-based learning.
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