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82 The Effects of Reflective Pauses
Introduction: The reflective pause, taking a pause during performance to reflect, is an im-
portant practice in simulation-based learning. However, for novice learners, it is a highly
complex self-regulatory skill that cannot stand alone without guidance. Using educational
theories, we propose how to design cognitive and metacognitive aids to guide learners
with the reflective pause and investigate its effects on performance in a simulation training
environment.
Methods: These effects are examined in four aspects of performance: cognitive load, pri-
mary performance, secondary performance, and encapsulation. Medical students
(N = 72) performed tasks in simulation training for emergency medicine, under 2 condi-
tions: reflection condition (n = 36) where reflection was prompted and guided, and control
condition (n = 36) without such reflection.
Results: The effects of reflective pauses emerged for 2 aspects of performance: cognitive
load decreased and secondary performance improved. However, primary performance
and encapsulation did not show significant difference.
Conclusions: The results demonstrate that reflective pauses with cognitive and
metacognitive aids implemented can enhance some aspects of performance. We suggest
that to secure these effects, feedback during reflection and an adaptation period should
be provided.
(Sim Healthcare 19:82–89, 2024)

KeyWords: Self-reflection, pausing, simulation-based training, serious game, cognitive load, eye
tracking.
In critical fields, such as surgery and emergency medicine, the
tasks are extremely dynamic and high stakes. In these tasks,
practitioners should constantly adapt their performance by
making a series of decisions on demand.1,2 To make these de-
cisions successful, the reflective pause,3 stopping the current
course of action for a brief time to reorganize their perfor-
mance, becomes an essential strategy. Studies have reported
the reflective pause may improve performance and learning.4–9

However, taking pauses to reflect on one's own perfor-
mance is a highly complex self-regulatory skill, which requires
guidance especially for novices.9,10 It involves metacognitive
processes to monitor and regulate own performance,11 includ-
ing clinical judgment and time management.12 It is well
known that students are not competent in these metacognitive
self-regulatory skills.13–15 In an empirical study, Lee et al16

demonstrated that students struggle with when and how to
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take pauses and that allowing for learner-initiated pauses with-
out guidance results in limited contribution to their perfor-
mance. Researchers in education have stressed that, to acquire
these metacognitive skills, learners should be provided with
systematic support and guidance.17,18

To support novice learners with reflective pauses, we pro-
pose how to design cognitive andmetacognitive aids (CMAs).18

According to theories from complex learning, CMAs for re-
flective pauses can involve the following 3 elements: prompts,
cues, and leading questions.18–20

Prompts
Prompts support when to pause within scenarios. To system-
atically deploy pauses with right timing, scenarios can be seg-
mented into smaller parts, while pauses are inserted between
these segments to facilitate the comprehension of the content
structure.21,22 A good example of this segmentation is parttask
sequencing methods,18 which creates clusters of part tasks and
arranges them in sequence.

Cues
Once a pause is prompted at the right time, what to reflect on
is the next challenge. A well-known pitfall of reflection is its
dependency on episodic memories, which often leads to for-
getting or fabrication.23,24 To compensate for this drawback,
records of learners' performance (ie, cues) can be provided
to support the memories about their performance.25

Leading Questions
Learners tend to concentrate on surface-level features from the
cues and lose learning opportunities to restructure their
knowledge.26,27 To discover meaningful information from
the cues, learners should be guided in how to reflect. Leading
questions28 are a good aid for this, which helps learners start
Simulation in Healthcare
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TABLE 1. Demography of Each Group

No RP RP

Age, mean (SD), yr 22.5 (2.4) 22.0 (2.4)

No. female 27 26

No. extra experienced* 16 16

No. senior (4th to 6th year) 18 16

Total 36 36

*Extra experience includes internship in emergency department or training in simulation
center.

TABLE 2. Hypotheses, Constructs, and Measures

Hypothesis Construct Measure

H1 Cognitive load Pupil increase (mm)
Paas scale (1–9)

H2 Primary performance
(Diagnosis and intervention)

Game score

H3 Secondary performance
(Vigilance on patient status)

Transition rate across
the VSM (/min)

H4 Encapsulation Handover report
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 on 04/17/2024
from what they already know and develop their knowledge
by self-explaining the relationships between pieces of
information.20,29

In this study, we posit that the reflective pause is a complex
self-regulatory skill that can hardly be effective without CMAs.
Accordingly, we examine the effects of the reflective pause with
CMAs on performance, by using a simulation training for
emergency medicine. To assess performance, we consider mul-
tiple aspects of performance, as combining different aspects of
performance in a global manner allows for a well-designed
assessment.30–32 We expect that the following 4 aspects of per-
formance can be enhanced by the reflective pause: cognitive
load, primary performance (diagnosis and intervention), sec-
ondary performance (vigilance), and encapsulation. Hypothe-
ses are formed per aspect as described hereinafter.

Cognitive load has been widely used as an indicator of
performance in the medical fields.33–35 The basic idea is that
if workingmemory is cognitively overloaded, performance de-
teriorates. In a condition where the reflective pause is applied,
overall cognitive load would decrease as participants optimize
their working memory through reflection (Hypothesis 1, H1).
Because this optimization creates more space for working
memory, primary performance (diagnosis and intervention
in a resuscitation task) is enhanced (H2), as well as secondary
performance (vigilance on situational changes during the re-
suscitation) (H3). During the reflection, knowledge structure
is activated to compose higher-order concepts.36 This process
of knowledge encapsulation allows for better clinical reason-
ing,37,38 resulting in better-summarized handover report (H4).

METHODS
Participants and Design

After approval from our institutional research ethics
board (FHML-REC/2020/007/Amendment1), 72 medical stu-
dents (53 females, mean age = 22.3, SD = 2.4) fromMaastricht
University, the Netherlands, voluntarily participated. The re-
cruitment was from March 1, 2020, to March 30, 2021, being
delayed because of COVID-19. The sample size is determined
as it is widely used in eye-tracking research and validated by
our previous study with similar setups.16 The participants' ac-
ademic years varied from second to sixth. They all had taken
the basic course of emergency medicine in their first year,
while their experience in the domain varied according to their
individual curriculum. Using a between-subjects design, a re-
searcher (J.Y.L.) assigned participants into 2 groups by allocat-
ing randomly generated participation number: the experimen-
tal group where participants were prompted to reflect on their
performance during pauses (RP condition, n = 36), and the
control group where they were asked to perform an irrelevant
Vol. 19, Number 2, April 2024 © 2023 The Author(s). Published by
task instead during the same pauses (no-RP condition). Table 1
gives an overview of demography of each group. No blinding
was involved. For all participants, we provided 3 pauses between
parttasks grouped by skill clusters. Their performance in each
cluster was repeatedly measured for each participant via the
measures described in Table 2.
Materials and Apparatus
A Medical Simulation Game
We used a computer-based simulation game for emer-

gency medicine, AbcdeSIM.39 The 5 letters ABCDE stand for
the 5 phases that should be followed for acute care: airway
(A), breathing (B), circulation (C), disabilities (D), and expo-
sure (E). This game simulates real-life situations in the emer-
gency department, where a high-fidelity human physiology is
programed to react to the learners' interaction. The gastrointes-
tinal bleeding (GIB) scenario was used because its level of com-
plexity is high enough to provoke salient cognitive load.32 This
scenario presents a 32-year-old male patient with hypovolemic
shock. The primary task is to stabilize this patient by diagnosing
and intervening. The game score was calculated by summation
of correct in-game actions of diagnosis and intervention, yield-
ing the measure to test H2 (primary performance).

Cognitive and Metacognitive Aids
The prompts were implemented between parttask clusters.

We translated the five phases of ABCDE into five skill clusters
which were then composed into 3 task clusters: AB – ABC –
ABCDE. These task clusters were designed using forward
chaining,18 a useful part-task sequencing method for teaching
medical interventions. A current physician in emergency med-
icine developed this clustering and time-on-task required for
each cluster.

The cues included a gameplay recording where eye move-
ments are superimposed on the gameplay screen, and a
heatmap that shows eye fixation allocation (Fig. 1). The for-
mer is expected to show the learner's performance and atten-
tion allocation in a timeline, while the latter shows the overall
attention allocation in summary. The game play and eye
movements were recorded and displayed by SMI BeGaze soft-
ware (version 3.6, www.smivision.com).

The leading questions asked during the pauses were five:
“Did I miss something important to check?” “What did I
check unnecessarily?” “Did I miss any important interven-
tion?” “What redundant interventions have I applied?” and
“How to improve my performance?” The participants were
asked to verbalize their reflection (ie, think aloud) to ensure
that they are involved in the activity.
Wolters Kluwer Health, Inc. on behalf of the Society for Simulation in Healthcare. 83
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FIGURE 1. Heatmap as a type of cognitive and metacognitive aid.
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 on 04/17/2024
Eye Tracking
Eye-tracking data was collected by an SMI RED remote

eye-tracker with a sampling rate of 250 Hz and SMI iView X
software (version 2.7.13). We used a dual-computer setup
where a laptop computer with the iView X software was con-
nected to a personal computer for game presentation.We used
SMI Experiment Center 3.5 software (version 3.2.11) to ar-
range calibration and presentation of instruction and stimuli.
A forehead-and-chin rest was used to prevent head move-
ments and make the geometry between the eye and the eye
tracker stable.40 The experiment room maintained a constant
luminance, without windows or noise, composing a controlled
environment for eye-tracking.

In the GIB scenario, the patient's vital signs change dy-
namically and extra attention to the vital signs monitor
(VSM) is required. We define this vigilance on patient status
as the secondary performance as it supports the primary per-
formance. To detect this vigilance, eye-tracking is used where
eye-fixation locations produce transition rate. Transition rate re-
fers to the number of gaze shifts per second from one area of
interest (AOI) to another, which can represent cognitive pro-
cesses to collect information across different AOIs.40 Inmedical
contexts, it has been used to quantify vigilance or expertise
FIGURE 2. Area of interest definition: VSM area versus non-VSM ar

84 The Effects of Reflective Pauses
levels, showing a higher transition rate for experts.41–43 We de-
fined the upper-middle area of the screen where the VSM is lo-
cated as an AOI (Fig. 2). The transition rate between this VSM
AOI and non-VSM areas was expected to reflect the vigilance on
patients' status, allowing us to test H3 (secondary performance).

Cognitive Load Measures
To test H1 (cognitive load), we used 2 measures for a

more comprehensive interpretation of cognitive load44:
pupillometry, an objective indicator of cognitive load in med-
ical simulation settings,35,45 and Paas scale,46 a subjective rat-
ing scale for cognitive load. Paas scale has 9-point ratings with
the value 1 representing the lowest cognitive load and the value
9 representing the highest.

Handover Report
A handover report is a brief document where the patient

case is communicated in a concise way. It requires knowledge
encapsulation and clinical reasoning for given scenarios,47

thus, we assume that it can provide a reasonable measure to
test H4 (encapsulation). Two current physicians designed a
checklist that consists of 17 items extracted from SBAR,48 the
internationally recognized protocol for clinical handover.
These items included patient information (eg, age, medication,
past medical history), diagnosis (eg, oxygen saturation, melena,
ea.

Simulation in Healthcare



FIGURE 3. Procedure of a session.
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 on 04/17/2024
tachypnea, tachycardia, laboratory results), and intervention
(eg, oxygen administration, intravenous infusion, gastroscopy).
They are selected as the most relevant parameters for GIB,
which represent an efficient summary of the scenario. The phy-
sicians, then, assessed the accuracy and conciseness of partici-
pants' reports based on this list. For each item that is incorrectly
summarized, one point was deducted. The physicians' scores
were averaged, and the interrater reliability was examined
(r (69) = 0.98, P < 0.001).

Procedure
Figure 3 shows the entire procedure of a session. The par-

ticipants were individually invited to the eye-tracking labora-
tory. They signed an informed consent form and filled out a
demographic questionnaire. In the pretraining, they watched
a tutorial and played an easy scenario to familiarize themselves
with the game functions. Participants in RP were additionally
instructed in how to use the cognitive and metacognitive aids
(CMAs) for their reflective pauses. All participants, then, were
positioned for the eye-tracking setup and followed a 9-point
calibration procedure. A scrambled image of the game screen
was presented for 5 seconds to establish a baseline for
pupillometry. Next, the participants played the first task cluster
(2 minutes) with a timer visible on the screen. When the time
was up, the first pause was prompted. During this pause, partic-
ipants in RP reflected on their performance using the cues and
the leading questions. During the same pause, the participants
in no RP watched an advertisement video of an unrelated med-
ical simulation game and assessed this game in writing. This
task is expected to impose a task effort similar to that of the re-
flection task in RP. It is not related to self-reflection but still a
cognitive evaluative process within medical domains, which
should not be too distractive. For the second (4 minutes) and
the third (6 minutes) task cluster, the same procedure from
the calibration until the activities during the pauses was re-
peated. After each cluster, the participants rated their perceived
cognitive load using the Paas scale. After the third pause, the
participants filled in the handover report. The entire session
took approximately 40 minutes.

Data Analysis
Eye-Tracking Data
The eye-tracking data included sampled measurements of

pupil diameter and eye fixation location. These data were
TABLE 3. Descriptive of Performance Over Task Clusters

Construct Measure

No R

Cluster 1 Cluster

M SD M

Cognitive load Pupil increase (mm) 0.80 0.29 1.01

Paas scale* (1–9) 6 1.75 6

Primary performance Game score 308 41.8 387

Secondary performance Transition rate (/min) 9.55 6.4 12.5

Encapsulation Handover report 5.4 (2.8
*Median was used instead of mean as a central tendency.

Vol. 19, Number 2, April 2024 © 2023 The Author(s). Published by
merged with game logs by synchronizing the game systemwith
the eye-tracking software and then imported into R version
3.5.1.49 Pupil diameter data were processed following the
method from Lee et al16 that refines eye-tracking data to elim-
inate confounding factors in pupil dilations. As a result, means
of absolute pupil increase against the baseline were obtained
for each cluster.

Statistical Analysis
To investigate the effects of reflective pauses across all

clusters, we first fitted linear mixed-effects models, using the
lme4 package50 in R. “Condition” and “Cluster” were entered
as fixed effects with interaction term, while “participant” was
treated as a random factor (random intercept). To see whether
the effects exist in specific clusters, we built separate models
with dummy variables. For the effects of the first pause on
the second cluster, we defined dummy variables for Cluster
corrected for the difference at the first cluster. For the effects
of the second pause on the third cluster, another dummy
encoding for Cluster was used to correct for the difference at
the second cluster.

For all models, residual plots were visually inspected and
did not reveal any obvious deviations from homoscedasticity
or normality. Likelihood ratio tests of the full model with the
effects in question against the model without these effects ob-
tained P values. R was used for all statistical analysis. We con-
sidered P < 0.05 to be statistically significant, except for the ef-
fects in specific clusters where P < 0.025 was applied to correct
for the multiple comparisons.

RESULTS
Six clusters in the eye-tracking data and one cluster in the
game logs were missing because of technical issues in the con-
nection between the game system and the iViewX software.
For the data quality of transition rate, eye-tracking data with
tracking ratio below 50% and accuracy deviation larger than
2 degrees were excluded. After the exclusion, the average track-
ing ratio was 96.9%, and the average accuracy deviation was
0.9 degrees. According to the recording of the verbalization,
all participants in RP were engaged to reflection during pauses.

Table 3 shows the descriptives of all measures of perfor-
mance, with outcomes sorted by clusters. In general, pupil di-
lation increased over the duration of the task. Exceptionally, it
decreased in the third cluster in RP, suggesting a reduced
P RP

2 Cluster 3 Cluster 1 Cluster 2 Cluster 3

SD M SD M SD M SD M SD

0.25 1.02 0.24 0.97 0.24 1.08 0.26 0.84 0.34

1.73 7 1.77 6 1.15 7 1.13 7 1.19

67 473 77.2 289 36.1 377 54.8 475 60

5.14 11.7 4.26 10.5 5.83 11.8 3.9 14.6 6.47

1) 5.64 (1.59)

Wolters Kluwer Health, Inc. on behalf of the Society for Simulation in Healthcare. 85



FIGURE 4. Performance change over task clusters. Note: Significant effects are marked with asterisks, which existed in 2 measures: pu-
pil increase and transition rate. These effects emerged only in the third cluster with the reference to the second cluster.
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 on 04/17/2024
cognitive load. The Paas scale resulted in high scores overall
(ie, between 6 and 7) regarding the 9-point ratings. Game
score increased throughout all clusters. Transition rate also in-
creased over the clusters, except that it decreased at the third
cluster in no RP, indicating lower vigilance on patient status.
Handover report score was somewhat higher in RP. Figure 4
visualizes these changes in the measures.

To examine statistical significance in the effects of reflec-
tive pauses, we used linear mixed-effects models. When com-
paring RP against no RP in general, the models did not show
any significant difference between the 2 conditions in any of
the measures. However, when looking at the separate clusters,
the third cluster showed a significant difference in 2 measures:
pupil increase and transition rate. Table 4 presents the effects
of condition at the second and the third clusters on the differ-
ent measures.

To test H1 (cognitive load), we used pupil increase and
the Paas scale. Pupil increase showed a significant difference
between the conditions at the third cluster, while the Paas scale
did not show any significant difference. For H2 (primary per-
formance), the game score did not show any significant effects.
The measure for H3 (secondary performance) demonstrated a
significant effect in the expected direction, again at the third
TABLE 4. Effects of Reflective Pauses on the Measures of Cognitive Loa

Construct Measure Effect

CL Pupil increase Condition (RP) in cl

Condition (RP) in cl

Paas scale Condition (RP) in cl

Condition (RP) in cl

Primary performance Game score Condition (RP) in cl

Condition (RP) in cl

Secondary performance Transition rate Condition (RP) in cl

Condition (RP) in cl

Encapsulation Handover report Condition (RP)
Significant effects ( P < 0.05) are in boldface. Cluster 1 was the reference for the cluster 2 effect

86 The Effects of Reflective Pauses
cluster. No significant effects were detected in the handover re-
port measure for H4 (encapsulation), although the difference
was in the expected direction. The significant effects are
marked with asterisks in Figure 4.

In addition, to see whether any difference exists in the ref-
erence (ie, baseline), a t test was used for each measure in the
first cluster. The results of this test are expected to show
whether the pretraining influenced the baseline of each mea-
sure. There was a significant difference of the condition only
in pupil increase: It was higher in RP (M = 0.97, SD = 0.24)
than in no RP (M = 0.80, SD = 0.29) (t (63) = −2.59,
P = 0.012, d = 0.64, 95% CI = −0.30 to −0.04).

DISCUSSION
This study investigated the effects of the reflective pause on dif-
ferent aspects of performance in simulation training. We start
from the ground that, for novice learners, taking reflective
pauses is a highly complex self-regulatory skill, which cannot
stand alone without guidance. Accordingly, we developed
and provided reflective pauses with the following 3 types of
CMAs: prompts, cues, and leading questions. We prompted
3 times for pauses between the 3 parttask clusters and hand-
over reporting. Of the 4 aspects of performance that we
d and Performance

β SE t P

uster 2 −0.077 0.066 −1.160 0.248

uster 3 −0.245 0.066 −3.717 0.000

uster 2 0.027 0.254 0.107 0.915

uster 3 0.011 0.254 0.045 0.964

uster 2 11.760 15.930 0.738 0.462

uster 3 −11.759 15.926 −0.738 0.462

uster 2 −1.717 1.826 −0.941 0.349

uster 3 4.254 1.850 2.299 0.024

−0.154 0.613 −0.252 0.802
, and cluster 2 was the reference for the cluster 3 effect.

Simulation in Healthcare
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 on 04/17/2024
examined, 2 aspects (ie, cognitive load and secondary perfor-
mance) improved through reflective pauses. These effects ap-
peared only in the third cluster in the parttask sequence.

The first hypothesis (H1) assumed that the reflective pause
decreases cognitive load in the intense scenario, as the partici-
pants optimize their working memory through reflection. This
was supported by pupillometry, showing a smaller pupil increase
in the RP condition, while the subjective ratings did not show
any significant difference between the conditions. We consider
H1 to be at least partly confirmed because physiological mea-
sures such as pupillometry tend to show higher sensitivity in
measuring cognitive load than subjective ratings, in simulation
training where its task environment is highly dynamic.16,45

Interestingly, the effects of reflective pauses existed only in
the third and last parttask cluster, signifying some latency in the
effects. We postulate 2 explanations for this latency. First, an
adaptation period is required to learn how to reflect using the
CMAs. Metacognitive activities such as self-reflection are chal-
lenging for novices,16,51 and participants were required to learn
how to use the CMAs and process the novel information from
them. It is likely that the participants were having trouble in the
earlier stages to adapt themselves to the new tools. From the ad-
ditional analysis on the baseline of eachmeasure, we discovered
significantly higher pupil increase at the first cluster in RP. We
deem that this result indicates the participants' challenge
against the adaptation, foreshadowing the latency.

The second explanation for the latency stems from the dy-
namic nature of tasks in critical fields. Task environments in
these fields are continuously changing, where novel informa-
tion gradually emerges as time progresses. The problems in
these tasks are rarely caused by a single factor but are an accu-
mulation of minor and latent errors.52 Naturally, practitioners
tend to first focus on task completion itself rather than
reflecting on performance, while the signals of errors accumu-
late to a tipping point that composes an integral perception of
a problem.53,54 It is probable that information necessary for re-
flection was not fully accumulated for the participants at the
earlier stage, resulting in a lack of significant effects. This la-
tency should be studied further in the future, for instance, by
testing with a lengthened training duration where more time
is provided to establish the effects on performance.

The second hypothesis (H2) expected the reflective pause
to improve the primary performance (diagnosis and interven-
tion). Contrary to our expectation, there was no significant
difference between RP and no RP in any cluster. We suppose
that the students could not arrive at the development of solu-
tions to improve their future performance, because of the lack
of feedback. Feedback is the information that indicates
whether points of improvement exist.55 The students might
have been struggling with identifying the gap between their
problem states and goal states, not knowing how to improve
their performance. Bardach et al56 reported that combining re-
flection and feedback is more effective than using only either
reflection or feedback, which is in line with our explanation.
Although we intentionally excluded the feedback process from
our study to identify the exact effects of reflection, future re-
search should compare this setup to that with feedback. In ad-
dition, more sensitive measure of domain-specific perfor-
mance than game score should be explored further.30,31
Vol. 19, Number 2, April 2024 © 2023 The Author(s). Published by
The third hypothesis (H3) assumed that the reflective
pause enhances the secondary performance (vigilance). In
the RP, the transition rate across the VSM was significantly
higher in the third cluster, supporting H3’s assumptions. We
postulate that as the optimization of cognitive load creates ad-
ditional space for SL, participants could better attend to situa-
tional changes, enhancing the vigilance on patient status. Tran-
sition rate has been known as an effective measure of vigilance
or situational awareness in diverse medical domains.32,42,43

Our findings demonstrate that it can also measure behavioral
change in visual attention in simulation training. Besides, we
consider that presenting participants' eye movements as a cue
for reflection fostered this change. Future research could further
investigate how to use the visual cues as an educational tech-
nique to facilitate reflection.

The last hypothesis (H4) assumed the improvement in en-
capsulation thanks to the activation of knowledge structure and
composition of higher-order concepts during reflection. H4 was
not corroborated, probably because of similar reasons as for H2.
Because of the lack of feedback, participants could not properly
summarize the scenario nor identify points of improvement.
Thus, despite the knowledge structure activation, higher-order
conceptualization was not formed, resulting in no improvement
in encapsulation. We suggest future studies to take a lengthened
period to find the longitudinal effects on encapsulation, as the
observed difference was in the expected direction.

This study opens new possibilities for research on
in-action reflection in simulation-based learning. Based on
the assumption that novice learners should be guided for an
effective reflection, we have demonstrated an example of
how to design CMAs. There is no one good CMA that fits all
different task environments. To make reflective pauses effec-
tive, proper CMAs should be developed through task analysis
and specification of learning goals. Using multiple CMAs
and performance measures, we have provided evidence for
the benefits of the reflective pause with CMAs implemented.
Its positive effects on managing heightened cognitive load
and increasing vigilance are clear advantages for professional
skills in critical fields. Based on our findings, future research
can be developed by investigating relevant topics: the effects
of CMAs on learning, combination of reflection and feedback,
and instructional design that integrates the reflective pause.

From a practical view, designers of computer-based simu-
lation systems can immediately implement the reflective pause
in their systems by applying prompts, cues, and leading ques-
tions. To support novice learners who lack metacognitive
skills, the systems can provide these CMAs to guide them
through reflective pauses. Even without any feedback, the use
of reflective pauses can already decrease learners' cognitive
load in extreme scenarios and encourage learners to be cir-
cumspect on situational changes. However, some precautions
should be considered: familiarizing students with reflection
techniques takes time and effort, and their expected positive
effects probably only show up in the later stage of learning.

This study has several limitations. First, although we had
built the theoretical background for the effects of CMAs, the
effects of each CMA were not independently studied. Second,
the quality of reflection (eg, analysis of the think aloud during
reflection) and its correlation with performance and learning
Wolters Kluwer Health, Inc. on behalf of the Society for Simulation in Healthcare. 87
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was not investigated. Third, we used one scenario in emer-
gency medicine, customizing CMAs for this particular sce-
nario. To generalize our findings, development of other CMAs
specialized to different scenarios should follow. Fourth, be-
cause our experiment was conducted in a controlled labora-
tory environment, more factors from reality might have been
excluded. For instance, time pressure during pauses can play
a significant role in real situations.

CONCLUSIONS
To our knowledge, this study is the first attempt to identify
tangible effects of the reflective pause in simulation-based
training in critical domains. Reflection during performance
in extreme task environments can seem to be contradictory
and uncomfortable for practitioners. When facing an emer-
gency, they first jump into the task and even a brief moment
of reflection can be seen as a “luxury.” Therefore, researchers
and educators should even more stress the benefits of the re-
flective pause, which can enhance performance and safety
level. Moreover, the reflective pause can create learning oppor-
tunities to bolster lifelong learning for professionals, if imple-
mented within a well-designed simulation training with
enriched cognitive and metacognitive support.
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