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Introduction: Teamwork practice through simulation-based education
(SBE) is effective, but optimal instructional design remains uncertain.
Preinstruction targeting technical skills (TS) and non-TS (NTS) has
shown promise in supporting their respective acquisition through simu-
lation. However, evidence remains limited on whether preteaching TS
can enhance NTS acquisition, such as crisis resource management
(CRM). This study aims to assess the impact of presimulation instruc-
tion of TS on the acquisition of CRM during SBE.
Methods: We used a convergent mixed-method design, combining a
quantitative post-test–only control group design with a complemen-
tary qualitative component. The intervention group had access to
preinstruction of the TS necessary for managing an acutely ill patient,
whereas the control group was exposed to a sham video. The main
outcome was CRM skills acquisition, as measured by the Ottawa
Global Rating Scale (OGRS) after 2 SBE sessions held 3 months apart
(T0 and T3). Secondary objectives were the intervention's effect on
anxiety, cognitive load, and participants' perceptions of the interven-
tion. Quantitative outcomes were assessed with a repeated-measures
general linear model. Semistructured interviews were conducted after
each simulation, and thematic analyses were performed.
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Results: Sixty-four postgraduate year 1 (PGY1) residents were ran-
domized into intervention and control groups. Participants who re-
ceived preinstruction of TS in addition to SBE of NTS achieved signif-
icantly higher overall OGRS scores than those who received SBE of
NTS alone. There were no between-group differences in anxiety mea-
sures. Qualitative analysis revealed high variability in the intervention's
impact on participants, some revealing lower cognitive load, whereas
others heightened levels of performance anxiety.
Conclusions: In PGY1 residents, preinstruction of TS may reduce
cognitive load during simulation training and enhance CRM skill ac-
quisition at 3 months, although not via anxiety reduction. Responsive-
ness to the study intervention was variable and highlights the need for
further research on the impact of instructional design adaptations on
different learner subsets.

Key Words: Crisis resource management, nontechnical skills,
technical skills, stress response, cognitive load,
presimulation instruction, preteaching

(Sim Healthcare 2026;21:1–10)
T he report To Err Is Human: Building a Safer Health Sys-
tem1 has led to significant efforts to mitigate human errors,

such as the implementation of nontechnical skills (NTS)2,3

training. Simulation-based education (SBE) literature about
NTS, such as crisis resource management (CRM), has since
greatly expanded.4 SBE has become a widely adopted re-
source for acquiring these skills.3–7 Despite the effectiveness
of SBE,8,9 the optimal instructional design for NTS training
remains uncertain.

Meta-analyses assessing different SBE instructional de-
signs provide guidance10,11 but are not specific to NTS instruc-
tion. Some evidence suggests that NTS acquisition requires
preexisting technical skills (TS) capacities,12,13 which favors
teaching TS before a simulation activity to ensure that learners
possess the abilities to engage in NTS instruction.

Two conceptual frameworks support the offloading of
taskwork-related learning to the presimulation phase, thereby
reserving in-person time to the development of NTS (Fig. 1).
First, this could reduce the burden imposed on learners' cognitive
processes by separating the instructional content. According to
cognitive load theory, working memory has a finite capacity.14,15

Teaching TS and NTS simultaneously may overload learners'
working memory and impede learning. Temporally separating
instructional content could free up learners' cognitive capaci-
ties and align them to the intended NTS learning objectives.16
1
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FIGURE 1. Concept map of study hypotheses.
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Second, preinstruction of TS could favorably modulate
learners' cognitive load by reducing their anxiety. Multiple
studies link simulation instruction to heightened levels of
anxiety.17–21 Such negative emotions are associated with re-
duced cognitive resources available for learning and could hin-
der working memory.22,23 Pekrun et al24 found that anxiety
arising from instructional activities is associated with task-
irrelevant thinking, resulting in cognitive resources being fo-
cused away from learning. Recommendations to develop
learning activities that foster positive emotions have been pub-
lished.25 Three strategies can be instantiated through the model
we propose. First, offloadingmedical knowledgemay align the
simulation's range of difficulty to the learner's capacity. Sec-
ond, providing learners with preparatory information can en-
hance their perceived control over the learning experience,
resulting in higher anticipated chances of success and limiting
emergence of anticipatory anxiety.26–28 Third, a shared under-
standing of the upcoming learning experience may create an
environment that is less performance focused,29 potentially
leading learners to engage in a more mastery-oriented prac-
tice30 rather than demonstrating competency through
peer comparisons.31

In this study, we assessed whether providing junior medi-
cal residents with preparatory instruction on the medical con-
tent of a simulation case would allow them to focus more on
CRM principles, resulting in increased acquisition of these
skills after 2 technology-enhanced simulation sessions held
3 months apart aimed at acquiring CRM competencies.

METHODS

Research Design
We conducted this study at a single institution using a con-

vergent mixed-method design with an embedded experimental
model.32 Quantitative and qualitative phases of the study were
conducted simultaneously and merged during the interpreta-
tion phase. This trial was double-blinded and used random as-
signment to experimental groups.

Institutional review board approval was obtained from the
Centre Hospitalier de l'Université de Montréal and the Univer-
sity of Illinois Chicago College of Medicine.

Participant Selection
The inclusion criteria required participants to be postgrad-

uate year 1 (PGY1) residents, on an intensive care unit rotation
during recruitment, and with an anticipated ability to complete
both simulations. PGY1 learners were purposefully33,34 cho-
sen because they were deemed most likely to benefit from
TS instruction. Recruitment was conducted by a research assis-
tant through email and in-person invitations. Exclusion criteria
included endocrine disorders, corticosteroid therapy, use of
drugs interfering with stress response, pregnancy, and prior
knowledge of simulation scenarios.

Participants were randomized into control and inter-
vention groups in a 1:1 fashion. Block randomization was
initially planned to alleviate potential group imbalances.
However, a clerical error resulted in nonblocked randomiza-
tion. The procedure was reviewed by a biostatistician and its
integrity confirmed.
2
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Trial Procedures
Participants completed 3 procedures: (1) a TS instruction

web-based module a week before the first simulation session,
(2) a first SBE session (T = 0 months, T0), which comprised
a dedicated CRM instruction component followed by an initial
skills assessment, and (3) a second SBE session 3 months later
(T = 3 months, T3) that only included a CRM skills assessment
(Fig. 2).

The web-based module was completed by the intervention
and control groups a week before the first simulation. The web
platform had 2 separate interfaces: The intervention group had
access to the trial intervention, and the control group had ac-
cess only to a sham simulation laboratory orientation video.
The intervention consisted of three 10- to 15-minute narrated
video presentations covering the medical knowledge required
to complete the taskwork of the upcoming simulated acute care
situation (eg, recognizing and managing anaphylaxis, treating
unstable atrial fibrillation—including cardioversion—and
managing respiratory distress). A pre-/post-test confirmed that
the learning material was watched by the intervention group.
The test was not administered to the control group because of
concerns about compromising blinding, as providing the ques-
tionnaire could inadvertently prime participants regarding the
simulation's content.

Both groups then participated in a baseline SBECRM ses-
sion (T0) that included a 40-minute video about CRM princi-
ples,35 followed by a technology-enhanced (SimMan 3G,
Laerdal) simulation exercise. The case consisted of anaphy-
laxis proceeding to unresponsive shock, respiratory insuffi-
ciency, and eventual unstable atrial fibrillation. The scenario
© 2025 Society for Simulation in Healthcare
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FIGURE 2. Figure 2. Study flow of study procedures. t indicates timing.
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required residents to evaluate a patient on the hospital ward as
if they were part of our institution's rapid response team. Both
groups' video recordings from this initial simulation session
were subsequently reviewed to obtain the first assessment mea-
sure of CRM skills.

The second assessment of NTS competencies came
3 months later with a different case. This session (T3) included
a simulation exercise consisting of a patient with pulmonary
embolism who developed shock, respiratory insufficiency,
and unstable bradyarrhythmia (see Tables, Supplemental Digi-
tal Content 1 [http://links.lww.com/SIH/B204], highlighting
patient states according to time markers).

Both simulation sessions included prebriefing, simulation
practice, and debriefing. Instructional components were stan-
dardized across participants. Each participant operated individ-
ually in both simulation cases, supported by 2 embedded par-
ticipants who played the roles of a nurse and a respiratory ther-
apist, completing the team. Embedded participants were
trained during the trial pilot, receiving individualized feedback
after each of the 12 simulations. Simulation cases were devel-
oped with specific time markers and evolved regardless of
the participant's interventions (see Tables, Supplemental Digi-
tal Content 1 [http://links.lww.com/SIH/B204], highlighting
patient states according to time markers). Standardized time-
based interventions by the embedded participants were also in-
corporated to induce participants to use specific CRM princi-
ples. The simulation ended after participants reached the final
patient state and transferred the case to an intensivist played by
the instructor. Two simulation instructors (N.R., A.R.) oversaw
the simulation sessions and consistently used the same debriefing
technique.36,37 Debriefings were standardized across experi-
mental groups, timed, and could not exceed 30 minutes. They
were strictly focused on CRM learning objectives (see Tables,
© 2025 Society for Simulation in Healthcare
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Supplemental Digital Content 2 [http://links.lww.com/SIH/
B205] for a debriefing guide outlining key CRM principles
and their expected timing).

Trial Outcomes
The primary outcome was the difference in overall Ottawa

Global Rating Scale (OGRS) score between intervention and
control across the 3-month study period.35 Secondary quantita-
tive outcomes were measured at both the T0 and T3 simulation
sessions. They included (1) differences in mean scores on
OGRS subcategories; and (2) differences in stress response
measured by salivary cortisol,38,39 State-Trait Anxiety Inven-
tory (STAI)40 scores, and heart rate (HR) measurements.

Two exploratory qualitative outcomeswere also integrated
into the trial. The first involved a deductive assessment of the
interventions' impact—or lack thereof in the control group—
on learners' cognitive load and self-reported anxiety; the sec-
ond inductively assessed unaccounted mechanisms for the ef-
fect of this new instructional design.

Instrumentation and Data Collection Procedures
CRM skills were assessed using the OGRS scale,35 which

includes 6 domains: overall performance, leadership, problem-
solving, communication, resource utilization, and situational
awareness. Each is rated on a 7-point Likert scale. The validity
evidence supporting the use of the OGRS consists of content
validity, response process, internal consistency and relation-
ship to other variables, in accordance with Messick's modern
framework of validity evidence for assessment purposes.35,41

All simulations were video recorded. Recordings were ex-
tracted following each session to enable subsequent assessment
of participants' CRM skills by independent raters. Both
3
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simulations (T0 and T3) were reviewed by 3 raters who under-
went training and were blinded to group allocation (see text doc-
ument, Supplemental Digital Content 3 [http://links.lww.com/
SIH/B206], describing the rater training process). Assessing
OGRS scores during the baseline T0 session was considered im-
portant for characterizing learners' skill trajectories, particularly in
distinguishing between immediate and delayed improvements. A
calibration session was held halfway through the ratings to ensure
consistency and reliability in the raters' assessments.

Salivary cortisol, a minimally invasive and widely used
physiological marker,38,42 was chosen to assess stress response
because of its established role in reflecting Hypothalamic-
Pituitary-Adrenal axis activation.43,44

The STAI questionnaire measured subjective anxiety
through 2 components: State (capturing momentary anxiety)
and Trait (assessing baseline stress levels). Both contain 20
items rated on a 4-point Likert scale and have been extensively
validated in stress research.40

Lastly, HR was used as an additional physiological stress
metric. Studies have shown significant HR increases during
simulations, correlating with anxiety levels.45 HR was manu-
ally measured by a research assistant over a 1-minute period.

Salivary cortisol, STAI, and HR data were collected at
4 timepoints during both simulations: baseline (t= baseline),
presimulation (t = 0), postsimulation (t = 15), and
postdebriefing (t = 45).

A 20-minute qualitative semistructured interview was con-
ducted after each debriefing with an interview guide for both the
control and intervention groups (see text document, Supplemen-
tal Digital Content 4 [http://links.lww.com/SIH/B207], provid-
ing the interview guide) and transcribed verbatim.

All data collection procedures were standardized and con-
ducted by a research assistant.
Sample Size and Quantitative Data Analysis
A sample size of 50 participants was necessary to detect a

10% absolute difference on the OGRS between groups with a
2-sided alpha of 0.05 and a power of 80%.35 Anticipating a
20% attrition rate, we increased the sample size to 64 partici-
pants, 32 in each group.

The use of pooled estimates of the 3 raters was initially
planned to assess between-group differences in overall OGRS
scores. However, this plan was revised when Rater 1 appeared
to have misunderstood rating directives during the calibration
session. Sources of variance arising from the raters were
assessed with a repeated-measures general linear model
(GLM). If Rater 1 was identified as the source of significant
variance in OGRS scores, we planned a sensitivity analysis to
exclude this rater.

Descriptive statistics for participants' characteristics, as
well as primary and secondary outcomes, are presented. The
primary and secondary quantitative outcomes were analyzed
using a repeated measures GLM, incorporating 2 within-
subject factors: simulation timing (T0 vs. T3) and rater (Rater
1, Rater 2, and Rater 3). The between-subject factor was study
group allocation, with 2 levels: intervention and control. For
other continuous variables, we used Student t tests to assess be-
tween-group differences. Discrete variables were analyzed
with chi-square or Fisher's exact tests. Our analysis treated
4
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Likert scale data as continuous interval data.46,47 The level of
significance was set at 0.05. Analyses were conducted with
SPSS software version 29 (IBM Corp, Armonk, NY).

Qualitative Data Analysis
This study was anchored in pragmatic epistemology with

a qualitative description methodology.48 A thematic analysis
method was applied to provide inductive insights to validate
the trial's conceptual framework.49,50 Data from both the inter-
vention and control groups were included to enhance the cred-
ibility of our findings by offering contrasting perspectives that
contribute to a more comprehensive understanding of the phe-
nomenon under investigation. The Braun and Clarke's 6-step
method was used to analyze the data.

Two investigators (N.R., C.V.) first familiarized them-
selves with the data, and then independently coded 15% of
the data corpus. After they agreed on the coding structure,
the principal investigator (N.R.) coded the entire corpus.
Data were managed with NVivo 12 software. Data queries
were conducted after every 25% increment of completed data
corpus analysis. These queries, a feature of the NVivo data
management software, enable exploration of coded data to
uncover patterns, relationships, or distributions that may
not be immediately apparent (eg, between-group differences
in the cognitive load theme). They provided a broader analyt-
ical perspective and informed iterative refinement of the the-
matic framework. Memos were generated throughout the
process to keep track of these queries and other important
markers of analysis.

Once initial codes were generated for the entire data cor-
pus, codes and categories were iteratively reviewed and re-
fined, allowing major themes to emerge from the data. We then
conducted axial coding to establish links between themes to
provide a rationale for the study findings. The supporting evi-
dence for each theme was reviewed by both investigators (N.
R., C.V.) to assess for coherence.

RESULTS
The study included 64 participants. Two were lost to fol-

low-up, leaving 31 in each group (Fig. 3).

Participant Characteristics
Participant characteristics were similar in both groups

(Table 1). Slight differences were noted in specialty types,
with more internal medicine and fewer anesthesia residents in
the intervention group.

Quantitative Results
Primary Outcome: Overall OGRS Scores

The repeated-measures GLM revealed a statistically sig-
nificant within-subject difference related to the raters, F(1.61,
93.43) = 4.93, P = 0.014. Pairwise comparisons showed that
Rater 1, who misunderstood rating directives, was a major
source of this variance.

We therefore conducted the same analysis, excluding
Rater 1 assessments. A significant between-subject difference
favored the intervention group, F(1, 58) = 5.46, P = 0.023, with
an estimated marginal mean difference of 0.492 (P = 0.023)
© 2025 Society for Simulation in Healthcare
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TABLE 1. Characteristics of Study Participants

Characteristic
Control
(n = 32)

Intervention
(n = 32) P

Age, mean ± SD 25.19 ± 1.79 25.59 ± 2.03 0.399†

Female sex, n (%) 20 (62.5) 17 (53.1) 0.448‡

Residency program, n (%) 0.139#

Medical 27 (84.4) 29 (90.6)
Anesthesia 6 (18.8) 2 (6.3)
Internal medicine 20 (62.5) 25 (78.1)
Neurology 1 (3.1) 2 (6.3)

Surgery 5 (15.6) 3 (9.3)
ENT 2 (6.3) 0 (0)
Digestive 1 (3.1) 0 (0)
Orthopedic 1 (3.1) 0 (0)
Plastic surgery 0 (0) 1 (3.1)
Urology 0 (0) 2 (6.3)
Vascular 1 (3.1) 0 (0)

Degree, n (%) 1.000#

Undergraduate (pre-Bachelor's) 21 (65.6) 20 (62.5)
Bachelor's 9 (28.1) 9 (28.1)
Master's 1 (3.1) 2 (6.3)
Doctorate 1 (3.1) 1 (3.1)

Prior ICU experience, n (%) 0 (0) 0 (0) n/a
Number of simulation experiences in
last year, n (%)

0.371#

None 2 (6.3) 1 (3.1)
1 to 5 24 (75) 29 (90.1)
6 to 10 5 (15.6) 2 (6.3)
>10 1 (3.1) 0 (0)

Types of simulation, n (%)
Theater based 23 (71.9) 27 (84.4) 0.226‡

Part task trainer 22 (68.8) 22 (68.8) 1.000‡

With actors 24 (75) 21 (65.6) 0.412‡

Hybrid 13 (40.6) 11 (34.4) 0.606‡

In situ 1 (3.6) 0 1.000‡

Prior CRM instruction, n (%) 5 (15.6) 4 (12.5) 1.000#

Number of CRM courses in last year,
n (%)

1.000#

None 27 (84.4) 28 (87.5)
1 to 5 5 (15.6) 4 (12.5)
6 to 10 0 (0) 0 (0)
>10 0 (0) 0 (0)

Types of CRM courses, n (%)
Simulation

Theater based 3 (9.4) 4 (12.5) 1.000#

With actors 3 (9.4) 2 (6.3) 0.426#

In situ 0 (0) 0 (0) n/a
Didactic 2 (6.3) 3 (9.4) 1.000#

Presimulation psychoactive
substances, n (%)

1 (3.1) 2 (6.3) 1.000#

Coffee 1 (3.1) 2 (6.3) 1.000#

Cigarette 0 (0) 0 (0) n/a
Drugs 0 (0) 0 (0) n/a
Energy drinks 0 (0) 0 (0) n/a

†Student t test; ‡chi-square test; #Fisher exact test.

ENT indicates ear, nose, and throat; n/a, not applicable.

FIGURE 3. Enrollment, randomization, and follow-up.
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(Fig. 4). Therewere no discerniblewithin-subjects main effects
for the remaining raters, F(1, 58) = 0.654, P = 0.422, or simu-
lation timing, F(1, 58) = 1.82, P = 0.185, and no interactions
effects, notably no interactions between simulation timing
and group allocation, F(1,58) = 0.556, P = 0.459. Table 2 pro-
vides aggregate sample means of the overall scores.

Secondary Outcomes

OGRS Subscale Scores
The intervention group had significantly higher ratings on

leadership, F(1, 58) = 6.77, P = 0.012; resource utilization, F
(1, 58) = 4.29, P = 0.043; and communication subscales, F
(1, 58) = 4.35, P = 0.041. Therewere no significant differences
in problem solving, F(1, 58) = 2.56, P = 0.115, and situational
awareness scores, F(1, 58) = 2.36, P = 0.130 (see text docu-
ment, Supplemental Digital Content 5 [http://links.lww.com/
SIH/B208], showing the subscale means by raters).

Stress Response Measurements
There were no between-group differences in stress re-

sponse for the simulations (Fig. 5). Salivary cortisol measures
were similar: Simulation T0, F(1,58) = 0.013, P = 0.908; Sim-
ulation T3: F(1, 58) = 0.287, P = 0.594. Awithin-subject effect
was observed for the timing of measurements that suggested a
bimodal peak of cortisol for both simulations. HR measure-
ments showed similar results. There were no significant differ-
ences between groups for STAI state scores, F(1, 57) = 0.234,
P = 0.630. Furthermore, no significant interactions were ob-
served between study groups and the timing of measurements
for both simulations: Simulation T0, F(3,171) = 2.564,
P = 0.056; Simulation T3, F(3,162) = 1.36, P = 0.257.

Qualitative Results
A total of 126 interviewswere analyzed. Threemajor themes

were identified: (1) NTS education being contingent on TS
© 2025 Society for Simulation in Healthcare 5
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FIGURE 4. Overall OGRS scores for each simulation session, excluding
Rater 1 assessment. T0 = Initial simulation session, T3 = 3-month
simulation session. Error bars represent 95% CI.

TABLE 2. Sample Means of the OGRS Overall and Subscale Scores

Control Intervention

Simulation
Session

Sample
Mean (SE)

Sample
Mean (SE)

OGRS
Overall T0 3.96 (0.208) 4.58 (0.208)

T3 4.31 (0.172) 4.68 (0.172)
OGRS subscales

Leadership T0 3.87 (0.184) 4.50 (0.184)
T3 3.67 (0.155) 4.70 (0.155)

Problem solving T0 4.35 (0.200) 4.81 (0.200)
T3 4.65 (0.182) 4.80 (0.182)

Situational awareness T0 3.88 (0.202) 4.50 (0.202)
T3 4.28 (0.168) 4.30 (0.168)

Resource utilization T0 4.06 (0.186) 4.56 (0.186)
T3 4.35 (0.172) 4.70 (0.172)

Communication T0 4.73 (0.165) 5.18 (0.165)
T3 4.85 (0.172) 5.16 (0.172)

SE indicates standard error; T0, time = 0 months; T3, time = 3 months.

Simulation in Healthcare Volume 21, Number 1, February 2026
competence, (2) asymmetrical effect of presimulation instruc-
tion of TS, and (3) pervasive intuition toward assessment and
judgment. Each theme had several subthemes that offer a more
comprehensive view of the overarching topic (Table 3).

NTS Education Is Contingent on TS Competence
Study participants found it easy to learn CRM but faced

difficulties in applying these skills in practice.

(1) Participant 4 (control group): “(…) the knowledge
[CRM principles] is hard to apply, but not to acquire because
it's like in my head, but I'm not able to use it.”

One reason for this difficulty is the high level of intercon-
nectivity between different elements of the simulation cases.

(2) Participant 26 (control group): “We are so focused on
all the details that our brain feels empty. I don't know if I really
had the ability to think about CRM (…).”

Cognitive overload leaves little space for deliberate con-
sideration of CRM principles.

(3) Participant 10 (control group): “[…] when the situation
escalates, we get overwhelmed […] and I forget these notions
[CRM] and I focus on the medical perspective.”

Participants associate cognitive overload with their lack of
experience. Greater cognitive resources are required by the
taskwork of the case because participants have yet to integrate
enough clinical patterns.

(4) Participant 33 (control group): “We are not experienced
enough, the medical knowledge takes a lot of room, and we don't
have any cognitive attention for crisis resource management.”

Participants' TS affect their ability to practice NTS. Bridg-
ing the TS performance gap should therefore enhance their
CRM learning experience. Although logical, this may not be
suited to everyone.

Asymmetrical Effect of Presimulation Instruction of TS
Both groups expressed varying perceptions of the study

intervention. Paradoxically, some participants praised the
presimulation instruction of TS, whereas others believed it
was detrimental to their learning. Positive comments were in
line with the trial hypotheses of reduced cognitive load and
increased control.
6
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(5) Participant 48 (intervention group): “Uh, I felt, well,
before the simulation, that is, I think I was still a little nervous.
But, uh, thanks to the preparation for the activity, I felt much
more, uh, confident and calm.”

(6) Participant 43 (intervention group) “Hm…well, I found
it [cognitive load] was lighter, uh, in the sense that I was prepared
for the situation. I felt that the cognitive effort was lower.”

However, for some, presimulation instruction of TS had
deleterious effects, increasing anxiety and pressure to perform.

(7) Participant 20 (intervention group): “It's [presimulation
TS instruction] somewhat stressful. I worry I'll forget. […] when
you know, it's like “Okay so I better be good at it and succeed
because I'm supposed to know it all.”

Mixed feelings toward the intervention were also reported,
with participants perceiving it as both an agonist and antago-
nist to CRM education.

(8) Participant 1 (intervention group): “It [presimulation
TS instruction] had a neutral impact. While it did reduce my
anxiety by helping me say, ‘Ok good, I can expect this and that,’
it also created the feeling I had to be good because I already knew
what was going to happen.”

This discrepancy in perceptions may be influenced by
learners' achievement goal orientation.

(9) Participant 32 (control group): “I think that it always
depends on what we value important. […] if we can put our
ego aside, maybewe can have a bit less stress with simulations.
[…] I wasn't particularly nervous because I think I had more to
gain than I had to lose.”

This implies that SBEmay have a cost, and this cost depends
on learners' goals and may determine whether learners perceive
an educational intervention as an opportunity or a threat.

Pervasive Intuition of Assessment and Judgment
Our data suggest that long-standing exposure to a culture

of assessment may generate the impression that performance
is at the forefront of training.
© 2025 Society for Simulation in Healthcare
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FIGURE 5. Stress response assessed at 4 timepoints. t = baseline collected when residents were greeted at the simulation laboratory; t = 0minute and t = 15
minutes immediately before and after the simulation activity, respectively; and t = 45minutes after the debriefing session. Error bars represent 95%CI.

TABLE 3. Thematic Analysis Results: Main and Subthemes

NTS Education
Is Contingent on
TS Competence

Asymmetrical Effect
of Presimulation
Instruction of TS

Pervasive Intuition
Toward Assessment

and Judgment

CRM is easy to learn
but hard to apply

Unexpected paradoxical
effects of presimulation
teaching of TS

Culture of assessment
and standards to live
up to

High item interaction
increases cognitive
load during
simulation

Achievement goal
orientation as a
perceptual modulator

Learner's instinct and
cognitive biases

Clinical experience
modulates
cognitive load

Subconscious emphasis
on TS
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(10) Participant 44 (control group): “We constantly feel
our performance being assessed. It's part of who we are, what
we live every day, what we are taught, and how we feel from
clerkship up to now.”

Some learners have an unshakeable feeling of impending
judgment. Although they eventually rationalize that there are no
dubious intentions, their initial instinct is to prepare for a threat.

(11) Participant 62 (intervention group): “You tell yourself,
‘Of course they're going to judge me.’ But in reality, they [facil-
itators] couldn't care less.”

This intuition stems from a perceived threat, leading individ-
uals to take the path of least resistance by demonstrating profi-
ciency in more familiar skills. As a result, there may be an uncon-
scious emphasis on TS, which can overshadow CRM learning.

(12) Participant 32 (control group) “(…) most of my atten-
tion is still directed more toward the medical side, because
maybe I'm not yet comfortable enough or quick enough in my
decisions to really be able to maximize my teamwork skills."

Students' focus on TS, combined with the ingrained intu-
ition that assessment is omnipresent, may distort how they re-
act to the study intervention. For some individuals, it increases
the standards they believe they must uphold.

(13) Participant 2 (intervention group): “I knew that I was
going to have to manage an atrial fibrillation and an anaphylaxis.
© 2025 Society for Simulation in Healthcare
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I had the impression that the expectations were higher because
I had prepared myself prior to the simulation.”

Ultimately, this focus affects how they respond to the
study intervention and may result in the paradoxical effect
mentioned earlier.

DISCUSSION
We found that combining the preinstruction of TS with

SBE to aid CRM instruction resulted in increased overall
7

e. Unauthorized reproduction of this article is prohibited.



Simulation in Healthcare Volume 21, Number 1, February 2026
CRM proficiency. In particular, it had a positive impact on
leadership, resource utilization, and communication skills. Al-
though this increase in performance is modest, our finding of a
statistically significant between-subject difference in overall
OGRS scores favoring the intervention group, without any
within-subject or interaction effects, indicates that the interven-
tion group consistently outperformed the control group in
CRM skill levels.

The intervention appears to have provided participants
with a “head start” in developing CRM skills, an advantage
that was sustained over time. However, our trial was not de-
signed to assess participants' baseline skill levels, making it dif-
ficult to definitively determine whether the intervention
directly resulted in an “educational boost.” That said, the alter-
native explanation—that participants in the intervention group
were inherently better at CRM than those in the control group
—seems unlikely. Such a scenario would imply selection bias,
which is improbable given the randomized design of the study
and the balanced baseline characteristics of participants in both
the control and intervention groups.

Some researchers have expressed concerns that NTS
scales may inadvertently capture elements of TS,12 leading to
construct-irrelevant variance.51 In our study, the intervention
caused an uneven distribution of TS among participants. Con-
sequently, subscale items of the OGRS assessing both NTS and
TS could have hypothetically inflated scores for the first simu-
lation and contributed to the observed divergence between
groups. However, the only OGRS subscale that incorporated
concepts that potentially overlapped TS, the problem-solving
subscale, did not reveal any between-group differences. This
makes it unlikely that construct-irrelevant variance played a
meaningful role. In addition, the lack of interaction effect be-
tween group assignment and simulation sessions further sup-
ports this conclusion, suggesting that skill improvements from
the first simulation alone do not account for the observed be-
tween-group differences.

We are therefore left to consider that the preinstruction of
TS intervention may indeed have provided a sustained early
advantage in CRM skill integration, an effect that persisted
even 3 months later. Although Figure 3 shows that the inter-
vention group outperformed the control group in CRM com-
petencies, the steeper increase in OGRS scores for the control
group across simulations raises an important question about
the durability of this advantage: Does the initial benefit of
preinstruction of TS persist over time, or do the 2 groups ulti-
mately converge in performance?

Interpreting this more pronounced improvement is chal-
lenging. One possible explanation is that this reflects a time-
limited effect where participants who did not receive the initial
“educational boost” from the preparatory teaching may have
simply had more room for early growth, eventually stabilizing
and following a parallel learning trajectory with the interven-
tion group. Alternatively, the greater increase in CRM profi-
ciency observed between the first and second simulations
may suggest that the control group is catching up and could
eventually surpass the intervention group. This would imply
that the intervention may have inadvertently dampened the edu-
cational growth of its participants. In this context, it would be
valuable to explore the intervention's impact on learners' adaptive
skills, such as uncertainty tolerance (ie, could the familiarity with
8
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a specific scenario limit learners' ability to manage the unpredict-
ability of a different case?).52 Differentiating between these sce-
narioswould require an in-depth analysis of the learning curves53

associated with both groups, an approach that demands data
beyond the scope of our current study.

Although these uncertainties highlight the need for further
research into long-term sustainability of our intervention, our
trial did investigate potential mechanisms contributing to the
short-term benefits of offloading TS learning for the benefit
of CRM instruction. To this end, we incorporated both quantita-
tive and qualitative secondary objectives aimed at exploring the
potential factors driving the observed effects. One hypothesized
mechanism was a reduction in cognitive load through decreased
anxiety (Fig. 5). However, we found no significant differences
between groups in stress responses, as measured by salivary cor-
tisol, the STAI, or HR. These findings suggest that anxiety re-
duction did not play a role in explaining the observed differences
between the intervention and control groups.

Nonetheless, the data suggest that a modulation of cogni-
tive load occurred. Our thematic analysis revealed that limited
experience contributed to cognitive overload, particularly among
control group participants. In contrast, many participants in
the intervention group reported reduced cognitive load, which
enhanced their ability to apply CRM principles. This finding
supports previous studies that explained increased CRM profi-
ciency through cognitive load reduction associated with higher
TS competencies.9 Expertise is, in fact, linked to higher automatic
processing and clinical pattern recognition capacities.15,54 Hence,
instructional designs that provide preparatory procedural informa-
tion to promote the formation of automated schemas may help re-
duce cognitive load and improve performance.15

Preliminary evidence from studies assessing the impact of
flipped learning (FL) of TS combined with SBE for TS acquisition
corroborates this claim. Although heterogeneous in their designs,
these trials demonstrated increased skills acquisition and high satis-
faction associated with the combination of FL and SBE.55–64 Al-
though our methodology differed in that we measured NTS, we
similarly offloaded TS before the in-person simulation and, as a
result, expected comparable levels of learner satisfaction.

However, our results revealed a distinct divergence from
this pattern. We observed considerable interindividual variabil-
ity in learners' perceptions toward the intervention. Several par-
ticipants cited benefits such as decreased anxiety and increased
control over the activity, in line with previous work.26 Concur-
rently, however, a considerable number of participants reported
the exact opposite with higher performance anxiety. Some ap-
praised the activity through an evaluative lens and held a neg-
ative perception of the study intervention, even considering it
detrimental at times. Although this is inconsistent with the
FL literature, the negative response to the study intervention
does align with the social intuitionist approach to moral judg-
ment.65 In this model, a situation unintentionally elicits a moral
intuition that leads an individual to generate judgment of an
event. For some participants, the study intervention seems to
have stimulated an intuition of assessment and impending
judgmental threat emanating from the simulation and led them
to feel that performance expectations were higher. This feeling
may have offset the hypothesized benefit of the trial by increas-
ing cognitive load with added performance pressure. If so, this
may have conceptually resulted in an underestimation of the
© 2025 Society for Simulation in Healthcare
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intervention's efficacy, because the inclusion of learners less
responsive to the treatment within the intervention group could
have attenuated the observed effect.

The reason behind some participants' limited sensitivity
to the intervention is elusive but could reside in how they
self-regulate and assess how they achieve their learning goals.
According to achievement goal theory, learners exhibit differ-
ent behavioral patterns in the face of learning activities, de-
pending on their orientation toward achievement—mastery
or performance.30,31 Depending on their goal orientation,
learners will therefore react differently to learning activities
and changes to instructional designs. Our thematic analysis
suggests that participants' goal orientation may influence their
appraisal of the study intervention, which may explain why
some participants felt that achievement standards were higher
and ultimately perceived increased performance pressure. Fur-
ther studies are required to corroborate these hypotheses and
clarify the impact of achievement goal orientations on SBE.

Limitations
Some limitations should be considered when interpreting

our results. First, this was a single-site study, which may limit
the generalizability of our findings. Second, although a block
randomization was initially planned, a simple 1:1 randomiza-
tionwas inadvertently used because of a clerical error by the re-
search staff. Third, some variance in the results came from dis-
crepancies in raters' performance assessments. To address this,
we excluded the ratings of a rater who misunderstood scoring
directives and adopted a statistical plan that was not defined
a priori, both of which can limit the strength of our claims. Fourth,
the lack of preintervention data on baseline CRM skills limits our
ability to draw definitive conclusions about the intervention's
impact on participants' learning trajectories. Lastly, our study
was not designed to assess the impact of preinstruction of TS
on students fromminority backgrounds.66 However, we recog-
nize that socioeconomic disparities may limit access to the
technology required for this instructional approach, and this
factor should be considered when interpreting our findings.

Implications
Although this study showed evidence supporting the effec-

tiveness of offloading TS instruction for the acquisition of NTS
during SBE, it remains unclear whether the intervention is equally
beneficial for all participants. Our qualitative data suggest interin-
dividual variability in responses, raising the question of whether
subgroup differences existed in CRMperformancewithin the in-
tervention group. Hence, it calls for further research to investigate
the impact of trainee characteristics, such as goal orientation,
on learning behaviors during simulations to assess if preinstruction
of TS is suitable for all participants.

CONCLUSION
In PGY1 residents, presimulation instruction of TS to

support SBE of NTS resulted in higher proficiency in CRM
skills. Some of our data suggest that offloading TS instruction
before simulation training may be beneficial because of a re-
duction in participants' cognitive load. However, how partici-
pants experienced the study intervention was highly variable.
In some instances, it induced a paradoxical effect and increased
© 2025 Society for Simulation in Healthcare
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performance pressure. This should serve as a catalyst to ex-
plore and investigate learner characteristics, such as achieve-
ment goal orientations, that may influence responses to
presimulation instruction of TS. In turn, this could help align
instructional design to learner specificities.
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