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Abstract

Background/Objectives: Patient safety depends on healthcare systems’ ability to learn
from clinical experience and translate insights into system-level improvement. Significant
Event Audit (SEA) is well established but may only partly capture the dynamic, context-
dependent nature of clinical performance. Although in situ simulation is increasingly used
to explore team performance and system vulnerabilities, its routine integration into formal
risk-management pathways remains limited. We developed Sim-SEA, a structured approach
embedding in situ simulation within the SEA learning cycle. Methods: Sim-SEA adapted
the seven-phase SEA framework to incorporate in situ simulation as a core component.
We conducted a 12-month single-center, uncontrolled pre—post pilot study in a tertiary
pediatric emergency department, comprising 10 Sim-SEA cycles. Self-perceived competence
in technical and non-technical domains was assessed at baseline and immediately after sim-
ulation using a 6-item ad hoc questionnaire. A follow-up assessment was conducted among
participants who subsequently encountered a real emergency. Participants’ perceptions,
system vulnerabilities, and improvement actions were also examined. Results: Fifty-nine
physicians, residents, and nurses participated. Self-perceived competence improved signifi-
cantly from baseline to post-simulation across ABCDE assessment, teamwork, situational
awareness, communication, speak-up behavior, and decision-making (all p < 0.01). At
follow-up, available for 35/59 participants (59.3%) who subsequently encountered a real
emergency, self-perceived scores remained significantly higher than baseline. Implemented
changes included workspace reorganization, a cognitive medication aid, and a standard
operating procedure for role allocation. Participants reported greater engagement, reflective
learning, psychological safety, and awareness of risks and system vulnerabilities. Conclu-
sions: In this single-center, uncontrolled pilot study, Sim-SEA was feasible as a structured
method for embedding in situ simulation within clinical risk management and supported
potential benefits for self-perceived learning and the identification and development of
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organizational and environmental improvement actions. Further studies should assess
effects on objective competence and patient-safety outcomes.

Keywords: in situ simulation; significant event audit; clinical risk management; patient
safety; translational simulation; organizational learning; pediatric emergency care; clinical
governance

1. Introduction

Patient safety relies on healthcare systems’ ability to function as learning organizations,
continuously translating clinical experience into system-level improvement [1]. Incident
reporting (IR) systems and retrospective analysis tools, such as the Significant Event Audit
(SEA), have traditionally represented a central component of patient safety programs [2,3].

Although these approaches can support collective reflection and the identification
of contributory factors, they have important limitations when applied within complex
healthcare environments [3]. As they rely on reconstructed accounts of events, they may
only partially capture the dynamic and context-dependent nature of real-world perfor-
mance and team interactions and remain vulnerable to cognitive biases, such as hindsight
and recall bias [4,5]. Moreover, insights generated through retrospective analysis may
not consistently translate into sustained system-level change because of limited feedback
mechanisms, inconsistent implementation of corrective actions, and insufficient evaluation
of their effectiveness [6,7].

At the same time, there is increasing recognition of the need to complement a Safety-I
perspective—focused on learning from failure—with a Safety-II approach that emphasizes
understanding how everyday performance succeeds through adaptation and the capacity
of systems to maintain resilience [8,9]. From this perspective, safety emerges through real-
time interactions, non-technical skills, and teams’ responses to evolving clinical conditions.
Although SEA provides a structured method for reflecting on significant events, on its own
it offers limited access to the adaptive, relational, and contextual dimensions of practice
which are critical for understanding how teams coordinate, communicate, and respond to
complexity in real time [10].

In situ simulation offers a complementary method for examining clinical work as it
unfolds, enabling teams to explore performance, workflows, environmental conditions, and
system vulnerabilities within the actual care context [11,12]. Although in situ simulation
is increasingly used to explore care processes, its routine integration into formal clinical
risk-management and governance pathways remains limited. In particular, it is not always
linked to the analysis of specific significant events or embedded within a structured cycle
of improvement and follow-up. These considerations are particularly relevant in pediatric
emergency care, where low-frequency, high-impact events may unfold rapidly and under
considerable time pressure [13]. Age-related physiological variability, sudden clinical dete-
rioration, and unpredictable changes in patients” conditions require continuous adaptation
and tightly coordinated team responses. Opportunities for experiential learning from these
events are limited, and retrospective approaches alone may not adequately support future
preparedness [14].

To operationalize this integration within an established audit pathway, we developed
Sim-SEA, a structured approach that embeds in situ simulation within the SEA learning
cycle. Sim-SEA links retrospective analysis of real clinical events with context-based system
exploration, experiential team learning, implementation of improvement actions, and itera-
tive reassessment [11,12]. This integration extends traditional audit processes by linking
retrospective reflection with prospective, experiential learning and system testing. This
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approach aligns with recent recommendations advocating for the integration of simula-
tion into clinical governance and patient safety processes, emphasizing context-sensitive,
sustainable, and high-impact strategies [1].

The primary aims of this pilot study were:

e  To describe the development of Sim-SEA.

e  To describe the implementation of Sim-SEA within the clinical risk-management path-
way of a pediatric emergency department and explore healthcare professionals’ per-
ceptions of the approach.

A secondary, exploratory aim was

e  To report preliminary findings related to self-perceived technical and non-technical
competence and to document system vulnerabilities and organizational and environ-
mental improvement actions arising from its implementation in the shock room of a
pediatric emergency department.

2. Materials and Methods

This prospective single-center uncontrolled pre—post pilot study evaluated the imple-
mentation and preliminary findings of the Sim-SEA over a 12-month period, from January
to December 2024. Sim-SEA was implemented as a quality improvement initiative; the
study was reported in accordance with the SQUIRE 2.0 guidelines for quality improvement
studies [15]. The simulation-specific aspects of the manuscript were additionally informed
by the Reporting Guidelines for Health Care Simulation Research [16]. A complete SQUIRE-
2.0 checklist is provided in Supplementary File S1 The project was initially conducted as a
routine educational and quality improvement activity under institutional administrative
authorization. Although the manuscript was submitted prior to formal ethical approval,
approval was subsequently granted by the Institutional Review Board of the University of
Verona (CARP) on 12 October 2026 (Approval No. 2026-14).

2.1. Participants and Setting

This study was conducted in a tertiary Pediatric Emergency Room (PER) of a Univer-
sity Hospital in Northern Italy, serving as a referral hub for pediatric emergencies within
the regional network. The unit manages approximately 20,000 admissions per year and in-
cludes a 10-bed intensive short-stay observation area. All frontline healthcare professionals
involved in emergency care—including senior physicians, nurses, and residents rotating
through the pediatric emergency department during the study period—were eligible and
invited to participate in the Sim-SEA program through structured departmental meetings
and internal staff communication.

2.2. The Sim-SEA Approach

SEA is a structured quality improvement method based on team reflection and collec-
tive analysis of clinically relevant events [17]. It supports learning from a wide range of situa-
tions, including adverse events, near misses, complex cases, and instances of successful care.

By integrating SEA with in-situ simulation, Sim-SEA extends this reflective process
into an experiential and context-sensitive exploration of the event trajectory. Recreating the
event within the real clinical environment allows clinical teams to revisit the complexity
and dynamic context in which care was delivered to examine not only what happened, but
also how team behaviors, environmental conditions, workflows, resources, and organiza-
tional constraints shaped performance. This process facilitates the identification of latent
safety threats and modifiable system factors, while also supporting team learning and the
development of non-technical skills. The Sim-SEA process followed a structured sequence
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of phases adapted from the traditional SEA framework, with in situ simulation embedded
as a core component of the learning cycle, from event identification to the implementation

and review of improvement actions. The main phases and components are summarized

in Table 1, while a comparison between the traditional SEA framework and its Sim-SEA

adaptation is provided in Supplementary File S2. For each selected event, scenarios were

developed from the analysis of real clinical cases to recreate the key clinical, contextual, and

relational dynamics of practice.

Table 1. The Sim-SEA phases (adapted from SEA 7 phases) [18].

Phases

Sim-SEA

1. Awareness and Prioritization of a Significant
Event

Staff are informed of the opportunity to report significant
events—whether adverse, near-miss, no-harm, or positive—to the
project lead and the Core Project Team (CPT).

The CPT is responsible for prioritizing and selecting events based on
their potential for organizational learning and system improvement,
as well as their frequency, severity, and relevance to current practice.

2. Information Gathering and Event
Reconstruction

The CPT collaborates with staff members involved in the event to
reconstruct the sequence of actions, contextual elements, and
relevant circumstances surrounding the event.

3. SEA Preliminary Analysis, Key Learning
Needs Identification, and Scenario
Development

The CPT meets regularly (e.g., monthly) to perform a preliminary
analysis of each event using a human factors framework that
considers team dynamics, task-related factors, organizational

processes, and environmental conditions.

Identifies key learning needs at individual and team levels, together
with potential system vulnerabilities, protective factors, and
priorities for improvement emerging from the analysis of the event
and its context.

Develops event-based scenarios aligned with these learning and
system-improvement priorities and designed to recreate the key
clinical, cognitive, relational, environmental, and organizational
conditions that shaped performance.

Selects appropriate team members to participate in simulation
sessions, promoting multidisciplinary engagement, and enabling
equitable participation over time.

4. Simulation-Based Investigation and Analysis
of the Significant Event

In situ simulation sessions allow staff—including those not involved
in the original event—to re-experience key clinical, cognitive,
relational, and contextual challenges emerging from the SEA.

Structured debriefing using PEARLS supports psychologically safe

reflection on team performance, addressing both strengths and
areas for improvement, while exploring environmental and
organizational contributors—such as workflow, coordination,
resource availability, and physical layout.
Each session concludes with clearly defined take-home messages,
including key learning points, required changes, and positive
practices to be reinforced.

5. Agree, Implement, and Monitor Change

Issues identified during the audit-simulation process are translated
into targeted actions at individual, team, organizational, or system
levels.

Subsequent simulation cycles are used to monitor and refine these
actions over time.
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Table 1. Cont.

Phases Sim-SEA

Key insights from each debriefing are documented and shared with
staff to support collective learning.
Organizational tools (e.g., SOPs, checklists, and workflows) are
created or updated accordingly.

6. Write It Up

Periodic review meetings are held with all staff to share findings,

7. R h Revi
eport, Share, and Review evaluate improvements, and define priorities for future cycles.

2.3. Implementation of the Sim-SEA Approach: Pilot Study Design and Iterative Cycles

The Sim-SEA approach was implemented as an iterative process, structured into a
series of cycles. Figure 1 provides an overview of the overall design.

1. Introductory Session (2 h) ﬁ
*  Project presentation 10 INTERACTIVE
* CRM Principles -
(Crisis Resource Management) SIM-SEA CYCLES
10 cycles repeated from
“Prioritization of a Significant
l Event” to “Implement Change”

2. Prioritization of a Significant Event

3. Information Gathering and Event
Reconstruction

4. Preliminary Analysis and
Scenario Development
(2 for each Significant Event)

Debriefing (PEARLS)
* Reaction

Description

Analysis

(including environmental
and organizational
contributors)

Summary

5. First In Situ Simulation ==

Debriefing (PEARLS)
Reaction

Description

Analysis

(including environmental
and organizational
contributors)

Summary

6. Second In Situ Simulation - -

7. Implement Change l 8 Monito: Changes I

Monitoring feeds an iterative
improvement cycle.

9. Documentation and Sharing

|
v

10. Periodic Review Meetings

*  Share findings
*  Evaluate improvements
*  Define priorities for future cycles

Figure 1. Project design.
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Before the first Sim-SEA cycle, participants attended a 2-h introductory session covering
the rationale and procedures of the program and providing a brief overview of core Crisis
Resource Management (CRM) principles relevant to the simulations. Participants received
preparatory reading materials in advance to support shared foundational understanding
and optimize engagement.

Each Sim-SEA cycle comprised two in situ simulation sessions informed by the learning
and system-improvement priorities identified through the analysis of the selected significant
event. Each simulation lasted approximately 15 min and was followed by a 45-min structured
debriefing. In each session, the team consisted of one physician acting as team leader, two
nurses, and three residents, reflecting the usual composition of the shock-room team during
high-acuity pediatric emergencies.

Participation was organized on a rotational basis to ensure involvement of all healthcare
professionals (nurses, residents, and physicians). Each participant attended one Sim-SEA
cycle only.

Following completion of the 10 Sim-SEA cycles, a final meeting involving all partic-
ipants was held, in accordance with Phase 7 of the Sim-SEA framework, to review the
findings and discuss the changes implemented and the overall impact of the process.

2.4. Significant Event Selection, Analysis and Scenario Development

Significant events were identified through the existing institutional incident-reporting
system. Following consultation with the staff involved, identified events were considered
for potential inclusion in a Sim-SEA cycle.

A multidisciplinary Core Project Team (CPT) comprising three simulation experts, one
risk-management expert, the nurse coordinator of the Clinical Unit, and three representa-
tives of frontline staff reviewed the significant events identified during Phase 1. Events were
prioritized according to predefined criteria, including clinical relevance, frequency, sever-
ity, relevance to current practice, and potential to identify organizational or system-level
improvement opportunities, including implications for team performance.

Incident reports were de-identified in accordance with institutional procedures.

The analysis of each significant event followed Phase 3 of the Sim-SEA framework.
Consistent with the aims of SEA the analysis was intended to support collective learn-
ing and identify opportunities for system improvement. The Five Whys technique was
used as a pragmatic questioning tool to examine both factors contributing to risk and pro-
tective or adaptive factors that supported successful performance from a human factor’s
perspective [19,20].

Throughout the process, the focus remained on the event trajectory, system condi-
tions, and contributing factors rather than on individual staff members, consistent with the
non-blaming and psychologically safe approach adopted for routine institutional incident
reporting and analysis. The human-factor perspective was operationalized by focusing
on how performance was shaped by the interaction among people, team dynamics, task
demands, workflows, equipment, the physical environment, and organizational condi-
tions. The Yorkshire Contributory Factors Framework informed this multidimensional
analysis [21]. Particular attention was paid to critical decision points and moments of
adaptation, examining how interactions among these factors either increased risk or sup-
ported an effective response. The findings were translated into technical and non-technical
learning needs at the individual and team levels, together with system-improvement pri-
orities. These informed the development of event-based simulation scenarios designed to
recreate the key clinical, cognitive, relational, environmental, and organizational conditions
identified during the analysis. Scenarios were developed using the de-identified clinical
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information available from the event analysis. An example of this process is provided in
Supplementary File S3.

2.5. Debriefing: The PEARLS Framework

Debriefing was conducted using the PEARLS framework (Promoting Excellence and
Reflective Learning in Simulation), following its four phases—reactions, description, anal-
ysis, and summary—to support structured reflection, shared sensemaking of events and
team learning [22]. Debriefings were consistently facilitated by the same group of three
trained and experienced simulation educators. Facilitators supported participants’ self-
assessment using a plus/delta approach (e.g., what went well and what could be improved),
explored the reasoning and decision-making processes underlying their actions, and pro-
vided focused feedback when appropriate, while maintaining a psychologically safe and
non-judgmental learning environment [23].

Given the dual aim of Sim-SEA—to support experiential team learning while also
exploring system vulnerabilities—particular attention was directed to how clinical work
unfolded within the real context of care. Environmental and organizational factors—such
as workspace layout, equipment positioning, workflow, and resource availability— were
explicitly explored to understand how they shaped team performance and to support
system-level learning.

Each debriefing concluded with a summary phase aimed at consolidating learning and
translating insights into action, including positive practices to be reinforced and concrete
improvement actions or organizational changes.

To support collective sensemaking and the development of shared organizational
memory, a whiteboard was used as a cognitive aid to capture key discussion points, agreed
actions, and system-level recommendations. Photographs of the whiteboard were archived
and shared with staff members who had not participated in the sessions, thereby extending
learning beyond the simulation team and supporting broader organizational learning.

2.6. Evaluation and Data Collection

To explore participants’ perceptions and the perceived educational and practice-related
impact of the Sim-SEA approach, a set of ad hoc questionnaires were administered at
different time points.

Self-perceived competence in performing the patient first assessment using the ABCDE
approach (Airway, Breathing, Circulation, Disability, and Exposure), as well as in core
CRM domains, was assessed using a 6-item self-administered questionnaire rated on a
5-point Likert scale (Supplementary File S4). The items were developed by the study team,
including experts in crisis resource management (CRM) and simulation, and informed
by relevant literature. They were adapted to the objectives and clinical context of the Sim-
SEA program. The non-technical skills considered relevant to shock room management
included teamwork (role distribution, workload allocation, and shared goals), situational
awareness (awareness of the clinical situation and its evolution, and effective use of available
resources), communication (clear and structured information exchange, including closed-
loop communication), speak-up behavior (requesting help, clarifying doubts, providing
updates, and contributing relevant information), and decision-making (avoiding fixation
errors, gathering and comparing information, and using cross-checks). Before its broader
implementation, the questionnaire was reviewed during the first Sim-SEA cycle for item
clarity and comprehensibility. Participants were invited to report any unclear or problematic
wording; no comments requiring modification of the items were raised.

Assessments were conducted at baseline (T1) and immediately after completion of each
Sim-SEA cycle (T2), following the second simulation session and its associated debriefing.
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At follow-up, at the end of all 10 Sim-SEA cycles (T3), the same self-perceived competence
questionnaire was administered at follow-up to all available participants who had managed
at least one real emergency in the shock room since their most recent simulation session. The
assessment also included two additional ad hoc questions assessing the perceived usefulness
of the Sim-SEA program in managing real emergencies and its perceived contribution to
stress management during critical events.

At T3, a second ad hoc questionnaire was administered to all participants to assess
overall satisfaction with the Sim-SEA approach and participants” perceptions of the ef-
fectiveness of the organizational and environmental changes implemented through the
Sim-SEA process. Finally, an open-ended question explored participants’ perceptions of the
advantages and disadvantages of Sim-SEA compared with a conventional SEA approach.

2.7. Statistical Analysis

Descriptive statistics were used to summarize the data, including percentages and
frequencies for categorical variables and medians with interquartile ranges (IQR) for con-
tinuous variables. Differences between subgroups (physicians, residents, nurses) at base-
line were assessed through chi-squared and Fisher exact tests or the Kruskal-Wallis test,
as appropriate.

Linear mixed-effects models (LMER) for longitudinal data were used to estimate
changes over time in the six self-perceived competence outcomes: ABCDE assessment,
teamwork, situational awareness, communication, speak-up behavior, and decision-making.

Random effects accounted for individuals nested within simulation groups by includ-
ing separate random intercepts for simulation groups and individuals, thereby reflecting
the hierarchical data structure where units at a lower level (participant) belong to only one
specific unit at a higher level (simulation group). Time was modeled to compare T1 vs.
T2 and to include T3 when applicable. An interaction term between time and professional
role was included, adjusted by time since the participant’s most recent Italian Resuscitation
Council (IRC) course and, for follow-up analyses, for time elapsed since the simulation
session. LMER was chosen as the available literature supports the analysis of Likert scales
using parametric models, which have proven to be robust in handling such outcome mea-
sures and to account for individuals’ nested random effects [24]. Missing data were handled
by excluding from each LMER analysis only those individuals with missing values in the
variables included in that specific model.

Statistical significance was set at p < 0.05. All analyses were performed using R software
(version 4.1.1; R Foundation for Statistical Computing, Vienna, Austria).

Qualitative responses concerning participants’ perceptions of Sim-SEA were analyzed
using an inductive qualitative content analysis. Responses expressing multiple concepts
were segmented into separate units of meaning and independently coded by two researchers
(FM and RB) both of whom were not directly involved in training delivery or debriefing
facilitation. FM contributed to the conceptualization and methodological development of
the Sim-SEA program, while RB was also involved in statistical analysis. Both researchers
were familiar with the overall study objectives and the Sim-SEA framework. Codes were iter-
atively labelled and grouped into categories through constant comparison. Disagreements
were resolved through discussion until consensus was reached.

3. Results
3.1. Participant Characteristics and Sessions

Of the 64 eligible healthcare professionals invited to participate, 59 took part in the
study (overall response rate, RR = 92.2%). The RR was 100% among senior physicians
and residents and 79.2% among nurses (19/24). The final sample included 10 senior
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physicians (16.9%), 30 residents (50.8%), and 19 nurses (32.2%). The five nurses who
did not participate were unavailable during the study period because of routine staffing
changes. Detailed participant characteristics and baseline self-perceived competence scores
are reported in Table 2a,b.

Table 2. (a). Participant characteristics by professional group. (b). Baseline self-perceived competence
scores by professional role.

(a)
Characteristics Total (N = 59) Seni(z:ll’zhirgi)cians Residents (1 = 30) Nurses (n = 19)
Age, median (IQR) 30 (28-40) 37 (34-44) 29 (27-30) 41 (29-52)
Years of pediatric
experience, n (%)
0-2 years 14 (23.7) 0 (0.0) 11 (36.7) 3 (15.8)
3-5 years 22 (37.3) 0 (0.0) 19 (63.3) 3 (15.8)
6-15 years 15 (25.4) 9 (90.0) 0 (0.0) 6 (31.6)
>15 years 8 (13.6) 1 (10.0) 0 (0.0) 7 (36.8)
Highest-level pediatric
IRC course completed, n
(%)
PBLSD 13 (22.0) 0 (0.0) 12 (40.0) 1(5.3)
EPILS 27 (45.8) 0 (0.0) 13 (43.3) 14 (73.7)
EPALS 19 (32.2) 10 (100.0) 5 (16.7) 4(21.1)
Time since most recent
pediatric IRC course, n
(%)
<1 year 31 (52.5) 4 (40.0) 17 (56.7) 10 (52.6)
1-2 years 19 (32.2) 2 (20.0) 10 (33.3) 7 (36.8)
3—4 years 7 (11.9) 3(30.0) 3 (10.0) 1(5.3)
>4 years 2 (34) 1 (10.0) 0 (0.0) 1(5.3)
(b)
Baseline Self-Perceived Senior )
Competence, Median Total (N = 59) Physicians Residents Nurses
(IQR)

ABCDE assessment 4 (3-4) 4 (4-5) 3.5(34) 4 (3-4)
Teamwork 4 (2-4) 4 (3-4) 3 (2-3) 4(3-4)
Situational awareness 3(2-4) 4 (3-4) 2 (2-3) 4 (3-4)
Communication 3(24) 3(34) 3(24) 3(34)
Speak-up behaviour 3(2-4) 4 (3-4) 2 (2-3) 4(3-4)
Decision-making 3(2-4) 3(3-4) 2 (2-3) 3(3-4)

Data are presented as median (IQR) or n (%). Percentages in the professional-group columns are
calculated within each group; percentages in the Total column are calculated using N = 59. In
Table 2b scores were self-reported on a 5-point Likert scale and represent observed descriptive values.
IQR, interquartile range; IRC, Italian Resuscitation Council; PBLSD, Pediatric Basic Life Support
and Defibrillation; EPILS, European Pediatric Immediate Life Support; EPALS, European Pediatric
Advanced Life Support.

Ten Sim-SEA cycles were conducted between January and December 2024. All partic-
ipants completed the T2 post-simulation assessment, whereas 49 (83.1%) completed the
T3 follow-up assessment. Loss to follow-up (1 = 10) was attributable to routine workforce
turnover, including maternity leave, staff transfers, and retirement, rather than to with-
drawal related to the Sim-SEA intervention. Of the 49 participants who completed the T3
follow-up, 35 had subsequently managed at least one real emergency in the shock room
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and were therefore included in the analysis of perceived transfer of competence to clinical
practice. The participant flow diagram and the numbers of participants included in each
analysis are shown in Figure 2.

Assessed for eligibility
and enrolled in the Sim-SEA

ENROLLMENT

POST
SIMULATION
ASSESSMENT
(T2)

FOLLOW-UP (T3)

program
N = 59 (100% participation)

|

Completed the post-
simulation assessment
N = 59 (100%)

|

Completed the follow-up
assessment
N = 49 (83%)

Did not complete
follow-up
n=10*

|

Included in the analysis of
perceived transfer of
competence to real
emergencies

Not eligible for
transfer analysis
n=14*

N = 35 (59%)

* Documented reasons for non-participation included trainee rotation,
staff transfer, maternity leave, and retirement.

**No opportunity to manage a critical situation in the shock room since
the most recent simulation session

Figure 2. Participant flow diagram.

At baseline, median self-perceived competence scores were 4 (IQR 3—4) for ABCDE
assessment, 4 (IQR 2—4) for teamwork, and 3 (IQR 2—4) for situational awareness, commu-
nication, speak-up behavior, and decision-making. Baseline scores differed significantly
across professional groups for teamwork (p < 0.001), situational awareness (p < 0.001),
speak-up behavior (p < 0.001), and decision-making (p = 0.021), with residents reporting
lower scores.

3.2. Pre—Post Evaluation: Perceived Learning and Competence

Model-estimated scores showed significant improvements in self-perceived competence
across all assessed domains. Estimated mean scores increased for ABCDE assessment, from
3.6 (95% CI 3.4-3.8) at T1 to 4.1 (95% CI 3.8-4.3) at T2 (p = 0.004); teamwork, from 3.3
(95% CI 3.0-3.6) to 4.0 (95% CI3.7-4.3; p = 0.002); situational awareness, from 3.2 (95% CI
3.0-3.5) to 4.0 (95% CI13.7-4.2; p < 0.001); communication, from 3.1 (95% CI 2.8-3.4) to 3.7
(95% CI 3.5-4.0; p = 0.002); speak-up behavior, from 3.2 (95% CI 3.0-3.5) to 3.8 (95% CI
3.5-4.1; p = 0.003); and decision-making, from 2.9 (95% CI 2.7-3.2) to 3.4 (95% CI 3.2-3.7;
p = 0.006).

Residents showed greater improvements than nurses in teamwork (p = 0.039) and
situational awareness (p = 0.040), and greater improvements than senior physicians in the
same domains (p = 0.024 and p = 0.029, respectively). No other significant differences in
changes over time were observed across professional roles (Figure 3), and changes were
not associated with time since the most recent IRC course.

https://doi.org/10.3390/healthcare14213810


https://doi.org/10.3390/healthcare14213810

Healthcare 2026, 14, 3810 11 of 20

Role = Resident == Nurse == SeniorMD

Predicted values of ABCD Predicted values of teamwork
>0 45
o 45 040 | I |
g 40 I | S35 |
D35 I | ? 30
3.0 25 I
baseline post-simulation baseline post-simulation
Predicted values of situational_awareness Predicted values of communication
45
o 40 I | o 40 | |
o 35 I I o35
Q ., O
v 3.0 N 3.0
25 I ' |
2.0 25
baseline post-simulation baseline post-simulation
Predicted values of speakup_behaviour Predicted values of decision_making
45 4.0
040 | | 035 |
gas | | g0 | |
W 3.0 0]
. I 25 |
baseline post-simulation 20 baseline post-simulation

Figure 3. Predicted values of the linear mixed-effect (LMER) models built on the six outcomes as
dependent variables and the interaction term between time (T1 = baseline, T2 = post-simulation)
and role as independent variables adjusted for time from the last IRC course and with individual by
simulation group as a nested random effect.

Overall, 94.9% of participants reported being very or extremely satisfied with the
simulation experience.

3.3. Organizational and Environmental Changes

Several improvement actions were implemented in the shock room as a result of the
Sim-SEA process. Environmental and organizational changes included the relocation of
gloves, replacement of the wall clock, reorganization of the whiteboard, and introduction of
a drug reference sheet to support accurate dosing during emergencies. The problem identi-
fied, action taken, implementation status, and available follow-up evidence are summarized
in Supplementary File S5, which also includes illustrative before-and-after photographs of
selected environmental changes. Among respondents, the perceived usefulness of these
changes was rated as essential or very useful by 28/45 participants (62.2%) for glove re-
location (four participants did not respond to this item), 40/49 (81.6%) for wall clock
replacement, 44/49 (89.8%) for whiteboard reorganization, and 45/49 (91.8%) for introduc-
tion of the drug reference sheet.

In addition, a standard operating procedure (SOP) was developed to address the need
for clearer role allocation during shock room management.

3.4. Follow-Up: Perceived Transfer to Clinical Practice

Among the 49 participants assessed at follow-up (T3), 14 had not managed any shock
room emergencies since the training and were therefore excluded from the analysis of
clinical transfer, leaving 35 participants (59.3% of the initial sample). Among these, 14.3%
had completed the Sim-SEA session more than 8 months earlier, 37.1% between 4 and 8
months earlier, and 48.6% less than 4 months earlier. Compared with the 24 participants
not included in the transfer-to-practice analysis, the included participants differed in age
distribution (median 32 years and IQR, 29.5-44.0 vs. 28 years and IQR, 27-30; p = 0.002)
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and professional-role composition (p = 0.021), but not in years of professional experience
(p =0.204). Supplementary File S6 provides a detailed descriptive comparison of the
two groups. For all six assessed domains, follow-up scores remained significantly higher
compared with baseline (T1) (ABCDE p = 0.002; teamwork p < 0.001; situational awareness p
< 0.001; communication p < 0.001; speak-up behavior p < 0.001; decision-making p < 0.001),
with no significant differences compared with T2. These findings were adjusted for time
since simulation and time since the last IRC course (Figure 4).
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Figure 4. Predicted values of the linear mixed-effect (LMER) models built on the six outcomes as
dependent variables and the interaction term between time (T1 = baseline, T2 = post-simulation,
T3 = follow-up) and role, as independent variables adjusted for time from the last IRC course and
time from the simulation and with individual by simulation group as a nested random effect.

After managing a real emergency, 82.9% of participants rated the training as extremely
useful and 17.1% as very useful. Additionally, 68.6% rated its contribution to stress reduction
as very high, 25.7% as high, and 5.7% as moderate.

3.5. Sim SEA Acceptability and Perceived Value

Among the 49 respondents, 39 (79.6%) reported being extremely satisfied and 9 (18.4%)
very satisfied with the Sim-SEA approach. One participant (2.0%) reported being neither
satisfied nor dissatisfied.

All respondents completed the open-ended question exploring their perceptions of
Sim-SEA. The responses were segmented into 95 meaning units corresponding to a mean of
1.94 £ 0.97 meaning units per respondent (range: 1-4). The meaning units were grouped
into eight categories presented in Table 3 together with representative quotations. Although
participants were invited to report both advantages and disadvantages, no negative or less
favorable comments were identified.
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Table 3.

illustrative quotes.

Categories identified through inductive content analysis, with representative

Categories

Description

Examples

Experiential and active engagement

Sim-SEA was described as an immersive
and active experience that enabled
participants to directly engage with
clinical events “step into” the situation,
and move beyond purely retrospective
approaches, supporting deeper learning.

Greater direct involvement, not retrospectively
You truly immerse yourself in the case
You actively engage within a team, experiencing
first-hand the dynamics of the critical event.
It allows testing of the environment,
decision-making processes, and interactions
among healthcare professionals

Realism and fidelity

The value of in situ simulation was
strongly linked to its alignment with real
clinical, environmental, and
organizational conditions, enhancing
relevance, credibility, and perceived
transferability to practice.

It enables the recreation of a realistic clinical
atmosphere and working environment.
The more closely the simulation reflects reality,
the better one is able to manage a similar event
with awareness of its dynamics and environment

Reflective learning and sensemaking

Sim-SEA supported individual and
collective sensemaking by enabling
participants to reconstruct and interpret
complex clinical events through real-time
experience and reflection, integrating
multiple perspectives more effectively
than retrospective analysis (typically
conducted from a more detached,
external perspective)

Being able to discuss the event in real time (rather
than retrospectively ) but with a clearer and
calmer mind to reinterpret it more clearly.

... a more effective way to focus on and make sense
of what had been done
... by integrating more effectively the perspectives
of those directly involved with those of external
observers
It provided insight into how I would have behaved
in that specific scenario

Retention and learning consolidation

Simulation-based experiences were
perceived as more memorable and easier
to internalize than traditional approaches,

supporting retention, recall, and
preparedness for future clinical
situations.

Simulated cases are more easily retained and
internalized compared to traditional learning
approaches
Errors made during simulation are remembered
more vividly ...

Initial perceptions may at times be distorted, and
revisiting and correcting them (through
simulation and debriefing ) helps consolidate and
improve the learning achieved through the process

Improved awareness of risks and
errors

Simulation increased awareness of both
actual and potential errors, including
latent risks and fixation errors, by making
cognitive processes and event dynamics
more visible during clinical scenarios.

...... it allows participants to pay closer attention
to the sequence of actions and underlying mental
processes leading to both actual and potential
errors.

“Living through” a potential adverse event has a
greater impact on awareness.

It allowed direct observation and experiential
understanding of the sources of error
... it helps to recognize and overcome fixation
errors.

Role clarity, teamwork, and
communication

Simulation and debriefing supported a
clearer understanding of individual roles,
team coordination, and communication
processes. Participants described
improvements in task distribution,
coordination, time and resource
management, and greater awareness of
others’ contributions.

It enabled greater awareness of each team
member’s role within the team.
It has a direct impact on improving teamwork and
communication.
Improved management of time and resources, and
more effective communication among team
members

Psychological safety and emotional
regulation

Compared to traditional SEA, Sim-SEA
was perceived as providing a
psychologically safe environment that
enabled open, non-judgmental discussion
of errors and experiences, while also
supporting participants in actively
managing emotional responses—such as
stress and anxiety—and building
confidence in handling critical situations.

The most important added value (compared to
audit ) lies in managing and training the
emotional component through immersion in the
scenario
It prepares you emotionally to deal with similar
real events much better than just talking about the
case afterwards.

It helps you manage anxiety more effectively
It allows participants to immerse themselves in
errors in a non-judgmental environment
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Categories

Description Examples

Positive feedback and learning from

success (Safety-II)

It also highlights what was done well and
experienced positively.

It provides positive reinforcement for aspects of
colleagues” performance that were appreciated.
... recognition of what had been done well and

less well

Simulation-based debriefing supported
recognition and reinforcement of effective
behaviors, promotion of positive
feedback, and learning from successful
performance.

4. Discussion

This pilot study reports preliminary findings on the feasibility and potential value of
Sim-SEA as a structured and iterative interface between in situ simulation and clinical risk
management within the SEA process. The findings suggest that the implementation of this
approach was associated with the identification of environmental and organizational factors
contributing to clinical events, improvements in self-perceived competence in teamwork
and other non-technical skill domains, collective sensemaking, and the timely translation
of improvement priorities into documented organizational changes. These findings align
with recent international recommendations, including the Global Consensus Statement
on Simulation-Based Practice in Healthcare, which advocates integrating simulation into
routine healthcare practice and system-improvement processes to support patient safety,
team performance, and workforce resilience [1].

In situ simulation can complement retrospective analysis by allowing teams to exam-
ine how clinical work unfolds in practice and to explore interactions among individual
performance, team processes, environmental conditions, and system factors that may be
only partially accessible through retrospective approaches [25-27]. Previous studies have
reported associations between in situ simulation embedded within broader system-level
initiatives and improved patient outcomes [28].

Participants described Sim-SEA as immersive and highly engaging and reported that
reenacting events helped them reconstruct what had occurred, integrate multiple perspec-
tives, and make latent risks, fixation errors, system vulnerabilities, and other implicit aspects
of practice more visible. These participant-reported perceptions are in line with previous
evidence suggesting that healthcare simulation may support the identification of latent
safety threats [29].

Such context-based exploration could contribute to preparedness for infrequent but
highly critical situations in pediatric emergency care, where opportunities for experiential
learning are limited [27,30,31]. In this sense, Sim-SEA is intended to help teams to learn
from clinical practice rather than merely learning about it [12].

From a theoretical perspective, Sim-SEA may be viewed as linking Zones 3 and 4 of
the SimZones frameworks, which organizes simulation-based activities according to their
learning goals, participant configuration, contextual complexity, and facilitation approach.
Zone 3 involves authentic, intact clinical teams working through contextually realistic
scenarios and facilitated reflection to explore team behavior, coordination, and system
performance. Zone 4 concerns learning and development associated with real patient care
and allows actual clinical events to inform subsequent simulation activities [32]. Within
this interpretation, Sim-SEA provides a structured and iterative link between the two
zones within the SEA process: findings from event analysis inform scenario development;
simulation enables teams to re-enter and explore the clinical, relational, environmental, and
organizational conditions surrounding the event; and the resulting improvement priorities
can be translated into changes in everyday care and revisited in subsequent cycles. Sim-SEA
may therefore be understood as providing a bidirectional bridge between Zone 4 and Zone
3 within an established clinical-governance process.
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The process can also be conceptualized through Kolb’s experiential learning cycle,
in which learning develops through the iterative relationship among concrete experience,
reflective observation, abstract conceptualization, and active experimentation [33]. Within
this conceptualization, the real clinical event represents the initial concrete experience,
while structured event analysis supports reflective observation, shared interpretations and
the identification of improvement priorities. In situ simulation provides an opportunity
to explore and test these insights in a contextually realistic setting, generating a further
experience for reflection during debriefing. The resulting learning points and system-
improvement actions may then inform subsequent clinical practice and later Sim-SEA
cycles, creating the potential for an iterative process of experiential learning, testing, and
organizational improvement (Figure 5).

Kolb’s experiential Experiential learning cycle
learning cycle supported by Sim-SEA
STEPS

Abstract Elegi

Concrete Conceptualization
E X p er ie nce Debriefing = conclusions

(having an experience) STEP1

____ Reflective
STEPS

Active
Experimentation

(Trying out what you have
learned)

Learni ng (Reflection

on the experience) Active SIGNIFICANT | Reflective

Observation ESO’;;’:':‘EE
Ex riential Reflective e SIMULATION SlGN}IjFICANT EVENT
eri a !
P Observation t-' _

Experimentation EVENT Observation STEP2
Simulation based training AUDIT (5 EA] SE analysis

Abstract

STEP4
Conceptualization Abstract
(learning form the experience) Conceptualization

(learning point identification)

STEP3

Figure 5. Conceptual Comparison between Kolb’s experiential learning cycle and the expanded
experiential learning cycle proposed by Sim-SEA.

This conceptualization also aligns with the principles of translational simulation, which
emphasize the use of simulation to inform improvements in clinical practice and healthcare
systems [34]. Closer integration of translational simulation with existing risk-management
and quality-improvement processes, including human factors and ergonomics approaches,
has been advocated to enhance system-level impact and avoid parallel or fragmented im-
provement activities [35]. Sim-SEA was designed to support this integration by incorporat-
ing event-based in situ simulation as a defined component of the SEA cycle, thereby linking
risk identification, experiential exploration, implementation of improvement actions, and
subsequent reassessment within a single clinical risk-management process. Its proposed
contribution is to provide a formal and repeatable interface between simulation and clinical
risk management within a clinical governance framework. In this pilot study, the iterative
framework was used to implement and revisit organizational and environmental improve-
ment actions. Changes involving workspace layout, equipment positioning, cognitive aids,
and workflows were implemented and subsequently reviewed during later simulation
sessions, allowing teams to examine how they functioned in practice and refine them when
appropriate. Sim-SEA may therefore offer a structured way to address a recurrent limi-
tation of audit-based improvement processes: translating identified issues into concrete
and sustained changes in clinical practice. This is particularly relevant because audit and
feedback interventions often have variable and generally modest effects on professional
practice [36].
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Self-perceived competence scores increased significantly across ABCDE assessment,
teamwork, situational awareness, communication, speak-up behavior, and decision-making,.
These changes are compatible with previous evidence suggesting that simulation may
support individual clinical competencies and team performance [37,38].

In exploratory role-stratified analyses, improvements in teamwork and situational
awareness were greater among residents than among nurses and senior physicians. Given
the small role-specific sample sizes, particularly among senior physicians, these exploratory
findings should be interpreted cautiously and may reflect baseline differences or sampling
variability rather than differential effects of Sim-SEA. It may nevertheless indicate that in
situ simulation may be particularly valuable in supporting residents’ participation and role
development within the clinical team. Qualitative accounts similarly reflected participants’
perceptions of improved role clarity, team coordination, and communication, as well as
better retention and recall of learning.

Within the Kirkpatrick framework, the immediate increases in self-perceived compe-
tence may be considered learner-reported outcomes potentially relevant to Level 2 [39].
Among participants who subsequently managed a real emergency in the shock room, scores
across all six domains remained higher than baseline after adjustment for time since sim-
ulation and the most recent IRC course and all respondents rated Sim-SEA as very or
extremely useful for managing real emergencies. These findings suggest perceived transfer
to practice and may be relevant to Level 3, although they do not demonstrate behavioral
change because clinical performance was not directly observed. The organizational changes
described above represent system-level outputs potentially relevant to Level 4 as they extend
beyond individual learning to changes in the clinical environment and work processes;
however, their objective effectiveness, sustainability, and effects on patient outcomes were
not assessed [40].

Participants also reported lower perceived stress when managing emergencies after
taking part in Sim-SEA. Because stress was not objectively measured and no comparison
group was available, this finding should be interpreted as a perception rather than as
evidence of a demonstrated reduction in stress. In their accounts participants attributed
this perception to greater familiarity with critical situations, clearer roles, shared reflection,
and a psychologically safe learning environment. Psychological safety—a shared belief that
the team is safe for interpersonal risk-taking—is an important condition for team learning,
staff well-being, and open communication in healthcare [41-43].

Participants perceived the experiential and participatory nature of Sim-SEA as more
supportive of open discussion and shared learning than retrospective audit alone. Reported
improvements in speak-up behavior, together with accounts of more collaborative interac-
tions, may indicate the potential for Sim-SEA to support less hierarchical team dynamics
and a safety culture grounded in learning and collective vigilance [44].

Sim-SEA can also be interpreted through a Safety-II perspective, as it supports learning
not only from failures and adverse outcomes but also from the successful adaptations
and resources that enable teams to manage complex situations [9]. Participants perceived
simulation-based debriefing as helping to make these adaptive processes more visible
and actionable than retrospective audit alone. By enabling teams to re-experience and
reflect on adaptive responses within their clinical and organizational context, Sim-SEA
may help identify resources relevant to resilient team functioning and high-reliability
practice, including anticipation of risk, sensitivity to changing conditions, and collective
efforts to prevent harm [45]. These potential implications were not directly assessed in the
present study.

Finally, the use of in situ simulation may contribute to the feasibility of Sim-SEA, par-
ticularly in organizations without dedicated simulation centers. Delivery within the clinical
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environment can facilitate functional alignment with relevant tasks, workflows, equipment,
and contextual conditions without necessarily requiring technologically sophisticated sim-
ulation resources. This rationale aligns with contemporary perspectives on simulation
fidelity, which emphasize functional task alignment over technological sophistication [46].

Several limitations should be considered. The single-center, observational design and
absence of a comparison group limit causal inference and may restrict generalizability,
as the observed T1-T2 changes may also reflect concurrent exposure to the introductory
CRM session, routine IRC-course activities or other time-related influences rather than the
specific contribution of Sim-SEA. The structured nature of the approach may nevertheless
support transferability to comparable clinical and organizational contexts. Moreover, most
educational and practice-related outcomes were based on self-reported perceptions and ad
hoc questionnaires rather than direct observation of clinical behavior or objective clinical
and patient-safety outcomes. The self-report instruments were not formally validated in
this study, and responses may have been influenced by social-desirability bias. Moreover,
in the six-item questionnaire assessing self-perceived competence in selected technical and
non-technical domains, each assessed domain was represented by a single item, which
limits the evaluation of complex constructs such as teamwork, communication, and decision-
making. These questionnaire-based measures should therefore be interpreted as exploratory
indicators within the evaluation of the Sim-SEA process, rather than as comprehensive
assessments of non-technical skills or actual team performance. Role-specific analyses were
based on small subgroup sizes and should therefore be considered exploratory.

Follow-up competence was assessed only among participants who had subsequently
managed a real emergency, which may have introduced selection effects. In addition,
17% of participants did not complete the follow-up assessment. Documented reasons for
non-participation reflected routine workforce changes, including trainee rotations, staff
transfers, maternity leave, and retirement, rather than reported withdrawal related to the
intervention. Moreover, because multiple outcomes, comparisons across time points, and
exploratory subgroup analyses were examined, the risk of an inflated Type I error rate
cannot be excluded. Finally, the variable interval between the most recent simulation and
the follow-up assessment may have influenced participants’ self-perceived competence in
different ways. Although the follow-up analyses were adjusted for time since the most
recent simulation and time since the most recent IRC course, residual confounding related
to the timing of the assessment and intervening clinical experiences cannot be excluded.

Despite these limitations, the convergence of quantitative findings, qualitative accounts,
and documented organizational changes provides encouraging preliminary support for
the feasibility and potential value of Sim-SEA and warrants further evaluation through
multicenter studies using comparison groups and objective behavioral, organizational, and
clinical outcomes.

5. Conclusions

This study introduces Sim-SEA as a structured approach to support the implementation
of in situ simulation within an established clinical risk-management process. Its specific
contribution may be to provide a formal and reproducible interface between simulation and
clinical risk management, with the potential to support the integration into routine clinical-
governance processes. By linking event analysis, experiential exploration, implementation of
improvement actions, and subsequent reassessment within a single iterative cycle, Sim-SEA
may offer a structured opportunity to support team learning, identify system vulnerabilities
and adaptive capacities, and translate safety priorities into concrete organizational changes.

These preliminary findings support the feasibility of the approach and suggest partici-
pant acceptability and perceived value in a pediatric emergency setting. Further multicenter
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and comparative studies should incorporate longitudinal designs and objective behavioral,
organizational, and clinical outcomes to evaluate its impact, sustainability, and transferabil-
ity across different healthcare contexts.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/healthcare14213810/s1, File S1: SQUIRE 2.0 reporting checklist;
File S2: Comparison of the original SEA framework and its Sim-SEA adaptation; File S3: From
Significant Event Audit to Simulation Scenario Design: An Illustrative Sim-SEA Application; File S4:
Self-perceived competence questionnaire; File S5: Examples of organizational and environmental
improvement actions implemented through Sim-SEA; File S6: Comparison of participants included
and not included in the perceived transfer-to-practice analysis.
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