International Journal of Computational and Experimental IJEE_SF&
Science and ENgineering B o
(IJCESEN) T

Vol. 10-No.4 (2024) pp. 4072-4083

http://www.ijcesen.com .
Copyright © IJCESEN : ' ' ISSN: 2149-9144

Research Article

————

Impact of Simulation-Based Emergency Training for Physicians, Nurses, Health
Assistants, and Emergency Medical Technicians on Team Performance and
Clinical Outcomes

Abdulkarim Awayd H Alenezi**, Turki Hamed A Alenezi?, Abdulaziz Mashan R Alanazi?,
Helal Naif Helal Alshammari*, Turki Mohammed Habib Alrashidi®, Yasser Taraki S Alenazi¢,
Musaad Nahar Laili Alruwaili’, Helal Fayadh J Alrashdi®, Bader Fayadh Alanazi’, Ahmed
Fraih Alanazi'®, Salish Mohammed Ahmed Alasmarit

Senior Specialist Community and Public Health Nursing — Northern Borders Health Cluster — Ministry of Health — Arar,
Northern Borders Region, Saudi Arabia
* Corresponding Author Email: aalenize@moh.gov.sa - ORCID: 0000-0002-0337-085Y

2Senior Specialist Community and Public Health Nursing — Northern Borders Health Cluster — Ministry of Health — Arar,
Northern Borders Region, Saudi Arabia
Email: tuhalanazi@moh.gov.sa- ORCID: 0000-0002-1107-7330

3General Practitioner — Prince Abdulaziz bin Musaed Hospital — Northern Borders Health Cluster — Ministry of Health —
Arar, Northern Borders Region, Saudi Arabia
Email: aalanazi508@moh.gov.sa - ORCID: 0000-0002-1007-7331

“Health Security — Branch of the Ministry of Health — Ministry of Health — Hail, Hail Region, Saudi Arabia
Email: healshammry@moh.gov.sa- ORCID: 0000-0002-2007-7332

SHealth Security Assistant — Bada’ bin Khalaf Primary Health Care Center, Al Hait Hospital — Hail Health Cluster —
Ministry of Health — Al Hait, Hail Region, Saudi Arabia
Email: tumalrashidi@moh.gov.sa - ORCID: 0000-0002-3007-7339

®Health Care Security Assistant — North Medical Tower Hospital — Northern Borders Health Cluster — Ministry of Health
— Arar, Northern Borders Region, Saudi Arabia
Email: ytalenazi@moh.gov.sa - ORCID: 0000-0002-5407-7333

"Health Security Assistant — Al Jouf Regional Shared Services Laboratory — Al Jouf Health Cluster — Ministry of Health —
Sakaka, Al Jouf Region, Saudi Arabia
Email: munalruwaili@moh.gov.sa - ORCID: 0000-0002-6007-7338

8Emergency Medical Services — Al-Ghazalah General Hospital — Hail Health Cluster — Ministry of Health — Al-Ghazalah,
Hail Region, Saudi Arabia
Email: helalfa@moh.gov.sa - ORCID: 0000-0002-5008-7334

°Nursing Technician — Northern Borders Health Cluster — Ministry of Health — Arar, Northern Borders Region, Saudi
Arabia
Email; badrarar@hotmail.com- ORCID: 0000-0002-5047-7337

ONursing Technician — Northern Borders Health Cluster — Ministry of Health — Arar, Northern Borders Region, Saudi
Arabia
Email: ahfalenazi@moh.gov.sa- ORCID: 0000-0002-5027-7335

“Nursing Technician — Wadi Al Khair Primary Health Care Center, Bariq Sector — Asir Health Cluster — Ministry of
Health — Bariqg, Asir Region, Saudi Arabia
Email: samoalasmary@moh.gov.sa - ORCID: 0000-0002-5207-7336



http://dergipark.org.tr/en/pub/ijcesen
http://www.ijcesen.com

Abdulkarim Awayd H Alenezi, Turki Hamed A Alenezi, Abdulaziz Mashan R Alanazi, Helal Naif Helal Alshammari et al. /IJCESEN 10-4(2024)4072-4083

Article Info: Abstract:
DOI: 10.22399/ijcesen.4851
Received : 01 May 2024
Accepted : 30 May 2024

Simulation-based emergency training has emerged as a transformative educational
paradigm, fundamentally enhancing the preparedness of multidisciplinary teams
comprising physicians, nurses, health assistants, and emergency medical technicians.
By immersing these professionals in high-fidelity, realistic clinical scenarios, this
training methodology targets both technical proficiency and critical non-technical skills,
including communication, leadership, role clarity, and shared situational awareness. The
resultant improvement in team coordination and collective competence translates
directly into superior clinical outcomes, evidenced by reduced mortality in cardiac
arrest, decreased time to critical interventions for trauma and stroke, and improved
adherence to life-saving protocols. Despite challenges related to cost, implementation
logistics, and the need for expert facilitation, the integration of simulation into
continuous professional development represents a vital investment in healthcare quality
and patient safety, fostering resilient teams capable of optimal performance under the
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extreme pressures of emergency care.

1. Introduction

The healthcare landscape is perpetually evolving,
marked by increasing complexity in patient
presentations, advancements in medical technology,
and heightened expectations for safety and efficacy.
Within this dynamic environment, emergency care
stands as a critical frontier where split-second
decisions and seamless teamwork often mean the
difference between life and death. Emergency
departments and pre-hospital settings are high-
stakes arenas where physicians, nurses, health
assistants, and emergency medical technicians
(EMTs) must collaborate under intense pressure.
Historically, training for these professionals relied
heavily on didactic lectures and apprenticeship
models, where skills were honed through real
patient encounters. While this traditional approach
has merits, it carries inherent risks, including
potential harm to patients during the learning curve
and variability in exposure to critical scenarios. The
advent of simulation-based training has emerged as
a transformative educational paradigm, offering a
controlled, reproducible, and safe environment to
practice and refine clinical and teamwork skills
without jeopardizing patient welfare [1].

Simulation-based training involves the use of
various modalities—from low-fidelity task trainers
to high-fidelity manikins and virtual reality
systems—to mimic clinical scenarios with high
psychological and functional fidelity. This
methodology allows multidisciplinary emergency
teams to engage in realistic rehearsals of complex
cases, such as cardiac arrests, trauma resuscitations,
septic shock, and mass casualty incidents. The core
premise is that deliberate practice within a
simulated context leads to enhanced individual
competence, improved team dynamics, and,
ultimately, better patient outcomes. The importance
of this training approach has been underscored by
its adoption in leading medical institutions
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worldwide and its endorsement by accrediting
bodies like the American College of Surgeons and
the American Heart Association, which have
integrated  simulation into requirements for
advanced life support courses [2].

The focus on team performance is particularly
salient in emergency care. Effective teamwork,
characterized by clear communication, mutual trust,
role clarity, and coordinated action, is a cornerstone
of successful resuscitation and crisis management.
However, healthcare teams are often formed ad
hoc, with members who may not routinely work
together, leading to gaps in understanding and
collaboration. Simulation-based emergency training
specifically targets these interpersonal and
cognitive skills through scenarios that require
collective problem-solving and debriefing sessions
that foster reflective learning. Studies in other high-
reliability organizations, such as aviation and the
military, have long demonstrated that simulation
improves crew resource management and reduces
error rates, principles that are increasingly applied
to healthcare [3].

Moreover, the impact of such training extends
beyond the simulation lab. The ultimate measure of
its value lies in its translation to clinical
outcomes—the tangible improvements in patient
care and safety indicators. These outcomes can
include reduced mortality rates, decreased
incidence of complications like hospital-acquired

infections, shorter door-to-balloon times in
myocardial infarction, improved adherence to
clinical guidelines, and enhanced patient
satisfaction.  Evaluating the link  between

simulation-based training and these endpoints is
complex, requiring robust research designs, but a
growing body of evidence suggests a positive
correlation [4].

The rationale for including this diverse group is
rooted in the holistic nature of emergency response.
Physicians often lead medical decision-making,
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nurses execute complex interventions and provide
continuous monitoring, health assistants support
logistical and basic care tasks, and EMTs stabilize
and transport patients in the pre-hospital phase.
Each role contributes uniquely to the team's overall
function, and simulation training that involves all
members can break down hierarchical barriers and
promote a culture of shared responsibility.
Interprofessional simulation has been shown to
enhance understanding of each other's roles and
constraints, leading to more efficient and respectful
collaboration in actual emergencies [5].

However, the implementation of simulation-based
training is not without challenges. It requires
significant financial investment in equipment and
facilities, dedicated time away from clinical duties,
and faculty trained in simulation pedagogy and
debriefing techniques. Furthermore, there is
ongoing debate about the optimal fidelity required
for different learning objectives, the frequency of
training needed to sustain benefits, and the best
methods for assessing both team performance and
clinical impact. Despite these hurdles, the potential
benefits for patient safety and healthcare quality
make it a critical area for investment and research
[6- 8].

in

2. Historical Evolution of Simulation

Healthcare

The use of simulation in healthcare education is not
a novel concept; its roots can be traced back
centuries with the use of anatomical models and
simple task trainers. However, the modern era of
high-fidelity simulation began in the late 20th
century, driven by technological advancements and
a growing emphasis on patient safety. The seminal
report "To Err is Human" by the Institute of
Medicine in 1999 catalyzed this movement by
highlighting the alarming rate of medical errors,
many attributed to systemic and teamwork failures
rather than individual incompetence. This report
spurred the healthcare industry to seek training
methods that could address these latent conditions,
and simulation offered a viable solution [9]. Early
adoption was seen in anesthesiology, where crisis
management simulators were developed to replicate
operating room emergencies, leading to
demonstrated improvements in anesthesiologists'
response to critical incidents. This success paved
the way for simulation's expansion into emergency
medicine, nursing education, and pre-hospital care
training. The evolution has been marked by a shift
from focusing solely on technical skill acquisition
to incorporating full-team training that emphasizes
behavioral and cognitive skills. Today, simulation
is considered a standard component of graduate
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medical education and continuing professional
development, with dedicated centers and
standardized programs like Advanced Trauma Life
Support (ATLS) and Pediatric Advanced Life
Support (PALS) incorporating simulation scenarios
[10].

3. Theoretical Frameworks
Simulation-Based Learning

Underpinning

Simulation-based learning is grounded in several
educational theories that explain its efficacy.
Experiential learning theory, as proposed by David
Kolb, posits that learning is a process whereby
knowledge is created through the transformation of
experience. Simulation provides a concrete
experience in a clinical scenario, followed by
reflective observation during debriefing, abstract
conceptualization where lessons are distilled, and
active experimentation where new strategies are
tested in subsequent simulations or real practice
[11]. Another key framework is deliberate practice,
championed by Anders Ericsson, which asserts that
expertise is developed through focused, repetitive
practice with immediate feedback on performance.
Simulation environments are ideally suited for
deliberate practice, allowing learners to hone
specific skills repeatedly in a risk-free setting.
Furthermore, social learning theory emphasizes the
importance of observing and modeling behaviors,
attitudes, and emotional reactions of others. In
team-based simulation, participants learn not only
from their own actions but also by observing their
peers and instructors, fostering shared mental
models and collective competence. These
theoretical foundations justify the structured
approach of simulation, which typically involves
pre-briefing, scenario enactment, and a post-
scenario debriefing that is central to the learning
process [12].

4. The Spectrum of Simulation Modalities

Simulation-based training encompasses a wide
range of modalities, each with specific advantages
for emergency training. Low-fidelity simulations
include partial task trainers for skills like
intravenous insertion or airway management. These
are cost-effective and excellent for practicing
isolated psychomotor skills. Medium-fidelity
simulators may involve manikins with some
physiological responses, useful for teaching
assessment and basic intervention sequences. High-
fidelity simulation utilizes full-body manikins that
mimic human physiology with palpable pulses,
breath sounds, and vocal capabilities, controlled by
sophisticated software to respond dynamically to
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interventions. These high-fidelity environments are
particularly valuable for training teams in complex,
dynamic emergencies where decision-making and
coordination are critical [13]. Beyond manikins,
standardized patients—actors trained to portray
patients—offer high psychological fidelity for
communication and history-taking  scenarios.
Virtual reality and augmented reality are emerging
modalities that provide immersive, interactive
environments for procedural training and crisis
management. For emergency medical technicians,
in-situ simulation—conducted in the actual clinical
environment like ambulances or emergency
department bays—is highly effective as it reveals
system flaws and contextual challenges that may
not be apparent in a dedicated simulation center.
The choice of modality depends on the learning
objectives, with best practices often advocating for
a blended approach that matches the tool to the task
[14].

5. Previous Research on Simulation and Team
Performance

A substantial body of research has investigated the
effects of simulation on teamwork in emergency
contexts. Early studies often focused on specific
disciplines, but recent literature emphasizes
interprofessional training. Systematic reviews have
consistently found that simulation-based team
training improves team behaviors such as
communication, leadership, and coordination. For

instance, a meta-analysis by Weaver et al.
demonstrated that team training involving
simulation  significantly  improved technical

performance and teamwork behaviors in acute care
settings [15]. Specific tools like the TeamSTEPPS
(Team Strategies and Tools to Enhance
Performance and Patient Safety) curriculum, when
delivered via simulation, have been shown to
enhance attitudes toward teamwork and reduce
clinical errors. Research also indicates that the
benefits are most pronounced when training is
conducted with intact teams who work together
regularly, as opposed to aggregate groups of
individuals. However, even with ad hoc teams,
simulation can establish common frameworks for
communication, such as the use of closed-loop
communication or situation-background-
assessment-recommendation (SBAR) techniques.
Studies measuring team performance using
validated instruments like the Team Emergency
Assessment Measure (TEAM) or the Clinical
Teamwork Scale have reported significant post-
training improvements, suggesting that simulation
effectively  translates  theoretical ~ teamwork
principles into practical competency [16].
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Previous Research on Simulation and Clinical
Outcomes

Linking training interventions directly to patient
outcomes is methodologically challenging due to
confounding variables and ethical constraints.
Nonetheless, several high-quality studies have
provided evidence supporting the positive impact of
simulation on clinical outcomes. A landmark study
by Barsuk et al. showed that simulation-based
mastery learning for central line insertion resulted
in significantly reduced bloodstream infection rates
in actual patients [17]. In emergency care, research
has demonstrated that simulation training for
cardiac arrest teams is associated with higher
adherence to Advanced Cardiovascular Life
Support (ACLS) guidelines, improved
cardiopulmonary resuscitation (CPR) quality, and
increased rates of return of spontaneous circulation
(ROSC). For trauma care, simulation-based team
training has been linked to reduced time to critical
interventions, such as chest tube insertion or
hemorrhage control. In the pre-hospital setting,
EMTs trained with simulation have shown
improved accuracy in patient assessment and triage
during mass casualty drills, which theoretically
leads to better resource allocation and survival.
While more randomized controlled trials in real-
world settings are needed, the cumulative evidence
strongly  suggests that simulation training,
particularly when focused on team-based scenarios,
leads to measurable improvements in patient safety
and care quality indicators [18].

6. Methodology of Simulation-Based Training
for Emergency Teams

6.1 Curriculum Design and Learning Objectives

The development of an effective simulation-based
training program begins  with  meticulous
curriculum design, anchored in clearly defined
learning objectives. These objectives should align
with the core competencies required for emergency
response, encompassing medical knowledge,
technical skills, and interpersonal abilities. For a
multidisciplinary team, objectives often include
executing clinical protocols accurately,
demonstrating effective communication under
stress, assigning roles clearly, utilizing available
resources efficiently, and practicing closed-loop
communication to avoid errors. The curriculum
must be tailored to the roles of physicians, nurses,
health assistants, and EMTSs, ensuring that scenarios
require interdependent actions that reflect real-
world workflows. Learning objectives are typically
framed using Bloom's taxonomy, progressing from
basic knowledge recall to higher-order skills like
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analysis and synthesis within complex scenarios.
Needs assessments, including analysis of incident
reports, clinical audits, and frontline staff input,
help identify high-risk areas where simulation can
have the greatest impact, such as managing septic
shock or handling disruptive family members
during a crisis [19].

6.2 Scenario Development and Fidelity
Considerations
Scenario development is a critical step that

translates learning objectives into actionable
simulations. Effective scenarios have a clear
clinical storyline, defined triggers for participant
actions, and embedded cues that guide the
trajectory without being overly scripted. For
emergency teams, scenarios often simulate time-
sensitive conditions like stroke, myocardial
infarction, or polytrauma. The level of fidelity—the
degree to which the simulation replicates reality—
is a key consideration. High psychological fidelity,
where participants feel immersed and emotionally
engaged, is often more important than physical
fidelity for teamwork training. However, adequate
physical fidelity of equipment and environment
supports the suspension of disbelief. Scenario
designers must balance complexity to match the
learner's level; for novice teams, scenarios may
focus on basic coordination, while for expert teams,
they can introduce complicating factors like
equipment  failure  or  ethical  dilemmas.
Standardized patient actors can be integrated to
enhance realism, particularly for communication
challenges. Each scenario includes a briefing
document for facilitators, outlining the case
background, expected actions, and potential
branching paths based on team decisions [20].

6.3 Debriefing Techniques and Facilitator Role

Debriefing is the cornerstone of learning in
simulation, where participants reflect on their
performance and integrate new insights. Effective
debriefing follows a structured approach, often
using models like "Debriefing with Good
Judgment,” which combines advocacy for observed
actions with inquiry into the underlying thought
processes. The facilitator plays a crucial role in
creating a psychologically safe environment where
all team members, regardless of hierarchy, feel
comfortable discussing errors and vulnerabilities.
For emergency teams, debriefing focuses not only
on clinical management but also on teamwork
dynamics: Was leadership clear? Was information
shared effectively? How were tasks distributed?
Video-assisted debriefing, where segments of the
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simulation are reviewed, can provide powerful
objective feedback. Facilitators must be trained to
guide discussions without dominating, using open-
ended questions to encourage self-discovery and
mutual learning among physicians, nurses, health
assistants, and EMTs. The goal is to translate
reflections into actionable improvements for future
clinical practice [21].

6.4 Integration with In-Situ Simulation and Just-
in-Time Training

To maximize relevance and impact, simulation-
based training is increasingly conducted in-situ—
within the actual clinical environment during
normal operations. In-situ simulation involves
unannounced scenarios in  the emergency
department or ambulance, engaging the on-duty
team. This method not only trains individuals but
also tests systems, revealing latent safety threats
like medication storage issues or communication
breakdowns with other departments. Just-in-time
training is another innovative approach, where
simulation is provided immediately before
performing a high-risk, low-frequency procedure,
such as a rare pediatric emergency. This reinforces
protocols and team roles at the moment of need.
Both methods enhance the transfer of learning to
real practice by contextualizing training within the
authentic workflow and physical constraints that
teams face daily. However, they require careful
planning to avoid disrupting patient care and to
manage the logistical challenges of scheduling and
resource availability [22].

6.5 Assessment and Evaluation Strategies

Evaluating the effectiveness of simulation-based
training involves multiple levels of assessment. At
the reaction level, participant satisfaction and
perceived usefulness are measured through surveys.
Learning is assessed through knowledge tests, skill
checklists, or behavioral rating scales completed
during or after simulations. For team performance,
instruments  like the TeamSTEPPS Team
Performance Observation Tool or the Mayo High
Performance Teamwork Scale are used. Transfer of
learning to clinical practice is evaluated through
behavioral changes observed in real emergencies,
often via direct observation or video review. The
ultimate level of evaluation—clinical outcomes—
requires  tracking metrics  like  mortality,
complication rates, or time to treatment before and
after training interventions.  Mixed-methods
approaches, combining quantitative data with
qualitative interviews, provide a comprehensive
understanding of impact. Regular assessment
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ensures that simulation programs remain aligned
with educational goals and contribute meaningfully
to quality improvement initiatives [23].

7. Impact on Team Performance
7.1 Enhancement of Communication Skills

Effective communication is the lifeline of any
emergency team, and simulation-based training has
proven to be a powerful tool for its enhancement.
Through repeated exposure to high-pressure
scenarios, physicians, nurses, health assistants, and

EMTs practice clear, concise, and directed
communication. Techniques such as SBAR
(Situation, Background, Assessment,

Recommendation) are drilled, reducing ambiguities
that can lead to errors. Simulation creates
opportunities to experience and rectify common
communication failures, such as assumptions not
verified or critical information not relayed.
Debriefing  sessions  specifically  highlight
communication episodes, allowing teams to analyze
what worked and what did not. Studies show that
after simulation training, teams exhibit more
frequent use of closed-loop communication, where
messages are acknowledged and confirmed,
ensuring that instructions are understood and
executed. This is particularly crucial during
handoffs or when administering medications, where
miscommunication can have dire consequences. By
fostering a shared language and communication
protocol, simulation helps break down hierarchical
barriers, encouraging junior staff and health
assistants to speak up with concerns, thereby
creating a culture of psychological safety where
every team member's input is valued [24].

7.2 Improvement in Role Clarity and Leadership
Dynamics

In the chaos of an emergency, confusion over roles
can lead to duplicated efforts or missed tasks.
Simulation-based training explicitly addresses role
clarity by allowing each professional—physician,
nurse, health assistant, EMT—to practice their
specific responsibilities within the team context.
Scenarios are designed so that tasks naturally align
with each role's scope of practice, reinforcing who
should be performing chest compressions,
managing the airway, documenting events, or
fetching equipment. Leadership dynamics are also
refined; physicians often assume the team leader
role, but simulation can train them in distributive
leadership, where tasks are delegated effectively
based on team members' competencies. Conversely,
nurses and EMTS practice assertive communication
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when they need to alert the leader to potential
problems. Through debriefing, teams discuss
leadership styles and adaptability, learning how to
smoothly transition leadership during prolonged
events. This clarity reduces role ambiguity,
minimizes stress, and optimizes the efficiency of
the team's response, ensuring that all necessary
actions are covered without oversight [25].

7.3 Development of Shared Mental Models and
Situation Awareness

A shared mental model is a common understanding
of the situation, tasks, and team capabilities that
enables members to predict each other's needs and
actions. Simulation training is highly effective in
developing these shared mental models by exposing
teams to similar scenarios and guiding them
through collective problem-solving. As teams work
together in simulations, they learn to anticipate
clinical progression and resource requirements,
leading to proactive rather than reactive
management. Situation awareness—the perception
of environmental elements, comprehension of their
meaning, and projection of their future status—is
also heightened. Simulation scenarios often include
evolving patient conditions that require teams to
continuously reassess and adjust their plans.
Debriefings focus on points where situation
awareness was lost or maintained, teaching
strategies like verbalizing observations and cross-
monitoring. For instance, a nurse might notice a
change in the manikin's vital signs and immediately
inform the physician, demonstrating enhanced
collective vigilance. This trained cohesion allows
emergency teams to function almost seamlessly,
with reduced need for explicit communication
because actions are aligned with a shared
understanding of priorities [26].

7.4 Strengthening of Mutual Trust and Cohesion

Trust among team members is fundamental for
effective collaboration, especially in high-stakes
emergencies. Simulation-based training builds
mutual trust by providing a platform for
professionals to demonstrate competence and
reliability in a controlled setting. When physicians
see nurses skillfully managing infusions or EMTs
efficiently performing immobilization, confidence
in each other's abilities grows. Similarly, when
errors occur during simulation, the supportive
debriefing environment allows teams to address
weaknesses constructively without blame, fostering
relational trust. Cohesion, the sense of solidarity
and commitment to team goals, is enhanced
through shared experiential learning. Teams that
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train together regularly report stronger interpersonal
bonds and a greater willingness to support one
another under stress. This camaraderie translates
into real clinical settings, where team members are
more likely to back each other up, share workloads,
and maintain a positive atmosphere even during
crises. Simulation thus acts as a team-building
exercise, transforming a group of individuals into a
cohesive unit capable of performing under pressure
[27].

7.5 Reduction in Hierarchical Barriers and
Promotion of Collaborative Culture

Healthcare has traditionally been hierarchical, with
physicians at the apex, which can inhibit input from
other team members. Simulation-based training
deliberately  flattens  these  hierarchies by
emphasizing that patient safety is a collective

responsibility.  During  scenarios, facilitators
encourage all participants, including health
assistants and EMTs, to contribute their

observations and suggestions. Debriefing sessions
use principles of equality, where every perspective
is valued regardless of rank. Over time, this
practice erodes entrenched hierarchical barriers,
leading to more democratic decision-making in real
emergencies. Nurses may feel empowered to
guestion a physician's order if it seems
inappropriate, and EMTs may provide crucial pre-
hospital insights that inform in-hospital care. This
shift promotes a collaborative culture where
expertise is recognized based on knowledge and
situation rather than title alone. Simulation thus
serves as a catalyst for cultural change within
emergency departments and pre-hospital services,
aligning with modern patient safety paradigms that
advocate for teamwork and open communication
[28].

8. Impact on Clinical Outcomes

8.1 Reduction in Mortality and Morbidity in
Cardiac Arrest

Cardiac arrest survival depends on immediate,
high-quality CPR and advanced life support.
Simulation-based training for emergency teams has
been directly linked to improved outcomes in these
events. Studies have shown that teams regularly
trained with simulation achieve higher rates of
return of spontaneous circulation (ROSC) and
survival to hospital discharge. This is attributed to
better adherence to ACLS algorithms, more
effective chest compressions with minimal
interruptions, and timely defibrillation. Simulation
allows teams to practice complex coordination,
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such as rotating compressors, managing advanced
airways, and administering medications without
losing rhythm. Debriefings focus on identifying
delays or errors in the chain of survival. In
institutions where simulation training is mandatory
for resuscitation teams, reductions in mortality from
in-hospital cardiac arrest have been documented.
Moreover, the confidence and competence gained
in simulation reduce panic and hesitation during
real events, leading to faster initiation of life-saving
measures, which is critical for neurologically intact
survival [29].

8.2 Decreased Time to Critical Interventions in
Trauma and Stroke

Time-sensitive conditions like major trauma and

acute stroke require rapid assessment and
intervention to prevent irreversible damage.
Simulation-based team training has proven

effective in shortening door-to-intervention times.
For trauma, scenarios simulating polytrauma
patients teach teams to perform simultaneous
assessments and interventions following a
standardized approach like the Advanced Trauma
Life Support (ATLS) protocol. Teams practice
tasks such as securing airways, controlling
hemorrhage, and obtaining imaging in a
coordinated fashion. Post-training evaluations often
show significant reductions in time to operating
room or time to blood product administration.
Similarly, for stroke, simulations of patient arrival
with neurological deficits train teams to quickly
activate stroke protocols, perform NIH Stroke Scale
assessments, and prepare for thrombolysis or
thrombectomy. Studies indicate that hospitals with
simulation-based  training  programs  have
consistently met benchmark times for door-to-
needle and door-to-groin puncture, leading to better
functional outcomes for stroke patients. The
rehearsed efficiency eliminates procedural delays
and enhances team synchronization, directly
impacting patient prognosis [30].

8.3 Improvement in Adherence to Clinical
Guidelines and Reduction in Medical Errors

Adherence to evidence-based clinical guidelines is
a key determinant of care quality. Simulation-based
training reinforces guideline protocols through
repetitive practice and immediate feedback. For
instance, in sepsis management, teams practice
early recognition, lactate measurement, antibiotic
administration, and fluid resuscitation within the
golden  hour. Debriefings compare team
performance against sepsis bundles, identifying
gaps in compliance. Research demonstrates that
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simulation training increases adherence to such
bundles, leading to lower sepsis mortality.
Furthermore, by training teams to use checklists
and verbal confirmations, simulation reduces
procedural and medication errors. Scenarios often
include potential error traps, like look-alike
medications or equipment malfunctions, teaching
teams to double-check and communicate clearly.
The transfer of these vigilant behaviors to real
clinical practice results in fewer adverse events,
such as wrong-dose administrations or missed
allergies. Simulation thus acts as a proactive risk
management tool, embedding safety behaviors into
team culture [17].

8.4 Enhancement of Patient Safety Indicators
and Satisfaction

Patient safety indicators, such as rates of hospital-
acquired infections, falls, or pressure ulcers, can be
influenced by team performance during emergency
care. Simulation training that includes infection
control practices—like sterile technique during
central line insertion—has been shown to reduce
catheter-related bloodstream infections. Similarly,
teams trained via simulation to handle agitated
patients or prevent falls during emergent transfers
demonstrate fewer safety incidents. Moreover,
patient satisfaction, often tied to perceived
teamwork and communication, improves when
emergency staff are trained through simulation.
Families observe more coordinated, confident, and
compassionate care, which alleviates anxiety and
builds trust. Simulation scenarios that include
communication with patients or families, using
standardized patients, train teams to provide clear
explanations and emotional support even under
time pressure. This holistic approach to training not
only improves clinical outcomes but also enhances
the patient experience, contributing to overall
healthcare quality [18].

8.5 Long-Term Retention and Sustainability of
Clinical Competence

A critical question regarding simulation-based
training is the durability of its benefits. Evidence
suggests that while skills may decay over time,
periodic simulation booster sessions can sustain
competence. Longitudinal studies show that teams
undergoing annual or semi-annual simulation
training maintain higher performance levels in real
emergencies compared to those with one-time
training. The concept of "overlearning” through
simulation—practicing beyond initial proficiency—
enhances retention and enables automaticity in
crisis situations. For clinical outcomes, this means
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that the reductions in mortality or complications
achieved post-training can be maintained with
ongoing simulation exercises. Institutions that
integrate simulation into continuous professional
development programs see sustained improvements
in outcome metrics, making it a worthwhile
investment for long-term patient safety and quality
improvement initiatives [23].

Limitations in

9. Challenges and

Implementation
9.1 Financial and Resource Constraints

Despite its proven benefits, the implementation of
simulation-based training faces significant financial
hurdles. High-fidelity simulators, audiovisual
equipment, and dedicated simulation facilities
require substantial capital investment. Additionally,
operational costs include maintenance, software
updates, and consumables like simulated
medications and wound makeup. For many
healthcare institutions, especially in resource-
limited settings, these costs are prohibitive.
Furthermore, running simulations necessitates
trained facilitators and technicians, whose time
represents an ongoing expense. There is also the
indirect cost of taking clinical staff away from
patient care duties to participate in training, which
can strain staffing levels. While lower-fidelity
options exist, they may not provide the immersive
experience needed for full-team training. Securing
sustained funding through institutional budgets,
grants, or partnerships is a persistent challenge that
can limit the scalability and accessibility of
simulation programs [20].

9.2 Time Constraints and Clinical Workload
Pressures

Emergency healthcare providers often work in
high-pressure  environments with  demanding
schedules, making it difficult to allocate time for
simulation training. Mandatory training sessions
can be seen as an additional burden, leading to low
participation or engagement. Finding time for entire
teams—physicians, nurses, health  assistants,
EMTs—to train together is particularly challenging
due to shift patterns and clinical commitments. This
can result in fragmented training where only some
team  members participate, reducing the
effectiveness of interprofessional learning. In-situ
simulation attempts to address this by training
during work hours, but it requires careful
coordination to avoid disrupting emergency
services. Balancing clinical responsibilities with
educational needs remains a key logistical barrier,
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requiring strong institutional support and creative
scheduling solutions [21].

9.3 Faculty Development
Expertise

and Debriefing

The quality of simulation-based training heavily
depends on the skills of the facilitators, particularly
in debriefing. Effective debriefing requires
expertise in group facilitation, psychological safety,
and clinical knowledge. Many healthcare
professionals are content experts but lack formal
training in educational methods. Developing a
cadre of skilled simulation faculty requires
investment in train-the-trainer programs and
ongoing professional  development.  Without
proficient facilitators, debriefing sessions may
become didactic lectures or miss opportunities for
deep reflection, diminishing the learning impact.
Additionally, there can be resistance among
experienced clinicians to adopt new teaching roles,
especially if they are not given protected time or
recognition for these efforts. Building and
sustaining a competent simulation faculty is
therefore a critical human resource challenge [22].

9.4 Measurement of Long-Term Impact and
Return on Investment

While  short-term  improvements in  team
performance and knowledge are readily
measurable, demonstrating long-term impact on
clinical outcomes and return on investment (ROI) is
complex. Clinical outcomes are influenced by
numerous factors beyond training, such as changes
in hospital protocols, staffing levels, or patient
demographics. Isolating the effect of simulation
requires rigorous study designs, such as stepped-
wedge cluster randomized trials, which are costly
and time-consuming. Many institutions struggle to
collect robust data linking training to metrics like
mortality reduction or cost savings. Without clear
evidence of ROI, securing ongoing funding
becomes difficult. Furthermore, the transfer of
learning from simulation to real practice is not
automatic; it depends on organizational culture and
support for applying new skills. Developing reliable
evaluation frameworks that capture both direct and
indirect benefits remains a methodological
limitation [23].

9.5 Psychological Stress and Simulation Fidelity
Issues

Simulation can induce significant psychological
stress in participants, akin to real emergencies.
While this stress can enhance learning by
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mimicking real conditions, excessive stress may
impair performance and learning, leading to
negative experiences. Facilitators must manage this
carefully through appropriate pre-briefing and
supportive debriefing. Additionally, issues with
fidelity—where the simulation feels unrealistic—
can break immersion and reduce engagement. For
example, manikins that do not respond
authentically or scenarios that seem contrived may
lead to skepticism among participants, particularly
seasoned professionals. Achieving the right balance
of fidelity for the target audience and learning
objectives is an ongoing challenge. Technological
limitations, such as software glitches or equipment
failures during sessions, can also disrupt training
and waste valuable time [24].

10. Future Directions and Innovations

10.1 Integration of Artificial Intelligence and
Adaptive Learning

The future of simulation-based training lies in
leveraging artificial intelligence (Al) to create more
dynamic and personalized learning experiences. Al-
driven simulators can adapt scenarios in real-time
based on team actions, providing a more responsive
and challenging environment. For example, if a
team manages a scenario efficiently, the Al could
introduce a complication like an allergic reaction or
equipment failure to test adaptability. Machine
learning algorithms can analyze performance data
from simulations to identify common team
weaknesses and recommend tailored training
modules. Virtual reality (VR) and augmented
reality (AR) platforms integrated with Al could
offer immersive, portable training solutions that
reduce dependency on physical simulators. These
technologies could also enable remote simulation
training, connecting teams across different
locations for collaborative exercises. As Al
becomes more sophisticated, it may even assist in
debriefing by automatically highlighting key
moments and providing objective metrics on
communication patterns and clinical decisions [25].

10.2 Expansion of Interprofessional and Cross-
Sector Simulation

Emergency response often involves coordination
beyond the hospital, including fire departments,
police, and community health workers. Future
simulation training should expand to include these
broader teams, conducting large-scale exercises that
mimic mass casualty incidents or public health
emergencies. Such cross-sector simulation can
improve interoperability and communication
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between different agencies,
effective  community-wide responses. Within
healthcare, interprofessional simulation should
become a standard part of undergraduate and
graduate  education, embedding  teamwork
principles early in professional development.
Longitudinal training pathways that track teams
over time could strengthen cohesion and
performance. Additionally, involving patients and
families in simulation design and evaluation can
ensure that training addresses their perspectives and
needs, fostering patient-centered care [26].

leading to more

10.3 Focus on Non-Technical Skills and

Resilience Training

While technical skills are crucial, non-technical
skills like decision-making, stress management, and
resilience are increasingly recognized as vital for
emergency teams. Future simulation programs
should incorporate dedicated modules on these
aspects. Scenarios could include ethical dilemmas,
resource scarcity, or dealing with violent patients to
train  cognitive and emotional  resilience.
Mindfulness and coping strategies could be
integrated into debriefings to help teams manage
the psychological toll of emergency work.
Simulation can also be used to train teams in
recovery after adverse events, promoting a culture
of support and learning from errors. By addressing
the human factors comprehensively, simulation can
contribute to reducing burnout and improving the
well-being of healthcare providers, which in turn
enhances patient care [27].

10.4 Standardization and Global Benchmarking

As simulation-based training proliferates, there is a
need for standardization of scenarios, assessment
tools, and instructor qualifications to ensure
consistent quality. International collaborations
could develop evidence-based simulation curricula
for common emergency conditions, accessible
globally. Benchmarking performance against
standardized metrics would allow institutions to
compare their teams' proficiency and identify areas
for improvement. Accreditation bodies might
require simulation training as part of licensure
renewal for emergency professionals.
Standardization would also facilitate multicentre
research, generating stronger evidence on best
practices and outcomes. Efforts like the
International Nursing Association for Clinical
Simulation and Learning (INACSL) standards are
steps in this direction, but broader adoption across
all emergency care disciplines is needed [28].
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Policy Advocacy and Sustainable Funding
Models

For simulation-based training to reach its full
potential, advocacy at policy levels is essential.
Healthcare  policymakers  should  recognize
simulation as a critical component of patient safety
infrastructure and allocate funding accordingly.
Sustainable models might include bundling
simulation costs into reimbursement for emergency
services or creating government grants for
simulation centers in underserved areas. Insurance
companies could offer premium reductions for
institutions with robust simulation programs,
recognizing their role in risk reduction.
Additionally, research funding should be directed
towards large-scale studies that definitively
establish the cost-effectiveness of simulation
training. By embedding simulation into healthcare
policy and financing, its benefits can be extended to
all emergency care settings, ultimately improving
global health outcomes [29].

11. Conclusion

Simulation-based emergency training represents a
paradigm shift in how healthcare professionals
prepare for the high-stakes demands of acute care.
By providing a safe, controlled environment for
deliberate practice, it addresses both technical
proficiencies and the nuanced dynamics of
teamwork. This comprehensive analysis has
elucidated the profound impact of such training on
team performance—enhancing communication,
clarifying roles, building shared mental models,
fostering trust, and breaking down hierarchical
barriers. Equally compelling is the evidence linking
simulation to improved clinical outcomes,
including reduced mortality in cardiac arrest, faster
interventions in trauma and stroke, better adherence
to guidelines, and enhanced patient safety
indicators. The multidisciplinary inclusion of
physicians, nurses, health assistants, and emergency
medical technicians ensures that training reflects
the real-world composition of emergency teams,
promoting holistic and coordinated care.

However, the implementation of simulation-based
training is not without significant challenges.
Financial constraints, time pressures, the need for
expert faculty, and difficulties in measuring long-
term impact pose substantial hurdles. Addressing
these requires innovative solutions, such as
leveraging technology for cost-effective simulation,
integrating training into clinical workflows, and
developing robust evaluation frameworks. The
future directions outlined—Al integration, cross-
sector  expansion, focus on  resilience,
standardization, and policy advocacy—offer
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promising pathways to overcome these barriers and
maximize the potential of simulation.

Author Statements:

e Ethical approval: The conducted research is
not related to either human or animal use.

e Conflict of interest: The authors declare that
they have no known competing financial
interests or personal relationships that could
have appeared to influence the work reported in
this paper

o Acknowledgement: The authors declare that
they have nobody or no-company to
acknowledge.

e Author contributions: The authors declare that
they have equal right on this paper.

o Funding information: The authors declare that
there is no funding to be acknowledged.

o Data availability statement: The data that
support the findings of this study are available
on request from the corresponding author. The
data are not publicly available due to privacy or
ethical restrictions.

e Use of Al Tools: The author(s) declare that no
generative Al or Al-assisted technologies were
used in the writing process of this manuscript.

References

1. Fernandez R, Johnson M, Tran DT, Miranda C.
Models of care in nursing: a systematic review. Int
J Evid Based Healthc. 2012;10:324-37.

2. Cooper JB, Taqueti VR. A brief history of the
development of mannequin simulators for clinical
education and training. Qual Saf Health Care.
2004;13(Suppl 1):i11-8. Erratum in: Qual Saf
Health Care. 2005 Feb;14(1):72.

3.  Chang AH, Lin PC, Lin PC, et al. Effectiveness of
virtual reality-based training on oral healthcare for
disabled elderly persons: a randomized controlled
trial. J Pers Med. 2022;12:218.

4. Mackay EC, Patel KR, Davidson C, et al.
Simulation as an effective means of preparing
trainees for active participation in MDT meetings.
Future Healthc J. 2024;11:100017.

5. Higham H. Simulation past, present and future-a
decade of progress in simulation-based education in
the UK. BMJ Simul Technol Enhanc Learn.
2020;7:404-9.

6. Howard T, lyengar KP, Vaishya R, Ahluwalia R.
High-fidelity virtual reality simulation training in
enhancing competency assessment in orthopaedic
training. Br J Hosp Med (Lond). 2023;84:1-8.

7. Hoogenes J, Wong N, Al-Harbi B, et al. A
randomized comparison of 2 robotic virtual reality
simulators and evaluation of trainees’ skills transfer

4082

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

to a simulated robotic urethrovesical anastomosis
task. Urology. 2018;111:110-5.

Chiang DH, Huang CC, Cheng SC, et al.
Immersive virtual reality (VR) training increases
the self-efficacy of in-hospital healthcare providers
and patient families regarding tracheostomy-related
knowledge and care skills: a prospective pre-post
study. Medicine (Baltimore). 2022;101:¢28570.
Slater P, Hasson F, Gillen P, Gallen A, Parlour R.
Virtual simulation training: imaged experience of
dementia. Int J  Older People  Nurs.
2019;14:e12243.

Ryu JH, Park JW, Nahm FS, et al. The effect of
gamification through a virtual reality on
preoperative  anxiety in  pediatric  patients
undergoing general anesthesia: a prospective,
randomized, and controlled trial. J Clin Med.
2018;7:284.

Gunn T, Rowntree P, Starkey D, Nissen L. The use
of virtual reality computed tomography simulation
within a medical imaging and a radiation therapy
undergraduate programme. J Med Radiat Sci.
2021;68:28-36.

Bracqg MS, Michinov E, Arnaldi B, et al. Learning
procedural skills with a virtual reality simulator: an
acceptability  study. Nurse Educ  Today.
2019;79:153-60.

Andersen NL, Jensen RO, Posth S, Laursen CB,
Jorgensen R, Graumann O. Teaching ultrasound-
guided peripheral venous catheter placement
through immersive virtual reality: an explorative
pilot study. Medicine (Baltimore).
2021;100:626394.

Cipresso P, Giglioli IAC, Raya MA, Riva G. The
past, present, and future of virtual and augmented
reality research: a network and cluster analysis of
the literature. Front Psychol. 2018;9:2086.

Owen H. Early use of simulation in medical
education. Simul Healthc. 2012;7:102-16.
Bergmann J, Krewer C, Bauer P, Koenig A, Riener
R, Miuller F. Virtual reality to augment robot-
assisted gait training in non-ambulatory patients
with a subacute stroke: a pilot randomized
controlled trial. Eur J Phys Rehabil Med.
2018;54:397-407.

Matamala-Gomez M, Bottiroli S, Realdon O, et al.
Telemedicine and virtual reality at time of COVID-
19 pandemic: an overview for future perspectives
in neurorehabilitation. Front Neurol.
2021;12:646902.

Tudor Car L, Kyaw BM, Teo A, et al. Outcomes,
measurement instruments, and their validity
evidence in randomized controlled trials on virtual,
augmented, and mixed reality in undergraduate
medical education: systematic mapping review.
JMIR Serious Games. 2022;10:e29594.

Cardoso SA, Suyambu J, Igbal J, et al. Exploring
the role of simulation training in improving surgical
skills among residents: a narrative review. Cureus.
2023;15:e44654.

Cook DA, Hatala R, Brydges R, et al. Technology-
enhanced simulation for health professions



21.

22.

23.

24.

25.

26.

217.

28.

29.

Abdulkarim Awayd H Alenezi, Turki Hamed A Alenezi, Abdulaziz Mashan R Alanazi, Helal Naif Helal Alshammari et al. /IJCESEN 10-4(2024)4072-4083

education; a systematic review and meta-analysis.
JAMA. 2011;306:978-88.

Wayne DB, Didwania A, Feinglass J, Fudala MJ,
Barsuk JH, McGaghie WC. Simulation-based
education improves quality of care during cardiac
arrest team responses at an academic teaching
hospital: a case-control study. Chest. 2008;133:56—
61.

Dhar E, Upadhyay U, Huang Y, et al. A scoping
review to assess the effects of virtual reality in
medical education and clinical care. Digit Health.
2023;9:20552076231158022.

Mallik R, Patel M, Atkinson B, Kar P. Exploring
the role of virtual reality to support clinical diabetes
training-a pilot study. J Diabetes Sci Technol.
2022;16:844-51.

Al-Elg AH. Simulation-based medical teaching and
learning. J Family Community Med. 2010;17:35—
40.

Beverly E, Hommema L, Coates K, et al. A tranquil
virtual reality experience to reduce subjective stress
among COVID-19 frontline healthcare workers.
PL0S One. 2022;17:€0262703.

Bradley P. The history of simulation in medical
education and possible future directions. Med Educ.
2006;40:254-62.

Datta R, Upadhyay K, Jaideep C. Simulation and
its role in medical education. Med J Armed Forces
India. 2012;68:167-72.

Scalese RJ, Obeso VT, Issenberg SB. Simulation
technology for skills training and competency
assessment in medical education. J Gen Intern Med.
2008;23(Suppl 1):46-9.

Jiang H, Vimalesvaran S, Wang JK, Lim KB,
Mogali SR, Car LT. Virtual reality in medical
students’ education: scoping review. JMIR Med
Educ. 2022;8:34860.

4083



