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Abstract  

Flourishing demand associated with the speed and precision of clinical decisions that are required in the field of emergency medicine has 
influenced the use of new-generation simulation technologies. Multiple benefits of simulation training include the creation of a realistic 
clinical learning environment, improved healthcare professionals’ cognitive skills, effective teamwork, and overall preparedness. This 
paper presents a systematic critique of the use of technology in the evidence-based practice of simulation education and its effects on 
decision-making in emergency medicine. The paper consolidates current evidence, incorporates relatively new developments like VR, 
AR, and high-fidelity mannequins, and discusses issues related to cost, accessibility, and feasibility. Research evidence shows that it is 
effective in clinical decision-making improvement and patient results, but there are inequalities in its application. 

Keywords: Emergency Medicine, Simulation Training, Technology in Medical Training, Clinical Decision-Making, Medical 
Education. 

 

Introduction 

Emergency medicine is considered an innovative and stressful course in which decision-making must always 
be fast. Mistakes in critical determinations can lead to tragic outcomes and, consequently, a strong argument 
for positive training approaches for the improvement of the skills of clinicians while catering to the patient’s 
needs. Recently, technology has played a significant role in medical education, particularly in the context of 
simulation training. It directly aligns with the theoretical aspect of learning because it employs part-task 
training and offers clinicians a risk-free learning avenue where they can practice competency-based skills 
without exposing their patients to harm. Simulators, as well as VR, AR, and AI solutions like hi-fidelity 
mannequins, have helped navigate real clinical emergencies in Medical training programs (Aringhieri et al., 
2016). This paper presents a review of the contemporary literature on technology and simulation training 
in emergency medicine, with specific regard to its impact on decision-making, existing knowledge, deficits, 
and potential future developments. 

Literature Review 

Evolution of Simulation Training in Medicine 

As indicated in the previous pages, simulation-based training in medicine has evolved greatly since its first 
use in the 1960s. The first forms of simulators were flat, lifeless models on which trainees could practice 
simple actions, such as cardiopulmonary resuscitation and ventilation. At a later point in time, the call was 

                                                   
1 Ministry of Health, Saudi Arabia, Email: Adalaazi@moh.gov.sa 
2 Ministry of Health, Saudi Arabia, Email: mmooaldhafeeri@moh.gov.sa 
3 Ministry of Health, Saudi Arabia, Email: Mishalza@moh.gov.sa 
4 Ministry of Health, Saudi Arabia, Email: saalnasafi@moh.gov.sa 

5 Ministry of Health, Saudi Arabia, Email: falmutairi91@moh.gov.sa 

6 Ministry of Health, Saudi Arabia, Email: fasalharby@moh.gov.sa 

7 Ministry of Health, Saudi Arabia, Email: sabalshammary@moh.gov.sa 

8 Ministry of Health, Saudi Arabia, Email: ahabalanazi@moh.gov.sa 

https://ecohumanism.co.uk/joe/ecohumanism
https://doi.org/10.62754/joe.v3i8.5465


Journal of Ecohumanism 

2024 
Volume: 3, No: 8, pp. 8440 – 8451 

ISSN: 2752-6798 (Print) | ISSN 2752-6801 (Online) 
https://ecohumanism.co.uk/joe/ecohumanism  

DOI: https://doi.org/10.62754/joe.v3i8.5465  

8441 

 

made for more lifelike training instruments owing to the understanding that real-life medical crisp cases can 
be effectively simulated without compromising patient lives. 

During the 1990s, changes in manufacturing brought in realistic models that mimicked the human body 
and its functions more closely. These mannequins had added extras that included arteries and veins that 
can pulse to create the feel of the real body, breathing as well as speech facilities, which basically created a 
feeling of realism and allowed the practitioners to gain perfection of skills necessary in intubation, 
defibrillation, as well as intravenous access. 

The year 2000 initiated again drastic changes with the coming up of Touch and Virtual Reality (VR). VR 
provided possibilities for building realistic and fully interactive training scenarios with extended clinical 
cases. The patients could become immersed in dynamic, 3D trainee interactions, with real-time feedback to 
the trainee’s actions. 

The next revolution in simulation training Beginning in the 2010s, augmented reality (AR) and artificial 
intelligence (AI) appeared as the new trend in simulation training. AR integrates simulated components 
with real environments; thus, it is effective in the promotion of visual learning. Virtual patients based on 
AI technology can be modified according to the inputs provided by the user, including individualized 
feedback and data. 

Era Technology Used Key Advancements 

1960s-1980s Basic mannequins Hands-on practice in resuscitation 

1990s High-fidelity simulators Realistic anatomy and physiology 

2000s Virtual reality (VR) Immersive, interactive environments 

2010s-Present AR, AI, virtual patients Personalized, adaptive, data-driven training 

The progressive advancements in simulation technologies reflect the growing complexity of clinical practice 
and the need for adaptable, realistic, and personalized training approaches. 

Importance of Decision-Making in Emergency Medicine 

Decision-making in EM is complex and critically embedded within an environment that demands quick 
and precise decisions with limited time. In emergency care situations, mistakes can cost lives: a lumbar 
puncture was done instead of, or in addition to, a thoracentesis; failure to recognize a tension 
pneumothorax; a patient receiving insulin instead of glucagon; or the failure to give lidocaine to a patient 
experiencing an acute myocardial infarction. Hence, decision-making is based on evidence and clinical 
judgment and sub-gravy rapid assessment and effective teamwork (Kaushal et al., 2015).. 

Simulation training is, however, very essential in promoting these skills. Crisis simulation allows the trainee 
to reinforce clinical problem-solving in environments that otherwise could be dangerous to the patients. 
Simulation-based learning promotes cognitive skill development, enabling practitioners to: 

 Notice trends and be able to work comprehensively according to data. 

 Deal with time pressures, making decisions under pressure. 

 Develop good interpersonal and communication skills in regard to working with interdisciplinary 
teams. 

Moreover, simulation leads to a decrease in cognitive load, which is the amount of mental effort expended 
in order to perform given tasks and encounter familiar mental stress through iterations. It is the best 
opportunity for trainees; they can rehearse different decisions, study the outcomes of their errors, and 
enhance their capacity to act adequately in actual-life crises. 
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They also allow structured simulation feedback and debriefing due to the controlled settings. This enables 
learners to analyze decisions made in the post-event to be in a position to discover inconsistencies in their 
assertions and be in a position to devise ways on how best to handle them in the future. For instance, the 
platforms developed based on VR offer several performance indices in real-time, such as decision-making 
time and rate of errors in clinical practice. 

Types of Simulation Technologies 

There are different types of technologies implemented for simulation-based training today, and they provide 
learning needs based on different simulations. The following are the key types of simulation technologies 
currently used in emergency medicine: 

High-Fidelity Mannequins 

Real-life simulation models are accurate, full-body models that mimic real human physiological reactions. 
These simulators are equipped with advanced features such as: 

 Breathing mechanisms 

 Pulsating arteries 

 Pupillary reflexes 

 Speech and sound effects 

Realistic, lifelike mannequins are common during resuscitation, trauma simulation, and cardiac arrest. For 
instance, scenarios tested during CPR training entail making chest compressions depending on the 
mannequins, ventilating learners, and using a defibrillator in the manner that an individual would when 
alive. 

One of the important benefits of using high-fidelity simulators is that they mimic critical events, including 
emergencies, such as a patient’s arrest, but ensure that participants practice and rehearse many times without 
causing harm to the patient. Research has shown that practicing with these mannequins enhances the level 
of dexterity, teamwork, and decision-making time. 

Virtual Reality (VR) and Augmented Reality (AR) 

Virtual Reality (VR): Computer-simulated 3D environments, in which using virtual human patients and 
realistic clinical simulations, represent a hallmark of VR. The characteristic of VR simulations is defined as 
dynamic and modifiable interactions for learners, which help them work on specific and seldom 
encountered urgent circumstances. 

For instance, mass casualty incidents, severe trauma, or pediatric emergent situations may be practiced 
utilizing the VR interfaces of the selected platforms to provide a high level of realism that may not be 
obtainable with traditional models. B. The operation of VR systems enables follow-up of other measurable 
parameters, such as time taken to arrive at a decision, and enables the trainers to observe the decision-
making processes of the trainees. 

Augmented Reality (AR): AR adds computer-generated objects (such as virtual people or clinical 
information) over the natural scenery. AR is especially valuable for guidance in technical skills like 
interventional ultrasound or intubation, where virtual help can be accurate. 

These technologies are catching on the ground because of their affordability, expansibility, and suitability 
for remote learning conditions. 
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AI-Based Virtual Patients 

Artificial Intelligence (AI) has seriously transformed practices for medical training through decision-making 
tools in virtual patient testing. AI-integrated virtual patients communicate with the trainees by assessing 
clinical inputs such as medications and procedures, giving it a rather dynamic learning environment. 

Key advantages of AI virtual patients include: 

 Adaptive Learning: AI combines them into a structure that is relevant to the trainee level. 

 Real-Time Feedback: Virtual systems constantly assess performance and give an instant result to 
the decision-making process as well as the quality of clinical actions. 

 Accessibility: They are available online so that training may be done with clinicians from all over 
the world. 

They know that untold wealth, the fruits of their labor, and their livelihoods depend on the diversions 
provided by others. 

Graph 1. The Forecast on The Uses of Simulation Technologies From 2000 To 2024 As Applied to Medical Education. 

 

Graph Placeholder: A bar graph showing changes in the use of high-fidelity simulators, VR, AR, and AI tools in medical 
education from 2000 to 2024. The graph also emphasizes the increased use of VR & AI during the last decade due to several 
factors that include cost, availability, and assessment of performance (Krage et al., 2017).. 

Impact of Simulation Training on Clinical Outcomes 

Some authors have presented their works on the effects of simulation on clinical decisions, patients’ 
outcomes, and safety. The evidence consistently demonstrates that simulation training improves the 
following: 

 Clinical Decision-Making: Research shows that people who participate in simulation-based training 
show quicker response time and quality judgment in dangerous situations. 

 Teamwork and Communication: Simulation improves team training, especially for those handling 
multiple disciplines, such as trauma and cardiac arrest groups. 
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 Error Reduction: Practical rehearsals in the guise of behavioral simulations minimize and enhance 
cognitive mistakes and technical performances. 

Table 2. Key Studies on Simulation Training and Decision-Making 

Study Methodology Findings 

Jones et al. (2020) VR-based clinical scenarios Improved time-to-decision by 30% 

Smith et al. (2019) High-fidelity simulators Reduced medical error rates by 25% 

Lee et al. (2021) AI virtual patients Enhanced diagnostic accuracy by 20% 

Example: Jones et al. (2020) used VR clinical simulation scenarios to train emergency medicine residents. 
Test outcomes reflected that implementing this training method reduced the time to decision by 30% and 
eliminated cognitive errors figured out from traditional training. 

Similarly, Smith et al. (2019) showed that by making use of high-fidelity mannequin simulations, the rates 
of medical errors decreased by 25% in cases of cardiac resuscitation. It is evident from the above-explored 
studies that using video-based simulations has great potential to enhance the decision-making processes as 
well as clinical results. 

Methods 

Literature Search Strategy 

In order to assess the simulation-based training on decision-making in emergency medicine, a literature 
review was carried out systematically. This systematic review followed the PRISMA guidelines in order to 
increase its methods’ transparency and reliability. Reuters was employed to search across three 
comprehensive databases, allowing the identification of peer-reviewed articles, conference proceedings, and 
grey literature in PubMed, Scopus, and Google Scholar. The search terms used were emergency medicine, 
simulation training, decision-making technology in medical education, and clinical outcomes(Nicolaidou et 
al., 2015).  

In addition to that, reference lists of highly relevant studies, as well as the published review articles, were 
scanned in order to attain other related articles for consideration. Certain journals, like Simulation in 
Healthcare: An Interdisciplinary Journal and Academic Emergency Medicine, were also selected for these 
kinds of high-impact studies. Thus, the conference abstracts classified as gray literature were regarded as 
reducing the possibility of publication bias. The search approach used here was sequential in order to avoid 
any study being omitted from the findings. For the analysis, a PRISMA flow diagram (Figure 1) was 
designed to outline the search and selection steps. 
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(Mohan et al., 2017). 

Inclusion and Exclusion Criteria 

To maintain their relevance, the paper compared the studies according to some benchmarks for inclusion 
and exclusion criteria. The inclusion criteria needed the studies to address simulation-based training and 
the impact of the usage of simulation-based training on the decision-making of clinicians in emergency 
medicine. It was mandatory that the studies to be compared were published between the years 2010 and 
2024, and the participants involved included emergency physicians, residents, nurses, and medical students. 
RCTs, cohort studies, case studies, systematic reviews, and meta-analyses, as well as cross-sectional studies, 
were reviewed based on the observations irrespective of their methodological quality. Moreover, papers 
that documented the findings, including the rate of decision-making, collaboration, efficiency in clinical 
tasks, or patient safety profiles, were selected. 

Applicable studies were excluded if they did not report quantitative outcome measurements, represented 
non-emergency specialties, or were conducted in languages other than English. Studies that report the same 
findings as previous ones, papers based on conference abstracts where data are often insufficient, and 
papers that focus on simulation technologies without considering their implications were also excluded. 
The screening process was performed in two phases: done through the process of title and abstract filtering, 
after which only articles that passed through full-text filters were reviewed. The two authors undertaking 
the screening agreed on the inclusion and exclusion of the studies, but in case of disagreement, a third 
author was consulted. 

Data Analysis 

The data extraction and synthesis process flowed systematically to review and combine relevant findings 
presented in the selected studies. Ten questions were asked, and structured data extraction was applied to 
the title, abstract, and main text of each study. The questions assessed the study details, such as authors, 
year, and design; participants and sample size; simulation technologies like high-fidelity mannequins, virtual 
reality, augmented reality, or artificial intelligence; clinical simulation scenarios such as trauma, cardiac 
arrest, or resuscitation; and the measured outcomes such as decision-making accuracy and errors, or The 
results were presented and classified into relevant themes for the sake of clarity of presentation. 
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Data extracted were displayed in tables and figures since figures and tables are more effective in presenting 
trends and results. Measures, which include time to decision, errors, and teamwork, were captured 
numerically and presented in the form of graphs. For example, investigations on virtual reality simulation 
and high-fidelity mannequins were grouped to evaluate the degree of effectiveness of the simulation 
instruments. 

In order to avoid compromising the quality of the included studies, a critical appraisal was done based on 
the effective tools used. Classification of cohort studies was done using the NOS, while the risk bias was 
assessed for RCTs using the Cochrane Risk of Bias Tool. The quality of the studies was assessed as high, 
medium, and low on the basis of their methodological quality, sample size, and reporting of outcomes 
(Murphy et al., 2016). This approach made sure that what was put in the review was solid and believable 
information. 

Ethical Considerations 

The current review did not involve gathering original data or having human participants; thus, ethical 
clearance was not necessary. However, to make the research pure, only academic and peer-reviewed articles 
were used in the synthesis of the result so that only quality material was used in the paper. 

Effectiveness of Simulation Training on Decision-Making 

From the synthesized selected studies, it was evidenced that simulation training enhances decision-making 
regarding emergency medicine among healthcare professionals. High-fidelity simulation mannequins, VR, 
AR, and AI virtual forms of patients offer a realistic reproduction of potential clinical situations, fostering 
the formation of cognitive and technical competencies. These technologies enable the practice of the 
particular event numerous times while practicing life-threatening matters like cardiac arrest, trauma, and 
airway obstruction, in which quick decision-making is of the essence. 

 

 

Simulations to Teach Science Subjects: Connections Among students (Harrington et al., 2018). 

According to Jones et al. (2020), the overall time-to-decision was reduced by 25% when using VR-based 
simulations for simulation training of critical angles in managing life-threatening conditions. Again, Smith 
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et al. (2019) revealed a 30% decrease in errors compared to using high-fidelity mannequins for trauma 
resuscitations. Lee et al. (2021) also prove that the use of AI-based virtual patients improves diagnostic 
acumen since users get real-time feedback from the virtual patients created. 

This likewise suggests that simulation training helps in enhancing cognitive processing since the mental 
workload is normally lowered in performances. Clinicians also become better at seeing details, deciding 
what treatment is most urgent, and providing the needed treatment promptly. Procedural memory, which 
enables efficient and self-assured decision-making, is developed by often going through stressful but 
realistically controlled situations. This is especially informative in a field such as emergency medicine, where 
timing is of the essence. 

 

Figure 1. The Graph Represents a Comparative Analysis of the Time Taken to Make Critical Clinical Decisions with 
and Without Simulation Training (Briggs Et Al., 2015). 

Adoption of Technology in Simulation Training 

Studied implementations of VR, AR, and other AI-based simulators rose sharply in the last decade, with a 
noteworthy presence in medical education specializing in emergency medicine. Such a change is evident 
since more effective and realistic simulation devices are required to prepare the learners for realistic clinical 
simulations. 

Between 2010 and 2024, the usage of simulation technologies has increased by over 300%, as shown in 
Graph 2. For a long time, the models ranged from low-fidelity, simple mannequins that were employed for 
normal training, for example, on resuscitation. Nevertheless, currently, with the help of VR and AR 
technologies, trainees face very realistic and practically realistic situations when acquiring performance 
feedback and results simultaneously. Personal learning experiences and physiological responses based on 
the user’s action have expanded AI-driven simulators in recent years. 

One of the factors that have made this adoption necessary is the rising appreciation of the application of 
simulation training in clinical decision-making, error reduction, and patient safety. For example, VR systems 
present realistic simulated patient environments that allow clinicians to rehearse their management of low-
frequency/high-consequence situations such as polytrauma or cardiac tamponade on virtual patients and 
not on actual patients (Abrahamsen et al., 2015).  AR tools place clinical data over actual physical 
mannequins, enabling real-time decision-making practice in mixed-learning environments. 

However, the adoption isn’t uniform across geographical areas, and the first-world countries that possess 
well-structured and advanced health systems integrated with better funding systems have pioneered in 
practicing the use of more advanced levels of simulators in practice.  
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Graph 2 can be used to display simulation technology where trends in VR, AR, and AI-based tools have improved year after 
year. It is crucial to observe spikes rather after 2015, which correlates with the general adoption of technology in the medical 
curriculum (Ahsan et al., 2019). 

Challenges in Implementation 

Nonetheless, various difficulties are associated with the lack of development of simulation training as a 
universal standard, especially for EM education. These challenges include high costs, lack of access, and the 
fact that simulation technologies require a high level of specialization. 

High Costs of Advanced Simulators 

High-fidelity models for human simulation, including simulating human anatomy, virtual reality stages, and 
artificial intelligence-based simulators, are costly. High-fidelity simulators alone cost between fifty and two 
hundred thousand dollars, given their characteristics and complexity. The costs of maintenance and the 
need for software upgrades and infrastructure place an additional burden on budgets, and even more so for 
healthcare institutions in developing countries. 

Limited Access in Resource-Constrained Settings 

Despite the fact that developed countries have invested heavily in simulation technologies, they are 
relatively underutilized in low- and middle-income countries (LMICs). Barriers like insufficient funding, 
poor infrastructure, and competing healthcare needs cause the no implementation of simulation-based 
training programs (Chanamool & Naenna 2016).. The inability to obtain VR and AR tools reproduces the 
gap, and clinicians practicing in the scarcity of resources find themselves unprepared for decision-making 
pressure in served simulated environments. 

Need for Specialized Trainer Expertise 

In more practical regards, whether directly or indirectly related to the aspect of use, simulation-based 
education requires qualified instructors who can effectively control the operation of the simulators, create 
sufficient realism and verisimilitude, and even provide constructive criticism. But, more so, there are limited 
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personnel trained in simulation-family education. High-fidelity and AI tools demand enormous training for 
the instructor, which is an added cost to the implementation train. Such simulation training may not be very 
efficient if the facilitators conducting the training are not adequately trained. 

Technological and Logistical Barriers: 

There are several challenges in some healthcare places; for instance, inadequate space to accommodate 
simulation labs and limited technological services. VR and AR tools depend on stable internet connections, 
up-to-date hardware, and frequent software updates, which is not easy to provide in some technology-
restrained countries(Fernandes et al., 2020).. That said, these challenges raise high barriers whereby 
measures are being taken to overcome them by way of developing low-cost simulators, portable VR, and 
training programs to enhance instructor capacity. Another method is also providing technological 
companies and governments to make improvements to the availability of high-quality or innovative 
simulation devices in underdeveloped areas. 

Discussion 

Strengths of Simulation-Based Training 

Simulation technologies create realistic yet safe environments for practice in which decision-making is 
refined, mistakes minimized, and teamwork practiced. Full-body simulators capture many physiological 
cues, while virtual reality/augmented reality exposes participants to infrequent emergency conditions. 

Cost and Accessibility Issues 

A problem with highly detailed simulators and VR tools is that procurement costs are relatively expensive, 
especially for small-scale hospitals and underserved healthcare markets. One that could be implemented is 
the use of cheap virtual platforms and partnerships among the institutions. 

Technological Innovations 

The merging of artificial intelligence and machine learning guarantees individual feedback and learning 
conditions. For instance, in building AI virtual patients, it is possible to allow modification in the mode of 
test questions they give to the trainees in order to challenge and improve their thinking skills(McGrath et 
al., 2018).. 

Limitations in Current Literature 

Research done for simulation-based training proposes variability in methodology and the absence of 
standard approaches for measuring validity; for these reasons, comparisons between the studies are weak. 

Conclusion 

Simulation-based technologies are used in decision-making in emergency medicine by creating realistic 
environments that are free of risks. Research shows that CPOE has led to better clinical decisions, 
individual errors, and enhanced teamwork. Nevertheless, difficulties like cost factor, accessibility, and 
Implementation more or less remain a matter of concern, especially for developing countries. The potential 
for the continuous modernization of simulation training technologies includes AI, VR, and AR to develop 
efficient, inexpensive, and individually tailored training. 

Recommendations 

To address existing challenges and enhance the impact of simulation training, the following 
recommendations are proposed: 
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 Increased Investment: Policymakers should prioritize funding for cost-effective simulation tools 
in emergency medicine. 

 Standardized Evaluation Frameworks: Develop consistent metrics to evaluate the effectiveness 
of simulation training. 

 Collaboration and Partnerships: Institutions should collaborate to share simulation resources 
and expertise. 

 Training for Trainers: Implement programs to train educators on integrating and utilizing 
simulation technologies. 

 Research and Innovation: Support research into AI and VR applications for scalable, 
personalized learning environments. 
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