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Abstract 

Simulation-based training has gained popularity as an educational strategy in medical education, and while research on 
its effectiveness is growing, the evidence remains limited in quality and quantity. 

Background: Simulation-based training is increasingly recognized as a valuable educational approach in medical 
settings. Despite a growing body of research exploring its effectiveness, the available evidence is still constrained in 
terms of both quality and quantity. 

Methods: To assess the effectiveness of simulation-based training in medical education, a systematic review was 
conducted. Studies were included if they were randomized controlled trials (RCTs) or quasi-experimental studies 
comparing simulation-based training to either no intervention or traditional training methods. The outcomes of interest 
focused on clinical skills acquisition and retention. 

Aim: The aim of this study was to evaluate the overall effectiveness of simulation-based training in medical education. 

Conclusion: Simulation-based training proves to be an effective educational strategy for acquiring and retaining clinical 
skills in medical education. The evidence suggests its superiority over no intervention and, in some cases, traditional 
training methods. However, the mixed quality of evidence highlights the need for further high-quality research to 
confirm these findings. 

This systematic review seeks to comprehensively evaluate the impact of simulation-based training on the acquisition 
and retention of clinical skills among medical professionals.  

Keywords:  Medical education; Simulation-based training; Skills acquisition; Retention 

1. Introduction

Simulation-based training (SBT) is a pedagogical approach that employs simulated scenarios or environments to 
facilitate the practice and enhancement of clinical skills among learners, particularly healthcare professionals. Its 
objective is to replicate real-world clinical situations, providing realistic and immersive experiences without exposing 
actual patients to potential risks. As an integral part of medical education, SBT complements traditional teaching 
methods, addressing challenges related to skill acquisition, decision-making, and teamwork [1]. 
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The dynamic landscape of medical education requires the integration of innovative teaching methodologies to equip 
healthcare professionals with essential skills and competencies [1]. SBT has emerged as a powerful tool, offering a 
controlled environment for learners to practice clinical skills in realistic scenarios [2]. This ranges from immersive 
hands-on experiences with patient simulators to virtual reality simulations replicating complex medical situations [2]. 
SBT's ability to provide a safe and controlled space fosters a bridge between theoretical knowledge and practical 
application, particularly as medical practice becomes more intricate and patient safety remains paramount [3] [4]. 

A substantial body of literature highlights the effectiveness of SBT across various medical disciplines, emphasizing its 
potential benefits in enhancing clinical skills acquisition [4,5]. The systematic review aims to build upon these findings 
by critically assessing existing evidence and synthesizing the impact of SBT on the acquisition of clinical skills. 

Beyond initial skill acquisition, the durability of learned skills is crucial for ensuring sustained proficiency in real-world 
clinical environments. Retention of clinical skills is a key aspect of medical education, influencing the ability of 
healthcare professionals to deliver optimal patient care over time. This systematic review will explore the longitudinal 
impact of simulation-based training, shedding light on the extent to which such training contributes to the enduring 
retention of clinical skills. 

In conducting this systematic review, we aim to address gaps in the current understanding of SBT's effectiveness in 
medical education, offering insights that may inform educational practices and policies. As the healthcare landscape 
continues to evolve, the role of innovative pedagogical approaches, such as simulation-based training, is poised to 
become even more integral in shaping the next generation of proficient and resilient healthcare professionals. 

2. Research Method 

This systematic review employed a comprehensive search strategy across electronic databases, including Pubmed, 
Researchgate, Medline, Web of Science, Cochrane, Pubmed Central, PsychInfo, Ebsco, Google Scholar, and SpringerLink, 
covering the period from 2008 to 2023. Medical subject headings and keywords related to 'clinical skills acquisition,' 
'simulation-based training,' and 'retention' were used to refine the search. 

3. Project research design & methodology 

Drawing on published research, particularly in the health domain, this section outlines the research design and 
methodology employed for analyzing the data and assessing the influence of SBT on clinical skills and knowledge 
retention. 

4. Search strategy & inclusion/exclusion criteria 

The systematic review utilized the PICO (Population, Intervention, Comparison, and Outcome) framework and PRISMA. 
The study did not qualify to be listed on PROSPERO as the updated PROSPERO guidelines noted that it was not 
neccessary. This framework ensures a well-defined question and specifies the components necessary for a 
comprehensive review [50]. The search keywords for each component were outlined, with a focus on the population 
(students undergoing medical education and training) and the intervention (simulation-based training in medical 
education) [51]. The absence of a direct comparison in this study is noted, and the outcome is specified as clinical skills 
acquisition and retention. 
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Table 1 PICO and Inclusion/Exclusion Criteria 

S/N PICO Inclusion 
Criteria 

Exclusion Criteria 

1 Population 
(P): 

Students 
undergoing 
medical 
education with 
SBT 

- Studies conducted on SBT in medical schools  

 - Studies conducted in general medical teachings  

- Studies involving participants outside the defined healthcare professional 
groups (e.g., non-healthcare professionals or non-medical students) 

2 Intervention 
(I): 

Simulation-
based training 
(SBT) in 
medical 
education 

- Studies that investigate SBT in medical education  

- Studies employing any types of simulation (e.g., high-fidelity mannequins, 
virtual reality) as part of the training  

 - Studies with clearly defined simulation components, duration, and 
frequency. < - Studies where simulation is not a primary component of the 
intervention <br> - Simulations not related to clinical skills training in a 
healthcare context 

3 Outcome (O): Clinical skills 
acquisition and 
retention 

- Assess specific clinical skills that are the focus of the simulation-based 
training (e.g., procedural skills, diagnostic skills)  

- Clinical skills acquisition, including proficiency in specific medical 
procedures and diagnostic skills  - Additional outcomes, such as participant 
satisfaction, self-confidence, and patient-related outcomes if reported  

- Studies not reporting on clinical skills acquisition or retention <br> - 
Outcomes unrelated to the acquisition and retention of clinical skills <br> 
- Studies lacking relevant data on the effectiveness of simulation-based 
training 

4 Time (T): - studies within 
the time frame 
for the 
intervention 
and outcome as 
established 

- Publication language and date: Studies published in the English language  
- Studies done in the last 15 years, to capture a comprehensive range of 
studies  

- Publication language and date: Studies published in languages other than 
English  

 - Studies published more than 15 years ago 

 
Relevant literature across various EBSCO-based platforms, including ResearchGate, Cochrane, Web of Science, 
PsychInfo, Google Scholar, EBSCO, SpringerLink, PubMed Central, and Medline, were extensively explored to gather a 
diverse array of studies assessing the comparative impact of SBT methods in medical schools 

Table 2 Summary of data base query strategy 

S/N PICO  Research definition Search terminology 

1 Population Students undergoing medical 
education with SBT 

“medical education with SBT’. 

2 Intervention Simulation-based training (SBT) 
in medical education. 

“Simulation-based training (SBT) in medical education” 

3 Outcome Clinical skills acquisition and 
retention throughout. 

“Comparative effectiveness in terms of student’s 
understanding, retention,  learning through SBT“ overall 
educational outcome in clinical skills” 

4 Comparison No comparison None 

 PICO   
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5. Critical appraisal 

Critical Evaluation and Quality Assessment: A critical evaluation and quality assessment of selected papers were 
conducted as an integral part of the systematic review (Chen, 2017) [49]. This process involved assessing the adherence 
of publications to necessary methodological rigor, employing the CASP instrument—a commonly used technique for 
evaluating the caliber of research projects (Chen, 2017) [49]. 

Data Extraction and Analysis: After selection, relevant data was retrieved using Microsoft Excel from the chosen 
literature (Aromataris & Pearson, 2014) [55]. Data extraction, the process of extracting predefined information from 
selected articles and structuring it for additional analysis and synthesis, was performed. Categories included basic 
information such as author, year of publishing, and title of the publication; study features encompassing methodology, 
aim, and design; and study population and sampling, research analysis, findings, limitations, and recommendations for 
further research (Aromataris & Pearson, 2014) [55]. 

Ethical Considerations: Modern standards for evidence-based decision-making in clinical care and public health still 
rely on eminence-based input for normative ethical considerations (Mertz et al., 2016) [56]. Since this study is a 
systematic review using secondary data, ethical considerations were taken into account while including each main 
article in this review (Chen, 2017) [49]. Ethical permission was ensured, and potential ethical difficulties were 
considered. 

6. Results  

6.1. Database query and literature selection 

The three databases assessed for literature search include Cochrane, ResearchGate, Medline, Web of Science, PsychInfo, 
PubMed, SpringerLink, EBSCO, PubMed Central, and Google Scholar. The search strategy outlined in Chapter 3 was 
employed in the database query process, yielding results as follows: 10 from Medline; 826 from PubMed Central; 15 
from PubMed; 7 from Cochrane; 1511 from ResearchGate; 1286 from Web of Science; 2140 from SpringerLink; 100 
from EBSCO; 2800 from Google Scholar; and 51 articles from PsychInfo. The retrieved articles underwent a careful 
selection process, comprising various stages. 
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Figure 1 Prisma Flow Diagram 

Table 3 Summary of Details from Selected Articles 

S/N Author(s) Title Aim Study Design Country Key Findings 

1 Trentreed 
et al., 2016 

Simulation-based 
mastery learning 
improves medical 
student performance 
and retention of core 
clinical skills 

To assess senior 
medical student 
performance and 
retention of core 
clinical skills 

Quantitative America Simulation-based 
mastery learning is 
effective for senior 
medical students to 
learn and retain 
clinical skills. [49] 

2 Al-yateem 
et al., 2019 

Simulation-based 
training to improve 
obstetric/perinatal 
nurses' competency 
in managing obstetric 
emergencies in Saudi 
Arabia (KSA) 

To evaluate the 
effectiveness of 
SBT program on 
the level of nurses' 
knowledge and 
confidence in the 
management of 

Quasi-
Experimental 
Method 

Saudi 
Arabia 

SBT can be a method 
of choice for 
healthcare educators 
to upskill nursing 
staff. [49] 
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obstetric 
emergencies and 
their retention of 
the acquired 
competencies 

3 Lotte 
Abildgren 
et al., 2022 

The effectiveness of 
improving healthcare 
teams' human factor 
skills using 
simulation-based 
training 

To assess senior 
medical student 
performance and 
retention of core 
clinical skills 

A systematic 
review 

Denmark Simulation-based 
training is a 
successful learning 
tool to improve 
qualified healthcare 
teams' human factor 
skills. [49] 

4 Farzad 
Moazed et 
al., 2013 

Retention of critical 
care skills after 
simulation-based 
mastery learning 

To study retention 
of intensive care 
unit (ICU) clinical 
skills after an 
SBML boot camp 
experience 

Quantitative America SBML leads to 
substantial retention 
of critical care 
knowledge and 
patient care skills. 
[49] 

5 Kelled 
Hurd et al., 
2021 

Effectiveness of 
simulation-based 
training for obstetric 
internal medicine: 
Impact of cognitive 
load and emotions on 
knowledge 
acquisition and 
retention 

To evaluate the 
association of 
validated 
measures of 
cognitive load and 
emotion with 
learning outcomes 
in simulation-
based obstetric 
internal medicine 
cases 

Quantitative Canada Simulation-based 
education for 
obstetric internal 
medicine can be 
effective. Attention 
to cognitive load and 
emotion may 
optimize learning 
outcomes. [49] 

6 Gozie 
Offiah et 
al., 2019 

Evaluation of medical 
student retention of 
clinical skills 
following simulation 
training 

To evaluate the 
retention levels of 
practical skills 
taught and 
assessed by SBE 
and explore the 
degree of re-
training required 
to restore decayed 
performance 

Quantitative Ireland A curriculum with 
deliberate practice 
significantly 
increases the 
competence of 
students in defined 
clinical skills. [49] 

7 Yunxu et 
al., 2021 

Impact of simulation-
based education on 
the performance 
assessment, 
knowledge retention, 
and mentality of 
nursing students 

To assess the 
impact of 
simulation-based 
education on 
nursing students' 
performance 
assessment, 
knowledge 
retention, and 
mentality 

A systematic 
review and 
meta-
analysis 

China Simulation-based 
education 
significantly 
improves nursing 
students' 
performance 
assessment. [49] 

8 Minhchau 
et al., 2022 

Simulation-based 
education for medical 
radiation students 

To provide an 
evidence-based 
guide for 
educators, identify 
gaps in the 
literature, and 

A scoping 
review 

Australia Most studies 
demonstrated that 
simulation could 
improve clinical 
competence and 
increase 
preparedness and 
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suggest areas of 
future research 

confidence for 
clinical placement. 
Students' 
satisfaction 
remained high 
throughout the 
studies. [49] 

9 Jørn 
Hustad et 
al., 2019 

Nursing students' 
transfer of learning 
outcomes from 
simulation-based 
training to clinical 
practice 

To explore nursing 
students' transfer 
of learning 
outcomes from 
simulation-based 
training to clinical 
practice 

Qualitative 
design 

Norway Simulation-based 
training has the 
potential to improve 
nursing students' 
clinical performance, 
but students need 
more preparation 
and reflection for 
successful transfer of 
learning outcomes to 
clinical practice. [49] 

10 Okuda et 
al., 2009 

The utility of 
simulation in medical 
education: What is 
the evidence? 

To review the 
evidence for the 
utility of 
simulation in 
medical education 

Quantitative USA Simulation has been 
shown to be a 
reliable tool for 
assessing learners 
and for teaching 
topics such as 
teamwork and 
communication. [49] 

11 McGaghie 
et al., 2010 

A critical review of 
simulation-based 
medical education 
research: 2003-2009 

To review and 
critically evaluate 
historical and 
contemporary 
research on 
simulation-based 
medical education 
(SBME) 

Qualitative 
synthesis 

America Development of and 
research into SBME 
have grown and 
matured over the 
past 40 years on 
substantive and 
methodological 
grounds. The impact 
and educational 
utility of SBME are 
likely to increase in 
the future. [49] 

12 Cook et al., 
2011 

Technology-
enhanced simulation 
for health professions 
education: A 
systematic review 
and meta-analysis 

To summarize the 
outcomes of 
technology-
enhanced 
simulation training 
for health 
professions 
learners in 
comparison with 
no intervention 

Systematic 
review 

Canada Technology-
enhanced simulation 
training in health 
professions 
education is 
consistently 
associated with large 
effects for outcomes 
of knowledge, skills, 
and behaviors and 
moderate effects for 
patient-related 
outcomes. [49] 

13 Wayne et 
al., 2008 

Simulation-based 
education improves 
quality of care during 
cardiac arrest team 
responses at an 

To link educational 
outcomes achieved 
in a controlled 
environment to 

Retrospective 
case-control 
study 

USA Simulation-based 
educational program 
significantly 
improved the quality 
of care provided by 
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academic teaching 
hospital: A case-
control study 

patient care 
improvement 

residents during 
actual ACLS events. 
There is a growing 
body of evidence 
indicating that 
simulation can be a 
useful adjunct to 
traditional methods 
of procedural 
training. [49] 

7. Discussion  

This study critically aimed to identify the impact of simulation-based training on clinical skills acquisition and retention 
in medical education. A notable observation during article selection and assessment revealed a scarcity of studies in this 
specific area. 

The specific objectives crafted for this study served as foundational benchmarks for the discussion, aiming to: a. 
Evaluate the overall effectiveness of simulation-based training in medical education, considering outcomes like 
retention, performance, and more. b. Assess the impact of simulation-based training on the acquisition of clinical skills. 

The importance of repetitive practice in simulation-based education, as highlighted by Joel Moktar et al. (2016), is 
recognized. Literature reveals a range of necessary repetitions for optimal acquisition, with SBT being instrumental in 
fostering competence. Notably, McGaghie et al. (2010) and Zendejas et al. (2013) underscored the positive impact of 
simulation-based training on clinical skills acquisition. McGaghie et al. (2010) found improvements in clinical skills and 
better real-world performance, while Zendejas et al. (2013) demonstrated enhanced technical skills and procedural 
knowledge in surgical residents. Cook et al.'s (2020) meta-analysis further emphasized SBT's efficacy in enhancing both 
technical and non-technical skills acquisition across healthcare disciplines. 

Extensive research has explored the retention of clinical skills post-simulation training. Wayne et al. (2008) revealed 
that residents exposed to simulation-based training retained skills more effectively than those with traditional clinical 
training alone, indicating the potential for longer-term retention. Okuda et al.'s (2011) systematic review echoed this 
sentiment, concluding that simulation-based medical education not only enhances initial skill acquisition but also 
fosters skill retention over time. Deliberate practice and feedback during simulation sessions were highlighted as critical 
factors for sustaining clinical proficiency. 

In summary, a consistent body of literature supports the positive impact of simulation-based training on both the 
acquisition and retention of clinical skills. The findings from various studies underline the effectiveness of SBT in 
improving performance, real-world clinical outcomes, and the ability to retain skills over an extended period. 

While affirming the positive impact, it is crucial to acknowledge the dynamic nature of medical education research and 
the importance of staying abreast of the latest advancements in the field. 

8. Conclusion 

The systematic review examining the effectiveness of simulation-based training in medical education has provided 
compelling evidence supporting its positive impact on both clinical skills acquisition and retention. The reviewed 
studies consistently demonstrate that simulation-based training enhances the initial learning of clinical skills and 
contributes to longer-term retention compared to traditional methods. Simulation-based training offers a controlled 
and realistic environment for learners, allowing them to practice and refine their skills in a risk-free setting. The 
integration of technology, feedback mechanisms, and realistic scenarios creates a dynamic learning experience that 
mirrors the complexities of actual clinical practice. This, in turn, leads to improved performance in real-world healthcare 
settings. The evidence presented in this review suggests that simulation-based training is a valuable tool in medical 
education, benefiting learners at various stages of their training, from students to practicing healthcare professionals. 
The findings reinforce the importance of incorporating simulation into curricula to ensure comprehensive skill 
development and retention. 
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Recommendations for Further Studies 

While the current systematic review provides a strong foundation, there are avenues for further research to enhance 
our understanding of simulation-based training in medical education. Areas like long-term follow-up studies, 
comparative effectiveness studies, exploration of specialty-specific applications, cost-benefit analysis, incorporation of 
inter-professional education (IPE), and exploration of virtual reality (VR) and augmented reality (AR) are gaps that need 
to be addressed. By addressing these research gaps, future studies can refine the understanding of simulation-based 
training in medical education, paving the way for more targeted and evidence-based educational practices in healthcare. 

Limitations of the Study 

Only the available data from the literature used for this study, which were accessible and available at the time of 
research, was used. Data from these articles needed to be more comprehensive for a more concrete assessment of the 
current impact of simulation-based training on clinical skills acquisition and retention. Most of the other studies 
screened did not conform to the objectives of this study and thus were not eligible for inclusion. This therefore calls for 
more uniform methodology in further studies on this subject. This restricts the generalizability of our findings. 
Evaluating SBT in other contexts and medical schools is recommended. Furthermore, we did not measure the SBT 
students' participant's perceptions, which could be a source of inclusion. 
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