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Abstract

Over the past 10 years, there has been an increase in the use of high-fidelity simulation (HFS) as a tool to support 
and enhance learning in health profession programs. In this article, we review the utilization of HFS in 
biomedical (basic science) courses for health professions students, and we compare its effectiveness to 
traditional teaching methods. Studies exploring the impact of HFS on students and residents were included in the 
review. The use of HFS is more prevalent in advanced clinical settings such as in training residents and nurses 
than in teaching students in preclinical years. When compared to traditional teaching methods, HFS is noted to 
be superior in delivering core biomedical concepts to stu-dents and healthcare professionals. However, a few 
studies showed no significant differences between HFS and traditional teaching methods when assessing 
clinical management skills. Overall, HFS is a valuable teaching tool which enhances knowledge retention 
and clinical skill acquisition in medical education.
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1. Introduction
Simulation is a supplemental tool that replaces or augments real experiences with guided scenarios that evoke or 
replicate substantial aspects of the real world in a fully interactive manner.1 Simulation is a powerful tool to 
support teaching and learning which leverages and incorporates key principles of adult learning theory and 
evidence. Simulation environments allow for standardized training and evaluation and pose minimal risk to the 
patient in comparison with experiential learning conducted in the clinical setting.2

In this paper, simulation fidelity (low, medium, or high) describes the spectrum of how realistic a manikin is at 
mirroring a live patient.3 Low-fidelity simulators mirror the actual action or scenario closely but are the least 
realistic to the learner in comparison with higher-fidelity simulators. An example of a low-fidelity simulator is 
the intravenous injection trainer which is used as an aid in venepuncture tutorials for medical, physician assistant, 
or nursing students.3 In healthcare simulation, high-fidelity refers to simulation experiences that are extremely 
realistic and provide a high level of interactivity and realism for the learner.4 The simulation environment used in 
high-fidelity simulation (HFS) is usually of high quality and constitutes a high level of idealization. Various
training aids/modes can be used in HFS including humans, manikins, task trainers, or virtual reality.3 HFS 
training supports the provision of a bridge between didactic and observational learning to clinical training 
through repetitive practice and mastery-based learning prior to, or in parallel with, traditional bedside training.5



Table 1. Cant and Cooper’s proposed fidelity typology.

Simulation tools to
increase the fidelity

Description of simulation activity

Partial task trainers

Peer-to-peer learning

Replica models or manikins used to learn, practice, and gain competence in simple techniques
and procedures
Peer collaboration used to develop and master skills, such as basic health and physical
assessment

Screen-based computer simulators

Virtual reality

Haptic system
Standardized patients

Full-scale simulation

Programs used to acquire knowledge, to assess competency of knowledge attainment, and to
provide feedback related to clinical knowledge and critical thinking skills.
Combines a computer-generated environment with tactile, auditory, and visual stimuli
provided through sophisticated partial trainers to promote increased authenticity
A simulator that combines real-world and virtual reality exercises into the environment
Uses case studies and role-playing in the simulated learning experience; individuals, students,
or paid actors are taught to portray a patient in a realistic and consistent manner
Simulation that incorporates a computerized full-body manikin that can be programmed to
provide realistic physiologic response to practitioner actions; these simulations require a
realistic environment and the use of actual medical equipment and supplies

HFS is used toclinically complement the principal medical teaching for healthcare professionals by simulating 
diverse, realistic clinical scenarios.6 For example, it has been employed in training radiology residents in the 
management of adverse reactions to contrast agents in hospital settings.7–10

The definition of HFS varies across the literature. Cant and Cooper defined HFS as a computerized manikin that 
physiologically responds accordingly to students’ actions and proposed the fidelity typology shown in Table 1.11

The many advantages of HFS include the possibility of practice without the added risk of harming a patient or 
delaying emergency management, the opportunity to receive thorough feedback,12 and enhancing teamwork 
to provide the highest quality of care to patients.13 One of the reported disadvantages of HFS is that it has become so 
realistic with the technological advancement in our day that some students described their simulation 
experiences as overwhelming.14 This could lead to distraction which may negatively impact meeting the educational 
objectives that the simulation was intended for. Assessing the criteria such as the simulation session’s goals, students’ level 
of experience, and the topic at hand all factor into the success of the simulation. HFS experience could be improved to 
optimize the benefits it provides. Designing an unexpected simulation, for example, could simulate a more realistic 
scenario in a hospital setting. That would in turn test the collegiality of the team and their coherence when working 
together in an emergency setting.15 Overall, HFS is thought to be beneficial when operated and carried out 
appropriately, and its benefits are thought to outweigh the disadvantages mentioned in the literature.

HFS has been noted in the literature to enhance knowledge delivery and retention in many fields. Interventional 
radiologists have used high-fidelity endovascular simulation to decrease the learning curve in the curriculum.16

Dentistry and veterinary students who participated in HFS expressed their preference to it when compared to traditional 
teaching methods, stating that HFS improved their knowledge, as well as their clinical and teamwork skills.17,18 

A study was conducted on the general public using HFS to assess the knowledge of drug administration in emergency 
settings. The participants were able to conclude that the nasal spray formulation of naloxone was the most successfully 
administered in an opioid overdose.19 Crucial data obtained with the aid of HFS confirm the benefits of its 
utilization not only in teaching, but also in obtaining information to better advance emergency management and 
public health.

HFS is a valuable learning support tool, hence several biomedical programs have adopted or advocated to establish 
it as a core pillar in their curricula to enhance learning alongside traditional teaching methods such as lectures 
and tutorials.20,21 There are limited studies that have compared the effectiveness of HFS to traditional methods in 
teaching clinical skills with most reporting positive outcomes including improved knowledge retention,3,22,23 

enhanced leadership skills,24 and improved post-session test results.25,26 Despite a large literature body reporting 
benefits of HFS in clinical teaching settings, there is limited number of available studies that explore whether 
HFS aids in improving the delivery of basic science disciplines such as physiology and pharmacology to health 
professions, students, and trainees. However, HFS has been increasingly used in supporting the teaching of 
basic science concepts.27 Basic science concepts form the foundation of a health professional’s education and pave the 
way to clinical competency. Therefore, it is crucial to review the effectiveness of the recently introduced use of HFS 
in basic science teaching delivery. In this review, we analyze the available literature on the use of HFS in teaching 
both basic science and clinical concepts, aiming to shed light on the level of utilization of HFS in 
undergraduate biomedical education, and its effectiveness in comparison with traditional teaching methods.



Table 2. Keywords searched on PubMed database, and the
number of hits generated for each combination.

Keywords searched Number of hits

164

35

‘‘High-fidelity’’ AND ‘‘simulation’’ AND
‘‘Pharmacology’’
‘‘High-fidelity’’ AND ‘‘simulation’’ AND
‘‘students’’ AND ‘‘pharmacology’’
‘‘High-fidelity’’ AND ‘‘simulation’’ AND
‘‘students’’ AND ‘‘biomedical sciences’’

15

Figure 1. Number of publications generated over the past
21 years (a) in general education (searched terms ‘‘high fidelity’’
AND ‘‘simulation’’ AND ‘‘education’’), and (b) in the field of
pharmacology (searched terms ‘‘high-fidelity’’ AND ‘‘simulation’’
AND ‘‘pharmacology’’).



3. Results and discussion

3.1 HFS in teaching biomedical sciences: student acceptability

Traditional teaching methods, such as didactic lectures and in-person tutorials, overwhelm the science and medical 
curricula worldwide. The searched literature is not extensive in providing a suggestive impact to influence the use of 
HFS. Advanced medical residency and nursing programs provide access to HFS integrated with clinical training and 
pharmacology programs have been slowly adopting HFS to deliver content more effectively to medical students in
preclinical years. Over the past 21 years, there has been an obvious increase in the acceptance and the use of HFS to deliver 
concepts in general education (Figure 1(a)), and more specifically in the field of pharmacology (Figure 1(b)).

For example, via et al.28 showed that medical students studied anesthetic drugs' physiologic effects using high-fidelity 
simulators. A post-simulation survey revealed that 83% of the students preferred the clinically simulated integrated 
experience, compared to traditional didactic lectures. More recently, HFS studies assess student knowledge retention using 
pre-simulation and post-simulation tests and comparing their scores. Meyer et al.25 evaluated pharmacology students 
through a survey to determine their ability to apply pharmacology knowledge post-simulation and found that over 90% of 
surveyed students stated that HFS improved their skills. HFS has been used in exposing to aid in exposing medical students to 
drug toxicity and management scenarios, for example, lithium and salicylate toxicity. Students completed a 5-point Likert-
type scale survey in both studies, which demonstrated high acceptability and engagement with the case simulations.29,30 
Since student satisfaction and exam performance are significantly and positively correlated with one another,31–34 it is 
valid to consider student preference when choosing teaching methods. Several papers conducted quantitative studies 
to assess the impact of HFS on the application of theoretical knowledge in pharmacy students using the pre-

simulation and post-simulation test intervention method. Results demonstrated a statistically significant increase in 
post-simulation test scores that are conducted immediately and 9 months post-simulation when compared to pre-test 
scores (p \ 0.05).26,35

The utilization of HFS in teaching cardiology has been more evident in the literature over the past two decades, 
considering the simulation’s efficacy in conveying more complex clinical scenarios and core principles. Simulation for 
medical students is often used for teaching clinical management to clerkship students, such as congestive heart 
failure,36 acute illness,37 anesthesia scenarios,26 or acute myocardial infarction.38 Basic science education using 
small group simulation has been described for shock physiology39 and cardiovascular physiology.38,40,41 In 2016, 
Morgan and colleagues assessed 299 students’ knowledge retention in the management of unstable cardiac 
arrhythmias. The study used a pre-simulation and post-simulation test method, with a significant rise in scores 
post-simulation. The use of HFSs and the improved retention of basic science knowledge witnessed in students solidify the 
correlation between the two.26 The pharmacological management of other cardiac episodes such as ventricular fibrillation 
and pulseless ventricular tachycardia has been noted and aided by HFSs in the literature.42 Simulators allowed pharmacy and 
medical students to apply their learned didactic lecture theories to practice, further cementing it in implicit rather than 
explicit memory.23 HFS has also successfully reduced anxiety and increased self-confidence in healthcare professionals.43 
Anxiety has been extensively studied for its adverse cognitive side effects such as inhibition and decreased attention.44 
Decreasing anxiety with the utilization of HFS would accelerate reaction time when administering a drug in an emergency 
setting, therefore, improving patient care. When using simulators to appraise students’ clinical responses, they are required 
to retrieve basic science concepts that necessitate plain recollection, such as which drug class should be administered and at 
what dosage. The active recall of medical concepts further supports the assertion as to how practical it is to use simulators to 
ingrain the basic science concepts, which in turn refines patient healthcare. Another study yielded a significant increase in 
post-simulation test scores by 22% following HFSs to assist in learning cardiovascular function curves in first-year medical 
students.45 More recently, Yu et al.46 demonstrated that medical students have a significantly lower level of anxiety and 
higher level of confidence after attending a simulation session in comparison with before, as measured by the State-Trait 
Anxiety Inventory (STAI).



3.2. Effectiveness of HFS in teaching biomedical sciences compared with traditional teaching 
methods

Many studies using HFS in biomedical students suggest a significant increase from pre-simulation to post-
simulation test scores. Arcoraci and colleagues noted that the medical students’ immediate and long-term 
retention on positive ionotropic agents was significantly higher when compared to students in the traditional 
teaching groups.3 Konieczny and colleagues demonstrated a notable increase in nursing students’ knowledge of 
drug administration skills following HFS compared to low fidelity. The increase in knowledge post-HFS 
indicates that students are better equipped to tackle challenging clinical scenarios.47 These results favor the 
utilization of high-fidelity patient simulations in delivering core concepts such as pharmacotherapy in 
comparison with traditional teaching methods. Students in their preclinical years could benefit from HFS by 
reinforcing basic concepts, increasing confidence and critical thinking when applying theoretical concepts.11

    Pharmacy students in a pilot study were assessed for their knowledge retention after their interaction with 
HFSs and didactic lectures. Pharmacy students who received supplemental simulations scored 20% higher in 
their post-simulation tests and maintained the scores 1 month later. Students who only received didactic 
lectures showed a progressive decline in immediate and delayed post-simulation test scores.22 HFS 
demonstrated strong knowledge retention abilities, thus utilizing it in basic science courses is critical for 
building a solid biomedical foundation. A limited number of published studies discussed the benefits, costs, 
and outcomes of using HFS. Nevertheless, most of those studies show promising results in knowledge retention 
and the understanding of basic science concepts as outlined in Table 3.

3.3. Effectiveness of HFS in teaching clinical management skills compared with traditional teaching 
methods

Several studies in the literature have explored the use of HFSs for teaching essential clinical and management skills to 
medical residents in a hospital setting. However, compared to traditional or low-fidelity teaching methods, HFS did not 
result in a better management outcome. Wang and colleagues compared test score differences between residents 
completing a computer-based and an HFS course for teaching contrast reaction management. The results were not 
significant and showed improved post-simulation test scores in both groups.53 Other studies aiming to teach 
and refresh contrast reaction management to radiology residents were placed into either a traditional or HFS 
teaching group. There was no significant difference in performance between the two groups post sessions.54,55 
However, residents in the HFS group did perform better in severe contrast reactions and reported more 
comfort in managing them.55 Emergency medicine residents in a comparative study also reported more 
satisfaction when their knowledge was evaluated using a high-fidelity simulator compared to a written examination on drug 
overdose management.56



Table 3. List of studies that compared the impact of HFS on knowledge retention (pre-simulation and post-simulation) to traditional teaching methods with delayed post-simulation
test (0–9 months).

Reference Time delay at conduct
of post-simulation test

Results of comparison between didactic vs HFS groups Student population—discipline

Wheeler et al.35 9 months Students that viewed the online module and attended HFS scored significantly higher
(p = 0.002) in post-simulation tests when compared to students who attended a formal
lecture only. There may have been some inherent bias introduced by the participant selection
process which was not random and limited in number. However, the more intense the
teaching modalities became, more knowledge retention was noted in the students which
supports the superiority of HFS when compared to didactic lectures.

Medical students—Drug
administration skills

Alluri et al.23 5 weeks In the simulation group, there was a significant increase in delayed post-simulation test scores
(p < 0.001) when compared to immediate post-simulation test scores. However, the delayed
post-simulation test was administered online where additional reference material could have
been used by the students, and shortly after the mandatory final exam where the same topics
were tested. These factors could have contributed to the increase in the delayed test scores.
In contrast, there was no increase in delayed post-lecture test scores in the lecture group
when compared to immediate post-lecture test scores (p = 0.882).

Medical students—Cardiology

Arcoraci et al.3 3 months HFS group scored higher on the post-simulation test and did not decrease in score 3 months
after the simulation when compared to sham (p < 0.001) and low-fidelity (p < 0.001)
groups

Medical students—Pharmacology

Gisriel et al.22 1 month Didactic lecture group vs HFS group had similar pre-test score. Post-test in Didactic group:
Scored 1% lower compared to pre-test scores (15% lower 1 month later). Post-simulation test
in Simulation group: Scored 20% higher compared to pre-test scores (maintained 1 month
later)

Nursing students—Pharmacology

Ray et al.48 25 days Students in the simulated patient case did not result in greater knowledge retention or
comfort level than students in the written patient case. The post hoc analyses showed a
significant difference between comfort levels at baseline and post-simulation test (p < 0.001),
but there was no difference in comfort levels between the immediate and delayed post-
simulation test

PharmD students—Pharmacy

Morgan et al.26 Same day of simulation There was a significant improvement between individuals’ pre-simulation vs post-simulation
pharmacology test answer scores (p < 0.0001)

Medical student—Cardiology

Meyer et al.25 Same day of simulation Toward Health Care Teams scale (ATHCT) scores improved from 4.55 to 4.72 on a scale of 1–
6 (p = 0.005). Almost all (over 90%) of the students stated their pharmacology knowledge and
their ability to apply that knowledge improved following the simulation

Nursing and pharmacy
students—Pharmacology

Harris et al.45 Same day of simulation Pre-simulation and post-simulation tests, along with student surveys, were used to determine
student knowledge and perception of learning in two first-year medical school classes. There
was an increase of 21% and 22% in the percentage of students achieving correct answers on a
post-simulation test compared with their pre-test score. The median number of correct
questions increased from pre-test scores of 2 and 2.5 to post-simulation test scores of 4 and 5
of a possible total of 6 in each respective year.

Medical student—Cardiology

(continued)



Table 3. Continued

Reference Time delay at conduct
of post-simulation test

Results of comparison between didactic vs HFS groups Student population—discipline

Craig et al.49 Same day of simulation Post-simulation test knowledge scores increased in both groups (Medication Safety Knowledge
Assessment and Medication Safety Critical Element Checklist), but results were not statistically
significant (a = 0.05). Students who received the medication safety enhancement intervention
performed significantly better in a subsequent simulation than students who did not have prior
simulation experience (p < 0.001)

Nursing students—Drug
administration practices

Sperling et al.50 Same day of simulation Post-simulation test scores were higher in students who attended a simulation session
compared to those who did not (p < 0.001). Students who participated in a simulation
session were more comfortable in their overall approach to treating altered mental status
patients (AMS) (p = 0.05). Students who participated in a simulation session were more likely
to find the overall AMS curriculum useful (p < 0.001).

Medical student—Clerkship

Ali et al.51 Same day of simulation Radiology trainees viewed the didactic lectures, attended a simulation session, and completed
the pre-simulation and post-simulation quizzes and questionnaires. Mean scores increased
from 69% to 82% (p < 0.001) and from 3.1 to 4.5 out of 5 (p < 0.001) on the objective and
subjective tests, respectively.

Medical student—Radiology

Brown et al.52 Same day of simulation Post-simulation test scores were significantly higher than pre-simulation test scores in
Pediatric Cardiac Critical Care Nurse Practitioners (56.0% and 36.8%, respectively
(p < 0.001)). The course improved overall knowledge, and the pediatric nurse practitioners
reported satisfaction and confidence in the simulation experience.

Nursing students—Pediatric
cardiac care

HFS: high-fidelity simulation.



3.4. HFS to assess knowledge gaps in healthcare workers

When HFS and traditional teaching methods are combined for training residents, the results improved 
significantly as noted in the literature. In a recent study, 96 radiology trainees attended two didactic lectures 
followed by a simulation, which resulted in a mean score increase from 69% on the pre-simulation test to 82% on the 
post-simulation test.51 In 2015, Picard and colleagues reported similar results for combined didactic and HFS training 
for radiology residents. There was a significant increase in knowledge retention compared to baseline scores 
following the combined interventions.54 Rehabilitation residents’ knowledge on urgent care improved from the 
baseline mean score of 57.8% to 85% after the educational course consisting of didactic lecture and HFS.57 A larger 
number of studies investigate the effects of HFSs independently and demonstrate substantial score 
improvement from pre-simulation to post-simulation tests. This has been proven in diverse clinical disciplines, where 
simulations improved test scores in paramedic seizure management by 26%,58 increased medical students’ 
competencies in managing neurological emergencies after simulations,59 and enhanced safe drug 
administration in nursing students.49 Sperling also concluded a strong relationship between HFS and improved 
knowledge-based test scores in the students’ clinical approach, comfort and competence to patients with altered 
mental status.50 These results are consistent and demonstrate the capability of HFS to advance clinical skills and 
enhance critical thinking when applying theoretical concepts.

Interestingly, pharmacology students who participated in a simulated patient case demonstrated no significant 
increase in long-term knowledge retention compared to those who were exposed to the conventional written 
patient case scenario.48 A possible explanation for this surprising outcome could be that the participating students 
were in their fourth year of the program. By that point, having conducted a year of clinical practice may have 
aided the students in the written patient case group to achieve comparable results to students in the simulation 
group. Other factors that could have contributed to the insignificant findings in this study was the smaller group of 
participants of 26 students compared to other simulation studies and the shorter period of 25 days to assess the long-
term retention of knowledge. Confounding variables should be considered when assessing the benefits HFS has on long-
term knowledge retention to maximize the accu-racy of data interpretation.48

HFS has been used and studied extensively in training healthcare workers to improve practical skills and has 
helped in revealing significant areas of improvement in clinical skills. For example, seizures are commonly 
encountered by paramedics, and HFS helped uncover important knowledge gaps for paramedics in their 
management of the route and dosing of midazolam in children experiencing seizures.58 HFS also uncovered that 
pediatric respiratory therapists lacked a uniform care algorithm in implementing lifesaving airway maneuverers to 
achieve effective ventilation in children.60 The nursing field also has utilized HFS for teaching and training 
purposes. For example, a simulation ‘‘boot camp’’ for pediatric nurse practitioners in congenital heart diseases 
resulted in a significant increase in knowledge and proportion of time-sensitive tasks completed within 5 min, 
as well as an increase in performance confidence and overall satisfaction post-simulation compared to 
pre-simulation.52 Nurses’ confidence in completing a Clinical Opiate Withdrawal Scale also increased after 
conducting HFS.61 Intensive care unit nurses participated in cardiopulmonary resuscitation simulation that concluded 
that more frequent training session conducted every 3 months would improve the timely manner of initiating 
chest compressions on patients and increase clinical skill retention.62 HFS can be useful for achieving a 
standardized level of care that would prevent disease sequalae without jeopardizing patient health. It can be used 
to identify and bridge gaps in knowledge, clinical skills, and confidence in healthcare workers, which would 
proactively prevent detrimental consequences to patients in a healthcare setting. HFS could also be utilized to 
assess the appropriate time periods to conduct evaluations on the standards of clinical skills and care provided by 
nurses to patients.



4. Limitations

Most relevant papers investigating the use of HFS predominantly target residents and nurses to assess and 
improve emergency management and critical care skill gaps.51,52,63,64 HFS allows researchers to uncover 
areas for reinforcing patient care and safety. There is a lack of studies investigating HFS to teach basic sciences, 
limiting the review’s conclusions. The high-cost equipment used and the enormous time and effort required for 
meticulous planning and execution of HFS could restrict their use in teaching organizations.

The limited papers that studied the long-term knowledge retention following HFS conducted the delayed test from
0 to 9 months post simulation.3,22,23,35 The long-term effect of HFS on knowledge retention and patient quality of care 
in comparison with traditional teaching methods in biomedical science programs remains unknown. Also, it is challenging
to isolate a cost–benefit ratio for the utilization of HFS. To justify the high cost of HFS, a full economic analysis is 
necessary, which many healthcare professionals and doctors are not qualified to perform.65 A cost–benefit analysis 
coupled with a cost–benefit ratio may be required to estimate the return of investment for simulators. However, 
the literature is scarce in concluding a definitive answer as to whether a simulator cost is justified, and that could be due 
to the subjective nature of the issue. Many factors contribute to costs, such as trained staff, location, proctors, and the 
physical simulator’s price, to name a few. In the past few years, more papers were published to tackle the cost issue 
of high-fidelity simulators. These included developing models with less expensive commercially available material 
without compromising the quality of the fidelity and using biomedical calibration machines to turn low-fidelity models 
into high-fidelity simulators at a fraction of the cost.66–68 The documented benefits of simulators include increased 
immediate and long-term knowledge retention, improved clinical skills, training, and confidence. However, clinically 
meaningful benefits are challenging to assess due to the lack of data on the impact of HFS in the biomedical science 
field on the patient quality of care and safety. Therefore, future studies are encouraged to establish a cost–benefit ratio 
for HFS use in teaching. This will help make solid recommendations on the value of HFS as a teaching method in 
the biomedical sciences taught within health professions programs.

5. Conclusion

The use of simulations is more evident in clinical training with medical residents and nurses, when compared to 
undergraduate health professions students. The optimization of HFS in teaching fundamental sciences such as 
pharmacology and clinical sciences is limited, despite providing promising results in knowledge retention and student 
satisfaction. There is an inadequate number of papers that mention the use of HFS to teach other basic biomedical 
sciences, such as cardiology and neuroscience. Providing a solid foundation in core disciplines inherently leads to 
acquiring a superior clinical skill set that translates into enhanced patient healthcare. Further research on establishing 
the uniform use of HFS to teach core concepts in undergraduate programs is encouraged. The adjustments of curriculums 
to abide by the pandemic’s social distancing regulations could be feasible using HFS. They offer a safe opportunity to 
limit student–patient exposure but provide the experience needed to reinforce clinical skills and knowledge. The 
integration of HFS in healthcare’s diverse clinical fields suggests a strong association with improved post-simulation test 
scores. Based on the trend of increas-ing number of HFS publications over the past 20 years, it can be concluded that 
there has been a clear rise of interest and acceptance for HFS. The direction that HFS has led is promising and the 
increased number of studies that attempt to tackle some of the limitations HFS carries further solidifies its 
growing influence in teaching and knowledge retention. We recommend incorporating simulations in preclinical 
stages to allow students to be sub-merged into a more holistic experience, developing their theoretical and clinical 
skills concurrently. This also will demonstrate a shift toward a more experientially based class grounded in the 
acquisition and demonstration of clinical competencies.
Funding

This research received no specific grant from any funding agency in the public, commercial, or not-for-profit sectors.



References 
1. Gaba DM. The future vision of simulation in health care. Qual Saf Health Care 2004; 13: i2–10.
2. Gordon JA, Wilkerson WM, Shaffer DW, et al. ‘‘Practicing’’ medicine without risk: students’ and educators’ responses to high-

fidelity patient simulation. Acad Med 2001; 76: 469–472. 
3. Arcoraci V, Squadrito F, Altavilla D, et al. Medical simulation in pharmacology learning and retention: a comparison study with

traditional teaching in undergraduate medical stu- dents. Pharmacol Res Perspect 2019; 7: e00449.
4. Durham CF. The International Nursing Association for Clinical Simulation and Learning (INACSL), a community of practice for

simulation. Clin Simul Nurs 2013; 9: e275– e276.
5. Tritrakarn P, Berg BW, Kasuya RT, et al. Medical school hotline: can we use simulation to teach medical ethics? Hawaii J Med

Public Health 2014; 73: 262–264.
6. Weaver A. High-fidelity patient simulation in nursing education: an integrative review. Nurs Educ Perspect 2011; 32: 37–40.
7. Pfeifer K, Staib L, Arango J, et al. High-fidelity contrast reaction simulation training: performance comparison of faculty, fellows,

and residents. J Am Coll Radiol 2016; 13: 81–87.
8. Pippin K, Everist B, Jones J, et al. Implementing contrast reaction management training for residents through high-fidelity

simulation. Acad Radiol 2019; 26: 118–129.
9. Tofil NM, White ML, Grant M, et al. Severe contrast reaction emergencies high-fidelity simulation training for radiology residents

and technologists in a children’s hospital. Acad Radiol 2010; 17: 934–940.
10. Chinnugounder S, Hippe DS, Maximin S, et al. Perceived Barriers to the use of high-fidelity hands-on simulation training for

contrast reaction management: why programs are not using it. Curr Probl Diagn Radiol 2015; 44: 474–478.
11. Cant RP and Cooper SJ. Simulation-based learning in nurse education: systematic review. J Adv Nurs 2010; 66: 3–15.
12. Paris CR, Salas E and Cannon-Bowers JA. Teamwork in multi-person systems: a review and analysis. Ergonomics 2000; 43: 1052–

1075.
13. Baker DP, Day R and Salas E. Teamwork as an essential component of high-reliability organizations. Health Serv Res 2006; 41: 1576–

1598.
14. Kim J, Park JH and Shin S. Effectiveness of simulation- based nursing education depending on fidelity: a meta-analysis. BMC Med Educ 

2016; 16: 152.
15. Armenia S, Thangamathesvaran L, Caine AD, et al. The role of high-fidelity team-based simulation in acute care settings: a systematic

review. Surg J 2018; 4: e136–e151.
16. Amin A, Salsamendi J and Sullivan T. High-fidelity endovascular simulation. Tech Vasc Interv Radiol 2019; 22: 7–13.
17. Roy E, Quinsat VE, Bazin O, et al. High-fidelity simulation in training dental students for medical life-threatening emergency. Eur J

Dent Educ 2018; 22: e261–e268.
18. Fletcher DJ, Militello R, Schoeffler GL, et al. Development and evaluation of a high-fidelity canine patient simulator for veterinary

clinical training. J Vet Med Educ 2012; 39: 7–12.
19. Eggleston W, Calleo V, Kim M, et al. Naloxone administration by untrained community members. Pharmacotherapy 2020; 40: 84–88.
20. Helyer R and Dickens P. Progress in the utilization of high-fidelity simulation in basic science education. Adv Physiol Educ 2016; 40:

143–144.
21. Cavuoto Petrizzo M, Barilla-LaBarca M-L, Lim YS, et al. Utilization of high-fidelity simulation to address challenges with the basic

science immunology education of preclinical medical students. BMC Med Educ 2019; 19: 352.
22. Gisriel C, Dalley CB and Walker A. Supplementing pharmacologic didactic lectures with high fidelity simulation: a pilot study. Clin

Simul Nurs 2021; 53: 59–65.e10.
23. Alluri RK, Tsing P, Lee E, et al. A randomized controlled trial of high-fidelity simulation versus lecture-based education in preclinical

medical students. Med Teach 2016; 38: 404–409.
24. Wang C, Huang CC, Lin SJ, et al. Using multimedia tools and high-fidelity simulations to improve medical students’ resuscitation

performance: an observational study. BMJ Open 2016; 6: e012195.
25. Meyer BA, Seefeldt TM, Ngorsuraches S, et al. Interprofessional education in pharmacology using high-fidelity simulation. Curr Pharm Teach

Learn 2017; 9: 1055–1062.
26. Morgan PJ, Cleave-Hogg D, Desousa S, et al. Applying theory to practice in undergraduate education using high fidelity simulation.

Med Teach 2006; 28: e10–e15.
27. Zvara DA, Olympio MA and MacGregor DA. Teaching cardiovascular physiology using patient simulation. Acad Med 2001; 76:

534.
28. Via DK, Kyle RR, Trask JD, et al. Using high-fidelity patient simulation and an advanced distance education network to teach

pharmacology to second-year medical students. J Clin Anesth 2004; 16: 144–151.
29. Lammers RL, Sheakley ML and Hendren S. A simulated case of acute salicylate toxicity from an intentional overdose.

MedEdPORTAL 2018; 14: 10678–10678.
30. Bhalla IP, Wilkins KM, Moadel T, et al. Alcohol withdrawal and lithium toxicity: a novel psychiatric mannequin-based simulation

case for medical students. Mededportal 2017; 13: 10649.
31. Mackey M. Examining the relationship between medical stu- dent satisfaction and academic performance in a pre-clinical, flipped-

classroom curriculum, 2019, https://corescholar.li- braries.wright.edu/scholarship_medicine_all/8/



 
32. Bernaitis N, Baumann-Birkbeck L, Alcorn S, et al. Simulated patient cases using DecisionSim™ improves student performance and 

satisfaction in pharmacotherapeutics education. Curr Pharm Teach Learn 2018; 10: 730–735. 
33. Warren JN, Luctkar-Flude M, Godfrey C, et al. A systematic review of the effectiveness of simulation-based education on satisfaction 

and learning outcomes in nurse practitioner programs. Nurse Educ Today 2016; 46: 99–108. 
34. Ten Eyck RP, Tews M and Ballester JM. Improved medical student satisfaction and test performance with a simulation-based 

emergency medicine curriculum: a randomized controlled trial. Ann Emerg Med 2009; 54: 684–691. 
35. Wheeler DW, Degnan BA, Murray LJ, et al. Retention of drug administration skills after intensive teaching. Anaesthesia 2008; 63: 

379–384. 
36. McMahon GT, Monaghan C, Falchuk K, et al. A simulator- based curriculum to promote comparative and reflective analysis in an 

internal medicine clerkship. Acad Med 2005; 80: 84–89. 
37. MacDowall J. The assessment and treatment of the acutely ill patient—the role of the patient simulator as a teaching tool in the 

undergraduate programme. Med Teach 2006; 28: 326–329. 
38. Gordon JA, Brown DF and Armstrong EG. Can a simulated critical care encounter accelerate basic science learning among preclinical 

medical students? A pilot study. Simul Healthc 2006; 1: 13–17. 
39. Koniaris LG, Kaufman D, Zimmers TA, et al. Two third-year medical student-level laboratory shock exercises without large animals. 

Surg Infect 2004; 5: 343–348. 
40. Euliano TY. Small group teaching: clinical correlation with a human patient simulator. Adv Physiol Educ 2001; 25: 36–43. 
41. Tan GM, Ti LK, Suresh S, et al. Teaching first-year medical students physiology: does the human patient simulator allow for more 

effective teaching? Singapore Med J 2002; 43: 238–242. 
42. Mieure KD, Vincent WR 3rd, Cox MR, et al. A high-fidelity simulation mannequin to introduce pharmacy students to advanced 

cardiovascular life support. Am J Pharm Educ 2010; 74: 22. 
43. Labrague LJ, McEnroe-Petitte DM, Bowling AM, et al. High-fidelity simulation and nursing students’ anxiety and self-confidence: 

a systematic review. Nurs Forum 2019; 54: 358–368. 
44. Eysenck MW, Derakshan N, Santos R, et al. Anxiety and cognitive performance: attentional control theory. Emotion 2007; 7: 336–353. 
45. Harris DM, Ryan K and Rabuck C. Using a high-fidelity patient simulator with first-year medical students to facilitate learning of 

cardiovascular function curves. Adv Physiol Educ 2012; 36: 213–219. 
46. Yu JH, Chang HJ, Kim SS, et al. Effects of high-fidelity simulation education on medical students’ anxiety and confidence. PLoS ONE 

2021; 16: e0251078. 
47. Konieczny L. Using high-fidelity simulation to increase nursing student knowledge in medication administration. Teach Learn Nurs 

2016; 11: 199–203. 
48. Ray SM, Wylie DR, Shaun Rowe A, et al. Pharmacy student knowledge retention after completing either a simulated or written patient 

case. Am J Pharm Educ 2012; 76: 86. 
49. Craig SJ, Kastello JC, Cieslowski BJ, et al. Simulation strategies to increase nursing student clinical competence in safe medication 

administration practices: a quasi-experimental study. Nurse Education Today 2021; 96: 104605. 
50. Sperling JD, Clark S and Kang Y. Teaching medical students a clinical approach to altered mental status: simulation enhances traditional 

curriculum. Med Educ Online 2013; 18: 1–8. 
51. Ali S, Alexander A, Lambrix M, et al. High-fidelity simulation training for the diagnosis and management of adverse contrast media 

reactions. AJR Am J Roentgenol 2019; 212: 2–8. 
52. Brown KM, Mudd SS, Hunt EA, et al. A multi-institutional simulation boot camp for pediatric cardiac critical care nurse practitioners. 

Pediatr Crit Care Med 2018; 19: 564–571. 
53. Wang CL, Schopp JG, Kani K, et al. Prospective randomized study of contrast reaction management curricula: computer-based 

interactive simulation versus high-fidelity hands-on simulation. Eur J Radiol 2013; 82: 2247–2252. 
54. Picard M, Curry N, Collins H, et al. Comparison of high- fidelity simulation versus didactic instruction as a reinforcement intervention 

in a comprehensive curriculum for radiology trainees in learning contrast reaction management: does it matter how we refresh? Acad 
Radiol 2015; 22: 1268–1276. 

55. Wang CL, Schopp JG, Petscavage JM, et al. Prospective randomized comparison of standard didactic lecture versus high-fidelity 
simulation for radiology resident contrast reaction management training. Am J Roentgenol 2011; 196: 1288–1295. 

56. Christian MR, Sergel MJ, Mycyk MB, et al. Comparison of high-fidelity medical simulation to short-answer written examination in the 
assessment of emergency medicine residents in medical toxicology. Mo Med 2017; 114: 396–399. 

57. Malmut L and Rho ME. Simulation-based education for urgent medical complications common to the rehabilitation setting: an 
educational program for physical medicine and rehabilitation residents. PM&R 2019; 11: 1272–1277. 

58. Shah MI, Carey JM, Rapp SE, et al. Impact of high-fidelity pediatric simulation on paramedic seizure management. Prehosp Emerg 
Care 2016; 20: 499–507. 

59. Sa´nchez-Ledesma MJ, Juanes JA, Sa´ncho C, et al. Acquisition of competencies by medical students in neurological emergency 
simulation environments using high fidelity patient simulators. J Med Syst 2016; 40: 139. 



60. Perretta JS, Salamone C, King D, et al. Pediatric respiratory therapists lack a standard mental model for managing the patient who 
is difficult to ventilate: a video review. Respir Care 2019; 64: 801. 

61. Corrigan D, Mix Richard L, Palmer Glen A, et al. Improving nursing confidence and consistency in assessment of opioid 
withdrawal: efficacy of simulation and debriefing. J Psychosoc Nurs Ment Health Serv 2018; 56: 27–35. 

62. Sullivan NJ, Duval-Arnould J, Twilley M, et al. Simulation exercise to improve retention of cardiopulmonary resuscitation 
priorities for in-hospital cardiac arrests: a randomized controlled trial. Resuscitation 2015; 86: 6–13. 

63. Prickett K, Deshpande A, Paschal H, et al. Simulation-based education to improve emergency management skills in care-givers of 
tracheostomy patients. Int J Pediatr Otorhinolaryngol 2019; 120: 157–161. 

64. Kuper TM, Federman N, Sharieff S, et al. Chest tube insertion among surgical and nonsurgical trainees: how skilled are our 
residents? J Surg Res 2020; 247: 344–349. 

65. Asche CV, Kim M, Brown A, et al. Communicating value in simulation: cost-benefit analysis and return on investment. Acad 
Emerg Med 2018; 25: 230–237. 

66. Done AJ, Fairres MJ, Heiler JC, et al. A low-cost high-fidelity model for abscess simulation. Am J Surg 2020; 219: 628–631. 
67. Williams TP, Snyder CL, Hancock KJ, et al. Development of a low-cost, high-fidelity skin model for suturing. J Surg Res 2020; 

256: 618–622. 
68. Hartwell DA, Grayling M and Kennedy RR. Low-cost high-fidelity anaesthetic simulation. Anaesth Intensive Care 2014; 42: 371–

377. 

 



 

 


	coversheet_template
	ABDULHUSSAIN 2022 The use and effectiveness (AAM)
	Blank Page
	Blank Page
	Blank Page

	References



