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Abstract

The objective of this review article is to determine whether simulation-based education could
enhance the teaching of paediatrics to Australian medical students.

A literature search of PubMed and Embase was performed and from 595 identified articles,
34 papers were included in this review. There are several benefits of simulation teaching in
paediatrics, including skill acquisition, improvement, maintenance, enhanced confidence,
better understanding of human factors, improved teamwork skills and an opportunity to
debrief as well as the potential for downstream improvements in patient outcomes. However,
several challenges of simulation teaching for paediatrics were acknowledged, such as
resource availability. Approaches to overcoming these challenges were proposed by the use
of low-fidelity manikins, alternatives to standardised patients, the judicious use of simulation
education, optimisation of student preparation for simulation sessions, the use of registrars as
simulation facilitators and the utilisation of remote facilitation. With further research
regarding the impact of simulation teaching on real-life clinical performance as well as
methods to optimise its delivery, efficiency and cost-effectiveness, paediatric simulation
teaching has considerable potential to enhance education for medical students in Australia.
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Introduction

Simulation describes “an artificial representation of a real-world process to achieve
educational goals through experiential learning” [1]. Simulation-based education was
originally used in the 1970s by the National Aeronautics and Space Administration (NASA)
in the United States to build teamwork skills and to reduce error to prevent airline crashes [2].
Simulation has since been used in other industries, such as the military, oil industry and
healthcare [3]. Simulation-based teaching in healthcare places learners in lifelike
environments where they experience scenarios that mimic real clinical encounters [4].
Simulation uses modalities such as low-fidelity and high-fidelity manikins and standardised
patients. Fidelity describes the degree to which simulation replicates reality [5]. The term
fidelity can be applied to manikins; low-fidelity manikins are basic unchanging models,
whereas high-fidelity manikins are computer-based and can be programmed to demonstrate
physiologic responses to the user, for example, breath sounds, pulses, and eye signs [6].
Standardised patients are individuals who are trained to portray an actual patient or illness

[6].

Simulation allows learners to acquire and practice new skills without posing a risk to real
patients. It is a well-established tool for teaching and learning in medicine, but has, to date,
been predominantly used in postgraduate training programs in Australia [7]. There are no
published data documenting the amount of simulation-based education used in paediatric
teaching in Australia. Surveys of paediatric institutions in America and Switzerland reported
paediatric simulation being used in 89% (n=71) and 66.6% (n=30) of the centres, respectively
[5,7]. The purpose of this paper is to answer the question: could simulation teaching enhance
the teaching of paediatrics to.Australian medical students? In answering this question, the
need for and benefits of simulation training in-teaching paediatrics to medical students will be
examined, the potential barriers to.its implementation will be described and the
recommendations for its use will be made.
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Materials and Methods

A literature search of PubMed and Embase was performed on July 2™ 2017. Search terms
were grouped under the broad themes of “simulation”, “paediatrics” and “medical students”.
A full list of search terms is provided in Appendix 1. The reference lists of identified papers
were reviewed to identify additional articles. The initial literature search identified 595
articles. The search was limited to English language publications. The articles were examined
by two reviewers and the papers focusing on teaching in specialty paediatric training, nursing
and allied health professions, or the use of simulation as an assessment tool were excluded.
Studies from overseas were included, as few Australian studies have been conducted. A
PRISMA diagram is included below to demonstrate the search strategy used (Figure 1).
Subsequently, 34 papers were included for the literature review.



01N N kAW —

Results
Benefits of simulation education

Simulation education is an evolving teaching modality with potential benefits to both medical
students and their future patients. Undergraduate medical education has previously been
primarily delivered in the form of lectures and practical lessons. Simulation teaching provides
an opportunity to apply knowledge to clinical scenarios in a safe and controlled environment
[6,8-11]. Given that clinical environments are often busy, the provision of a facilitated
debriefing following each scenario is not always afforded. Simulation enables identification
and correction of errors as well as adaptation of behaviours to enable better care and clinical
outcomes for patients [12]. Furthermore, a fundamental component of simulation education is
the delivery of ‘human factor training’ in non-technical skills such as leadership,
communication and prioritisation [8,9]. Simulation-based teaching also allows exposure to a
broad range of clinical scenarios to address specific educational objectives [6,8,10,11].
Hence, simulation education has great potential for integration into medical curriculum
worldwide.

Benefits of paediatric simulation teaching

There is now a growing body of evidence supporting the efficacy of simulation education as a
teaching tool in the undergraduate paediatric curriculum. Paediatric simulation teaching
demonstrates many benefits when compared with traditional forms of medical education.
Traditional teaching is centred around a combination of time spent on a paediatric ward in a
hospital setting, lectures, and tutorials. However, recent increases in'medical student numbers
in Australia have raised concerns-aboutthe system’s ability to provide quality clinical
placements [13]. In additien-to this, opportunities to learn and practice skills on sick children
are limited by ever more stringent restrictions [7]. At the completion of a medical program,
the paediatric experience of two undergraduate students from the same university can vary
greatly; for example, one student may have completed their paediatric rotation in a rural
general hospital, while another completed theirs in a tertiary paediatric hospital. Thus, not all
medical students will encounter patients with the same range of clinical conditions or
experiences. Simulation education can be used to standardise undergraduate paediatric
experience, ensuring all medical students are exposed to both common and rare presentations
[6,10]. Thus, simulation education has a particular role to play in the teaching of paediatrics
to medical students.

Increased student confidence

A small observational study by Hayes et al. [14] reported a 75% increase in medical student
confidence in the management of paediatric emergencies following the introduction of
simulation training. Similarly, in a study at John Hopkins University School of Medicine, the
inclusion of simulation-based teaching in a paediatric rotation resulted in more than 95% of
students feeling confident to see paediatric patients [10]. A further study by Whitt ez al. [15]
demonstrated statistically significant increases (p<0.05; Bonferroni correction, p<0.006) in
student confidence and self-perceived ability in paediatric settings following three simulated
patient encounters.

Improvements in knowledge and understanding

Paediatric simulation teaching facilitates improved understanding and identification of
knowledge gaps through facilitated debriefs that address behaviours, skills and clinical
decision making during the simulation [11,7,16]. In an observational study of the integration
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of a high-fidelity simulator in a third-year paediatrics clerkship, 98% of students agreed this
form of learning experience produced better understanding of clinical issues [8]. In the
United States, students exposed to simulation also scored substantially higher on the National
Board of Medical Examiners paediatric examination [10]. In an observational study
undertaken with 56 final year medical students at Monash University, Malaysia, a significant
knowledge gain was reported immediately following a simulation workshop [17].
Furthermore, knowledge retention has been shown to be greater following simulation
compared traditional teaching methods [18]. A prospective cohort study undertaken by
Drummond et al. [19] showed at six to twelve months following a paediatric
cardiopulmonary arrest course, knowledge of 411 students attending simulation teaching was
significantly higher (p< 0.001) than those attending traditional lectures.

Development of clinical skills

A prospective mixed methods study by Dudas et al. [10] showed a simulation-based
curriculum improved medical student clinical performance with greater rates of history
taking, performing examinations and procedural skills during their paediatric clerkship.
Following simulation teaching, Objective Structured Clinical Examination (OSCE) scores are
higher in students who receive this form of teaching compared to traditional methods
[8,20,21]. A prospective cohort study of 385 students reported that students who undertook
simulation training were more compliant with guidelines for paediatric resuscitation and
ventilation skills were more effective [19]. Clinical skills acquired through simulation
education transfer into better resident performance and improved patient care [4,19]. Thus,
paediatric simulation training can be used as a powerful tool to improve patient outcomes.

Promotion of communication and teamwork

Current data indicates that preventable human factor errors, such as those brought about by
communication problems within a team during an emergency, still occur in medical diagnosis
and treatment [2]. Paediatric simulation teaching could potentially reduce these types of
errors by allowing students the opportunity to practice working in inter-professional teams
[2,22].

Student satisfaction

Paediatric simulation teaching is superior to traditional teaching methods with regards to
student satisfaction and motivation [23-25]. Instructor enthusiasm and knowledge in
paediatric simulation teaching is also rated highly by medical students [23]. An American
prospective mixed-methods study evaluating a five-day long simulation-based clinical skills
curriculum for 200 students reported that the time taken out of real clinical skills experiences,
which was used for simulation-based teaching was considered, by students, as a worthwhile
trade-off [10].

Challenges of paediatric simulation teaching

Despite its proven benefits, widespread implementation of simulation education in paediatric
teaching of medical students has been impeded by several factors. A 2012 survey of 71
Pediatric Clerkship Directors in North America found the most commonly reported barriers
to simulation-based education to be: available faculty time (66%, N=71), available time in
clerkship (55%, n=71), funding considerations (54%, n=71) and lack of technical staff for
simulation (32%, n=71) [6].

Resources
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Health systems worldwide are facing funding shortages, including funding for medical
education [26]. Simulation is resource intensive, involving costs of equipment, physical
space, standardised patients and simulation education staff [3]. A simulation-based
curriculum for medical students trialed by Dudas et al. [10] in the United States in 2014 cost
$3600 per five-day session. This included the cost of space, staff support and disposable
supplies. In a 2012 French study, comparing simulation with a traditional lecture, the cost of
the simulation course was 24-times more expensive, but there is suggestion that the high cost
of simulation may be offset by a reduction in adverse safety events and prevention of deaths
[3,19].

Simulation teaching is time-consuming [8]. Competing and increasing demands of patient
care, administration, research and professional development mean clinical staff, who often
play the role of simulation facilitators, are often left with little time to support such teaching
activities [8]. A potential solution to this problem is having a sustainable training program for
simulation facilitators. Time constraints and competing priorities within the medical student
paediatric curriculum itself have proved further barriers to the use of simulation education.
Shortages of non-clinical simulation technicians further limit the utilisation of simulation in
paediatric teaching of medical students and erode the quality of the educational experience
delivered [27].

Poor student attitudes

The interactive nature of simulation education necessitates a willingness of students to
participate in the process. Students with reluctance to participate were reported in two of the
papers reviewed [7,21]. This is in contrast with the majority of studies'where students valued
and were satisfied with the simulation experience [ 11518,19,23,24,28,29]. Where students
were reluctant to participate, group dynamics were listed as a limiting factor in student
engagement. Thus, attention by simulation facilitators to student interactions and areas for
improvement in these relationships may have a favorable effect on student attitudes.

Retention of skills and knowledge

Another important consideration in simulation education is a decline in skills or knowledge
learned over time. More than half of the knowledge acquired after a three-hour simulation-
based neonatal resuscitation workshop in Malaysia was lost after one year [17]. A similar
decline in knowledge was observed following a short course in simulation-based life-saving
clinical skills delivered to third-year medical students in the United States [30]. Neither of
these two studies compared the loss of knowledge following simulation teaching with
traditional teaching methods. Repeat simulation sessions soon after initial exposure are
therefore necessary to maintain students’ competence in new skills [17]. It should be noted
that a decline in skills or knowledge learned is also a concern for education provided through
more traditional teaching methods.

Recommendations for the use of paediatric simulation education in the future

Given its demonstrated educational value, the incorporation of simulation teaching into
medical student paediatric curricula should be a high priority for medical educators [4]. Use
of low-fidelity manikins, alternatives to standardised patients and a focus on using simulation
education judiciously may help to overcome challenges in the implementation of simulation.
Shortages of simulation education staff may be overcome by optimising student preparation,
using paediatric registrars as simulation tutors and delivering simulation teaching remotely.
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Use of low-fidelity manikins

High-fidelity simulation scenarios require significant resources including expensive high-
fidelity manikins, supporting software and instructors trained in the use of that particular
software. Cost-effective delivery of simulation may be achieved by using low-fidelity
manikins and alternatives to standardised patients. A Canadian study by Curran et al. [11]
comparing low-fidelity and high-fidelity manikin simulators in the teaching of neonatal
resuscitation concluded that there was no significant difference between the two groups in
resuscitation program performance and teamwork competencies. Thus, low-fidelity manikins
may present a cost-effective alternative to high-fidelity manikins in some situations.

Alternatives to standardised patients

The use of standardised patients is also resource intensive and includes recruitment, training,
and paid employment [26]. Several studies have proposed and tested alternatives to
standardised patients. An Austrian pilot program using trained medical students to deliver
paediatric simulation training to their peers concluded that this was a feasible and low-cost
option [28]. Another study comparing student satisfaction and learning efficacy in simulation
training with standardised patients versus peer role play found superior results with peer role
play, a low-cost tool which is relatively easy to put into practice [26]. Another alternative to
standardised patients are child and adolescent actors, shown in one study to be effective in
training medical students in complex interviewing skills, such as in the discussion of
challenging mental health issues [31]. Since 2003, the University of Melbourne has used
high-school students to provide simulation experiences to medical students and enhance
teaching of adolescent medicine through its popular ‘Learning Partnerships’ program [32].

Judicious use of simulation education

Given the potential cost of simulation education; it must be used judiciously and efficiently
alongside other teaching methods. As simulation teaching has been shown to be effective in
developing skills and behaviours, it should be used when these are the focus of teaching,
while traditional methods should be prioritised when knowledge is the focus [23]. While the
opportunities afforded by simulation in paediatrics are endless, simulation fits particularly
well with the teaching of paediatric emergencies. This is because critical events are
uncommon and correct management leads to optimal outcomes [23]. “Just six conditions
make up 83% of acute paediatric attendances: difficulty breathing, febrile illness, diarrhoea,
abdominal pain, rash and seizure” [20]. It is therefore feasible to consider, for example, that
a six-station simulation training package could be developed and included in the paediatric
curriculum for medical students.

Optimising student preparation
Effective student preparation for simulation sessions, such as mandatory pre-reading, reduces
simulation education staff workload and makes better use of time available for teaching [33].

Use of registrars as simulation facilitators

A 2012 study at the Indiana University School of Medicine found medical residents (a
position roughly equivalent to an Australian registrar) to be as effective as experienced
faculty in facilitating simulation debriefings [34]. Using registrars to oversee simulation
experiences may ease pressure on more senior clinical staff, thereby allowing additional
simulation sessions to be incorporated into medical student paediatric curricula [34].
However, the availability of registrars to assist in simulation facilitation will be influenced by
time constraints and competing priorities as previously discussed.
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Utilisation of remote facilitation

Most simulation facilities are based in major population centres. Although not all rural
centres lack access to simulation facilities and educators, some do. There is, therefore, a risk
that incorporating simulation education into a paediatric curriculum may disadvantage
students studying remotely. Remote facilitation uses a system that enables bidirectional live
video communication between students at a remote site and an educator at a simulation centre
[27]. Using this system, simulation educators can observe students’ performances and
communicate with on-site staff and students [27]. A Japanese study in 2016 compared the
effectiveness of remote versus on-site facilitation and found that improvement in teamwork
performance was not significantly different between the two groups [27]. Remote simulation
is feasible to conduct technically and financially and could be used to overcome geographical
limitations in the delivery of paediatric teaching to medical students, such as for students
undertaking rural rotations [27].

Areas for further research

We recommend simulation education to be promoted as a modern and powerful tool to teach
paediatric medicine to medical students. Research is needed into the impact of simulation
training on real-life clinical performance and confidence over time [20]. Further research is
also required to clarify when and how to use simulation most effectively and efficiently [35].

10
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Conclusion

This review of the current literature on paediatric simulation teaching is highly relevant to
Australian medical students. The literature highlights a deficiency in volume and variety of
clinical experience, as well as a lack of opportunities to debrief in traditional paediatric
teaching, resulting in low student confidence in management of paediatric patients. Thus,
there is a need for enhanced paediatric teaching in the form of simulation education.
Paediatric simulation teaching is beneficial for medical students through promotion of
clinical understanding and knowledge, identification of knowledge gaps and effective skill
acquisition, improvement and maintenance. It also facilitates the development of teamwork,
communication skills and repetitive practice in a safe environment. Furthermore, there is high
student satisfaction regarding the use of this evolving method of teaching in medical
education.

Nevertheless, the implementation of paediatric simulation into medical curricula has been
impeded by time constraints, funding limitations and a lack of technical staff. These
challenges can be overcome by the judicious use of paediatric simulation for targeted
learning objectives, use of common and rare, but life-threatening scenarios, as well as
teaching with low-fidelity manikins. Further avenues for overcoming challenges include
utilisation of peers and high school students as standardised patients, provision of debriefing
by registrars and remote teaching.

There is scope for further research regarding the influence of paediatric simulation teaching
on real-life clinical performance, including the long-term retention of skills and confidence
following graduation from medical school: With optimisation of efficiencyjand effectiveness;
as well as further research-and refinement of delivery, paediatric simulation teaching has
great potential to enhance paediatric education for medical students throughout Australia.

11
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Appendix 1

PubMed search: (Simulation training [MH] OR Simulat* [TIAB] OR Vignette* [TIAB])
AND (Pediatrics [MH] OR Adolescent [MH] OR Child [MH] OR Infant [MH] OR
Paediatric* [TIAB] OR Pediatric* [TIAB] OR Child* [TIAB] OR Infant* [TTAB] OR
Neonat* [TIAB] OR Adolescen* [TIAB] OR Teen* [TIAB] OR Youth* [TIAB]) AND
(Students, medical [MH] OR Schools, medical [MH] OR Medical student* [TIAB] OR
MBBS [TIAB] OR MD [TIAB] OR Undergraduate medicine [TIAB] OR Medical school
[TTIAB] OR Clerkship [TIAB])

Embase search: (Simulation/exp OR Simulat*:ab,ti OR Vignette*:ab,ti) AND (Pediatrics/exp
OR Adolescent/de OR Child/de OR Infant/exp OR Paediatric*:ab,ti OR Pediatric*:ab,ti OR
Child*:ab,ti OR Infant*:ab,ti OR Neonat*:ab,ti OR Adolescen*:ab,ti OR Teen*:ab,ti OR
Youth*:ab,ti) AND (Medical student/de OR medical school/de OR Medical student*:ab,ti
OR MBBS:ab,ti OR MD:ab,ti OR Undergraduate medicine:ab,ti OR Medical school:ab,ti OR
Clerkship:ab,ti)
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