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Recent changes in the culture of medical education have highlighted
deficiencies in the traditional apprenticeship model of education,
and emphasized the need for more experiential modalities of learn-
ing. Simulations, which are scenarios or environments designed to
closely approximate real-world situations, have recently found their
way into the medical training of health care providers. High-fidelity
simulators are life-like mannequins connected to computer systems
that control the physiological and physical responses of the
mannequin. These simulators are able to provide direct feedback to
learners in safe, risk-free environments. This technology has been
used to teach all aspects of medical care, including medical
knowledge, technical skills, and behavioural training or communica-
tion skills. The present article provides a general overview of simula-
tion that will hopefully help to generate interest in paediatric
simulation across Canada. Several tertiary care paediatric hospitals in
Canada are already using simulation to teach health care providers;
continued growth and interest is expected in this exciting area of
medical education.
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La simulation en pédiatrie : Une révolution en
éducation

Les récentes modifications apportées a la culture de I'éducation en
médecine ont mis en lumiere les lacunes du modele classique d’éducation
par stages et souligné la nécessité de modalités plus expérientielles
d’apprentissage. Les simulations, caractérisées par des scénarios ou des
milieux congus pour approximer étroitement les situations réelles, ont
récemment été intégrées a la formation médicale des dispensateurs de
soins. Les simulateurs haute fidélité sont des mannequins d’aspect naturel
reliés a des systémes informatiques qui commandent les réactions
physiologiques et physiques du mannequin. Ces simulateurs renvoient des
réactions immédiates aux stagiaires dans un milieu sécuritaire, sans risque.
Cette technologie permet d’enseigner tous les aspects des soins médicaux,
y compris les connaissances médicales, les aptitudes techniques et la
formation comportementale ou les aptitudes de communication. Le
présent article donne un apercu général de la simulation qui, espére-t-on,
contribuera a susciter 'intérét envers cette technologie en pédiatrie au
Canada. Plusieurs hopitaux de soins tertiaires du Canada font déja appel
a la simulation pour l'enseignement aux dispensateurs de soins. On
prévoit une croissance et un intérét continu envers ce domaine
passionnant de la formation médicale.

Medical education has traditionally relied on an
apprenticeship model to educate learners. However,
as trainee numbers continue to increase in Canadian
medical schools and postgraduate programs, there are fewer
opportunities for learners to be exposed to less common
medical conditions. As a result, deficits have been found in
the knowledge base and clinical skills of resident housestaff,
especially in the area of acute care medicine (1). With the
release of the Institute of Medicine’s report, To Emr is
Human: Building a Safer Health System (2), patient safety has
become a burning issue because educators are emphasizing
the need for more hands-on learning before medical
trainees are exposed to real patients. Moreover, the concept
of ‘see one, do one, teach one’ is impractical and may no
longer be appropriate, when modern technology can afford
us the luxury of practising on realistic models before

working with real patients (3). Therefore, new approaches
to medical education are required to improve opportunities
for experiential learning. Simulation using realistic models
and scenarios may provide these opportunities.

WHAT IS SIMULATION?
Simulations are scenarios or environments designed to
closely approximate real-world situations, usually for the
purposes of training or evaluation. In various forms, simula-
tion has been used for centuries, from medieval knight
training for jousts using quintains as mock opponents to the
early flight simulators used to train fighter pilots in World
War II (4). Simulation continues to play a large role in the
education of personnel in industries in which there are
inherent risks of catastrophic error, and where training in
the real world would be too costly or dangerous. These
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TABLE 1
Ways to achieve realism in simulation

Variable Things to consider
Students Must be fully engaged in their learning

Must be oriented to the capabilities of the simulator
Instructors ~ Should stay hands-off as much as possible

Should minimize verbal feedback during simulation
Should remain out of sight from learners during simulation
Environment Room design should match resuscitation area in hospital
Equipment should be familiar to team (crash cart, airway
equipment, intravenous equipment, monitors, etc)
Documentation should be realistic (patient chart and nursing
flow sheets)
Appropriate resources should be made available,
eg, telephone, gown and gloves, and blankets
Multimedia display for test results and clinical findings: x-rays,
ECGs, laboratory results, photos (rashes, deformities, etc),
or actual patient video (seizures and respiratory distress)
Personnel Use of multidisciplinary team training
Team members should assume their normal roles
Team members may enter in stages
Consultants may be incorporated into scenarios
Actors may be added to play roles as necessary

ECGs Electrocardiograms

industries include commercial aviation, nuclear power, the
military and NASA (5). Medicine can now be added to the
list of industries, because it is from these industries that the
field of medical simulation was born. The era of modern
medical simulation has its roots in the mid-20th century with
the development of the ‘Resusci Annie’ mannequin by
Asmund Laerdal, a Norwegian toy-maker (6), and the first
high-fidelity simulator designed by Denson and Abrahamson,
appropriately named ‘Sim One’ (7). Although the ‘Sim One’
project was short lived, the medical simulation industry has
grown substantially since then, now with commercially avail-
able high-fidelity mannequins offering a variety of realistic
functions and capabilities.

Various types of simulators exist, ranging from simple
models to highly advanced, computer-driven systems.
Fidelity is the extent to which the appearance and behav-
iour of the simulator or simulation match the appearance and
behaviour of the simulated system (8). Simulator fidelity
ranges from low-fidelity models including static mannequins
and partial task-trainers (designed to teach one specific skill
such as intubation), to high-fidelity simulators with life-like
mannequins connected to computer systems designed to
control the mannequin’s physical and physiological
responses (9). These high-fidelity simulators facilitate stu-
dent interaction by providing direct feedback in the form of
physical findings such as heart sounds, breath sounds, pal-
pable pulses, blinking eyes and even speech. Physiological
responses, generated by the operator through a computer-
driven model, allow for vital signs to change in prepro-
grammed stages or in response to administered medications
or interventions. Due to their extensive capabilities, these
types of simulators can be quite expensive. However, with
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the growth of simulation over the past decade, manufactur-
ers have managed to produce more reasonably priced simu-
lators which can be purchased for approximately $40,000 to
$50,000. For many centres, the investment in such simula-
tors is justified by developing simulation programs aimed at
teaching all types of health care providers the cognitive,
technical and behavioural aspects of managing a wide array
of medical conditions in simulated acute care settings.

HOW IS REALISM ACHIEVED IN SIMULATION?
Although simulation experiences are designed to be as real
as possible to facilitate experiential learning, there are many
challenges inherent in achieving this realism. This under-
scores the tremendous advantage of using high-fidelity sim-
ulation in which the simulator itself is able to mimic real
physical findings and real physiological responses. However,
the cost and limited availability of high-fidelity simulators
means that they cannot be used in all areas of medical train-
ing as yet. To maximize their value and potential, medical
educators should aim to match the amount of realism to the
desired educational objectives of the simulation session.

For simulations in which a high degree of realism is
desired, the primary goal of the simulation-based educator
should be to ‘suspend disbelief’, allowing students to
immerse themselves in a learning experience that most
closely matches that encountered in real life. To achieve
suspension of disbelief, students must commit to becoming
fully engaged in their learning, and instructors should stay
as hands-off as possible during the simulated scenario.
Other variables to consider involve recreating a physical
and psychological environment, including utilization of
other personnel to achieve learning objectives. Table 1 out-
lines the specific ways to achieve realism in simulation.

BENEFITS OF SIMULATION
Critical events in paediatrics are infrequent, yet patients
can have good outcomes if successfully managed (10-12).
Although many practicing health care providers will at
some point be required to manage acutely ill or injured
children, very few opportunities to learn and practise the
necessary skills are encountered during medical training or
practice. Many of these skills are taught didactically, with
few opportunities for hands-on practice. Lack of opportuni-
ties to practice skills erodes health care provider
confidence, adversely affects their performance, and
increases the possibility of medical errors or an adverse out-
come (13-16). Until now, opportunities for hands-on prac-
tice have either been left to chance or have been created
using static mannequins with indirect patient feedback
from an instructor. Because these experiences lacked the
realism of actually assessing and treating an acutely ill or
injured child, there are significant limitations in terms of
the knowledge, clinical skills and confidence these sessions
have imparted to learners. By comparison, the immersive
nature of simulation training allows participants to practise
in an environment that closely mimics the assessment and
treatment of real patients (17,18). The suspension of disbelief
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achieved by a well-designed simulation allows learners to
speak and act as if in an actual patient encounter, while
receiving direct feedback from the simulation equipment.

Increasing exposure to acutely ill or injured children in
this type of immersive environment is a major benefit of
simulation education. According to adult learning theory,
learning is enhanced when ‘real-world’ application is appre-
ciated by the learner, when direct feedback is incorporated
and when small groups with varied experiences are able to
reflect together to direct their learning and generalize their
experience (19). Using David Kolb’s Experiential Learning
Model (20), simulation can provide a learning experience
that incorporates these important elements to meet the
adult learner’s needs. This model involves using a highly
realistic experience (the simulation) with immediate ‘real-
world’ relevance, followed by reflection on this experience
in small groups to generalize learned concepts to new
experiences. This reflective component is usually accom-
plished using video-assisted debriefing to stimulate a
discussion with expert feedback regarding what occurred
during the simulation experience. This is then followed by a
discussion of how concepts can be generalized more broadly,
ultimately allowing for the opportunity to try out new or
different approaches the next time that same experience is
encountered (20). Given these enhanced abilities for
reflection, generalization and application, the ability to
provide additional and ongoing opportunities for
experience and practice in the assessment and management
of acutely ill or injured children is likely the greatest benefit
of simulation. Experiences can be provided on an on-
demand basis versus by chance alone, and scenarios with
unexpected or unfortunate outcomes can be repeated and
mastered (5,9).

Other significant benefits of the simulation experience
include practice in a risk-free environment, allowing errors
to occur and reaching a conclusion; presentation of uncom-
mon disease presentations or atypical presentations of com-
mon diseases; practice of complex clinical situations; and
the ability to evaluate new equipment, interventions, treat-
ment protocols and procedures (21-28). Even with all of
these potential benefits of simulation learning, there is an
emerging body of evidence that indicates that the potentially
greatest benefit of simulation may be the ability to train in a
team setting with the incorporation of training in human fac-
tors that contribute to medical error. The quality of team
behaviour has been shown to improve following training as
a team using simulation, and this may lead to a subsequent
reduction in the number of medical errors (29-33). Ongoing
assessment of the value and benefits of simulation is essen-
tial for integration into formal medical education. Table 2
summarizes the benefits of simulation-based education.

PAEDIATRIC SIMULATION IN CANADA
High-fidelity simulation has been evolving rapidly over the
past few years within Canadian tertiary care paediatric
centres. Simulation programs have been developed on- or off-
site in several cities across Canada. The advent and growth
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TABLE 2
Benefits of simulation

Benefits

e Immersive, experiential learning
o Reflective learning
e Multifaceted learning: Knowledge, skills and attitude

e On-demand learning: Increased exposure to various common and
uncommon diseases

e Safe, risk-free learning environment
e Skills can be practised repeatedly

e Ability to evaluate new equipment, interventions, treatment protocols
and procedures

e Multidisciplinary team training

e Allows for assessment of learners with standardized clinical scenarios

of the paediatric simulation community in Canada will
eventually help to address many pertinent and pressing
issues in paediatric acute care. These include questions
pertaining to acute care protocols, multidisciplinary team
functioning and dynamics, patient safety, risk management,
as well as mass casualty preparedness and disaster manage-
ment. From an educational point of view, clinical modules
and scenarios already developed for simulation should ideally
be shared among centres to help move simulation forward in
our country. The next step for simulation-based educators
will be the development, implementation and evaluation of
simulation curricula with specific learning objectives and
target audiences in mind. These advances will help to train
the next generation of physicians, nurses and allied health
professionals, providing them with the skills and knowledge
necessary to treat our paediatric population.

SUMMARY

Paediatric simulation has experienced rapid growth in
Canada over the past two years. To ensure continued
development of simulation in paediatrics, collaboration
among existing and new paediatric centres is crucial. New
programs can look to existing centres for support with
design plans, technical assistance, budget issues and
scenario development. Dissemination and sharing of pre-
existing scenarios among centres will help to build simula-
tion programs and facilitate the formal incorporation of
simulation into all levels of medical training. Formal
instructor training programs in Canada are still lacking and
should be developed to help ensure a consistently high
quality of simulation-based learning. Research opportuni-
ties in simulation are endless, which include the need for
studies on various aspects of medical education, patient
safety and risk reduction, team training and communica-
tion, as well as the implementation of new treatment proto-
cols and procedures. The future for paediatric simulation in
Canada is bright, and the development of paediatric simu-
lation centres across our country signifies what may be the
true beginning of an educational revolution.
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