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ABSTRACT
A
P

The use of simulation-based medical education (SBME) in pe-
diatrics has grown rapidly over the past 2 decades and is ex-
pected to continue to grow. Similar to other instructional
formats used in medical education, SBME is an instructional
methodology that facilitates learning. Successful use of
SBME in pediatrics requires attention to basic educational prin-
ciples, including the incorporation of clear learning objectives.
To facilitate learning during simulation the psychological safety
of the participants must be ensured, and when done correctly,
SBME is a powerful tool to enhance patient safety in pediatrics.
Here we provide an overview of SBME in pediatrics and review
key topics in the field. We first review the tools of the trade and
examine various types of simulators used in pediatric SBME,
including human patient simulators, task trainers, standardized
patients, and virtual reality simulation. Then we explore several
uses of simulation that have been shown to lead to effective
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learning, including curriculum integration, feedback and de-
briefing, deliberate practice, mastery learning, and range of dif-
ficulty and clinical variation. Examples of how these practices
have been successfully used in pediatrics are provided. Finally,
we discuss the future of pediatric SBME. As a community, pe-
diatric simulation educators and researchers have been a leading
force in the advancement of simulation in medicine. As the use
of SBME in pediatrics expands, we hope this perspective will
serve as a guide for those interested in improving the state of pe-
diatric SBME.
KEYWORDS: curriculum integration; mannequin; pediatric
medical education; simulation; standardized patients; task
trainer
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SIMULATION-BASED MEDICAL EDUCATION (SBME)
has been defined as any educational activity that utilizes
simulation aides to replicate clinical scenarios.1 At its
most basic, SBME uses simulators, or human beings, to
serve as an alternative to real patients, and it provides an
educational environment in which educators can create
realistic yet well-controlled clinical experiences that simu-
late real-life patient care. SBME is a form of experiential
learning and is thus an excellent homologue to the experi-
ential learning gained during real-life clinical encounters.
A recent meta-analysis showed that simulation is a highly
effective instructional modality for pediatric education.2

Similar to other instructional formats used in medical
education (eg, bedside teaching, lectures), SBME is an
instructional methodology that facilitates learning. How-
ever, a unique aspect of SBME is that the interactions of
learners during and after the simulation experience
contribute significantly to the final learning gains derived
from the experience. To facilitate learning during simula-
tion, the psychological safety of the participants must
be ensured.3 Psychological safety refers to the feeling
among learners that it is safe to experiment and to make
mistakes as a way to learn. When done correctly, SBME
is a powerful tool to enhance patient safety in medicine,
including pediatrics.4 Table 1 provides a brief overview
of what SBME is and what it is not on the basis of these
premises.
The use of SBME in pediatrics has grown over the past 2

decades. As a result of many factors. Perhaps the most sig-
nificant is the increasing focus in medicine on patient
safety and the ability that SBME provides for trainees to
make mistakes and learn from them without the fear of
harming patients.4,5 Another factor is the continued need
for skill acquisition and practice in the face of limitations
in clinical exposures as a result of duty-hour restrictions.
Additional factors include the desire for training program
directors to acquire measureable learning outcomes on
their trainee’s performance and the need to provide just-
in-time training. All of these factors have conspired to
create an ideal environment for the growth of simulation
in pediatrics today.
In this review, we provide an overview of SBME meth-

odologies and review several key topics in the field of
SBME. We will highlight the various types of simulators
that can be used in pediatric SBME followed by a discus-
sion of several key principles. Then we explore several
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Table 1. Simulation-Based Medical Education

Simulation is.
� A tool for learning.
� A learning event with goals and objectives.
� A safe place to learn.
� A tool to enhance patient safety.
Simulation is not.
� A replacement for clinical experiences.
� Something that just happens.
� A place to belittle or embarrass learners.
� The answer to all our problems.
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key principles of effective learning when using simulation
methods. Where applicable, we provide references of how
these learning methods have been successfully applied to
pediatric simulation. Finally, we discuss the future of pedi-
atric SBME and the expected changes that will take place.
An important caveat of this report is that there is not a
unique pediatric simulation theory that differs in principle
from adult or other simulation. Rather, we focus on how the
field of pediatric SBME can adapt general simulation prin-
ciples to the unique contexts found in caring for children.
TYPES OF SIMULATORS USED IN PEDIATRIC

SBME
There are 4 types of simulation methods used in pediat-

ric SBME: human patient simulators, task trainers, stan-
dardized patients, and virtual reality. These types of
simulators should be thought of as tools an educator can
use to facilitate learning. As with any educational tool,
each type of simulator has unique characteristics that
make it beneficial for use to fulfill specific educational
objectives or to evaluate clinical competency at various
levels.

HUMAN PATIENT SIMULATORS

One of the most commonly used simulation modalities
in pediatric SBME is a whole-body human patient simu-
lator. These pediatric simulators are designed to provide
an accurate anatomic representation of pediatric patients
at various ages, from a premature infant to a young child.
Late teen and young adult patients can feasibly be simu-
lated using adult simulators. Modern pediatric simulators
can display physiologic signs and physical cues, including
variant heart rate; pulse strength; blood pressure; visible
cyanosis; visible chest rise; increased work of breathing;
adventitial breath sounds; bowel sounds; pupillary
constriction/dilation; seizurelike movements; secretions
from eye, nose, and mouth; and urination. These various
physiologic signs can be remotely controlled by an oper-
ator through the use a computer control module or hand-
held remote. Most pediatric simulators also allow the
ability to perform a wide variety of medical procedures
including airway maneuvers (bag-valve mask ventilation,
intubation, needle cricothyrotomy), various forms of
vascular access (intravenous access, interosseous access),
and pediatric life support procedures (cardioversion, defi-
brillation).
Many simulation reports refer to modern computer-
controlled simulators as high fidelity. Simulator fidelity
has traditionally been used to describe the degree to which
the simulator looks, feels, and acts like a human patient.6

Some experts, however, have suggested more specific
terms to describe fidelity, including engineering fidelity,
referring to whether the simulation looks realistic, and psy-
chological fidelity, referring to whether the simulator can
accurately simulate the critical elements and demand the
specific behaviors required to complete a task.7 When
describing computer controlled simulators we prefer the
term “high technology” over “high fidelity,” as each spe-
cific simulator may or may not poses a high degree of either
engineering or psychological fidelity. Although some
simulation scenarios may benefit from a high-technology
simulator capable of displaying many physiologic cues,
in most cases, beneficial learning environments can be
achieved and learning outcomes demonstrated using
simpler low-technology simulators with basic functions,
such as the ability to do chest compressions or insert an
airway or intravenous line. On the basis of available
research, there little evidence to suggest that high-
technology simulators provide significant educational ben-
efits over less expensive and low-technology simulators.6–8

Some evidence suggests that the level of simulation fidelity
(engineering, psychological) should be matched to
learners’ levels along the continuum of training, with low
levels of fidelity used for novice and early-stage learners
and higher levels applied to scenarios for more advanced
learners.9

Advances in electronics have led to the development of
smaller, more portable human patient simulators that can
replicate newborn, infant, and child physiology. Some
pediatric-specific examples of learning activities that can
now be conducted using SBME include newborn delivery
simulations, pediatric cardiopulmonary arrest simulations,
and simulations involving diagnosis and evaluation based
on physiologic cues provided by the simulator (eg, severe
asthma, septic shock, seizure)10–12 In these scenarios, the
simulator creates the focal point of team-based interactions
and treatment decisions, as the patient does in real life. The
simulator also provides an integrated model upon which
medically appropriate procedures can be performed, and
the coordination among and communication between
team members can be practiced.
Given the complexities of manipulating a modern high-

technology simulator, conducting a simulation using this
type of device generally requires a specific person assigned
to operate it: a simulation operations specialist. Close coor-
dination between the facilitator conducting the simulation
and the operations specialist running the simulator is
required to ensure that appropriate changes are made to
the physiology of the simulator as the simulation pro-
gresses. Alternatively, a high-technology simulator can
be preprogrammed with specific changes in physiology
(eg, heart rate, saturations, blood pressure) driven by
participant actions or inactions within a specific span of
time (eg, heart rate drops from 100 to 30 bpm over 1 minute
if tension pneumothorax is not relieved with needle
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decompression by 5 minutes into the scenario). Addition-
ally, some modern high-technology simulators can recog-
nize the administration of specific medications and
respond with preprogrammed physiologic changes (eg,
automatic increased heart rate and blood pressure in
response to intravenous epinephrine). This type of preprog-
ramming decreases the amount of on-the-fly adjustments
required during the simulation and can ensure standardiza-
tion of simulator responses across learning events. The
variety, functionality, and level of complexity of high-
technology simulators used in pediatric SBME continues
to increase.

TASK TRAINERS

Task trainers are partial-body simulators that are used
for training in specific tasks and procedural skills.
Commonly used task trainers in pediatrics include endotra-
cheal intubation simulators, lumbar puncture simulators,
and intravenous catheter trainers. The use of task trainers
allows learners to repeatedly practice a specific procedural
skill until proficiency is attained. The task-focused nature
of this type of simulator allows educators to dedicate
time to education on one specific procedural skill or to
set up several simulation stations, with a different task
trainer at each, that participants can rotate through in order
to practice a variety of procedural skills.

Task trainers are generally less expensive and easier to
maintain than the high-technology simulators discussed
above, and they typically do not include computerized con-
trols. Many of them, however, do possess a high degree of
engineering and/or psychological fidelity, such as the in-
clusion of reservoirs for artificial bodily fluids (blood, spi-
nal fluid) in order to provide positive feedback to learners
and allow confirmation of procedural success. Using task
trainers to conduct procedural skill training avoids reliance
on the use of the more expensive high-technology simula-
tors. As an example, for neonatal intubation training, it
would be advantageous to use an intubation head, costing
several hundred dollars, for trainees to use initially to prac-
tice intubation, rather than risking damaging the airway of
a several-thousand-dollar high-technology neonatal simu-
lator. Once learners have proved some proficiency at
neonatal intubation, they could be allowed to perform intu-
bation on the high-technology simulator as part of a
newborn delivery scenario requiring endotracheal intuba-
tion. Task trainers are intended for use to teach a specific
skill (or set of skills), but they can be used in combination
with human patient simulators and standardized patients as
part of a hybrid simulation.

Evidence supports an association between procedural
skill training using task trainers and improved clinical pro-
ficiency at procedural skills. Studies involving internal
medicine residents and adult patients have proven a link
between procedural skills training using simulation and
improved patient outcomes during central venous catheter
insertion, hemodialysis catheter insertion, paracentesis,
and lumbar puncture.13–17 In pediatrics, the use of an
infant lumbar task trainer has been associated with
improvements in pediatric residents’ ability to obtain
cerebrospinal fluid during real infant lumbar punctures.18

An important aspect of these studies is the incorporation
of proven instructional techniques during the procedural
skills training, such as deliberate practice and mastery
learning. Over time, the engineering and psychological
fidelity of pediatric task trainers have improved signifi-
cantly, and further improvements are expected in the
future.

STANDARDIZED PATIENTS

Standardized, or simulated, patients (SPs) are well
accepted and widely used inmedical education. SPs are hu-
mans who are recruited and trained to portray patients in a
reliable and consistent manner. The use of SPs to conduct
objective structured clinical examinations has been in prac-
tice since the 1960s and is perhaps the most widely used
method of assessing clinical competency in health care ed-
ucation today.19,20 SPs are used across the continuum of
medical education, from medical school to graduate
medical education, to assess select competencies in
patient care, interpersonal communications, and
professionalism.21–24 Since 2005, SPs have been a part
of the United States Medical Licensing Examination,
Step II, clinical skills evaluation.
During simulation involving SPs, the SP acts as the pa-

tient and is able to provide a medical history and undergo a
physical examination. Physical exam signs can be simu-
lated by the SP (eg, cough, wheezing, abdominal pain) or
can be created with special effects makeup or moulage
(eg, rash, ecchymosis). The SP reactions and interactions
during the simulation can be scripted in order to ensure
standardization of responses and guarantee the ability to
equally evaluate learners participating in the simulations.
For all SPs, standards of practice and protocols exist, and
the Association of Standardized Patient Educators has
been created to foster excellence in SP training and utiliza-
tion (http://www.aspeducators.org/).
Simulations involving SPs have expanded from their or-

igins in undergraduate medical education to graduate
medical education as a means to assess select compe-
tencies in patient care, interpersonal communications,
and professionalism. The use of children as SPs has
been used to assess resident skills in history taking,
communication, physical examination, telephone medi-
cine, and transitions of care.21,23,24 Depending on the
learning goals and objectives, excellent SBME scenarios
can be created that utilize child SPs. Using children as
SPs provides the ability to evaluate trainee interactions
with the child in a realistic setting. In most cases, an
adult SP acts as the parent, and a child or teen SP acts
as the patient. Pediatric simulations involving adult
SPs can also include parental counseling or difficult
conversations, such as end-of-life discussions.22 Training
of children as SPs can usually be arranged through the
local medical school, many of which have trained SP
educators that can help recruit and train child SPs for
your program.

http://www.aspeducators.org/
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VIRTUAL REALITY SIMULATORS

Virtual reality (VR) simulators use a computer screen, or
another type of graphic user interface, to create simulated
patients and patient care environments. As indicated by
the name, the interactions that take place are virtual in
that learners interact with patients via a computer interface
in an electronically rendered environment, rather than a
physical simulator. Computer interfaces for VR simulation
can include a keyboard and mouse, or a haptic interface
that can simulate things like instrument handles, intrave-
nous needles, or laryngoscope handles. With the integra-
tion of haptic interfaces, VR simulators have the capacity
to promote the acquisition of a full range of cognitive, tech-
nical, and behavioral skills.

In pediatrics, research has shown that VR simulation is
associated with improvements in cognitive knowledge
and clinical skills.25,26 Extensive work has been done to
create responsive virtual humans and virtual pediatric
SPs using advanced computer technology and computer
game graphic engines.27 The use of such virtual pediatric
SPs provides great promise for the ability to conduct stan-
dardized training and objectively evaluate performance via
computer anywhere in the world, without requiring expen-
sive physical simulators and simulation facilities. Research
involving a screen-based simulator to evaluate cognitive
skills involved in pediatric advanced life support (PALS)
found that the technology could supplement traditional
curricula by facilitating frequent knowledge assessments
as part of a PALS competency maintenance program.28

The American Heart Association has recently introduced
HeartCode PALS, a Web-based, self-directed program
that teaches health care providers the knowledge and skills
needed to recognize and prevent cardiopulmonary arrest in
infants and children as part of the standard PALS curricu-
lum. Unlike the field of surgery, where a wealth of research
reports have linked VR simulation with improved surgical
skill, there is currently limited research on the use of VR
simulation in the acquisition of procedural skills in pediat-
rics. However, with advances in VR simulation, and with
increasing use of VR in pediatrics, research investigating
pediatric procedural skills acquisition and maintenance is
expected to increase in the future.
HYBRID SIMULATIONS

Hybrid simulations involve the melding or simultaneous
use of 2 or more methods of simulation. Examples include
the use of an SP who has an intravenous catheter task
trainer attached to his or her arm, a team training scenario
involving a pneumothorax during which the mannequin is
used during the initial diagnostic steps but a chest tube task
trainer is used during the chest tube placement, or a sce-
nario involving a pediatric cardiopulmonary arrest where
a human patient simulator is used for the resuscitation
and an SP is employed as a parent. Using hybrid simulation
leverages the relative strengths and overcomes some of the
specific weaknesses of the simulators discussed above.
Using amix of mannequins, task trainers, SPs, and VR sim-
ulators, educators can create an extensive variety of multi-
modal and interactive simulation experiences that can
foster a range of difficulty and clinical variation. A poten-
tial downside of hybrid simulations is the difficulty in
maintaining a sense of realism when moving between mul-
tiple devices that collectively are meant to represent a sin-
gle human being.
USING SIMULATION FOR EFFECTIVE LEARNING
Conducting SBME requires 3 key assets: people (educa-

tors, learners), time (planning, conducting, evaluating),
and resources (simulators, equipment).29 Learners partici-
pating in simulation experiences should get high value for
the degree of investment that instructors and facilities put
into their simulation programs. Additionally, the learning
environment within which SBME takes place must be care-
fully constructed in order to maximize the learning benefits
experienced by simulation participants. A key tenet of
SBME is the establishment of a safe learning environment
for participants, as well as the promotion of the idea that
within the simulation learning environment, it is safe to
make, talk about, and learn from mistakes.
On the basis of the review of the literature, Motola et al30

identified several key principles that lead to effective
learning in SBME. These general principles of effective
SBME also pertain to effective pediatric SBME. We focus
on 5 principles identified by Motola et al that, if used
correctly, can lead to effective learning and can provide
value to pediatric SBME learning experiences. Table 2 pro-
vides an overview of these principles with examples.

CURRICULUM INTEGRATION AND LEARNING OBJECTIVES

Integrating SBME into the curriculum is a multistep pro-
cess.31,32 To effectively integrate simulation, it is critical to
do a gap analysis of the established curriculum to decide
which clinical skills are not currently being adequately
addressed. High-risk and low-volume clinical scenarios,
such as neonatal and pediatric resuscitations, are best
suited for simulation because the skills needed in these sce-
narios are rarely practiced during clinical care and can be
practiced frequently without endangering patients using
simulation. Once the high-value scenarios are identified
as needing integration into the curriculum, the next step
is to create specific, measurable, and valid learning objec-
tives. SBME begins with learning objectives—the know-
ledge, skills, and behaviors expected of learners in a
simulation scenario. In our experience, many simulation
objectives are vague or are not written down. Learning
objectives should be clear, specific, and measurable. An
easy rule of thumb is to start with the end in mind, then
pick the simulation mode most likely to meet those objec-
tives. Building longitudinally on the learning objectives so
that medical students do basic tasks, interns do more so-
phisticated tasks, and senior residents do the most sophis-
ticated tasks is important to maintain engagement
throughout the duration of training. Once the learning
objectives are created, the educator can decide, in consul-
tation with the simulation center staff, which simulators
to use. Some objectives may require the use of hybrid



Table 2. Using Simulation for Effective Learning

Principle Description Example

Curriculum integration Integrating simulation as part of the overall curricular
plan to include clear learning objectives

A pediatric septic shock simulation is included as part of
the emergencymedicine rotation to reinforce diagnosis
and treatment of septic shock.

Feedback and debriefing Including a structured debriefing immediately after a
simulation, conducted using an accepted approach
which ensures the psychological safety of the
participants

After a simulated pediatric cardiac arrest scenario the
residents are lead through a facilitated discussion of
what occurred during the simulation by an attending.
Feedback on ways performance could be improved in
the future is provided.

Deliberate practice Allowing residents the ability to practice a procedural skill
with directed feedback until they are proficient

Pediatric residents participated in an airway skills training
session wherein they are allowed to intubate a task
trainer repeatedly while receiving directive feedback on
their performance from an attending.

Mastery learning Practicing a skill to a level where coaching is not
necessary and performance has achieved a mastery
level

During an airway skills session, residents undergo
baseline testing before receiving standardized
instruction and deliberate practice with focused
feedback. After significant deliberate practice the
residents undergo a posttest to confirm performance
at a predefined mastery level using a valid and reliable
airway skills assessment tool.

Range of difficulty and
clinical variation

Varying the complexity of simulation scenarios on the
basis of the year group of residents involved and
including a variety of problems to be solved in a
scenario

During the course of pediatric residency, residents
participate in simulation of escalating intensity and
difficulty as they progress from first, second to third
year. Additionally, after proficiency is attained in one
scenario, the scenario is changed to avoid repetition
and monotony.
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simulation. The final step is the construction of the assess-
ment system, which flows from the learning objectives and
tasks required. This may involve analysis of the time
needed to complete a task, task performance score on a
validated checklist, or the comments of an SP after a clin-
ical encounter. It is important that learning objectives be
specified for each simulation experience and that simula-
tion experiences fit into the larger curricular goals for the
learners’ level. This rule should apply regardless of the
simulation modality used and is in keeping with accepted
educational principles of instruction. Conducting SBME
without clearly defined learning objectives and without
dedicated integration into the overall curricular plan risks
wasting time and resources.

FEEDBACK AND DEBRIEFING

Simulation-based learning has its foundation in Kolb’s
theory of experiential learning.33 Kolb’s framework in-
cludes 4 phases: concrete experience, reflective observa-
tion, abstract conceptualism, and active experimentation.
In this context, learning takes place in the reflective and
conceptualization phases, wherein learners critically re-
view their current performance and develop a plan of ac-
tion to affect future performance.33 In order for
experiential learning through SBME to be effective, 2 con-
cepts must be integrated. The first concept is psychological
safety. Psychological safety is the tone that the facilitator
sets within the simulation-based learning session. A good
facilitator makes it clear that during simulation, mistakes
will be made and that no one is perfect. The goal of the ses-
sion is learning, not intimidation or humiliation. These
types of statements ensure that the learning environment
is safe for experimentation, risk taking, and learning. The
second concept is the importance of debriefing. Debriefing
is a process in which learners are guided by a facilitator to
reflect on their actions in the simulation, with the goal of
developing plans for improved performances in future ex-
periences. During the simulation debriefing, learners
reflect and conceptualize their actions and consider modi-
fications that can be experimented with in subsequent sim-
ulations and in real life. Consequently, the critical learning
involved with the simulation experience takes place during
the debriefing session after a simulation scenario rather
than during the simulation itself.
In a review of best practices in simulation, debriefing

was the factor most cited in successful learning.31 Exam-
ples of debriefing methods that have been used with suc-
cess in pediatric SBME are the debriefing with good
judgment method, described by Rudolph et al,3 and the
after-action review method, described by Sawyer and
Deering.34 Both methods provide conversational frame-
works within which learners can review their actions dur-
ing the simulation and reflect on what actions went well
and which ones require change. The facilitator’s role dur-
ing debriefing is to guide the conversation, towork to deter-
mine the rationale for the participant’s actions, and to assist
in changing the mental framework that led to suboptimal
performance.3 Debriefing is not a session in which only
the do’s and don’ts are dictated by the instructor. The de-
briefing process works best when learners are provided
the opportunity to self-discover the alterations needed in
their actions that will result in improved performance in
the future. These learner-centered interactions and self-
analyses are unique features of SBME and are one of the
reasons that pediatrics has embraced SBME as an edu-
cational modality.2 Unlike didactic lectures and other
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teacher-centered learning experiences, SBME provides a
unique environment in which the learners can work coop-
eratively to improve their own performance as well as that
of their team members.

Given the importance of debriefing in SBME, planning
for the simulation experience should include setting aside
adequate time for debriefing.34 In general, the debriefing
session should take as long as needed to cover all the
important learning objectives of the simulation and to cor-
rect any identified performance or knowledge gaps. This
may take up to twice as long as the simulation scenario it-
self. Many simulation scenarios are video recorded. Some
instructors use a playback of the video as part of the de-
briefing time, a type of debriefing called video-enhanced
debriefing. Whether the use of video enhances the debrief-
ing session is unclear.35–37 As a quality assurance measure,
an assessment tool has been developed that allows
observers to grade the quality of debriefing.38 This tool
can be used to provide feedback to facilitators on the qual-
ity of their debriefing skills.

DELIBERATE PRACTICE

The concept that practice makes perfect has been around
for ages. However, as pointed out by the legendary football
coach Vince Lombardi, “Practice does not make perfect.
Only perfect practice makes perfect.” Deliberate practice
is a method to help perfect the practice experience. Delib-
erate practice is defined as “the repetitive performance of a
cognitive or psychomotor task in a focused domain,
coupled with rigorous skills assessment.”30 It is a highly
effective form of learning and is grounded in instructional
research and information processing theories of skill acqui-
sition. An example of deliberate practice is batting practice
in Little League. The batter takes many swings at the ball in
a simulated game under the watchful eye of a coach who
gives feedback and instruction during the practice. On
the basis of the coach’s years of experience and expertise
at batting, he is able to provide focused and specific feed-
back to the batter in order to improve the swing. Using this
same basic framework, one could easily envision a senior
resident or attending physician allowing a new intern to
deliberately practice lumbar punctures on a task trainer
while providing focused feedback and coaching. Erics-
son39 studied the achievement of expertise in sports, music,
and medicine. He found that the number of times a skill is
deliberately practiced is directly tied to the acquisition and
maintenance of expert performance. He concluded that
deliberate practice is a better predictor of superior expert
performance than any other method.40 McGaghie et al41

conducted a meta-analysis of 20 years of literature on
simulation research and showed that in head-to-head com-
parisons, SBME with deliberate practice was more benefi-
cial than traditional clinical education in achieving specific
clinical skill acquisition goals.

When designing simulation scenarios and procedural
skills training sessions, pediatric simulation educators
should utilize deliberate practice when possible. A simula-
tion scenario is often run only once, followed by debriefing
to learners about the actions they should and should not
have taken. Because of time constraints, the simulation
scenario ends without allowing participants to demonstrate
that they have changed their behavior on the basis of the
feedback. More effective learning occurs when the simula-
tion experience is repeated and the participants are allowed
to use the insight provided by the facilitator. In this way,
learners can gain confidence and demonstrate improved
performance. This is much preferred to the usual “one
and done” type of simulation scenario. If the simulation
uses SPs for formative purposes, it is also preferable to
have several stations in which the same or similar clinical
skills are being taught. For example, in a simulation expe-
rience involving history taking or physical examination,
learners move from station to station, receiving feedback
on their performance at each station, and then can use
that feedback to change their behavior at the next station.
Another example is a group of residents participating in
newborn resuscitation simulations who are allowed to
repeat a meconium delivery scenario again after they failed
to suction the trachea during their first simulation. In all
these examples, a key ingredient is the ability for repeated
practice and the provision of expert feedback aimed at
improving performance, which forms the basis of delib-
erate practice.40,41

MASTERY LEARNING

Mastery learning is an extension of deliberate practice
methodology, wherein learners practice a technical or
behavior skill until such time that they can do it without
coaching at a mastery level. Mastery learning involves a
complex series of 5 steps: baseline testing, standardized in-
struction, deliberate practice, focused feedback, and post-
testing.41,42 The objective of mastery learning is for all
learners to demonstrate competence. During the mastery
learning session, the skill or behavior is first demonstrated
to learners by an instructor, and then learners are allowed
to practice the skill. Deliberate practice, with focused
formative feedback, is used to optimize the quality of the
practice. Increasing levels of difficulty are incorporated
to assist learners in solidifying their skills. Mastery is
obtained when the skill can be performed without
coaching to a predefined and objectively determined
passing or mastery standard.
Careful planning and consideration should be undertaken

before conducting simulation-based mastery learning acti-
vities. Critical steps for educators to consider include deter-
mining which technical or behavioral skills should be
trained to a mastery standard, finding or developing an
assessment tool to rate performance, determining the mini-
mum passing score on the assessment tool that defines
mastery, and conducting rater training to ensure the appro-
priate use of the assessment tool. Procedural skills and resus-
citation are perhaps the best-studied application of mastery
learning methodology. Simulation-based mastery learning
has been applied with great success to several procedural
skills in medicine, including central venous catheter inser-
tion, paracentesis, hemodialysis catheter insertion, lumbar
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puncture, thoracentesis, and advanced cardiac life sup-
port.13–17,43 Barsuk et al44 studied the duration of the reten-
tion of technical skills after mastery level and reported that
skills can last up to 1 year. However, careful attention must
be paid to the methodology in which the mastery learning
session is conducted to ensure the durability of skills
is achieved.45,46 A recent review demonstrated that
simulation-basedmastery learning is a powerful educational
tool that has had documented translational outcomes in
terms of improved patient care practices, patient outcomes,
and collateral effects.47

RANGE OF DIFFICULTY AND CLINICAL VARIATION

Incorporating a range of difficulty and clinical variation
into simulation experiences is an important principle that
leads to effective learning in SBME. Simulation experi-
ences can be designed for many levels of learners, from
novices to experts. Conducting SBME with various levels
of complexities built in can aid learners in building action
plans to accommodate the wide variety of clinical varia-
tions and complexity encountered in the real clinical world.
Designing clinical variation into simulation experiences
has been examined in several contexts.48–52 Some
pediatric examples are worth noting. Sawyer et al51

included escalating levels of clinical difficulty in a study
of the effect of deliberate practice on neonatal resuscitation
performance. Residents involved in the study exhibited
progressive improvements in technical performance over
the course of 3 simulated neonatal resuscitations, despite
the increasing clinical difficulty of the resuscitations.
Eich et al52 found a close correlation between the difficulty
of the pediatric anesthesia simulation scenarios and the
candidates’ own perceptions of their learning effect. By
incorporating a range of difficulty and clinical variation
into simulation experience, pediatric educators can
continue to challenge learners over the course of their
training and push them to achieve the next higher level
of performance.
FUTURE DIRECTIONS FOR SBME IN

PEDIATRICS

Despite its long history, SBME in pediatrics is still in a
growth phase, and the use of SBME in pediatrics is ex-
pected to increase significantly over the next decade. As
outcomes-based medical education becomes more preva-
lent, the need to demonstrate and accurately evaluate
knowledge, skills, and behaviors becomes more important.
In the future, all medical specialties, including pediatrics,
will likely require simulation-based assessments as a mea-
sure of competency during training and continued retention
of competency as part of maintenance of certification.53

As technology improves, the next generation of pediatric
simulators and task trainers will have higher levels of engi-
neering or psychological fidelity. A larger number and va-
riety of pediatric-specific simulators are also expected to
come onto the market. These improvements in fidelity
and variety of pediatric simulators may allow for more
direct translation of simulation-based learning to the clin-
ical realm. An increase in the use of SPs during pediatric
training is expected because of the demand for more direct
observation of professional and communication skill com-
petencies in trainees. With the exponential growth in com-
puter technology, the utilization of pediatric VR simulation
is expected to greatly increase. The use of handheld and
mobile devices could provide a framework for delivering
educationally beneficial SBME experiences to learners
anytime, anywhere. With SBME, the acquisition of knowl-
edge, skills, and behaviors of future pediatric trainees and
practitioners will shift from the chance encounter and
learning through random opportunity to deliberate practice
with mastery-level learning. This will allow essential prac-
tice in low-volume, high-risk tasks such as key procedural
skills, delivery room emergencies, pediatric cardiopulmo-
nary arrest, and difficult conversations with patients and
families. Teamwork and leadership skills could also be
trained and honed to improve the functionality of pediatric
care teams. Ultimately, this augmentation in training will
result in better-trained pediatric providers and improved
clinical outcomes for pediatric patients.
Future research in the field of pediatric SBME should

focus both on educational as well as the translational out-
comes, with translational defined as simulation training
that directly effects patient care.2 The learning curve in
acquiring a new skill and its concomitant decay should
also be investigated in order to enlighten training needs.54

Additionally, the value of instructor training to learning
outcomes and comparative studies that identify optimal
instructional methods are required.2,54 Organizations
such as the International Network for Simulation-Based
Pediatric Innovation, Research, and Education
(INSPIRE)55 and the International Pediatric Simulation
Society (IPSS)56 offer a global collaborative community
to investigate and research these questions. Through these
organizations, it is hoped that in the future, large multi-
center international research on pediatric SBME interven-
tion and outcomes will become the norm.
CONCLUSIONS

We have provided a brief overview of some important
aspects of SBME in pediatrics. We reviewed the types of
simulators used in SBME and discussed their use in pedi-
atrics. We explored several principles of effective learning
in SBME that should be incorporated into pediatric SBME.
We hope that this article informs educators currently
involved in pediatric SBME about best practices in the ed-
ucation of pediatric residents and other health care profes-
sionals, and entices other pediatric educators to learn more
about the benefits of SBME. The variety of simulators and
simulation technology available to pediatric educators is
expected to increase, and continued research will better
define the optimal educational strategies in pediatric
SBME. As a community, pediatric simulation educators
and researchers have been a leading force in the advance-
ment of simulation in medicine. As the use of simulation
in pediatrics expands, we hope this perspective will serve
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as a guide for all those interested in improving the state of
pediatric SBME.
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