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OBJECTIVES This article reviews and critically
evaluates historical and contemporary research
on simulation-based medical education
(SBME). It also presents and discusses 12
features and best practices of SBME that
teachers should know in order to use medical
simulation technology to maximum
educational benefit.

METHODS This qualitative synthesis of SBME
research and scholarship was carried out in two
stages. Firstly, we summarised the results of
three SBME research reviews covering the years
1969–2003. Secondly, we performed a selective,
critical review of SBME research and scholar-
ship published during 2003–2009.

RESULTS The historical and contemporary
research synthesis is reported to inform the
medical education community about 12 fea-
tures and best practices of SBME: (i) feedback;
(ii) deliberate practice; (iii) curriculum

integration; (iv) outcome measurement; (v)
simulation fidelity; (vi) skill acquisition and
maintenance; (vii) mastery learning; (viii)
transfer to practice; (ix) team training; (x)
high-stakes testing; (xi) instructor training, and
(xii) educational and professional context.
Each of these is discussed in the light of avail-
able evidence. The scientific quality of con-
temporary SBME research is much improved
compared with the historical record.

CONCLUSIONS Development of and research
into SBME have grown and matured over the
past 40 years on substantive and methodologi-
cal grounds. We believe the impact and edu-
cational utility of SBME are likely to increase in
the future. More thematic programmes of
research are needed. Simulation-based medical
education is a complex service intervention that
needs to be planned and practised with
attention to organisational contexts.
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INTRODUCTION

Medical education technology shapes and channels
medical education policy as research advancements
inform new ways to educate and evaluate doctors.
Educational technology and policy coalesce with
emphases on effectiveness, efficiency, and trainee and
teacher morale as new models of medical teaching
and testing are introduced. This is true of simulation-
based medical education (SBME) in 2010.

The educational legacy of SBME originates at least
from 17th century France, where birthing manikins
were used,1 is referred to in the Flexner Report2 of
the early 20th century, which also cites the use of
obstetric manikins, and extends to the widespread
contemporary use of simulation for teaching and
testing doctors and many other health care profes-
sionals.3 Simulation technology is now a central
thread in the fabric of medical education.

This article has two goals. The first is to summarise
results from three reviews published in 1999,4 20055

and 20066 on SBME covering research reports
published from 1969 to 2003. The second is to
combine and reflect critically on selected SBME
research and scholarship published from 2003 to
2009. The review and reflection prompted us to
identify and discuss a set of 12 features and best
practices of SBME. We conclude with suggestions
about how the features and best practices can be
implemented in medical education.

METHODS

This is a qualitative synthesis of SBME research that
spans four decades. We begin by distilling the results of
three SBME research reviews carried out by our group
and covering the 35 years from 1969 to 2003.4–6 We
proceed to review critically selected research and
scholarship on SBME features and operational rules
that address key educational goals published from
2003 to 2009. This 6-year review is deliberately selective
and critical, rather than exhaustive. It relies on
Norman and Eva’s ‘critical review’ approach to liter-
ature synthesis,7,8 combined with the ‘realist review’
approach espoused by Pawson et al.9,10 Eva argues: ‘A
good educational research literature review … is one
that presents a critical synthesis of a variety of litera-
tures, identifies knowledge that is well established,
highlights gaps in understanding, and provides some
guidance regarding what remains to be understood.
The result should give a new perspective of an old

problem… The author … should feel bound by a
moral code to try to represent the literature (and the
various perspectives therein) fairly, but need not adopt
a guise of absolute systematicity.’8 Pawson et al. agree
by stating: ‘…the review question must be carefully
articulated so as to prioritise which aspects of which
interventions will be examined.’9

Consequently, this work relies on our group’s judg-
ements about recent SBME research quality and
utility to spotlight key features of SBME that we
believe have power to advance the field. The result is
a focused set of 12 features and best practices, which
every SBME teacher should know in order to use
medical simulation to maximum educational benefit.
We conclude by calling for thematic, sustained and
cumulative programmes of SBME research.

RESULTS

Historical perspective

Table 1 presents a narrative summary of three reviews
completed by our group involving SBME research
reports published during a 35-year time span (1969–
2003). The reviews highlight the features of medical
simulation and mechanisms for its implementation
and use that lead to effective learning. Thus the three
reviews address a much broader and more important
educational issue than simple comparisons of SBME
outcomes with results produced by other instruc-
tional methods. Another observation from these
historical summaries is that much of the early SBME
research lacks methodological rigour. This makes it
difficult to reach firm conclusions about aggregate
research outcomes and to identify SBME best
practices. Despite such flaws, the evidence reported
in Table 1 represents a comprehensive summary of
SBME research up to 2003.

Given this historical view, we now address SBME
research and scholarship published during a recent
6-year time span, 2003–2009. The methodological
quality and rigour of research published in this
period is much improved. The new research,
combined with the historical record, allows us to
identify and discuss 12 features and best practices
of SBME that medical educators should know and
use. The features and best practices are listed in an
order that starts with the five items named in one
of the earlier historical reviews,5 followed by the
seven that are evident from recent research and
practice. These are:
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1 feedback;
2 deliberate practice;
3 curriculum integration;
4 outcome measurement;
5 simulation fidelity;
6 skill acquisition and maintenance;
7 mastery learning;
8 transfer to practice;
9 team training;

10 high-stakes testing;
11 instructor training, and
12 educational and professional context.

The list of features and best practices does not include
interdisciplinary education because the research
foundation for this activity is not yet well developed.11

Detailed research agenda setting for SBME is not
listed because that topic has been addressed else-
where recently.12 The simulation features and
research-based best practices are presented in
Table 2, along with gaps in understanding that
warrant more study.

Twelve features and best practices

Feedback

In the historical review, feedback is the most
important and frequently cited variable about the
use of SBME to promote effective learning.5 Con-
temporary research amplifies the importance of
educational feedback to shape learning by isolating

Table 1 Summary of three simulation-based medical education (SBME) research reviews: 1969–2003

Issenberg et al. (1999)4

(selective, narrative review)

Issenberg et al. (2005)5 (qualitative,

systematic review spanning 35 years,

included 670 peer-reviewed journal

articles)

McGaghie et al. (2006)6 (quantitative

synthesis of a subset of 31 journal

articles referring to 32 research studies

drawn from the previous qualitative,

systematic review [Issenberg et al.

20055])

1 Simulation technology provides a

means for learners to engage in

acquisition and practice of clinical

skills without using live patients

2 Simulation users should weigh the

benefits and costs of the

technology

3 ‘The key element in the successful

use of simulators is that they become

integrated throughout the entire

curriculum so that deliberate practice

to acquire expertise over time is

possible’

4 Simulation allows learners to receive

‘professional feedback with

opportunities for repetition and

feedback’

‘The weight of the best available evidence

suggests that high-fidelity medical

simulations facilitate learning under the

right conditions. These include the

following’ (in order of importance):

1 Feedback is provided during the learning

experience

2 Learners engage in repetitive practice

3 The simulator is integrated into an

overall curriculum

4 Learners practise with increasing levels

of difficulty

5 The simulator is adaptable to multiple

learning strategies

6 The simulator captures clinical variation

7 The simulator is embedded in a

controlled environment

8 The simulator permits individualised

learning

9 Learning outcomes are clearly defined

and measured

10 The simulator is a valid (high-fidelity)

approximation of clinical practice

‘Two principal findings emerge from this

study’

1 ‘The evidence is clear … that repetitive

practice involving medical simulations is

associated with improved learner

outcomes. Simulation-based practice

in medical education appears to

approximate a dose–response

relationship in terms of achieving desired

outcomes: more practice yields better

results’

2 ‘Few published journal articles on the

effectiveness of high-fidelity simulations

in medical education have been

performed with enough quality and

rigour to yield useful results. Only 5%

of research publications in this field

(31 ⁄ 670) meet or exceed the minimum

quality standards used for this study’
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Table 2 Medical simulation features and best practices, and gaps in understanding

Simulation

features Well-established knowledge, ‘best practices’ Gaps in understanding

1 Feedback Essential role in SBME

Core elements: varieties, sources, impact

Team debriefing

What model of feedback?

What dose of feedback?

How to gauge quality of feedback?

Feedback adaptation to educational goal

2 Deliberate practice Essential role in SBME

Learner-centred

Apparent dose–response relationship

Verify dose–response relationship

Verify value of distributed practice versus massed

practice

3 Curriculum

integration

Integrate with other learning events

Focus on educational objectives

SBME complements clinical education

What is the best mix of learning modalities?

How and when to best integrate with other

modalities?

4 Outcome

measurement

Reliable data fi valid actions: feedback, personnel

decisions, research inferences

Methods: observer ratings, trainee responses

(selected, constructed), haptics

Historical problem

Narrow bandwidth versus complex professional

practice

Multiple measures: convergence–divergence,

method variance, generalisability analyses

5 Simulation fidelity Goals–tools match

Multi-modal simulation uses manikins, task trainers,

and SPs

Attention to learning context

How much fidelity is enough or too much?

Conditions of training: target outcomes, timeframe,

resources

How does trainee readiness shape simulation use?

6 Skill acquisition

and maintenance

Procedural, professional, cognitive and group skills

Maintenance versus decay

Aptitude and readiness: cognitive, proprioceptive

What are the mechanism(s) of skill maintenance?

Determine conditions of skill decay: person, context,

tasks

7 Mastery learning Rigorous approach to competency-based education

All learners master educational goals at a high

achievement level with little or no outcome variation

Time needed for learning varies

What are the sources of variation in time to

mastery standard: cognitive aptitude, motor skill,

professional experience?

Level of resources needed

Is mastery case-specific or generalisable?

8 Transfer to practice Highest level of Kirkpatrick hierarchy

Stretch measurement endpoint from simulation lab

to hospital or clinic

Translational science

Pathway: simulation laboratory fi health care

clinic

Cascaded inference

Study designs: difficult to formulate and execute

9 Team training Patient care [can be] a ‘team sport’

Health care team training principles are

evidence-based

Determine approaches for clinical team composition

and assembly

Team skill maintenance

Are team members interchangeable?

10 High-stakes testing Research advances drive new test applications

Highly reliable data fi valid decisions

Creation and pilot studies of test mechanisms

Just because we can, should we?

11 Instructor training Effective SBME is not easy or intuitive

Clinical experience is not a proxy for simulation

instructor effectiveness

Instructor and learner need not be from the same

health care profession

Should simulation instructors be certified for various

devices?

What are appropriate mastery learning models for

simulation instructors?

Specific to simulation or general teaching skills?
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three of its core elements: varieties; sources, and
impact.

There are two broad varieties of performance feed-
back: formative and summative. Most SBME feedback
or debriefing is formative because its purpose is to
improve trainee clinical performance rather than to
present summative judgements (e.g. pass, fail). A
recent example of debriefing as formative assessment
in a medical simulation setting is the four-step model
presented by Rudolph et al.: ‘The steps are to: (i)
note salient performance gaps related to predeter-
mined objectives; (ii) provide feedback describing
the gap; (iii) investigate the basis for the gap by
exploring the frames and emotions contributing to
the current performance level, and (iv) help close the
performance gap through discussion or targeted
instruction about principles and skills relevant to
performance.’13 The four-step model has a long
empirical and experiential history. It is grounded in
‘evidence and theory from education research, the
social and cognitive sciences, experience drawn from
conducting over 3000 debriefings, and teaching
debriefing to approximately 1000 clinicians
worldwide’.13

Another recent example addressing varieties of
feedback in medical education appears in a dis-
cussion about debriefing medical teams. Salas
et al.14 present 12 evidence-based best practices and
tips for team debriefing for use after critical
incidents or recurring clinical events. The 12
debriefing best practices are directly applicable to
giving medical trainees feedback in the SBME
context. Salas et al.14 list their evidence-based best
practices as follows:

1 Debriefs must be diagnostic.
2 Ensure that the organisation creates a supportive

learning environment for debriefs.
3 Encourage team leaders and team members to be

attentive of teamwork processes during
performance episodes.

4 Educate team leaders on the art and science of
leading team debriefs.

5 Ensure that team members feel comfortable
during debriefs.

6 Focus on a few critical performance issues during
the debriefing process.

7 Describe specific teamwork interactions and
processes that were involved in the team’s
performance.

8 Support feedback with objective indicators of
performance.

9 Provide outcome feedback later and less
frequently than process feedback.

10 Provide both individual and team-oriented feed-
back, but know when each is most appropriate.

11 Shorten the delay between task performance and
feedback as much as possible.

12 Record conclusions made and goals set during
the debrief to facilitate feedback during future
debriefs.14

Using a sample or all 12 of Salas et al.’s14 best
practices is likely to boost the quality and utility of
trainee feedback in SBME. These ideas are reinforced
in scholarly argument by van de Ridder et al.15

Fanning and Gaba also address the role of
debriefing in simulation-based learning.16 Their
essay points out that feedback in debriefing sessions
can come from several potential sources, including

Table 2 (Continued)

Simulation

features Well-established knowledge, ‘best practices’ Gaps in understanding

12 Educational and

professional context

Context authenticity is critical for SBME teaching and

evaluation

Context is changing, adaptive

How to break down barriers and overcome inertia?

Reinforcement of SBME outcomes in professional

contexts

What is the effect of local context for success

of SBME interventions?

How to acknowledge cultural differences among

the health care professions?

SBME = simulation-based medical education; SP = simulated patient
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a trained facilitator, the simulation device (e.g. a
manikin), and video or digital recordings. Each
feedback source has strengths and limits and thus
their use in combination is likely to yield greater
educational results.

The impact of feedback in SBME has been addressed
by several research groups. An Australian research
group, Domuracki et al.,17 studied medical student
learning of cricoid pressure during positive pressure
ventilation cardiopulmonary resuscitation (CPR) and
during anaesthesia with patients at risk of regurgita-
tion. In a randomised trial, medical students and
nursing staff received cricoid pressure simulator
training with or without force feedback. Research
outcomes show that simulation training with force
feedback produced significantly better student
performance than the no feedback strategy. These
results transferred directly to the clinical setting. In
the USA, Edelson et al.18 studied the impact of
feedback about in-hospital CPR performance using a
novel protocol, resuscitation with actual performance
integrated debriefing (RAPID), enhanced by objec-
tive data from a CPR-sensing and feedback-enabled
defibrillator. The CPR performance of simulator-
trained residents was compared with the performance
of a historical resident cohort. The simulator-trained
group displayed significantly better CPR perfor-
mance than the historical cohort on a variety of
clinically meaningful measures (e.g. return of spon-
taneous circulation). In these illustrations, SBME
with potent feedback has a clear impact on trainee
clinical behaviour.

Despite this evidence, several questions remain
regarding specific feedback methods. What model
and dose of feedback are needed for a particular
outcome? Do some methods prove more efficient,
require fewer resources and yield longer-lasting
effects? Feedback standards and guidelines need to
be developed so that instructor competence can be
measured for this critical SBME skill.

Deliberate practice

Deliberate practice (DP) is an important property of
powerful19 SBME interventions used to shape, refine
and maintain trainee knowledge, skills and attitudes.
Deliberate practice is very demanding of learners.
Originated by psychologist K Anders Ericsson, the DP
model is grounded in information processing and
behavioural theories of skill acquisition and mainte-
nance.20 Deliberate practice has at least nine features
or requirements when used to achieve medical
education goals.21 It relies on:

1 highly motivated learners with good concentra-
tion (e.g. medical trainees);

2 engagement with a well-defined learning
objective or task, at an

3 appropriate level of difficulty, with
4 focused, repetitive practice, that leads to
5 rigorous, precise measurements, that yield
6 informative feedback from educational sources

(e.g. simulators, teachers), and where
7 trainees also monitor their learning experiences

and correct strategies, errors and levels of
understanding, engage in more DP, and
continue with

8 evaluation to reach a mastery standard, and then
9 advance to another task or unit.

Research that documents the power of DP-based
educational interventions is available from the quan-
titative review cited earlier6 and from original
research on skill acquisition among medical learners
in advanced cardiac life support (ACLS),22,23

thoracentesis24 and catheter insertion.25,26

The value of DP as an educational variable was noted
by internists Richard Cabot and Edwin Locke more
than a century ago, in 1905.27 These medical
educators were prescient in the observation: ‘Learn-
ing medicine is not fundamentally different from
learning anything else. If one had 100 hours in which
to learn to ride a horse or speak in public, one might
profitably spend perhaps an hour (in divided doses)
in being told how to do it, 4 hours in watching a
teacher do it, and the remaining 95 hours in practice,
at first with close supervision, later under general
oversight.’

Questions still remain about differences between
distributed DP over a long time span versus massed
DP during a short time period. This has important
implications for the integration and implementation
of SBME into existing curricula and training
programmes.

Curriculum integration

A third principle of sound SBME is that simulated
events and simulator practice should be curriculum
features that are carefully integrated with other
educational events, including clinical experience,
lectures, reading, laboratory work, problem-based
learning (PBL) and many others. This means that
SBME education and evaluation events must be
planned, scheduled, required and carried out
thoughtfully in the context of a wider medical
curriculum. Simulation-based medical education is
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one of many educational approaches that is used
most powerfully and effectively to achieve learning
objectives in concert with other educational methods.
It complements clinical education but cannot substitute
for training grounded in patient care in real clinical
settings.3,28 This is reinforced by Kneebone’s argu-
ment that ‘[education in] procedural skills should
not be divorced from their clinical context and that
oversimplification of a complex process can interfere
with deep understanding’.29

Inertia and organisational barriers can hinder SBME
curriculum integration. For example, trainee sched-
uling is a common problem. The pressure of clinical
duties, overwork, ingrained habits and perceptions
that SBME is less valuable than clinical experience
can sabotage scheduled training sessions, reduce
SBME practice time, and deliver a less powerful
educational ‘dose’ than intended. This is manifest in
empirical SBME research studies as treatment-by-
occasion statistical interactions where intended out-
comes are delayed and weaker than expected.30,31

There are practical issues of concern such as estab-
lishing the best approach to integrate SBME into
existing curricula and the impact of this introduction
on faculty and administrative resources. Research
should also address the impact of combining SBME
with other educational models, such as using simula-
tions as the clinical trigger and context for PBL cases.

Outcome measurement

Outcome measurement that yields reliable data is
essential to SBME and all other approaches to medical
education. Reliable data have a high signal : noise ratio,
where the signal refers to information about trainee
competence and noise represents useless random
error. Reliable data are the foundation needed for
educators to reach valid decisions, judgements or
inferences about trainees.32–34 Reliable data are vital
for, firstly, providing accurate feedback to learners
about educational progress and, secondly, making
arguments for valid research results.

Recent SBME research amplifies a 50-year historical
legacy35 by acknowledging that measures of clinical
competence cover a very narrow bandwidth, whereas
effective medical practice involves a broad and deep
repertoire too complex to capture fully with today’s
evaluations.5,33 Measurement development is a
high-priority issue in SBME.

Today, there are three primary sources of SBME
evaluation and research data, all of which are

imperfect. The first and most common are obser-
vational ratings of trainee performance. Despite
their ubiquity, observational ratings are subject to
many sources of potential bias (unreliability) unless
they are conducted under controlled conditions
with much rater training and calibration.36 A
second source of SBME outcome data is trainee
responses, which are either selected (as in multiple-
choice questions [MCQs]) or constructed (e.g. when
the candidate is instructed to write a patient note
or respond to a simulated patient [SP] question).37

The reliability of trainee response data measured
directly is usually higher than the reliability of data
from observational ratings.32 A third source of
SBME outcome data is represented by haptic
sensors. Here simulators capture and record trainee
‘touch’ in terms of location and depth of
pressure at specific anatomical sites. The pioneering
research with haptic measurement in women’s
health care simulation carried out by Mackel et al.38

and Pugh et al.39 is noteworthy. Reliability estima-
tion of haptic data is now in its infancy and much
more work is needed.

The historical record and recent research show that
SBME outcome measurement is one of the greatest
challenges now facing the field. Progress in SBME
outcome measurement research – multiple measures,
convergence–divergence, generalisability analyses –
is needed to advance medical education in general
and SBME effectiveness specifically.

Simulation fidelity (low to high, multi-mode)

A key principle of SBME is that educational goals
must dictate decisions about the acquisition and use
of simulation technology for teaching and testing.28

Effective use of medical simulation depends on a
close match of education goals with simulation tools.
Education in basic procedural skills like suturing,
intubation and lumbar puncture can be delivered
using simple task trainers, devices that mimic body
parts or regions (e.g. the arms, pelvis, torso). Com-
plex clinical events such as team responses to simu-
lated hospital ‘codes’ require training on much more
sophisticated medical simulators. These are lifelike
full-body manikins that have computer-driven physi-
ological features (e.g. heart rate, blood pressure),
respond to physical interventions like chest com-
pression, respond to drug administration and drug
interactions, record clinical events in real time and
simulate many other parameters. Virtual reality (VR)
simulators are now in use to educate surgeons and
medical subspecialists (e.g. invasive cardiologists) in
complex procedures that are too dangerous to
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practise on live patients. However, decisions about
the use of these and other SBME technologies should
consider the match between goals and tools.37

Recent work by Kneebone et al.40 uses multi-mode
educational simulation. These investigators combine
‘inanimate models attached to simulated patients
[to] provide a convincing learning environment’.
Clinical skills including suturing a wound and urinary
catheter insertion are taught and evaluated coinci-
dentally with attention to doctor–patient interaction,
patient comfort and patient privacy. This work unites
the best features of inanimate simulation with ani-
mate standardised patients to present realistic clinical
challenges for education and evaluation.29,40

Skill acquisition and maintenance

Clinical skill acquisition is the most common learning
objective of SBME. Procedural skill acquisition
accounts for the most research attention in SBME,
whereas other skills and attributes of professionalism
needed for clinical competence, such as communi-
cation skills, cultural sensitivity and patient ‘hand-
over’ abilities, have received comparatively less
research emphasis. Examples of high-quality clinical
skill acquisition studies include the work of Murray
et al.41 on acute care skills in anaesthesiology and that
of Wayne et al.,22–26 which has focused on skill
acquisition in internal medicine.

A growing number of new studies are being per-
formed to evaluate the maintenance or decay over
time of skills acquired in SBME settings. The results
are mixed. The Wayne research group has demon-
strated that ACLS skills acquired by internal medicine
residents in a simulation laboratory do not decay at 6
and 14 months post-training.42 This finding is rein-
forced by Crofts et al.43 in obstetrics, who have shown
that acquired skill at managing shoulder dystocia is
largely maintained at 6 and 12 months post-SBME
training among midwives and doctors in the UK.
Contrary findings come from Sinha et al.,44 whose
data indicate some laparoscopic surgical skills decay
after 6 months without added practice, especially for
fine motor skills. Lammers45 also reports significant
skill decay after 3 months without follow-up practice
among emergency medicine and family practice
residents who earlier learned posterior epistaxis
management using an oronasopharyngeal simulator.
Thus it appears that skill decay depends on the
specific skill acquired, the degree of skill learning
(or overlearning) and the time allowed to elapse
between learning and follow-up measurement. More
research is clearly needed here.

Mastery learning

Mastery learning is an especially rigorous approach to
competency-based education that dovetails closely
with educational interventions featuring DP. In brief,
mastery learning has seven complementary features:21

1 baseline (i.e. diagnostic) testing;
2 clear learning objectives, sequenced as units

ordered by increasing difficulty;
3 engagement in educational activities (e.g. skills

practice, data interpretation, reading) that are
focused on reaching the objectives;

4 establishment of a minimum passing standard
(e.g. test score, checklist score) for each educa-
tional unit;46

5 formative testing to gauge unit completion at a
preset minimum passing mastery standard;

6 advancement to the next educational unit given
measured achievement at or above the mastery
standard, or

7 continued practice or study on an educational
unit until the mastery standard is reached.

The goal of mastery learning is to ensure that all
learners accomplish all educational objectives with
little or no outcome variation. However, the amount
of time needed to reach mastery standards for a unit’s
educational objectives varies among learners. This
represents a paradigm shift from the way simulation-
based and many other educational activities are
currently carried out. The mastery learning model
will have significant impact on programme design,
implementation and resource use.

Despite these considerations, a small but growing
number of published research reports document the
feasibility of mastery learning in SBME skill acquisi-
tion studies. These studies also use some form of DP
to power the educational intervention. Examples
include the studies of mastery learning of ACLS,
thoracentesis and catheter insertion skills among
internal medicine residents reported by Wayne
et al.23–26 The Lammers study on acquisition of
posterior epistaxis management skills among emer-
gency medicine and family practice residents
employed a ‘pause-and-perfect’ training model,
which is a close approximation to mastery learning.45

Transfer to practice

Transfer to practice demonstrates that skills acquired
in SBME laboratory settings generalise to real clinical
settings. This is the highest level of the Kirkpatrick
hierarchy that is used widely to classify training
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programme outcomes.47 Research into SBME that
demonstrates its results transfer from the learning
laboratory to real patient care settings and improved
patient care ‘stretches the endpoint’.12 Studies that
achieve these goals are also very hard to design and
execute. Such work qualifies as ‘translational science’
because results from laboratory research are brought
to the public in terms of, firstly, more skilful behav-
iour in clinical settings, secondly, improved patient
care and, thirdly, improved patient outcomes.48

Several recent illustrations of SBME research have
documented transfer of training to patient care
settings. One report shows that simulation-trained
internal medicine residents respond as teams to real
hospital ‘codes’ (cardiac arrest events) with much
greater compliance to established treatment proto-
cols than more educationally advanced teams of
residents who were not simulator-trained.49 A second
study involving internal medicine residents shows
that trainees who have mastered central venous
catheter (CVC) insertion in a simulation laboratory
experience significantly fewer procedural complica-
tions (e.g. arterial puncture) in an intensive care unit
(ICU) than residents who are not simulation-
trained.50 Patients in the ICU receiving care from
CVC mastery residents also experience significantly
lower rates of catheter-related bloodstream infections
than patients receiving care from other residents.51 In
surgery, Seymour52 has published convincing evi-
dence that VR simulation training transfers directly to
patient care by improving surgeons’ operating room
performance. In obstetrics, Draycott et al.53 have
published extensive research demonstrating im-
proved neonatal outcomes of births complicated by
shoulder dystocia after implementation of simulation-
based training. Previously cited research reports by
Domuracki et al.17 and Edelson et al.18 provide more
evidence about the transfer of SBME learning to
clinical practice.

The generalisability and utility of SBME research
findings are likely to be demonstrated further as
larger experimental and quasi-experimental studies
report clinical outcome data. These studies are very
difficult to design and conduct rigorously.

Team training

Psychologist Eduardo Salas and his colleagues54

argue that ‘patient care is a team sport’. These
investigators cite evidence that one marker of team
behaviour, communication, is the root cause of
nearly 70% of errors (sentinel events) in clinical
practice. Other signs of ineffective teamwork in

clinical practice, including lack of shared goals,
situation awareness, role clarity, leadership, coordi-
nation, mutual respect and debriefing, have been
linked to such adverse clinical patient outcomes as
nosocomial infections, adverse drug events and risk-
adjusted mortality.55 Health care team training has
recently achieved recognition as an important
educational goal. The Salas research team points
out that ‘training also provides opportunities to
practise (when used with simulation) both task- and
team-related skills in a ‘‘consequence-free’’ envi-
ronment, where errors truly are opportunities for
learning and providers receive feedback that is
constructive, focused on improvement, and non-
judgemental’.54

Salas and colleagues perceived a need to identify and
describe key principles of team training in health care
that can be embodied in curricula and taught using
simulation technology.54 They performed a quanti-
tative and qualitative review of available literature
including a ‘content analysis of team training in
health care’. The result is a set of ‘eight evidence-
based principles for effective planning, implementa-
tion, and evaluation of team training programmes
specific to health care’. The ‘eight critical principles
are:

1 identify critical teamwork competencies and use
these as a focus for training content;

2 emphasise teamwork over task work, design
teamwork to improve team processes;

3 one size does not fit all … let the team-based
learning outcomes desired, and organisational
resources, guide the process;

4 task exposure is not enough … provide guided,
hands-on practice;

5 the power of simulation … ensure training
relevance to transfer environment;

6 feedback matters … it must be descriptive, timely
and relevant;

7 go beyond reaction data … evaluate clinical
outcomes, learning, and behaviours on the job,
and

8 reinforce desired teamwork behaviours … sustain
through coaching and performance evalua-
tion.’54

The bottom line message from this scholarship is that
team training works in carefully designed curricula
which allow opportunities for the DP of teamwork
skills in an SBME environment. The Salas research
team has also published 11 ‘best practices’ for
measuring team performance in simulation-based
training in a companion journal article.56
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High-stakes testing

The standardisation, fidelity and reproducibility of
medical simulation make the technology well suited
to formative and summative evaluations of clinical
competence. Formative evaluations are for practice
and feedback, but summative evaluations are for
‘high-stakes’ decisions, such as those that involve
the candidate passing a programme or course of
study, or gaining certification or licensure. High-
stakes testing demands highly reliable data that
permit valid inferences about the competence of
medical candidates. We anticipate increasing use of
simulation in high-stakes medical testing as the
technology advances and matures and as SBME
measurement methods become more precise.57

Recent research and scholarship, chiefly in the proce-
dural specialties, have demonstrated the utility of
medical simulation in high-stakes testing. A prominent
illustration is carotid stenting – typically performed by
cardiologists, radiologists and vascular surgeons – in
which simulation-based training and certification are
now required for professional practice.58

The use and acceptance of simulation technology in
training and high-stakes testing in anaesthesiology is
growing. Berkenstadt et al.59,60 have designed a
research and development programme and imple-
mented a simulation-based objective structured clin-
ical examination (OSCE) into the Israeli national
board examination in anaesthesiology. The OSCE was
crafted carefully by a team of clinicians, simulation
experts and testing specialists to include: ‘three steps:
(i) definition of clinical conditions that residents are
required to handle competently; (ii) definition of
tasks pertaining to each of the conditions, and (iii)
incorporation of the tasks into hands-on simulation-
based examination stations in the OSCE format
including [1] trauma management, [2] resuscitation,
[3] crisis management in the operating room, [4]
regional anaesthesia, and [5] mechanical ventilation.’
This high-stakes certification examination has yielded
reliable data, is acceptable to candidates and practis-
ing anaesthesiologists, and will undergo continuous
refinement and quality improvement.

Weller et al.61 report a similar experience in Australia
and New Zealand during the development and
testing of a college-accredited simulation-based crisis
management course for anaesthesia education. These
scientists assert, ‘Exposure to the concepts of crisis
management is now widespread in the anaesthetic
community in the region and should contribute to
improved patient safety.’61

Simulation technology has also been applied to
high-stakes testing in internal medicine. Hatala
et al.62,63 report Canadian studies that require
candidates for board certification to examine an SP
and then identify related clinical findings using a
simulation of a patient abnormality. The OSCE
stations measure candidate skills in the domains of
cardiology and neurology. These SP encounters
make a valuable contribution to the Canadian
board examination in internal medicine and will
probably grow in number with experience and
improvement.

A final illustration of the use of medical simulation in
high-stakes testing is drawn from research outside the
procedural specialties. Instead, it involves work by
educational scientists at the Educational Commission
for Foreign Medical Graduates (ECFMG) who
designed and evaluated a clinical skills assessment
(CSA) for doctors who aspire to become certified to
practise in the USA. van Zanten et al.64 have
published research that demonstrates how medical
simulation in the form of SPs yields reliable
evaluation data about candidates’ interpersonal skills
that allow for valid decisions about their professional
competence. Medical simulation can be an effective
tool for evaluating candidates’ personal qualities and
attributes, not just their procedural skills.

Instructor training

With regard to the effectiveness of SBME, the role of
the instructor in facilitating, guiding and motivating
learners is shrouded in mystery. There is a great
unmet need for a uniform mechanism to educate,
evaluate and certify simulation instructors for the
health care professions. Evaluation research is lack-
ing, but observation and experience teach several
valuable lessons: effective SBME is not easy or intui-
tive; clinical experience alone is not a proxy for
simulation instructor effectiveness, and simulation
instructors and learners need not be from the same
health care profession.

Many commercial vendors of medical simulation
technology offer training courses for buyers and users
of their equipment. Simulation instructor courses are
increasingly available from schools and colleges of
health professions education and from professional
associations. Several descriptions of simulation
instructor training courses have been published.65–67

However, the short- and long-term value and utility of
these educational opportunities are unknown without
trustworthy data from evaluation research studies.
Much more work is needed here.
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Educational and professional context

Contexts of education and professional practice have
profound effects on the substance and quality of
learning outcomes and on how professional compe-
tence is expressed clinically. Roger Kneebone’s work
with authentic, multi-mode simulation provides visible
testimony to the importance of context on learning
and practice.29,40 Schuwirth and van der Vleuten68

argue that: ‘Authenticity should have a high priority
when programmes for the assessment of professional
competence are being designed. This means that
situations in which a candidate’s competence is
assessed should resemble the situation in which the
competence will actually have to be used.’ Simulation-
based medical education that ignores its educational
and professional context for teaching, evaluation or
application in clinical practice is misdirected.

We are also reminded by the work of Pawson et al.9,10

that SBME is a complex service intervention whose
introduction in a medical education environment will
not be smooth or easy. This group asserts that such
interventions have a variety of key elements, includ-
ing a long implementation chain, features that
mutate as a result of refinement and adaptation to
local circumstances, and represent open systems that
feed back on themselves: ‘As interventions are
implemented, they change the conditions that made
them work in the first place.’9 In the words of the
Greek philosopher Heraclitus, ‘You cannot step twice
into the same river.’ The introduction and mainte-
nance of SBME innovations will reshape the goals and
practices of medical education programmes.

We believe this is the area of greatest need for
additional research to inform SBME. Technical fea-
tures of simulation devices have marginal influence
on studies that support or refute the benefit and
impact of SBME. Instead, features of the educational
and professional contexts in which SBME is embed-
ded have powerful influence on the process and
delivery of training. Faculty expertise in training with
these devices, their motivation to succeed, the local
reward system, and institutional support contribute
significantly to the success or failure of SBME. Such
contextual features warrant detailed study and
understanding so they can be shaped as needed to
improve educational results.

DISCUSSION

This brief review is a distillate of our research and
scholarly experience with SBME that covers a 40-year

time span. The list of 12 features and best prac-
tices that we propose and amplify reflects our
judgements about how the field has grown, matured,
reached its current state and is likely to advance in
the future. We acknowledge that this work may be
biased from our sampling of the published literature
and from our perspective as authors. In the spirit of
preparing a critical review,8 our aim was to ‘represent
various perspectives fairly’. No doubt other authors
will have different views.

We are encouraged that productive SBME research
groups are emerging in many medical specialties,
including anaesthesiology, emergency medicine,
internal medicine, obstetrics and gynaecology, pae-
diatrics and surgery. Research programmes produce
most valuable results when studies are thematic,
sustained and cumulative.

There is no doubt that simulation technology can
produce substantial educational benefits. However,
informed and effective use of SBME technology
requires knowledge of best practices, perseverance
and attention to the values and priorities at play in
one’s local setting.
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