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Purpose of review

Simulation in healthcare is becoming increasingly used. This review will spotlight some of the uses of
simulation in healthcare training.

Recent findings

Previously, evaluation of simulation training was typically from evaluations from trainees. Recent articles,
however, have linked simulation training to actual patient outcomes and demonstrated skill retention up to
1 year. Objective measurements have demonstrated positive effects on healthcare education, have been
successfully used in high stakes examinations, and have uncovered systems and patient safety issues.

Summary

This article will review some recent studies showing how simulation can have a positive effect on patient
outcomes and skill retention, uncover systems issues related to patient safety, and how simulation can be
used in credentialing, and other high stakes examinations.
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INTRODUCTION

Simulation training in healthcare is a relatively
new phenomenon that has grown exponentially
over the past decade. First used by anesthesiologists,
it is now employed by many specialties and
disciplines. Simulation in healthcare is relevant to
a full spectrum of applications, from procedural
training to complex medical decision-making, to
training in teamwork and interdisciplinary com-
munication. It is also, in selected cases, a com-
ponent of specialty-specific credentialing and
demonstration of maintenance of certification. In
the graduate medical education arena, work-hour
restrictions (with the attendant decreased clinical
exposure), increased emphasis on patient safety,
and a changing education environment, have com-
bined to create a unique niche for the application of
simulation training.

Simulation in healthcare is relatively new.
High-fidelity simulation was first introduced in
the 1960s, but it was not until the 1990s that
simulation became widespread [1,2]. Simulation
has since grown rapidly despite the early lack of
evidence regarding its educational efficacy. This
explosive growth occurred also despite the startup
iams & Wilkins. Unautho
costs for equipment and technology and the
requirement to train individually or in small groups
as opposed to traditional large audience lectures.
This expansion in the face of high costs and early
lack of educational outcomes data can be at least
partially attributed to the ability of simulation to
provide a unique procedural and cognitive training
platform previously unavailable in healthcare edu-
cation. Of particular value is the ability to train
repetitively on complex tasks wherein mistakes
become powerful learning vehicles rather than
negative outcomes at the bedside.
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KEY POINTS

� Simulation training has been shown to improve
patient outcomes.

� Simulation training has shown increased skill retention
up to 1 year after training.

� Simulation has been used to find and improve
systems issues.

� Simulation has been shown to improve education.

� Simulation can be an effective assessment tool.
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Because the reader may have a limited
familiarity with simulation, this article will review
basic simulation terminology and then review the
current applications of simulation in healthcare to
include task training, team building, and high stakes
credentialing [1,2]. Most of the science in healthcare
simulation is at the T1 level (T1 from bench to
patient bedside, T2 expands to larger populations,
T3 dissemination and implementation, T4 new
policy implementation). Only recently has research
started to emerge showing simulation to be effective
at the T2 and T3 levels [3]. This article will
review some of the latest literature showing how
simulation is making an impact on healthcare
and education.
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FIGURE 1. Reproduced with permission from [4&&]. Real
pediatric survival rates (right scale) related to the number of
mock codes (left scale). Actual survival rates for pulseless
rhythms, rhythms with a pulse, and all rhythms are
presented. CPA, cardiopulmonary arrest.
BACKGROUND/TERMINOLOGY

An acceptable definition of simulation is ‘The tech-
nique of imitating the behavior of some situation or
process by means of a suitably analogous situation
or apparatus, especially for the purpose of study or
personal training’ (Oxford dictionary). Fidelity in
the context of simulation refers to the accuracy with
which the simulation and/or simulation device imi-
tates reality. Fidelity is usually quantified as high,
medium, and low. An examination of high fidelity
would be a full body mannequin with physiologic
modeling software, pulses, breath sounds, electro-
cardiogram, and vascular pressure outputs. An
example of a low fidelity system would be a basic
cardiopulmonary resuscitation manikin. Task
trainers are devices designed to simulate specific
skills or situations. Examples would include airway
management devices, central line or bronchoscopy
trainers, and ultrasound simulators. Full body
simulators are generally computerized mannequins
of varying fidelity that are designed to represent
the entire patient. Virtual reality is a computer-
generated representation of a physical reality. In
Copyright © Lippincott Williams & Wilkins. Unau
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healthcare simulation, this is generally applied
when the computer screen is used to generate the
simulation. Haptics refers to the sense of touch and
the meaning of touch. In healthcare simulation, it
in general refers to the physical feedback provided
by the device. An immersive environment in
healthcare simulation refers to full-scale simulations
that recreate the healthcare environment. Debrief-
ing is the reflective postscenario discussion of key
activities, and events, and principles from the
simulation experience. This is a particularly crucial
component of simulation training, allowing
detailed and specific feedback on opportunities for
improvement prior to retraining.
IMPROVED PATIENT OUTCOME

The first article we will review: ‘Simulation-based
mock codes significantly correlate with improved
pediatric patient cardiopulmonary arrest survival
rates’ [4

&&

] was a foundational study that showed
that simulation training can indeed have an impact
on patient care. For a 4-year period, the researchers
implemented a monthly mock code into their
pediatric training program. The mock codes were
called randomly during weekday day shifts and the
code team responded to them as if they were real
codes. Afterwards there was a debriefing. They also
collected the survival rates of all cardiac arrests
during the study period. At the beginning of the
study, the survival rate was 33%; by the end of the
study the survival rate was 50% (Fig. 1). This study is
significant because it shows that simulation training
can have a positive effect on patient outcomes.
thorized reproduction of this article is prohibited.

ins www.co-criticalcare.com 327



C

Emergencies
This is one of very few studies that actually used
patient outcome data.
DISCOVERED SYSTEMS ISSUES

Communication failures account for many of the
issues in patient safety. Simulation can be used to
improve communication among team members and
theoretically reduce patient errors. The next article
reviewed ‘Interdisciplinary team training identifies
discrepancies in institutional policies and practices’
[5

&

] describes how interdisciplinary simulation can
be used to identify institutional policies and
practices that may be detrimental to patient care.
Over a 6-month period, the authors implemented
an interdisciplinary team training and simulation
program to improve the management of obstetric
emergencies. Transcripts from the debriefing
sessions identified five main types of system-level
and specialty-specific practices, policies, and pro-
cedures that could potentially cause conflict within
the clinical team or adversely affect patient care.
These included institutional policies that were
impossible carry out, policies between departments
that contradicted one another, policies that partici-
pants did not realize existed, and a variety of com-
munications barriers between different departments
and specialties. This study showed how interdisci-
plinary communications simulation training can be
used to identify critical systems-based obstacles and
issues that despite being endemic, might otherwise
have gone unaddressed.
INCREASED SKILL RETENTION

Many emergency procedures are rarely performed
but are of vital importance when needed. Simu-
lation has been shown to be effective in teaching
these complex emergency procedural skills. Until
recently, the long-term durability of these skills
has not been quantified. The article ‘Complex
procedural skills are retained for a minimum of 1
year after a single high-fidelity simulation training
session’ [6

&

] shows that with a single simulation
training session, it is possible to have skill retention
at 1 year. Thirty-four attending anesthetists com-
pleted the study. The patients were given a simu-
lated pretest (a patient was being intubated and
they were called in to help, the simulation was such
that the patient was impossible to intubate and
criothyrodotomy was required). This was followed
by debriefing and then directed retraining. Trainees
were then given a simulated posttest (same scenario)
and randomized into two groups. One group was
tested at 6 months and the other group was tested
opyright © Lippincott Williams & Wilkins. Unautho
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at 1 year with the same scenario being used at
follow-up testing. None of the participants had
any exposure to criothyrodotomy other than the
initial training during the study period. There was a
significant improvement in performance and task
completion time between the pretest and posttest
and that improvement was retained at both 6
months and 1 year. These results were at variance
with older studies, which have shown a decay in
performance at 6 months [7,8]. The reasons that the
authors give for their results are that the realism and
stress associated with their scenario was optimally
set for maximal learning. This is based on the
precept that an appropriate amount of stress and
realism lead to better retention [9]. The authors also
state that their results could be explained by
memory theory. Memory requires the two steps of
encoding then retrieval [10]. The use of a pretest,
followed by debriefing and practice, followed by an
immediate posttest could have addressed this
cognitive learning dimension.
IMPROVED EDUCATION

The articles ‘Technology-enhanced simulation for
health professions education a systematic review
and meta-analysis’ [11

&&

] and ‘Does simulation-
based medical education with deliberate practice
yield better results than traditional clinical edu-
cation? A meta-analytic comparative review of the
evidence’ [12] are two meta-analyses of recent
simulation articles that document simulation as an
effective educational tool. The article by McGhaghie
et al. [12] was a more focused analysis, looking at
the specific question of does simulation with delib-
erate practice yield better results than traditional
education. In this analysis, the authors screened
over 3000 articles published between 1990 and
2010. They found 14 articles that met their
following inclusion criteria: the article had to use
simulation-based medical education with deliberate
practice as an educational intervention, have an
appropriate comparison group featuring traditional
education, assess trainee skill acquisition rather
than knowledge or attitudes, and have sufficient
data to enable effect size calculation. The results
of the analysis showed that all 14 studies
demonstrated an improvement in the simulation
with deliberate practice group over traditional
education.

The study by Cook et al. published in JAMA 2011
[11

&&

] was a much larger and more comprehensive
meta-analysis, which sought to answer two ques-
tions: To what extent are simulation technologies
for training healthcare professionals associated
with improved outcomes in comparison with no
rized reproduction of this article is prohibited.
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Table 1. Characteristics of included studies

Study characteristics No. of studies No. of participantsa

All studies 609 35 226

Study design

Posttest-only, 2 groups 110 8362

Pretest–posttest, 2 groups 94 3784

Pretest–posttest, 1 group 405 23 080

Randomized group allocation 137 5093

Location

Simulation center 564 30 551

Clinical environment 34 3771

Both simulation center and clinical environment 11 904

Participantsb

Medical students 156 9530

Physicians in postgraduate training 324 8512

Physician in practice 135 5690

Nurses and nursing students 79 4146

Emergency medical technicians and students 20 1198

Dentists and dental students 12 624

Veterinarians and veterinary students 6 145

Chiropractors and chiropractic students 1 60

Other/ambiguous/mixed 79 5121

Clinical topicsb,c

Minimally invasive surgery 158 4741

Resuscitation/trauma training 87 7330

Endoscopy and ureteroscopy 72 1861

Other surgery 66 4819

Physical examination 37 4653

Intubation 35 2197

Communication and team skills 33 2451

Vascular access 31 2264

Obsterics 25 1774

Anesthesia 23 2135

Endovascular procedures 10 201

Dentistry 9 395

Outcomesb

Knowledge 118 8595

Time skills 210 5651

Process skills 426 20 926

Product skills 54 2158

Time behaviors 20 384

Process behaviors 50 1975

Patient effects 32 1648

Quality

Medical Education Research Study Quality Instrument �12 points 295 14 849

Newcastle–OttawaScale �points 111 4513

Reproduced with permission from [11
&&

].
aNumbers reflect the number of participants enrolled, except for outcomes, which reflect the number of participants who provided observation for analysis.
bThe number of studies and learners in some subgroups may sum to more than the number for all studies, and percentages may total more than 100% because
several studies included more than one learner group, addressed more than one clinical topic, or reported multiple outcomes.
cSelected listing of the topics addressed most often (numerous other topics were addressed with lower frequency).
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Table 2. Quality of included studies

Quality measure (points) Studies, No.
(%) (N¼609)

MERSQI score (maximum, 18)a

Study design (maximum 3)

Pretest–posttest, 1 group (1.5) 405 (66.5)

Observation, 2 groups (2) 67 (11)

Randomized, 2 groups (3) 137 (22.5)

No. of institutions sampled (maximum, 1.5)

1 (0.5) 517 (84.9)

2 (1) 24 (3.9)

>2 (1.5) 68 (11.2)

Follow-up, % (maximum, 1.5)

<50 or not reported (0.5) 166 (27.3)

50–74 (1) 31 (5.1)

�75 (1.5) 412 (67.6)

Outcome assessment (maximum, 3)

Subjective (1) 90 (14.8)

Objective (3) 519 (85.2)

Validity evidence (maximum, 3)

Content (1) 195 (32.0)

Internal structure (1) 130 (21.4)

Relation to other variables (1) 119 (19.5)

Data analysis

Appropriate (maximum, 1) 527 (86.5)

Sophistication (maximum, 2)

Descriptive (1) 49 (8.1)

Beyond descriptive analysis (2) 560 (91.9)

Emergencies
intervention? How do outcomes vary for different
simulation instructional designs? The authors
screened over 10 000 articles (1969–2011) with
609 articles included in the study. Nearly half of
the articles included in the study were published
after 2008. This study used broad inclusion criteria
to obtain a comprehensive overview of simulation
in healthcare education. Studies were included if
they used simulation to teach healthcare providers
at any stage of education level (with no intervention
as the control arm), and utilized outcomes of learn-
ing, behaviors, or patient effects. This is the largest
most comprehensive meta-analysis done to date
on simulation education. Table 1 summarizes the
characteristics of the included studies. Table 2
summarizes the quality of the included studies,
and Fig. 2 shows the studies that included out-
comes on patient effects. Ninety-six percent of
reviewed study outcomes showed a demonstrable
benefit of simulation training. This meta-analysis
thus helped reinforce that technology-enhanced
simulations, in comparison with no intervention
or when added to traditional practice, were associ-
ated with better learning outcomes. The smallest
effects were seen with patient-related outcomes.
However, there were significant inconsistencies
between studies, which varied in clinical topics,
learner groups, and instructional design. This article
helps answer the question of whether simulation
training makes a difference with a definitive answer
of YES.
Highest outcome type (maximum, 3)

Knowledge/skills (1.5) 544 (89.3)

Behaviors (2) 33 (5.4)

Patient/healthcare outcomes (3) 32.(5.3)

NOS (modified) score (maximum, 6)b

Representativeness of sample (1) 134 (22.0)

Comparison group from same community (1) 190 (31.2)

Comparability of comparison cohort

Criterion A (1)c 142 (23.3)

Criterion B (1)c 82 (13.5)

Blinded outcome assessment (1) 300 (49.3)

High rate of follow-up (1) 426 (70.0)

NOS, Newcastle-Ottawa Scale. Reproduced with permission from [11
&&

].
aThe mean score on the Medical Education Research Study Quality Instrument
(MERSQI) was 11.6 (SD, 1.9) and median score was 12 (range, 6.0–7.0).
bThe mean score on the Newcastle–Ottawa Scale (NOS) was 2.1 (SD, 1.5)
and median score was 2 (range, 0–6).
cComparability of cohorts criterion A was fulfilled if the study was randomized
or controlled for a baseline-learning outcome. Criterion B was fulfilled if a
randomized study concealed allocation or an observational study controlled
for another baseline learner characteristic.
CREDENTIALING AND HIGH STAKES
EXAMINATIONS

As healthcare progresses, issues of how to evaluate
competency and credentialing are becoming
more important. Simulation as a tool to evaluate
competency and credentialing is relatively new.
In the United States Medical Licensing Examin-
ation, there is a simulated standardized patient
component. In the near future, simulation may be
incorporated into board examinations and may
be used to assess competency for credentialing.
‘Objective structured clinical examination-based
assessment of regional anesthesia skills: the Israeli
National Board Examination in Anesthesiology
experience’ [13

&

] describes the Israeli experience
with simulation as a board certification tool. For
the last 7 years, Israel has used five simulation
stations in their National board certification process
in Anesthesiology. The rationale for using simu-
lation is that medical competence depends on four
stages of progressive abilities, knows, knows how,
shows how, and does. Historically, board examin-
ations have been written and oral assessment
opyright © Lippincott Williams & Wilkins. Unautho
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tools that only evaluate the ‘knows’ and the ‘knows
how’ levels. Simulation-based assessments can
evaluate the ‘shows how’ level of competence
rized reproduction of this article is prohibited.
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Subgroup
No. of studies

(No. of trainees)
All studies
Design

Posttest only, 2 groups

Pretest-posttest, 1 group
Pretest-posttest, 2 groups

Group allocation
Randomized
Nonrandomized, 2 groups

Participants
Medical students
Physician trainees
Physicians in practice
Nurses/nursing students
Other

Curricular integration
Present
Absent

Distributed
>1 d
1 d

Feedback
High
Low

Mastery learning
Present
Absent

Range of difficulty
Present
Absent

Assessment
Blinded
Not blinded

Quality: NOS
High (≥4)

High (≥12)

Low (<4)

Low (<12)

Quality: MERSQI

Favors no
intervention

Favors 
simulation

P value for
interaction

32 (1648)
18 (889)

5 (172)
9 (587)

14 (541)
9 (520)

1
25

6
3
3

9 (619)
23 (1029)

19 (885)
10 (506)

9 (548)
23 (1100)

11 (629)
21 (1019)

10 (266)
21 (1337)

9 (385)
23 (1263)

14 (636)
18 (1012)

29 (1489)
3 (159)

0.60

0.73

0.81

0.01

0.89

0.10

0.32

0.29

0.73

0.33

–1 0 1 2 3
Pooled effect size (95% CI)

FIGURE 2. Simulation compared with no intervention; positive numbers favor the simulation intervention. P values reflect
statistical tests exploring the differential effect of simulation training (i.e., interaction) for study subgroups. Participant groups
are not mutually exclusive; thus, no statistical comparison is made and the number of trainees is not reported. Some features
could not be discerned for all studies; hence, some subgroups do not sum to the total number of studies. NOS, Newcastle-
Ottawa Scale; MERSQI, Medical Education Research Study Quality Instrument; CI, confidence interval. Reproduced with
permission from [11&&].
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[14–16]. The five simulation stations in the Israeli
Board Examination scheme include trauma man-
agement, resuscitation, intensive care medicine,
critical events in the operating room, and regional
anesthesia. This article specifically describes the
regional anesthesia portion of the examination. In
Copyright © Lippincott Williams & Wilkins. Unau
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this portion of the examination, a role-playing
actor is used as the patient, with the examinee
being assessed on eight criteria including patient
positioning, relevant anatomy, needle positioning,
application of the procedure and associated compli-
cations. Each examinee was graded on a checklist
thorized reproduction of this article is prohibited.
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that included critical actions, as well as an overall
four-point scale. To pass, an examinee had to score a
minimum of 70% on the checklist while completing
all critical actions, and score at least ‘acceptable’ on
the overall assessment. Each examinee was assessed
by two examiners from other programs to minimize
the potential for bias. Over 7 years, the examination
was given 14 times for a total number of 308
examinees. The overall pass rate was 83%. The inter-
rater correlation was good at 0.84, 0.88, and 0.75 for
total, critical actions, and global scores, respectively.

The Israeli experience indicates that simulation
can be successfully used in a high stakes certification
examination. A recent article ‘Assessing continued
competency through simulation: a call for stringent
action’ [17] describes how nursing competence is
being evaluated, and makes a case for simulation
evaluation to be used to assess continuing compe-
tency of nurses. As simulation becomes more used in
these high stakes examinations, it is important to be
aware of how these examinations are scored
and evaluated.

The article ‘Opening the black box of clinical
skills assessment via observation: a conceptual
model’ [18

&

] describes the evaluation process. The
authors noted that even though there are tools of
assessment available, studies have shown wide
ranges in rater variability. This article attempted
to identify reasons for the variability. What they
found was that there were multiple factors that
accounted for the variability. This article indicates
that before simulation is used for high stakes
examination, there needs to be more study on the
assessment tools accompanied by objective and
extensive evaluator training to reduce interrater
variability.
CONCLUSION

Simulation in healthcare, once a relatively new
entity, is rapidly becoming a necessary and useful
fixture in medical education. Simulation offers
the potential to fill the gaps created by necessary
patient safety restrictions and paucity of exposure to
high-risk but critical technical and cognitive skills,
whereas concurrently offering unique opportunities
for team and interdisciplinary training in communi-
cation and critical incident functionality. There is
now a growing body of high-quality literature and
evidence to support this growth. In the future, it
can be expected that simulation will be used by
practically every healthcare provider at some or
multiple points in the training and certification
process.
opyright © Lippincott Williams & Wilkins. Unautho
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