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Abstract

Background: Simulation-based nursing education is an increasingly popular pedagogical approach. It provides
students with opportunities to practice their clinical and decision-making skills through various real-life situational
experiences. However, simulation approaches fall along a continuum ranging from low-fidelity to high-fidelity
simulation. The purpose of this study was to determine the effect size of simulation-based educational interventions

in nursing and compare effect sizes according to the fidelity level of the simulators through a meta-analysis.

Method: This study explores the quantitative evidence published in the electronic databases EBSCO, Medline,
ScienceDirect, ERIC, RISS, and the National Assembly Library of Korea database. Using a search strategy including

"o

the search terms “nursing,

simulation,” “human patient,” and “simulator,” we identified 2279 potentially relevant

articles. Forty studies met the inclusion criteria and were retained in the analysis.

Results: This meta-analysis showed that simulation-based nursing education was effective in various learning domains,
with a pooled random-effects standardized mean difference of 0.70. Subgroup analysis revealed that effect sizes were
larger for high-fidelity simulation (0.86), medium-fidelity simulation (1.03), and standardized patients (0.86) than they
were for low-fidelity and hybrid simulations. In terms of cognitive outcomes, the effect size was the largest for
high-fidelity simulation (0.50). Regarding affective outcome, high-fidelity simulation (0.80) and standardized patients

(0.73) had the largest effect sizes.

Conclusions: These results suggest that simulation-based nursing educational interventions have strong educational
effects, with particularly large effects in the psychomotor domain. Since the effect is not proportional to fidelity level, it
is important to use a variety of educational interventions to meet all of the educational goals.
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Background

Clinical education in nursing aims to integrate theoret-
ical knowledge from books into practical knowledge in
real-life situations and to help students develop their
problem-solving skills. Due to rapid changes in clinical
placements, patient safety issues, and ethical concerns,
students’ direct experience with patient care and oppor-
tunities to handle problem-based clinical situations have
been diminished. Simulation-based clinical education is
a useful pedagogical approach that provides nursing
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students with opportunities to practice their clinical and
decision-making skills through varied real-life situational
experiences, without compromising the patient’s well-being.

Simulation-based clinical education in nursing refers
to a variety of activities using patient simulators, includ-
ing devices, trained persons, lifelike virtual environ-
ments, and role-playing, not just handling mannequins
[1]. With realistic clinical scenarios, simulation-based
educational interventions in nursing can train novice as
well as experienced nurses, helping them develop effective
non-technical skills, practice rare emergency situations,
and providing a variety of authentic life-threatening situa-
tions. The advantages of simulation-based educational in-
terventions include the ability to provide immediate
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feedback, repetitive practice learning, the integration of
simulation into the curriculum, the ability to adjust the
difficulty level, opportunities to individualize learning, and
the adaptability to diverse types of learning strategies [1].

Simulation can be described as a continuum ranging
from low-fidelity simulation (LFS) to high-fidelity simu-
lation (HFS) [2]. Various simulation methods can be
adapted according to specific learning outcomes and
educational levels. Dieckmann [3] warns against placing
too much emphasis on having optimal equipment and
surroundings that realistically replicate the clinical set-
ting. The required learning outcomes must govern the
choice of simulation method [4].

A number of research studies in nursing have evalu-
ated the effectiveness of simulation-based educational
interventions [5]. However, the reported effectiveness
has varied according to the fidelity level of the simula-
tors and the outcome variables. Issenberg et al. [1] found
that HFS was effective for learning in medicine. How-
ever, their review was limited to HFS, medical education,
and learner outcome variables, and did not compare
simulation methods. Therefore, a meta-analysis synthe-
sizing the results of these studies is needed to provide
important insights into the level of simulation fidelity
that is most effective for educational use.

The aims of this study were to determine the effect
size of a simulation’s impact on nursing education and
compare effect sizes according to the fidelity level of the
simulators used.

Method

This study was planned and conducted in adherence to
PRISMA standards [6] of quality for reporting meta-
analysis. We also considered the PRISMA criteria based
on the PRISMA 2009 checKklist in reporting each section,
such as introduction, methods, results, and discussion.

Study selection

Studies published between January 1995 and July 2013
were identified by conducting an electronic search of the
following databases: EBSCO, Medline, ScienceDirect,
ERIC, RISS, and the National Assembly Library of Korea
database. The literature search was limited to articles
published in English or Korean and was conducted using
combinations of the keyword phrases nursing, simula-
tion, human patient, and simulator. A total of 2279 po-
tential studies were identified. Titles and abstracts were
reviewed for eligibility.

Relevant studies were screened for inclusion based on
the following criteria: 1) the study aimed to evaluate the
effectiveness of simulation-based education for nursing
students, and 2) an experimental or quasi-experimental
design was used. We excluded articles that did not re-
port a control group or that tested the effectiveness of
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computer-based virtual patients. For abstracts that did
not provide sufficient information to determine eligi-
bility, full-length articles were retrieved. Disagreement
on the inclusion or exclusion of articles was resolved
by consensus. Of the potentially relevant 2279 arti-
cles, screening of the title and abstracts resulted in
317 relevant studies. After a review of these articles,
96 studies were retained and three articles included
additionally via hand search. These 99 full-text arti-
cles were reviewed systematically to confirm their eli-
gibility (Fig. 1).

Criteria for considering studies for this review

In this study, assessment of the methodological quality
of 40 selected studies was performed by using the Case
Control Study Checklist developed by the Critical Ap-
praisal Skills Programme (CASP) [7]. The CASP ap-
praisal tool was designed to facilitate systematic thinking
about educational studies. This tool contains 11 ques-
tions in three sections: (1) Are the results of the trial
valid? (2) What are the results? (3) Will the results help
locally? Most of the items were responded with “yes,”
“no,” or “can’t tell.” The papers were assessed by two in-
dependent reviewers using the CASP checklist. Any
disagreement that arose between the reviewers was re-
solved through discussion and consensus with a third re-
viewer. Forty studies met the inclusion criterion of nine
or more out of 11 questions answered with “yes” and
were consequently considered to be applicable to this re-
view study. The inclusion criteria for this review were as
follows:

Study participants
This study sampled pre-licensure nursing students, li-
censed nurses, or nurse practitioners.

Type of interventions

We defined simulation-based educational intervention
as education involving one or more of the following mo-
dalities: partial-task trainers, standardized patients (SPs),
full-body task trainers, and high-fidelity mannequins.

Types of outcome variables

Study outcomes included learning and reaction out-
comes. Learning outcomes were categorized into three
domains: cognitive, psychomotor, and affective.

Data coding

The level of fidelity was determined by the environment,
the tools and resources used, and other factors associ-
ated with the participants [8]. However, as to debriefing,
a few selected studies do not indicate the method of
debriefing they had used, making it difficult to categorize
and discuss the effects of each debriefing method. Thus,
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Articles found n= 2768
EBSCO n=208
Medline n=1806
ERIC n=172
ScienceDirect n=317
RISS n=171

KNAL n=9%4
Potentially relevant articles
n=2279

Full articles reviewed for more
information n=317

Full articles obtained and screened
n=96
Hand search n =3

l

Articles included in meta-analysis
n=40

Duplication of titles n=489

Non-eligible articles n=1962
qualitative study n=137
not nursing studies n=376
literature reviews n=810
no results resented n=12
irrelevant outcomes or topics n=601
comparative study =13
Others =3

Non-eligible articles n=221
qualitative study n=6
not nursing studies #=10
literature reviews n=27
no results resented n=12
irrelevant outcomes or topics n=69
comparative study n =65
one group design n =32

Non-eligible articles n=59
not nursing studies n=2
irrelevant outcomes or topics n=15
comparative study n =4
one group designn =27
insufficient data to extract effect size n=11

Fig. 1 Flow of study analysis through different phases of the meta-analysis

we categorized fidelity level according to the physical
equipment used. Fidelity level was coded as low,
medium, or high according to the extent to which the
simulation model resembled a human being, hybrid, or
SP. LFSs were defined as static models or task trainers
primarily made of rubber body parts [9, 10]. Medium-
fidelity simulators (MFSs) were full-body manikins that
have embedded software and can be controlled by an ex-
ternal, handheld device [10]. HFSs were life-sized com-
puterized manikins with realistic anatomical structures
and high response fidelity [11]. We also considered hy-
brid simulators, which combined two or more fidelity
levels of simulation. As SP is a person trained as an indi-
vidual in a scripted scenario for the purposes of instruc-
tion, practice, or evaluation [12], the use of SP was

considered because of the different types of fidelity re-
sponses, such as body expressions and verbal feed-
back, which cannot be perceived in other simulation
models.

The extracted data were coded by two researchers. A
coding manual was developed in order to maintain the
reliability of coding. The manual included information
regarding effect size calculations and the characteristics
of the study and the report. Differences between
coders were resolved by discussion until a consensus
was achieved.

Data synthesis and analysis
The software Comprehensive Meta-Analysis version 2
(Biostat, Englewood, New Jersey) was used to conduct
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Group by Statistics for each study

level of fidelity

Study name

Std diff  Lower Upper
inmeans  limit  limit
0.503
0.503
0.494
1215
0.159
2.940
1.027
0342
0.232
0.586
0.405
0234
2217
0345
0.592
0337
0371
0.968
0972
0.654
0812
0.589
1.099
0.882
0.726
0.598
0212
0.396
0171
0.979
0.385
0439
1.928
0.702
1.303
0411
0.120
0.902
0.124
0.888
0.958
0.974
0.896
0.758
1.341
0733
0.627

Tosterud(2013) 0285
0285
0139
0371

-0.110
1.983
0731

0.207

-0.125
0.163

-0.284

0.314
1697

0073
0300
0137
0217
0622
0742
0439
0528
0237
0824
0495
0549
0386
0077
0018
-0.201
0379
0124
0083
1.451
0372
0.102
0049
-0.226
0584
-0.254
0605
0514
0663
0.644
0355
0876
0507
0521

0.721
0.721
0.850
2.058
0.428
3.897
1.322
0.891
0.590
1.008
1.095
0.782
2738
0.764
0.884
0.537
0.526
1315
1.202
0.869
1.096
0.941
1373
1.269
0.903
0.810
0.347
0.774
0.542
1578
0.646
0.795
2405
1.033
2504
0.773
0.465
1.220
0.503
1471
1.402
1.284
1.148
1.161
1.807
0.959
0.734

HFS
HFS
HFS
HFS
HFS
HFS
HFS
HFS
HFS
HFS
HFS
HFS

Alfes(2011)
Andrighetti(2011)
Brannan(2008)
Johnson(2012)
LeFlore(2007)
Maneval(2012)
Parker(2011)
Shepherd(2010)
Smith(2012)
Smith(2013)
Thomas(2012)
White(2013)
Kwon(2012)
Kim, D.H.(2012)
Kim, S.A.(2012)
Kim(2011)
Yang(2008)
Yang(2012)
Lee(2010)

Choi, E.H.(2013)
Ha(2012)
Heo(2012)

Lee(2013)
Lee(2009)

Chang(2002)
Shepherd(2007)
Weiner(2011)

Alinier(2006)
Chang(2010)

Becker(2006)
Foley(1997)
Khadivzadeh(2012)
Kim, s.H.(2012)
Roh(2013)
Park(2012)
Eom(2010)
Lee(2011)
Cho(2012)

Choi, $.J.(2013)

Overall

Std diff in means and 95% CI

p-Value

0.000
0.000
0.006
0.005
0.246
0.000
0.000
0222
0.203
0.007
0.250
0403
0.000
0.105
0.000
0.001
0.000
0.000
0.000
0.000
0.000
0.001
0.000
0.000
0.000
0.000
0.002
0.040
0.367
0.001
0.004
0.016
0.000
0.000
0.033
0.026
0.497
0.000
0.520
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

+++ + *lw

.50
Traditional education

Fig. 2 Forest plots for primary studies

the data analysis. Effect size estimates were adjusted for
sample size (Cohen’s d), and 95 % confidence intervals
were calculated to assess the statistical significance of
average effect sizes.

Fixed effects models assume that the primary studies
have a common effect size. In contrast, random effects
models attempt to estimate the distribution of the
mean effect size, assuming that each primary study
has a different population [13]. A test for heterogen-
eity of the intervention effects was performed using
the Q statistic. As the results of the test for heterogen-
eity was statistically significant, we used the random
effects models to accommodate this heterogeneity
for the main effect and sub-group analyses. The
planned subgroup analyses were conducted on evalu-
ation outcomes.

Results

Study characteristics

We identified 2279 potentially relevant articles using the
search strategy described above, of which 40 met the in-
clusion criteria. The characteristics of the 40 studies in-
cluded in this meta-analysis are listed in Table 1. Twenty
five of the 40 studies (62.5 %) used random assignment,
whereas the remaining 15 (37.5 %) were nonrandomized.
Half of the studies compared education using high-
fidelity simulators with a control group. Ten studies

(25 %) utilized standardized patients. Learners at various
levels of training were represented.

Overall analysis

When the studies were combined in the meta-analysis,
high heterogeneity was observed (Q =253.22, P<.001)
(Table 2). The overall effect size for the random effects
model was 0.70, with 95 % confidence intervals of 0.58—0.83
(Table 3) (Fig. 2). The possibility of a publication bias was
minimal because the funnel plot appeared symmetrical.

Effect sizes by level of simulation fidelity

Studies using HFSs (0.86), MFSs (1.03), and SPs (0.86)
had large effect sizes, whereas low-fidelity (0.35) and
hybrid (0.34) simulation studies had smaller effect sizes.

Reaction outcome according to fidelity level

The results of the sub-group analysis for reaction out-
come according to fidelity level are shown in Table 4.
The effect size of HFS on reaction was larger than that
of LFS (Table 4).

Learning outcome according to fidelity level

The results of the sub-group analysis for learning out-
comes according to fidelity level are shown in Table 4.
For cognitive outcome, which is a sub-domain of
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Author (Year) Country Random assignment Sample size experimental/control Level of fidelity Expertise-level of students
Tosterud (2013) Norway Y 29/28 HFS 1-3year
Alfes (2011) USA Y 29/34 HFS 1 year
Andrighetti (2011) USA Y 9/5 HFS graduate
Johnson (2012) USA Y 19/16 HFS graduate
LeFlore (2007) USA N 5/5 HFS NP students
Maneval (2012) USA Y 13/13 HFS graduate
Parker (2011) USA Y 18/23 HFS 2 year
Shepherd (2010) UK Y 9/15 HFS 3 year
Smith (2012) USA Y 16/17 HFS 3 year
Smith (2013) USA N 36/20 HFS 4 year
Thomas (2012) USA N 14/10 HFS 3-4year
White (2013) USA Y 16/38 HFS 4 year
Brannan (2008) USA N 54/53 HFS

Kwon (2012) Korea Y 19/19 HFS nurse
Kim, D. H. (2012) Korea N 69/62 HFS 4 year
Kim, S. A. (2012) Korea N 103/68 HFS 3 year
Kim (2011) Korea N 26/24 HFS nurse
Yang (2008) Korea N 92/75 HFS 2 year
Yang (2012) Korea N 94/91 HFS 3 year
Lee (2010) Korea Y 35/34 HFS 1 year
Choi, E. H. (2013) Korea Y 32/33 HFS 2 year
Ha (2012) Korea Y 60/58 HFS 3 year
Heo (2012) Korea Y 26/31 HFS 3 year
Lee (2013) Korea Y 96/84 SP/LFS 2 year
Lee (2009) Korea N 141/142 SP/HFS 1 year
Chang (2002) China Y 14/14 LFS nurses
Shepherd (2007) Australia Y 23/25 LFS nurses
Weiner (2011) USA Y 23/23 LFS nurses
Alinier (2006) UK Y 49/50 MFS 2 year
Chang (2010) Korea Y 20/20 MFS nurse
Becker (2006) USA Y 47/82 SP 4 year
Foley (1997) USA N 28/38 SP nurses
Khadivzadeh (2012) Iran Y 28/28 SP midwifery students
Kim, S. H. (2012) Korea N 29/25 SP 3 year
Roh (2013) Korea N 35/39 SP nurse
Park (2012) Korea Y 23/21 SP 4 year
Eom (2010) Korea N 31/31 SP 284 year
Lee (2011) Korea N 20/18 SP 2 year
Cho (2012) Korea Y 19/19 SP nurse
Choi, S. J. (2013) Korea N 22/22 SP 3 year

learning, the effect size was the highest for HFS (0.50),

followed by LFS (0.47), SP (0.32), and MES (0.06).
Regarding affective outcome, HFS (0.80) and SP

(0.73) had the largest effect sizes, whereas LFS (0.39)

and hybrid (0.35) simulation studies had smaller effect

sizes. MFS (1.76), SP (1.27), and HFS (1.03) showed

large effect
(Table 4).

sizes

in the

psychomotor

domain
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Table 4 Effect sizes by level of fidelity, to evaluation levels

N Q p-value -95 % Cl ES +95 % Cl SE Outcomes Type of fidelity k  -95%Cl ES  +95%Cl SE
40 25322 < .01 0.54 0.59 0.64 0.02 HFS 77 067 0.86 1.05 0.09
N number of studies, Q homogeneity statistic, ES effect size, SE standard error MFS 5 0.18 1.03 1.88 043
. . LFS 13018 035 052 08
Discussion .
The present study provided meta-analytical data for Hybrid > 016034 052 009
evidence-based education through a comprehensive ana- P 29 061 086 111 012
lysis of simulation-based nursing education with diverse  Reaction HFS 5 041 064 087 011
backgrounds and characteristics. Compared with our LES 4 001 027 054 013
previous artlclfe Effectiveness o”f patient simulation in Cognitive HES 16 036 050 064 011
nursing education: meta-analysis” [14], the current study
. i . MFS 1 -0.55 0.06 0.68 0.31
included an additional electronic search of Korean data-
bases such as RISS and the National Assembly Library LFS ! “0IT 047105 029
of Korea database. Through this process, 20 Korean pa- P 7 012032 052 010
pers were included additionally and half of papers were  Affective HFS 21 054 080 107 013
Korean. This could cause different result compared to MFS 1 061 001 062 031
previous one. In addlthn to including a.reactlon out- LES 4 006 039 071 016
come according to fidelity levels, effect sizes based on ‘
. 11 . ) . Hybrid 2 -0.03 0.35 0.75 0.20
outcomes and fidelity level were identified. A systematic
search of the literature resulted in 40 published studies P ? 051073 0% 01
that were eligible for inclusion in this meta-analysis. ~ Psychomotor HFS 28 077103 130 013
These primary studies provided evidence of the effects MFS 3 141 176 201 0.17
of simulation-based nursing education in various evalu- LFS 4 005 038 082 022
ation and learr}mg env1ron@ents. Hybrid 1 032 062 092 015
Random assignment studies accounted for 62.5 % of
SP 10 0.64 1.27 1.89 0.31

the studies included. This represents a noticeable in-
crease in randomized research designs, which made up
less than 30 % of studies in a systematic review con-
ducted 10 years ago on HSF in medical education [1].
That review found that HFSs were used in 50 % of stud-
ies, and 25 % used SPs, which is similar to the findings
of the study by Kim, Park, and Shin [15]. This confirms
the relatively high usage of HFSs and SP in nursing
education.

The medium-to-large effect size (0.70) suggests that
simulation-based nursing education is effective. This is
consistent with the findings of a study on health profes-
sional education [16], which reported that technology-
enhanced simulation training produced moderate to
large effects.

Regarding simulator fidelity level, HFS (0.86), MES
(1.03), and SP (0.86) displayed larger effect sizes com-
pared to LFS or hybrid simulation. This result supports
the findings of a previous meta-analysis of simulation in
health professions, showing that HSF offers benefits over
LES [17]. However, these findings should be interpreted
with caution. Recent studies suggest that the degree of

Table 3 Overall result of the meta-analysis, using a random
effects model

N =95 % Cl ES +95 % Cl SE
40 0.58 0.70 0.83 0.06

N number of studies, ES effect size, SE standard error

k number of effect size, ES effect size, SE standard error

realism required of a simulation is a function of the
learning task and context, and can therefore vary widely
for different areas of educational outcomes [17].

In the reaction domain, which includes satisfaction
and learning attitudes, HFS had a larger effect size than
LES. Satisfaction levels are high among students partici-
pating in simulation learning that utilizes human simula-
tors or SP [18]. Considering that problem-based learning
(PBL) lessons were found to enhance student attitudes
more than traditional lectures [19], student participation
and actual activity appear to have positive effects on sat-
isfaction and learning attitudes.

In the sub-group analysis for learning outcome accord-
ing to fidelity level, the effect size was the largest for
psychomotor outcome, followed by affective and cogni-
tive outcomes. This result differs somewhat from the
meta-analysis on the effects of PBL [19], in which effect
sizes were the largest for psychomotor outcomes,
followed by the cognitive and affective domains. This
difference is interpreted as reflecting PBL’s emphasis on
reasoning based on problems and cases, compared to
the actual clinical practice emphasized in simulation-
based learning.

Specifically, the effect size of cognitive outcome was
the largest for HES (0.50), while the order for affective
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outcome was HFS (0.80), followed by SP (0.73). In the
psychomotor domain, the order was MFS (1.76), SP
(1.27), and HFS (1.03). These results demonstrate that
HEFS and SP are effective in producing cognitive and
affective outcomes; however, to achieve psychomotor
learning outcomes, technical training using MFS would
be more helpful, which concurs with the lack of positive
association between fidelity and process skills [17].

However, the present study has the limitation of not
considering learning-related factors in the analyses based
on the fidelity level of simulators. Even though debrief-
ing has become more crucial in simulation-based learn-
ing and the methods have diversified over the years, a
few selected studies do not indicate the methods of
debriefing they had used, making it difficult to categorize
and discuss the effects of each debriefing method. This
may be because it is customary to omit debriefing while
learning from low fidelity simulations, especially for
training simple nursing skills. As such, the present study
has the limitation of not considering learning-related
factors from debriefing at each fidelity level of simula-
tors, including reflection, feedback, and a range of
debriefing methods (self-debriefing, multimedia debrief-
ing, and/or in-simulation instructor facilitated debrief-
ing). In addition, we did not include studies published in
languages other than English or Korean.

Despite such limitations, this study demonstrated that
simulation-based nursing education has an educational
effect, with particularly strong effects in the psycho-
motor domain. Since the effects are not proportional to
fidelity level, educational interventions should be broad
enough to satisfy educational goals, all of which are sup-
ported by the results presented above. In addition, a re-
cent study reported that debriefing was the most
important factor in simulation, with positive effects from
self-debriefing and video-facilitated instructor debriefing
[20]. Based on these findings, the clinical reflection
process needs to be improved to increase the learning
effects in the cognitive domain.

Conclusions

Our results indicated that simulation-based nursing edu-
cational interventions were effective with particularly
large effects in the psychomotor domain. In addition,
the effect of simulation-based nursing education was not
proportional to fidelity level. Therefore, it is important
to use an appropriate level of simulation to meet all of
the educational goals and outcomes.
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