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ABSTRACT

Simulation modalities are numerous in nursing etlasawith a need to reveal their range
and impactWe reviewed current evidence for effectiveness edlionm to high fidelity
simulation as an education mode in pre-licensueefegistration nurse educatidh state-of-
the-art review and meta-analyses was conductedilmasa systematic search of publications
in English between 2010-2015. Of 72 included stsidd@ were quantitative primary studies
(mainly quasi-experimental designs), 13 were qai@i¢ studies and 16 were reviews of
literature. Forty of 43 primary studies reportedidf@s to student learning, and student
satisfaction was high. Simulation programs providedti-modal ways of learning. A meta-
analysis (8 studies, n= 652 participants) iderditigat simulation programs significantly
improved clinical knowledge from baseline. The vinggl mean increase was 5.0 points (Cl:
3.25-6.82) on a knowledge measure. Other objegtnated measures (eg, trained observers
with checklists) were few. Reported subjective mieas such as confidence and satisfaction
when used alone have a strong potential for rebidts Studies presented valid empirical
evidence, but larger studies are required. Simarigirograms in pre-licensure nursing
curricula demonstrate innovation and excellence. giograms should be shared across the
discipline to facilitate development of multimodehrning for both pre-licensure and

postgraduate nurses.
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HIGHLIGHTS

¢ Simulation education statistically improves nursstigdents’ knowledge

 Studies report improvements to students’ confideoompetence and self-efficacy

* Programs demonstrate innovation and excellencehitegaa wide-range of topics

* Programs should be shared across the disciplifeciidate development of

multimodal learning



Manuscript
INTRODUCTION

Simulation-based learning is fundamental in leagrimbe a nurse and is increasingly
incorporated in nursing curricula. This method @@ieation incorporates goal-based role
play, enabling students to practice of a rangekitissvithout risk to real patients (Motola
and Devine 2013). Based on nursing students’ feddalout confidence levels and
satisfaction, students are known to enjoy simutaedie a teaching and learning technique
(Bogossian et al., 2013, Yuan et al., 2014, Levettes et al., 2011, McCaughey and Traynor
2010). Learning outcomes have predominantly beatuated using self-reported measures
and subjective assessments, thus leaving questioms the effectiveness of simulation-
based learning.

The focus on simulation education modalities irsmg education over the last decade
has policy and practical antecedents. This includesgnition that simulation-based
scenarios can help students to learn and can grépem for clinical practice (Lapkin et al.,
2010). Simulation offers repeated practice oppatiesiespecially for the management of
less common conditions (Motola and Devine 2013)ucing the time it takes to reach
competency. Simulation based education is alsoideresl to be a valid substitution for some
clinical training hours in pre-registration nursiogurses in the USA and the UK (Larue et
al., 2015, Ricketts et al., 2013). Further, thermational shortage of clinical placement
venues has driven the rise in simulation-basedataucprograms (Ricketts et al., 2013).

Research into simulation-based education in ngrsas escalated in the last five years
and reports have increased exponentially. The SCdtabase records from the last 20
years indicate that around 40 nursing simulatiodiss were published annually. However,
this increased eight-fold between 2011 and 201&ntaverage of 324 per year. Hence, it is

timely to re-examine the recent progression of &imn research and to explore its efficacy.



As there is no single objective measure of legrnsmulation studies have based their
evaluation on various criteria such as knowledgeravement, skills development,
confidence levels, critical thinking, and psychoaorakills (Cant and Cooper 2010). In a
systematic review of manikin-based high fidelitysing simulation Lapkin et al., (2010)
reported positive educational effects for knowledgaquisition and for clinical reasoning. A
systematic review of 23 studies published betwd¥I822007, however, reported that very
few studies had objectively evaluated simulationocation outcomes (Harder 2010). A
systematic review of simulation studies in nuram@010 found that four of nine
experimental studies reported significantly higbest-intervention mean knowledge scores
compared with a control group (Cant and Cooper 20AM@aver (2011) also reported
improved knowledge and satisfaction of nursing ehtsl in a review of high fidelity
simulation. Yuan et al. (2012) in a systematic eawvof 26 quantitative studies found
evidence for improved knowledge and skills. Overadlults, however, were mixed, with the
conclusion that there was a lack of evidence oretfext on learning owing to varied designs
and methods, and small sample sizes.

Given the escalation of simulation programs irsmg curricula, a re-examination of
simulation-based learning, it's outcomes, and thlelity of assessment measures is timely,

to report the current state of the art.

THE REVIEW

Aim

The study aimed to review current evidence foreffiectiveness of medium to high fidelity
simulation as an educational strategy in pre-linsemgpre-registration) nursing education.
The research questions to be addressed are:Whanclinical learning environments is
simulation being used in the education of pre-lgtea nursing students? (ii) what measures

are used to assess learner impact? And (iii) héectfe is simulation-based learning? — also



using knowledge tests as a key statistical outcomasure. Medium and high fidelity

simulation environments are described in Box 1.

Design

This paper presents a ‘state-of-the-estliew (Grant and Booth 2009) utilizing recent
gualitative, quantitative and mixed methods studéestate-of-the-art review aims to
comprehensively and systematically search the euliterature in order to report the state of
current knowledge and to identify priorities fotute investigation and research (Grant and
Booth 2009). This design was chosen as the moditaple to identify the effectiveness of
simulation in pre-licensure nursing.

Search strategy

Multiple searches were conducted to identify Erglaguage studies published during the
six years (2010-2015). This period was chosen tmtaa the currency of data and to
provide an update on the authors’ previous revietheliterature (anonymized for review-
2010). The expanded Cumulative Index to NursingAlfidd Health Literature (CINAHL
Plus) and PubMed were searched for the period 8p2040 to December 2015. PubMed
was selected as a key index of over 25 million ladiwal citations. Free text searches were
also made to broaden the search. Google Scholaals@searched from 2014 — 2015 as it
lists the most recent papers and those ‘in pr&&ference tracking was conducted and a
hand search was made of key related journals su€himical Simulation in Nursing to
enable a broad search of all applicable journadtarimit publication bias (Greenhalgh and
Peacock 2005).

The main search terms based on medical subjectnysagere ‘nursing student’;
‘baccalaureate’; ‘education, nursing’; ‘educatiargthods’; ‘learning’; ‘teaching’; ‘patient

simulation’; and ‘human simulation’. Systematiciev studies and studies labelled



'integrative review’ (a variation on systematic i@v), and meta-analysis were also included.

An example of a search strategy is given in the@kupentary file, Table A

The titles and abstracts of all the identified sadvere collected in a library database
and then filtered to select those that met theusioh criteria (given below). Studies were
analysed and synthesized using the integrativeweprocess described by Whittemore and

Knapfl (2005), in order to answer the research toes.

Search outcome

From 400 studies, we retained peer-reviewed stubdaseported primary or secondary
research in nursing using medium to high fidelitgdation (Box 1) that described an impact
on participant skills or knowledge. The studiegstdd included active participation of
learners in simulation events, such as goal-baslegptay with instructor feedback (Cant and
Cooper 2010). Studies were excluded if they weya@wsonous or information-giving alone.
Studies were also excluded where centred upongradtiate students or qualified
nurses, advanced practice nurses or midwives,emialpy courses such as paediatrics. Other
studies were excluded based on research desigrmingldirect comparisons with dissimilar
modes of education (such as classroom based Igqraitopic which has been explored
exponentially (Cook et al., 2011) and if there weoesimulation intervention outcome data.
Also excluded were sub-specialty topics such asilsition pre-briefing, debriefing, learning
theory, faculty viewpoints, and interprofessionalfssimulation groups. Studies where the
full article was not available in English were exd#d as were interprofessional research,
curriculum planning and design, descriptive or amrpapers, and dissertations. The process

for selecting included studies is shown in Figure 1



Synthesis
Citations were initially screened by title and sésdwere rejected if inclusion criteria were
not met (Figure 1). The remaining records wereestd using the title and abstract, or
abstract and full text, whence further studies veckided or rejected as applicable. There
were a number of selection rounds as further patitins were identified and at each stage
two authors independently confirmed study eligiiili

A mapping process was then undertaken to clagsfgtudies by research design,
curriculum topic, sample, simulation interventiomasures used, and learning outcomes.
The characteristics of each record were collatedltav a comparison. Two researchers
collaborated to read the full-texts to extract sg#advith data suitable for a meta-analysis. As
the overall aim was to explore the ‘state of thtéadrsimulation in nursing student education
all eligible studies were initially retained anassified without excluding any study on the
basis of quality.
Meta-analysis
A meta-analysis was conducted to combine studyiteeand to improve the precision of the
overall effect measured in the population (Field20 The variable ‘clinical knowledge’
which was the most common objective test resul @fesen as the outcome. This issue was
important as there is no consensus among the tici@garding the impact of simulation on
knowledge. Eight studies that provided sufficienbwledge data (eg, number of correct
answers out of a series of questions) from repgaedand post- tests of the intervention
group were included in the analysis. The pre- argt-fest mean and standard deviation were
extracted from each study. These were used to &stithe mean change in knowledge (and
standard error (Borenstein 2009)), post intervenitioeach study. The mean change was the

summary statistic used in the meta-analysis.



The data were meta-analysed using a random effemte! (DerSimonian and Laird
1986), which assumes each study is estimatingferéift effect, but that each effect comes
from the same underlying distribution of effectstofest plot shows the individual study
effects and the overall pooled random effect. Hgfeneity amongst studies was measured
using the I-squared statistic (Higgins et al., 20@3alysis was conducted using STATA
vsl4 (StataCorp 2015).

In order to describe current applications andawwvihe evidence for use of
simulation in nursing education, the context anarabteristic of each study are described
below. Reporting, where possible, followed guidapasr/ided in the PRISMA checklist for

reporting systematic reviews and meta-analysis @ehal., 2009).

RESULTS

The 72 included primary and secondary studies cizegh#3 quantitative studies, 13
gualitative studies, and 16 reviews of literatuudlshed between 2011 and 2015. A list of
the quantitative studies is given in Table 1; thelative studies in Table 2 and reviews of
literature in Table 3. These studies help to dbsdtie broad range of curriculum topics and
research designs incorporating simulation-basedadttun interventions conducted in nursing

student education over the last six years.

The research designs in the primary studies coegbrarious levels of research
evidence when assessed according to The JoharggsBnistitute (2014) definitions of
research effectiveness. They included Level 1 ramzed controlled trials, Level 2 quasi-
experimental studies that analysed pre-test antpsismeasures, and Level 3 observational-
analytic designs such as cohort studies with arabgtoup. In this way the impact of the
simulation-based learning on the intervention grasag reported and gathered as evidence,

with the comparison group of less importance.



Eleven of 43 studies were gquantitative experimemtaiseudo-randomised participant
trials. Several studies provided Level 4 evidemesscriptive-observational designs with a
post-intervention measure such as participant f@edtka survey of confidence or
satisfaction. Of 16 reviews of literature, nine eeystematic reviews and three included a
meta-analysis. However, as the component reseaasimainly quasi-experimental the

reviews provided Level 2 evidence.

Sample sizes that varied in quantitative studiesfL6 to 409 nursing students,
appeared to be limited by the size of pre-registnatursing student cohorts enrolled in any
particular course; eg., 116 first year studentgh#® year students. Or, for example, a
sample which used a historical comparison groujbdf participants. Studies with larger
participant samples recruited students from maaia tine university or from more than one

course. Overall the various sample selection psaeg/ere clearly reported.

The simulated learning environments

In answer to the research question: (i) in whasaewducation domains and learning

environments is simulation being used? — we desdnialings below.

The primary studies were conducted within the pralfying undergraduate or pre-
licensure nursing students’ curriculum. Most repdetatured high fidelity face-to-face
simulation in laboratory settings using computetifdl-body manikins. Several studies
reported use of medium fidelity simulation with amikin and use of a facilitator’s voice —
and generally small groups of student learners amtkgether as a team. Several studies
used a simulated patient (actor), and for som&jdest played the patient actor role. Nearly
all studies measured impact on the individual te€tsimulation participant, many with

students working as a team of four or six. Sev&xadies justified the ‘observer’ role as



learning, or as an added experience in additi@ctive participation (Lippe and Heather

2015, Shelestak et al., 2015, White et al., 201&atRen et al., 2015, Mould et al., 2011).

Following simulation education best practice proteg¢Clinical Simulation in
Nursing 2013), simulation programs provided mulbdal ways of learning. They generally
consisted of a pre-briefing, followed by the siniida and ending with a group discussion, or
debrief. Three studies reported use of computeedaderactive simulation approaches
where students learned independently rather thargmoup (Bogossian et al., 2015, Farra et
al., 2013, Johnson et al., 2014) and receivedsabstitute, textual rather than face-to-face
feedback.

Table 1 and Table 2 present summary details afgy simulation studies together
with their research focii. By far the most commamiext of simulation-based learning
designs was clinical skills acquisition, includibgginning students learning about a single
clinical technique (such as blood pressure manageanélood transfusion skills) (Gordon
et al., 2013, Flood and Higbie 2015), or for sestoidents more advanced skills such as
assessment and management of a rapidly deterigyaaitient (Bogossian et al., 2013, 2015,
Stayt et al., 2015, Unsworth et al., 2012, Liavalet2012).

Table 3 presents a summary of the literature regiemies, the most common
research focus (n=6) being evaluations of the dgfiwof simulation as education.
Additionally, use of simulation to improve patiesafety competence, as a substitute for
clinical practice, and to improve clinical perfomt, were reviewed. Fourteen of 16 reviews
reported a positive impact of simulation for thearious focii (see Table 3).

The second common research foci aimed to undersgt@ngedagogy of ‘simulation
as learning’. These primary studies assessed thacinof the simulation intervention on
learners and on various aspects of their educdtamhancement. For example, knowledge

and critical thinking (Shinnick and Woo 2013), apacts of simulation as learning (Ko and



Kim 2014, Kim et al., 2015, Graham and Atz 2015¢gf®son et al., 2015, Kelly and Fry
2013). Learners developed a greater awarenessiehpsafety using simulation (Kelly and
Fry 2013); clinical skills laboratories formed adge for students between university and
clinical practice (Ewertsson et al., 2015) but Hperiences can act as a barrier to learning
for a minority of students (Graham and Atz 2015).

However, simulation was also reported to statiificagnificantly improve self-
efficacy in experimental and in pretest-posttesigles, according to a meta-analysis
(Franklin 2014). Although this and other meta-as&l\studies reported some positive
outcomes for improved self-efficacy and for cogratand psychomotor domains of learning
(Lee and Oh 2015, Vincent et al., 2015), the metdyses were constrained by varied
research designs and the use of non-experimerggrde This range of heterogeneous
studies therefore limits the overall evidence.llnl® reviews of simulation literature
presented a broad range of research focii (Table 3)

Many of the qualitative studies (see Table 2) esqalcsimulation as learning and the
perceived impact and value to students. From tiérfgs, it was apparent that simulation can
be applied to a wide range of clinical learningi¢spwith positive evaluations. Beginning
students should be orientated to simulation astantque, and coached in repeated role-plays

to become confident at working together in smasiugs.

Measures of learning impact

To summarize the research question: ‘What instrusAe@asures were utilized to assess
learner impact?’, we first refer to recent reviefsiursing literature that gathered and
critiqued overall evidence (Table 3). There waack lof consensus on how to measure
‘learning;’ as no single measure incorporatedradldesired knowledge, attitude, and
competency elements. The reviews pointed towaxdsiaty of measures as the measure

being used to address the research objective amactdemic theme under investigation.



The measures used in the reviewed primary studieslé¢ 1) varied between
objective measures that were independent of theithahl learner (clinical observation,
knowledge tests, etc) to more subjective self-rspsuich as confidence, self-efficacy and
satisfaction. Some studies tried to capture lewktdinical skill through self-assessment: eg.,
Self Report Competency Scores (Stayt et al., 20Nse Decision-Making Instrument
(Loke 2014), or the Healthcare Professionals Pa8afety Assessment (Mariani 2015).
Others used a validated attitude scale such adfeefficacy’ measure that could indicate
confidence to achieve a future clinical goal —dgample, the General Perceived Self-
Efficacy Scale (Stayt et al., 2015). Studies alsedua validated course evaluation scale such
as the Satisfaction with Simulation Experience &¢kim et al., 2014), or Student
Satisfaction and Self-confidence in Learning S¢abbro 2014). Many studies, however,
used purposely developed measures with little gustification of their rigour. Very few

instruments were used repeatedly in different s&jdnaking direct comparison difficult.

The most objective measures are knowledge testslenchl observations made by a
trained observer using a checklist- such as anditgeStructured Clinical Examination
(OSCE) (Cant et al., 2012). In a RCT examiningithgact of manikin-based simulation to
teach nursing students how to recognise and mamdgéeeriorating patient, Stayt et al.

(2015) administered a pre-test OSCE and the san@EQ® s repeated as a post-test for both
the control and intervention groups. In this wéng &uthors were able to objectively measure
any improvement in clinical performance and alseatly compare groups. Positive gains

were reported through the use of this definitiveaswe and other measures.

Some studies usefully examined performance ‘as&ce’ using objective ratings of
performance from retrospective video review of dated scenarios (Jeong 2015). Other
web-based e-simulation studies collected parti¢igata using online surveys and tracked

keyboard movements that were downloaded for anai{Begossian et al., 2015).
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Importantly, however, it should be noted that timsimulation (or ‘dose’ of
learning) may be a confounding factor among thas#iess. The ‘dose’ of simulation
experienced by students varied from one hour, ®day, and longer (eg, a 45hr course unit).

Thus, study comparisons may need to evaluate teeteff simulation dose on outcomes.

Furthermore, assessment timing and skills retemtigract research outcomes. The
timing of assessments in the reviewed studies'gissvaried greatly, especially between pre-
test and post-test. The most common measure wasithediate impact with outcomes
tested before, and again immediately after, theisition intervention. Some examples of
this design were: Bogossian et al., 2013, Fluhetrgl., 2012, Gibbs et al., 2014, Liaw et al.,

2012, Lippe and Heather 2015, Roh et al., 2013.

Several studies, however, recognized the needstsagknowledge retention and
clinical impact, reassessing knowledge weeks orthwolater. Gordon et al. (2013) tested the
impact of simulation education using HFS with a rkemnon students’ blood pressure
measurement accuracy. In addition to pre- and $osilation measurements, observed
accuracy was tested after a further 40 hours oicali placement experience, thus
acknowledging a contribution made by practice eigmee. A randomized trial teaching
nursing students cardiac arrhythmias tested knayeled baseline, after the intervention, and
after a further three months, showing that the &atman group had significantly greater
knowledge and better retained knowledge (TubaighdtTawalbeh 2014). Further, Hart et
al. (2012), studied educational gains in a 45hucstired course curriculum at pre-test,
midway through the course, and as a post-test.eT$tegtegies have the potential to add rich
data to what is known about transfer of knowledde practice. Delayed testing or serial
testing was uncommon, however.

These studies demonstrated that simulation enhagaes in psychomotor skills

(Vincent et al., 2015) and volitional qualities Buas self-confidence (Mager and Campbell

11



2013, Fluharty et al., 2012, Stayt et al., 2015) aatisfaction (Foronda et al., 2013). In
addition, a key objective measure was knowledgaaghthrough simulation interventions,
which was flagged as an essential measure in tliestof the 17 that tested knowledge.

In order to provide empirical evidence we askedthivel research question: (iii) how
effective is simulation-based learning? — usingwdedge tests as the key denominator. A
meta-analysis was conducted to answer this question

Meta-analysis outcome

The individual study effects and the overall pootaddom effect are shown in Table 4. A
diamond represents the combined estimate and %s@mfidence interval. All eight studies
showed a gain in knowledge from baseline scords, avmean overall weighted difference of
+5.0 (CI: 3.25-6.82) points on a knowledge measure.

The mean difference varied from 0.62 in a studyhvé participants who completed
10-item knowledge questionnaires (White et al., 3010 13.62 where 48 participants
completed 37-item knowledge surveys (Hart et @14). (Supplementary file B presents
test-retest study details). An estimate of varigb{heterogeneity) made between the studies
showed a p-value <0.05 suggesting evidence of ¢gteeity and the random effects model
was appropriate. Heterogeneity was also quantiisdg the I-squared measure (Higgins et
al. 2003) which revealed a highrheasure (98.6%; p= 0.000) suggesting high hetesite
As a guide to interpreting thé value, 50% to 90%: may represent substantial bgéereity:;
75% to 100%: considerable heterogeneity. The wedyhesults, however, indicated an
average gain in knowledge in 652 students acrdseigiht studies after the simulation
intervention.

No correlation was found between knowledge effext simulation duration in the

seven studies that conducted simulation educatientavo, four or six hrs (p= 0.180).

12



DISCUSSION

This study reviewed 72 studies of simulation-bdsadhing in nursing to explore and explain
the current state of the art. There were posititeammes for learning and objective evidence
of knowledge gains across the student populatiath, aweighted mean difference in scores
across meta-analysed studies of +5.0 points. Aghdlifferences in length of knowledge
surveys may have contributed to variability betwserlies (as a larger number of question
items can allow for greater change in knowledgeesjaall eight studies demonstrated
positive gains after the intervention. The strerajtthese results should be interpreted with
caution, however, because of differences in stebyghs (heterogeneity) and lower levels of
evidence (with few experimental or controlled sas}i As simulation is often a mandatory
component of nursing education, educators andéesuadike should be aware of the impact

of simulation education program outcomes, includhmgr differences.

How to best evaluate learning in simulation progsasnstill perplexing, however.
Systematic reviews aim to combine data from difiesources to produce overall results
from all the data. This study identified that exstlan comprised a mix of subjective and
objective measures, and few measures were sham@sbgrimary studies, making overall
comparison difficult. Other than knowledge testfobe-and-after data reports on other
measures were too few to conduct further pooledarné analyses. A common thread exists
in nursing simulation literature, whereby studiga g0 measure a host of different variables.
A recent review of literature reported that simiglatstudies in nursing measured around 14
different cognitive effects (Cant and Cooper, 2028)other review of simulation literature
examining psychomotor skills found that six differ@ppraisal tools were used in eight
studies in the review (Vincent et al., 2015). Ussmmany different outcome measures in
the field limits the number of studies that carpbeled to statistically identify small and

medium effects which may not be perceptible in stoely alone (Cant and Cooper, 2016).

13



Further, the validity and reliability (reproducily)) of study results is under question
owing to the common use of untested assessmeninmsats. For example, OSCE
instruments may have been based on each instisifioeference or format rather than a
common tool. In the reviewed studies, very few ubedsame instrument, thus making
collective outcomes difficult to assess. We rembrtest study outcomes individually. Use of
published instruments and scales that have beetated is important to develop a strong

culture of evaluation in the nursing literaturesamulation (Kardong-Edgren 2010.

Further, we noted that nearly all the reviewed ismitbok a short-term view of
learning by measuring learning outcomes before taed directly after, the education
intervention. Several studies did assess knowleelgation and clinical impact by
reassessing knowledge some weeks, or months(@dedon, 2013; Hart et al. 2012;
Tubaishat and Tawalbeh 2014). These longitudingigtis are key to our understanding of
how skills rehearsed in the simulation laboratay transfer into clinical practice, and
should be more commonly reported.

Evidence shows that simulation programs are caesttlyvery time-consuming to
develop (Lapkin 2011; Cant and Cooper 2015). Angfite of this study is the wide range of
curriculum topics seen in the designs used anddanrcorporated scenarios, which create a
potential resource for other institutions. It slibhé noted that there is an online collection of
simulation scenarios and resources: SIM-one SIMh&we Exchangé (http://www.sim-
one.ca/scenario) as a valuable resource for edgcatad technicians alike. There are also
commercial subscription simulation resources winahe the benefit of being well
authenticated (eg, Laerdal education resources
http://www.laerdal.com/au/docid/27318271/Educatlé®ervices) and others (Cant and

Cooper 2015).

14



The research evidence for simulation use in nursthgcation is increasing
exponentially. A limitation of this study is thaidluded research was limited to publications
in English, while researchers in other countrieskarown to be publishing simulation
research, especially China, Korea, and Spain. Atfha broad search for literature was
made, and also repeated searches that aimed teé&arch bias, it was thus not possible to
include all published studies.

In summary, studies with larger samples are neaapcesent evidence of effect and
this could be achieved by combining university mgsohorts and applying the same
curriculum/simulation programs. In research (asosepl to clinical simulation education
program assessments), objective measures sucloatekige tests and observation of
performance are the most important and valid measdihere is currently an opportunity to
use standardized simulation scenarios/evaluatioddautilize a large cohort of students

participating in different countries, which wouldbpide high quality evidence.

CONCLUSION

The review represents the current state of thefaimulation in nursing education in
English-speaking nations. It explored current etlanal practices, with the primary studies
conducted between 2010 and 2015. Subjective mea&et-reported confidence, perceived
competence) when used alone, as in many studas;edhe rigor of the findings. Other than
knowledge tests, objectively rated measures (&gjr@ed observer with checklist) were used
by few. These studies, however, present valid éogbievidence and larger studies are
needed to verify the findings. For example, objecgvidence of positive knowledge
outcomes was identified in a meta-analysis acrassyined sample of 652 participants.

In future research, a move to utilize higher ledesigns (eg., experimental studies) with use
of validated assessment tools can add more weaghtitience for the positive impact of

simulation-based learning in nursing student edocaOverall, the simulation programs

15



used in pre-licensure nursing curricula demonsiratevation and excellence. These
programs should be shared across the disciplifeeciiitate development of multimodal

learning for both pre-licensure and postgraduateesu
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Table 1: Summary of included quantitative studies

students

scenarios (2 hrs total)

Study Design and Simulation Methods-sample, simulation Measurement variable Results Outcome
Target group topic type, duration
Bogossian et al Quasi-experimental Adult hospital One group prospective trial in labs with | Knowledge, satisfaction, Pass rate for performance was low (1%), Final year nursing students have difficulty in
2013 prospective trial patient 97 final year nursing students and observed clinical performance | and situation awareness of team leaders managing a deteriorating patient and further
Final year Nursing deterioration simulated patient (actor), over 3 scores (OSCE) was low (41%). rehearsal is required.

Bogossian et al.

Quasi-experimental

Hospital patient

Convenience sample n= 367 students

Knowledge, satisfaction,

38.1% achieved a pass in clinical

FIRST2ACTWeb effectively enhanced

CPR performance
of nursing student
teams

teams .

CPR-algorithm in a simulated
cardiac arrest

checklist.

2015 prospective trial - deterioration completed Web-based interactive objective clinical scores performance across three scenarios; a knowledge,
final year Nursing simulations via computer screen & pass in clinical knowledge increased from | Virtual clinical performance, and self-
students (year 3) evaluation surveys (approx 1.5 hrs) 78% pre-simulation to 92% post- assessed knowledge, skills, confidence, and
simulation (M= 7.63+1.52; M=8.68+1.50 ; | competence.
p=0.000),
Cook et al. 2012 Quasi-experimental ) Two-group prospective study A web Quantitative performance A statistically significant difference was PULSE was positively evaluated as an
study of senior year | Life support based interactive simulation game assessment; questionnaire found between the competence the educational tool when used alongside
Nursing students training Platform for Life support (PULSE) was | assessing the leamning groups displayed. traditional life support training.
trialed by 34 students (18 in experience.
intervention group, 14 controls )
Eikeland Husebg | Comparative study CPR Observational study using a manikin; Time to defibrillation, None of the nursing student teams More time must be assigned for repetitive
etal. 2012) of defibrillation and performance of 28 nursing student performance according to D- achieved top scores on the D-CPR- practice of CPR and reflection.

nursing students

and
communication

a palliative care course who completed
2 end of life simulations using HFS with

Student Satisfaction and Self-
confidence in Learning Scale

(satisfaction) M= 4.5/5. Thematic analysis
of comments was reported

Evans and Mixon | Undergraduate Knowledge of One-group observational study of 117 Knowledge and Attitudes of Percent correct score was 70.4%, SD Sim scenarios that include pain management
2015 Nursing Students' post-op pain junior year nursing students using HFS | Survey Regarding Pain 8.6% based on 37 items in KASRP. are an innovative way to prepare student for
Knowledge of Post- management with manikin, working in a team. (KASRP) instrument. their primary nursing role.
op Pain
Management after
Participation in
Simulation
Fabro 2014 Descriptive study of | Principles of One-group observational study of 25 16-item Educational Practices | Student mean score of Self-confidence End of life simulation is an effective
baccalaureate palliative care +33 nursing students (over 2 years) in questionnaire, 13-item was 4.4/5, for Education Practices

capstone learning experience for
nursing students.

measures study of
Second year
associate Nursing
students

scenarios (VRS)

developed scenario

test and at 2 months after)(

(p <0.001), (simulation group M=
13.5£2.52; M (T2)= 17.68+1.73; 80%
gave positive comments about the VRS.

for the dying manikin, working in a team of 5-6
patient. students.
Farraetal. 2013 Experimental two Disaster training randomized sample (n=54) using Knowledge pretest and post- N=41 completed all surveys. Effect of VRS is an instructional method that reinforces
group repeated 3-D virtual Avatars in Second Life in purposely test (20-question MCQ pre- virtual simulation was strongly significant learning and improves learning retention.

Flaathen and Flo
2015

Quasi-experimental
study of first year
Nursing students

Clinical care
scenarios

Case study: evaluation of impact of
HFS with manikin; n=158 students

Preclinical test of knowledge.

N=76 students described impact of
simulation either as observer or as active
nurse assistant, with significant

Active participation in sim is beneficial and
can assist students to pass a clinical test.




differences in preclinical test results
between groups (p< .05). (test results not
reported)

Flood and Higbie | Quasi-experimental Blood transfusion | Prospective comparison trial (n=86) Cognitive knowledge Overall pre-test scores improved Use of HFS after a related lecture may help
2015 study BSN Nursing skills with intervention group receiving a significantly after simulation (7.06+1.65; increase students’ knowledge.
students didactic-lecture prior to simulation 9.13+1.00) although the lecture group had
(n=44) or no lecture group (n=42) (both higher scores on both prét-test and post-
groups completed simulation working in test (p=0.000)
groups of 6-8 students over 2 hrs).
Fluharty et al Quasi-experimental End of life care Quasi-experimental prospective trial; 10-question purposely Knowledge (n=329) was significantly Findings support simulation as a strong and
2012 trial, Nursing impact of HFS with mannikin for 336 developed Knowledge survey, | improved across all students regardless of | viable pedagogical approach to learning.

students in various
courses

nursing students working in teams (20-
min simulation over 1 hour program)

30-item Self-Confidence in
Caring for a Dying Patient in
Nursing; End of Life
Communication Assessment
Tool. Satisfaction survey.

role in simulation (M= 8.01, M=9.18;
t=15.29, p=0.000) although differences
were seen by background of group.

Gibbs et al 2014

Quasi-experimental
trial using first year
associaite degree
Nursing students

Hypoglycaemia

Prospective two-group comparison trial
(n=96) students working in teams of
five, with low fidelity manikin and
instructor voice compared with a case
study (scenario, group discussion).

10-question hypoglycaemia
knowledge survey (MCQ),
simulation satisfaction, plus
instructor- completed clinical
evaluation tool.

Pretest scores 55% improved significantly
in the simulation group to 68% although
improvement was higher in the case study
group (55%; 80%; f (1,92) = 4.4, p=.04).
Clinical scores for the simulation group
were significantly higher of the two (17/22
versus 8/22; p<.001)

The studies validated two teaching methods
for teaching hypoglycaemia nursing
interventions.

Gordon et al
2013

Randomized trial
with first year pre-
registration Nursing
students

Blood pressure
measurement
accuracy

Randomized prospective comparison
trial with laboratory learning group or
intervention: 2-hr simulation group with
HPS. (accuracy was tested after further
40 hrs of clinical hospital practice)

10 yes/no questions on
knowledge of correct B P
measurement procedures;
Confidence and technical
ability; delayed expert
observation of skills while
measuring B P on live patient.

B P accuracy was not significantly
different between controls and intervention
group. (p >.05)

Accuracy of B P taking was not enhanced by
use of patient simulator although confidence
was reported as improved.

Hartetal 2014

Quasi-experimental

Recognition and

Mixed methods design repeated

Purposely developed 37-item

Knowledge scores improved significantly

Simulation training is effective in preparing

study of, BSN response to acute | measures & descriptive, qualitative knowledge survey, Self- (67.0+6.66 to mid 80.62+7.34 p=<.001,to | BSN students to recognize and respond to
Nursing students patient approach with 48 BSN students aftera | confidence Scale, rating of post-intervention 88.70+6.48 p=<.001. critical events.
deterioration structured 45-hour unit ,simulations Teamwork using TEAM A significant effect was found on
used HFS. (manikins). . instrument; guided reflective teamwork as scores increased at mid and
session(GRS) post intervention (p < .01). Self-confidence
improved throughout the course (p <
.001).
Jeong 2015 Quasi-experimental Hypoglycaemia, Prospective trial of simulation by topic Observed performance (video | The hypoglycaemia scenario achieved Rapid escalation of symptoms in the
study with junior respiratory (55 teams of hypoglycaemia and 70 analysis) rated on checklist significantly higher overall scores through respiratory syndrome made it harder for
Nursing students distress teams of respiratory distress points for ‘preparation’, ‘assessment’ and student to manage. Repetitive simulation is
syndrome); after preparation, each ‘intervention’. necessary
student working in team of 3 using HFS
(SimMan) over 25 mins.
Khailala 2014 Quasi-experimental Preparation for N=61 students’ sim experiences to 20-item State-Trait Anxiety Anxiety scores decreased, (M1.80+0.35; The use of simulations before and during

descriptive study of
second-year nursing
students

first clinical
practice

reduce anxiety and increase
confidence.

Inventory to measure ,
anxiety; self-confidence,
satisfaction

1.7140.35, p=0.02) while self-confidence
and caring ability scores increased after
using simulations..

nursing students' first clinical practice is a
useful and effective learning strategy.




Kim et al 2015 Quasi-experimental Clinical skills Evaluation of 186 culturally diverse 21 item Simulation Evaluation | Positive scores were achieve din the Students valued HFS as an effective medium
descriptive study of acquisition students’ perceptions of nursing skills Questionnaire, develop by survey, in the range 1-1.5 indicating strong | for improving their clinical skill acquisitions.
Nursing students acquisition using 2 three-hour HFS authors agreement. Results were not pre-tested as
sessions in curriculum with post-test overall scores
Kimhi et al 2014 Randomised trial Fundamentals of | Randomised double crossover trial of Short form (7 items) Self Simulation increased self-confidence/self- | Simulation increased self-confidence/self-

using Nursing

Nursing process

medium fidelity sim £mannikins (3

Confidence/Self-efficacy for

efficacy for both groups at time 0 and time

efficacy equivalently whether timed either

students days) versus clinical experience (5 the Nursing Process Scale 2 (t=-9.02, p=.01, effect size = .54). before or after clinical experience.
days) & self-efficacy in 56 second
semester BSN students.

Kirkman 2013 Time series design Respiratory Observational ratings of students’ Purposely developed 12-point | Difference in Mean score T1 to T2 was - Transfer of learning’ into bedside
with Nursing assessment respiratory patient assessment priorto | ‘OSCE’ with ratings assessed | 1.571; between T2 and T3 (simulation management was confirmed with HFS
students lecture, after lecture, and after clinical by nurse educators intervention) was significantly greater (-

simulation 1.746) (p=0.000)

Ko and Kim 2014 | Quasi-experimental Emergency and A trial of simulation education 27-item Critical thinking No difference between groups in Critical Multi-modal simulation is an effective method
trial with non- critical care (treatment group n=33, 32 controls in Disposition Scale; 25-item thinking disposition; significant to improve clinical competence of students
equivalent control nursing (patient subsequent year) (4 hrs multi-modal problem solving scale, 19- improvement in Problem Solving process However, result variables were self-reported
group and junior with abdo simulation learning using standardized | item modified scale on clinical | for sim group (+0.32 points vs +0.03 by students, hence further research is
Nursing students pain/malaena) patient/students in teams of 4. competence. points, (t=-2.39, p=.020). Clinical needed to independently measure outcomes

competence scores increased significantly
more in the sim group (3.49+0.43 to
3.78+0.42) (F=12.76. p=.001).

Lee etal 2015

Quasi-experimental

Nursing care

Mixed methods survey of students re

13-item Simulation

Students gave mainly positive ratings of

Further research is needed to develop

descriptive study of first sim experience (n=33) plus Effectiveness for Leaming simulation items.  Qualitative themes simulation experiences in junior students and
Junior nursing reflective journals (n=18); using HFS scale translated into Korean were machine-human interactions, give more time to learning.
students (SimMan) in half-day program. learning capability and reconciling practice

with theory.

Liaw et al 2012 Randomised Physiological RCT (N=31) of intervention of 6-hr four | Baseline observed one- Intervention group significantly improved Knowledge and self-confidence did not
controlled trial with deterioration scenario simulation-based program (in | simulation performance using | knowledge score (t= 9.60; p<0.001), predict simulation performance. Simulation
senior Nursing teams of 6 students) using HFS vs no 31-item checklist (RAPIDS) performances (t=9.26; p= <0.001) and based assessment of self confidence could
students intervention for controls. for all; pretest post-test self-confidence (t=3.19; p= <0.001), with lead to overestimation of self-confidence

surveys of knowledge (53 greater effect than for control group.
items MCQ), and confidence

(5 items). Videoed simulation

performances were rated.

Liaw, et al 2014 Quasi-experimental Clinical Ward Descriptive study of 94 final year Perceived preparedness for Post test ‘preparedness’ improved from SIMPLE program enhances nursing students’
descriptive study of practices student nurses in 15-hour SIMPLE clinical practice questionnaire; | M=96.86+15.08 to M=117.21+£15.17 (t= preparedness for transition to graduate

final year student
nurses

(Simulated Professional Leaming
Environment) program with multiple
simulation scenarios (HFS) based on
actual ward clinical practices.

Satisfaction survey

12.06; p= 0.01), with high satisfaction
reported with qualitative themes.

nursing practice.

Lindsay and Randomized Clinical judgment | Non-equivalent controlled trial of n=40 11-item knowledge survey of | Post test scores for intervention group Clinical simulation can be used to enhance
Jenkins 2013 experimental trial of | responding to intervention, n=39 controls re rapid rapid response systems; improved from M=61.07+17.09 to clinical judgment.

senior nursing rapid response and Code blue practices over | Intervention sim group had M=90.91.2148.73. which was higher than

students (final deterioration: one simulation day (working in groups the scores for controls

semester) of 3-4)
Lippe and Becker | Quasi-experimental End of life care Pre-test post-test design testing 15-item Perceived Perceived competence was significantly Students’ perceived competence in caring for
2015 descriptive study of for critically ill attitudes and perceived competence in | Competence in Meeting improved at post-test form a baseline of patient at end of life increased after

Nursing students patient 2-hour lab simulation with N= 128 ELNLC Standards survey; 10- | 23.5to = 4.0 (p=<0.01). FATCOD scores | simulation

students (3 cohorts) in teams of 8-10,

item Concerns About Dying

did not change over time.




participating/playing family member or
observing

Scale; 30-item Frommelt
Attitudes Toward Care of the
Dying (FATCOD) Scale.

Loke et al 2014

Quasi-experimental
study of second year
Nursing students

Decision-making
process.

Cross-sectional survey (n=232) to
determine factors related to simulation
that influence students’ development of
a decision making process (after at
least 4 hrs of HF-HPSM simulation
labs)

24-item Nurse Decision
Making Instrument; effect of
debriefing

A complete simulation experience of role-
playing followed by active discussion in
debrief was a significant contributor to the
decision making process (t= 73.6667;
p<0.005). Active participation in debrief
independently predicted development of
decision-making (t=12.633; p<.005)

Active participation in debrief was more
important than role-playing in developing
decision-making process.

Luctkar Randomized Unresponsive Survey of 44 students randomized to Self-efficacy: 17-item Health Self-efficacy scores did not differ across Experiential learing modalities should be
Flude,2015 experimental study patient respiratory assessment (asthma Assessment Educational groups. Performance skills were included in an undergraduate nursing health
of Nursing students assessments exacerbation) on a HFS (voice Modality Evaluation survey significantly greater with HFS (but learners | assessment course.
assisted), or SP, or Community (HAEME) ; performance were less satisified with this modality.
Volunteer; checklist; performance time
taken

Mager and Randomized Medication Intervention group (n=28) had lab 10-item knowledge test; Self-confidence scores (rated in 6 items) Simulation improved nursing students’
Campbell 2013 experimental study management of simulation options over 1 week, Bandura's self efficacy improved significantly in intervention group | knowledge and perceived confidence more

of pre-licensure
Nursing students

electronic record

managing medications, pre filling
medications using electronic charts;
controls (n=21) had traditional (multi-
model) teaching including
demonstration

instrument was modified to
measure confidence in
students' knowledge and
skills; 34-item observational
performance checklist

(M (n=28) =4.6; M= 8.6, p< 0.01) with
more effect than for control group.
Knowledge was significantly improved in
the intervention group to 92% (baseline
not given).

than traditional teaching modalities

Mariani 2015

Non-experimental
descriptive survey of
senior
undergraduate
Nursing students

Patient safety
principles and
practices

Survey of N= 175 students who, on a
simulation day, viewed 2 simulation
videos on safety, surveyed safety
features in a patient room, and
debriefed in teams of 6-8.

Healthcare Professionals’
Safety Assessment scale;

Mean scores for Part 2 ratings of comfort
level to report an error, increase
significantly (16.95+3.44; 17.69+3=.25; t
(n=153) = 2.78, p= 0.006)

Simulation is a teaching strategy that may
contribute to increasing undergraduate
nursing students’ comfort with reporting or
investigating errors.

Moreland et al.
2012

Quasi-experimental
study of junior
undergraduate
Nursing students

End-of-life Care

Descriptive pilot study of 14 students’
knowledge and self-efficacy in patient
management following a 15-min
simulation (working in pairs) with a lung
cancer ‘patient’.

7-item Knowledge MCQ; 8-
item Self-Efficacy
Assessment Instrument scale
(both purposely developed for
this study)

Post test knowledge scores improved from
M=5.21 to M=6.0 (p= 0.003) (t-test used
for 14 casesl). an 11% increase. Self-
efficacy improved from M=35.36 to
M=37.79 out of 48 (p= 0.05) Students
want to rehearse skills further

Gains in knowledge and self-efficacy indicate
that simulation was a good instructional
technology for teaching end of life nursing
care.

Mould et al. 2011

Quasi-experimental
study of senior BN
Nursing students

Critical nursing
care scenarios

Descriptive study evaluating a 27
simulation scenario program (with
programmed mannequins, moulage
and actors) over a 9-week semester;
with teams of 4 students completing
scenarios each week over 2 hours
(with one team as observers). (n=219)

Confidence and competence
using a 4-item specifically
developed survey and open
comment satisfaction survey.

Perceived confidence scores improved
from M=2.30+0.90 to M=3.75+0.76
(p<0.001) and competence scores
improved from M=2.51+0.88 to
M=3.71+0.69 (p<0.001).

Average increase in confidence scores
were 1.45 points (effectively 63%),
competence scores 1.2 points (effectively
48%). Students enjoyed learning

A series of medium-to-high fidelity
simulations over the semester demonstrated
an improvement in BN students’ competence
and confidence related to critical care nursing
practice.

O'Boyle-Duggan
etal. 2012

Mixed methods
study of Nursing
students

Managing a
patient with
disabilities.

Quasi-experimental prospective study
of

173 health students (n=120 nurses)
working in groups of three; each
student participating in 21 interaction

Self-confidence, satisfaction

Satisfaction with learning was high with
95% of responses agree/strongly agree;
self-confidence scores following the
simulation were also hiugh with seven of 8
items receiving a rating of 4 or 5 from 85%

Students felt confident and satisfied with the
simulation activity.




with a simulated patient while facilitator
& others provided peer reflections; plus
nursing student focus group.

of participants.

Piscotty et al. Quasi-experimental Integrating quality | Pretest and posttest design to evaluate | Knowledge and safety test, Knowledge and safety test scores Student-led simulation was effective in

2011 study of Nursing and safety quality and safety knowledge, skills and | self-efficacy (attitudes to 6 increased significantly in both cohorts eg., | improving students’ quality and safety self-
students (4-year BN | competencies attitudes via student-developed QSEN competency areas) Knowledge p= 0.027, safety p= 0.03. efficacy and knowledge.
and 12-month into simulation scenario; 97 BN students BN students’ overall: M=70.83+8.09;
accelerated second- | undergraduate and 44 BSN. Scenarios were M=72.3119.65; t=-1.69, df 91, p=0.094). +
degree BSN) nursing using developed & filmed by student groups knowledge M=59.78+12.02, M=

simulation and presented in class with student-led 66.12+12.18, t=-4.94, df 91, p=0.000, vs
debrief. (accelerated students overall:
M=76.2849.91; m=78.28+8.16; t=-1.56, df
38, p=0.127). + knowledge
M=66.03+14.61, M= 70.51+£14.16, t= -
2.29, df 38, p=0.027).

Roh, 2014 Quasi-experimental Patient Non-equivalent control group trial 17-item Resuscitation Self- Overall mean self-efficacy score increased | Simulation-based training has a positive
study of second year | resuscitation (n=163); students assigned to medium | Efficacy Scale in high-fidelity group (t = 9.327, P <.001) impact on improving self-efficacy. Additional
Diploma Nursing fidelity simulator (ResusciAnne) & medium-fidelity group (t = 6.568, P < high-fidelity simulation is more effective than
students (n=138) or HFS (SimMan) (n=28) (all .001). HFS group reported significantly medium-fidelity simulation only in improving

students previously learned higher scores on debriefing & recording nursing students’ self-efficacy. There is a
resuscitation- specific topics during subscale (t = 5.578, P <.001), responding | need to boost student’ self-efficacy through
course) working in teams of 4 & rescuing subscale (t=5.811, P <.001), | mastery experiences in their curriculum.
completed cardiac arrest simulation. reporting subscale (t = 3.441, P = .001), &

overall scale score (t=4.737, P <.001).

Schlairet et al Quasi-experimental Fundamentals of | Descriptive study to explore impact of 8-item Emotion Scale; No significant effect was found for Nursing students demonstrate positive

2015 pilot study of Junior nursing clinical simulation (using SimMan) on emotion | Cognitive Load Rating Scale; | cognitive load and odds of correct emotion and high levels of cognitive load
nursing students simulations and cognitive load (n=40), among 170-item Test of Essential assessment performance, although during simulation. Findings may inform better

beginning nursing students (working in | Academic Skills (TEAS); 85- various data were implicated. instructional design for simulation in
groups of 6) in two scenarios. item Kaplan Critical Thinking beginning nursing students
Test.

Secomb et al, Randomised Cognitive load in Pretest post-test parallel control group | The 65- item Learning The was no significant difference in More rigorous research into simulation

2012 controlled trial of Cardiac (N=58) to test e-simulation (Micro-Sim | Environment Preferences cognitive gain scores between intervention | activities is required.
senior nursing scenarios commercial decision making activity, 2 | (LEP) inventory; ('e-simulation) and control (face-to-face)
students cardiac scenarios), vs face-to-face groups, although a trend of non-significant

simulation (same scenarios in lab difference in native -English language.
‘ward’ with VitalSim manikin) in
individual students

Sharpnack et al Quasi-experimental Teamwork, safety | A pretest-posttest design, with N=54 22-item Creighton Simulation Pretest scores improved for all three Student found repeated use of video-

2013 study of BN and issues. nursing students to evaluate Evaluation Instrument (C-SEl) | groups. (i) M=7.57+2.44; M=19.24+0.83; | recorded scenario simulations were useful in
BSN Nursing assessment, communication, critical to test quality and safety t= (n=20) =19.25, p=0.001; (ii) BN applying classroom knowledge to their clinical
students thinking, and technical skills after video | competence, technical skills, (working in pairs) M= 9.14+2.34; practice.

simulation (three cohorts- 21 BN, 19 critical thinking. M=19.57+1.90; t= (n=6) =5.46, p=0.002;
BSN, 14 BN). (iii) BSN: M= 11.32+2.85; M=15.58+1.35;
t= (n=18) =6.24, p= 0.001.

Shelastak et al Quasi-experimental Clinical cues in Prospective study (pilot) of 51 students’ | Objective Structured Clinical At Time 1, 49% correctly identified the Clinical decision making is a complex process

2015 study of Nursing cardiac scenarios | recognising critical decision points Examination ()SCE) scores situation, at T2 71%; student who correct and further research is needed with larger
students during HPS; 6 simulation session with and written clinical identified the cues were more likely to samples.




10 students per session (5 in active
role, as observers (all in the same
room).

judgements gathered form
students during pauses in the
scenario

make correct or partially correct decisions.

Shinnick and Quasi-experimental Patients’ fluid Descriptive study- one group (n=154) 12-item HF clinical knowledge | Mean knowledge score improved 6.5 Simulation is an effective learing modality
Woo, 2013 study of Nursing levels from 3 schools who had learned the test (pre and post were points (p<0.001) (T1 M= 64.87+12.19); for HF in pre-licensure nursing students.
students care of decompensated heart failure different); 33 item but there were no statistical overall gains Optimal preparation and dosing for improved
rotated through pre-test in groups of 5 computerized Health in CT. Only students who were older age knowledge are yet to be determined.
but individually participated in the Sciences Reasoning Testpre | had gains in CT.
simulation and post to measure critical
thinking; 12 —item Kolb
Learning Style Inventory
Stayt et al, 2015 Randomized Recognizingand | Phase Il single, RCT with single Objective Structured Clinical Intervention group were significantly better | Simulation-based education may be an
controlled trial with managing an blinded assessments (n=98), for Examination(OSCE) (pre and | in post-OSCE (of 24) (Pre M =6.72+2.2; effective educational strategy to teach nurses
first year Nursing adult intervention group (simulation- up to 4 post); General Perceived Self- | post M=18.0+£3.2) ; no significant the skills to effectively recognize and manage
students deteriorating hrs) or control (classroom based- 1 hr). | efficacy scale; Self-reported difference in post-intervention General a deteriorating patient.
patient in competency score. Perceived Self Efficacy and Self-Reported
hospital. Competency scores between control and
Patient intervention groups (Pre M= 130+13; post
deterioration M=141%15). The intervention group was
significantly more satisfied with their
teaching method.
Tubaishat and Randomized Cardiac A pretest-posttest design to assess 20-item purpose-developed Mean knowledge score at post-test was Simulation is a superior teaching strategy that
Tawalbeh, 2014 controlled trial Of arrhythmia .arrhythmia-related knowledge in Knowledge test (MCQ) with significantly higher than at pre-test for both | significantly improved students’ arrhythmia
Nursing students control group (taught by viewing Cronbach alpha of .84 in groups. The experimental group knowledge.
simulation monitor) and experimental current study; retention tested | significantly increased knowledge of
group (n=50) who interacted with METI | at 3 months. cardiac arrhythmia (baseline 6.24+2.78) in
software to apply treatments to patient the first (M=13.2+3.35) and the second
and to live monitor. post-test (12.2+3.81) compared with those
in the control group
White et al 2013 Randomized Distributive RCT: Randomly assigned groups from 10-item purposely developed Neither cognitive skills nor confidence Neither teaching strategy in isolation is
controlled trial with shock/patient a Complex Health Course, (n=38 Distributive Shock levels were significantly enhanced by the effective. A combination of teaching
senior Nursing deterioration controls, n=16 intervention group) Questionnaire: Cognitive skills | use of high-fidelity simulation. Intervention | strategies approach is recommended.
students completed 2 simulations working in test (DSQ) and Confidence group scores were knowledge (DSQ):

teams of four, with additional four as
observers).comparison classroom time
was 2 hrs.

Level questionnaire (pretest
and post-test).

M=6.13+1.67; M=6.75+1.61; CL
M=93.29+13.80; M= 111.38+16.27.




Table 2: Summary of 13 included qualitative studies

Study Target group Simulation topic Findings Outcome
Bevan 2015 First year Anatomy/physiology 11-week course with filmed Practiced links between
Nursing feedback highly regarded by anatomy & physiology allowed
students students students to integrate skills
Diaz et al, 2015. | Nursing Experience of wearing an | There was insight into student Findings may influence future
students ostomy appliance. nurses’ caring and empathy. clinical practice.
Drake and Ayers | Nursing Non-natural end-of-life Students valued unexpected Simulation can address
2013 students simulation and End-of-Life Simulation competencies for fulfilling
nursing, legal responsibilities.
Dzioba et al, Senior year Patient deterioration Barriers as well as enablers to Skills practice in team-based
2014 nursing scenarios with debriefing learning themes were identified. | settings and debriefing was
students beneficial.
Ewertsson et al, Nursing Experiences of learning in | Clinical Skills laboratories Tension between contexts may
2015 students Clinical Skills laboratories. | formed a bridge linking the create reflection in students.
university and clinical practice.
Felton et al 2013 | Nursing Mental health- self-harm Helps students to develop skills | A potentially useful approach to
students across different nursing learning.
domains
Graham and Atz, | Minority nursing | Perceptions of high fidelity | Simulation experiences may act | Simulation experiences may
2015 students simulation as a barrier to minority students. | need to be improved.
Hober and Nursing Perceptions of the Client simulation can provide Observer role needs to be re-
Bonnel, 2014 students observer role in simulation. | observers with learning framed.
opportunities.
Leeetal. 2014 Junior nursing HFS for first time Positive and negative Level of task difficulty in
students experiences of simulation were | simulation needs to be
reported.. considered.
McClimens 2012 | Nursing Managing disability Students benefited from Lessons learned are applicable
students (Epilepsy) simulation approach to patient to trainee professionals.
care.
Najar et al 2014 Nursing Experience of high fidelity | The Simulation Learning Model | Students are better equipped to
students simulation -Student Experience was learn by experiencing
developed simulation.
Reid-Searl et al Nursing Perceptions of high fidelity | Simulation prepared student for | Simulation may increase
2012 students silicone simulation clinical reality student’ sense of clinical
preparedness.
Unsworth et al Nursing Physical deterioration in Simulation was useful to depict | Students can identify gaps in
2012 students mental health patients. discrepancies. knowledge.




Table 3 — Characteristics and findings of 16 liier@ review studies published between 2010 and 2015

Meta-analysis

(students or inexperienced nurses)
(inclusion period to 2014)

and non-experimental
designs (n=3500

Study Design Topic Purpose Study sample Findings/Implications
Berndt 2013 Integrative Patient safety ;I'o synthesize the evidence of simulation N=17 articles Simulation was as effective as other interactive educational ‘
review o teach safety in pre-licensure nursing interventions and more effective than traditional lecture alone;
education. (inclusion period 2003-2011) with higher satisfaction with simulation than for other educational
interventions. Evidence supports use of simulation education to
teach patient safety competencies in pre-licensure nursing
education. [statistical evidence not reported]
Blum and Integrative Patient safety To evaluate quantitative evidence from N =18 articles, pre— Students report simulation as an enjoyable learning activity;
Parcells 2012 review research studies re use of simulationin | post intervention and literature does not yet support simulation over other approaches
pre-licensure nursing education directed | control- experimental. | to teaching of safety competencies in nursing. Nurse educators
at enhancing safety in nursing practice. must select the most appropriate methods based on the specific
(inclusion period 2006-2010) course, student, or program type.
Fisher and King Systematic Patient To explore simulation preparation of N=18 studies (2004- Confidence, clinical judgment, knowledge and competence, all
2013 review deterioration nursing students for recognition and 2012). vital in the care of a deteriorating patient, were enhanced. More
response to the deteriorating patient research is needed to identify actual outcomes.
Foronda et al. Integrative Simulation use | 1° sygﬁhesizel re?earcl; f[ndirrgf . N =101 articles, of all | Emeraina themes were: Confidence/self-efficacy. Satisfaction,
2013 review in re%ar Ing dev? uation o d3|mli_a lon in designs Anxietv/stress. Skills/knowledae. and Interdisciolinarv
undergraduate | UM ?fgra uaie %UE%%S ucation. experiences. Minimal level of fidelitv needed to produce
nurse (inclusion perio - sianificant learnina outcomes was inconclusive. More robust
education. educational research in simulation is warranted.
: . AfF To determine the impact of simulation - e - Simulation improved self-efficacy in both pre-test-post-test
EB&&HIH and Lee rSeX/Si(te?Nm:r?((j) Self-efficacy on self-efficacy in novice nurses mclu‘tj?nsgﬂggrimental studies (Hedge's g = 1.21, 95% CI [0.63, 1.78]; p < 0.001) and in

controlled teaching interventions with experimental designs (g =
0.27,95% CI [0.1, 0.44]; p = 0.002). In non-experimental designs,
consistent conclusions were limited by significant between-study

clinical practice

nursing education in preparation or

participants) differences in effects. Simulation is effective at increasing self-
efficacy among novice nurses, compared with traditional control
groups.
Gillan etal. 2014 | Review of End of life care | End of life care simulation in teaching 16 articles (6 End of life care simulation is a strong and viable pedagogical
literature nursing students: review of the literature | research, 10 approach to learning for its positive effects on knowledge
descriptive) (2009- acquisition, communication skills, self-confidence, student
2013) satisfaction and level of engagement in learning. Important
factors including psychological safety of students and costs
involved require consideration. Further research is required to
explore issues surrounding end of life care simulation.
Lapkin,etal 2010 | Systematic Effectiveness To review all randomized controlled N = 8 studies (1999- Use of HPSMs improves knowledge acquisition and critical
review of of HPSMs in trials that assessed effectiveness of 2009). thinking and enhances students’ satisfaction with the learning.
RCTs teaching high-fidelity HPSMs in educating There is a lack of unequivocal evidence of the effectiveness of
clinical undergraduate nursing students. using high-fidelity HPSMs in the teaching of clinical reasoning
reasoning skills to undergraduate nursing students.
. Substituting Systematic review to clarify the - . Students and teachers perceived benefits of simulation as an
Larue etal. 2015 rSe);sié?Nmatlc simulation for contribution of simulation in clinical med?fn:] #dheﬁtr;d adjunct to clinical placement in terms of effectiveness, self-

confidence, and preparation for clinical practice. Substituting




substitution for clinical placement.
(inclusion period 2008-2014)

studies; study designs
not described.

clinical placement with simulation did not significantly impact on
clinical competency, critical thinking, knowledge acquisition, self-
confidence. Strengths of clinical exposure through both
simulation and clinical placement should be highlighted.
[statistical evidence not reported]

Some beneficial effects on cognitive and psychomotor domains

Lee and Oh 2015 | Systematic Simulation in To evaluate the effects of high-fidelity N = 26 controlled trials flearni ahted fact size | Ivsis of i
review and undergraduate | human simulation (HFHS) on cognitive, | totalling 2031 gutism:ensga(gg?s s?u d?ggwgse f’O%% %ﬁ;gﬁg;ysséfv?n;(mn' ve
Meta-analysis | nursing affective, and psychomotor outcomes of | participants 4 s 7Y e -

education learning for nursing students (inclusion podmpetenc%/ﬁ 0.67 fo; Cr'tl'.ca.‘l trlnnkmg, and 2.f1?1for clmﬁcal

(Korean or period to 2014). judgment. Effect size for clinical competence of the psychomotor

English domain was -0.81. Use of HFHS might positively impact a high

language) level of cognitive skill and clinical skill acquisition. Research is
required to determine effectiveness to improve knowledge
acquisition and communication skills.

Ohetal 2015 Systematic Use of To evaluate the effect of simulation- N= 18 controlled trials | Simulation-based learnina usina SPs abpeared to have beneficial
review, meta- standardized based learing using standardized (4 randomized. 14 effects on the coanitive. affective. and psvchomotor domains of
analysis patient patients (SP) on nursing students non-randomized learnina. In subaroup analvsis. use of SPs showed sianificant

designs)(-June 2014) | effects on knowledae acauisition (d=0.38. p=.05. [2=42%).
communication skill (d=1.86.0<.001. 12=15%). self-efficacv
(d=0.61. p<.001. [2=6%). learnina motivation (d=0.77. 0<.001,
12=0%) and clinical competence (d=0.72. p<.001. 12=0%).
Treatment effects on critical thinking and learning satisfaction
were not significant.

Ricketts 2011 Systematic Simulation for To evaluate potential for future Studies not specified- | Simulated learning in a clinical skills laboratory is reported to
review learning curricular development using simulated approximately 74 increase student confidence and prepares students for real

learning strategies in undergraduate studies. clinical setting, however, students learn at different rates. Further
nursing programmes. evaluation of current learning methods within simulation may
offer appraisal of the preparation of students for clinical practice.

Ross 2012 Compre- Psychomotor To discuss state of the science on the N= 19 studies Limited empirical evidence exists to support the efficacy of
hensive review | skills use of simulation for psychomotor skill included simulation to teach psychomotor skills, with a need for more high

acquisition acquisition. quality research in nursing.

Skrable & Systematic Evaluating To synthesize research findings N= 21 studies: 13 Exposure to HFPS increases standardized critical thinking test

Fitzsimons 2014 review simulation evaluating simulation in associate quantitative, 3 quasi- scores, but not more than other teaching modalities. The impact

impact degree nursing education. experimental, 3 of simulation on students' ability to use critical thinking is not
qualitative, 2 mixed known. HFPS can increase knowledge acquisition, skill
methods studies. performance and confidence levels. High satisfaction with
(2010-2013) simulation and integration into clinical education were reported.

Shearer 2013 Integrative Safety To collected and analvze evidence of | N=18 articles, quasi- | Simulation-enhanced clinical experiences mav decrease

review behaviours patient safetv outcomes of simulation | experimental, and | medication errors. Evidence about perceived improvement in
education published 2007-2012 experimental studies safer communication has not been translated into practice.
Knowledae and attitudes of safetv mav be improved with
simulation, depending on the students' educational levels.

Stroup 2014 Integrative Simulation To review evidence related to simulation | N= 15 studies (2003- | Simulation promotes cognitive and psychomotor results
review usage in application in foundational nursing 2014) equivalent to traditional methods with higher levels of faculty

fundamentals education satisfaction and critical thinking development.

of nursing




undergraduate nursing students.

including RCT, pre-
test/post-test
experiments or quasi-
experiments. (n= 571
participants)

Vincent et al Systematic Psychomotor To determine impact of high-fidelity N=8 articles; A meta-analysis conducted for the effect size and direction of
2015 ' review and clinical simulation on improving the quantitative studies, impact yielded a range of -0.26 to +3.39. A positive effect was
Meta-analysis performance psychomotor clinical performance of various designs shown in seven of eight studies. However, varied research

designs and six unique appraisal instruments were used. High-
and medium-fidelity simulation can build global skills sets to
accelerate the novice-to expert process.

*HFS = high fidelity simulation




Table 4 Overall weighted differencein Knowledge

Mean
Study Year n Difference (95% CIl)
Bogossian 2015 367 D e 1.05 (0.92, 1.18)
Farra 2013 22 —— 4,18 (3.25, 5.11)
Flood 2015 42 -~ 2.36 (1.93, 2.79)
Hart 2014 48 —_— 13.62 (11.63, 15.61)
Liaw 2012 15 . — 6.68 (4.89, 8.47)
Piscotti 2011 97 —_— 6.34 (3.93, 8.75)
Tubaishat 2014 50 — 7.00 (6.14, 7.86)
White 2013 16 —°— 0.62 (-0.18, 1.42)
Overall O 5.04 (3.25, 6.82)

NOTE: Weights are from random eﬁects analysis
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Figure 1 Flow diagram of study selection process
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Box 1 ‘Realistic’ medium and high fidelity simulation environments



Medium to high fidelity full-scale simulation incorporates a computerized full-body manikin that can be
programmed to provide physiologic responses. With use of actual medical equipment and supplies,
this forms a realistic healthcare environment for face-to-face simulation,

A standardized patient (a student or paid actor) can be taught to portray a patient in a realistic and
consistent manner —also signifying high fidelity (believabilty).

e-Simulation involves goal-based digital simulations that takes place via a computer screen. Use of
multimedia (video, text, voice, and feedback) provide an interactive Web-based educational
experience,

Virtual reality simulation combines a computer-generated environment (eg., digital patient or nurse)
with tactile, auditory and visual stimuli for learning.

Source: Cant and Cooper 2010, 2015.



