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Abstract
Aim: To evaluate the simulation design characteristics that may influence the stress, 
anxiety and self-confidence of undergraduate nursing students during learning.
Design: Systematic review with meta-analysis.
Data Sources: Searchers were conducted in October 2020 and updated in August 
2022 in the databases CENTRAL, CINAHL, Embase®, ERIC, LILACS, MEDLINE, 
PsycINFO®, Scopus and Web of Science, PQDT Open (ProQuest), BDTD, Google 
Scholar and specific journals on simulation.
Review Methods: This review was conducted according to the recommendations of 
Cochrane Handbook for Systematic Reviews and reported according to the PRISMA 
Statement. Experimental and quasi-experimental studies that compared the effect of 
simulation on stress, anxiety and self-confidence of nursing students were included. 
The selection of studies and data extraction was performed independently by two 
reviewers. Simulation information was collected as prebriefing, scenario, debriefing, 
duration, modality, fidelity and simulator. Data summarization was performed by 
qualitative synthesis and meta-analytical methods.
Results: Eighty studies were included in the review, and most reported in detail 
the structure of the simulation, contemplating prebriefing, scenario, debriefing and 
the duration of each step. In subgroup meta-analysis, the presence of prebriefing, 
duration of more than 60 min and high-fidelity simulations helped reduce anxiety, 
while the presence of prebriefing and debriefing, duration, immersive clinical 
simulation modalities and procedure simulation, high-fidelity simulations and use 
of mannequins, standardised patients and virtual simulators, contributed to greater 
students' self-confidence.
Conclusions: Different modulations of simulation design components imply reduction 
of anxiety and increased self-confidence in nursing students, especially highlighting 
the quality of the methodological report of simulation interventions.
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1  |  INTRODUC TION

Simulation as a pedagogical strategy allows students to experience 
varying clinical challenges safely through scenarios representing re-
ality with simulated patients (INACSL Standards Committee, 2021c). 
The World Health Organization  (2013) and Pan American Health 
Organization (2022) recommend simulation-based learning (SBL) due 
to its educational advantages for the training of nurses and general 
health professionals (de Góes et al., 2017; Eyikara & Baykara, 2017; 
Ha, 2018; Nye et al., 2019; Oh et al., 2015).

Rigorous standards of best practice for simulation have been 
identified in the literature as necessary to achieve the learning out-
comes and reach the educational potential with SBL, especially when 
adopting recommendations for design and facilitation of the simula-
tion, enabling scientific research on the subject (INACSL Standards 
Committee, 2021a, 2021c).

Thus, the success of simulation as a teaching strategy begins 
with the planning of the activity, including the following character-
istics: 1. That the scenario is compatible with reality—motivating 
the participant to engage in problem solving (Gamble,  2017); 2. 
That the resolution of the challenge is based on scientific results 
and up-to-date information on the subject, strengthening evidence-
based practice (Alexander et al., 2015); 3. That the organisation of 
the simulated experience and facilitator mediation are compatible 
with learning objectives and promote student's psychological safety 
(INACSL Standards Committee, 2021b).

In this sense, developing positive SBL experiences requires the 
use of instructional design, and access to resources (e.g. didactic ma-
terials like lectures, readings, videos) used to guide the creation of 
learning situations focused on the development of knowledge, skills 
and attitudes (Chiniara et al.,  2013; de Melo et al.,  2017; Fransen 
et al., 2018; Sagalowsky et al., 2018). The pedagogical planning of 
the educator/facilitator includes developing the learning experience 
and determining the method and strategies to achieve the learn-
ing objectives (INACSL Standards Committee,  2021b). The plan-
ning of SBL considers the standards of best practice, protocols and 
guides, and is referred to as simulation design (INACSL Standards 
Committee, 2021c; O'Donnell et al., 2014).

Researchers have addressed different classifications, concepts 
and characteristics of simulation design that can be used in health 
and nursing education. Extensive references exist to support ed-
ucators in the development and structuring of SBL appropriate to 
the desired learning and objectives (Arthur et al.,  2013; Chiniara 

et al.,  2013; INACSL Standards Committee,  2021c; Issenberg 
et al., 2005; O'Donnell et al., 2014; Paige & Morin, 2015).

Considering the different SBL designs, it is theorised that the 
strategy chosen can have a different impact on the emotions ex-
perienced by students during the activity. This may happen, as re-
searchers have shown that emotions have an important impact on 
the success of the activity, as neuroscience brings together positive 
emotions of learning (Vogel & Schwabe, 2016). This is exemplified in 
the variation of stress and anxiety levels that can lead to a warning 
(e.g. pay closer attention) or harm (e.g. to the processing of informa-
tion) in students' reaction (Al-Ghareeb et al., 2017, 2019).

Thus, in simulation activities, stress and anxiety are not always 
negative, as they contribute to good performance (Al-Ghareeb 
et al.,  2019). However, high levels of stress (the body's physiolog-
ical response to an event) or anxiety (self-perceived psycholog-
ical response resulting from the physiological response; Ghazali 
et al.,  2016) can negatively impact the performance of simulation 
participants (Al-Ghareeb et al., 2017).

In addition, considering that self-confidence is the convic-
tion that a person has of being able to do or accomplish something 
(Bandura, 1986; Lundberg, 2008) and is directly related to learning and 
clinical decision-making (Fry & MacGregor, 2014; Groom et al., 2014; 
Oliveira Silva, Fonseca, et al., 2022; Oliveira Silva, Oliveira, et al.,2022), 
understanding aspects of simulation design that best impact this com-
petence can help in the elaboration of SBL for the best achievement 
of learning outcomes, consequently, impacting on the training of bet-
ter qualified nurses. In this study, we adopted the recommendation 
of O'Donnell et al. (2014) to treat self-confidence and self-efficacy as 
synonymous; thus, to both concepts we used the term self-confidence.

Relevance to Clinical Practice: These findings help to support the need of more 
rigorous methodology in simulation designs and research methods. Consequently, 
impact on the education of qualified professionals prepared to work in clinical practice.
No Patient or Public Contribution.

K E Y W O R D S
anxiety, nursing, nursing education, self-confidence, simulation

What does this paper contribute to the wider 
global community?

•	 Simulation is an effective pedagogical strategy to 
reduce anxiety and increase self-confidence related to 
the different designs adopted.

•	 When developing simulations from the point of view of 
instructional design, greater impacts can be achieved on 
learning outcomes.

•	 Simulations developed to achieve greater learning out-
comes impact better qualified professionals.
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Additionally, we theorise that different simulation designs can 
influence the student's emotional self-regulation, consequently in-
fluencing the learning outcomes. It is mostly based on the psycho-
logical fidelity and pedagogical approach used by facilitators, which 
will be discussed further in this text. Therefore, this study is based 
on the concept framework of instructional design, which is a sys-
tematic procedure for designing the learning experience, carried out 
by the professor and influenced by the student's motivation for the 
teaching-learning process (Seel et al., 2017).

Based on this framework, a scoping review identified three major 
groups of simulation design components (structural, methodological 
and theoretical-pedagogical) (Oliveira Silva, Fonseca, et al.,  2022; 
Oliveira Silva, Oliveira, et al.,2022), so the focus of this systematic 
review is to identify the influence of structural components, such 
as the presence of prebriefing and debriefing, duration, modality, 
fidelity and type of simulator on stress, anxiety and self-confidence 
outcomes.

In preliminary searches on PROSPERO (International 
Prospective Register of Systematic Reviews), Cochrane Database 
of Systematic Reviews, CINAHL (Cumulative Index to Nursing 
and Allied Health Literature), JBI Database of Systematic Reviews 
and Implementation Reports and MEDLINE via PubMed (Medical 
Literature) Analysis and Retrieval System Online, we found no 
other systematic reviews or registered protocols that evaluated 
the effect of simulation design on the stress, anxiety and self-
confidence of nursing students. Also, the available reviews only 
emphasise the use of high-fidelity simulators (La Cerra et al., 2019; 
Labrague et al.,  2019), lacking investigation of other simulation 
design characteristics. Considering that the simulation design can 
influence the learning results, the present review can point out 
important results in the elaboration of SBL.

2  |  AIM

The aim of this study was to evaluate the characteristics of simulation 
design that could influence the stress, anxiety and self-confidence of 
undergraduate nursing students during learning.

3  |  METHODS

3.1  |  Design

This systematic review was conducted according to the recom-
mendations of Cochrane Handbook for Systematic Reviews of 
Interventions (Higgins et al.,  2022) and reported according to the 
Preferred Reporting Items for Systematic Reviews and Metanalyses 
(PRISMA) Statement (Page et al.,  2021; see Appendix  S1). This 
study answers the second question of the systematic review pro-
tocol registered in the Prospective Register of Ongoing Systematic 
Reviews (PROSPERO) (registration number PROSPERO 2020 
CRD42020206077).

3.2  |  Research question and eligibility criteria

The acronym PICOS (Patient/Population, Intervention, Comparison, 
Outcomes, Study Type) (Hastings & Fisher, 2014) was used to elabo-
rate the research question, where:

P: undergraduate nursing students in any period of the program 
or discipline;
I: SBL of any kind;
C: educational interventions or without intervention in the 
comparator;
O: stress, anxiety and self-confidence;
S: experimental and quasi-experimental studies.

Based on the acronym, the following research question was elab-
orated: What is the impact of the characteristics of simulation design on 
stress, anxiety and self-confidence of undergraduate nursing students 
compared to another or no educational intervention?

As inclusion criteria we considered experimental and quasi-
experimental studies with comparison group, no limitation of time, 
published in English, Portuguese and Spanish, and that presented 
stress, anxiety and/or self-confidence/self-efficacy as outcomes. 
Were excluded those studies with qualitative assessment of out-
comes; through unvalidated instruments or unique questions with 
Likert-type scales, as well as systematic, integrative, or narrative re-
views, conference proceedings, opinion studies, books and editorials.

For those inaccessible studies and clinical trial records, we con-
tacted the authors to obtain the manuscript, so that when contact 
was unsuccessful, the study was excluded related to inaccessibility 
or unavailability. All clinical trial records were screened to identify 
previously published results. Those studies still in progress and with-
out published results were excluded.

3.3  |  Search methods

Central Database (The Cochrane Central Register of Controlled 
Trials - The Cochrane Library), CINAHL (Cumulative Index to 
Nursing and Allied Health Literature), ERIC (Education Resources 
Information Center), LILACS (Scientific Literature and Latin America 
and Caribbean technique), MEDLINE (Medical Literature Analysis 
and Retrievals System Online), PsycINFO®, Scopus (Elsevier) and 
Web of Science were included as databases to identification of the 
studies. Additional searches were performed on Google Scholar, 
considering the first 200 references by order of relevance (Bramer 
et al.,  2017), PQDT Open (ProQuest), Brazilian Digital Library of 
Theses and Dissertations (BDTD), references of the included studies 
and journals about simulation.

For each item of the acronym PICOS, standardised and non-
standard descriptors were established. MeSH (Medical Subject 
Headings), DeCS (Health Descriptors) and Emtree (Embase sub-
ject headings) terms were included as standardised descriptors. 
Non-standardised descriptors were found in titles, abstracts 
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and keywords of articles on the subject, identified in preliminary 
searches. To bring more specificity to the search, tags were incor-
porated into the search syntax to signal the descriptors (e.g. ‘[MeSH 
Terms]’ on PubMed; ‘MH’ on CINAHL; ‘mh:’ on LILACS).

The searches were carried out in October 2020, and the review 
was updated in August 2022. In both stages, the searches were car-
ried out independently by two researchers. Search strategies were 
established for each database (see Appendix S2).

3.4  |  Study selection and data extraction

From the records identified in the search, a database was prepared in 
the software for reference management EndNote version 20. Then, 
the database was imported to the Covidence systematic review 
management software (Veritas Health Innovation, 2022) to allow for 
identification of duplicate records and the beginning of the studies 
selection process.

The first step of the study selection was the assessment of titles 
and abstracts (screening), and the second was the full-text evalu-
ation (confirmation). The articles and dissertations/thesis included 
in this review were selected by peer evaluation. Disagreements 
were resolved by a third reviewer. Good agreement was obtained 
between the reviewers both in the screening step (kappa = 0.75) and 
confirmation step (kappa = 0.75).

For data extraction, an instrument based on INACSL standards 
(INACSL Standards Committee,  2021c) and Chiniara et al.  (2013) 
simulation framework was elaborated to identify the description of 
simulation design components in each study. The data extraction 
form was prepared in Covidence containing items related to the 
prebriefing, debriefing, duration, modality, fidelity, scenario and 
simulator. In the present study, we defined these items as structural 
simulation design components, understood by the authors as the 
fundamental characteristics necessary for the elaboration of SBL.

For each outcome, sufficient data were collected to carry out 
the meta-analyses, such as sample size, means and standard devi-
ations. In studies with missing data, minimal information necessary 
to obtain measurements was extracted by other methods, such as 
p-value.

3.5  |  Quality appraisal

The Revised Cochrane Risk of Bias Assessment for Randomized 
Trials (RoB 2) was used to assess the methodological quality of ex-
perimental studies (Sterne et al., 2019). The tool is based on five cri-
teria: bias due to deviations from predefined interventions, bias due 
to deviations from intended interventions, bias in the assessment of 
lack of outcome interventions, bias in selection of the randomization 
process and bias in selection of outcome error. The final assessment 
is classified as high risk of bias, some concerns or low risk of bias.

To assess the methodological quality of quasi-experimental stud-
ies, the Risk of Bias in Non-randomised Studies—of Interventions 

tool (ROBINS-I tool) was used (Sterne et al., 2016). The tool is based 
on seven criteria: bias due to confounding, bias in selection of par-
ticipants into the study, bias in classification of interventions, bias 
due to deviations from intended interventions, bias due to missing 
data, bias in measurement of outcomes and bias in selection of the 
reported result. The final assessment is classified as low risk of bias, 
moderate risk of bias, severe risk of bias, critical risk of bias and no 
information. The risk of bias plots were generated from the robvis 
package of the R software (McGuinness & Higgins, 2020).

The assessment of the risk of bias in the included studies was re-
alised by two independent researchers. Disagreements were solved 
by a third researcher.

3.6  |  Synthesis and analysis of data

The summarization of the findings was performed by qualitative and 
quantitative synthesis. In qualitative synthesis, a table was made 
with the descriptive summary of the results and the simulation de-
sign components reported in each study. In quantitative synthesis, 
global and subgroup meta-analysis was used to evaluate the ef-
fect of interventions on outcomes based on the simulation design 
components.

The software R (version 4.3.1) and RevMan (version 5.4.1) were 
used to conduct study analysis. For meta-analysis, models of inverse 
of the variance were adopted to determine the weight of each study. 
A random-effects model was used due the heterogeneity of the 
population (Harrer et al., 2021). For those studies that did not pres-
ent any measure of interest, such as mean and standard deviation, 
methods were used to obtain missing data. Thus, mean and standard 
deviation obtained from the median and p-value and standard devi-
ation obtained from the p-value. To evaluate the magnitude in the 
differences between the groups, Cohen classification was adopted 
for the standardised mean difference (Borenstein et al.,  2009a). 
Also, the standardised mean difference for estimates was adopted, 
and I2 was used to calculate heterogeneity (Borenstein et al., 2009b). 
The estimates reported in the present study were carried out after 
exclusion of identified outliers from the sensitivity analysis (Baujat 
et al., 2002).

As a criterion for the inclusion of studies in the meta-analyses 
for each outcome, we established a minimum of 10 studies, consid-
ering this the amount necessary to perform analyses by subgroup 
(Schwarzer et al., 2015), which for this study were essential for the 
investigation of the effects of the simulation design components. 
For each component, scores of 1 point when reported and 0 when 
not reported were assigned (minimum 0 and maximum 7 points). 
Thus, the global meta-analyses were ordered according to the num-
ber of components reported in the studies. Subgroup analyses were 
conducted according to the structural components of the simula-
tion identified in the included studies. Publication bias was assessed 
though the funnel plots (Rothstein et al., 2006).

Considering that combining studies in simulation may not pres-
ent homogeneity in the results due to the different educational 
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contexts, simulation designs and the decision-making of the student 
in the strategy, we decided to carry out the meta-analyses even with 
the high heterogeneity and explore their sources through subgroup 
and meta-regression analyses (Harrer et al., 2021). A bilateral alpha 
of 0.05 was defined for statistically significant results.

4  |  RESULTS

The total number of records identified via databases, registers and 
additional searches was 1805. After removing 701 duplicates re-
cords, 1104 studies were evaluated in the screening stage, with 378 
eligible for reading the full texts. At the elegibility stage, 284 records 
were excluded and 80 studies were included in the final review sam-
ple, with 68 studies eligible for meta-analysis (Figure 1).

4.1  |  Methodological quality

Methodological quality assessment was performed separately for 
experimental and quasi-experimental studies. Among the experi-
mental studies, 11 (33.3%) had a high risk of bias, while 9 (27.2%) 
had some concerns and 13 (39.4%) had a low risk of bias. The big-
gest sources of bias were related to the selection of reported results, 

missing data and the randomization process. Among the quasi-
experimental studies, 9 (19.1%) had a critical risk of bias, 10 (21.2%) 
had a serious risk of bias, and 27 (57.4%) had moderate risk. The big-
gest sources of bias were related to confounding, especially the lack 
of homogeneity in the groups, the selection of participants and the 
measurement of outcomes. The detailed risk of bias for each study is 
presented in Appendix S3.

4.2  |  Characterisation of the included studies

This review included a global sample of 5972 nursing students, with 
studies conducted in the regions of Americas (42.5%; n = 34), Asia 
(28.5%; n  =  23), Middle East (21.2%; n  =  17), Europe (5%; n  =  4), 
Africa (1.2%; n = 1) and a multicentre study conducted in America, 
Europe and Australia (1.2%; n = 1). Thirty-four studies (42.5%) had 
the experimental design, and 46 (57.5%) had quasi-experimental 
design.

Regarding the simulation structure (prebriefing, simulated sce-
nario and debriefing), 46 studies (57.5%) highlighted the phases and 
time spent in each, 23 studies (28.7%) reported only the phases, 
without detail, and 11 studies (13.7%) did not specify the struc-
ture used in the strategy. In just 30 studies (37.5%), prebriefing or 
briefing was reported in the description of simulations, highlighting 

F I G U R E  1  PRISMA flowchart for the 
selection of studies.

1716 Records identified by search in 
databases 

CENTRAL, CINAHL, Embase, ERIC, 
LILACS, MEDLINE, PsycINFO, SCOPUS 

and Web of Science

89 Records identified in additional 
searches 

Google Scholar, PQDT Open (ProQuest), 
BDTD, references of the included studies 

and journals about simulation

80 Studies included in the Systematic 
Review

378 Full-text studies assessed for 
eligibility

701 Duplicate and removed records

1104 Studies screened

298 Excluded after reading the full text
83 Compared different simulation designs

48 Single-group studies
41 Outcomes not evaluated or evaluated 
qualitatively or with scales not validated

22 Duplicates
19 Unavailable or inaccessible
18 Do not approach simulation

16 Type of study ineligible
14 Language ineligible

13 Ineligible result (no comparison 
between groups)

9 Ineligible population
8 In progress or not published
7 Annals of scientific events68 Studies included in the Meta-Analysis

Evaluated outcomes
Stress: 8 studies

Anxiety: 19 studies
Self-confidence: 68 studies

Identification of studies via databases 
and registers

Identification of studies via other 
methods

N
OITA

CIFIT
NE

DI
G

NI
NEE

R
CS

DE
D

UL
C

NI

726 Excluded after reading titles and 
abstracts

YTILI
BI

GILE
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the scenario presentation stage to students, and supplying the first 
clues to assist decision-making in the simulated scenario. However, 
debriefing was described by most studies, totalling 59 (73.7%).

Regarding simulation characteristics, 57 studies (71.2%) used the 
immersive clinical simulation modality, 11 studies (13.7%) computer-
based simulation, seven studies (8.7%) procedure simulation, 
three studies (3.7%) immersive clinical simulation associated with 
computer-based simulation and two studies (2.5%) did not specify 
the modality.

Regarding the fidelity, 42 studies (52.5%) used high-fidelity 
simulation, 10 studies (1.2%) mid-fidelity, five studies low-fidelity 
(6.2%) and 23 studies (28.7%) did not specify. As for simulators, in 
43 studies (53.7%) human patient simulators were used, and of these 
28 (35%) did not describe the simulator model used. In 11 studies 
(13.7%), standardised patients were used, and 12 studies (15%) ad-
opted virtual simulators. The absence of this information is high-
lighted in 14 studies (17.5%).

The scenarios used in the simulations included various topics that 
were grouped in the areas: drug administration (5%; n = 4), emergen-
cies (36.2%; n = 29), physical examination and vital signs evaluation 
(18.7%; n = 15), nursing procedures (26.2%; n = 14), various clinical 
scenarios (7.5%; n = 6), biosecurity measures (2.5%; n = 2), others 
(2.5%; n = 2) and not specified (2.5%; n = 2). The summarization of 
the characteristics of each study and the structural components of 
the simulation design is presented in Table 1.

4.3  |  Effect of interventions

Global meta-analysis was performed for anxiety and self-confidence 
classifying estimates according to the number of simulation design 
components reported in the studies. Considering the small num-
ber of studies that evaluated stress (n = 8), it was not possible to 
evaluate the effect of simulation design in this outcome. In all stud-
ies included in the meta-analysis, anxiety and self-confidence were 
assessed using validated instruments immediately after the simula-
tion. The sensitivity analysis showed the studies by Younghee (2015) 
and Tawalbeh  (2017) as outliers for anxiety and self-confidence, 
respectively. Therefore, these studies were excluded from the 
meta-analyses.

The meta-analysis showed that studies with greater detail of the 
simulation design (≥6 components), the effect size was medium and 
significant suggesting that in these studies the anxiety was lower in 
groups that participated in the simulation (d = −0.52, 95% CI = −1.00 
to −0.04, p  = .05, I2  = 77%; Figure  2). For self-confidence, there 
were no differences related to the simulation design components, 
although effect sizes were higher the greater the detail of the simu-
lation design (≥6 components: d = 0.74, 95% CI = 0.42–1.07, p < .001, 
I2 = 90%; between 4–5 components: d = 0.59, 95% CI = 0.26–0.91, 
p < .001, I2 = 89%; ≤3 components: d = 0.43, 95% CI = 0.19–0.67, 
p < .001, I2 = 0%; Figure 3).

The publication bias analysis through the funnel plots showed 
asymmetry for anxiety (Figure  4) and self-confidence (Figure  5) 

based on the simulation design components. These results suggest 
publication bias for the two outcomes.

4.4  |  Subgroup analysis

Meta-analyses were performed based on the subgroups of the 
structural components of the simulation design, such as prebrief-
ing and debriefing presence, activity duration, modality, fidelity and 
simulator type (Table 2). The highlights brought by the analysis of 
subgroups by structural components of simulation design suggest 
that there are changes in effect size as different ways of design 
simulation activities are adopted. As much as such changes do not 
imply changes between groups, they highlight positive effects of the 
different designs on anxiety and self-confidence within the group 
(intragroup).

However, it suggests that better results come from better de-
scribed development and mediation path of simulation in the meth-
odological step of the studies (highlighting the pedagogical rigour of 
the strategy). In this context, the presence of prebriefing, simulation 
activities lasting longer than 60 minutes and high-fidelity simulations 
obtained greater effect sizes, suggesting that these components 
contributed to students having less anxiety in simulation than in 
conventional teaching strategies.

Simulations with the presence of prebriefing and debriefing, re-
gardless of duration, the immersive clinical simulation, procedure 
simulation, and computer-based simulation modalities, high-fidelity 
simulations and use of mannequins and virtual simulators, contrib-
uted to greater students' self-confidence in comparison with con-
ventional teaching strategies.

In the subgroup analyses, a reduction in anxiety heterogeneity 
was evidenced in studies that used prebriefing (I2 = 53.3%) and low-
fidelity simulations (I2 = 0.0%), while the use of standardised patient 
helped to reduce the heterogeneity of self-confidence (I2 = 64.5%). 
These findings are possibly associated with the greater similarity be-
tween these studies.

4.5  |  Meta-regression

Meta-regressions were performed to identify possible sources of 
heterogeneity for anxiety and self-confidence and predictors of the 
effect size. For anxiety, were heterogeneity sources the simulation 
duration, explaining 21.3% [F(df = 2) = 5.241, p = .072, R2 = 21.33%], 
and the simulation fidelity [F(df = 3) = 5.620; p = .131; R2 = 18.07%], 
explaining 18% of the between-study heterogeneity, although 
they did not predict the effect size (p  > .05). For self-confidence, 
the prediction of the effect sizes and the between-study hetero-
geneity was associated with the country of the study, explaining 
40.9% of the heterogeneity [F(df1 = 14, df2 = 47) = 3.955; p < .001; 
R2 = 40.9%] and the simulation duration, explaining 8% [F(df1 = 2, 
df2 = 59) = 3.666; p = .031; R2 = 8.1%], with emphasis on the stud-
ies that did not describe the duration that most contributed to this 
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finding. Study characteristics such as sample size, risk of bias, instru-
ment used to evaluate the outcome and program period were not 
statistically significant.

5  |  DISCUSSION

The results of this study provide evidence that there is an effect of 
the simulation design on the anxiety and self-confidence of nurs-
ing students, suggesting impact in the simulation depending on 
the adopted format. From the perspective of instructional design, 
it is possible to reflect that the simulation design process (Chiniara 
et al., 2013; Seel et al., 2017) produces positive results in reducing 
anxiety and developing self-confidence in nursing students.

It is necessary to reinforce the importance of rigorous planning, 
especially in simulation, as it is an activity in which the student is 
expected to perform actions based on evidence-based practice 
(INACSL Standards Committee, 2021c).

In this context, to ensure that a given activity is called sim-
ulation, it is necessary that it follows the Healthcare Simulation 
Standards of Best Practice™ (HSSOBP™) (INACSL Standards 
Committee,  2021c, 2021d; McDermott et al.,  2021). However, 
paramount attention to three core areas in the planning and 

facilitation of scenarios is key to its success: prebriefing, scenario 
design facilitation and debriefing. The scenario mimics reality, pro-
viding the student with an experience in a safe and autonomous 
context that allows them to practice clinical decision-making for 
problem-solving, in which errors can occur that do not result in 
patient harm (Roussin et al.,  2018), and without pre-determined 
script, which allows the learner to apply previous knowledge and 
promote interventions in the scenario.

Most of the studies (57.5%) included in this review presented a de-
tailed description of the simulation structure containing prebriefing, 
scenario and debriefing, as well as the duration of each step, however, 
the rest of the sample presented weaknesses in the simulation descrip-
tion, reinforcing the importance of minimum simulation structure to 
achieve the learning objectives (INACSL Standards Committee, 2021c; 
McDermott et al., 2017; O'Donnell et al., 2014). Cheng et al.  (2016) 
addresses key elements for the description of SBL in research, contem-
plating the participant's orientation, the type of simulator, the simula-
tion environment, instructional design and debriefing.

There were no differences in the impact of prebriefing in the 
comparison between groups for anxiety and self-confidence. In the 
intragroup analysis, both an increase in self-confidence and a reduc-
tion in anxiety were verified in the studies in which the prebriefing 
was applied and described. From the results of this study, specifically 

F I G U R E  2  Meta-analysis according to the quantity of components of the simulation design for anxiety. *Mean and standard deviation 
obtained from the median and p-value. **Standard deviation obtained from the p-value.
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F I G U R E  3  Meta-analysis according to the quantity of components of the simulation design for self-confidence. *Standard deviation 
obtained from the p-value.
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for anxiety, it is possible to indicate that when present, prebriefing 
reduces students' anxiety, allowing greater use of the activity.

Whereas prebriefing is the initial stage of the simulation that is 
intended to prepare the student to meet the learning objectives, 
establish a safe learning environment and provide general informa-
tion about the simulation process (McDermott,  2016; McDermott 
et al., 2021; Page-Cutrara, 2015), the results of the present study 
reinforce the role of this stage in the student's emotional control and 
in providing security for the performance of actions in the scenario. 
Additionally, the results highlight the role of prebriefing in preparing 
students for the educational experience provided and in transmit-
ting the basic rules of SBL (McDermott et al., 2021).

The debriefing did not show differences between groups for anx-
iety and self-confidence, but in the intragroup analysis, the presence 
of this stage indicated greater self-confidence of students in simula-
tion activities. Considering that the debriefing is a bidirectional step 
with the participation of the educator/facilitator and the student to 
discuss the reactions experienced, analyse the content presented, 
identify gaps in learning; in addition, it has a summary of the SBL, re-
capitulating the main topics of the simulation and discussion of how 
competencies can be transferred to practice (INACSL Standards 
Committee, 2021d). Such results reinforce the role of this stage in 
the consolidation of learning and, consequently, of self-confidence 
(Oliveira Silva, Oliveira, et al., 2022).

F I G U R E  4  Funnel plot of anxiety 
according to the quantity of components 
of the simulation design. SE, Standard 
Error. SMD, Standardised Mean 
Difference.

F I G U R E  5  Funnel plot of self-
confidence according to the quantity of 
components of the simulation design. SE, 
Standard Error; SMD, Standardised Mean 
Difference.
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It should be noted that the results referring to prebriefing and 
debriefing in this review are limited to the presence or absence of 
these steps, since the studies do not report in detail the prebriefing 
or debriefing modalities used. It is understood that these steps are 
inherent to the simulation and are directly related to the student's 
preparation to perform the actions foreseen in the simulated sce-
nario (prebriefing) and consolidation of learning from the discus-
sion between peers and facilitators (debriefing) (INACSL Standards 
Committee,  2021d; McDermott et al.,  2021; Page-Cutrara,  2015; 

Sawyer et al.,  2016). When reported in studies, they allow an ac-
curate assessment of their effect on the learning outcomes 
achieved by participants (INACSL Standards Committee,  2021b; 
McDermott, 2016; Sawyer et al., 2016).

Statistically significant differences were found between the 
subgroups regarding the duration of the simulation, so that SBL 
lasting more than 60 minutes between prebriefing, scenario and 
debriefing, in one or more scenarios, resulted in lower students' 
anxiety. Labrague et al.  (2019) identified variability similar to this 

TA B L E  2  Meta-analysis of anxiety and self-confidence according to simulation design components.

Simulation design 
components

Anxiety Self-confidence

Studies I2 (%) SMD CI95% p Studies I2 (%) SMD CI95% p

Prebriefing .636 .788

Yes 8 53.3 −0.32 −0.64; −0.01** 21 86.2 0.60 0.30; 0.89**

No 8 84.6 −0.19 −0.62; 0.23 41 89.4 0.65 0.37; 0.93**

Debriefing .812 .844

Yes 11 76.5 −0.28 −0.63; 0.07 48 89.0 0.64 0.40; 0.88**

No 5 78.5 −0.22 −0.58; 0.14 14 86.1 0.60 0.19; 1.01**

Simulation duration .042* .029*

<60 min 5 67.3 0.03 −0.43; 0.48 17 91.7 0.96 0.48; 1.43**

≥60 min 8 83.1 −0.55 −0.90; −0.19** 31 88.4 0.64 0.36; 0.90**

Not specified 3 0.0 −0.01 −0.28; 0.24 14 70.4 0.25 −0.10; 0.60

Modality .738 .612

Immersive clinical 
simulation

11 82.1 −0.27 −0.64; 0.09 41 89.3 0.64 0.37; 0.91**

Procedure 
simulation

2 72.4 −0.32 −1.07; 0.44 9 83.3 0.59 0.13; 1.04**

Computer-based 
simulation

2 4.3 −0.33 −0.67; 0.01 11 89.5 0.69 0.09; 1.28**

Not specified 1 – −0.04 −0.44; 0.34 1 – 0.34 −0.04; 0.73

Fidelity .004* .017*

High 9 74.7 −0.43 −0.79; −0.06** 34 88.2 0.82 0.54; 1.11**

Medium 2 73.8 0.32 −0.38; 1.02 5 72.2 −0.08 −0.80; 0.64

Low 2 0.0 −0.51 −0.81; −0.21** 2 0.0 0.50 −0.78; 1.79

Not specified 3 0.0 0.11 −0.15; 0.39 21 88.8 0.51 0.16; 0.86**

Simulator .345 .247

Patient simulator 
(mannequin)

10 71.2 −0.12 −0.42; 0.17 41 89.8 0.62 0.35; 0.88**

Standardised 
patient

4 82.4 −0.64 −0.67; 0.01 4 64.5 0.71 0.02; 1.41**

Virtual simulator 2 4.3 −0.33 −0.67; 0.01 11 89.5 0.69 0.09; 1.28**

Virtual 
simulator + 
Standardised 
simulator

– – – – 1 – −0.04 −0.42; 0.33

Body part 
simulator

– – – – 1 – −0.09 −0.83; 0.64

Not specified – – – – 4 27.8 0.86 0.26; 1.47**

Abbreviations: 95%CI, 95% confidence interval; SMD, Standardised Mean Difference.
*Statistical difference in effect size between subgroups with p < .05.; **Statistical difference in effect size within subgroups with p < .05.
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study regarding the duration of SBL, highlighting the need to inves-
tigate the relationship of duration with student learning outcomes. 
Thus, based on the results of the present study, it is theorised that 
the greater the student's experience in SBL, the less anxious they 
will feel, as they will be able to process the emotion and favour 
the consolidation of learning (Vogel & Schwabe,  2016; Yockey & 
Henry, 2019). For self-confidence, when reported, the simulation fa-
voured student self-confidence regardless of the duration.

Researchers examined theoretical references on simulation de-
sign addressing different modalities that can be used depending on 
the goals established by the educator (Chiniara et al., 2013; INACSL 
Standards Committee, 2021b). For this review, only the immersive 
clinical simulation, procedure simulation and computer-based sim-
ulation modalities were considered, and no differences were found 
between the effect size, supporting the use of different simulation 
modalities with positive impacts on students' self-confidence.

It is noteworthy that the researchers did not explicitly report the 
modality adopted. Thus, in the data extraction stage, the classifica-
tion was performed according to the proximity between the study 
report and the concepts brought by INACSL (INACSL Standards 
Committee, 2021c) and by Chiniara et al. (2013).

Like the modality, fidelity is an element of the simulation design 
and determines the proximity of SBL to real clinical practice (Arthur 
et al., 2013; O'Donnell et al., 2014). Although commonly attributed 
to the characteristics of simulators regarding the level of technolog-
ical resources and functions that imitate the human being, adding 
realism, fidelity involves other aspects and follows a categorization 
in levels (Dieckmann et al., 2007).

The classification of fidelity varies among high, medium or low, 
and it is applied to assess a. physical and b. environmental aspects, 
regarding available resources such as laboratory and simulator; c. 
conceptual, related to the execution of the educational strategy and 
its pedagogical approach; and d. psychological, regarding the level of 
immersion as an outcome of the synergy among the three aspects 
cited before (INACSL Standards Committee, 2021c).

However, the fidelity described in the analysed studies was lim-
ited to the simulator fidelity and showed statistical difference in the 
meta-analysis by subgroups. These results suggest that high-fidelity 
simulations evoke lower levels of anxiety and higher levels of self-
confidence compared to other strategies, while the low-fidelity ones 
helped to reduce anxiety, but with no effect on self-confidence—
which indicates the student's perception of their own preparation 
for clinical practice after SBL. In this context, it is essential to point 
out that most studies used high-fidelity simulators, obtaining favour-
able results for the simulation, similar to the findings of La Cerra 
et al. (2019).

It is understood that the choice of the best simulator or strategy 
that mimics a human interaction in the health context depends both 
on the defined learning objectives and on the available resources 
(Al-Ghareeb & Cooper, 2016; INACSL Standards Committee, 2021b; 
Lapkin & Levett-Jones,  2011). However, in the present study, the 
type of simulator used did not result in differences in the effect 
sizes for self-confidence, supporting the use of different types of 

simulators and confirming that the choices made by the educators 
in planning the activities described in the articles were meeting the 
established learning objectives.

Differences observed between the subgroups implied a greater 
effect size in SBL for self-confidence with the use of human patient 
simulators (HPS) and standardised patients, in which the interaction 
was made between the student and the simulator can represent the 
patient in a clinical situation (Labrague et al., 2019). Furthermore, the 
use of standardised patients helps in the realism of the simulation 
and favours the development of skills related to communication, in 
addition to allowing the student to be able to observe nuances such 
as gestures and facial expressions that can be decisive in the clinical 
evaluation, and may not be replicated in mannequins, especially me-
dium and low fidelity (Ignacio et al., 2015).

It should be noted that the effect was also positive on self-
confidence among the studies that used virtual simulators, like 
virtual reality (VR) technologies, reinforcing that computer-based 
simulation is a promising strategy to promote learning (Kononowicz 
et al., 2019; Shorey & Ng, 2021). Although the use of technologies 
such as VR in simulations is recent, the results are promising and 
show positive impacts on students' self-confidence (Yu et al., 2021; 
Yu & Yang, 2022).

The scenario in general, to favour the development of critical 
thinking, clinical reasoning and decision-making (aspects constantly 
required in clinical practice) (Chiniara et al., 2013; INACSL Standards 
Committee, 2021c), should seek to promote an authentic experience 
of an active role in the participants and be reproducible and reliable 
with outcomes consistent with reality.

In this context, scenario validation, an aspect reinforced as im-
portant to ensure realism and evidence-based practice (INACSL 
Standards Committee, 2021c), was not explored in the studies in-
cluded in this review, and progress in this aspect is needed in the 
articles published in the area. It should be added that with the dy-
namics of updating procedures in the health area, the periodic re-
view is a condition to guarantee the quality of the scenario over time 
and the engagement and learning of the participants.

Although the results show high heterogeneity between studies, 
the results are valid because this variation is associated with the in-
clusion of studies in different contexts of nursing education. In ad-
dition, it is possible to understand that the simulation duration was 
important predictors of self-confidence, suggesting that the more 
hours of simulation, the greater the student's self-confidence.

5.1  |  Recommendations for future research

Future studies can address certain components of simulation design 
not addressed on the studies included in this review, such as types 
of prebriefing and debriefing; other simulation modalities such as in 
situ simulation and hybrid simulation, which were not addressed in 
this review due to the lack of primary studies evaluating them; dif-
ferent levels of fidelity, in addition to the impact of different types 
of fidelity (environmental, conceptual and psychological); types of 



20  |    OLIVEIRA SILVA et al.

simulators, in particular virtual simulators; and the importance of 
scenario validation.

It is also suggested that new systematic reviews with meta-
analysis evaluate the effect of simulation design on learning domains 
(cognitive, procedural and attitudinal) and other learning outcomes 
obtained through simulation activities, such as critical thinking, clin-
ical reasoning, clinical judgement and therapeutic communication.

6  |  LIMITATIONS

The lack of studies addressing the effect of simulation on stress 
compared to conventional teaching strategies limited the assess-
ment of the effect of simulation design on this outcome. Another 
important limitation was the lack of reporting of the simulation de-
sign components in the methodological stage of the studies, which 
made classification difficult for comparison by subgroups. However, 
this limitation is conditioned to the classification proposal of the 
present study, so that future studies can use the results of this re-
view as a model for better reporting of their interventions. Despite 
being provided for in the review protocol, the assessment of the 
quality of the evidence produced was not performed because the 
GRADEpro GDT tool does not include analyses in which experi-
mental and quasi-experimental studies were included.

7  |  CONCLUSION

The results of this study allowed us to identify the effect of the 
simulation design on the anxiety and self-confidence of nursing 
students, highlighting the impact of intentional SBL design on the 
development of emotional competences. Thus, this study was a 
pioneer in evaluating the relationship between simulation design 
and outcomes, identifying that different modulations of its com-
ponents, imply differences in effect sizes, highlighting, in particu-
lar, the quality of the methodological report of interventions with 
simulation.

Despite this, differences between subgroups were found only 
regarding the duration and the fidelity of simulation, the intragroup 
estimates raise hypotheses about which characteristics have the 
most impact on outcomes. Thus, the results of this review allow us 
to infer that when developing SBL from the perspective of simula-
tion design, it is possible to obtain intentional outcomes in reducing 
anxiety and developing self-confidence in nursing students, with the 
consequent development of emotional control, decision-making and 
learning.

8  |  RELE VANCE TO CLINIC AL PR AC TICE

By providing information on the impact of simulation design, the re-
sults of this review allow for the development of more intentional 
strategic designs to strengthen pedagogical and strategic planning in 

health courses. In addition, they highlight those studies with a solid 
description of the simulation in its methodological stage, tend to ob-
tain statistically significant results. In association with the findings 
of Mariani et al.  (2020), the finding of the present study helps to 
support the need of more rigorous methodology in ours simulation 
designs and research methods.

Consequently, the results support SBL implementation in under-
graduate nursing curricula, encouraging the education of qualified 
professionals prepared to work in clinical practice. Furthermore, 
the qualified education of nurses is in line with the global goal of 
the Pan American Health Organization of offering health to all by 
2030, and this same body explicitly recommends the use of clini-
cal simulation as a strategy for the improvement of health teams 
(Pan American Health Organization,  2022, Pan American Health 
Organization, 2019).
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