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Abstract

Background: Patient safety is a fundamental pillar of health care quality. Simulation-based training provides a controlled
environment for nursing students to develop safety competencies and error-recognition skills before clinical practice.

Objective: This systematic review aimed to describe and characterize the simulation-based education features and modali-
ties used to address patient safety outcomes in undergraduate nursing students, identifying the strategies that contribute to
improvements in safety-related competencies.

Methods: A systematic review was conducted following PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines across PubMed, Web of Science, Scopus, CINAHL, Cochrane, and Lilacs (2019-2024). Inclusion
criteria focused on original studies involving undergraduate nursing students and simulation interventions measuring patient
safety outcomes. Studies in languages other than English, Spanish, or Portuguese were excluded. Two reviewers independently
performed study selection and data extraction. Methodological quality was assessed using Joanna Briggs Institute tools,
applying a 60% quality threshold for inclusion. Results were synthesized through a narrative approach.

Results: A total of 20 studies from 12 countries were included. The methodological quality was high (n=14) and moder-
ate (n=6). Findings revealed that high-fidelity simulation and virtual reality are the primary strategies used. Simulation
proved effective in enhancing both technical skills (medication administration accuracy) and nontechnical skills (communica-
tion via SBAR [Situation, Background, Assessment, Recommendation] and ISBAR [Identification, Situation, Background,
Assessment, Recommendation] tools, teamwork, and adverse event reporting). Key strategies contributing to safety included
repetitive practice and interprofessional simulation, which significantly improved error detection and clinical judgment.

Conclusions: Simulation is an essential pedagogical strategy for preparing nursing students to deliver safe care. Practical
implications include the need to integrate structured simulation into nursing curricula to bridge the theory-practice gap. Future
research should prioritize longitudinal designs to assess the retention of these safety skills in clinical settings and develop
standardized metrics for measuring patient safety outcomes.

Trial Registration: PROSPERO CRD420250653469; https://www .crd.york.ac.uk/PROSPERO/view/CRD420250653469
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Introduction

Overview

Patient safety is a fundamental pillar of quality health
care, aimed at minimizing risks and preventing harm during
medical care [1]. According to the World Health Organization
(WHO), this concept is defined as “the absence of avoidable
harm to a patient and the reduction to an acceptable minimum
of the risk of unnecessary harm associated with healthcare”
[2]. Despite its importance, safety failures remain a critical
global issue; more than 1 in 10 patients suffer harm during
treatment, leading to more than 3 million deaths annually.
Consequently, unsafe care must be recognized as both a major
public health crisis and a significant economic burden [3].

The study of these failures gained international promi-
nence following the landmark report “To Err is Human,”
published in 2000 by the National Academy of Sciences. This
study revealed that the cost of medical errors extends beyond
economics, deeply affecting patient satisfaction, professional
morale, and overall trust in the health system [4]. To address
these challenges, a comprehensive monitoring approach is
required. This involves the proactive identification of hazards,
continuous process improvement, and the promotion of a
safety culture that actively engages both health care professio-
nals and patients [1].

Patient safety culture is a complex phenomenon in which
values, attitudes, competencies, and behaviors influence how
health care professionals perceive and manage safety risks
[2]. A comprehensive framework for patient safety culture
consists of leadership, teamwork, evidence-based practice,
communication, learning, just culture, and patient-centered
care [5]. This concept is integrated with WHO resolu-
tion WHA72.6 [6], which prioritizes concrete measures to
prevent avoidable harm in health care, such as strategies for
safe medication, error-free surgery, infection control, sepsis
management, reliable diagnostics, and adequate hygiene in
facilities. This multidimensional framework highlights the
systemic nature of safety culture and the central role of
leadership and communication in preventing adverse events.

The occurrence of safety incidents is rarely the result of
a single individual’s actions but rather the culmination of
various systemic factors [4]. These include rapid technolog-
ical advances, increasingly complex care processes, inade-
quate policies, and an aging population with multiple chronic
comorbidities [2]. Because incidents often stem from multiple
overlapping causes, focusing on individual blame fails to
address the underlying systemic issues, making it likely that
the same errors will recur [2,/4]. To mitigate these risks,
the Global Patient Safety Action Plan 2021-2030 outlines
strategic activities designed to identify, evaluate, and manage
risks throughout the health care continuum, with the ultimate
goal of preventing harm or minimizing its impact [7].
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Training and education in safe practices are essential to
maintaining and improving standards of care and ensuring
that health systems can adapt and respond to emerging
challenges in health care [1]. In this context, simulation,
defined as any technique that extends or replaces real-world
experiences to promote reflective learning, has established
itself as a key strategy for improving research on patient
safety incidents [8].

Clinical simulation has proven effective as a teaching
strategy for developing both technical and nontechnical skills,
including communication, teamwork, leadership, and critical
thinking [9,10]. This approach allows for the creation of
structured, meaningful, and reflective learning environments
that facilitate the effective and safe resolution of complex
situations, in line with the competencies to be acquired [8-
10].

Clinical scenarios form the basis of clinical simulation, as
they allow learning experiences to be structured with different
levels of complexity in line with training objectives [11].
A key element in their design is fidelity, understood as the
degree to which the simulation reproduces the conditions
of actual clinical practice [12], which can be classified as
low, medium, or high depending on the resources used
and the educational goals. Low-fidelity simulation typically
focuses on the acquisition of basic technical skills using task
trainers, simple manikins, or case studies, while medium
and high levels incorporate more complex scenarios and
greater realism. Similarly, the simulation modality refers to
the format used to develop the training experience. Accord-
ing to the Healthcare Simulation Dictionary, these modali-
ties can include role-playing, virtual or online simulations,
task trainers, high-tech mannequins, or immersive simula-
tions with standardized patients (SPs) or trained actors [12].
Thus, the combination of modality and fidelity level allows
simulation to be adapted to different educational contexts and
clinical competencies [11]. Immersive simulation, particu-
larly when based on realistic clinical scenarios, offers strong
opportunities to develop competencies and promote changes
in thinking and practice. Its effectiveness is enhanced when
followed by structured debriefing, enabling reflective analysis
and identification of improvement strategies [9].

Nursing professionals, from their formative stage, need
to be actively trained to provide safe care, and effective
communication is essential to reduce health errors [13,14].
A culture of open communication facilitates enhanced team
interactions and equips students with efficacious strategies
to deploy in their practice, thereby fostering critical thinking
and emergency management skills. The formation of effective
interprofessional teams through simulation-based learning has
been linked to improved patient outcomes, a reduction in
medical errors, and the delivery of high-quality care [15]. The
students have acquired knowledge and have been instructed in
the guidelines for conducting practices more safely. However,
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they encounter obstacles when attempting to communicate
and report errors, as they perceive themselves to have a lower
status and are sometimes fearful of the potential consequences
[16].

A coalition of international scientific societies with
expertise in simulation has issued a call for the integration
of simulation-based learning into the curricula of undergrad-
uate and postgraduate programs. This initiative is designed
to foster a culture of safety [17]. It is also imperative that
the simulation be designed in such a way that it does not
compromise the psychological and physical integrity of the
participants, while also ensuring the safety of the training
process [18].

Previous reviews on educational interventions in patient
safety highlight considerable methodological heterogeneity
and limited evidence regarding the specific impact of
simulation [19]. One review found that although patient
safety competence was frequently assessed, only 2 studies
used simulation, and none examined behavioral changes,
limiting conclusions about real clinical impact [18]. A
published protocol targeting nursing students also considers
simulation among various teaching methods, but anticipates
substantial variability that may hinder conclusions about its
differential effectiveness [20].

Another systematic review reported improvements in
knowledge, clinical skills, and confidence through simulation-
based learning; however, it included varying fidelity levels
and did not specifically address patient safety outcomes,
limiting applicability to this domain [21]. Similarly,
quantitative syntheses confirm the benefits of simulation but
do not analyze its transfer to patient safety in real health care
contexts [22]. A comparison between SPs and role-playing
showed improvements in communication skills, yet without
linking findings to objective patient safety indicators [23].
Finally, an exploratory review associated simulation with
greater competence and confidence but did not differentiate
between levels of evidence or modalities, limiting the strength
of its recommendations [24].

Overall, despite suggested benefits, the literature shows
methodological heterogeneity, limited analysis of behavio-
ral outcomes, and insufficient connection to specific patient
safety indicators, raising the question of the actual effect
of simulation-based learning on patient safety outcomes in
nursing students.

Objective

Since 2020, with the closure of in-person training activi-
ties and the impossibility of clinical practices, justified by

Table 1. Keywords PIO?.
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immediate public health needs: preventing the transmission
of infections, facilitating social distancing, and responding
to government orders, the need for education and training
that adapts to the new demands of the health system has
become evident [25,26]. The use of simulation methodology
in the education of nursing students can be a strategy that
improves the application of the theoretical concepts learned
and clinical practice, to provide safe and quality care. The
objectives of this systematic review were (1) to determine
the effect of simulation-based education on patient safety
outcomes in nursing students, (2) to identify the aspects
related to patient safety that have been the subject of the use
of simulation, and (3) to describe and characterize simula-
tion-based education features and modalities used to address
patient safety outcomes in undergraduate nursing students.

Methods

Design

A systematic review was carried out during the months of
February and March 2024, following the checklist of the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) statement [27]. The review followed the
PRISMA 2020 guidelines and was designed and presented
as a systematic review rather than an exploratory review, to
accurately determine the effect of simulation-based educa-
tion on patient safety outcomes, establishing strict prede-
fined eligibility criteria, quality assessment, and structured
synthesis of evidence (Checklist 1).

Search Strategy

A systematic search was carried out from 2019 to 2024 in
the databases: PubMed, Web of Science, Scopus, CINAHL,
Cochrane, and Lilacs. These databases were selected to
ensure broad coverage of biomedical, nursing, educational,
and multidisciplinary research, as well as to minimize
publication and indexing bias. To guide the search, we started
from the PIO (Population, Intervention, Outcomes) question
(Table 1).

The terms were adapted to the controlled language of the
MeSH (Medical Subject Headings) and Descriptors in Health
Sciences, in addition to CINAHL subject headings (Table 2).

PIO question Keywords MeSHP DeCS¢

Population Nursing students Nursing students Estudiantes de enfermeria
Intervention Training through simulation techniques Simulation training Simulacién

Outcomes Improving patient safety Patient safety Seguridad del paciente

4PIO: Population, Intervention, Outcomes.
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®MeSH: Medical Subject Headings.
®DeCS: Descriptors in Health Sciences in Spanish.

Table 2. Search strategy.

Base Search strategy

Number of articles

PubMed

((“education, nursing”’[MeSH Terms] OR (“education”[All Fields] AND “nursing”[All Fields]) OR “nursing 92

education”[All Fields] OR “education nursing”’[All Fields] OR (“nursing education research”[MeSH Terms] OR
(“nursing”’[All Fields] AND “education”[All Fields] AND “research”[All Fields]) OR “nursing education
research”[All Fields])) AND "2019/02/27 00:00”:“3000/01/01 05:00”’[Date - Publication] AND ((“students,
nursing”[MeSH Terms] OR (“students”[All Fields] AND “nursing”[All Fields]) OR “nursing students”[All Fields]
OR (“nursing”[All Fields] AND “students”[All Fields])) AND (“simulation training”[MeSH Terms] OR (“simula-
tion”[All Fields] AND “training”’[All Fields]) OR “simulation training”[All Fields]) AND (“patient safety”’[MeSH
Terms] OR (“patient”’[All Fields] AND “safety”[All Fields]) OR “patient safety”[All Fields]) AND "2019/02/27
00:007:3000/01/01 05:00”[Date - Publication] AND "2019/02/27 00:00”:3000/01/01 05:00”[Date - Publication]
AND "2019/02/27 00:00:“3000/01/01 05:00”[Date - Publication])) AND (y_5[Filter])

Scopus

(TITLE-ABS-KEY (nursing AND students) AND TITLE-ABS-KEY (simulation AND training) AND TITLE- 109

ABS-KEY (nursing AND education) AND TITLE-ABS-KEY (patient AND safety)) AND PUBYEAR >2018

Wos?
Last 5 years

LILACS
(year_cluster:[2019 TO 2024])

CINAHL

(((TS=(nursing students)) AND TS=(simulation training)) AND TS=(nursing education)) AND TS=(patient safety) 136

(estudiantes de enfermeria) AND (simulacién) AND (educacion en enfermeria) AND (seguridad del paciente) AND 14

nursing students AND nursing education AND (simulation training or simulation education or simulation learning) 133

AND (patient safety or patient outcomes or quality of care) Limiters - Publication Date: 20190101-20241231

Cochrane

(*simulation training) AND (nursing students):ti,ab,kw AND (patient safety):ti,ab.kw (Word variations have been 32

searched) con afio de publicacion de 2019 hasta 2024, fecha de publicacion en la Biblioteca Cochrane Entre Jan

2019 y Feb 2024, en Ensayos

4WoS: Web of Science.

Inclusion and Exclusion Criteria

The inclusion criteria were articles written in English,
Spanish, and Portuguese, which were primary studies on the
use of simulation in the undergraduate stages of nursing to
maintain patient safety, such as communication, teamwork,
medication safety, clinical performance linked to safety,
without differentiating the type of simulator used. Although
initially it was decided to include only nursing students, it
was later decided to also include studies involving medical
students in the case of communication or teamwork.

Exclusion criteria were considered qualitative studies,
reviews, editorials, personal experiences, and those quantita-
tive articles that were not peer reviewed, studies that dealt
exclusively with student satisfaction and perception with
the simulation methodology, studies in which among the
participants there were already graduated professionals, and
those in which at least one of the objectives did not deal with
safety, studies on the use of simulators that were specific for
learning specialized care, studies referring to the design of
simulation scenarios or the development of modifications of
educational strategies related to simulation.

Article Selection, Methodological Quality
Assessment, and Risk of Bias

The articles obtained were exported to the Zotero biblio-
graphic manager. After removing duplicates, articles were
selected by title and abstract during online sessions by
2 researchers. When discrepancies arose, another revisor
was contacted for a final decision. Full texts of the remain-
ing articles were obtained to assess eligibility. Two review-
ers thoroughly assessed the full texts to determine study
inclusion, resolving discrepancies through discussion and,

https://nursing.jmir.org/2026/1/e87898

when necessary, with the involvement of a third reviewer.
Two reviewers determined that articles met eligibility criteria.
References from secondary articles, such as reviews and
scoping reviews, were also reviewed to assess their poten-
tial inclusion of those articles that met the objectives of
this study. Those selected underwent a quality evaluation by
2 authors independently using the Joanna Briggs Institute
(JBI) Critical Appraisal Tools [28] according to study design
(the checklist for randomized controlled trials [RCTs] [29],
the checklist for quasi-experimental studies [30], and the
checklist for analytical cross-sectional studies [31]).

The methodological quality of all included studies was
assessed independently by 2 reviewers using the JBI Critical
Appraisal Tools according to the study design: the checklist
for RCTs, quasi-experimental studies, and analytical cross-
sectional studies. Discrepancies were resolved by consensus
with a third reviewer. Studies meeting =60% of the applica-
ble JBI criteria were included in the final synthesis. Consid-
ering that the JBI critical appraisal tools do not establish
universal cutoff points for classifying methodological quality,
leaving this decision to the discretion of review teams, a
60% threshold was applied as a pragmatic criterion to balance
the inclusion of methodologically acceptable studies while
avoiding overly restrictive exclusions, thereby ensuring the
availability of sufficient evidence for analysis [28].

Data Extraction and Synthesis

The authors independently extracted data from the studies
into a Microsoft Excel spreadsheet. The sheet recorded data
on the author, year of publication, country, age of partici-
pants, type of study, objective, scales and instruments used,
results and conclusions, limitations, safety aspects covered,

JMIR Nursing 2026 | vol. 9 1e87898 | p. 4
(page number not for citation purposes)


https://nursing.jmir.org/2026/1/e87898

JMIR NURSING

type of simulation, types of interventions performed, and
simulated cases (Table S7 in Multimedia Appendix 1 [32-
51] and Table S8 in Multimedia Appendix 2 [32-51]).
Given the diversity among the included studies, clinical and
methodological heterogeneity (diverse domains, modalities,
and durations), noncomparable instruments, and incomplete
statistical reporting (missing effect sizes and variances), a
narrative synthesis was conducted, guided by the principles of
thematic content analysis.

Gonzalez-Sanz et al

Results

Study Selection

The selection process is shown in Figure 1.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 flow diagram of study selection.

[ Identification of studies via databases and registers ] Identification of studies
— via other methods
c
'3 Records removed before
3 Records identified from: screening:
E Databases (n=516) Duplicate records removed Records identified from:
E (n=192) Citation searching (n=2)
-
A 4
T
Records screened > Records excluded**
(n=324) (n=274)
\ 4
Reports sought for retrieval Reports not retrieved Reports sought for retrieval
—
= (n=50) (n=0) (n=2)
S v \ 4
Reports assessed for eligibility Reports excluded: Reports assessed for
(n=50) — ¥ Not central theme (n=17) eligibility
Without conclusive results for (n=2)
review (n=5) .
Other languages (German,
Korean) (n=3)
Includes professionals (n=7)
—
A4
H
'g Studies included in review
3| | (h=20)
c

Characteristics of Included Studies

A total of 20 studies [32-51] met the inclusion criteria for
this review. The primary characteristics of these studies are
detailed in Table 3. The included articles were published
between 2019 and 2024. The country with the highest number
of studies was Korea with 6 studies [32,34,36,37,41.48],
followed by the United States [32,40,45] and China [39.43,
49], with 3 studies each. Spain [42,50] and Taiwan [46.,51]
contributed 2 studies each. Germany [35], Ireland [47], and
Indonesia [38] contributed 1 study each. One study was led
by an international team (Canada, England, Scotland, and

https://nursing.jmir.org/2026/1/e87898

Australia) [44]. For the purpose of counting, each of the 20
studies [32-51] was assigned to the country of the coordinat-
ing institution, and the multicountry study was considered as
a single study with international participation.
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The study designs varied, encompassing 8 RCTs [33,37,39,
41,464749,50], 11 quasi-gstudies [32,35,36,38,40,42-45 48,
51], and 1 analytical cross-sectional study [34]. The partici-
pant samples predominantly consisted of undergraduate
nursing and/or medical students at various stages of their
training. The objectives of the studies commonly focused on
evaluating the use of simulation-based training on competen-
cies essential for patient safety, such as interprofessional
communication, teamwork, and clinical reasoning. The
studies that included only nursing students were 14 [32-34,
36-46] and the remaining 6 were studies with a mixture of
nursing and medical students [35.47-51], although one of
them only included 1 medical student [50].

The total number of participants included was 2494. The
study with the least participation grouped 30 students [41]
and the one with the highest participation had 231 [42]. Most
participants were women (more than 60%); in one of the
studies, all participants belonged to a women’s nursing school
[41].

The studies were carried out from 2015 [34] to 2023 [35];
5 of them did not report the age of the participants, and 4 did
not report the academic year in which the participants were
enrolled, their sex, or the year the study was conducted.

Measurement tools varied across studies. Only 4 studies
used ad hoc questionnaires [34,36,38.44]. The remaining 16
studies [32,33,35,37,39-43,45-51] used validated instruments,
some with contextual adaptations (eg, cultural and language
modifications and scenario-specific items).

Characteristics of Interventions

The simulation-based training interventions detailed in the
included studies were heterogeneous, as detailed in Table 4.
Interventions ranged from single-session workshops (eg, 3.5
h) to multisession programs integrated into the curriculum.

The modalities of simulation used included high-fidelity
simulators (HFS; n=9) [32,34,39-41,43,45,47 48], SPs (n=8)
[35-39,48,49,51], virtual reality (VR; n=4) [44-4649], role
play (n=2) [38,50], and board simulations (n=1) [33]. Several
studies combined HFS with SP or VR, so the catego-
ries are not mutually exclusive. The transfer of communi-
cation using a structured methodology between the team
uses different strategies, such as SBAR (Situation, Back-
ground, Assessment, Recommendation) and SBAR-R [32,
34,37,47,50] handover tools and KidSIM-TPS [50] team-
work frameworks, while other less commonly used techni-
ques include the Kalamazoo communication checklist [46].
Structured communication with the patient is guided by the
SEGUE (Set the stage, Elicit information, Give information,
Understand the patient’s perspective, End the encounter)
framework [36]. These structured tools were detailed in the
instruments and notes of Table 3.
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Methodological Quality Results

The overall methodological quality of the studies was
moderate to high. Using the JBI Critical Appraisal Tools,
RCTs generally scored between 9 and 13 out of 13 possi-
ble criteria, quasi-experimental studies between 7 and 9 out
of 9, and cross-sectional studies met 6 to 8 out of 8 crite-
ria, assessed according to JBI methodological standards for
evidence synthesis [29-31].

Table 5. Summary of methodological quality results.

Gonzalez-Sanz et al

Common strengths included clear description of inclusion
criteria, valid measurement of outcomes, and appropriate
statistical analyses. The most frequent limitations were related
to lack of blinding of participants or assessors, incomplete
follow-up, and limited control of confounding factors.

A summary of the appraisal results is presented in Table 5,
while full details of the assessment can be found in Tables S2,
S3, and S4 in Multimedia Appendices 3-5.

Number of Mean criteria met
Study design studies JBI? tool used (%) Common strengths Common limitations
Randomized controlled trials 8 JBI RCTP Checklist (13 85-100 (9, 13/13) Clear objectives, valid Lack of blinding (3),
items) measurement tools, and small samples

Quasi-experimental studies 11 JBI Quasi-Experimental

Checklist (9 items)
Cross-sectional studies 1 JBI Analytical Cross-
Sectional Checklist (8
items)

78-100 (7,9/9)

75 (6/8)

appropriate statistical analysis

Clear cause-effect design and
reliable outcome measures

Absence of control group
in some cases (3),
incomplete follow-up (2)
Clear inclusion criteria, valid
exposure, and outcome
measures

Confounding not always
controlled

4JBI: Joanna Briggs Institute.
YRCT: randomized controlled trial.

Topics

The topics they discussed were communication, both
interprofessional [32,34.46,47,49,50] as communication with
the patient [36], teamwork [48,51] aspects related to
medication, such as its administration [38,40,42] and
notification of errors or adverse effects [33,3543], sys-
temic and organizational factors [41], falls [37], pressure
ulcer prevention [39], patient deterioration [44], and various
security aspects a mix of the above [45].

Mixed groups, with nursing and medical students, address
topics such as interprofessional communication and teamwork
[48-51]; only one of them addresses the issue of medication
[35].

Most simulations aimed at developing communication and
teamwork skills used high-fidelity modalities, including SP
and mannequins [32,34,36,47,48,51] and VR environments
[46,49]. One study used role-playing as the primary simula-
tion modality [50].

To develop skills in aspects of medication administration,
HFS has been used [40], role play [38], and simulated patients
[38,42]. In the case of notification of medication errors and
adverse effects, the simulation scenarios have used SPs and
mannequins [35,43] and a board game [33]. The rest of
the safety aspects discussed have used simulated patients or
mannequins, except the study on patient deterioration, which
has used VR technology [44].

High-fidelity —simulation through HFSs, VR, and
SPs predominated across studies. However, low-fidelity
approaches, such as role-playing, were also used, either alone
or combined with other modalities, particularly in interprofes-
sional communication [50], medication administration [38],
and incident or system failure reporting [33].

https://nursing.jmir.org/2026/1/e87898

Safety Outcomes

In general, almost all studies link training through simula-
tion scenarios with an improvement in safety-related skills
and knowledge [32-47,50]. One study directly compared live
(face-to-face) simulation with immersive VR simulation in
scenario-based training [49]. The comparator was therefore 2
different simulation modalities rather than simulation versus
traditional teaching. No statistically significant differences
were found between live and VR simulation in the develop-
ment of teamwork and communication skills. These findings
suggest that VR-based simulation may represent a compara-
ble alternative to live simulation for fostering these competen-
cies.

Simulation training complemented by other techni-
ques (lectures, presentations, debates, and demonstrations)
achieves better results than simulation training alone for
improving patient safety competency among nursing students
[43]. However, the effects of a blended classroom plus
clinical simulation versus clinical simulation alone on
teamwork attitudes did not further improve teamwork
attitudes, perceptions, and performance in medical and
nursing students compared with clinical simulation alone
[48]. A quasi-experimental study comparing traditional
clinical practice, manikin-based high-fidelity simulation, and
screen-based virtual simulation (n=193) found no signif-
icant differences in cognitive outcomes between groups
[45]. However, students in the manikin-based simulation
group achieved significantly higher scores than those in the
traditional clinical group in several competency domains
measured by the Creighton Competency Evaluation Instru-
ment, including communication (effect size=0.52; P=.04),
although no significant differences were observed in the
Patient Safety domain. These findings suggest that the type
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of simulation experience may influence specific clinical
competency outcomes [45].

Only 2 studies followed up over time after training
[46,49]. In one study, the results were better than before
after 1 week of practice [46]. A RCT compared immersive
VR simulation with conventional live simulation in 120
medical and nursing students. Both modalities significantly
improved teamwork attitudes and interprofessional socializa-
tion immediately postintervention. At 2-month follow-up,
only the VR group maintained a significant improvement
in Interprofessional Socialization and Valuing Scale scores
(P=.047), although no statistically significant differences
were found between groups at any time point, suggesting
comparable effectiveness [49].

Two studies evaluated competencies using Objective
Structured Clinical Examination—based assessments. In one
study, 47 second-year nursing students receiving simula-
tion-based training achieved significantly higher scores in
pressure ulcer risk assessment than those receiving standard
instruction (mean 29.04, SD 6.00 vs mean 12.38, SD 4.15;
P<.001) across 3 simulated scenarios using SPs [39]. In
another randomized educational trial including 90 nursing and
medical students, competency-based simulation combined
with e-learning led to higher communication competence
(60%) compared with e-learning alone (6.9%) and standard
simulation (13%), using a clinical structured communication
tool [47].

Discussion

Principal Findings

This systematic review aimed to evaluate the effect of
simulation-based education on patient safety outcomes in
undergraduate nursing students, to identify the patient safety
domains addressed through simulation, and to describe
the characteristics of simulation-based educational interven-
tions. Overall, the findings suggest that simulation-based
education is associated with improvements in several
competencies related to patient safety, particularly commu-
nication, teamwork, medication safety, and the recognition
and reporting of clinical incidents. High-fidelity simulation
predominated among the included interventions, with 16
studies using this modality [32,34-43,4547.48,50,51]. In
addition, the incorporation of VR [35,37,40] expands the
range of clinical scenarios that can be recreated in educa-
tional environments and may facilitate the development of
knowledge and skills related to patient safety [43].

Among the patient safety domains addressed, communi-
cation and teamwork were the most frequently studied.
Several studies reported improvements in these competen-
cies following simulation-based training among nursing
and medical students [38-42]. Simulation scenarios pro-
vide opportunities for students to practice interprofessional
collaboration and structured information transfer in control-
led learning environments. Structured communication tools,
such as SBAR and its adaptations, were frequently incor-
porated into simulation scenarios and were associated with

https://nursing.jmir.org/2026/1/e87898
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improved team coordination and information transfer [32,34,
37,46,47,50]. Similarly, structured communication strategies
have been shown to improve communication between
students and patients [36]. Communication-focused simula-
tions often involved interprofessional scenarios in which
students practiced structured communication during clinical
deterioration or emergencies, strengthening collaborative
decision-making between professionals [47,49,50].

Medication safety was another frequently addressed
domain. Three studies evaluated students’ ability to safely
administer medications, identify potential errors, and follow
appropriate safety procedures [38,40,42]. Simulation provides
a controlled environment in which students can practice
medication administration while recognizing potential safety
risks without endangering real patients. In addition, simu-
lation-based education was associated with improvements
in the reporting of adverse events and medication-related
incidents [40,42]. Other 3 studies also explored the devel-
opment of systems thinking and incident reporting compe-
tencies through simulation scenarios focused on adverse
event reporting or clinical error disclosure [33,35,43]. These
activities encouraged students to recognize systemic factors
contributing to patient safety incidents and to adopt a
nonpunitive perspective toward error management.

This review also highlights the diversity of simulation
modalities used to address patient safety competencies.
SPs were commonly used to train communication with
patients [36], reporting incidents such as falls or medica-
tion errors [35,37], pressure ulcer prevention [39], team-
work and interprofessional communication [49,51], and
medication administration [38,42]. High-fidelity simulation
using mannequins was the most frequently used modality
[32,34,39-41,43,4547 48]. VR simulations were also used,
particularly in scenarios focused on communication and
teamwork [35,46,49].

Although high-fidelity simulation was widely used,
lower-technology simulation approaches also demonstrated
positive learning outcomes. Role-playing, tabletop simu-
lations, and screen-based virtual simulations improved
competencies related to communication, systems thinking,
and incident reporting [33,38,50]. These findings suggest
that simulation-based education can be implemented across
a variety of educational settings, including institutions
with limited technological resources. In addition to simula-
tion modality, the instructional design of the intervention
influenced outcomes. One study reported greater improve-
ments when simulation was integrated with complementary
educational strategies such as lectures, structured feedback, or
online modules [43].

Comparison With Previous Literature

The findings of this review are consistent with previous
literature highlighting the educational value of simulation
in health professions education [5252]. Improvements in
communication and teamwork competencies observed in the
included studies align with recent meta-analyses emphasizing
the importance of interprofessional education for improving
role understanding and collaborative practice among health
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care students [53,54]. Improvements in these competencies
are particularly relevant to patient safety, as failures in
communication and teamwork are frequently associated with
preventable adverse events in clinical practice. Interprofes-
sional simulation experiences have been shown to strengthen
role clarity and collaborative practice, thereby promoting
safety-oriented behaviors among future health professionals
[54].

Similarly, the improvements observed in medication safety
practices are consistent with previous reviews suggesting
that simulation-based education can be an effective method
for improving patient safety competencies [24]. Evidence
from systematic reviews also indicates that the use of SPs
may enhance communication skills, learning outcomes, and
problem-solving abilities in health professions education
[23]. Previous reviews have also reported improvements
in knowledge, confidence, and clinical skills following
simulation-based learning [21,22], although many of these
studies did not specifically focus on patient safety outcomes.
Compared with earlier literature, the present review pro-
vides a more focused synthesis of evidence regarding the
use of simulation-based education to address patient safety
competencies in undergraduate nursing students.

The findings of this review also suggest that the use of
different simulation methods and varying levels of fidelity,
as observed across the included studies, can be similarly
effective for developing competencies related to patient
safety. These results are consistent with previous litera-
ture, indicating that the effectiveness of simulation-based
education does not depend solely on the level of techno-
logical fidelity. Studies comparing high-fidelity simulation
with alternative teaching strategies, such as written case
studies, have not demonstrated clear advantages of high-fidel-
ity simulation alone for improving critical thinking skills in
nursing students [55].

Sustainability of Training Effects

Despite the positive outcomes reported in most studies, the
long-term sustainability of simulation-based training effects
remains unclear. Only 2 studies included follow-up assess-
ments after the intervention, with relatively short follow-up
periods of 1 week and 2 months [46,49]. Consequently, it
is difficult to determine whether the improvements observed
are maintained over time or translate into sustained behav-
ioral changes in clinical practice. This limitation is particu-
larly relevant because previous research on medication safety
suggests that safety-related competencies may decline if they
are not reinforced through continued practice and training
[56].

Practical Implications for Nursing
Education

The findings of this systematic review have several
important practical implications for undergraduate nursing
education. Overall, the evidence indicates that simulation-
based education is an effective strategy for developing key
patient safety competencies, particularly in communication,
teamwork, medication safety, and error recognition [32-47].
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The results support the systematic integration of simula-
tion-based learning into nursing curricula, rather than its use
as an isolated or supplementary teaching activity. Simulation-
based interventions embedded within educational programs
improved students’ patient safety competencies [40,42,43 45,
46]. Simulation scenarios focused on real-world patient safety
challenges enable students to apply theoretical knowledge in a
safe and controlled environment [39,41 .44].

The impact of structured communication tools, such
as SBAR, ISBAR (Identification, Situation, Background,
Assessment, Recommendation), and SEGUE, suggests that
these frameworks should be explicitly incorporated into
simulation-based training [32,34,36,37,47]. The use of these
tools during simulation may reduce communication-related
errors and enhance patient safety.

In terms of the characteristics of the simulation, the
included studies used various methods, including manikin
simulation, SPs, virtual simulation, role-playing, and tabletop
simulation. The level of fidelity within these modalities
varied between low, medium, and high, depending on
the technological complexity and degree of clinical real-
ism described by the authors. While experiences with a
higher level of technological fidelity were common, several
studies demonstrated that modalities with lower technologi-
cal requirements, such as role-playing or tabletop simulation
[33,38,50], as well as basic virtual environments [44-46,49],
could also be effective in improving patient safety knowledge
and skills. These findings suggest that meaningful educational
outcomes can be achieved with modalities that have lower
technological requirements, which is particularly relevant for
institutions with limited resources.

Current Gaps in the Literature

Even with mounting evidence backing simulation-based
training in nursing, this review identified several important
gaps in existing literature. One of the most significant
limitations is the lack of long-term follow-up. Only 2 of the
studies included assessed outcomes beyond the immediate
postintervention period, with follow-up periods of 1 week and
2 months, respectively [46,49].

Another gap relates to study design and methodolog-
ical rigor. Although RCTs were included, 9 of studies
used quasi-experimental designs with convenience sampling
and relatively small sample sizes [24,25,29-31,33-36]. In
addition, blinding of participants and assessors was rarely
reported. Also, studies used a wide range of instruments to
assess patient safety competencies, including self-developed
questionnaires and modified scales [25,27,29,33,35].

Geographically, most studies were conducted in high-
income countries [22-42], with limited representation from
low- and middle-income settings, indicating a lack of global
diversity in the evidence base.

Recommendations for Future Research

Future research should address the limitations identified
in this review. Longitudinal studies are needed to assess
retention and maintenance of competencies. The use of
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standardized tools and methodologically sound, multicenter
clinical trials would improve external validity and avoid bias.
On the other hand, studies comparing the efficiency and
cost-effectiveness of different simulation modalities would
help guide curricula and resource allocation. It would be
necessary to include other educational contexts in low-
and middle-income countries in order to apply the results
and guide nursing training plans. The limited reporting of
facilitator preparation across studies highlights the need for
future research to examine the role of educator training in
simulation-based patient safety education.

Limitations

It is important to consider the limitations of this study when
interpreting the results. First, there is a considerable degree
of heterogeneity between the studies, not only in terms of
the type of intervention and duration, but also in terms
of the training of the participants, experience, and origin.
Additionally, the variability of measurement instruments,
convenience samples, and the use of self-reported data may
introduce bias. Furthermore, the restriction of the search to
studies published in English, Spanish, and Portuguese may
have resulted in the exclusion of some relevant studies. The
criteria used to establish the cutoff point in the methodologi-
cal quality assessment may have influenced the final selection
of evidence included.

The search strategy was limited to the terms “patient
safety” and “safety,” which may have led to the exclusion of
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relevant studies addressing patient safety outcomes. Although
additional manual screening of references was performed to
identify potentially relevant studies, this restriction may have
reduced the sensitivity of the search.

Although a systematic approach to study selection ensures
the quality of the evidence, it may result in the omission
of relevant research that, although less rigorous, could offer
valuable insights.

Conclusions

Despite considerable discrepancies between individual
studies, simulation is an important tool that empowers nursing
students to identify, mitigate, or eliminate potential risks to
patient safety. The use of simulation methodology facilitates
the acquisition of essential competencies, including commu-
nication skills, teamwork, medication administration, and
error detection and adverse effect recognition. These skills are
crucial for ensuring patient safety upon entering the professio-
nal workforce. The use of high-fidelity simulation enables the
recreation of clinical scenarios, facilitating the integration of
theoretical and practical training, and thus the development of
skills and a more comprehensive integration of knowledge.

Simulation-based education improves nursing students’
competence in key safety domains (communication,
teamwork, medication safety, and error recognition), thus
contributing to improved patient safety outcomes.
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