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Purpose: This systematic literature review and meta-analysis explored extended reality
(XR)-based pediatric nursing simulation programs and analyzed their effectiveness.
Methods: A literature search was conducted between May 1 and 30, 2022 in the follow-
ing electronic databases: MEDLINE, Embase, Cochrane Central Register of Controlled
Trials (CENTRAL), and CINAHL. The search period was from 2000 to 2022. In total,
6,095 articles were reviewed according to the inclusion and exclusion criteria, and 14
articles were selected for the final content analysis and 10 for the meta-analysis. Data
analysis was performed using descriptive statistics and the Comprehensive Meta-
Analysis program. Results: XR-based pediatric nursing simulation programs have
increased since 2019. Studies using virtual reality with manikins or high-fidelity
simulators were the most common, with six studies. The total effect size was statistically
significant at 0.84 (95% confidence interval=0.50-1.19, z=4.82, p<.001). Conclusion: Based
on the findings, we suggest developing standardized guidelines for the operation of
virtual pediatric nursing simulation education and practice. Simultaneously, the
application of more sophisticated research designs for effect measurement and the
combined applications of various virtual simulation methods are needed to validate the

Ji Young Lim

Department of Nursing, Inha University,
100 Inha-ro, Michuhol-gu, Incheon
22212, Korea

TEL: +82-32-860-8210

FAX: +82-32-874-5880

E-MAIL: [im20712@inha.ac.kr

Received Nov 17, 2022
Revised Jan 1, 2023
Accepted Jan 4, 2023

most effective simulation methodology.
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Education

INTRODUCTION

As we enter the era of the Fourth Industrial Revolution, the
need for education that fosters complex problem-solving
skills and convergent and creative thinking, as learners be-
come subjects, has increased in the field of education [1]. In
particular, the transition of the educational sphere to the digi-
tal generation has accelerated, leading to the rapid emergence
of non-face-to-face class arrangements. For this reason and be-
cause of advances in information and communication tech-
nologies (ICTs), education sites are shifting away from tradi-
tional classroom methods and class designs are blending on-
line and in-person learning activities. Furthermore, online
platform-based remote lectures are gaining importance as an
innovative model of education [2].
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Extended reality (XR) is an innovative technology that has
changed how humans understand and interact with digital
information. The use of XR is expanding significantly through
technological development and the accelerated digital trans-
formation. Many attempts have recently been made to utilize
the metaverse, which combines virtuality and reality, in edu-
cation [3]. XR is an interface that connects reality and the vir-
tual world, facilitating the coexistence of reality and virtuality
and resolving the physical limitations of the real world [4]. In
other words, technologies (virtual reality [VR], augmented re-
ality [AR], mediated reality [MR], and hyper-reality) that en-
able communication via the realistic coexistence of the virtual
world and reality maximize users' immersion, resolve the
constraints of actual space, and connect and fuse virtuality
and reality. As such, with the rapid development of these
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medical technologies and ICTs in recent years and the increas-
ing severity and diversity of diseases, changes in nursing edu-
cation are required to train future nurses who demonstrate
these abilities related to ICTs.

Nurses are professionals who start working in the clinical
field after graduation from nursing school. For them to ac-
quire practical skills, both theoretical education and a certain
amount of clinical practice are mandatory. However, the edu-
cation of nursing students in the clinical field is limited, be-
cause most of it involves indirect rather than direct experi-
ences in situations where patient rights and safety circum-
scribe the possibility of hands-on involvement. Specifically,
because the field of pediatric nursing encompasses patients
ranging from newborns to adolescents, the learning goal is to
identify their health issues and to communicate and practice
nursing appropriate for patients' developmental levels [5]. In
2020, South Korea's fertility rate was 0.84 [6], the lowest among
the Organization for Economic Co-operation and Develop-
ment countries. Clinical practice in the neonatal ward is chal-
lenging because of the low birth rate and risk of infection from
infectious diseases such as coronavirus disease 2019 (COVID
-19). In addition, despite the need to continue education in ne-
onatal wards and involving high-risk newborns, it is difficult
for students to have these experiences in person or make in-
direct observations as more hospitals scale down or close neo-
natal intensive care units. Regardless, realistic clinical sites are
needed to provide educational opportunities for nursing stu-
dents. An emerging alternative in this regard is simulation
practice. Simulation exercises in South Korea have been prev-
alent since 2011. However, it remains challenging to imple-
ment vivid hands-on experiences in the nursing field as simu-
lations despite extensive simulation exercises [7]. It seems
necessary to develop a smart laboratory in which actual clin-
ical practice can be conducted by combining virtuality and re-
ality to strengthen the ability to materialize the actual clinical
field in a simulation.

Most simulation exercises currently used in nursing pro-
grams are operated with scenarios developed by instructors
as practice using simulators or standardized patients (SPs).
The field of pediatric nursing mainly uses simulators because
of the characteristics of its target patients. Recently introduced
simulators are contributing to improving the quality of educa-
tion, but their limitations include their high costs and in-
adequate realism for monitoring and other related situations
[8]. Moreover, it is not possible to use simulations to attempt
integrative nursing activities in the clinical field, where in-
tegrated thinking is required, because the scenarios are or-
ganized around diseases or symptoms. Instructors consider
this educational method to be the most similar to the actual
environment; however, it is unlike the actual environment
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from a learner's viewpoint and may lack the effect of learning
immersion [9]. The realism of a simulation exercise is related
to whether the targets are well-constructed and how faithfully
the actual situation is reflected in the scenario [10]. Although
some improvements are being made in the recently intro-
duced high-fidelity simulators, the diverse and complex cir-
cumstances in the clinical field are not yet being reflected in an
integrative manner. Improving these factors necessitates not
only well-structured scenarios, but also a simulation environ-
ment that closely reflects clinical sites.

Considering these points, a simulation exercise model with
a new platform of a smart environment that reflects academic
characteristics and a changing environment is needed. To this
end, it is necessary to identify the current status of simulations
in nursing education, actively utilize the programs available
for these purposes, and integrate these efforts. Although at-
tempts are being made to use XR in the field of pediatric nurs-
ing [11,12], these attempts have been limited to building a
smart environment and creating an integrated environment
for nursing exercises based on these results. Therefore, this
study aimed to systematically review studies on the develop-
ment of XR-based pediatric nursing simulation programs, in-
cluding AR, VR, and MR, assess the current situation in terms
of development and effectiveness, and use the findings as a
basis for building an environment for a pediatric nursing
practicum using XR.

The aim of this study was to systematically review and
meta-analyze research on the development of XR-based pe-
diatric nursing simulation programs and assess the current
status of their development, effectiveness, and limitations.

METHODS

Ethics statement: The Institutional Review Board (IRB) of the Gang-
neung-Wonju National University (GWNUIRB-R2022-24) reviewed
this study. The committee decided that this study was an exempt re-

search study.

1. Design

The present study is a systematic review and meta-analysis
of the development and effectiveness of XR-based pediatric
nursing simulation programs for nurses and nursing stu-
dents. This study followed the criteria of the Preferred Report-
ing Items for Systematic reviews and Meta-Analyses 2020
(PRISMA 2020) checklist [13].

2. Key Questions and Selection Criteria

The participants, intervention, control, outcomes, and study
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design (PICO-SD) framework was used for this study, as fol-
lows: The participants of this study were nurses or nursing stu-
dents who took part in studies of XR-based simulations for pe-
diatric nursing. The interventions comprised XR-based simu-
lations for pediatric nursing, and the control group and out-
comes were not specified. The eligible study designs included
randomized controlled trials, quasi-experimental studies, and
similar designs. The inclusion criteria were as follows, and
studies that did not meet the selection criteria were excluded:
Inclusion criteria

* XR application programs including VR, AR, and MR

* Programs applied to nurses or nursing students

* Studies that conducted an effectiveness analysis

* Studies that included interpretable and analyzable data

* Papers published since 2000

Exclusion criteria
¢ Studies that applied simple simulations not based on XR
* Studies whose participants were not nurses or nursing
students
* Paper published in 1999 or earlier
¢ Dissertations or proceedings papers

3. Literature Review and Query Settings

The literature review and selection processes were per-
formed according to the guidelines of the Cochrane Collabo-
ration's PRISMA 2020.

1) Literature review

The primary search sources were electronic databases,
namely MEDLINE, Embase, the Cochrane Central Register of
Controlled Trials (CENTRAL), and CINAHL. Google Scholar
was also searched to procure as much gray literature as pos-
sible. The literature search was conducted from May 1 to 30,
2022, and the search period was set from the oldest pub-
lication year provided in each database to the date of the
search in 2022.

2) Query settings

According to the PICO-SD parameters, the search term was
"(nurse or nursing student or nurs*)" and "(reality or holo¥)
and (simulation) and (pediatric or child or children or baby or
newborn or infant or kid*) and (RTC or trial* or experimen* or
quasi or effect)".

4. Literature Selection Process
The literature selection was performed according to the

PRISMA flow diagram, the results of which are shown in
Figure 1.
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5. Literature Quality Assessment

The articles selected for the systematic review of this study
were assessed for quality in each area of study design using
the Risk or Bias and Risk of Bias in Non-randomized Studies
of Interventions quality assessment tools. The areas assessed
were as follows: the order of the random assignment, partic-
ipants, assignment order concealment, levels of blinding of re-
searchers, blinding of outcome assessments, selective report-
ing of insufficient results, and other sources of bias. Two re-
searchers evaluated the quality assessments independently,
and consistency was maintained after further discussion. In
case of disagreement, a third researcher separately evaluated
the quality assessments.

6. Literature Analysis Tools

The following details were identified and recorded by two
researchers: authors, year of publication, country of study,
study design, participant characteristics, sample size, type of
XR program, scenario content, program operation and meth-
ods, outcome variables, measurement tools for the outcome
variables, and experimental results. The experimental results
correspond to the means, standard deviations, t-values, and
p-values before and after the experiments.

7. Meta-analysis and Publication Bias Analysis

A meta-analysis was conducted to identify the effect size of
the intervention using Comprehensive Meta-Analysis soft-
ware. The effect size of variables whose homogeneity was not
confirmed was calculated with a random-effects model that
reset the weights considering the heterogeneity between the
studies. The effect size was calculated by the standard mean
difference value of individual studies [14]. The homogeneity
of the selected studies was evaluated through the x? and I’
tests. I? values of 0% indicate no heterogeneity, 30% to 60%
moderate heterogeneity, and 75% high heterogeneity [14].
Publication bias was assessed through an examination of a
funnel plot and Duval and Tweedie's trim and fill [15].

RESULTS

1. General Characteristics

Regarding the years of publication, four studies were pub-
lished in 2020, four in 2021, two in 2019, and one each in 2017
and 2016. The researcher's nationalities were as follows: six
studies from the USA, six from South Korea, one from
Canada, and one from Hong Kong. For research methods, a
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[ Identification of studies via databases and reaisters ]

Records identified from:
PubMed (n=445)
Embase (n=810)
Cochrane (n=186)
CINAHL (n=3,457)
WOS (n=1,197)

Total (n=6,095)

Identification

——» Duplicate records removed

!

Records screened (n=3,519)

—»| Before 2000 (n=466)

l

Reports sought for retrieval

»| Reports not retrieved

Screening

(n=104)

Reports assessed for eligibility
(n=45)

Studies included in review (n=14)
Meta-analysis of included studies
(n=10)

Included

Records removed before
screening:

(n=2,576)

Records excluded:

Out of PICO (n=2,949)

(n=59)

Reports excluded*:
Reason 1 (n=26)
Reason 2 (n=1)
Reason 3 (n=2)
Reason 4 (n=2)

Figure 1. PRISMA flow diagram of studies on XR-based pediatric nursing simulation programs.
*Reason 1: If a simple simulation was applied, it was not based on extended reality or child nursing.
Reason 2: Participants were not nurses or nursing college students. Reason 3: Studies on the evalu-
ation of the process without an effect analysis. Reason 4: Studies that did not include interpretable

and analytical data.

nonequivalent control group quasi-experimental study was
the most common, used in five studies; followed by a meth-
odological design in three; one-group pretest-posttest
study in three; and a one-group posttest study, a mixed-
method study, and a retrospective method in one study
each (Table 1).

2. Specific Contents

The XR type was identified as VR with manikin or high-fi-
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delity simulation utilization in six studies [11,16-20], VR was
used in four studies [21-24], AR in one study [25], VR and
Hololens study [26] in one, a mixed-reality simulation using
VR with SPs was conducted in one study [20], and realistic
mock codes and team-based simulation training were im-
plemented in one study [27]. Ng et al. [21] implemented vir-
tual wards using 3D software and that allowed students to ac-
quire injection skills and word dressing. Putnam et al. [26]
trained students on pediatric airway management through
VR using a Hololens (Table 1).
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The target subjects of the programs were nursing students
in seven studies [11,16,18,19,21,23,28] and experts, nurse prac-
titioners, reviewers, and transport teams (including nurses)
[17,20,24-27] in six studies.

Nine scenarios dealt with respiratory problems, including
pediatric asthma, five focused on early neonatal care and neo-
natal intensive care, and there was one scenario each on pe-
diatric sepsis, seizure, dressing and infection using a pediatric
department and ward environment AR, and airway intuba-
tion using a VR airway.

The outcome variables that were used to evaluate the effec-
tiveness of the XR programs included knowledge [16,18,19,
26,28], confidence (or self-efficacy) [18,19,25], competency (or
performance or skills) [11,17,21,23,26], and critical thinking
disposition (Table 1) [11,23].

3. Quality Assessment of Studies

A quality assessment showed that five studies had a low
risk of bias, three studies had a moderate risk of bias, two

studies had a high risk of bias, and four studies had insuffi-
cient information to determine the risk of bias. Reed et al. [27]
and Peterson et al. [20] conducted projects among experts
working in a hospital, and there was a lack of an experimental
design that would exclude confounding factors (Figure 2).

4. Effectiveness Analysis of Extended Reality-based
Child Simulation Programs

In total, 10 studies were included in the meta-analysis, and
the total effect size was statistically significant at 0.84 (95%
confidence interval [CI]=0.50-1.19, z=4.82, p <.001) by using
random effect. A study by Putnam et al. [26] had the largest ef-
fect size and the largest standard difference in means (3.08,
95% CI=2.37-3.78, z=8.49, p <.001). The % value in the hetero-
geneity evaluation of 10 studies was 82.0% (Figure 3). In a
meta- analysis of nine studies, excluding that of Putnam et al.
[26] due to high heterogeneity, the I* value of heterogeneity
was 0.00% and the pooled effect size was 0.60 (95%
CI=0.47-0.74, z=8.57, p <.001) (Figure 4).

Risk of bias domains
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Figure 2. Traffic light plot of the quality assessment.
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Meta-analysis
Study name Statistics for each study Std diff in means and 95% ClI
Std diff Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Kim et al.2019 [11] Combined 0.439 0.294 0.087 -0.138 1.015 1.491 0.136 -
Diaz etal.2021 [16] Combined  0.633 0132 0017 0375 0891 4802 0.000 -
Goldsworthy etal.2019 [18] Combined 0.878 0.318 0101 0255 1500 2764 0.006
Kang etal.2020 [19] Combined  0.476 0185 0034 0113 0839 2572 0010 ——
Kotcherlakota etal.2020 [25Combined 0.386 0.321 0.103 -0.244 1.016 1.202 0229 —
Peterson etal 2020 [20]  Combined ~ 0.713 0216 0046 0291 1136 3309 0.001
Putnam etal.2021 [26] Combined 3.075 0.362 0131 2365 3784 8494 0.000
Yu & Yang.2022 [22] Combined 1.072 0.304 0.092 0476 1668 3.526  0.000
Yu et al. 2021 [28] Combined 0.793 0.300 0.090 0.205 1.382 2642 0.008
Kim & Kim.2022 [23] Combined 0.450 0.158 0.025 0.139 0760 2.840 0.005 +
Pooled 0.843 0.175 0.031 0500 1.186 4.815 0.000
Prediction Interval 0.843 -0.353  2.038 I T
2,00 -1.00 0.00 1.00 2,00
Funnel Plot of Standard Error by Std diff in means
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Figure 3. Forest plot, funnel plot, and trim and fill of the meta-analysis of extended reality-based pediatric nursing

simulation programs (10 studies).
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Study name Statistics for each stud _Std diff in means and 95% Cl

Std diff  Standard Lower Upper

in means error Variance  limit limit Z-Value p-Value
Kim et al.2019 [11] Combined 0.439 0.294 0.087 -0.138 1.015 1491 0.136
Diaz etal.2021 [16] Combined 0.633 0.132 0.017 0375 0.891 4802 0.000 —.—
Goldsworthy etal.2019 [18] Combined 0.878 0.318 0.101 0255 1500 2764  0.006 e —
Kang etal.2020 [19] Combined 0.476 0.185 0.034 0113 0839 2572 0.010 —l—
Kotcherlakota etal.2020 [25Combined 0.386 0.321 0.103 -0.244 1.016 1202 0.229
Peterson etal.2020 [20]  Combined 0.713 0.216 0.046 0291 1136 3309 0.001 —

Yu & Yang.2022 [22] Combined 1.072 0.304 0.002 0476 1668 3.526  0.000 e ]
Yu et al. 2021 [28] Combined 0.793 0.300 0.000 0205 1.382 2642 0.008 ——
Kim & Kim.2022 [23] Combined 0.450 0.158 0.025 0139 0760 2.840 0.005 ——

Pooled 0.604 0.071 0.005 0466 0.742 8567 0.000 ‘

Prediction Interval
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Figure 4. Forest plot, funnel plot, and trim and fill of the meta-analysis of extended reality-based pediatric nursing
simulation programs (9 studies, excluding that of Putnam et al. [26], 2021).
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5. Publication Bias

Based on the funnel plots (Figures 3, 4), it was judged that
there was no publication bias since the plots demonstrated a
symmetrical form around the integrated estimate. Under a
random-effects model, the point estimate for the combined
studies was 0.84 (95% CI=0.50-1.19). Using Duval and Twee-
die's trim and fill, these values are unchanged (Figure 3).
Furthermore, under a fixed-effect model, the point estimate
for the combined studies was 0.60 (95% CI=0.47-0.74). Using
trim and fill, the imputed point estimate was 0.56 (95% Cl=
0.43-0.69) (Figure 4).

DISCUSSION

The spread of the COVID-19 pandemic has led to a para-
digm shift in nursing education worldwide. In particular, the
need for simulation-based learning tools has been increas-
ingly emphasized in education on nursing techniques for
newborns or children because of the need to protect children
who are vulnerable to infection in pediatric nursing. Yu and
Mann [29] reported that the use of VR programs, especially for
infection control in high-risk neonates, was very effective both
for improving practice skills and promoting problem-solving
abilities. Our literature analysis showed an increasing trend in
applications of VR and AR in pediatric nursing classes and ex-
ercises since 2019, along with increasingly many effectiveness
analyses, and these trends reflect the social context and needs
of educational sites. In particular, while simulations in the lab-
oratory using manikin models were initially deployed in the
early days of virtual simulations, the implementation of vir-
tual simulations using online platform-based videos and im-
ages has expanded. In recent years, active efforts have been
made to enhance realism through three-dimensional stereo-
scopic images using holograms or mixed VR and AR to pro-
vide learners with a realistic learning experience.

The literature analysis identified the following character-
istics of simulations for pediatric nursing education and skills
enhancement. First, the simulations had similar structures
consisting of three components (pre-orientation, simulation
run, and debriefing). Kim et al. [11] reported that the develop-
ment and application of pediatric nursing asthma modules for
nursing students with the abovementioned structure im-
proved students' critical thinking, problem-solving, and com-
petency. Goldsworthy et al. [18] also measured the effective-
ness of a simulation on the same topic for nursing students, re-
porting a significant increase in clinical self-efficacy. Further-
more, many studies have induced learners to improve their
knowledge through pre- and post-quizzes [21,24,28]. Accord-
ing to the results of these studies, the use of pre- and post-

www.e-chnr.org

quizzes improved learners' knowledge, critical thinking, and
competency by reinforcing crucial learning content.

Regarding content, most studies dealt with serious con-
ditions such as pediatric asthma, sepsis, neonatal seizure, in-
fection, and apnea [11,16-18,23]. This is because nursing care
for severely ill children at clinical sites requires high technical
skills and knowledge in order to make accurate clinical judg-
ments. Considerable risk is posed by the need for nursing stu-
dents or novice nurses to gain practical experience in provid-
ing direct care to severely ill children. Therefore, replacing di-
rect care with simulation nursing could make it possible to ac-
quire the necessary competencies for providing nursing care
to ill children while ensuring these children's safety.

In this regard, by applying XR simulations to child nursing
education, experiential learning can complement theoretical
learning content, enhancing the effectiveness of learning and
contributing to the improvement of educational performance.
A simulation session can also be organized as a team task for
students in a child nursing course as an education support
method that induces advanced learning through self-study
and team discussion based on simulation cases. In clinical set-
tings, simulations can be used to provide specialized educa-
tion for nurses in children's wards, pediatric outpatient de-
partments, and neonatal intensive care units. In particular,
XR-based simulations developed for rare cases that are diffi-
cult to experience in the field or very severe conditions with
high nursing difficulty can be used as an educational medium
to improve nurses' professionalism and strengthen their prac-
tical capabilities.

Wide variation was evident in studies that applied simu-
lations, ranging from research that applied three simulations,
such as the studies of Diaz et al. [16] and Goldsworthy et al.
[18], to those that applied 18 simulations, such as the study of
Reed et al. [27]. The simulation time was mostly around 60 mi-
nutes, but there were differences between studies; for in-
stance, the simulation lasted 150 minutes in the study of Rim
and Shin [24]. The results of these studies indicate a need to
develop standardized guidelines for the operation of virtual
simulation education and exercises in pediatric nursing.

The overall quality of the literature included in this study
was low, as shown by the fact that four studies had in-
sufficient information for evaluating the risk of bias and two
studies had serious concerns. This is similar to the results of
the study of Kim and Kim [23], where the quality evaluation
score of the literature included in the meta-analysis was found
to be low, with an average of 5.61 points. Regarding this, Kim
and Kim [30] reported that in a meta-analysis, research in
nursing showed a similar level to that in dentistry and phar-
macy, but nevertheless, few papers received relatively high
quality scores. As a solution to this, it was suggested that aca-
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demic societies need to update, disseminate, and encourage
compliance with reporting guidelines for meta-analyses. Since
the number of studies included in the content analysis and
meta-analysis was very limited compared to the number of
studies that appeared as search results, further analysis ac-
cording to specific dependent variables or aspects of program
operation was difficult. Therefore, it is suggested that a more
sophisticated research methodology and research designs
should be applied to study individual performance in order to
expand the applicability of simulations to child care in the
future.

It is expected that the transformation of educational meth-
ods that enable students to acquire advanced nursing skills
without space and time constraints, especially for newborns
and children who are vulnerable to nursing care, will accel-
erate in the future through virtual online exercises combined
with innovative technologies such as VR, AR, and holograms.
These advances make it possible to actively cope with sudden
changes in the educational environment away from the tradi-
tional method of a practicum, which is centered on patient ob-
servation in hospitals. A prerequisite for this, however, will be
a rigorous analysis and assessment of learning effectiveness.
In that regard, several one-group posttest studies and one-
group pretest-posttest studies have been conducted, and there
have been many attempts to conduct nonequivalent control
group quasi-experimental research. Thus, it is necessary to
evaluate the effectiveness of virtual online simulation educa-
tion in pediatric nursing through the expansion of studies ap-
plying more sophisticated research designs, such as random-
ized controlled trials.

Virtual simulation education has many advantages, such as
educational effectiveness, safety, and the absence of space-
time constraints. Investments should be made to cover the ini-
tial development costs, and a functional online platform must
be developed in addition to simulated learning content. It is
necessary to surmount various practical obstacles facing the
field of education, such as the relatively short lifecycle of exist-
ing simulation programs because the technological develop-
ment of online learning is evolving rapidly. This is a challenge
to overcome for the expansion of virtual simulation education
in pediatric nursing in the future. Furthermore, future re-
search should examine the most cost-effective method of ap-
plying a mixture of virtual simulation methods, the effective-
ness of which has been verified in prior research.

To date, researchers have attempted to develop and apply
scenarios appropriate to their experiences and situations and
to measure their effectiveness. However, we are moving to-
ward an era where collaborative research is possible through
online platforms that allow scholars to move beyond national
boundaries, understand the difference between each other's
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cultures and institutions while interacting in the same space
and time despite being physically located anywhere in the
world, and create appropriate nursing models. Therefore, in-
ternational standards for pediatric nursing simulation educa-
tion should be formulated by conducting international collab-
orative research to develop, apply, and assess the effective-
ness of scenarios. These initiatives will help design the most
effective and efficient simulation education tools, contents,
and methods for students of pediatric nursing.

CONCLUSION

The global COVID-19 pandemic triggered a dramatic shift
in pediatric nursing education because newborns and pedia-
tric patients (i.e., the subjects of pediatric nursing) are partic-
ularly vulnerable to infection and require a high level of com-
petency and maturity in nursing education and care. Accord-
ingly, the present study systematically analyzed research on
applications of XR-based pediatric nursing simulation pro-
grams and assessed the effectiveness of the programs. The re-
sults showed that the incorporation of XR technology in the
field of pediatric nursing is an advance from traditional pa-
tient observation-oriented education that ensures the safety
of patients while simultaneously enhancing learners' nursing
care capabilities. The development of pediatric nursing simu-
lation programs combined with various virtual simulation
technologies should be expanded in the future. We propose
searching for pediatric nursing simulation methodologies
that enable high effectiveness at a low cost. This search
should consider key requirements, including the develop-
ment of standardized guidelines for the operation of pedia-
tric nursing virtual simulation education and practice, vali-
dation of the results of simulation studies through the appli-
cation of sophisticated study designs for effectiveness meas-
urement, and the combined application of various virtual
simulation methods.
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