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Abstract

Objectives: Nursing care for children is important because it allows for predicting children’s behavior
based on their developmental stages and considers medical safety. Therefore, we developed immersive
VR teaching material to learn safety techniques in pediatric care. This study evaluated students’ motivation
to learn using three evaluation scales extracted based on factor analysis of the IMMS survey items.
Furthermore, we aimed to investigate the relationship between the motivation to learn immersive VR
material and the learning performance and usefulness of the material after practicing pediatrics in the field.
Methods: A 360-degree camera-based immersive virtual reality teaching material pack with
a simulated pediatric patient was developed for medical safety and risk prediction based on a
university educational program. The Instructional Materials Motivation Survey helped measure
learning motivation, and exploratory factor analysis was used to determine “interest” in the
educational content of the immersive virtual reality material and educational material.

Results: On a 5-point scale of motivation to learn, the mean score for “interest” was high at 4.19,
while the mean score for “boredom” was low at 1.24. The average score for “applicability” was 2.62,
a medium rating. The group with higher scores for “interest” had significantly higher scores for
usefulness of the material and achievement of skills.

Conclusion: Immersive virtual reality material demonstrated efficacy in nursing students” motivation
to learn and educational effectiveness.
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1. Introduction

In nursing education, patient safety is a skill that
should be given the highest priority (Ghasempour
et al, 2023). Pediatric nursing involves predicting
children’s behavior based on their developmental stage,
preparing a treatment environment while considering
medical safety, and providing medical safety education
as part of nursing care (Ministry of Health, Labour
and Welfare, n.d.). Therefore, the learning goal is for
nursing students (hereafter referred to as “students”)
to acquire pediatric medical safety skills through
various on-site practice situations under the guidance
of faculty members and practical training instructors.
However, in Japan, due to the shrinking number of
pediatric wards because of the declining birthrate

(Nagelkerk et al, 2014) and the increased risk of
infectious diseases such as COVID-19, securing on-site
training in pediatric nursing is a challenge. This has
made it difficult for students to interact with children
and receive practical training in a clinical environment.

Recently, virtual reality (VR) and augmented reality
(AR) technologies have attracted attention in the
fields of medical and nursing education. These digital
technologies contain new possibilities in the field of
education, and many studies have been conducted on
the development of VR/AR teaching material and their
effectiveness, especially in simulation education (Mao
et al, 2021). VR/AR material in nursing education
has been applied to practical medical technology
procedures and emergency response as well as for
building effective communication skills and improving
psychomotor skills (Fealy et al, 2019; Plotzky et al.,
2021). In nursing, there have been reports of practical
research using VR/AR in a wide range of areas (Flores
et al, 2023; Neher et al, 2025; Park et al, 2024; Yan et
al, 2022). In the field of pediatric nursing, there have
been reports on pediatric epileptic seizures (Wu et al,
2022), pediatric sepsis (Toto et al, 2021), response to
respiratory distress symptoms in neonates (Zackoff
et al, 2020), neonatal intensive care unit environment
(Yu, Yang et al, 2021), and technical education on
personal protective equipment (Yu & Yang, 2022).
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However, from the medical safety perspective, there
are no reports on developing immersive VR teaching
material that gives students a realistic sense of
interacting with children in on-site training.

A gap exists between the academic learning
environment and the actual clinical setting, potentially
causing significant reality shock for students.
Therefore, practical training that replicates a clinical
environment using high-fidelity simulations and well-
maintained laboratories is needed. However, securing
sufficient teaching materials, training time, and
qualified instructors remains challenging.

Using children as simulated patients in basic nursing
education raises ethical concerns. Furthermore,
recreating realistic learning environments for pediatric
care faces limitations due to human, physical, and
financial resource constraints.

In pediatric nursing training, the risk of accidents
and harm is higher compared to adult care. Thus,
acquiring specific medical safety skills relevant to
the unique pediatric environment is crucial. Japanese
nursing education programs systematically integrate
pediatric nursing lectures, skills training, and clinical
practice. Before clinical training, students receive
pediatric medical safety education through the
P-mSHELL model (Hirowatari & Nakamura, 2016)
and a pediatric medical safety DVD (Sawaguchi et al,
2019). Nursing students play a vital role in ensuring
the safety of children.

To address these needs, we developed immersive
VR teaching materials using a 360-degree camera to
capture the perspectives of both nurses and pediatric
patients. This aims to solidify the understanding of
pediatric nursing and cultivate a focus on protecting
children’s safety in medical environments.

To measure the educational effectiveness of the
immersive VR material, we used the Instructional
Materials Motivation Survey (IMMS) (Keller, 2009,
2010), a measure of motivation to learn material
proposed by Dr. J. M. Keller in the 1980s. The IMMS
consists of a total of 36 items across four subscales:
Attention (12 items), Relevance (9 items), Confidence

(9 items), and Satisfaction (6 items). The model is
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widely used in education, from analyzing learning
needs to designing teaching material and classes as a
part of instructional design (Cook et al, 2009). IMMS
is also widely used in nursing education to evaluate
teaching material (Ongor & Uslusoy, 2023).

While VR teaching materials are considered useful
for preclinical exercises (Sombilon et al, 2024), few
studies have evaluated their impact after students’
clinical experiences. This represents a novel aspect
of our work. In this study, we developed immersive
VR teaching material to learn safety techniques in
pediatric care.

We evaluated students’ willingness to learn using three
evaluation scales—interest, boredom, and applicability—
which were extracted based on a factor analysis of
the results obtained from the IMMS survey items.
Furthermore, we aimed to investigate the relationship
between the motivation to learn immersive VR
material and the learning performance and usefulness

of the material after practicing pediatrics in the field.

2. Materials and Methods

2. 1. Design and Participants

This observational study was conducted at a
university in Kyoto, Japan. A total of 85 students
enrolled in pediatric nursing practice in the second
semester of the third year and the first semester of the
fourth year from September 2022 to July 2023 were
included. Students who did not consent to participate
and students who had previously experienced VR-
induced motion sickness were excluded from the
study. The mean age (standard deviation) was 21.0
(0.7) years. Only 2 (2.4%) participants were male,
and 81 (97.6%) were female. All students were taught
using the developed immersive VR material as part
of a traditional medical safety lecture before on-site

training.

2. 2. Development of Immersive VR Material
We developed new immersive VR teaching material
based on a systematic medical safety education

curriculum for students; the immersive VR teaching

material comprised a scene in which vital signs are
measured for a 16-month-old child. This topic set the
scene for nursing care of Kawasaki disease, which
often occurs in children under 3 years of age, a period
of significant physical development and a time when
medical accidents are more likely to occur. The
scenarios developed were reviewed by four nursing
faculty members in charge of on-site training on
medical safety.

The teaching material consisted of the following
three perspectives to simulate pediatric nursing
skills: the nurse’s perspective (Figure 1A), the child’s
perspective (Figure 1B), and a bird's-eye view (Figure
1C). Filming was conducted by a professional filming
coordinator, with a circle bed set up in a university
training room. The scene included a nurse, a mother,
and a 16-month-old child. The child’s intravenous (IV)
tube is secured with bandages and the IV is in place,
recreating the actual situation. This setup allows

for a simulated experience of the pediatric nursing

Figure 1

Produced immersive VR material. A. Nurse's perspective. B.
Child’s perspective. C. Bird's-eye view.
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techniques performed during clinical training (Figure
1). After filming, the immersive VR teaching material
was edited using Power Director 19 Ultimate Suite and
then downloaded to a Head Mounted Display (HMD) to
produce an immersive VR experience. Finally, the
produced immersive VR material was installed on the
HMD (Oculus Quest 2) and set to be viewable.

The developed 360-degree immersive VR teaching
material aims to enhance nursing practice related in
the context of medical environment safety. It allows
students to experience the procedure of measuring the
vital signs of children as nurses in a virtual hospital
ward. The educational material includes assignments
to help students develop clinical reasoning on
pediatric medical safety, and the content supports
students’ observation of the pediatric environment
and development of medical safety skills through the
nursing experience from the perspective of both the

nurse and pediatrician.

2. 3. Measuring Results

Data was collected using anonymous questionnaires
after viewing immersive VR educational materials
and completing pediatric nursing practice sessions.
On the first day of the pediatric nursing practicum,
participants viewed immersive VR and then completed
the IMMS questionnaire. Subsequently, upon
completing the three-week pediatric nursing practicum,
they completed a questionnaire assessing their
“Evaluation of the Attainment of Pediatric Medical
Safety Skills.” The immersive VR viewing took about
15 minutes. Participants’ motivation to learn about
the immersive VR material was measured using the
Japanese version of IMMS (19); it includes 36 items

(Table S1). The ARCS model of motivational design
was developed by Keller (2009), and the Japanese
version of the text (Keller, 2010; supervised translation
by Suzuki) was referred to when developing the
questionnaire items. The Japanese version of the
IMMS is a scale that measures motivation for learning.
The reliability and validity of the Japanese version
of the IMMS were confirmed by Katsuaki Suzuki.

(Keller, 2010; supervised translation by Suzuki). In
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this study, we used the scale with Suzuki’'s permission.
The wording of the questionnaire items was slightly
modified to fit the context in which nursing students
viewed the VR material, while ensuring that the intent
of each item was not altered. Use of the Japanese
version of IMMS was permitted via email by the
supervising translator.

The main aspects of modification were that the
target audience was limited to “nursing students” and
the learning content was specialized to “pediatric
medical safety.” In addition, the content of the paper-
based teaching material was changed to match the
immersive VR teaching material. The items were
measured using a 5-point Likert scale, where 1 =
“strongly disagree,” 2 = “disagree,” 3 = “neutral,”
4 =

of medical safety was evaluated using a 13-item

“agree,” and 5 = “strongly agree.” Awareness

questionnaire on risk awareness when measuring
children’s vital signs; items were scored as 1 for “aware”
and 0 for “not aware,” with a maximum possible score
of 13. The usefulness of the immersive VR material
after on-site training and the level of pediatric medical
safety skills were also measured using six items

based on a 5-point Likert scale, where 1 = “strongly

disagree,” 2 = “disagree,” 3 = “neutral,” 4 = “agree,”
and 5 = “strongly agree.”

Learning performance was evaluated based on two
indicators: (1) a 13-item checklist measuring risk
awareness when assessing children’s vital signs (score
range: 0-13), and (2) six Likert-scale items assessing
perceived pediatric medical safety competence after
clinical training. Higher scores on both measures were

interpreted as better learning performance.

2. 4. Pilot Study

To assess the reliability and validity of the Japanese
IMMS version, in August 2022, the research purpose
was explained to fourth-year students in the Nursing
Department of University A’s Faculty of Medicine
who had completed their pediatric nursing practicum.
Six students who provided consent were invited to
participate in the study. These students viewed the

VR materials outside of lecture hours. Subsequently,
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they completed the pilot version of the VR Learning
Motivation Questionnaire and were asked to identify

any unclear items or wording.

2. 5. Rating Scale for Motivation to Learn Immersive
Virtual Reality Teaching Material

An exploratory factor analysis was conducted on
the 36 items of the motivation-to-learn questionnaire
for immersive VR material, and Oblimin rotation
was used to rotate the factor axes. Parallel analysis
and minimum average partial (MAP) criteria were
employed to determine the number of factors. Kaiser-
Meyer-Olkin's measure of sampling adequacy (MSA)
was used as the sampling adequacy criterion, while
Cronbach’'s a was used to assess reliability. For item
selection, three factors consisting of 34 items (MAP
= 0.02) were extracted after removing two items
with factor loadings of 0.35 or less. The cumulative
contribution of these factors was 40.1%, and the
overall MSA value indicating factor validity was 0.81

(Table S2).

2. 6. Factor Structure Fitness by Confirmatory
Factor Analysis

Confirmatory factor analysis was conducted
to evaluate the fit of the factor structure. In the
exploratory factor analysis, items were assigned to
specific factors following criteria used in prior studies

(Watkins, 2018; Pai et al, 2011; Kim et al., 2024; Al
shoura & Ahmad, 2020): a primary factor loading
of 0.50 or higher and secondary loadings below 0.25.
Applying these criteria resulted in the retention of 14
items across three factors from the original set of 34
items (Table S3). Comparative fit index (CFI) and
root mean square error of approximation (RMSEA)
were used to validate the goodness of fit through
covariance structure analysis. The model demonstrated
a reasonable level of fit (CFI = 0.813, RMSEA =
0.046), indicating that the proposed factor structure
was broadly supported by the data. All standardized
coefficients were 0.4 or higher, indicating adequate
item-factor relationships and supporting a coherent

and interpretable factor structure (Figure S1).
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2. 7. Naming and Score Distribution of the Rating
Scale for Motivation to Learn Immersive Virtual
Reality Teaching Material

Each factor was named based on the content of
each item and the factor loadings. Factor 1 consisted
of 11 items, and items such as “fun,” “interesting,”
and “engaging,” which indicate a positive image of
immersive VR material, showed high factor loadings.

Therefore, we named the factor “interest” based on

the meaning of each item. The second factor consisted

of six items, and items such as “boring,” “disgusted,”
and “incomprehensible,” which indicated negative
images of immersive VR material, showed high factor
loadings. Therefore, we named the factor “boredom” to
represent the meaning of each item. The third factor
consisted of three items, and items such as “confidence

» e

in passing the test,” “impression that the test is easy,”
and “confidence in learning” showed high factor
loadings, indicating the possibility of learning pediatric
medical safety skills and applying them in practice.
Therefore, we named the item “applicability” based on
the semantic content of each item. Internal consistency
was assessed using Cronbach's a coefficients for each

subscale and the total scale. The first factor (11 items)

demonstrated excellent internal consistency (a
091). The second factor (6 items) showed acceptable
reliability (a = 0.75) . The reliability of the third factor

(3 items) was relatively low (a = 0.62). The overall
Cronbach’s a for all 20 items was 0.87, indicating good

internal consistency of the scale (Table S3).

2. 8. Statistical Analysis

The distribution of categorical variables is presented
as frequencies and percentages. Pearson’s correlation
coefficients were used to correlate each motivation
factor to learn. The Wilcoxon rank sum test was
used to compare the two groups. R version 4.0.3 (R
Foundation for Statistical Computing, Vienna, Austria)
or IBM SPSS Statistics 28 was used for statistical
analysis, and AMOS 28 was used for confirmatory

factor analysis. The significance level was set at 5%.
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2. 9. Ethics Statement

Before viewing the immersive VR material, the
purpose and methods of the study were explained
orally and in writing. No personally identifiable
information was recorded, and the collected data will
not be used for any purpose other than the research
objectives. It was explained that participation was
voluntary, and that withdrawing or refusing to
participate would not result in any disadvantage, such
as negative impact on academic evaluation. Responses
were then collected only once consent was obtained.

This study was approved by the Medical Ethics
Review Committee of Kyoto Prefectural University of
Medicine. (ERB-E-501)

3. Results

3. 1. Distribution of Scores and Correlation among
Factors for Motivation to Learn Immersive
Virtual Reality Material

Consent to participate in the study was provided by
83 (96.7%) students who were recruited for the study.
The distribution of scores for each factor obtained
from the factor analysis shows the distribution of
scores for the mean value of the 5-point scale (lowest
score: 1, highest score: 5) for each item (Table 1). The
mean score (standard deviation) for the first factor,
“interest,” was 4.19 (0.55), indicating a positive image
of the immersive VR material. The mean score for the

second factor, “boredom,” which indicates a negative

Table 1

image, was low at 1.24 (0.31). However, the mean score
for the third factor, “applicability,” which indicates
the expectation of learning and clinical application
of pediatric medical safety skills, was moderately
evaluated at 2.62 (0.73). The correlation between each
factor was weakly negative, -0.33 (P<0.05) for Factor
1 and Factor 2, and weakly positive, 0.30 (P<0.05)
for Factor 1 and Factor 3. These results indicate a
high level of willingness to learn about immersive
VR material, and students with a high interest
in immersive VR material tend to recognize the

“applicability” of the material.

3. 2. Awareness of Risky Situations When Viewing
Immersive VR Material

Table 2 shows the distribution of responses, “yes” or
“no,” regarding whether students were aware of risky
situations when viewing the immersive VR teaching
material. The items with the lowest percentage of
respondents who were aware of risky situations were
“the position and direction of the IV pump” (25.3 %),
“the child’s feet sticking out of the bed rail” (57.8 %),
and “supporting the child’s elbow joint to fix the
manchette and stethoscope during blood pressure
measurement” (59.0%). However, more than 60%
of the students responded that they were aware of
hazard risk situations in the other items. These results
indicate issues in developing immersive VR teaching
material and indicate that students’ awareness of

pediatric-specific hazard risk situations is low.

Distribution of scores and correlation among factors influencing motivation to learn immersive virtual

reality teaching material

Correlation of overall

Factor Score distribution®
scores T
Average Star}de}rd Minimum Maximum  Factor 2 Factor 3
deviation
Factor 1 : Interest 4.19 055 273 5.00 -0.33* 0.30*
Factor 2 : Boredom 1.24 0.31 1.00 233 1.00 0.07
Factor 3 : Applicability 262 0.73 1.33 5.00 1.00

*Distribution of scores for the mean value of the five-point scale (lowest score: 1, highest score: 5),

"Pearson correlation coefficient, *p<0.05.
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Table 2

Awareness of risky situations when viewing immersive virtual reality teaching material (n=83)

Ttem Aware  Not aware
Child’s feet sticking out of the bed fence 48 (57.8) 35 (42.2)
The child suddenly rolls over when the nurse grabs both hands 71 (855) 12 (145)
The child walks to the edge of the bed fence and cries when the nurse tries to 81 (97.6) 2 (24)
leave

Position of bed fence fixation (top, middle, bottom) and positional relationship 63 (759) 20 (24.1)
between head and bed fence height when the child is in the standing position

The route of the IV is being pulled 78 (94.0) 5 (6.0)
Where toys were located as part of the bed surroundings 64 (77.1) 19 (229)
The nurse is explaining the bed rail to the mother. 72 (86.7) 11 (13.3)
The nurse is explaining the IV connection to the mother 75 (904) 8 (9.6)
The child is picking up the IV route with his/her hand 69 (83.1) 14 (169)
The nurse is holding the child by both arms when taking a temperature 75 (90.4) 8 (96)
When a thermometer is dropped, the nurse supports the child’s body and picks 60 (72.3) 23 (27.7)
up the thermometer.

Supporting the child's elbow joint to secure the blood pressure cuff and 49 (590) 34 (41.0)
stethoscope during blood pressure measurement.

How the IV pump was positioned and oriented 21 (253) 62 (74.7)

Data are shown as n (%). IV: intravenous.

Table 3

Distribution of responses to the usefulness of the immersive virtual reality teaching material after clinical practice (n=83)

Item strongly agree agree neutral disagree  strongly disagree
disagree VR videos are useful for clinical practice 36 (434) 38 (45.8) 8 (96) 1(1.2) 0 (0.0)
VR videos are useful for improving communication skills 36 (434) 26 (31.3) 17 (205) 4 (48) 0 (0.0)
VR videos may be useful for nursing education 49 (59.0) 32 (386) 2 (24) 0 (0.0) 0 (0.0)
VR videos can help improve knowledge 45 (54.2) 34 (41.0) 4 (48) 0 (0.0) 0 (0.0)
;i{};l;ndeos can help improve clinical decision-making 34 (410) 23 (277) 25 (30.1) 1(12) 0 (00)
Interested in using other VR video content 45 (54.2) 29 (34.9) 5 (6.0) 4 (4.8) 0 (0.0)

Data are shown as n (%)

3. 3. Usefulness of Immersive VR Teaching Material
After Clinical Practice

Table 3 presents the distribution of responses
to the usefulness of immersive VR material after
clinical practice. Of these, 25.3% and 31.3% responded
“undecided” or “not applicable” for “immersive virtual
reality teaching material is useful for improving clinical
decision-making skills” and “immersive virtual reality
teaching material is useful for improving communication
skills,” respectively. These results indicate points for
improvement or points to be noted with regard to the

developed immersive VR teaching material.
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3. 4. Evaluation of the Attainment of Pediatric
Medical Safety Skills

Table 4 presents pediatric medical safety skills
attainment distribution after on-site training. In all the
items surveyed, the total number of responses with an
achievement rating of “very applicable” or “applicable”
was more than 80 %. Of these, 18.1 % of the students
answered “undecided” or “not very applicable” for “I
can talk to children and their families about safety
and give them guidance.” These results may indicate
problems Japanese students face, which may create

challenges for developing educational material.
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3. 5. Relationship Between Willingness to Learn
Immersive VR Teaching Material and Usefulness
of Teaching Material and Achievement
Evaluation

Table 5 shows the relationship between the level
of willingness to learn and the usefulness of the
immersive VR teaching material. Students were
divided into two groups, low and high, based on the
median of the distribution of their motivation to learn,
and their scores were compared in terms of their
awareness of the risk of danger in the material, the
usefulness of the material, and the evaluation of their
achievement in the on-site training. The median and

interquartile range (IQR) for “interest” were 24.0

(22.0-275) for the low group and 29.0 (24.8-30.0) for

the high group for the usefulness of the immersive

Table 4

VR material after clinical practice, and 26.0 for the low
group for the assessment of the attainment of pediatric
medical safety skills. Significant differences were found
between the low group’s median at 26.0 (24.0-28.0)
and the high group’s median at 280 (26.0-30.0) in the
assessment (P < 0.001 and P = 0.002, respectively).
In terms of “boredom,” the low (285 [24.0-30.0]) and
high groups (25.0 [22.0-29.0]) found the immersive VR
material to be useful after on-site training. In terms of
“applicability,” the low group (26.0 [26.0-30.0]) found
the immersive VR material to be useful in assessing
the achievement of pediatric medical safety skills, and
the high group (25.0 [22.0-29.0]) found the immersive
VR material to be useful in assessing the attainment
of pediatric medical safety skills. The “applicability”

of the pediatric medical safety skills was significantly

Pediatric Health and Safety Skills Attainment After Clinical Practice (n=83)

Ttem strongly agree agree neutral disagree  strongly disagree
Can check the child's physical condition 50 (60.2) 29 (349) 4 (48) 0 (0.0) 0 (0.0)

Can check the child's bed fences 59 (71.1) 18 (21.7) 6 (7.2) 0 (0.0) 0 (0.0)

Can check the environment around the child's bed 60 (72.3) 21 (25.3) 2 (24) 0 (0.0) 0 (0.0)

Can check the child's IV pump and route 38 (45.8) 35 (42.2) 7 (84) 2 (24) 1(1.2)
Predicts risk of hazards with awareness of the child’s

growth and development 44 (530) 33 (39.8) 6 (7.2) 0 (0.0) 0 (0.0)

Can give safety advice and guidance to the child and 33 (39.8) 35 (42.2) 13 (157) 2 (24) 0 (00)

his/her family

Data are shown as n (%)

After the pediatric nursing training, students responded to whether the immersive VR teaching materials were useful in clinical

training.

Table 5

Relationship between willingness to learn and usefulness of immersive virtual reality teaching material and achievement

evaluation
Awareness of the Usefulness of the Evaluation
Factor risk of danger in P . P of their P
. material .
the material achievement
Median (IQR) Median (IQR) Median (IQR)
. low group (n=41) 100 (9.0-11.0) 240 (22.0-275) 26.0 (24.0-280)
Factor 1 : interest . 0.792 <0.001 0.002
high group (n=42)  10.0 (88-11.0) 29.0 (24.8-30.0) 280 (26.0-30.0)
low group (n=32)  10.0 (9.0-11.0) 0245 285 (24.0-30.0)  0.048 270 (253-29.0) 0932
Factor 2 : boredom )
high group (n=51)  10.0 (9.0-11.0) 25.0 (22.0-29.0) 280 (24.0-30.0)
o low group (n=39)  10.0 (9.0-11.0) 0334 250 (220-30.0) 0241 260 (24.0-280)  0.009
Factor 3 : applicability
high group (n=44)  10.0 (9.0-11.0) 270 (24.0-30.0) 28.0 (26.0-30.0)

Data are shown as median (interquartile range: IQR)
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different between the low group at 26.0 (24.0-28.0) and
the high group at 280 (26.0-30.0) (P = 0.0048 and P =
0.009, respectively).

4. Discussion

In this study, we developed immersive VR materials
to teach safety techniques in pediatric care. We
assessed students’ motivation to learn using three
evaluation scales: interest, boredom, and applicability.
These scales were derived from a factor analysis of the
IMMS survey items. In the Japanese version of IMMS,
three factors were extracted: “Interest”, “Boredom”,
“applicability”. In addition to the high positive factors
and low negative factors in the evaluation of the
teaching materials, applicability was also extracted
as a distinctive feature. The reason for this is that
it is important whether students can put the skills
they learned through the VR teaching materials into
practice in clinical training. It is believed that students
were aware that pediatric medical safety is not just
about understanding it as knowledge, but also about
acquiring skills and the applicability in practice.
Furthermore, we investigated the relationship between
motivation to learn with immersive VR materials and
the learning performance and perceived usefulness
of the materials following pediatric clinical practice.
In pediatric nursing, nurses must be able to predict
children’s movements and take appropriate actions
accordingly to keep pediatric patients safe. According
to Parker et al. (2020), falls were most common in
children aged 0 to 2 years, with falling from bed being
the most common cause. However, in Japan, many
students are unable to visualize children’'s behavior
and how to relate to their behavior because they have
fewer opportunities to interact with them due to the
rising prevalence of nuclear families and the declining
birthrate. Therefore, students must understand
children’s movements and develop the ability to
respond appropriately to them before practical training
by using immersive VR material.

This immersive VR teaching material is designed to

allow students to observe children’s behavior as they
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are encountered in clinical settings and experience
them in real time during vital sign measurement.
Garcia-Pazo et al. (2023) used immersive VR material
to view nursing care for students who were unfamiliar
with the unique environment of an intensive care unit.
They reported that students who were unfamiliar
with the unique environment of the intensive care unit
were able to deepen their understanding of treatment
techniques in the intensive care unit by viewing
nursing care using immersive VR material. Similarly,
in this study, the immersive VR material was found
to be effective considering students’ willingness to
learn and educational impacts, and students with a
higher willingness to learn tended to evaluate the
usefulness of the material more highly. This suggests
that for new students, immersive VR material may
significantly contribute to the learning of treatment
techniques that are difficult to experience and to the
retention of knowledge. Because, nursing students can
visualize clinical situations by viewing VR teaching
materials.

Regarding the motivation for learning our
immersive VR material, “applicability” was not highly
evaluated. This is evidenced by the low percentage
of respondents (25.3%) aware of the item, “What was
the position and orientation of the IV pump” when
viewing the VR material. Nursing students were
found inadequate in anticipating a medical safety-
conscious environment to prevent malfunctions due
to children touching IV pumps. Therefore, the fact
that 25.1% and 31.3% of the respondents answered
“undecided” or “not very applicable” to improving
clinical decision-making and communication skills in
on-site training, respectively, indicates that they may
have found it difficult to apply the immersive VR
teaching material in the clinical training. Additionally,
a meta-analysis on VR material in nursing education
reported that although VR material is useful in
improving knowledge, no significant differences were
found in skill acquisition, satisfaction, confidence, and
performance time compared to other educational
methods (Chen et al,, 2020).

Regarding the reliability of each factor, the interest
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factor demonstrated the highest internal consistency,
followed by the boredom factor, whereas the
applicability factor showed relatively low reliability

(Cronbach’s a = 0.62), which may be attributable to
the small number of items included in this subscale.
Although this value is below the commonly referenced
threshold, reliability levels above 0.60 are considered
acceptable in the early phase of scale development.
Notably, the mean score of the applicability factor was
the lowest among the three factors (2.62), suggesting
that students may have perceived greater difficulty
transferring the immersive VR experience into clinical
judgment and skill execution.

Al Yahyaei (2024) suggests that while VR teaching
materials can improve nursing techniques, issues
related to communication skills and patient empathy
persist. These findings suggest that VR learning is
effective but cannot replace clinical practice.

As an issue for future research, in addition to the
perspective of learning observation skills, one of the
advantages of immersive VR material, it is important
to deepen how to act in on-site practice through group
discussions. In the field of pediatric nursing, on-site
pediatric risk prevention education is important, and
the development of fall risk prevention tools (Chang
et al., 2021; DiGerolamo & Davis, 2017; McNeely et
al, 2018) and a meta-analysis (Kim et al., 2021) on
the effectiveness of prevention programs have been
reported. Based on these findings, we would like to
propose the development of immersive VR material

and educational programs.

4. 1.

Limitations of this study include the limited

Limitations

generalizability of the results because participants
were recruited from a single university. However, there
is little bias toward learning readiness because of the
uniformity of the medical environment safety education
curriculum for the target students. Additionally, the
immersive VR material we developed may be valuable
for children in their early childhood years; however,
since we focused on children aged 16 months, we

need to consider the differences in hazard risk at each

21

developmental stage in learning medical safety.
Interestingly, Hyeon and Oh (2025) reported that
VR teaching materials were used to provide medical
safety education for hospitalized 4- to 5-year-old
children. In the future, it will be important to evaluate

education using digital technology.

5. Conclusion

In this study, we developed immersive VR material
for pediatric medical environment safety skills
education and investigated the motivation of Japanese
students to learn despite the challenges of the
material. The results showed that while the immersive
VR material was effective in increasing motivation
to learn, there were issues with regard to improving
awareness of pediatric-specific hazard risk situations,
clinical decision-making skills, and communication
skills. The results also suggest that immersive VR
material may be a useful tool in Japan, where there is
a need for more opportunities for on-site training in
pediatric nursing. In the future, we would like to study
the improvement of skill acquisition and applicability
of VR teaching material and aim to incorporate them

into medical safety education programs.
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Supplementary Table S1

36-item questionnaire on motivation to learn immersive virtual reality teaching material

Item No. Survey items IMMS
Lower Lebel
Tteml  When I first looked at this VR video, I had the impression that it (pediatric medical safety) would be easy for me. Confidence
Item2 There was something interesting about this VR video that got my attention. Attention
Item3  This VR video was more difficult to understand than I would like for it to be. Confidence
Ttem4  After watching the introduction of the VR video, I felt confident that I knew what I was supposed to learn from this video. Confidence
Item5 Watching this VR video gave me a satisfying feeling of accomplishment. Satisfaction
Item6 It is clear to me how the content of this VR video (pediatric medical safety) is related to things I already know. Relevance
Item7 The VR video had so much information that it was hard to pick out and remember the important points. Confidence
Ttem8 This VR video is eye-catching. Attention
Item9  There were storylines and scenes that showed me how the content of this VR video (pediatric medical safety) could be important to some people. Relevance
Item10 Watching this VR video was important to me. Relevance
Itemll The quality of the VR video attracted my interest. Attention
Iteml12 This VR video was hard to keep my attention on. Attention
Iteml3 As I watched this VR video, I was confident that I could learn the content (pediatric medical safety). Confidence
Item14 I enjoyed this VR video so much that I would like to know more about this topic. Satisfaction
Iteml5 This VR video was unappealing. Attention
Item16 The content of this VR video is relevant to my interests. Relevance
Iteml7 The content of the VR video helped keep my attention. Attention
Item18 There are explanations or examples of how the content of this VR video (pediatric medical safety) would be used in practical training. Relevance
Item19 This VR video was extremely difficult. Confidence
Ttem20 This VR video has things that stimulated my curiosity. Attention
Ttem21 I really enjoyed studying the content of this VR video. Satisfaction
Item22 The amount of content in this VR video caused me to get bored sometimes. Attention
Item23 The content of this VR video (pediatric medical safety) conveys the impression that it is worth learning. Relevance
Item24 I learned some things that were surprising or unexpected by watching this VR video. Attention
Item25 After studying with this VR video for a while, I was confident (vital sign measurement) that I would be able to pass a test on it. Confidence
Item26 This VR video was not relevant to my needs because I already know most of its content. Relevance
Ttem27 Feedback after watching the VR video on pediatric medical safety felt appropriate. Satisfaction
Item28 The explanation of pediatric medical safety helped keep my attention on this VR video. Attention
Ttem29 The content of this VR video is boring. Attention
Item30 I could relate the content of this VR video (pediatric medical safety) to things I have seen, done, or thought about in my own life. ~ Relevance
Item31 There is so much VR video content that it is irritating. Attention
Item32 It felt good to successfully watch this VR video. Satisfaction
Item33 The content of this VR video (pediatric medical safety) will be useful to me. Relevance
Item34 1T could not really understand at all quite a bit of this VR video. Confidence
Item35 The fact that the content of this VR video (pediatric medical safety) was properly implemented helped me be confident that I would learn.  Confidence
Ttem36 It was a pleasure to study using such a well-designed VR video. Satisfaction

IMMS : Instructional Materials Motivation Survey (J. M. Keller)
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Supplementary Table S2

Exploratory Factor Analysis of Nursing Students’ Motivation to Study Immersive Virtual Reality Teaching Material (n=83)

item Factor name Factor Factor Factor
No. Survey items 1 2 3
Factor 1 Interest in educational material and content
Item21 I really enjoyed studying the content of this VR video. 087 | 000 -0.10
Item14 I enjoyed this VR video so much that I would like to know more about this topic. 085 | 002 003
Item2 There was something interesting about this VR video that got my attention. 075 | 004 -0.10
Ttem33 The content of this VR video (pediatric medical safety) will be useful to me. 073 | 007 015
Ttem28 The explanation of pediatric medical safety helped keep my attention on this VR video. 069 | -008 006
Item10 Watching this VR video was important to me. 067 | 000 -0.08
Ttem20 This VR video has things that stimulated my curiosity. 067 | -016 005
Item32 It felt good to successfully watch this VR video. 063 | 024 -001
Item36 It was a pleasure to study using such a well-designed VR video. 061 | 001 016
Tteml1l The quality of the VR video attracted my interest. 056 | -002 013
Ttem5 Watching this VR video gave me a satisfying feeling of accomplishment. 055 | 018 020
Ttem35 The fact that the content of this VR video (pediatric medical safety) was properly implemented helped me be confident that I would learn. | 054 | -0.02 018
Item8 This VR video is eye-catching. 052 | -013 000
Item17 The content of the VR video helped keep my attention. 052 | -013 027
Item9 There were storylines and scenes that showed me how the content of this VR video (pediatric medical safety) could be important to some people.| 0.52 | 013 021
Ttem23 The content of this VR video (pediatric medical safety) conveys the impression that it is worth learning. 049 | 017 012
Ttem4 After watching the introduction of the VR video, I felt confident that I knew what I was supposed to learn from this video. | 048 | 009 022
Ttem24 I learned some things that were surprising or unexpected by watching this VR video. 046 | 007 004
Item16 The content of this VR video is relevant to my interests. 044 | -022 005
Ttem30 I could relate the content of this VR video (pediatric medical safety) to things I have seen, done, or thought about in my own life. | 0.38 | 015 030

Factor 2 Boring and difficult to understand teaching material

Ttem29 The content of this VR video is boring 012 | 074 | 006
Item22 The amount of content in this VR video caused me to get bored sometimes. 015 | 064 | 010
Item34 I could not really understand at all quite a bit of this VR video. 002 | 060 | -0.16
Ttem26 This VR video was not relevant to my needs because I already know most of its content. 007 | 057 | 011
Item31 There is so much VR video content that it is irritating. 0.01 052 | 015
Ttem12 This VR video was hard to keep my attention on. 005 | 051 | -002
Item15 This VR video was unappealing. 009 | 048 | 013
Item7 The VR video had so much information that it was hard to pick out and remember the important points. 009 | 041 | -0.29
Item3 This VR video was more difficult to understand than I would like for it to be. 000 | 037 | -015

Factor 3 Skill acquisition and applicability
Ttem?25 After studying with this VR video for a while, I was confident (vital sign measurement) that I would be able to pass a test onit.  0.19 012 | 057

Tteml When I first looked at this VR video, I had the impression that it (pediatric medical safety) would be easy for me. 009 004 | 056
Ttem13 As I watched this VR video, I was confident that I could learn the content (pediatric medical safety). 019 007 | 055
Ttem19 This VR video was extremely difficult. 012 043 | 046
Ttem6 It is clear to me how the content of this VR video (pediatric medical safety) is related to things I already know. 016 003 | 041

T Reversal items. Factor extraction method: minimum residual method, rotation method: Oblimin rotation, MSA (Measures of sampling
adequacy) = 0.81, Cronbach a: for factor 1, a =0.93; factor 2, a =0.77; and factor 3, a =0.68.
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Supplementary Table S3

Confirmatory factor analysis of nursing students’ willingness to learn about immersive virtual reality teaching material (n=83)

item Factor name Factor Factor Factor
No. Survey items 1 2 3
Factor 1 Interest in educational material and content
Item21 I really enjoyed studying the content of this VR video. 084 | -002 -0.01
Item14 I enjoyed this VR video so much that I would like to know more about this topic. 086 | 004 007
Item2 There was something interesting about this VR video that got my attention. 0.71 000  -0.02
Ttem33 The content of this VR video (pediatric medical safety) will be useful to me. 070 | -009 007
Item28 The explanation of pediatric medical safety helped keep my attention on this VR video. 071 | 005 -0.03
Ttem10 Watching this VR video was important to me. 067 | -003 -0.06
Item20 This VR video has things that stimulated my curiosity. 063 | -018 007
Ttem32 It felt good to successfully watch this VR video. 069 | 024 009
Item36 It was a pleasure to study using such a well-designed VR video. 057 | 001 023
Itemll The quality of the VR video attracted my interest. 055 [ 003 023
Ttemb5 Watching this VR video gave me a satisfying feeling of accomplishment. 053 | -024 009
Factor 2 Boring and difficult to understand teaching material
Ttem29 The content of this VR video is boring. 001 | 087 | 007
Item22 The amount of content in this VR video caused me to get bored sometimes. 019 | 065 | 019
Item34 I could not really understand at all quite a bit of this VR video. 005 | 056 | -0.21
Ttem26 This VR video was not relevant to my needs because I already know most of its content. 001 | 056 | 007
Item31 There is so much VR video content that it is irritating. 002 | 057 | 015
Ttem12 This VR video was hard to keep my attention on. 007 | 045 | 007

Factor 3 Skill acquisition and applicability
Ttem25 After studying with this VR video for a while, I was confident (vital sign measurement) that I would be able to pass a testonit.  0.12 005 | 066
Iteml When I first looked at this VR video, I had the impression that it (pediatric medical safety) would be easy for me. 010 000 | 057
Ttem13 As I watched this VR video, I was confident that I could learn the content (pediatric medical safety). 015 010 | 054

Factor extraction method: minimum residuals, rotation method: Oblimin rotation, MSA (Measures of sampling adequacy) = 0.86,

Cronbach’s alpha: for factor 1, alpha=0.91; factor 2, alpha=0.75; and factor 3, alpha=0.62.

Figure S1

Factor structure of nursing students’ willingness to learn about virtual reality (VR) video
materials (n=83).
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Note: Model fit index: chi-square = 195.596 (df=167, P =0.064), goodness fit of index
(GFI) = 0813, adjusted goodness of fit index (AGFI) = 0.765, root mean square error of
approximation (RMSEA) =0.046. Numbers of items correspond to those in Table S1.
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