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Abstract
Background There is a great need for training and education in the nursing curriculum to improve nurses’ 
knowledge and skills to provide oral health care.

Methods A pilot study was conducted to evaluate the use of a virtual reality (VR)-based Oral Health Care Learning 
System to train geriatric oral health care among nursing students. Fifty undergraduate nursing students were 
randomly assigned to experimental (n = 25) and control (n = 25) groups. The experimental group received the 
VR-based simulation training on geriatric oral health care and the training was implemented twice at two weeks apart 
from March to November 2021. The control group did not receive the training intervention. Knowledge, attitude, and 
self-efficacy of geriatric oral health care as well as the intention to assist oral health care for older adults were assessed 
at the beginning, second, and fourth weeks. Generalized estimating equations were used to analyze the effectiveness 
of the VR-based simulation training.

Results After the first round of training, students in the experimental group had significantly greater improvements 
in knowledge and self-efficacy of geriatric oral health care than in the control group. After the second round of 
training, students in the experimental group had significantly greater improvements in knowledge, attitude, and self-
efficacy of geriatric oral health care as well as the intention to assist oral health care for older adult than in the control 
group.

Conclusions The VR-based simulation training was effective to improve undergraduate nursing students’ knowledge, 
attitudes and self-efficacy of geriatric oral health as well as the intention to assist oral health care for older adults. The 
VR-based simulation learning system is an effective tool to provide practice experiences to build confidence and skills 
and to bridge the gap of understudied geriatric oral health content in entry-level nursing curricula.

Trial Registration ClinicalTrials.gov (NCT05248542; registration date 21/02/2022).
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Background
Worldwide, the oral health of the elderly population 
is poor and the prevalent dental caries and periodontal 
disease in the elderly have called for public health action 
[1]. There is also a profound disparity in oral health, even 
in high-income countries [2]. Poor oral health, such as 
periodontal disease, has a statistically significant impact 
on morbidity and mortality as it can lead to malnutrition 
and frailty [3–5], as well as other systemic health condi-
tions, including cardiovascular diseases, aspiration pneu-
monia, and diabetes mellitus [6–8]. Poor oral health can 
also negatively affect older adults’ quality of life due to 
poor chewing ability and orofacial pain [9].

Good oral health can reduce infections and associ-
ated complications and is a critical component of healthy 
aging [10]. Healthcare providers can play an important 
role to promote good oral health and preventing oral 
infections by providing advice and care regarding routine 
dental health to older adults [11]. Nurses are the larg-
est workforce in healthcare and provide the most direct 
care. Patient safety initiatives recommend that oral health 
should be a part of routine patient care and a priority in 
daily nursing care [12]. Evidence supports that interven-
tion from nurses in oral healthcare leads to improved 
health outcomes, particularly amongst patients with 
special healthcare needs. In intensive care units, oral 
health is identified as a critical nursing activity and the 
benefits of oral health in maintaining the health and well-
being of the critically ill population are indisputable [13]. 
However, inconsistent oral health care practice has been 
reported among critical care nurses in the intensive care 
setting [14].

Care-dependent elderly living in long-term care facili-
ties is entitled to receive adequate oral health care and 
registered nurses are one of the key professional groups 
responsible for this task [15]. Home care nursing guide-
lines are clear about daily oral health care as a primary 
component of activities of daily living care [16]. An oral 
health care program that included home care nurses 
providing care/daily oral health care to older people 
has been shown to not only improve nurses’ knowl-
edge and attitude but also the oral health of older adults 
[16]. Therefore, oral health care is an important nursing 
responsibility, and teaching nurses appropriate skills to 
support oral health is a necessary prerequisite to imple-
menting best nursing practices.

Despite the importance of oral health, competence in 
oral health and attitudes toward oral health care is inad-
equate in nursing care. Oral health is one most neglected 
nursing care activities [17]. In India, Philip and associ-
ates showed that the nurses’ knowledge is poor with 
specific deficits in common medications that affect oral 
health and care of dentures as well as inconsistencies 
in oral health assessment and care protocols [18]. To 

complicate this issue further, inadequate oral health con-
tent in entry-level nursing curricula is a well-known issue 
[19]. These demonstrated a great need to improve nurses’ 
knowledge and skills to provide standardized and effec-
tive oral health care in nursing education [20].

Oral health education can improve nursing students’ 
knowledge, skills, and attitudes toward oral health [17]. 
In addition to knowledge, practice experiences are also 
essential to build confidence, motivation, and skills in 
oral health [21]. Oral health guidance requires a series 
of operation steps and equipment; thus, collaborative 
interprofessional education that engages students in oral 
health instruction demonstrations can help to increase 
oral health literacy and knowledge [22]. To overcome 
the difficulty of traditional teaching methods, limited 
skill simulation exercises have been piloted [23]. How-
ever, a single dose of simulation training was found to 
have a minimal impact on critical care nurses’ skill scores 
related to the recommended oral health care practices, 
supporting the need for regularly repeated training 
approaches [24].

Virtual reality (VR) is capable of achieving a series of 
practical exercises, thus, an effective method for learning 
operational skills [25, 26]. Emerging studies have uncov-
ered some benefits of VR in undergraduate nursing edu-
cation, especially in effective nurse skill acquisition, such 
as chemotherapy administration, and intravenous cathe-
ter insertion [27, 28]. However, despite VR being increas-
ingly used in nursing education, this technology remains 
a relatively new experience for many nursing students. A 
prior study showed that a VR training system had a posi-
tive effect on dental health students’ [29]. The objective 
of this study was to evaluate the use of the VR-based geri-
atric oral health training system on knowledge, attitude, 
self-efficacy, and intentions in providing oral healthcare 
to older adults among undergraduate nursing students. 
Such technology-facilitated tools for training nursing 
students in effective oral health support for individuals 
needing assistance is an example of an oral health pro-
motion tool currently being focused on by the National 
Institutes of Health’s Funding Opportunity Announce-
ment, “Harnessing Technologies to Support Oral Health 
Promotion and Management Outside the Dental Setting 
[30]. The aims of this study were to evaluate the effects 
and satisfaction of virtual reality-based education on 
geriatric oral health for nursing students.

Methods
Design
The Consolidated Standards of Reporting Trials (CON-
SORT) checklist for randomized control trial was 
adopted to report the results of this study. A parallel-
group pilot randomized controlled design was used in 
this study. The study was conducted at the Department 
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of Nursing, Kaohsiung Medical University, Taiwan. 
The study has been registered at www.clinicaltrials.gov 
(registration number: NCT05248542; registration date 
21/02/2022).

Participants
The study participants included undergraduate freshman, 
sophomore, and junior nursing students who volunteered 
to participate in this study. Exclusion criteria included 
students with known negative effects, such as nausea, 
vomiting, etc., from using VR devices and those under 20 
years of age who had not obtained the consent of a legal 
representative to participate in this study. All nursing 
students were initially enrolled face-to-face to provide 
informed consent.

The sample size calculation was set up for two-tailed 
repeated measures ANOVA between factors, an alpha 
level of 0.05, power of 80%, three times measurements, 
correlation of 0.7, and effect size f of 0.375 which was ref-
erenced the effect sizes Cohen’s d ranged 0.75 to 1.35 in 
the previous study by G*Power 3.1.9.4 software [29]. The 
optimal sample size was 40. A total of 52 students were 
recruited for this study (26 per the experimental and the 
control group).

The first author generated the random allocation 
sequence by using the online randomization number 
generator (https://lab.25sprout.com/nrprnd/). The stu-
dents were randomly assigned and unblinded to the 
experimental and control group. Simple randomization 
with a 1:1 allocation ratio was used.

Intervention
The VR Oral Health Care Learning System (Pvix VR, 
eped Inc., Taiwan) was equipped with an optical portable 
wearable device that utilized positioning motion recog-
nition technology and a built-in virtual interactive soft-
ware to assist in the self-training (https://www.youtube.
com/watch?v=GpVnl8gWKd4). Each participant in the 
experimental group received a 30-minute individual-
ized VR-based oral health care simulation training in a 
dedicated oral skills training room. First, the participant 
was instructed to wear the 3D glasses with remote con-
trol (5 min) followed by the VR-based simulation train-
ing. The participants practiced choosing step actions by 
using the remote control according to the virtual screen 
whereas a series of speech and text system instructions 
were presented (Fig. 1).

The contents of VR-based training on geriatric oral 
health care used in this study for nursing students were 
based on the training of dental health students [29]. The 
VR-based simulation training on geriatric oral health 
care section started with a system guide explaining the 
VR-based older adult’s physical health and oral health 
(2 min) followed by a scene of a virtual old man sitting in 

a wheelchair next to a bathroom sink. The old man had 
partial dentures, some natural teeth, and a dry mouth. 
The participant was evaluated to demonstrate the follow-
ing competencies: (1) Greet the old man and explain the 
reason for providing oral health care (2 min); (2) Inspect 
the virtual physical environment for safety and adequacy 
to perform mouth care, for example, unobstructed space, 
handrail, dry floor, adequate sink height, accessibility of 
dental cleaning tools, proper sitting posture, etc. (2 min); 
(3) Able to choose and use proper denture cleaning prod-
ucts to assist in cleaning dentures (3–5 min); (4) Able to 
assist in cleaning of natural teeth (5–7  min) including 
choosing and using the proper teeth cleaning products 
and instruments as well as moisturizing oral rinses for 
dry mouth (2 min). After completing the VR-based simu-
lation training, each participant was required to correctly 
answer four questions designed to evaluate (1) the cor-
rect storage method for dentures, (2) the proper selection 
of interdental cleaning aids, (3) the identification of suit-
able toothpaste with optimal fluoride concentration, and 
(4) optimal frequency of regular dental check-ups. If the 
participant selected an incorrect answer, the learning sys-
tem would generate feedback to guide the participant to 
the correct answer (3–5 min). The same oral health care 
training system and teaching content were repeated the 
second time two weeks later.

To accurately simulate the current lack of standardized 
geriatric oral health learning content in nursing curricula, 
the control group only received repeated questionnaires.

Instruments
All participants received an online questionnaire at study 
enrollment and conclusion. The questionnaire con-
tained 37 items to evaluate the participants’ knowledge, 
attitudes, and self-efficacyof geriatric oral health as well 
as their intention to assist in oral health care for older 
adults. This questionnaire was adapted from a previ-
ous study [26]. The face validity was established by four 
experts, including a professor and an experienced den-
tist in the college of dentistry, an assistant professor of 
nursing with a master’s degree in dental health, a nurs-
ing director of a nursing home, and a professor of public 
health with expertise in nursing education, health pro-
motion, and health behaviors. Demographic information, 
including age, sex, academic year, as well as prior VR 
game experience and prior oral health learning experi-
ence were obtained from all participants. Participants 
in the experimental group also completed the System 
Usability Scale (SUS) questionnaire to evaluate their sat-
isfaction with the VR Oral Health Care Learning System.

Knowledge of geriatric oral health scale
The questionnaire contained 10 items to evaluate the par-
ticipants’ geriatric oral health knowledge (Supplementary 

http://www.clinicaltrials.gov
https://lab.25sprout.com/nrprnd/
https://www.youtube.com/watch?v=GpVnl8gWKd4
https://www.youtube.com/watch?v=GpVnl8gWKd4
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material 1). Each item had three response options: true, 
false, and unknown. Each item was assigned one point 
for the correct response and no point for the incorrect 
or unknown responses. The total score ranged from 0 to 
10 and a higher score indicated a higher level of geriatric 
oral health knowledge. The Kuder-Richardson Formula 
20 was 0.57 for the knowledge scale in this study.

Attitudes towards geriatric oral health scale
The attitudes towards geriatric oral health scale included 
seven items (Supplementary material 1). Each item 
was scored on a five-point Likert scale ranging from 1 
(strongly disagree) to 5 (strongly agree). Reverse items 
were scored from 5 (strongly disagree) to 1 (strongly 
agree). The total score ranged from 7 to 35 and a higher 
score indicated a positive attitude toward geriatric oral 
health. Cronbach’s alpha was 0.7 for the attitudinal scale.

Self-efficacy of geriatric oral health scale
The self-efficacy of geriatric oral health scale included ten 
items (Supplementary material 1). Each item was scored 

on a five-point Likert scale ranging from 1 (strongly dis-
agree) to 5 (strongly agree) and the higher score indicated 
a higher level of geriatric oral health self-efficacy. The 
total score ranged from 10 to 50. Cronbach’s alpha was 
0.84 for the self-efficacy scale.

Intention to assist oral health care for older adult scale
The behavioral intention to assist oral health care for 
older adult scale included ten items (Supplementary 
material 1). Each item was scored on a five-point Likert 
scale, ranging from 1 (strongly disagree) to 5 (strongly 
agree), with a higher score indicating a higher level of 
intention to assist oral health care for the older adult. The 
total score ranged from 10 to 50. Cronbach’s alpha for the 
intention to assist oral health care for older adult scale 
was 0.91.

System usability of VR-based learning system
The participants’ satisfaction with the VR-based learn-
ing system for geriatric oral health training was evalu-
ated using the Chinese version of the System Usability 

Fig. 1 The virtual reality-based simulation education on geriatric oral hygiene care
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Scale. The System Usability Scale is a simple, subjective 
assessment to evaluate the effectiveness, efficiency, and 
satisfaction of system usability [31]. The Chinese version 
of the System Usability Scale included ten items and has 
acceptable sensitivity, reliability, and validity [29]. The 
score calculation was based on a specific formula [32]. 
The total score ranged from 0 to 100 with a score above 
68 as a benchmark of an average experience and a score 
above 80 as a good experience [33].

Procedure
Participants received a consent form that included the 
purpose, design, activities, and benefits of this study. 
Written informed consent to participate in this study 
was received before data collection began. The VR-based 
learning system was used by the participants in the 
experimental group, thus, participants and researchers 
were not blinded to the group assignments.

At baseline (Time 0), each participant received a 
research code and hyperlink to Google forms to com-
plete demographic information and study questionnaire. 
The participants assigned to the experimental group 
were instructed to schedule two sessions of the VR-
based training - at two (Time 1) and fourth weeks (Time 
2) after baseline data collection. Immediately after each 
VR-based training session, each participant was asked to 
complete the post-test questionnaire. The participants in 
the control group were asked to complete the post-test 
questionnaires through hyperlinks two and four weeks 
after the baseline session.

Data analysis
Data analyses were performed using IBM SPSS Statistics 
(Version 26.0) and Stata 13.1. The baseline data between 
the experimental and control groups were compared 
using independent t-tests and Chi-square tests to exam-
ine the homogeneity. Independent t-tests were used 
to assess the differences in knowledge, attitudes, self-
efficacy, and intention to assist oral health care between 
the two groups at baseline, Time 1, and Time 2. A gen-
eralized estimating equation (GEE) of longitudinal data 
analysis was employed to analyze the effects of the VR-
based intervention on participants’ knowledge, attitudes, 
self-efficacy, and intention to assist oral health care, 
taking into consideration the factors, including gender, 
academic year (sophomore, junior, etc.), previous expe-
rience of VR games, and previous oral health learning, 
that could explain or modify the relationship between 
intervention and the outcome variables. The alpha level 
for statistical significance was set at 0.05. Effect size 
estimates were calculated for all mean differences using 
Cohen’s d. For participants in the experimental group, 
a simple linear regression was used to explore different 
knowledge, attitude, and self-efficacy scores between the 

baseline and Time 1 to predict the change in behavioral 
intention scores between the baseline and Time 2. The 
satisfaction score of the VR Oral Health Care Learning 
System was analyzed by mean scores and standard differ-
ences using descriptive statistics.

Results
Participant recruitment and retention
The Consolidated Standards of Reporting Trials (CON-
SORT) checklist for randomized control trials was 
adopted to report the results of this study. Between 
March 2021 and November 2021, 52 participants were 
assessed for eligibility, with two participants excluded 
because they did not fill in the initial questionnaires, 
resulting in 50 participants being randomized (the exper-
imental group was 25 and the control group was 25). No 
participant withdrew from the study and all participants 
completed the study protocol (Supplementary material 
2).

Baseline characteristics and mean scores of the outcome 
measures from baseline to 4 weeks follow-up between the 
experimental group and control group
Participants’ demographic characteristics and previous 
learning experiences are presented in Table 1. The mean 
age of the participants was 21.30 ± 1.15 years. The major-
ity of the participants were female (80%), juniors in the 
undergraduate nursing program (68.0%), had no prior 
VR gaming experience (80.0%) and had no prior experi-
ence in oral health care learning (74.0%). Participants’ 
demographics, prior VR gaming, and prior oral health 
care learning experience were not statistically different 
between the two groups (all p > 0.05).

For all participants, the mean baseline geriatric oral 
health knowledge score was 6.50 ± 1.71, the attitude 
towards geriatric oral health score was 28.16 ± 2.63, the 
self-efficacy of geriatric oral health score was 34.68 ± 5.52, 
and intention to assist oral health care for the older adult 
score was 39.40 ± 5.19. There was no ceiling or floor 
effect on the questionnaire. The proportion of respon-
dents scoring the highest (ceiling) or lowest (floor) pos-
sible scores was under 15% (Appendix 3). At baseline, 
all mean scores of knowledge, attitudes, and self-efficacy 
of geriatric oral health as well as the intention to assist 
oral health care for older adults were not statistically 
different between the control and experimental groups 
(all p > 0.05) (Table  2). There were significantly different 
knowledge, self-efficacy, and behavioral intention at both 
Time 1 and Time 2 between the experimental and control 
groups (all p < 0.05) (Fig. 2).
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Intervention effect on knowledge, attitudes, and self-
efficacy of geriatric oral health and intention to assist oral 
health care for older adult
The results of the GEE analysis after controlling for gen-
der, academic year, the experience of VR game, and the 
experience of oral health learning, showing the associa-
tion between the VR-based simulation training on geri-
atric oral health care for nursing students are presented 
in Table  3. Compared to the participants in the control 
group, those in the experimental group had signifi-
cantly greater improvements in geriatric oral health care 
knowledge [β: 2.56, 95% CI: 1.05, 3.03; p < 0.001; effect 
size: 1.15], and self-efficacy [β: 5.04, 95% CI: 1.70, 8.38; 
p = 0.003; effect size: 0.82] after the first round of train-
ing. The higher geriatric oral health care knowledge 
training [β: 2.04, 95% CI: 1.57, 3.55; p < 0.001; effect size: 
1.40], attitudes [β: 1.56, 95% CI: 0.25, 2.88; p = 0.020; 

effect size: 0.64], self-efficacy [β: 6.04, 95% CI: 2.93, 9.16; 
p < 0.001; effect size: 1.05], and intention to assist oral 
health care for older adult scores [β: 3.28, 95% CI: 0.32, 
6.24; p = 0.030; effect size: 0.60] among participants in the 
experimental group than those in the control group per-
sisted after the second round of training.

For participants in the experimental group, the change 
score of oral health care knowledge between Time 0 and 
Time 1 had a significant impact on the change scores of 
behavioral intentions between Time 0 and Time 2 [β: 
1.27, 95% CI: 0.33, 2.20; p = 0.010]. The change scores of 
attitudes [β: -0.13, 95% CI: -0.81, 0.55; p = 0.690] and self-
efficacy [β: 0.05, 95% CI: -0.23, 0.33; p = 0.719] between 
Time 0 and Time 1 did not have a significant impact on 
change scores of behavioral intentions between Time 0 
and Time 2.

Table 1 Nursing students’ demographics and prior learning experiences
Total Experimental

(n = 25)
Control
(n = 25)

t/χ2 p

n (%) n (%) n (%)
Age (years, Mean ± SD) 21.30 ± 1.15 21.3 ± 1.10 21.3 ± 1.22 -0.12 0.903
Sex 0.50 0.480
Male 10 (20.0) 4 (16.0) 6 (24.0)
Female 40 (80.0) 21 (84.0) 19 (76.0)
Academic year 3.33 0.190
First-year 6 (12.0) 2 (8.0) 4 (16.0)
Second year 10 (20.0) 3 (12.0) 7 (28.0)
Third year 34 (68.0) 20 (80.0) 14 (56.0)
Experience with VR game 0.00 1.000
No 40 (80.0) 20 (80.0) 20 (80.0)
Yes 10 (20.0) 5 (20.0) 5 (20.0)
Experience in oral hygiene learning 0.10 0.747
No 37 (74.0) 19 (76.0) 18 (72.0)
Yes 12 (26.0) 6 (24.0) 7 (28.0)
SD, standard deviation

Table 2 Mean scores of outcome measures from baseline to 4 weeks follow-up between the experimental group and control group
Outcomes Total Experimental (n = 25) Control

(n = 25)
t p value

n (%) n (%) n (%)
Knowledge T0 6.50 ± 1.71 6.04 ± 1.90 6.96 ± 1.37 -1.96 0.056
Knowledge T1 8.10 ± 1.34 8.92 ± 0.70 7.28 ± 1.34 5.42 < 0.001
Knowledge T2 8.28 ± 1.18 8.84 ± 0.85 7.72 ± 1.21 3.79 < 0.001
Attitude T0 28.16 ± 2.63 27.88 ± 2.65 28.44 ± 2.63 0.75 0.457
Attitude T1 28.22 ± 3.26 28.64 ± 3.29 27.80 ± 3.24 0.91 0.368
Attitude T2 28.42 ± 3.23 28.92 ± 2.60 27.92 ± 3.75 1.10 0.279
Self-efficacy T0 34.68 ± 5.52 35.28 ± 6.15 34.08 ± 4.86 0.77 0.448
Self-efficacy T1 38.96 ± 5.83 42.08 ± 4.19 35.84 ± 5.61 0.27 < 0.001
Self-efficacy T2 39.34 ± 6.55 42.96 ± 4.82 35.72 ± 6.09 0.52 < 0.001
Behavioral Intention T0 39.40 ± 5.19 40.60 ± 4.16 38.20 ± 5.88 1.67 0.103
Behavioral Intention T1 40.92 ± 5.71 43.08 ± 5.18 38.76 ± 5.49 2.86 0.006
Behavioral Intention T2 40.56 ± 6.53 43.40 ± 5.00 37.72 ± 6.74 3.39 0.001
T0: baseline, T1: 2 weeks follow up, T2: 4 weeks follow up
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Satisfaction of VR-based learning system on geriatric oral 
health
The mean satisfaction score of the VR Oral Health Care 
Learning System among 25 participants was 79.1 ± 10.36 
(range: 57.5–100). Twenty-two (88%) and 11 (44%) partic-
ipants rated 68 and 80 points or over on their satisfaction 
with the VR Oral Health Care Learning System, respec-
tively. The satisfaction score of the VR Oral Health Care 
Learning System was not different between those with 
and without previous VR game experience (n = 5, mean 
satisfaction score = 81.00 ± 4.87; n = 20, mean satisfaction 
score 78.63 ± 11.37, t = 0.45, p = 0.656, respectively).

Discussion
In this age of digital transformation, the VR system has 
been used as an individual self-learning training tool [29, 
34]. To the best of the authors’ knowledge, the current 
study is the first to explore the multiple domains of the 
effectiveness of a VR-based learning system on geriatric 
oral health care in undergraduate nursing students. The 
results of this study showed that two rounds of VR-based 
training delivered over 4 weeks significantly improved 
the nursing students’ knowledge, attitude, and self-effi-
cacy of geriatric oral health and intention to assist oral 
health care for older adults. The improvement in atti-
tudes towards geriatric oral health care and intention to 
assist oral health care for older adults was only observed 

Fig. 2 The mean scores of the outcome measures from baseline to 4 weeks follow-up between the experimental group and control group
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in the experimental group after the second round of VR-
based training, suggesting repeated teaching/learning 
interventions are needed to enhance the effectiveness 
of oral health training. The findings of the current study 
also showed that the majority of nursing students were 
satisfied with the VR Oral Health Care Learning Sys-
tem on geriatric oral health. The findings of the current 
study support that VR-based training is an effective and 
accepted learning strategy to improve nursing students’ 
oral health care practices.

Previous studies have indicated that education can 
improve healthcare professional undergraduate students’ 
oral health knowledge and attitudes [35, 36]. For exam-
ple, a competency-based curriculum in oral health care 
can improve the knowledge and positive attitudes toward 
oral health care among undergraduate dental therapy and 
oral health students [37]. An interprofessional education 
curriculum with an illustrated booklet and toothbrushing 

and flossing technique presentation by dental and dental 
health faculty can improve oral health literacy in den-
tistry, medicine, and nursing students [21]. Even though 
a dental undergraduate curricula can influence students’ 
knowledge and positive attitudes, its influence on stu-
dents’ behavioral modifications is limited [37]. It has 
been reported that curricula with traditional lectures 
and face-to-face presentation teaching methods without 
practical experience may limit the improvement inten-
tion to assist oral health care for older adults [17]. In the 
current study, the VR-based learning system is effective 
in improving nursing students’ attitudes toward geriatric 
oral health care and intention to assist oral health care 
for older adult. The participants in this study included 
nursing students from the first to third years, imply-
ing potential differences in their learning progression. 
After adjusting gender, academic year, experience of VR 
game and experience of oral hygiene learning, VR-based 

Table 3 Effects of the VR-based intervention on outcome variables, taking into consideration the factors that could explain or modify 
this relationship using generalized estimating equation (GEE) model
Parameter β S.E. 95% C.I. p value E.S.
Knowledgea

Intercept 5.97 0.58 4.84 7.10 < 0.001
Group -1.06 0.49 -1.96 -0.17 0.020
Time 1 0.32 0.33 -0.32 0.96 0.330
Time 2 0.76 0.34 0.09 1.43 0.026
Group × Time 1 2.56 0.51 1.57 3.55 < 0.001 1.15
Group × Time 2 2.04 0.51 1.05 3.03 < 0.001 1.40
Attitudea

Intercept 25.62 1.54 22.60 28.65 < 0.001
Group -0.93 0.75 -2.40 0.54 0.213
Time 1 -0.64 0.43 -1.48 0.20 0.137
Time 2 -0.52 0.49 -1.48 0.44 0.286
Group × Time 1 1.40 0.75 -0.07 2.87 0.062 0.52
Group × Time 2 1.56 0.67 0.25 2.88 0.020 0.64
Self-efficacya

Intercept 31.13 2.36 26.50 35.76 < 0.001
Group 0.46 1.52 -2.51 3.44 0.760
Time 1 1.76 0.87 0.06 3.46 0.043
Time 2 1.64 1.05 -0.42 3.70 0.119
Group × Time 1 5.04 1.70 1.70 8.38 0.003 0.82
Group × Time 2 6.04 1.59 2.93 9.16 < 0.001 1.05
Behavioral intentiona

Intercept 37.75 2.15 33.52 41.97 < 0.001
Group 2.39 1.49 -0.54 5.32 0.109
Time 1 0.56 0.84 -1.08 2.20 0.504
Time 2 -0.48 1.16 -2.75 1.79 0.679
Group × Time 1 1.92 1.24 -0.52 4.36 0.123 0.43
Group × Time 2 3.28 1.51 0.32 6.24 0.030 0.60
C.I., confidence intervals

S.E., standard errors

E.S., Effect size: calculated by the mean change scores between pre- and post-test measurements between the two groups

Time 1: 2 weeks follow up, Time 2: 4 weeks follow up
aAll GEE models were after controlling for gender, academic year, experience of VR game and, experience of oral hygiene learning
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simulation training on geriatric oral health improved 
knowledge and self-efficacy after the first round of train-
ing. The knowledge improvement predicts improvement 
in behavioral intention to assist oral health care for older 
adults after the second round of training.

Our prior work showed that students in an oral health 
program had a large improvement effect in knowledge, 
self-efficacy of oral health care, and intention to assist 
in oral health care behaviors and a near-large enhance-
ment effect in their attitude toward oral health care after 
two rounds of VR-based oral health care training [29]. 
The current study indicated that nursing students only 
get a large improvement effect in knowledge and self-
efficacy and a medium enhancement effect in their atti-
tude toward oral health care and intention to assist in 
oral health care behaviors after two rounds of VR-based 
oral health care training. Attitude and intention were the 
most important determinants to engage in oral health 
care behavioral adoption among nurses working in inten-
sive care units [14]. A systematic review indicated that 
undergraduate nursing students had limited oral health 
knowledge and varying attitudes toward providing oral 
health care [21]. Findings from these studies and the cur-
rent study showed the importance of improving nurses ’ 
attitudes and intention to assist oral health care in nurs-
ing practice and the VR-based learning system can be 
such technology integrated into the nursing curriculum 
to enhance students’ positive attitudes and behavioral 
intention.

Medical students preferred the VR-based method to 
learn nausea and vomiting management in palliative care 
and oncology settings [38]. Medical students enjoyed the 
learning experience about VR learning environments in 
obstetrics and were enhanced in their satisfaction and 
confidence of conceptualize fetal lies and presentation 
[39]. In addition, a report from a recent systematic review 
showed that medical education training using VR-based 
head-mounted devices was perceived as engaging [40], 
however, limited studies support the use of these devices 
for effective knowledge and skills training in the fields 
of surgery and anatomy [40]. For the current study, VR-
based head-mounted devices were effective for knowl-
edge, attitude, self-efficacy, and intention in the fields of 
geriatric oral health care training for undergraduate nurs-
ing students. In our small study, the undergraduate nurs-
ing students’ satisfaction with the training system does 
not appear to be influenced by gender or video game 
experience. The utility of VR-based practical exercises to 
teach operational skills should be further explored. Peri-
odontal disease can be prevented and treated by relagular 
plaque cleaning [8]. The VR-based head-mounted devices 
have applied on patients with mild cognitive impairment 
to improve the cognition and motor function [41]. The 
future study could evaluate the use of a VR-based Oral 

Health Care Learning System to maintain the patient’s 
daily oral health among patients with mild cognitive 
impairment.

The current study has some limitations. First, blind-
ing was unable to be implemented in this study as the 
informed consent specified the procedures involved for 
participants in the experimental and control groups. Sec-
ondly, the generalization of findings to other students or 
other institutions should be carefully considered. Because 
students were recruited by convenient sampling, the 
number of students participating in this study was only 
about 25% of the total number of nursing students in the 
three academic years. Third, the goal of this study was to 
evaluate the effects and satisfaction of a VR-based geriat-
ric oral health training system. In view of the fact that the 
traditional lecture courses for Taiwan nursing students 
do not include this oral health care content. Therefore, it 
is suggested that further study can compare the effective-
ness of VR situational simulation training and traditional 
classroom teaching.

Conclusion
This study has shown that a VR-based learning system 
was effective to improve the knowledge, attitudes, and 
self-efficacy of geriatric oral health and intention to assist 
oral health care for the older adult among undergradu-
ate nursing students. A single dose of training may be 
sufficient in improving nursing students’ knowledge and 
self-efficacy of geriatric oral health. However, repeated 
training at least twice may be minimally required to 
improve nursing students’ attitudes toward geriatric oral 
health and intention to assist oral health care for older 
adults. This VR-based learning system for geriatric oral 
health has the potential to be used as a tool in nursing 
undergraduate education to provide the important train-
ing known to be lacking and/or deficient in the current 
curriculum.
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