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Abstract

Objective: Healthcare assistants (HCAs) are frontline caregivers for older adults. This study evaluated the effectiveness of
combining augmented reality (AR) and virtual reality (VR) to implement oral healthcare simulation training for HCAs.

Methods: An experimental design was adopted. HCAs were recruited and randomly assigned to an AR/VR group (n= 40) or a
control group (n= 40). The AR/VR group received 2.5 h of AR/VR training. Participants were trained on the Bass brushing
technique through AR and on scenario-based oral care procedures for various physical and oral health conditions in older
adults through VR. A self-administered questionnaire was employed to collect data before and after the training. Generalized
estimating equations were used to analyze the differences between pretest and posttest results.

Results: After the training, the HCAs in the AR/VR group achieved a significantly greater increase in their level of oral care-
related knowledge (β= 2.55, effect size [ES]= 1.62), self-efficacy (β= 4.23, ES= 0.75), and behavioral intention (β= 2.10, ES
= 0.55) relative to the control group.

Conclusion: This study revealed that the application of an AR/VR simulation system can effectively improve the geriatric oral
care performance of HCAs.

Keywords

Augmented reality, healthcare assistant, oral care, virtual reality

Submission date: 6 April 2023; Acceptance date: 8 September 2023

1School of Dentistry, College of Dental Medicine, Kaohsiung Medical University, Kaohsiung
2Department of Oral Hygiene, Shu-Zen Junior College of Medicine and Management, Kaohsiung
3Department of Oral Hygiene, College of Dental Medicine, Kaohsiung Medical University, Kaohsiung
4College of Nursing, Kaohsiung Medical University, Kaohsiung
5Center for Long-Term Care Research, Kaohsiung Medical University, Kaohsiung
6Department of Radio, TV and Film, Shih Hsin University, Taipei
7Oral Care for Systemic Health Support, Faculty of Dentistry, School of Oral Health Care Sciences, Graduate School, Tokyo Medical and Dental University,
Tokyo, Japan
8Department of Oral Hygiene, Division of Health Sciences, Sun Moon University, Asan-si, Republic of Korea

Corresponding author:
Hsiao-Ling Huang, Department of Oral Hygiene, College of Dental Medicine, Kaohsiung Medical University 100 Shih-Chuan 1st Road, Kaohsiung City 80708.
Email: hhuang@kmu.edu.tw

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial
4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work

without further permission provided the original work is attributed as specified on the SAGE and Open Access page (https://us.sagepub.com/en-us/nam/
open-access-at-sage).

Original Research

DIGITAL HEALTH
Volume 9: 1–13
© The Author(s) 2023
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/20552076231203891
journals.sagepub.com/home/dhj

https://orcid.org/0000-0001-7469-6379
https://orcid.org/0000-0001-9315-2190
https://orcid.org/0000-0002-1180-9011
mailto:hhuang@kmu.edu.tw
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/dhj


Introduction
As populations worldwide continue to age, the demand for
long-term care has consistently increased. In 2018, Taiwan
became an aged society in which the proportion of people
aged 65 years or older was 14%. Taiwan is expected to
become a super-aged society by 2025, at which point the
proportion of older adults in its population is expected to
exceed 20%.1 For older adults, oral health considerably
affects general health and quality of life.2 Moreover, poor
oral health is associated with aspiration pneumonia.3

Deteriorating oral function can also affect the oral
health-related quality of life of older adults.4 A study indi-
cated that the chewing ability of older adults influences the
types of foods and beverages that they want to consume.5

Oral frailty in older people is associated with an increased
risk of depression, physical frailty, sarcopenia, disability,
and mortality.6,7 Professional oral care interventions can
reduce the amount of oral bacteria and the incidence of
pneumonia among older adults.8,9 Long-term care facilities
that provide excellent oral care are linked to a lower inci-
dence of pneumonia,10 a lower risk of hospitalization,8

and lower medical expenses.11

Virtual reality (VR) can be used to create an immersive
learning environment through visualization,12 which
enables learners to absorb more from course content than
they can through a traditional learning environment. A
state-of-the-art system can be used to create an immersive
environment that enables users to experience a virtual
world. Augmented reality (AR) integrates visual and
sensory cues to enhance feedback and immersion. That is,
AR combines virtual elements with the real-world environ-
ment. Through AR, virtual scenarios can be superimposed
onto the real world to increase user interactivity. The
major difference between AR and VR is that AR users
are not fully immersed in a virtual environment; they are
placed in a virtual world with real-life elements.13 VR has
been widely applied in medical education and surgical
training as well as in clinical practice.14–16 In recent
studies, VR has also been used in healthcare, including in
the care of patients with stroke, Parkinson’s disease, cerebral
palsy, and autism spectrum disorder.17–20 AR has more fre-
quently been applied in medical education in various fields,
such as emergency medicine, remote medicine, prehospital
care, and other forms of relevant training.21 For oral
health-related applications, AR has been implemented in train-
ing for surgery and dental implants or to improve education
and specialty training in prosthodontics, especially for training
clinical and operational skills.22,23

Healthcare assistants (HCAs) are frontline workers who
provide assistance in nursing homes and other long-term
care settings for older adults. These assistants, who can
serve as home health aides, personal or home care aides,
companions, nursing assistants, or home health nurses,
often work in a patient’s home. One of their responsibilities

is to assist an older adult in properly practicing and fully
implementing oral care after accounting for their physical
problems and oral health conditions. In Taiwan, HCAs
provide household assistance and daily care services to
older adults.24 A certified HCA must undergo continuing
education to maintain their skills and capabilities. Among
HCAs who have undergone oral health professional educa-
tion, the oral care knowledge and skills of HCAs who
received multimedia instruction have been reported to
improve more than those of HCAs who received traditional
instruction.25,26 However, instruction-based education does
not provide an environment that places learners in realistic
situations. Although learners can learn toothbrushing skills
through the demonstrations, they cannot practice tooth-
brushing. AR/VR technology may provide a solution to
this problem. VR simulations can increase the realism and
comprehensiveness of learning, and AR can increase the
thoroughness of skills training.

The coronavirus disease 2019 (COVID-19) pandemic
has created considerable challenges for healthcare profes-
sionals worldwide. HCAs are members of a vulnerable
population within the healthcare delivery system, and
they have been severely affected by the COVID-19 pan-
demic.27,28 During the pandemic, learning through the trad-
itional classroom teaching method increased the risk of
exposure such that HCAs found it difficult to continue
receiving high-quality education. AR/VR training enables
learners to experience realistic scenarios in a risk-free envir-
onment. Studies have mostly explored VR technology29–31

and AR technology21–23 separately in their experiments;
learners could not develop operational skills through
VR-based experiments. To address this problem, the
present study combined an AR toothbrush training system
with an individualized VR scenario-based training system
to improve the learning outcomes related to the geriatric
oral care performance of HCAs. In another study, a VR
training system implemented for dental hygiene students
had positive effects on the knowledge, attitudes, self-
efficacy, and behavioral intention of students with respect
to providing oral healthcare for older adults with disabil-
ities.29 The present study is the first to evaluate the com-
bined use of AR and VR for oral healthcare simulation
training with the aim of improving the geriatric oral care
performance of HCAs.

Materials and methods

Research design and participants

The present study used a randomized control trial design
that was approved by the Institutional Review Board
of Kaohsiung Medical University Hospital (KMUHIRB-
F(I)-20200098). An informed consent form was signed by
all the participants of the present study. The study period
was from October 2021 to January 2022.
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Individuals aged 65 years or older were excluded from
the present study. G*Power (version 3.1.9.4) was used to
determine the expected effect size (ES), which was calcu-
lated to be 0.3 on the basis of a pilot study in which an
alpha level of 0.05, a power of 80%, and a dropout rate
of 20% were applied. The total expected sample size was
35 for each group. Overall, 80 certified HCAs working at
long-term care institutions were recruited for our study
and were randomly assigned to an AR/VR group (n= 40)
or a control group (n= 40).

Instruments

A structured questionnaire was developed to collect data
pertaining to demographic information, oral care-related
knowledge, attitudes toward oral care, self-efficacy of oral
care, and behavioral intention to perform oral care. The
questionnaire was reviewed by a panel of experts to
assess its face and content validity. The content validity
index of the questionnaire was between 0.98 and 1.00.
The questionnaire was pilot-tested with a convenience
sample of 10 HCAs to ensure that respondents (i.e. partici-
pants) could understand its content. On the basis of the pilot
test results, the items of the questionnaire were revised to
enhance their clarity and appropriateness.

Outcome measures

All items related to the outcome measures were modified
from an established and validated questionnaire used in
another study.29 Table 1 presents the statements on oral
care-related knowledge, attitudes, self-efficacy, and behav-
ioral intention. Each measure was checked for reliability
and internal consistency.

Oral care-related knowledge. Nine statements were used to
measure oral care-related knowledge, including “Helping
turn elderly people to a safe position before providing oral
care can protect them from choking and aspiration.” For
such items, the possible responses included True (1), False
(0), and I do not know (0), with total scores ranging from 0
to 9 and a higher score indicating a higher level of oral
care-related knowledge. The Kuder–Richardson-20 reliability
coefficient for oral care-related knowledge was 0.56.

Attitudes toward oral care. Seven statements were used to
assess attitudes toward oral care, including “Oral cleaning
is an essential part of daily hygiene routine.” Each item
was scored on a 5-point Likert scale, with endpoints
ranging from 1 (strongly disagree) to 5 (strongly agree)
and total possible scores ranging from 7 to 35. The
Cronbach’s α for the scale was 0.84.

Self-efficacy of oral care. Nine statements were used to
measure the self-efficacy of oral care, including “I am

confident that I can turn bedridden elderly people into a
safe position before providing oral care.” Each item was
scored on a 5-point scale, with endpoints ranging from 1
(strongly disagree) to 5 (strongly agree) and total possible
scores ranging from 9 to 45. The Cronbach’s α for the scale
was 0.94.

Behavioral intention to oral care. The behavioral intention
measures assessed how likely the participants were to regu-
larly engage in oral care behavior; they were scored using a
5-point scale, with endpoints ranging from 1 (strongly dis-
agree) to 5 (strongly agree) and total possible scores
ranging from 8 to 40. Eight statements were used to evalu-
ate behavioral intention to perform oral care, including “I
intend to provide oral care for older adults.” The
Cronbach’s α for the scale was 0.94.

Intervention

The participants in the AR/VR group received VR-based
training for 1.5 h and AR-based training for 1 h, whereas
those in the control group did not undergo any intervention.
The AR-based training system (PVIX Oral, EPED) digi-
tized the steps of the Bass toothbrushing technique and
used optical tracking technology to enable the participants
to conduct self-assessments and obtain feedback scores in
real-time. The AR system was equipped with an optical
tracking unit, a three-dimensional (3D) training head
model, and a wireless toothbrush (Figure 1). The training
system started with an introduction to the steps of the
Bass toothbrushing technique. A learner was required to
brush away colored patches (simulated dental plaque) on
the surface of a set of teeth in a practice window by using
the Bass technique. The training system provides immedi-
ate scoring for the learners’ performance of the four steps
after the completion of the AR practice as a form of evalu-
ation of the learners’ brushing skills. These four parts are (a)
placing the toothbrush at a 45° angle to the gum line, (b)
brushing teeth gently, (c) performing straight brushing for
the inner side of the six front teeth, and (d) removing simu-
lated dental plaque. Each part was scored between 0 and
100, and the minimum passing grade for each step was
80. Each participant in the AR/VR group was allowed a
maximum of twice practice for the AR training.

The VR-based training system (PVIX VR, EPED) was
analyzed in another study.29 The VR training module of
the system comprised three sessions pertaining to the indi-
vidualized standard procedures of oral care, which were
classified on the basis of three types of physical conditions
(i.e. physical frailty, hemiplegia, and paralysis) and oral
conditions (i.e., denture wearing and missing teeth) of
older adults. In the present study, the participants in the
AR/VR group were required to wear 3D glasses and use a
controller (Figure 2). Each session began with an introduc-
tion to the physical and oral health of older adults.
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Subsequently, the participants learned correct oral care
steps and skills by watching an animated video that indi-
cated the oral health status of a virtual object. The geriatric
oral care components comprised oral desensitization,
denture cleaning, teeth cleaning (i.e. modified Bass brush-
ing technique and interdental brush using), soft tissue clean-
ing, the use of a moisturizing mouth rinse, and the issuing of
dental visit reminders. Each session was followed by a quiz,
which was implemented as an automatic assessment
process to ensure the quality of the intervention’s learning

Table 1. Statements of oral care-related knowledge, attitude,
self-efficacy, and behavioral intention to oral care.

Oral care-related knowledge

1. Fluoride toothpaste for older adults should have a fluoride
content above 1000 ppm.

2. Dentures can be cleaned with toothpaste.

3. Dentures can be soaked overnight in an antibacterial denture
cleanser.

4. A sponge swab can be used to clean teeth instead of a
toothbrush.

5. A dental floss stick can be used to clean between teeth instead
of an interdental brush.

6. Helping turn older adults to a safe position before providing
oral care can protect them from choking and aspiration.

7. Soft tissue cleaning should include buccal mucosa, lingual
mucosa, gingiva, and tongue.

8. Older adults using a nasogastric feeding tube do not need to
provide oral care.

9. Desensitization massage should be performed from the distal
end to the proximal end.

Attitude toward oral care

1. The physical health of older adults is more important than oral
health.

2. Helping older adults to brush their teeth is annoying.

3. Oral cleaning is an essential part of daily hygiene routine.

4. Assisted daily oral care is as important as physical care for
older adults.

5. I don’t have enough time to help older adults to clean their
teeth.

6. It is important to spend time to help older adults to clean their
teeth.

7. It is important to remind older adults to have a regular dental
checkup.

Self-efficacy of oral care

1. I am confident that I can turn bedridden older adults into a
safe position before providing oral care.

2. I am confident that I can provide oral care for older adults with
physical frailty.

(continued)

Table 1. Continued.

Oral care-related knowledge

3. I am confident that I can provide oral care for e older adults
with hemiplegia.

4. I am confident that I can provide desensitization for e older
adults before oral care.

5. I am confident that I can provide soft tissue cleaning for older
adults.

6. I am confident that I can provide appropriate oral care
methods for older adults with different oral care needs.

7. I am confident that I can use the modified Bass brushing
technique to clean teeth for older adults.

8. I am confident that I can choose the proper oral hygiene tools
for older adults according to his/her oral condition.

9. I am confident that I can remind older adults of regular dental
visits every 6 months.

Behavioral intention to oral care

1. I intend to provide oral care for older adults.

2. I intend to turn bedridden older adults into a safe position
before providing oral care.

3. I intend to use the interdental brush to clean between teeth for
older adults.

4. I intend to use a modified Bass brushing technique to clean
teeth for older adults.

5. I intend to choose oral hygiene tools for older adults according
to his/her oral condition.

6. I intend to recommend proper oral hygiene tools to older
adults or their caregivers.

7. I intend to help older adults to clean their dentures.

8. I intend to remind older adults of regular dental visits every 6
months.
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outcomes. Each participant in the AR/VR group was
allowed a maximum of twice to practice for the VR training
module.

Each participant made an appointment to receive
one-on-one assistance from a researcher in their free time;

the intervention of the present study was conducted in the
AR/VR oral care training classroom at Kaohsiung
Medical University. Each AR/VR training session involved
three steps and required 2.5 h to complete for each partici-
pant. First, each participant read a short introduction on the

Figure 1. (a) AR-based training system. (b) An optical tracking unit. (c) A 3D training head model. (d) A wireless toothbrush. (e) Software
of Bass toothbrushing technique step. (f) An example score.
AR: augmented reality; 3D: three-dimensional.

Figure 2. VR-based training system: (a) four-sided projection screen, (b) a 3D glass, (c) controller, (d) physical and oral condition of a
virtual object, (e) choice of oral care tools, (f) animated videos of tooth cleaning skills, and (g) a quiz.
VR: virtual reality; 3D: three-dimensional.
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use of the AR and VR systems on an iPad (15 min).
Second, they performed the oral care steps on a virtual
older adult client through the VR-based system (90 min).
Third, they performed the Bass brushing technique on a
training head model through the AR-based system
(60 min; Figure 3).

Data collection

Information was collected at pretest and posttest. All parti-
cipants completed the self-administered questionnaires
within 10–15 min of completing the training at baseline
and posttest. All data were collected at the AR/VR oral
care training center.

Statistical analysis

Stata version 13.1 (Stata Corp LP, College Station, TX,
USA) was used for statistical analysis. A chi-square test
and two sample t-tests were performed to compare the
demographic variables of the AR/VR and control
groups. The pretest and posttest mean differences in
oral care-related knowledge, attitude, self-efficacy, and
behavioral intention in both groups were tested by
paired t-tests. The correlations between the outcome vari-
ables of the AR/VR group at posttest were analyzed by
analyzing their Pearson correlation coefficients. Linear
regression with generalized estimating equations adjusted
for age and gender and confounding factors was
performed to obtain the regression coefficients for con-
ducting between-group comparisons of the outcome vari-
ables. The ES (Cohen’s d ) of continuous variables was
calculated by dividing the mean difference between the
two groups with respect to the changes that occurred
from pretest to posttest by the standard deviation of the
sample. ES values of 0.20, 0.50, and 0.80 were regarded
as small, moderate, and large values, respectively.32 A
95% confidence interval (CI) and a p-value of <0.05
were used to determine significance. All statistical ana-
lyses involved a two-tailed test.

Results

Recruitment

Figure 4 presents the Consolidated Standards of Reporting
Trials (CONSORT)33; a flowchart of the process for recruit-
ing participants. All participants completed the pretest and
posttest procedures.

Baseline information

The distribution of baseline information among the partici-
pants is presented in Table 2. No differences in the variables
were observed between the two groups (all p> 0.05). In
both groups, most of the participants had served as HCAs
for 1–5 years (AR/VR group, 67.5%; control group,
62.6%). Furthermore, 62.5% of the participants reported
that they had never undergone oral health educational train-
ing. Only 12.5% and 20.0% of the participants in the AR/
VR and control groups, respectively, reported that they
always provided dental care for the older adults whom
they served. The association between oral care-related
knowledge and attitude toward oral care (r= 0.278, p <
0.05), attitude toward oral care and self-efficacy of oral
care (r= 0.277, p< 0.05), self-efficacy of oral care, and
behavioral intention (r= 0.642, p < 0.001) at baseline was
found in the present study.

Effects of intervention on oral care-related
knowledge, attitudes, self-efficacy, and behavioral
intention

Figure 5 presents a comparison of the pretest and posttest
results of the AR/VR and control groups with respect to
their oral care-related knowledge, attitudes toward oral
care, self-efficacy of oral care, and behavioral intention to
perform oral care. HCAs in the AR/VR group had a
higher level of oral care-related knowledge (mean differ-
ence= 2.6± 0.3, p < 0.001), attitudes (mean difference=
1.9± 0.8, p= 0.022), self-efficacy of oral care (mean

Figure 3. Procedure of the VR- and AR-based training (a), A short introduction on an iPad (b), using the VR-based curriculum (c), using
the AR-based curriculum.
VR: virtual reality; AR: augmented reality.
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difference= 4.5± 1.1, p<0.001), and behavioral intention to
perform oral care (mean difference= 1.9± 0.7, p= 0.009) at
posttest.

Table 3 presents the correlations between oral care-
related knowledge, attitudes toward oral care, self-efficacy
of oral care, and behavioral intention to perform oral
care in the AR/VR group at posttest. Attitudes toward
oral care (r= 0.727, p < 0.001) and self-efficacy of oral
care (r= 0.880, p < 0.001) were positively correlated
with behavioral intention. Similarly, self-efficacy of oral
care was positively associated with attitudes toward oral
care (r= 0.609, p < 0.001). However, oral care-related
knowledge was negatively associated with attitudes
toward oral care (r=−0.343, p < 0.05).

Table 4 presents the regression-estimated differences in
oral care-related knowledge, attitudes, self-efficacy of oral
care, and behavioral intention between the AR/VR and
control groups. The AR/VR group exhibited greater
improvements in their oral care-related knowledge (β=
2.55, 95% CI= 1.87, 3.23; ES= 1.62), self-efficacy of
oral care (β= 4.23, 95% CI= 1.78, 6.67; ES= 0.75), and
behavioral intention (β= 2.10, 95% CI= 0.44, 3.75; ES=
0.55) at posttest than did the control group.

Discussion
We discovered that compared with the participants in the
control group, those in the AR/VR group exhibited a sig-
nificant improvement in terms of their level of knowledge,
self-efficacy, and behavioral intention. The greatest ES was

observed for the level of knowledge and self-efficacy, and a
median ES was observed for attitudes and behavioral inten-
tion. Furthermore, in the AR/VR group, attitudes toward
oral care and self-efficacy were positively associated with
behavioral intention. The implementation of AR/VR simu-
lation for oral care training produced favorable results.
VR-based training was implemented in a simulated envir-
onment where the participants were trained to properly
perform oral care procedures and steps with consideration
of the physical and oral health conditions of an older
adult. Through the AR-based learning approach, the partici-
pants were taught proper brushing techniques by enabling
them to practice on real objects in a virtual environment.

The present study revealed that AR/VR training signifi-
cantly increased the participants’ behavioral intention to
perform oral care. According to the theory of reasoned
action, which was proposed by Fishbein in 1967,34 an indivi-
dual’s intention to engage in a behavior determines whether
they exhibit that behavior. That is, an individual’s intention
to engage in healthy behaviors can predict changes in their
health-related behaviors. Studies have reported that
VR-based interventions effectively increase a person’s inten-
tion to receive a COVID-19 vaccine35,36 and increase men’s
intention to perform testicular self-examinations when taking
a shower or to seek help for testicular swelling.37 The applica-
tion of AR technology has also been reported to improve the
walking behavior of AR technology users38 and enhance the
intentions of students to avoid drug use.39

In the present study, significant improvements were
observed in the level of knowledge, and self-efficacy of

Figure 4. CONSORT flowchart of participant recruitment.
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Table 2. Demographic information among the AR/VR group and control group.

Variables

AR/VR group
(n= 40)

Control group
(n= 40)

Pan % n %

Gender 0.499

Male 4 10.0 6 15.0

Female 36 90.0 34 85.0

Age (mean± SD) 48.0±9.6 51.1±9.9 0.160

Education 0.179

Less than college/university 16 40.0 22 55.0

College/university or higher 24 60.0 18 45.0

Length of service 0.658

Less than 1 year 8 20.0 7 17.5

1–5 years 27 67.5 25 62.5

5–9 years 5 12.5 8 20.0

Number of daily care 0.243

1–3 people/per day 15 37.5 12 30.0

4–6 people /per day 20 50.0 17 42.5

7 people(above) /per day 5 12.5 11 27.5

Working hour 0.885

1–3 h/per day 5 12.5 4 10.0

4–6 h/per day 16 40.0 15 37.5

7 (or above) hours/per day 19 47.5 21 52.5

Received oral health education training 1.000

None 25 62.5 25 62.5

Yes 15 37.5 15 37.5

Provide dental care for older adults 0.443

Always 5 12.5 8 20.0

Often 6 15.0 7 17.5

Sometimes 20 50.0 13 32.5

Never 9 22.5 12 30.0

AR: augmented reality; VR: virtual reality.
aP was the difference between groups by chi-square test and two sample t-test.
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oral care among the participants who underwent AR/VR
intervention. VR is a viable teaching strategy for improv-
ing knowledge acquisition and the care self-efficacy of
trainees in medical education and patient care.31,40,41 A
study demonstrated that AR was effective in improving
the injection-related knowledge and skills of nursing stu-
dents.42 Another study reported that skills training can
improve a learner’s self-efficacy.43,44 Our study used
an AR training system that enables learners to practice
their toothbrushing skills, which improved their self-
efficacy in oral care. Scholars also indicated that the
application of AR in training increases the self-efficacy
of learners.45 Furthermore, a study that explored the
application of VR-based interventions for dementia care-
givers demonstrated that virtual learning increased their
knowledge of dementia.46 Through the integration of a
VR environment and AR-based equipment, researchers
can create simulated scenarios that combine virtual and
real worlds to enable learners to learn through simulated
practice.

Figure 5. Pretest and posttest mean scores of oral care-related knowledge, attitude, self-efficacy, and behavioral intention to oral care at
AR/VR and control groups (a), oral care-related knowledge (b), attitude toward oral care (c), self-efficacy of oral care (d), behavioral
intention to oral care.
*p < 0.05; **p < 0.001.
AR: augmented reality; VR: virtual reality.

Table 3. Correlation between oral care-related knowledge,
attitude, self-efficacy, and behavioral intention among healthcare
assistants in the AR/VR group at posttest.

Oral
care-related
knowledge

Attitude
toward
oral care

Self-efficacy
of oral care

Oral care-related
knowledge

Attitude toward oral
care

−0.343*

Self-efficacy of oral
care

−0.163 0.609**

Behavioral intention
to oral care

−0.190 0.727** 0.880**

AR: augmented reality; VR: virtual reality.
*p < 0.05; **p < 0.001.
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Our findings also indicated that in the AR/VR group,
attitudes and self-efficacy of oral care were positively asso-
ciated with behavioral intention. Similar to a previous study
on health-related intention that reported a change in the atti-
tude and self-efficacy of a participant could lead to a change
in their behavioral intention.47 A study on the physical
activities of university students revealed that physical activ-
ity self-efficacy and the behavioral intention to join a phys-
ical activity were correlated.48 According to the theory of
planned behavior,49 the attitudes and self-efficacy of an
individual are factors that influence their behavioral inten-
tion. In the present study, a stronger attitude toward oral
care was positively associated with a higher level of self-
efficacy in oral care after the completion of AR/VR train-
ing. Studies that have included nursing students have
reported a link between self-efficacy and attitudes related
to clinical care50,51 and a link between attitudes and self-
efficacy related to sexual healthcare.52

This study is subject to a number of limitations. First,
the diverse backgrounds of the HCAs could have influ-
enced the research outcomes. Nevertheless, we adopted
a randomized controlled design and did not detect any
significant differences between the two groups for any
variable at baseline. Second, the time difference
between the pretest and the pretest is only 1 week, and
learners may still remember the questions of the pretest,
which poses a threat to the posttest. It is recommended
that future studies should track longitudinal effects.
Third, data were collected through a self-reported ques-
tionnaire, which could have led to social desirability
bias. Fourth, this is the first study to evaluate a hybrid
AR/VR simulation training on the knowledge, attitude,
self-efficacy, and behavioral intention of HCAs; future
studies should also investigate the follow-up effects on
their behavior change. Finally, the participants in the
present study were recruited from multiple centers in
southern Taiwan, which is representative; however, the
generalization of findings to other geographical areas
should be done carefully.

Conclusion
The present study is the first to apply an AR/VR simulated
system for oral care training for HCAs. Our study revealed
that combining a hybrid AR/VR training systemwas effective
in improving the oral care-related knowledge, self-efficacy,
and behavioral intention of HCAs. During the COVID-19
pandemic, implementing the traditional classroom teaching
method increased the risk of exposure such that HCAs
found it difficult to receive high-quality on-the-job education
and training. The AR/VR training can be accessed every day
and enables self-learning during an infectious disease out-
break. AR and VR immersive learning technologies can be
transformative tools for conducting risk-free oral care training
for HCAs. Furthermore, a hybrid AR/VR system can be

incorporated into training programs and continuing medical
education for healthcare professionals to improve their geriat-
ric oral care performance.
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