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Aims. To synthesize evidence on the effectiveness of virtual reality-based training of caregivers for the elderly with chronic
diseases. Background. With a growing number of elderly suffering from chronic diseases, caregivers who lack the necessary
caregiving skills and competence need practical training. Nowadays, virtual reality in training is a promising approach due to
technological advancements. Evaluation. We did a comprehensive search in the following six electronic databases (Web of
Science, EMBASE, PubMed, SCOPUS, MEDLINE, and CINAHL) from their inception to April 2022 for original studies. We
searched clinical trial registries of Clinical Trials.gov, International Standard Randomized Controlled Trial Number (ISRCTN)
Registry, and the International Clinical Trials Registry Platform (ICTRP), for clinical trials. Key Issues. 7610 searched records were
yielded, of which nine studies (four randomized controlled trials and five nonrandomized controlled trials) met the eligibility
criteria and were included with 1090 caregivers. There was a small but significant overall effect of virtual reality-based in-
terventions on caregivers’ caregiving competence (effect size = 0.362, 95% CI 0.181-0.543, p <0.001, I*=25.636). The subgroup
analysis results showed significant improvement in caregiving competence in caregivers trained by the Dementia Live™ program
(effect size = 0.322, 95% CI 0.046-0.597, p = 0.022). Regarding empathy, we did not find a statistically significant overall effect. The
subgroup analysis results indicated that caregivers showed improvement in empathy after exposure to the Into D’mentia program
(effect size =0.265, 95% CI 0.015-0.515, p = 0.037). Conclusions. Findings of our meta-analysis demonstrated that virtual reality
could have merits for improving the caregiving competence of caregivers taking care of the elderly with chronic diseases.
Implications for Nursing Management. Virtual reality may be a training alternative for caregivers to improve their caregiving
competence. However, empowering the embodiment of virtual reality programs remains a technological challenge that needs to
be addressed in the future.

1. Introduction

With the increasing average life span of humanity and the
aging of the population, we documented a rising tendency in
chronic noncommunicable disease and disability state of
older adults [1, 2]. It has affected nearly two-thirds of adults
worldwide [3]. Generally, the elderly with low functional

status and chronic disabilities depend on caregivers to
complete their daily routines. As for those informal care-
givers who do not possess adequate resources and pro-
fessional caring skills, care tasks are overwhelming [4-6].
Moreover, being an eligible informal caregiver for those
living with stroke, dementia, and other chronic diseases,
resulting in impairments in cognition, function, or daily
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activities, is perceived as a challenge [7, 8]. The stressful
experience of emotional, social, financial, physical, and
mental hardship for caregivers is termed “caregiver burden.”
It objectively represents physical and economic exhaustion
and subjectively expresses grief, worry, anxiety, self-
accusation, and depression [9-12]. In the context of pro-
viding more support to caregivers, it is recommended that
caregivers should have access to appropriate interventions,
including psychoeducation and skill training, to offset
caregiver burden and enhance their quality of life [13].

Technology-based simulations have inspired the bur-
geoning virtual reality (VR) created by computer hardware
and software. Using interactive simulations, VR could allow
users to engage in environments that appear or feel similar to
real-world objects and events [14]. It emphasizes the feeling
of being mentally immersed or present in the simulation by
replacing or augmenting feedback and senses [15]. Between
2015 and 2020, the VR technology experienced several
technological improvements and advances toward a com-
mercially friendly product [16]. Nowadays, the domain of
VR in medicine encompasses medical education, surgical
planning, communication facilitation, dangerous care
training, and a wide range of therapeutic and nursing in-
terventions [17]. Given that the population of older adults
(above 60 years) will increase from 12% in 2015 to 22% in
2050 [1], it is essential to prepare professional and informal
caregivers adequately.

Son et al. [18] reported that caregivers could briefly leave
the actual circumstances behind them by experiencing and
practicing attentively in peaceful scenarios via a VR plat-
form, which may lead to stress reduction and improved
health-related outcomes. Most participants indicated that
VR-based interventions were valuable in obtaining the
necessary knowledge and caring skills [19-21]. A few studies
have explored whether VR might be an appropriate training
strategy to improve caregiving competence. Finally, they
found promising results in effective communication and
increased caregiving confidence [22, 23]. Empathy, a be-
havioral competency, is critical to the patient-centered care
required by health care providers. VR is uniquely suited to
help a user understand another person’s situation, fostering
empathetic connections [24, 25]. It is also deemed an
adaptable platform that could construct standardized, low-
risk, safe-to-fail, easily repeatable learning scenarios to elicit
empathetic behavior in caregivers [22, 26]. Besides, empathy
may also be an influencing factor in the competence of
caregivers to care for others [27, 28].

However, there is a substantial gap between an empirical
evidence and a theoretical development regarding com-
prehensive VR-based empathy and caregiving competence
improvement programs for caregivers. This meta-analysis
aimed to review the application and effectiveness of VR as an
intervention, either for caregivers’ empathy stimulation or
for caregiving competence improvement in patients with
chronic diseases.
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2. Materials and Methods

We conducted a meta-analysis study conforming to the
latest preferred reporting items for systematic reviews and
meta-analysis (PRISMA) statements [29, 30] and the syn-
thesis without meta-analysis in systematic reviews: reporting
guidelines [31]. All contents and methods were approved by
the Ethics Committee of West China Hospital, Sichuan
University (2020, Review No. 54).

2.1. Search Strategy. An online search for studies in English
was conducted from their inception to April 2022 in the
following electronic databases: Web of Science, EMBASE,
PubMed, SCOPUS, MEDLINE, and CINAHL. Moreover,
the gray literature was searched via the following clinical trial
registries: Clinical Trials.gov, International Standard Ran-
domized Controlled Trial Number (ISRCTN) registry, and
International Clinical Trials Registry Platform (ICTRP). In
addition, we reviewed the reference list of eligible studies
and citation tracking results to identify any missed studies in
the electronic search. We searched using the following mesh
terms: “virtual reality,” “computer simulation,” “caregivers,”
“nursing assistant,” “education,” and “training.” The entire
search strategy is described in Supplementary Material 1. A
flow diagram of the search process is presented in Figure 1.

2.2. Selection Criteria. Studies that conform to the inclusion
and exclusion criteria were included. The literature selection
criteria PICOS framework (P for the population of interest,
for intervention, C for comparison group, O for outcome,
and S for study design) guided the study searching and
screening process [32, 33]; further inclusion and exclusion
details are given in Table 1.

2.3. Data Collection and Extraction. All eligible studies were
enrolled, and duplicates were removed automatically using
the reference software Endnote X.7.3 (Clarivate Analytics,
2019). Two authors (J. Y. W. and Q. L.) performed the data
extraction process. They independently reviewed all
remaining studies by screening the titles and abstracts, and
then, the full text of the manuscripts was reviewed to
evaluate whether the study satisfied the selection criteria. The
following data describing study characteristics were
extracted: first author’s name, year of publication, country,
study design, participants, sample size, interventions, out-
come variables and measurements, and key findings. Dis-
crepancies were discussed to attain consensus by recruiting
a third author (J.C.).

2.4. Assessment of Study Quality. Two authors (J. Y. W. and
Q. L.) independently evaluated the methodological quality of
eligible trials. We assessed the risk of bias in randomized
controlled trials using the revised Cochrane risk of bias tool
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FIGURE 1: PRISMA 2020 flow diagram of the search process.

for randomized trials (RoB2) [35]. It evaluates five domains
in randomized trials: the randomization process, deviations
from the intended interventions, missing outcome data,
measurement of the outcome, and selection of the reported
result. RoB2 also involves an algorithm that maps the re-
sponse to signaling questions to a proposed risk of bias
judgment for each domain. Each domain was assigned a risk
of bias (low risk, some concerns, or high risk) based on the
domain algorithm, and an overall judgment (low risk, some
concerns, or high risk) was made using the described
criteria [35].

The recently developed risk of bias in nonrandomized
studies of interventions (ROBINS-I) tool [36] was adopted
to assess the risk of bias in nonrandomized comparative
studies. It is handy for those undertaking systematic reviews
that include nonrandomized studies. This tool is guided
through seven chronologically arranged bias domains
(preintervention, at-intervention, and postintervention). Its
interpretation of domain level and overall judgment for risk
of bias are classified as low, moderate, serious, critical, or no
information [36]. We determined the inter-rater agreement
for the risk of bias assessment by the agreement percentage
between two evaluators (J. Y. W. and Q. L.). Discrepancies
were discussed to attain consensus by recruiting a third
author (J.C.).

2.5. Data Synthesis of Studies. According to the purpose of
our meta-analysis, we only extracted caregiver-related
caregiving competence and empathy data from the in-
cluded studies to synthesize the results. We pooled mean

scores, standard deviations (SDs), and samples for
each group.

All statistical analyses were performed by the Com-
prehensive Meta-Analysis software (version 3: Biostat Inc.,
Englewood, NJ, USA). Due to the diverse research methods,
group size, intervention measures, and outcome measure-
ments, a random-effects model that reflected the differences
between each study were applied [37]. Since Cohen’s d tends
to overestimate the effect size (ES) for small samples, we
chose Hedges’s g and 95% confidence intervals (Cls) for
standardized mean difference (SMD) on the effect of VR-
based intervention to calculate the effect size [38]. It is
interpreted as invalid if the mean effect involves zero.
Heterogeneity was measured by the I” statistic (percentage of
total variability attributed to between-study heterogeneity).
I* <25%, 50%, and 75% were considered low, moderate, and
high heterogeneity, respectively [39]. Publication bias was
assessed with funnel plot asymmetry and Egger’s test [40].
Duval and Tweedie’s “trim and fill” method was used to
adjust the analysis for the effect of publication bias [41].
Sensitivity analysis was performed using the one-study
remove (leave-one-out) approach to evaluate each study’s
influence on the overall effect size [42]. A p value <0.05 was
perceived as statistical significance.

3. Results and Discussion

3.1. Study Characteristics. Our search yielded 7601 original
studies and nine clinical trials. Except for 9 studies that were
not retrieved, 167 were left to be screened in full text after
removing duplication (n = 1536) and rejecting based on title
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and abstracts (n = 5898), of which 158 studies were excluded
for various reasons: 52 studies did not have eligible in-
tervention design, 43 studies did not apply VR-based in-
terventions, 32 studies did not have eligible participants, 28
studies were either irrelevant or not biomedical studies, 2
other studies did not include empathy-related or caregiving
competence-related outcome, and another study lacked
outcome data of the control group. Finally, 9 studies were
eligible for data extraction and qualitative synthesis in the
meta-analysis. The inclusion procedure and exclusion rea-
sons are summarized in Figure 1.

Four of the nine included studies were RCTs (44.4%)
[43-46], and the remaining five intervention studies [47-51]
were non-RCTs (55.6%). In regard to the study design, one of
the four RCTs had a factorial randomized controlled trial
design [45], four studies had a quasi-experimental design
[47-49, 51], and two studies had a pretest-post-test design
with only one group [50, 51]. Of the included studies, three
were conducted by the same research team from South
Korea [45-47], three in the United States [43, 44, 49], two in
the Netherlands [48, 50], and one [51] in the
United Kingdom. A detailed summary of all nine included
studies is presented in Table 2.

3.1.1. Sample Characteristics. A total of 1090 caregivers were
enrolled in the meta-analysis, of which the sample size of the
experimental group ranged from 6 to 145, and the control
group ranged from 3 to 82. One of the two pretest-post-test
studies had only 35 participants, while the other had 223
participants. The mean age range of participants in seven of
the nine studies ranged from 42 to 63.8 years, with one study
describing only the care recipient’s age [46]. The remaining
two studies did not describe the age range [44, 51]. The most
caregiving recipients in the nine studies were people with
dementia (n = 5), followed by older adults living alone (n = 2)
and nursing home residents (n=1). A study specifically
involving hospice patients who were not necessarily di-
agnosed with cancer was also included in the meta-analysis.
More than half of the included studies recruited only in-
formal caregivers as participants (n=5) [45-48, 50]; the
other four studies were conducted among professional or
paraprofessional caregivers, such as registered nurses, cer-
tified nursing assistants, and social workers.

3.1.2. Virtual Reality-Based Interventions and Comparison
Conditions. Regarding interventions in the nine included
studies, two compared VR with educational video-based
lectures [43, 47] and one compared VR with no VR in-
tervention [46]. One study compared the VR + educational
module with the educational module only [49]. Another
study used a combined intervention of VR +usual care
contrast attention-only training+usual care [48]. Two
studies had two or more control groups, one of which
compared VR-based interventions with those involving
lecture-based education or usual treatment [45], and the
other compared VR with live role-playing or role-playing
entirely on the phone [44]. Two pretest-post-test studies
only adopted two types of VR-based interventions, i..,

a program based on Into D’'mentia (consisting of a 360"
simulation movie and e-course) [50] program and Virtua
Dementia Tour (VDT®) program [51].

Three of the nine included studies used VR-based in-
terventions that originated from the Dementia Live™ pro-
gram, developed by the AGEu-cate Training Institute in the
USA [45-47]. The other two studies applied interventions
based on the mixed virtual reality simulator Into D’mentia to
caregivers to make them experience what it is like to have
dementia [48, 50]. The remaining VR-based interventions
contained the second life technology, which is a virtual scene
with avatars [44], a video simulator on a tablet computer
[49], an interactive multimedia computer training program
on CD-ROM [43], and a Virtua Dementia Tour (VDT®)
program to replicate moderate dementia [51]. Detailed
characteristics of interventions of the included studies are
shown in Table 2.

3.1.3. Outcome Characteristics. The two outcomes of interest
for the meta-analysis were caregiving competence and
empathy. Caregiving competence (n=7, 77.8%) was the
most widely used, followed by empathy (n=5, 55.6%).
Empathy in five studies was assessed with different mea-
surement methods, including the empathy quotient-short
form (EQ-Short) [47], the interpersonal reactivity index
(IRI) [45, 48, 50], and a self-developed questionnaire [51].
Significantly, outcome measurements were performed di-
rectly on caregivers of all included studies, except the one
that interviewed older adults rather than caregivers to assess
the effectiveness of an empathy enhancement program [46].

3.2. Study Quality Assessment. Regarding RoB2, two of the
four randomized controlled trials were rated as having a low
risk of bias [44, 45], and the remaining two RCTs were rated
as either having some concerns [43] or having a high risk of
bias [46]. All RCTs were rated as having a low risk of bias
regarding deviations from intended interventions and
missing outcome data domains. The main methodological
quality flaw arose from the measurement of the study’s
outcome, which was perceived as having a high risk of bias
[46] (see Figure 2). According to ROBIN-I, no study was
rated as having a low risk of bias. Three of the five non-
randomized controlled trials had a moderate risk of bias
[47,49, 51]. ROBIN-I indicated that the study by Wijma et al.
[50] had a serious risk of bias due to serious concerns about
confounding and missing data domains. the study by Jiitten
et al. [48] was rated as having a critical risk of bias because of
a critical weakness in the missing data domain. All five non-
RCTs showed a low risk of bias in the selection of report
results domains. The detailed results of the risk of bias for
ROBIN-I are available in Table 3.

3.3. Virtual Reality on Caregiving Competence Improvement
for Caregivers. Seven of the nine studies could generate
effect sizes for caregivers who reported caregiving compe-
tence outcomes. Four [43-45, 50] of the seven studies
[43-45, 47-50] on caregiving competence outcomes,
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FIGURE 2: Risk of bias measurement graph: (a) per-study risk of bias rating for the included RCT studies; (b) bar chart overview, presented as

a percentage of each risk of bias item.

including three RCTs and one pretest-post-test study, found
improvements using VR-based intervention. Finally, there
was a small but statistically significant random effects pooled
ES on the effectiveness of VR-based interventions on
caregivers’ caregiving competence (ES=0.362, 95% CI
0.181-0.543, p<0.001, IZ=25.636), as presented in
Figure 3(a). It indicated that programs that trained care-
givers with VR-based interventions could improve their
caregiving competence compared to those programs which

used non-VR interventions. No correction for potential
publication bias was needed as the heterogeneity of the total
effect size was low, with I” = 25.636. The estimated ES for the
effectiveness of VR-based interventions on caregivers’
caregiving competence was robust in the leave-one-out
sensitivity analysis (see Table 4). A subgroup analysis was
performed to investigate the effectiveness of VR-based in-
terventions originating from the Dementia Live™ program
(group 1) or interventions from the Into D’mentia program
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Study name Statistics for each study Sample size Std diff in means and 95% CI
AStd diff  Standard Variance Pow;r IJ‘ppFr Z-Value p-Value ‘VR—baS§d ) Non—VB
in means error limit limit intervention intervention
Han & Kim 2020 0.390 0.198 0.039 0.002 0.778 1.971 0.049 52 52
Jutten 2018 0.103 0.161 0.026 -0.213 0.418 0.638 0.524 142 53
Wijma 2017 0.365 0.225 0.051 -0.076 0.805 1.621 0.105 27 27
Han 2020 0.252 0.200 0.040 -0.140 0.643 1.260 0.208 51 50
Irvine 2003 0.851 0223 0050 0415 1288 3824  0.000 44 44 ——
Hamilton 2014 0.340 0.166 0028 0014 0665 2043  0.041 72 75 ——
Tsai 2018 0.780 0.731 0.534 -0.652 2.212 1.068 0.285 6 3 .
0.362 0.092 0.009 0.181 0.543 3.921 0.000 | ’
2.00 -1.00 0.00 1.00 2.00
Favours A Favours B
(@
Study name Statistics for each study Sample size Std diff in means and 95% CI
4Std diff ~ Standard Variance Lf)wYFr U.pp.er Z-Value  p-Value VR-based Non-VR
in means error limit limit group group
Han 2020 0.021 0.199 0.040 -0.369 0.411 0.106 0.916 51 50
Slater 2021 -1.675 0.110 0.012 -1.890 -1.459 -15.216 0.000 223 223 -.-
Han & Kim 2020 0.054 0.196 0.038 -0.330 0.439 0.278 0.781 52 52
Jtten 2018 0.156 0.161 0.026 -0.160 0.472 0.967 0.334 142 53
Wijma 2017 0.414 0.190 0.036 0.042 0.786 2.182 0.029 35 35 +
-0.212 0.475 0.226 -1.143 0.719 -0.446 0.656
-2.00 -1.00 0.00 1.00 2.00
Favours A Favours B
(®)

FiGURE 3: Forest plot: (a) random-effects meta-analysis of the effect of virtual reality on caregiving competence compared to the control
group; (b) random-effects meta-analysis of the effect of virtual reality on empathy compared to the control group.

TaBLE 4: The leave-one-out sensitivity analysis results in caregiving competence and empathy for caregivers.

Studies trimmed Point estimate Lower limit Upper limit Q value
Caregiving competence
Observed values 0.362 0.181 0.543 8.068
Adjusted values 2 0.281 0.063 0.499 16.231
Empathy
Observed values -0.212 -1.143 -0.719 166.765
Adjusted values 2 -0.368 -1.159 -0.423 174.261

(group 2) or other VR-based interventions (group 3) on
caregivers’ caregiving competence. Significant improve-
ments were observed in group 1 (ES=0.322, 95% CI
0.046-0.597, p = 0.022) and group 3 (ES=0.580, 95% CI
0.179-0.981, p = 0.005), but not in group 2 (ES=0.191, 95%
CI —0.065-0.448, p = 0.144) (Figure 4(a)).

3.4. Virtual Reality on Empathy Enhancement for Caregivers.
Five of the nine studies could generate effect sizes for
caregivers who reported empathy. Three [47, 50, 51] of the
five studies [45, 47, 48, 50, 51] on empathy outcomes, in-
cluding two pretest-post-test studies and one quasi-
experimental study, found improvements after VR-based
interventions were implemented. In the Wijma et al. [50]
study, only the empathy outcome measured using IRI was
considered. Even the experimental elderly group interviewed
by caregivers who experienced VR-based intervention
showed significant improvements in postsession satisfaction

and affective state; the results from Lee et al. [46] did not
enter the final data synthesis process due to lacking direct
quantitative data related to empathy regarding caregivers.
Finally, we could not yield a statistically significant result to
identify whether VR-based intervention programs could
improve caregivers’ empathy based on the limited data
(ES=-0.212, 95% CI -1.143-0.719, p=0.656) (see
Figure 3(b)). The estimated ES for the effectiveness of VR-
based interventions on caregivers’ empathy was robust in the
leave-one-out sensitivity analysis (see Table 4), even though
the heterogeneity of study effects was very high (I* = 97.601).
Concerning empathy improvement for caregivers, a sub-
group analysis was performed to compare the effectiveness
of the two VR-based program groups, i.e., the Dementia
Live™ program (group 1) and the Into D’mentia program
(group 2). A significant beneficial ES was found (ES = 0.265,
95% CI 0.015-0.515, p = 0.037) in group 2, whereas it was
not detected in group 1 (ES=0.038, 95% CI —0.236-0.312,
p =0.786) (Figure 4(b)).
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Study name Statistics for each study Std diff in means and 95% CI
= .Std diff - Standard Variance Lf)w'e : U'pp.e " Z-Value p-Value
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FIGURE 4: Subgroup analysis results stratified by different virtual reality-based programs (a) for caregiving competence and (b) for empathy.

3.5. Publication Bias and Heterogeneity. Funnel plots for
caregivers caregiving competence and empathy improve-
ment displayed asymmetry (see Figure 5). No significant
publication bias was found according to Egger’s linear re-
gression test for caregiving competence (2-tailed p = 0.301).
Nevertheless, Egger’s linear regression test for the effec-
tiveness of VR-based interventions on caregiver empathy
was published with a publication bias (2-tailed p = 0.020).
The imputed effect size was —0.368 (95% CI —1.159 — 0.423),
with one missing study imputed using trim-and-fill cor-
rection, which showed the ES remained unchanged.

4. Discussion

4.1. Main Findings. To the best of our knowledge, this is the
first meta-analysis of randomized and nonrandomized
controlled trials for caregivers caring for adults with chronic
diseases, especially dementia. It systematically examined the

effectiveness of VR-based interventions in improving their
empathy and caregiving competence. This meta-analysis
synthesized a total of nine studies, including one low-
quality RCT and two low-quality non-RCTs, one
moderate-quality RCT and three moderate-quality non-
RCTs, and two high-quality RCTs.

4.2. Effects of VR-Based Interventions on Caregiving Com-
petence among Caregivers. Our findings suggested that VR-
based interventions could effectively improve the caregiving
competence of caregivers who took care of patients with
chronic illnesses. A previous scoping review reported by Hirt
and Beer [22] also indicated that VR-based interventions
improved caregivers’ competencies. Nevertheless, the con-
clusion came from only one valid study, which has also been
included in our meta-analysis. It is not surprising consid-
ering the limited number of VR-based studies on caregivers.
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FIGURE 5: Publication bias (a) for caregiving competence and (b) for empathy.

Actually, caregiving competence is a holistic concept, which
cannot be regarded solely as tasks that must be performed
every day but should also contain knowledge, skills, and
attitudes as key components [52]. As described by some
caregivers who completed the VR practice program, “in-
creased confidence in taking care of actual patients,” “feeling
more competence in care provision,” and “becoming more
knowledgeable about the patient’s condition” were common
positive experiences [23, 53]. It is interpreted that the
availability and repeatability properties of VR make it
possible to practice effectively, and there will be no harm in
users making mistakes based on its safety and stability [54].
Moreover, Gillespie et al. [55] claimed that VR training
could evoke the participants’ proactive behavior in pro-
moting learning for themselves and others. Almost all seven
included studies involved additional reinforcement in-
terventions that participants could follow during or after the
VR experience, with or without restrictions on location. It
might provide the opportunities and motivation needed to
improve practical caregiving competence.

4.3. Effects of VR-Based Interventions on Empathy among
Caregivers. Cognitive and affective empathy are involved in
the integrated notion of empathy [56]. The two subtypes
influence each other by interacting with four factors:
perspective-taking, fantasy, empathetic concern, and per-
sonal distress [57]. Our results found no difference between
the VR-based intervention group and the non-VR in-
tervention group on empathy improvement for caregivers,
which align with an analogous meta-analysis [26]. It may be
because empathy is a multidimensional construct that has
difficulty in problems defining, operationalizing, and eval-
uating outcomes [58]. The embodiment, which could give
users the illusion of being someone else, is associated with
their empathetic behavior [59]. All five included studies that
adopted VR-based interventions, either from the Dementia
Live™ program, Into D’mentia program, or Virtual De-
mentia Tour (VDT®) program, which only gave users op-
portunities to experience the sense of presence or weak
immersion in simulation scenarios. They both emphasize the
idea of embodying or taking the perspective of a person in

digital media rather than embodiment [60]. Besides, the
duration of these VR-based interventions ranged from
30 minutes to half a day, but it was impossible to confirm
how long the optimal duration was. Perhaps this is another
reason why we did not find an improvement in empathy for
caregivers after VR exposure.

4.4. The Development of VR-Related Programs and Their
Usability. We have achieved significant advances in
training caregivers and students by employing VR-based
interventions, such as programs Into D’mentia, Dementia
Live™, and Virtual Dementia Tour (VDT®) for dementia
care [22, 61]. Into D’'mentia is a simulation program de-
veloped in 2010. It uses a shipping container furnished as
a living kitchen in which sensors and projections are used
to help visitors experience what it is like to have dementia
[62]. The Dementia Live™ was developed to give a realistic
simulation of living with dementia. A small group of
participants (up to four) donned specially designed
headphones with MP3 players, eyewear, and gloves imi-
tating sensory, perceptual, or cognitive changes associated
with dementia [63]. Moreover, Virtual Dementia Tour
(VDT®) simulated cognitive decline during conducting
tasks within a structured environment to offer caregivers
a rare opportunity, which could improve the caregiver’s
understanding of demented persons by experiencing the
plight of elders in a hands-on manner [64]. According to
the subgroup analysis results, improvement in caregiving
competence was observed in caregivers who accepted the
interventions from the Dementia Live™ program. In
contrast, we only observed empathy improvement in
caregivers trained by Into D’mentia program. A possible
explanation is that Han and Kim [47] and Han et al. [45]
used the same VR interventions based on Dementia Live™
program, which contained an empowerment session. This
session enabled participants to improve their caregiving
competence by discussing why and what changes in care
strategies were needed by relating participants’ training
experiences to their daily care interactions [47]. Mean-
while, the two included studies [48, 50] that applied in-
terventions originated from Into D’mentia program mainly
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simulated the realistic experience of what it is like to have
dementia rather than practical caring training to improve
caregivers’ caregiving competence.

4.4.1. Implications and Limitations. Technological advances
in clinical practice have merit for the progress of nursing
training. There is increasing evidence that VR-based in-
terventions may improve the skills of both students and
patients [61, 65], but caregivers are also a subject that needs
to be taken into consideration. From presence to immersion
and now to embodiment, VR has revealed itself to be
a complex, multilayered tool that is invaluable for its con-
tributions to behavioral healthcare [24]. In the future, virtual
reality can be a promising, easy-to-use tool for caregiver
training if more cost-effective VR-based programs come into
reality.

However, there are several limitations to the meta-
analysis. First, a limited number of studies were included
in the meta-analysis despite the growing evidence consid-
ering the VR application effect. More future research with
a rigorous study design needs to confirm the effectiveness of
VR-based interventions on empathy and caregiving com-
petence among caregivers. Second, it is noteworthy that no
clear definition of caring competency has been made until
now. The included caregiving competence-related outcomes
differed between studies, so we could only generalize the
conclusion following our outcome criteria. Future in-
tervention studies could focus on specific caregiving com-
petence stratified by caring skill demands, such as
communication skill training, problem-solving skill train-
ing, or emotion regulation skill training. Third, there were
only a small number of studies implementing training using
the same VR-based program, and the heterogeneity in
immersion and VR effectiveness of the specific VR-based
interventions. It was difficult to perform robust subgroup
analyses to estimate which VR program is the most practical.
In addition, the search strategy only focused on the studies
published in English. Language bias may be unavoidable,
and the relevant records may not be thoroughly included.
Making broad conclusions with studies in different lan-
guages may facilitate popularization to other cultures.

5. Conclusions

In summary, VR-related interventions might have proven to
be an effective and safe approach to improve the caregiving
competence of the caregivers taking care of patients with
chronic diseases. Nevertheless, it is uncertain whether the
virtual reality tool could be a valid technological approach to
train caregivers to elicit empathy. Due to the limited number
of studies, especially for subgroup analyses, the general-
ization of the results from this meta-analysis should be
interpreted and popularized with caution. Given the
growing caregiver burden associated with global aging,
adopting novel and targeted approaches for the caregiver
training is of great importance. This meta-analysis un-
derlines the need for future research to explore more so-
phisticated and cost-effective VR technologies and programs
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to create new ways of structuring, augmenting, and/or
replacing the simple experience of the body [66]. This may be
a practical pathway for improving clinical training goals,
including empathy elicitation and caregiving competence
improvement for caregivers.
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