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Abstract
Background: Older adults are at risk of developing cognitive impairments, and cognitive training is commonly used to
enhance cognitive function in this population. The effectiveness of cognitive training is further optimized with the integration
of leisure-based activities, such as horticultural therapy. However, to the best of our knowledge, there is a lack of studies
examining the effect of integrating virtual reality (VR) with leisure-based activities to provide real-world experiences and
enhance cognitive outcomes in older adults. Furthermore, while immersive VR cognitive training has demonstrated effect-
iveness in enhancing multiple cognitive domains, methodological limitations—such as the absence of control groups or the
use of passive controls—hinder the ability to draw conclusive conclusions regarding its comparative effectiveness.
Objective: This study conducted immersive leisure-based VR cognitive training in community-dwelling older adults to
investigate its effectiveness on cognitive and physical functions. We employed an active control group in which partici-
pants received well-arranged leisure activities without focusing on cognitive components.
Methods: This cluster randomized controlled trial was conducted in the community facilities in northern Taiwan
between 2022 and 2023. The VR cognitive training group received simulated gardening activities, such as planting, fertil-
izing, and harvesting, and tasks involving cognitive challenges, such as producing plant essential oils, for 60 min daily, 2 days
per week, for 8 weeks. The control group received non-cognitive training. The outcomes evaluated were cognitive func-
tion assessed by Montreal Cognitive Assessment (MoCA), immediate memory assessed by Wechsler Memory Scale
(WMS)-Word List, working memory and mental flexibility assessed by WMS-Digit Span Forward, WMS-Digit Span
Backward, and WMG-Digit Span Sequencing (DSS), and physical function assessed by the Timed Up and Go (TUG) test.
Results: The study recruited 137 older adults. After VR cognitive training, higher significant improvements were seen in
MoCA (p< 0.001), WMS-DSS (p= 0.015), and TUG (0.008*) compared with the control group.
Conclusions: This study is the first to examine the effects of fully immersive, leisure-based VR cognitive training on cog-
nitive and physical function in community-dwelling older adults, highlighting its potential as a promising tool for promot-
ing health compared to the non-cognitive training commonly used in community facilities.
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Introduction
The aging process may impair functions of the brain, in par-
ticular cognitive function.1 Thus, because many Taiwanese
live an old age (65 years and older),2 the prevalence of
impaired cognitive function is expected to rise as well.
The prevalence of impaired cognitive function has been
reported to be between 2.3% and 22% in Taiwan.3,4

Impaired cognitive function is associated with disability
in performing basic and instrumental activities of daily liv-
ing (ADL).5 Disability in accomplishing ADL can lead to
reduced social participation that can further worsen the
decline in cognitive function and result in reduced quality
of life.6,7 It is also associated with an increased risk of
death.8 Thus, effective interventions that help prevent or
reduce cognitive decline and improve cognitive function
among this population are needed.

One such intervention is cognitive training, an umbrella
term used for interventions that use repetitive practice of
cognitive or physical tasks and intellectually demanding
activities with the sole goal of enhancing general cognitive
ability.9–12 Cognitive training helps to improve cognitive
domains such as overall cognitive function, executive func-
tion, memory, attention, visual-spatial function, processing
speed, balance, and grip strength.13–16 However, the effects
depend on the severity of the cognitive impairment and the
specific cognitive domain to be trained.17

Adapting cognitive training to include leisure activities
makes interventions for older adults more effective, enjoy-
able, and meaningful.18 To make cognitive training more
practicable and easier to implement in community settings,
leisure-based approaches using activities linked to one’s life
experiences, such as horticultural therapy, are used.18,19

Horticultural therapy, in particular, has been shown to
enhance the physical, cognitive, and social well-being of
older adults.20 However, for leisure-based cognitive train-
ing to be effective, adherence to the protocols is needed.
For older people, adherence to the training is always diffi-
cult.21 This could be due to a lack of adequate motivation
to perform such an activity, because they may have
decreased insight into their own need to do the activity.

To help improve motivation for and increase adherence
to leisure-based cognitive activity, virtual reality (VR) is
used.22,23 Virtual reality is a computer-generated simula-
tion, such as a set of images and sounds that represent a
real place or situation, that a person can interact with in a
seemingly real or physical way by using special electronic
equipment.24 It can be non-immersive, semi-immersive,
or immersive.24 Non-immersive VR simulations are usually

a computer-generated environment, such as video game,
that allows the person to remain aware of and keep control
of their physical environment.25 Semi-immersive VR gives
the patient a partial illusion of being in a real environment
or situation. Immersive VR gives participants a complete
illusion of being in a real environment26 and helps partici-
pants to experience high levels of flow, motivation, and
presence.27

Immersive VR cognitive training has been shown to
enhance multiple cognitive domains in older adults, both
with and without cognitive decline, including global cogni-
tion, memory, visuospatial abilities, and executive func-
tion.28–34 Additionally, participants who underwent
immersive VR cognitive training exhibited greater improve-
ments in processing speed, working memory, and executive
function compared to the control group.29–33 Beyond cogni-
tive benefits, they also demonstrated enhanced gait speed and
mobility following the training.31 However, some of these
studies lacked a control group,28–34 while others included
controls that received no training29,30,33 or only health educa-
tion.31,32 One study incorporated an exercise training group
as a control group.31 However, discrepancies in training dos-
age across groupswere observed. Thesemethodological var-
iations limit the ability to establish clear evidence regarding
the comparative effectiveness of fully immersive VR cogni-
tive training and other interventions.

Therefore, this study conducted immersive leisure-based
VR cognitive training in community-dwelling older adults
to investigate its effectiveness on cognitive and physical
functions. We employed an active control group in which
participants received well-arranged leisure activities with-
out focusing on cognitive components. We hypothesized
that immersive leisure-based VR cognitive training would
result in greater improvements in cognitive and physical
functions compared to the active control group in
community-dwelling older adults.

Materials and methods

Study design
The study was a cluster randomized controlled trial aimed at
identifying the intervention effects of immersive leisure-
based VR cognitive training on cognitive function and
physical function for community-based older adults. A clus-
ter randomized trial was used because it is a valid approach
for the evaluation of certain interventions such as interven-
tions for health promotion.35
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The study was registered on ClinicalTrials.gov
(NCT05227495). The study was approved by the Chang
Gung Memorial Hospital Institutional Review Board
(IRB:202100553B0) and was conducted in accordance
with Helsinki Declaration. All participants provided written
informed consent before the commencement of the study.

Study participants
Participants were recruited from community facilities. The
inclusion criteria were (1) age ≥60 years, (2) ≥21 points
on the Mini-Mental State Examination, and (3) the ability
to follow instructions. The exclusion criteria included a
diagnosis of dementia, a history of motion sickness, or
symptoms that could interfere with VR training.

Sample size calculation
Given no prior published research investigated the effects of
immersive, leisure-based VR cognitive training on both
cognitive and physical function in community-dwelling
older adults, we estimated the sample size based on previ-
ous studies examining the effects of combined cognitive
and physical VR training on cognitive and physical function
in this population.36,37 Since our outcomes included global
cognitive function, memory, and mobility, we calculated
the sample size based on measures related to these cognitive
and physical domains. The calculated effect sizes (Cohen’s
d ) were 0.37 for Montreal Cognitive Assessment (MoCA),
0.48 for Digit Span Forward (DSF), 0.60 for Digit Span
Backward (DSB), and 0.30 for Timed Up and Go (TUG).
Using G*Power 3.1 software with a power of 0.80 and a
two-sided Type I error of 0.05, the minimum required total
sample size for this study was 90 participants. To account
for a potential 25% dropout rate, a total of 113 participants
were included in the study.

Randomization process
An independent research assistant, blinded to the process
and procedures, used a computer-generated random number
program to assign participants randomly to the VR group or
the control group. A 1:1 allocation ratio was used to assign
152 participants evenly between the two training groups.
The research assistant informed the therapists of the
assigned groups to conduct the respective interventions.
Over the course of the study, 15 participants dropped out,
leaving 137 participants who completed all the training ses-
sions (Figure 1).

Intervention
The study was conducted in the activity room of a commu-
nity facility. All participants received training for 60 min
per day, 2 days per week, for 8 weeks.

Virtual reality group. The VR interface system used the HTC
VIVE PRO, an immersive VR system featuring a head-
mounted display and two wireless controllers. Older adults
can operate the system independently, or a therapist can
manage it as needed. Additionally, the system includes a
screen mirroring function, allowing the display to be pro-
jected onto an external device for real-time monitoring of
the user’s progress and interactions.

The VR cognitive training group received simulated gar-
dening activities, including planting, fertilizing, and har-
vesting, and tasks involving cognitive challenges, such as
producing plant essential oils. The difficulty of each activity
is categorized into seven levels, with level 1 being the easi-
est and level 7 the most challenging. Participants began at
level 1, and the training difficulty was gradually increased
depending on participant’s performance. These gardening
activities aimed to enhance attention, processing speed,
memory, spatial relations, and executive function. Each
VR training session consisted of 4–5 segments, with each
activity lasting 6–10 min and a 3–5 min rest between seg-
ments to prevent motion sickness. Occupational therapists
guided the sessions. When older adults had difficulty under-
standing the operations or tasks in the early stages of train-
ing, therapists provided verbal and physical assistance.
Participants could choose to sit or stand during the cognitive
training VR sessions based on their physical condition.

Control group. Participants in the control group received
non-cognitive training, including leisure activities such as
team cooperation games or simple craft activities, which
aimed to promote social interaction and engage participants
without focusing on high-level cognitive demands.

Outcomes
The primary outcome evaluated was cognitive function. It
was assessed using the MoCA, Word List (WL), Digit
Span of the Wechsler Memory Scale–third edition
(WMS-III), and the color trials test (CTT) to assess cogni-
tion in older adults. The secondary outcome assessed was
physical function, which was evaluated using the TUG test.

Montreal Cognitive Assessment. The MoCA is a highly sen-
sitive measure for the assessment of global cognitive func-
tion, which includes orientation, attention, memory,
naming, visual-spatial skills, executive function, language,
and abstraction.38 It is widely recognized as a reliable and
well-validated measure of cognitive function.39 It consists
of 12 items, and its scores range from 0 to 30 points.38

The higher scores symbolize better global cognitive
function.

Word List, DSF, DSB, Digit Span Sequencing subtest of the
Chinese version of the WMS, Third Edition. The Chinese
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version of the WMS-III is a valid and reliable measure.40

Word List subtest from the WMS-III is used to measure
immediate memory. In WL, participants are presented
with 12 unrelated words over four trials and asked to recall
them immediately after each presentation. Higher WL
scores signify better immediate memory, respectively. In
the WMS DSF subtest, participants are required to repeat
a sequence of numbers verbatim, with the number of digits
increasing as the task progresses. This task tests sustained
attention and memory, especially when the number of digits
surpasses the participant’s ability to repeat them without
rehearsal. The WMS DSB task also engages working mem-
ory, as participants are required to repeat the digits in
reverse order from how they were originally presented,
necessitating mental manipulation of the information before
responding. The WMS Digit Span Sequencing (DSS) task
requires participants to arrange digits according to their
numerical value, which involves not only working memory
but also quantitative reasoning. The increased cognitive

demands of the WMS-DSS task place additional strain on
both working memory and attention.

Color Trials Test. We used the Taiwanese version of the
CTT41 to evaluate sustained and selective attention. In
this assessment, participants are presented with numbered
circles printed on pink and yellow backgrounds. In CTT
Part 1 (CTT-1), participants are instructed to connect the
circles numbered 1–25 in sequential order as quickly as pos-
sible using a pencil. For CTT Part 2 (CTT-2), participants
must again connect the circles numbered 1–25 in order,
but this time they must alternate between pink and yellow
circles. During the test, the time taken to complete each
part is recorded, with shorter times indicating better per-
formance. The reliability and validity of this test have
been well established in healthy adults.41

Timed Up and Go. The TUG test is a reliable and valid
measure of mobility, balance, and lower extremity

Figure 1. Flowchart of participant disposition throughout the study.
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function.42 The score represents the time taken to complete
the test in seconds, averaged over three trials for each
participant.

All outcome assessments were conducted at baseline and
immediately after the training by a trained research assistant
who was blinded to the treatment allocation. These assess-
ments took place in a quiet space at the community facility
and lasted approximately 1.5–2 h, including scheduled
breaks. In cases where participants were unable to complete
the assessments in a single session, the evaluation was split
into two sessions to be completed within three days. The
assessments were not administered in a fixed sequence.

Data analysis
Baseline characteristics of the participants were analyzed
using descriptive statistics and the dependent t test.
Improvement in the outcomes of interest from baseline to
the post-intervention period was assessed using the paired
t test. The differences in the outcomes of interest post-
intervention were analyzed using analysis of covariance to
control for the influence of the baseline scores in the out-
comes of interest on the post-intervention effects. The effect
size was calculated using eta squared (η²), with values of
0.01, 0.06, and 0.14 indicating small, moderate, and large
effects, respectively. All analyses were done using SSPS
23 software. The significance level was set at p< 0.05.

Results

Characteristics of the study participants
The study participants were 137 adults (117 women) with
mean age of 71.38± 5.94 years (range, 60–80 years). The
participants had a mean MMSE score of 28.34± 1.85 points
(range, 22–30 points), and all of them had at least an

elementary school education. See Table 1 for the details
of the baseline characteristics of the study participants.
Based on the results presented in Table 1, a significant dif-
ference in age was observed between the VR group and the
control group. Therefore, age was incorporated as a covari-
ate in the subsequent analysis.

Improvement from baseline to post-intervention
Significant improvement (p < 0.05) was seen in the experi-
mental group in MoCA, WMS-DSB, and CTT-2 time and
in the control group in CTT-1 time. In both groups, only
WMS-WL improved significantly (p < 0.05). The only sig-
nificant decrease occurred for the CTT-2 time scores in the
control group. Supplementary Table 1 provides more
details of the results.

Comparative effects of leisure-based cognitive
training and the control
The result showed that immersive VR-based cognitive
training significantly improved MoCA, WMS-DSS, and
TUG scores better than in the control (p < 0.05). The effect
size corresponded to a small to moderate range (η2= 0.027–
0.06). However, there were no significant differences
between the immersive VR-based cognitive training and
the control group in the WMS-WL, CTT-1 time, and
CTT-2 time scores. Please see Table 2 for more
information.

Discussion
To the best of our knowledge, this is the first study to evalu-
ate the effectiveness of fully immersive leisure-based VR
cognitive training on cognitive and physical function in

Table 1. Demographic characteristics of the study participants.

Variable

Group

Experimental (n= 68) Control (n= 69) t p

Age (years) 69.37± 4.82 73.36± 6.30 −4.172 <0.0001*

Sex, n

Female 57 60

Male 11 9

Education level (years) 12.38± 4.07 11.04± 4.19 1.896 0.060

MMSE scores 28.63± 1.69 28.0 6± 1.97 1.830 0.069

MMSE: Mini-Mental State Examination.
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community-dwelling older adults. The findings suggest that
this type of training can serve as an effective intervention
for improving cognitive and physical health in this popula-
tion. Specifically, compared to the active control group, par-
ticipants in the VR cognitive training group demonstrated
significantly greater improvements across several measures,
including the MoCA, WMS-DSS, and TUG test. These
findings are consistent with our hypothesis. These results
highlight the potential of immersive leisure-based VR cog-
nitive training, compared to non-cognitive training com-
monly used in community facilities, as a promising tool
for promoting health among older adults.

Our findings reveal that global cognitive function, as
measured by the MoCA, showed significantly greater
improvement in the VR cognitive training group compared
with the control group. Some studies have demonstrated
that traditional cognitive leisure activities, such as dancing,
music, reading, and playing chess or cards, can improve
global cognitive function compared with passive control
activities.43–47 However, to make these activities more
structured and practical for older adults, ensuring better
compliance and adherence, we introduced VR as an innova-
tive approach. Virtual reality creates an immersive environ-
ment that mimics real-life scenarios,48 which enhances
participants’ motivation and encourages them to engage
in the required tasks for functional recovery.26,27,48 In add-
ition, our findings align with previous studies, which have

demonstrated that immersive VR cognitive training posi-
tively affects global cognitive function.30,34 Notably, this
study employed a more rigorous design than previous stud-
ies by implementing a well-structured active control group
with scheduled leisure activities. The findings demonstrated
positive effects, further validating the superior efficacy of
leisure-based VR cognitive training.29–33

For working memory and quantitative reasoning func-
tions, as measured by the WMS-DSS, the VR cognitive
training group demonstrated significantly greater positive
changes compared with the control group. These findings
build on previous research on non-immersive VR cognitive-
motor training, which demonstrated significant improve-
ments in sustained attention, as measured by the
WMS-DSF, during basic ADL tasks.49 Through the use
of immersive VR, our study reveals a broader scope of
improvement in memory functions, extending beyond
selective attention to include enhancements in working
memory and quantitative reasoning. Working memory
and quantitative reasoning are regarded as higher-order cog-
nitive abilities and are commonly classified under executive
functions. The content of our VR training activities
included tasks such as fertilizing, watering flowers, and har-
vesting. These tasks required participants to engage in vari-
ous cognitive processes, including memorizing instructions,
calculating the appropriate volume of water, and promptly
selecting the correct tools. Designed to heavily involve

Table 2. Analysis of covariance results of the outcome measures.

Experimental (n= 68) Control (n= 69)

Baseline Post Baseline Post
Between
groups f value p value

Mean± SD Mean± SD Mean± SD Mean± SD

MoCA 27.90± 2.14 28.54± 1.61 26.45± 3.12 26.87± 2.79 4.988 <0.001*

WMS-WL 29.94± 6.90 33.70± 8.01 28.25± 8.01 30.88± 7.85 3.008 0.085

WMS-DSF 12.34± 2.28 12.47± 2.22 12.12± 2.76 11.74± 3.06 3.104 0.079

WMS-DSB 7.87± 2.89 7.21± 2.68 6.62± 3.12 6.45± 2.57 0.057 0.811

WMS-DSS 8.13± 2.01 8.40± 1.70 6.63± 2.80 6.83± 2.50 6.036 0.015*

CTT-1 time 41.66± 14.59 40.00± 15.61 49.06± 19.70 44.58± 19.17 1.610 0.207

CTIT-2 time 95.00± 28.84 87.60± 31.06 103.07± 35.22 111.14± 41.43 1.388 0.241

TUG 8.60± 1.63 8.24± 1.39 9.30± 1.92 9.40± 2.36 7.349 0.008*

MoCA: Montreal Cognitive Assessment; WMS-WL: Wechsler Memory Scale-Word List; WMS-DSF: Wechsler Memory Scale- Digit Span Forward;
WMS-DSB: Wechsler Memory Scale-Digit Span Backward; WMS-DSS: Wechsler Memory Scale- Digit Span Sequencing; CTT-1 time: Color Trails
Test-Part 1-time; CTT-2 time: Color Trails Test-Part 2-time; TUG: Timed Up and Go.
*Statistically significant (p< 0.05).
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working memory and mental reasoning, these activities pro-
moted active cognitive engagement, which contributed to
the observed improvements in cognitive performance. In
addition, VR cognitive training provides multiple sensory
stimuli, which may increase cerebral blood flow in the pre-
frontal cortex as well as in the middle and posterior cingu-
late cortices, likely due to heightened brain activity during
the cognitive training process.49 As a result, immersive
VR cognitive training could lead to improvements in
higher-order cognitive abilities.

The significance of good cognitive function cannot be
overemphasized. It is needed to accomplish both basic
and instrumental ADL, such as walking, eating, and shop-
ping, that are necessary for functional independence and
quality of life.5–7 Working memory also mediates the rela-
tionship between physical function and ADL.50 Similarly,
improving balance and lower extremity function can
encourage and increase physical activity, which is asso-
ciated with improved brain health and function.51 The VR
cognitive training group in our study demonstrated signifi-
cant improvements in mobility, balance, and lower extrem-
ity function compared with the control group. Our results
align with and build upon previous studies, suggesting
that, compared to health education programs or passive con-
trol groups, immersive VR-based cognitive training can
enhance physical function—including mobility and gait
speed—by engaging participants in dynamic, task-oriented
virtual environments that simulate real-life scenarios.31,52,53

Our VR training tasks required older adults to maintain
dynamic balance in a standing or seated position, which
may help improve their balance and lower extremity func-
tion. Gait speed is fundamentally influenced by the inter-
play between motor skills and cognitive functions,
including executive function and attention, underscoring
its critical relationship with cognitive performance.
Consequently, improvements in cognitive performance, as
facilitated by targeted cognitive training, are likely to yield
concomitant enhancements in gait speed, reflecting the
interconnected nature of these domains.31

The results indicated that there were no significant differ-
ences in selective attention, as measured by CTT-2,
between the VR cognitive training group and the control
group. However, within the VR experimental group, select-
ive attention significantly improved after training, whereas
the control group exhibited a significant decline. This con-
trasting trend ultimately led to no significant differences
when comparing the two groups.

Implications
The findings of this study have policy, practice, and
research implications. For the policy and research implica-
tions, it is important a policy is made that will promote the
use of VR leisure-based cognitive training among
Taiwanese and anywhere else there are people at risk of

progressive cognitive function decline. This is because the
population in Taiwan has a long life expectancy, and there-
fore, the decline in cognitive function due to advancing
age may be common. Similarly, further research is needed
to determine the effective home-based and/or telerehabilita-
tion-based VR leisure-based cognitive training. This may
help with improving access to VR leisure-based cognitive
training.

Limitations
The current study has some limitations. First, the partici-
pants in the study were older adults living in the community
who regularly took part in various community activities.
Their naturally proactive and engaged demeanor could
have contributed to achieving more positive training results.
Consequently, the findings of this study may not be gener-
alizable to all older adults. Second, this study did not
include follow-up assessments, so the long-term effects
and subsequent changes in the training could not be deter-
mined. Third, the study did not use physiological indicators
to evaluate changes in brain structure and function.
Future studies should incorporate neurophysiologic
equipment to confirm the alignment between the physio-
logic and neuropsychologic outcomes of this training.
Fourth, the sample in this study was predominantly com-
posed of women, which may introduce potential biases in
the observed results. Gender differences in cognitive and
physical function, engagement with technology-based
interventions, and preferences for leisure activities could
have influenced the study outcomes. Additionally, the
limited representation of older men may affect the gener-
alizability of the findings. Future research should aim for
a more balanced gender distribution to enhance the
applicability of the results.

Conclusion
This study is the first to investigate the effects of fully
immersive, leisure-focused VR cognitive training on both
cognitive and physical functions in community-dwelling
older adults. The findings suggest that this innovative
approach holds significant potential as an effective interven-
tion for enhancing cognitive functions, such as global cog-
nitive function and working memory, as well as physical
function, including mobility, balance, and gait speed in
this population. These results highlight the potential of
immersive leisure-based VR cognitive training, compared
to noncognitive training commonly used in community
facilities, as a promising tool for promoting health among
older adults. By incorporating leisure activities as back-
ground tasks to enhance motivation and practice, alongside
fully immersive cognitive training, this approach could
prove to be an effective strategy for advancing health pro-
motion in community-dwelling older adults.
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