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Abstract

Background: Aging is a phenomenon accompanied by declines in attention and emotional well-being. Exposure to natural
environments has been shown to support cognitive and psychological restoration; however, many older adults face barriers to
accessing authentic natural environments. Virtual natural environments may offer an accessible alternative, but evidence from
community-dwelling older adults remains limited.

Objective: This study examined the immediate effects of a single-session virtual or actual-nature exposure on attention, mood,
and physiological indicators of stress among community-dwelling older adults compared with actual-nature and urban environments.

Methods: A randomized controlled trial with a 3-group, pre-post design was conducted among 120 community-dwelling adults
aged 65 years and older in northern Taiwan. Participants were randomly assigned to 1 of 3 groups: a virtual-nature group, an
actual-nature group, or an actual-urban environment group. Then, they completed a single 20-minute exposure session. Attentional
performance, mood, and physiological indicators were assessed before and immediately after the intervention. Intervention effects
were analyzed using generalized estimating equations, focusing on group-by-time interaction effects.

Results: Compared with the urban environment group, the virtual-nature group demonstrated a significantly greater improvement
in attentional capacity, as measured by the digit span test (B=1.00, 95% CI 0.19-1.80; P=.02), and significant improvements in
both positive affect (B=2.82, 95% CI 0.02-5.62; P=.048) and negative affect (B=–2.22, 95% CI –4.05 to –0.39; P=.02). The
actual-nature group showed a significant improvement in positive affect compared with the urban group (B=3.92, 95% CI
1.65-6.19; P=.001) but did not demonstrate a significant improvement in attention. No significant group-by-time interaction
effects were observed for physiological indicators. No adverse events were reported.

Conclusions: A single 20-minute virtual-nature exposure was associated with immediate improvements in attention and mood
among community-dwelling older adults, whereas physiological effects were not detected. These findings suggest that virtual
nature may serve as an accessible, short-term restorative strategy, particularly when access to real nature is limited. Larger,
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multisession trials with longer follow-ups are needed to evaluate the sustained effects of virtual-nature interventions for mental
well-being in older populations.

Trial Registration: ClinicalTrials.gov NCT05803460; https://clinicaltrials.gov/study/NCT05803460

(JMIR Aging 2026;9:e87861) doi: 10.2196/87861
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Introduction

Population Aging and Mental Health Challenges
Population aging is a global phenomenon with profound
implications for public health. As life expectancy continues to
increase worldwide, a growing proportion of older adults
experience age-related declines in cognitive functioning and
emotional well-being [1,2]. Even among community-dwelling
older adults who do not meet diagnostic criteria for cognitive
impairment, subtle reductions in attention and mood are common
and may precede more pronounced cognitive decline [3,4].
Consequently, identifying accessible and nonpharmacological
strategies to support cognitive and emotional well-being has
become a key priority for promoting healthy aging [5]. Although
aging-related challenges are shared globally, contextual factors,
such as urbanization, living environments, and health care
infrastructure, substantially shape older adults’daily experiences
[6], underscoring the need for feasible interventions that can be
integrated into everyday living contexts [7].

Attention Decline and Attention Restoration Theory
Attention is a fundamental cognitive process that supports
goal-directed behavior, information processing, and safe
engagement in daily activities [8]. Age-related changes in
attentional capacity, particularly those involving frontal brain
networks, may compromise older adults’ ability to sustain
attention and manage competing demands [9,10]. Because
attention is essential for overall cognitive functioning, attentional
impairments can adversely affect daily activities and social
behavior, thereby increasing the risk of falls, unsafe driving,
and accidental injuries [11,12]. Natural environments are
recognized for providing restorative experiences that promote
cognitive, psychological, and physiological well-being,
particularly by facilitating attentional recovery [13,14]. Attention
restoration theory (ART) provides a theoretical framework that
explains how exposure to natural environments may facilitate
attentional recovery [15,16]. According to ART, natural
environments evoke “soft fascination,” allowing directed
attention resources to rest and replenish [15]. Empirical studies
have shown that exposure to natural settings is associated with
improved attentional performance; however, findings remain
mixed, particularly in studies using brief exposure durations or
heterogeneous attentional measures [16,17]. These
inconsistencies underscore the need for carefully designed trials
that specifically examine attentional outcomes in older
populations.

Mood, Stress, and Stress Reduction Theory
Mood, defined as an individual’s emotional state, is a core
component of psychological well-being and daily functioning

[18]. In addition to attentional changes, older adults frequently
experience emotional stress, anxiety, and depressive symptoms,
which can negatively affect quality of life and may interact with
cognitive decline [19,20]. In a community-based health survey,
36.9% of the adults aged more than 65 years exhibited anxiety
symptoms, and 12.1% exhibited depressive symptoms [21].
Stress reduction theory suggests that natural environments elicit
an affective response that promotes emotional calm and
physiological relaxation through the regulation of the autonomic
nervous system [22]. Empirical evidence from systematic
reviews shows that exposure to natural or simulated natural
environments is associated with reduced psychological distress,
increased positive affect, and enhanced mood states [23,24].

Barriers to Real-Nature Exposure and Virtual Nature
as an Alternative
Despite the potential benefits of real-world natural
environments, many older adults face barriers to accessing
nature, including physical limitations, mobility constraints,
transportation difficulties, urban density, and public health
restrictions [25,26]. These barriers have prompted an increasing
interest in virtual-nature interventions, which use immersive
technologies to simulate natural environments in accessible,
indoor settings [23]. Virtual-nature interventions use immersive
digital simulations to recreate natural environments and elicit
restorative effects comparable to those of real-world nature [27].
Systematic reviews have demonstrated that virtual-nature
exposure can improve attention, cognitive performance, mood,
and stress regulation [27,28]. Emerging evidence further
suggests that even a single session of simulated nature exposure,
lasting between 6 and 20 minutes, may reduce stress and
enhance positive emotions and attentional restoration [29-32].
However, most previous studies have focused on younger or
middle-aged adults, and evidence regarding the effectiveness
of virtual-nature interventions among older adults remains
limited [27,28]. In addition, the immediate effects of a
single-session virtual-nature exposure on attention, mood, and
physiological indicators in older populations are not well
established. Moreover, few randomized controlled trials have
directly compared virtual nature, actual nature, and urban
environments within the same experimental framework among
community-dwelling older adults.

To address these gaps, this study aimed to examine the
immediate effects of a single-session virtual-nature intervention
on attention and mood among community-dwelling older adults
in Taiwan. Specifically, we investigated whether virtual or
actual-nature exposure would produce greater improvements
than exposure to an urban environment. We hypothesized that
a single session of virtual or actual-nature exposure would lead
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to immediate improvements in attention, mood, and
physiological outcomes.

Methods

Study Design
This study used a randomized controlled trial with a 3-group,
pre-post design to examine the immediate effects of
environmental exposure. The trial was registered at
ClinicalTrials.gov (NCT05803460). Participants were randomly
allocated to 1 of the 3 conditions: virtual nature, actual nature,
or actual urban. Each participant completed a single 20-minute
exposure session. Outcome measures were collected at baseline
and immediately after the intervention to evaluate changes in
attention, mood, and physiological responses.

Participants
Participants were recruited from 6 community care centers in
Taipei, Taiwan, between April and October 2023. Eligible
participants were aged 65 years or older, had intact global
cognitive function as assessed by the Short Portable Mental
Status Questionnaire (>8), and were able to communicate in
Mandarin Chinese and complete study procedures. Individuals
were excluded if they had a diagnosed psychiatric disorder or
medical condition that could interfere with study outcomes,
severe visual or hearing impairments that would impede
participation, or active ocular or dermatologic infectious
diseases. The required sample size was determined using
G*Power statistical software. Given the repeated-measures
design and the primary interest in detecting group-by-time
interaction effects, a small-to-medium effect size (Cohen f=0.20)
was assumed based on an F test for ANOVA, as no previous
studies using a comparable virtual-nature intervention design
were available [33]. The significance level was set at an α of
.05, with statistical power of 0.90. On the basis of these
parameters, a total sample size of 84 participants was considered
sufficient to detect overall intervention effects. After accounting
for an anticipated 20% attrition rate, the minimum required
sample size was increased to 105 participants; ultimately, 120
participants were enrolled.

This randomized controlled trial used computer-generated block
randomization with a block size of 6. The allocation sequence
was generated by a research team member who was not involved
in participant recruitment or assessment. As participants were
enrolled, the corresponding sequence numbers were placed
individually into opaque, sealed envelopes to ensure allocation
concealment. A separate research team member opened each
envelope sequentially to assign participants to 1 of the 3 groups:
the virtual-nature group, the actual-nature group, or the
actual-urban group, with 40 participants allocated to each group.

Intervention
Participants assigned to the virtual-nature group viewed a
20-minute immersive video of a natural environment filmed by
the research team. This duration was selected based on previous
evidence indicating that 10 to 20 minutes of virtual-nature
exposure can improve attention and emotional outcomes in
older adults [29,31]. The 360° panoramic video was recorded
in a natural park in Taipei, a location commonly visited by older

adults for its safe walking paths. Filming was conducted under
stable weather conditions to minimize visual distractions and
ensure ecological validity. The footage was captured using an
Insta360 ONE R dual-lens camera, edited using standard
audiovisual software, and structured into two 10-minute
segments. In line with previous virtual-nature protocols for older
adults, no interactive features were included to maintain a
passive, restorative experience [34]. The video was delivered
using a lightweight head-mounted display (HTC VIVE Flow).
Before the session, participants received brief instructions
encouraging them to observe in a relaxed manner. Each
participant remained seated throughout the 20-minute exposure.
For hygiene and safety, all equipment was disinfected after use,
and disposable virtual reality (VR) face pads were provided.

Participants in the actual-nature group completed a 20-minute
real-world exposure session at the same natural park featured
in the virtual intervention. Upon arrival, participants rested for
10 to 15 minutes to acclimate. They were then seated in a safe,
shaded location and instructed to observe their surroundings in
a calm and relaxed manner.

Participants in the actual-urban group underwent a 20-minute
observation session in a nearby urban area selected for safety
and accessibility. As with the other groups, participants rested
for 10 to 15 minutes before beginning the session and were
seated during the exposure period, observing the environment
in a relaxed state.

Outcomes

Overview
At baseline, participants completed a questionnaire assessing
demographic characteristics (age, sex, years of education, and
marital status); health-related variables (BMI, blood pressure,
exercise habits, sleep quality, and comorbidities); and time spent
in natural environments. Additionally, perceived restorativeness
was assessed after the intervention using the Perceived
Restorativeness Scale [35]. The primary outcomes were attention
and mood. The secondary outcomes were physiological
indicators of stress.

Attention
Attention was assessed using the digit span test (DS) and the
trail making test (TMT), which capture multiple dimensions of
attentional functioning, including attentional span, orienting,
and sustained attention. The DS includes 2 subtests: digit span
forward (DSF) and digit span backward (DSB). In both tasks,
participants were asked to immediately repeat digit sequences
read aloud by the assessor, with testing discontinued after 2
consecutive errors. A total DS score was calculated by summing
DSF (range 0-16) and DSB (range 0-14), with higher scores
indicating better attentional capacity. The Chinese versions of
DSF and DSB demonstrate acceptable sensitivity (0.62 and
0.77) and specificity (0.65 and 0.78), respectively [36]. The
TMT assessed orienting and sustained attention and consisted
of 2 parts. In part A, participants connected numbered circles
(1-25) in ascending order, and in part B, they alternated between
numbers (1-13) and letters. Performance was scored based on
completion time, with longer times indicating poorer attention.
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The TMT has demonstrated strong reliability and validity as a
measure of attentional processes [37].

Mood
Mood was assessed using the Positive and Negative Affect
Schedule (PANAS), which evaluates 2 dimensions of affective
states: positive affect (eg, enthusiasm and alertness) and negative
affect (eg, distress and fear). The PANAS consists of 20 items,
each rated on a 5-point Likert scale ranging from 1 (“very
slightly or not at all”) to 5 (“extremely”). Higher scores indicated
greater intensity of the respective affective states. The PANAS
has demonstrated high internal consistency, with Cronbach α
coefficients ranging from 0.86 to 0.90 for positive affect and
0.84 to 0.87 for negative affect [38].

Physiological Indicators of Stress
Physiological parameters were assessed using a wrist-worn
autonomic monitoring device (ANSWatch, Taiwan Scientific
Corporation; approved by the Taiwan Ministry of Health and
Welfare, medical device permit number 001525). The device
measured heart rate (HR), systolic blood pressure (SBP),
diastolic blood pressure (DBP), and indices of sympathetic
nervous system and parasympathetic nervous system activity.
HR variability (HRV) indices were derived from
normal-to-normal RR intervals. High-frequency (HF) power
was used as an indicator of parasympathetic activity, whereas
low-frequency (LF) power reflects combined autonomic
influences. The LF/HF ratio was reported as an index of
autonomic balance [31]. To reduce potential confounding,
participants were instructed to avoid stimulant beverages (eg,
tea or coffee) for at least 2 hours before measurement. All
assessments were conducted while participants were seated
comfortably in a relaxed position. Each HRV measurement
required approximately 6 minutes.

Procedure
Following approval from the institutional review board,
community-dwelling older adults were recruited from 6
community health stations in Taipei City from April 2023 to
October 2023. Station staff first identified and approached
potential participants. Individuals who expressed interest were
contacted by the research team for eligibility screening. After
written informed consent was obtained, baseline assessments
were conducted, including attention tests, mood questionnaires,
and physiological measurements (HR, SBP, DBP, and HRV).

Participants were then exposed to 1 of the 3 assigned conditions
(virtual nature, actual nature, or actual-urban environment)
according to the randomized allocation sequence. A trained
research assistant provided standardized instructions and
supervised the 20-minute exposure session. Immediately after
the intervention, participants completed the posttest assessments,
which included physiological measurements, attention tests,
and questionnaires. Participants were monitored for discomfort

before the posttest assessment was initiated. The entire
procedure required approximately 60 minutes per participant.
All data were collected by a trained research assistant to ensure
standardized administration of assessments and measurement
reliability.

Ethical Considerations
The study protocol was reviewed and approved by the
institutional review board at National Yang Ming Chiao Tung
University (YM111067). Written informed consent was obtained
from all participants after they received a full explanation of
the study purpose, procedures, potential risks, and expected
benefits. Participants were informed that their involvement was
voluntary and that they could withdraw from the study at any
time without consequence. All members of the research team
completed the required human participant protection training
and certification before data collection began. A small gift was
provided as appreciation for participation.

Data Analysis
Data were analyzed using SPSS (version 25.0; IBM Corp).
Descriptive statistics (means, SDs, frequencies, and percentages)
were used to summarize participant characteristics and baseline
variables. Intervention effects over time were analyzed using
generalized estimating equations (GEEs) with an exchangeable
working correlation structure and robust SEs. Group-by-time
interaction effects were examined. In accordance with the
CONSORT (Consolidated Standards of Reporting Trials) 2010
extension for multiarm randomized controlled trials (item 12a)
[39], exploratory pairwise comparisons between each of the 2
intervention groups (virtual nature and actual nature) and the
control group (urban environment) were conducted without
adjustment for multiple comparisons. Baseline group differences
and postintervention perceived restorativeness were examined
using One-way ANOVA for continuous variables and the
chi-square test for categorical variables. One-way ANOVA
revealed a significant difference in postintervention perceived
restorativeness scores among the 3 groups (P<.05). Post hoc
analyses using the Tukey honestly significant difference test
indicated significant between-group differences. A 2-tailed P
value <.05 was considered statistically significant.

Results

Overview
A total of 180 invitation letters were distributed to
community-dwelling older adults. Of these, 9 (5%) individuals
did not meet the inclusion criteria, and 51 (28.3%) declined to
participate. A total of 120 (66.7%) older adults agreed to
participate, completed the study procedures, and were included
in the final analysis (Figure 1). No adverse events or
intervention-related discomfort was reported during the study.
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Figure 1. Flow diagram of the study.

Sample Characteristics
A total of 120 community-dwelling older adults participated in
this study. The mean age was 72.6 (SD 4.1) years, and most
were female (n=97, 80.8%). Participants had an average of 10.2
(SD 2.8) years of formal education, and 79 (65.8%) were

married. The mean BMI was 23.1 (SD 3.4) kg/m2. Most
participants reported regular exercise (n=103, 85.8%), and more
than half (n=70, 58.3%) perceived their sleep quality as poor.
The most common chronic conditions were hypertension (n=49,
40.8%), hyperlipidemia (n=50, 41.7%), and diabetes (n=33,

27.5%). Regarding exposure to natural environments, 83
(69.2%) participants reported spending less than 1 hour per
month in natural settings. Group comparisons showed no
significant baseline differences in demographic or health-related
characteristics, including age, sex, education, marital status,
BMI, blood pressure, exercise habits, number of chronic
conditions, or monthly nature exposure. However, a significant
between-group difference was observed in perceived
restorativeness. Post hoc analyses indicated that the
virtual-nature group (P=.01) and the actual-nature group
(P=.001) both reported significantly higher restorativeness
scores than the actual-urban group (Table 1).
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Table 1. Participants’ characteristics (N=120).

P valueActual urban (n=40)Actual nature (n=40)Virtual nature (n=40)Total (N=120)Characteristic

Demographic variables

.2273.5 (4.4)72.0 (3.8)72.2 (3.8)72.6 (4.1)Age (y), mean (SD)

.6931 (77.5)32 (80)34 (85.0)97 (80.8)Female, n (%)

.5210.1 (3)9.9 (2.9)10.6 (2.5)10.2 (2.8)Education (y), mean (SD)

.77Marital status, n (%)

25 (62.5)26 (65)28 (70)79 (65.8)Married

15 (37.5)14 (35)12 (30)41 (34.2)Single, divorced, or separated

Health-related variables, mean (SD)

.6723.1 (3.6)22.8 (3.2)23.5 (3.4)23.1 (3.4)BMI (kg/m2)

.89132.1 (18.5)131.3 (14.2)130.2 (17.9)131.2 (16.9)Systolic blood pressure

.3084.2 (10)86.7 (9.8)83.5 (8.8)84.8 (9.6)Diastolic blood pressure

.2737 (92.5)32 (80)34 (85)103 (85.8)Having an exercise habit, n (%)

.97Sleep quality, n (%)

17 (42.5)16 (40)17 (42.5)50 (41.7)Good

23 (57.5)24 (60)23 (57.5)70 (58.3)Poor

.281.4 (1.1)1.6 (1.2)1.2 (0.9)1.4 (1.1)Number of comorbidities, mean (SD)

.3420 (50)14 (35)15 (37.5)49 (40.8)Hypertension, n (%)

.6113 (32.5)9 (22.5)11 (27.5)33 (27.5)Diabetes, n (%)

.3820 (50)16 (40)14 (35)50 (41.7)Hyperlipidemia, n (%)

.48Nature-related variables: exposure to nature (monthly), n (%)

28 (70)25 (62.5)30 (75)83 (69.2)≤1 h

12 (30)15 (37.5)10 (25)37 (30.8)>1 h

.001a18.3 (3.3)20.8 (2.6)20.3 (2.9)19.8 (3.1)Perceived restorativeness after interven-
tion

aPost hoc analysis of between-group comparisons using the Tukey honestly significant difference method: the virtual natural group>actual-urban group
(P=.01); actual-nature group>actual-urban group (P=.001).

Attention
GEE analyses revealed a significant overall group-by-time

interaction for total DS scores (Wald χ2
2=6.28; P=.04).

Specifically, the pre-post improvement in attentional capacity
was significantly greater in the virtual-nature group than in the
actual-urban group (B=1.00, 95% CI 0.19-1.80; P=.02),
indicating a greater increase in DS performance following
exposure to virtual nature. The corresponding contrast between

the actual-nature and actual-urban groups was not statistically
significant. No significant overall group-by-time interaction
effects were observed for performance on the TMT Part A (Wald

χ2
2=2.07; P=.36) or TMT Part B (Wald χ2

2=1.90; P=.39)
between the virtual-nature and actual-urban groups.
Additionally, neither the virtual-nature group nor the
actual-nature group showed significant improvements in
attentional performance compared with the actual-urban group
following the intervention (Table 2).
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Table 2. Group means and effects of interaction for attention and mood (N=120).

P valueWald χ2

(df)

B (95% CI)After test,
mean (SD)

Before test,
mean (SD)

Overall group×time
P value

Overall group×time

Wald χ2 (df)a
Variables and group

Digit span test

.025.88 (1)1.00 (0.19 to 1.80)25.8 (4.0)24.4 (3.7).046.29 (2)Virtual nature

.123.30 (1)0.57 (–0.03 to 0.93)26.5 (3.1)25.4 (3.4)——bActual nature

———26.0 (3.4)25.6 (3.6)——Actual urban

TMTc part A

.350.87 (1)1.85 (–2.01 to 5.71)37.8 (15.4)40.8 (20.7).362.07 (2)Virtual nature

.161.98 (1)2.35 (–0.91 to 5.61)30.7 (12.4)33.1 (15.6)——Actual nature

———35.1 (14.8)39.9 (16.7)——Actual urban

TMT part B

.370.80 (1)–4.17 (–13.30 to 4.95)65.9 (30.2)83.9 (47.3).391.90 (2)Virtual nature

.530.39 (1)2.42 (–5.13 to 9.98)57.3 (27.2)68.8 (34.3)——Actual nature

———65.5 (37.1)79.4 (46.3)——Actual urban

PANASd (positive)

.0483.91 (1)2.82 (0.02 to 5.62)35.6 (7.5)35.3 (6.8).00311.46 (2)Virtual nature

.00111.46 (1)3.92 (1.65 to 6.19)34.2 (7.8)33.1 (7.6)——Actual nature

———31.5 (8.4)33.9 (6.9)——Actual urban

PANAS (negative)

.022.87 (1)–2.22 (–4.05 to –0.39)11.6 (2.8)13.9 (4.0).0496.05 (2)Virtual nature

.092.87 (1)–1.67 (–3.60 to 0.26)12.7 (4.2)14.5 (5.8)——Actual nature

———13.6 (5.7)13.7 (4.4)——Actual urban

aThe generalized estimating equation analysis was conducted using the actual-urban group as the reference group; an omnibus Wald χ2
2 test was first

conducted for each outcome to evaluate the overall group-by-time interaction. Wald χ2
1 tests were subsequently used to estimate individual group-by-time

contrasts (virtual nature vs actual urban and actual nature vs actual urban).
bNot applicable.
cTMT: trail making test.
dPANAS: Positive and Negative Affect Schedule.

Mood
Significant overall group-by-time interaction effects were

observed for both positive affect (Wald χ2
2=11.46; P=.003) and

negative affect (Wald χ2
2=6.05; P=.049). Compared with the

urban environment group, the virtual-nature group demonstrated
significantly greater improvements in both positive affect
(B=2.82, 95% CI 0.02-5.62; P=.048) and negative affect
(B=–2.22, 95% CI –4.05 to –0.39; P=.02). These findings
indicate that exposure to virtual nature produced more
pronounced mood-enhancing effects than the urban condition.
In addition, the actual-nature group showed a significantly
greater improvement in positive affect compared with the urban
environment group (B=3.92, 95% CI 1.65-6.19; P=.001),

whereas changes in negative affect did not reach statistical
significance.

Physiological Variables
GEEs analyses indicated that no significant overall
group-by-time interaction effects were observed for any
physiological indicators, including HR, SBP, DBP, LF, HF, or

the LF/HF ratio (all omnibus Wald χ2
2 tests; P>.05). Consistent

with these findings, pairwise group-by-time contrasts showed
no significant differences in pre-post changes between the
virtual-nature and actual-urban groups or between the

actual-nature and actual-urban groups (all Wald χ2
1 tests; P>.05;

Table 3).
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Table 3. Group means and effects of interaction for physiological indicators of stress (N=120).

P valueWald χ2

(df)

B (95% CI)After the
test, mean
(SD)

Before test
mean (SD)

Overall group×time
P value

Overall group×time

Wald χ2 (df)a
Variables and group

Heart rate

.261.24 (1)–1.23 (–3.38 to 0.92)73.2 (8.8)77.2 (10.5).193.29 (2)Virtual nature

.360.86 (1)1.17 (–1.31 to 3.67)75.6 (9.2)77.1 (9.7)——bActual nature

———75.6 (9.0)77.9 (9.4)——Actual urban

Systolic blood pressure

.800.06 (1)–0.97 (–8.46 to 6.50)125.6 (16.0)130.2 (17.9).242.82 (2)Virtual nature

.241.37 (1)4.92 (–3.29 to 13.14)132.5 (17.9)131.3 (14.2)——Actual nature

———128.2 (19.4)132.1 (18.5)——Actual urban

Diastolic blood pressure

.910.01 (1)0.20 (–3.25 to 3.65)81.6 (8.5)83.6 (8.8).750.57 (2)Virtual nature

.470.52 (1)1.31 (–2.21 to 4.83)85.6 (8.8)86.7 (9.8)——Actual nature

———81.9 (9.4)84.2 (10.0)——Actual urban

LFc

.261.26 (1)–4.76 (–13.06 to 3.52)45.6 (16.6)49.8 (20.7).491.43 (2)Virtual nature

.840.04 (1)–0.90 (–9.49 to 7.69)45.5 (18.6)46.0 (17.8)——Actual nature

———45.6 (19.4)45.3 (17.4)——Actual urban

HFd

.261.26 (1)4.75 (–3.53 to 13.05)54.4 (16.6)50.1 (20.7).451.58 (2)Virtual nature

.960.002 (1)0.21 (–8.56 to 8.99)53.8 (18.6)54.9 (17.8)——Actual nature

———54.3 (19.4)54.6 (17.4)——Actual urban

LF/HF

.073.35 (1)–0.45 (–0.93 to 0.03)1.0 (0.7)1.4 (1.1).114.42 (2)Virtual nature

.890.02 (1)–0.03 (–0.52 to 0.45)1.1 (0.9)1.0 (0.7)——Actual nature

———1.1 (0.9)1.0 (0.8)——Actual urban

aThe generalized estimating equation test was conducted using the actual-urban group as a reference; an omnibus Wald χ2
2 test was first conducted for

each outcome to evaluate the overall group-by-time interaction. Wald χ2
1 tests were subsequently used to estimate individual group-by-time contrasts

(virtual nature vs actual urban and actual nature vs actual urban).
bNot applicable.
bLF: low-frequency power.
dHF: high-frequency power.

Discussion

Principal Findings
This randomized controlled trial examined the immediate effects
of a single-session virtual-nature exposure on attention, mood,
and physiological indicators among community-dwelling older
adults. The preliminary findings suggest that, compared to an
urban environment, a single 20-minute exposure to virtual nature
is associated with greater short-term improvements in attentional
capacity and mood. Actual-nature exposure was associated with
improved positive affect but did not produce significant
attentional benefits. No significant physiological changes were
observed across groups. These findings suggest that virtual

nature may provide immediate cognitive and emotional benefits
in older adults, particularly when access to real-world nature is
limited. However, the observed effects were task and domain
specific and should be interpreted cautiously within the context
of a brief, single-session intervention.

Participants in the virtual-nature group demonstrated a
statistically significant improvement in attentional span
compared with those in the urban group. This result differed
from several previous studies that reported nonsignificant effects
of virtual-nature exposure on attention [31,40]. Differences in
study design, attention assessments, sample characteristics,
intervention duration, and limited statistical power may explain
these inconsistent findings. Previous studies often relied on a
single attention measure, such as the Sustained Attention to
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Response Test, which may not adequately capture the
multifaceted nature of attention across environmental contexts
[31]. Because distinct environments may engage different
attentional components, the use of a single tool may limit
sensitivity to change. This study used a multidimensional
assessment approach, including the DS and TMT, to evaluate
selective attention, sustained attention, and attentional span.
This comprehensive measurement strategy may have enhanced
the ability to detect subtle yet meaningful changes in attention
following environmental exposure [14].

Improvements in attention were observed only in the DS and
not in the TMT. This task-specific pattern may reflect
differences in cognitive demands and sensitivity to short-term
restorative effects. The DS primarily assesses attentional
capacity and working memory [36], which may be more
responsive to brief environmental restoration. In contrast, the
TMT involves additional components, such as visual scanning,
psychomotor speed, and executive control [37], which may
require longer or repeated interventions to demonstrate
measurable change. It is also noteworthy that the virtual-nature
group had slightly lower baseline DS scores than the other
groups, raising the possibility of a ceiling effect in the
comparison groups [41]. Although the analyses focused on
group-by-time interaction effects, baseline differences in
performance may have influenced responsiveness to the
intervention. Practice effects may also contribute to the absence
of significant between-group differences in TMT performance
[42]. Together, these findings highlight the importance of
considering task characteristics and baseline performance when
interpreting attention outcomes in environmental intervention
studies.

Another explanation for the divergent findings may relate to
differences in intervention duration and participant
characteristics. This study used a single 20-minute session,
whereas previous studies typically administered shorter
10-minute exposures in middle-aged and older adults [31] and
younger adult samples [43]. Variations in exposure duration
may influence the extent of attentional restoration achieved. In
addition, because participants in this study were all aged 65
years or older, they may have been more responsive to
restorative stimulation, as age-related declines in attentional
capacity could increase susceptibility to the benefits of natural
environments [44].

Both virtual and actual-nature exposure were associated with
improvements in positive affect, with virtual nature additionally
demonstrating reductions in negative affect. These results are
consistent with previous research involving mixed middle-aged
and older populations [31,45] and extend existing evidence by
demonstrating similar effects in community-dwelling adults
aged 65 years and older. These findings are broadly consistent
with stress reduction theory, which posits that natural
environments elicit affective responses that promote emotional
calm and psychological well-being [22]. The emotional benefits
observed following a single session suggest that even brief
exposure to nature-related stimuli may have a positive influence
on mood in older adults. The concurrent improvement in
attention and mood in the virtual-nature group also aligns with
ART [15,16], as emotional relaxation may facilitate the recovery

of attentional resources. However, the absence of attentional
benefits in the actual-nature group suggests that the relationship
between environmental exposure and cognitive outcomes may
depend on contextual factors, such as environmental familiarity,
attentional engagement, and individual expectations.

A unique strength of this study was the use of locally familiar
natural settings, which may have enhanced both the ecological
relevance and acceptability of the intervention. Although most
participants had no previous experience with VR, previous
research suggests that Taiwanese older adults generally perceive
VR as useful, enjoyable, and easy to use for supporting active
aging [46]. Such positive attitudes may have facilitated greater
immersion and engagement with the virtual natural environment.

Contrary to the initial hypothesis, no significant changes in
physiological indicators of stress, including HRV and blood
pressure, were observed over time between the virtual-nature
and urban groups or between the actual-nature and urban groups.
Thus, the findings are consistent with previous research
reporting similar null effects [31,45]. Several factors may
account for these results. First, the single 20-minute intervention
may have been insufficient to elicit detectable changes in the
autonomic nervous system, particularly in older adults. Second,
most participants (102/120, 85%) had no previous experience
with VR, and novelty-induced arousal associated with first-time
VR exposure may have transiently increased sympathetic
activation [47,48], potentially masking relaxation-related
physiological responses.

Limitations
Several limitations should be acknowledged. First, the sample
comprised predominantly female, community-dwelling older
adults recruited from urban areas in northern Taiwan. This
demographic profile may limit the generalizability of the
findings to male older adults, individuals living in rural settings,
those with mobility limitations or limited familiarity with
technology, and older adults from different cultural contexts.
Future research should explicitly examine the feasibility and
effectiveness of the intervention in more diverse and vulnerable
older populations. Second, this study was designed as a
preliminary, exploratory investigation of immediate effects.
Guided by feasibility considerations and real-world conditions,
this study used a single-session intervention design and included
an urban environment as a comparison group. Future research
is recommended to conduct larger-scale trials with multiple
intervention sessions and to incorporate additional no-exposure
control conditions to further validate the findings. Third, most
(102/120, 85%) participants in this study had no previous
experience with VR. As a result, the observed effects may
partially reflect VR-related factors, such as novelty or
immersion, rather than the natural content alone, particularly
with respect to physiological outcomes (eg, HRV). In addition,
this study included only a single VR condition and did not
incorporate formal measures of presence or engagement, which
limits the interpretation of the underlying mechanisms of the
observed effects. Future research should use multiple VR control
conditions and incorporate validated measures of presence or
immersion to strengthen the evidential support for the validity
of the intervention. Finally, the study sample consisted of older
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adults who were able to participate in community activities,
excluding those with limited mobility. Future studies should
include mobility-impaired older adults to further evaluate the
feasibility, accessibility, and effectiveness of virtual-nature
interventions in broader older populations.

Conclusions
The findings of this study provide evidence that a single
20-minute virtual-nature exposure can yield immediate

improvements in attention and mood among
community-dwelling older adults, whereas physiological effects
were not detected. Virtual nature may represent a feasible and
accessible short-term restorative strategy, particularly for older
adults facing barriers to accessing real-world natural
environments. Future research using multisession interventions,
larger and more diverse samples, additional control conditions,
and longitudinal follow-up is needed to clarify sustained effects
and underlying mechanisms.

Acknowledgments
The authors thank all the participants who took part in this study.

Funding
This work was supported by the National Science and Technology Council, Taiwan (grant MOST 111-2635-B-A49-002).

Data Availability
The datasets generated or analyzed during this study are available from the corresponding author on reasonable request.

Authors' Contributions
CCC and CPY conceptualized and designed the study. CCC and JNL coordinated and conducted data collection. CCC, CWC,
AYY, and YKL performed data analysis and interpretation. CCC and JNL drafted the manuscript. CCC, JNL, CPY, CWC, AYY,
and YKL critically reviewed, revised, and approved the final version of the manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
CONSORT-EHEALTH checklist (V 1.6.1).
[PDF File (Adobe PDF File), 94 KB-Multimedia Appendix 1]

References

1. Khan HT, Addo KM, Findlay H. Public Health Challenges and Responses to the Growing Ageing Populations. Public
Health Chall. Jul 2024;3(3):e213. [doi: 10.1002/puh2.213] [Medline: 40496520]

2. Wang Z, Xu M, Guo X, Zuo Y. Prevalence and associated factors of mental health among older adults in Guangxi, China:
insights from depression, anxiety and cognitive function assessments. Gen Psychiatr. Sep 14, 2025;38(5):e102220. [FREE
Full text] [doi: 10.1136/gpsych-2025-102220] [Medline: 40959770]

3. McDonough IM, Wood MM, Miller WSJ. A review on the trajectory of attentional mechanisms in aging and the Alzheimer's
disease continuum through the attention network test. Yale J Biol Med. Mar 2019;92(1):37-51. [FREE Full text] [Medline:
30923472]

4. Hosseini FS, Sharifi N, Jamali S. Correlation anxiety, stress, and depression with perceived social support among the
elderly: a cross-sectional study in Iran. Ageing Int. Mar 2021;46(1):108-114. [doi: 10.1007/s12126-020-09376-9]

5. de Sá-Caputo D, Seixas A, Taiar R, Van der Zee EA, Bernardo-Filho M. Editorial: Non-pharmacological interventions in
healthy and pathological aging: facts and perspectives. Front Aging Neurosci. Apr 18, 2023;15:1191281. [doi:
10.3389/fnagi.2023.1191281] [Medline: 37143692]

6. Zhang S, Wu W, Xiao Z, Wu S, Zhao Q, Ding D, et al. Creating livable cities for healthy ageing: cognitive health in older
adults and their 15-minute walkable neighbourhoods. Cities. Jun 2023;137:104312. [doi: 10.1016/j.cities.2023.104312]

7. Horgan S, Prorok J, Ellis K, Mullaly L, Cassidy KL, Seitz D, et al. Optimizing older adult mental health in support of
healthy ageing: a pluralistic framework to inform transformative change across community and healthcare domains. Int J
Environ Res Public Health. May 23, 2024;21(6):664. [FREE Full text] [doi: 10.3390/ijerph21060664] [Medline: 38928911]

8. Posner MI, Rothbart MK, Ghassemzadeh H. Restoring attention networks. Yale J Biol Med. Mar 2019;92(1):139-143.
[FREE Full text] [Medline: 30923481]

9. Liu Y, Zeng Z, Huang S, Shang P, Lv Z, Wang Y, et al. Brain activation during working memory task in amnestic mild
cognitive impairment patients and its association with memory and attention. J Alzheimers Dis. 2023;91(2):863-875. [doi:
10.3233/JAD-220815] [Medline: 36502326]

JMIR Aging 2026 | vol. 9 | e87861 | p. 10https://aging.jmir.org/2026/1/e87861
(page number not for citation purposes)

Chou et alJMIR AGING

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=aging_v9i1e87861_app1.pdf&filename=61006b3dbef4c1d2d1d821c65c9dbd76.pdf
https://jmir.org/api/download?alt_name=aging_v9i1e87861_app1.pdf&filename=61006b3dbef4c1d2d1d821c65c9dbd76.pdf
http://dx.doi.org/10.1002/puh2.213
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40496520&dopt=Abstract
https://doi.org/10.1136/gpsych-2025-102220
https://doi.org/10.1136/gpsych-2025-102220
http://dx.doi.org/10.1136/gpsych-2025-102220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40959770&dopt=Abstract
https://europepmc.org/abstract/MED/30923472
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30923472&dopt=Abstract
http://dx.doi.org/10.1007/s12126-020-09376-9
http://dx.doi.org/10.3389/fnagi.2023.1191281
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37143692&dopt=Abstract
http://dx.doi.org/10.1016/j.cities.2023.104312
https://www.mdpi.com/resolver?pii=ijerph21060664
http://dx.doi.org/10.3390/ijerph21060664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38928911&dopt=Abstract
https://europepmc.org/abstract/MED/30923481
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30923481&dopt=Abstract
http://dx.doi.org/10.3233/JAD-220815
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36502326&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


10. Logue SF, Gould TJ. The neural and genetic basis of executive function: attention, cognitive flexibility, and response
inhibition. Pharmacol Biochem Behav. Aug 2014;123:45-54. [FREE Full text] [doi: 10.1016/j.pbb.2013.08.007] [Medline:
23978501]

11. Ramzaoui H, Faure S, Spotorno S. Alzheimer's disease, visual search, and instrumental activities of daily living: a review
and a new perspective on attention and eye movements. J Alzheimers Dis. 2018;66(3):901-925. [doi: 10.3233/JAD-180043]
[Medline: 30400086]

12. Nobre AC, Kastner S. The Oxford Handbook of Attention. Oxford, UK. Oxford University Press; 2014.
13. Gidlow CJ, Jones MV, Hurst G, Masterson D, Clark-Carter D, Tarvainen MP, et al. Where to put your best foot forward:

psycho-physiological responses to walking in natural and urban environments. J Environ Psychol. Mar 2016;45:22-29.
[doi: 10.1016/j.jenvp.2015.11.003]

14. Jung M, Jonides J, Northouse L, Berman MG, Koelling TM, Pressler SJ. Randomized crossover study of the natural
restorative environment intervention to improve attention and mood in heart failure. J Cardiovasc Nurs. Sep
2017;32(5):464-479. [FREE Full text] [doi: 10.1097/JCN.0000000000000368] [Medline: 27755225]

15. Kaplan S. The restorative benefits of nature: toward an integrative framework. J Environ Psychol. Sep 1995;15(3):169-182.
[doi: 10.1016/0272-4944(95)90001-2]

16. Ohly H, White MP, Wheeler BW, Bethel A, Ukoumunne OC, Nikolaou V, et al. Attention Restoration Theory: a systematic
review of the attention restoration potential of exposure to natural environments. J Toxicol Environ Health B Crit Rev. Sep
26, 2016;19(7):305-343. [doi: 10.1080/10937404.2016.1196155] [Medline: 27668460]

17. Bell CN, St George R, Honan C, Bell LJ, Jolly AT, Matthews A. The relationship between nature exposures and attention
restoration, as moderated by exposure duration: a systematic review and meta-analysis. J Environ Psychol. Jun
2025;104:102632. [doi: 10.1016/j.jenvp.2025.102632]

18. Brown LJ, Astell AJ. Assessing mood in older adults: a conceptual review of methods and approaches. Int Psychogeriatr.
Aug 2012;24(8):1197-1206. [FREE Full text] [doi: 10.1017/S1041610212000075] [Medline: 22340813]

19. Manca R, Venneri A. Minority stress and psychosocial influences on cognitive performance in sexual minority older adults.
Innov Aging. Sep 2023;7(8):igad110. [doi: 10.1093/geroni/igad110] [Medline: 37868765]

20. Park HJ, Kim YR, Choi J, Lee SH, Kang HJ, Lee HH. The impact of depression, stress, and self-esteem on quality of life
among older adults in South Korea. Pak J Med Sci. Mar 2024;40(4):601-605. [FREE Full text] [doi: 10.12669/pjms.40.4.8912]
[Medline: 38545010]

21. Lin YH, Chen HC, Hsu NW, Tsao HM, Lo SS, Chou P. Depression and anxiety correlate differentially with dissatisfaction
with healthcare services in older adults: the Yilan Study, Taiwan. J Formos Med Assoc. Aug 2022;121(8):1506-1514.
[FREE Full text] [doi: 10.1016/j.jfma.2021.10.021] [Medline: 34782197]

22. Ulrich RS, Simons RF, Losito BD, Fiorito E, Miles MA, Zelson M. Stress recovery during exposure to natural and urban
environments. J Environ Psychol. Sep 1991;11(3):201-230. [doi: 10.1016/s0272-4944(05)80184-7]

23. Li H, Ding Y, Zhao B, Xu Y, Wei W. Effects of immersion in a simulated natural environment on stress reduction and
emotional arousal: a systematic review and meta-analysis. Front Psychol. Jan 9, 2022;13:1058177. [doi:
10.3389/fpsyg.2022.1058177] [Medline: 36698558]

24. Paredes-Céspedes DM, Vélez N, Parada-López A, Toloza-Pérez YG, Téllez EM, Portilla C, et al. The effects of nature
exposure therapies on stress, depression, and anxiety levels: a systematic review. Eur J Investig Health Psychol Educ. Mar
7, 2024;14(3):609-622. [FREE Full text] [doi: 10.3390/ejihpe14030040] [Medline: 38534901]

25. Patel A, Kolt G, Keogh J, Schofield G. The Green Prescription and older adults: what do general practitioners see as barriers?
J Prim Health Care. Dec 1, 2012;4(4):320-327. [Medline: 23205382]

26. Batsis JA, Daniel K, Eckstrom E, Goldlist K, Kusz H, Lane D, et al. Promoting healthy aging during COVID-19. J Am
Geriatr Soc. Mar 2021;69(3):572-580. [doi: 10.1111/jgs.17035] [Medline: 33470421]

27. Browning MH, Shipley N, McAnirlin O, Becker D, Yu CP, Hartig T, et al. An actual natural setting improves mood better
than its virtual counterpart: a meta-analysis of experimental data. Front Psychol. Sep 2020;11:2200. [FREE Full text] [doi:
10.3389/fpsyg.2020.02200] [Medline: 33101104]

28. Browning MH, Saeidi-Rizi F, McAnirlin O, Yoon H, Pei Y. The role of methodological choices in the effects of experimental
exposure to simulated natural landscapes on human health and cognitive performance: a systematic review. Environ Behav.
Aug 2021;53(7):687-731. [doi: 10.1177/0013916520906481]

29. Appel L, Appel E, Bogler O, Wiseman M, Cohen L, Ein N, et al. Older adults with cognitive and/or physical impairments
can benefit from immersive virtual reality experiences: a feasibility study. Front Med (Lausanne). Jan 15, 2020;6:329. [doi:
10.3389/fmed.2019.00329] [Medline: 32010701]

30. Gerber SM, Jeitziner MM, Wyss P, Chesham A, Urwyler P, Müri RM, et al. Visuo-acoustic stimulation that helps you to
relax: a virtual reality setup for patients in the intensive care unit. Sci Rep. Oct 16, 2017;7(1):13228. [FREE Full text] [doi:
10.1038/s41598-017-13153-1] [Medline: 29038450]

31. Yu CP, Lee HY, Lu WH, Huang YC, Browning MHEM. Restorative effects of virtual natural settings on middle-aged and
elderly adults. Urban For Urban Green. Dec 2020;56:126863. [doi: 10.1016/j.ufug.2020.126863]

32. Yu CP, Lee HY, Luo XY. The effect of virtual reality forest and urban environments on physiological and psychological
responses. Urban For Urban Green. Oct 2018;35:106-114. [doi: 10.1016/j.ufug.2018.08.013]

JMIR Aging 2026 | vol. 9 | e87861 | p. 11https://aging.jmir.org/2026/1/e87861
(page number not for citation purposes)

Chou et alJMIR AGING

XSL•FO
RenderX

https://europepmc.org/abstract/MED/23978501
http://dx.doi.org/10.1016/j.pbb.2013.08.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23978501&dopt=Abstract
http://dx.doi.org/10.3233/JAD-180043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30400086&dopt=Abstract
http://dx.doi.org/10.1016/j.jenvp.2015.11.003
https://hdl.handle.net/1805/24570
http://dx.doi.org/10.1097/JCN.0000000000000368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27755225&dopt=Abstract
http://dx.doi.org/10.1016/0272-4944(95)90001-2
http://dx.doi.org/10.1080/10937404.2016.1196155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27668460&dopt=Abstract
http://dx.doi.org/10.1016/j.jenvp.2025.102632
https://linkinghub.elsevier.com/retrieve/pii/S1041-6102(24)01151-7
http://dx.doi.org/10.1017/S1041610212000075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22340813&dopt=Abstract
http://dx.doi.org/10.1093/geroni/igad110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37868765&dopt=Abstract
https://europepmc.org/abstract/MED/38545010
http://dx.doi.org/10.12669/pjms.40.4.8912
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38545010&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0929-6646(21)00493-9
http://dx.doi.org/10.1016/j.jfma.2021.10.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34782197&dopt=Abstract
http://dx.doi.org/10.1016/s0272-4944(05)80184-7
http://dx.doi.org/10.3389/fpsyg.2022.1058177
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36698558&dopt=Abstract
https://www.mdpi.com/resolver?pii=ejihpe14030040
http://dx.doi.org/10.3390/ejihpe14030040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38534901&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23205382&dopt=Abstract
http://dx.doi.org/10.1111/jgs.17035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33470421&dopt=Abstract
https://europepmc.org/abstract/MED/33101104
http://dx.doi.org/10.3389/fpsyg.2020.02200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33101104&dopt=Abstract
http://dx.doi.org/10.1177/0013916520906481
http://dx.doi.org/10.3389/fmed.2019.00329
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32010701&dopt=Abstract
https://boris-portal.unibe.ch/handle/20.500.12422/193031
http://dx.doi.org/10.1038/s41598-017-13153-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29038450&dopt=Abstract
http://dx.doi.org/10.1016/j.ufug.2020.126863
http://dx.doi.org/10.1016/j.ufug.2018.08.013
http://www.w3.org/Style/XSL
http://www.renderx.com/


33. Cohen J. A power primer. Psychol Bull. Jul 1992;112(1):155-159. [doi: 10.1037//0033-2909.112.1.155] [Medline: 19565683]
34. Nukarinen T, Rantala J, Korpela K, Browning MHEM, Istance HO, Surakka V, et al. Measures and modalities in restorative

virtual natural environments: an integrative narrative review. Comput Hum Behav. Jan 2022;126:107008. [doi:
10.1016/j.chb.2021.107008]

35. Berto R. Exposure to restorative environments helps restore attentional capacity. J Environ Psychol. Sep 2005;25(3):249-259.
[doi: 10.1016/j.jenvp.2005.07.001]

36. Leung JL, Lee GT, Lam YH, Chan RC, Wu JY. The use of the Digit Span Test in screening for cognitive impairment in
acute medical inpatients. Int Psychogeriatr. Dec 2011;23(10):1569-1574. [doi: 10.1017/s1041610211000792]

37. Wei M, Shi J, Li T, Ni J, Zhang X, Li Y, et al. Diagnostic accuracy of the Chinese version of the trail-making test for
screening cognitive impairment. J Am Geriatr Soc. Jan 2018;66(1):92-99. [doi: 10.1111/jgs.15135] [Medline: 29135021]

38. Watson D, Clark LA, Tellegen A. Development and validation of brief measures of positive and negative affect: the PANAS
scales. J Pers Soc Psychol. Jun 1988;54(6):1063-1070. [doi: 10.1037//0022-3514.54.6.1063] [Medline: 3397865]

39. Juszczak E, Altman DG, Hopewell S, Schulz K. Reporting of multi-arm parallel-group randomized trials: extension of the
CONSORT 2010 statement. JAMA. Apr 23, 2019;321(16):1610-1620. [doi: 10.1001/jama.2019.3087] [Medline: 31012939]

40. Cassarino M, Tuohy IC, Setti A. Sometimes nature doesn't work: absence of attention restoration in older adults exposed
to environmental scenes. Exp Aging Res. Jul 2019;45(4):372-385. [doi: 10.1080/0361073X.2019.1627497] [Medline:
31173559]

41. Andrade C. The ceiling effect, the floor effect, and the importance of active and placebo control arms in randomized
controlled trials of an investigational drug. Indian J Psychol Med. Jul 2021;43(4):360-361. [FREE Full text] [doi:
10.1177/02537176211021280] [Medline: 34385732]

42. Kopp B, Rösser N, Wessel K. Psychometric characteristics and practice effects of the Brunswick Trail Making Test. Percept
Mot Skills. Dec 2008;107(3):707-733. [doi: 10.2466/pms.107.3.707-733] [Medline: 19235402]

43. Cassarino M, Maisto M, Esposito Y, Guerrero D, Chan JS, Setti A. Testing attention restoration in a virtual reality driving
simulator. Front Psychol. Feb 11, 2019;10:250. [FREE Full text] [doi: 10.3389/fpsyg.2019.00250] [Medline: 30804862]

44. Zanto TP, Gazzaley A. Aging of the frontal lobe. Handb Clin Neurol. 2019;163:369-389. [doi:
10.1016/B978-0-12-804281-6.00020-3] [Medline: 31590742]

45. Yu CP, Lin CM, Tsai MJ, Tsai YC, Chen CY. Effects of short forest bathing program on autonomic nervous system activity
and mood states in middle-aged and elderly individuals. Int J Environ Res Public Health. Aug 9, 2017;14(8):897. [FREE
Full text] [doi: 10.3390/ijerph14080897] [Medline: 28792445]

46. Syed-Abdul S, Malwade S, Nursetyo AA, Sood M, Bhatia M, Barsasella D, et al. Virtual reality among the elderly: a
usefulness and acceptance study from Taiwan. BMC Geriatr. Aug 19, 2019;19(1):223. [doi: 10.1186/s12877-019-1218-8]
[Medline: 31426766]

47. Zimmer HZ, Richter F. Novelty detection and orienting: effects on skin conductance and heart rate. Psychol Res. Jun
2023;87(4):1101-1113. [FREE Full text] [doi: 10.1007/s00426-022-01735-2] [Medline: 36107250]

48. Verastegui-Tena L, van Trijp H, Piqueras-Fiszman B. Heart rate and skin conductance responses to taste, taste novelty,
and the (dis)confirmation of expectations. Food Qual Prefer. Apr 2018;65:1-9. [doi: 10.1016/j.foodqual.2017.12.012]

Abbreviations
ART: attention restoration theory
CONSORT: Consolidated Standards of Reporting Trials
DBP: diastolic blood pressure
DS: digit span test
DSB: digit span backward
DSF: digit span forward
GEE: generalized estimating equation
HF: high frequency
HR: heart rate
HRV: heart rate variability
LF: low frequency
PANAS: Positive and Negative Affect Schedule
SBP: systolic blood pressure
TMT: trail making test
VR: virtual reality

JMIR Aging 2026 | vol. 9 | e87861 | p. 12https://aging.jmir.org/2026/1/e87861
(page number not for citation purposes)

Chou et alJMIR AGING

XSL•FO
RenderX

http://dx.doi.org/10.1037//0033-2909.112.1.155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19565683&dopt=Abstract
http://dx.doi.org/10.1016/j.chb.2021.107008
http://dx.doi.org/10.1016/j.jenvp.2005.07.001
http://dx.doi.org/10.1017/s1041610211000792
http://dx.doi.org/10.1111/jgs.15135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29135021&dopt=Abstract
http://dx.doi.org/10.1037//0022-3514.54.6.1063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3397865&dopt=Abstract
http://dx.doi.org/10.1001/jama.2019.3087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31012939&dopt=Abstract
http://dx.doi.org/10.1080/0361073X.2019.1627497
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31173559&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/02537176211021280?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/02537176211021280
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34385732&dopt=Abstract
http://dx.doi.org/10.2466/pms.107.3.707-733
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19235402&dopt=Abstract
https://europepmc.org/abstract/MED/30804862
http://dx.doi.org/10.3389/fpsyg.2019.00250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30804862&dopt=Abstract
http://dx.doi.org/10.1016/B978-0-12-804281-6.00020-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31590742&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph14080897
https://www.mdpi.com/resolver?pii=ijerph14080897
http://dx.doi.org/10.3390/ijerph14080897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28792445&dopt=Abstract
http://dx.doi.org/10.1186/s12877-019-1218-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31426766&dopt=Abstract
https://europepmc.org/abstract/MED/36107250
http://dx.doi.org/10.1007/s00426-022-01735-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36107250&dopt=Abstract
http://dx.doi.org/10.1016/j.foodqual.2017.12.012
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by Y Jiang; submitted 15.Nov.2025; peer-reviewed by M Tusconi, TB Xu, L Zhang; comments to author 16.Dec.2025; accepted
16.Jan.2026; published 25.Feb.2026

Please cite as:
Chou C-C, Lin J-N, Yu C-P, Chen C-W, Yeh A-Y, Lin Y-K
Effects of a Virtual Reality–Based Natural Environment Intervention on Attention and Mood in Community-Dwelling Older Adults:
Randomized Controlled Trial
JMIR Aging 2026;9:e87861
URL: https://aging.jmir.org/2026/1/e87861
doi: 10.2196/87861
PMID:

©Cheng-Chen Chou, Jong-Ni Lin, Chia-Pin Yu, Chi-Wen Chen, An-Yun Yeh, Yen-Kuang Lin. Originally published in JMIR
Aging (https://aging.jmir.org), 25.Feb.2026. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Aging, is properly cited. The complete bibliographic
information, a link to the original publication on https://aging.jmir.org, as well as this copyright and license information must be
included.

JMIR Aging 2026 | vol. 9 | e87861 | p. 13https://aging.jmir.org/2026/1/e87861
(page number not for citation purposes)

Chou et alJMIR AGING

XSL•FO
RenderX

https://aging.jmir.org/2026/1/e87861
http://dx.doi.org/10.2196/87861
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

