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Abstract

Background: Exercise has a positive impact on the health of older adults. However, due to physical conditions, psychological
factors, and external environment constraints, older adults still face significant challenges in maintaining exercise. Exercise
adherence is relatively low. Extended reality (XR) technology offers new ways for older adults to exercise and improve their
adherence. Existing research mainly focuses on short-term effects, paying insufficient attention to maintaining long-term engagement
and establishing effective incentive mechanisms. By introducing service design methods, user experience, stakeholder collaboration,
and adherence support can be better integrated at different stages of exercise intervention, thereby enhancing the willingness and
enthusiasm of older adults to continue to participate in exercise.

Objective: This review aims to evaluate how XR-based exercise interventions targeting populations with a mean age of older
than 50 years integrate service design strategies to enhance exercise adherence and to identify critical gaps in their long-term
application.

Methods: A systematic review was conducted across PubMed, Scopus, Web of Science, CINAHL, PsycINFO, and ACM Digital
Library (January 2020-July 2025). Eligible studies (1) used XR to support exercise or rehabilitation, (2) included participants
with a mean age of older than 50 years, (3) reported at least one service design activity, and (4) provided adherence-related
outcomes. Dual independent screening and structured data extraction were performed.

Results: A total of 9 studies (242 participants) met the inclusion criteria. Most applied participatory, co-design, or user-centered
design with iterative prototyping, but few advanced to full implementation or applied a complete service design cycle. The user
experience was generally positive, but evaluations were primarily based on self-reports with limited objective tracking. Although
exercise adherence was generally high in most studies (80%-100%), this assessment was primarily based on attendance-related
indicators. There was a lack of consistency in how adherence was defined across studies, and no unified measure of exercise
adherence was established. Exercise frequency, duration, and attendance were commonly reported, whereas exercise intensity
and accuracy were often overlooked. Existing evaluations also lacked long-term tracking of exercise adherence. Regarding
intervention delivery settings, most studies were conducted in laboratories, hospitals, and care facilities. Few studies investigated
implementation in community settings, which made XR interventions difficult to adapt to the real-world conditions faced by
older adults in their daily lives and hindered their promotion and application to a broader community population.

Conclusions: Current XR exercise interventions for older adults show promising short-term adherence but rarely embed service
design continuity or comprehensive adherence monitoring. The combination of structured service design processes with standardized
and multidimensional adherence indicators can provide strong support for participants to continue engaging in XR exercise
projects. When implemented in community settings, these interventions can enhance scalability and better support an age-friendly
XR exercise system.
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Introduction

As life expectancy increases, the older population has grown
rapidly, and chronic disease prevalence has risen. Many older
adults live with long-term conditions such as cardiovascular
disease [1], type 2 diabetes [2], obesity [3], arthritis [4], and
dementia [5]. The growing number of such cases is already
putting pressure on health care systems globally [6,7]. For
example, health care costs for frail older adults range from US
$2540 to US $221,400 per person annually [8]. In Singapore,
the societal cost associated with multimorbid older adults
amounts to US $11,970 per person per year [9]. In Europe and
North America, health care expenditures for older adults with
multimorbidity are likewise considerable. For example, among
older patients with heart failure and diabetes, annual hospital
care spending was estimated at approximately US $10,956 per
person in England and US $30,877 per person in the United
States [10]. Regular exercise helps older adults maintain their
health and reduces a variety of age-related problems, such as
cardiovascular disease [11,12], decreased musculoskeletal
strength [13], risk of falls [14], and psychological distress [15].
Despite the clear benefits of exercise, older adults generally
lack the ability to continue exercising [16]. For example, the
adherence rate in an aerobic exercise group of older adults
averaged only 49.7% [17], while a 6-month intervention reported
a 35% dropout rate among participants aged 65 to 74 years [18].

Older adults face numerous barriers to exercise, including
physical fatigue and pain [19,20], psychological concerns and
low confidence [21,22], and unsafe or unsuitable spaces in their
communities [16,23]. Lack of sustained support and
encouragement also makes it difficult for many older adults to
maintain long-term exercise [19]. These issues suggest that
more flexible interventions that can adapt to individual needs
are needed to help older adults cope with physical,
psychological, and environmental challenges.

To address these challenges, technologies such as virtual reality
(VR), augmented reality (AR), and mixed reality (MR),
collectively referred to as extended reality (XR) technology,
have been proposed as a potential means of increasing the
frequency and accessibility of physical activity among older
adults. XR interventions also contain key features such as
immersive environments, real-time interactive feedback, and
gamification [24-26]. Some studies have reported that VR helps
older adults better control blood sugar, improve motor function,
and enhance emotional health [25,27,28]. In addition, studies
have shown that group activities based on VR decrease
loneliness among older adults and increase their enthusiasm
and initiative for exercise [29,30]. AR and MR applications
support mobility and balance training and are particularly
suitable for older adults in institutional care [31,32]. Even
though these results are encouraging, most XR-based exercise
programs are short-term. Their main goal is to test the usability
of the technology, rather than exploring how to sustain long-term

behavioral changes [33,34]. Current XR device designs often
overlook the needs of older users, leading many to experience
difficulties and frustration. Interfaces may be too complex,
visuals too intense, or the space required may exceed what their
home can provide [35-38].

Since most XR interventions lack long-term planning, service
design has gained attention as a way to build more sustainable
solutions. It provides a flexible framework to connect user needs,
coordinate stakeholders, and maintain consistent experiences
over time [39,40]. User journey mapping [41,42], service
blueprints [43], and co-creation methods [44] offer ways to
identify behavioral touchpoints, track drop-off moments, and
target interventions towards a dynamic user experience (UX).
However, in many XR exercise studies, service design
approaches are often applied in the early design or prototyping
stages and rarely receive ongoing support during implementation
and evaluation [45,46]. As a result, UXs become fragmented,
and behavioral insights are not fully leveraged across the
intervention process.

This review responds to existing gaps by taking a service design
perspective to explore XR-based physical activity programs for
older adults. Adherence is not treated as a fixed individual
outcome, but as a dynamic process influenced by ongoing design
efforts, emotional involvement, and multisystem collaboration
[40,47]. This review adopts the TiSDD (This is Service Design
Doing) framework [40] to analyze how service design methods
contribute to each phase of XR interventions. The framework
includes a 4-stage process covering research, ideation,
prototyping, and implementation. Drawing on insights from
participatory methods, user-centered design, and health service
research, this review examines how sustained adherence is
supported and identifies challenges arising from fragmented
services. It further informs the development of XR interventions
that are attuned to both the needs of older adults and the full
exercise engagement cycle.

This review focuses on three core questions:

1. What kinds of service design strategies have been used in
XR-based exercise programs for older adults?

2. In what ways are these tools applied to support continuity
and improve the user experience throughout the intervention
process?

3. What types of adherence outcomes have been observed in
these interventions?

Methods

Study Design
This study conducted a systematic review to synthesize diverse
research, focusing on how XR-based exercise interventions for
older adults can address exercise adherence through service
design strategies. This review followed the transparent,
structured process of the PRISMA (Preferred Reporting Items
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for Systematic Reviews and Meta-Analyses) guidelines
(Multimedia Appendix 1) [48] to ensure reproducibility and
methodological rigor.

Eligibility Criteria
Studies were included if they met all of the following criteria:
(1) they enrolled participants with a mean age of older than 50
years—this standard is based on the World Health
Organization’s definition of older people in resource-limited
settings, where life expectancy is generally shorter [49]; (2)
they focused on XR-based interventions involving physical
activity, exercise, or rehabilitation; (3) they reported the use of
at least one service design method (eg, personas, cocreation,
user journey mapping, user-centered design, or participatory
design) during the development or implementation of the
intervention; (4) they reported outcome data related to exercise
adherence, including at least one of the following dimensions:
frequency, duration, intensity, or accuracy of exercise
performance; and (5) they used or proposed quantitative,
qualitative, or mixed method evaluation strategies, with evidence
of feasibility, usability, or preliminary outcomes.

Studies were excluded if they met any of the following
conditions: (1) they focused solely on cognitive training or
entertainment without an exercise component; (2) they did not
include older adults as the primary target population; or (3) they
were editorials, commentaries, opinion pieces, or lacked
sufficient methodological detail or relevance to the research
question.

Information Sources and Search Strategy
A structured search was conducted across 6 academic databases:
PubMed, Scopus, Web of Science, CINAHL, PsycINFO, and
the ACM Digital Library. The search strategy combined Boolean
operators and thematic clusters covering: XR technologies
(“virtual reality” OR “augmented reality” OR “mixed reality”
OR “extended reality” OR “immersive technology”), service

design methods (“service design” OR “user journey” OR
“journey mapping” OR “experience map” OR “co-design” OR
“participatory design” OR “user-centered design” OR
“human-centered design”), and the target population and activity
(“older adult” OR “elderly” OR “geriatric” AND “exercise”
OR “physical activity” OR “rehabilitation”). Searches were
limited to peer-reviewed papers published in English between
January 2020 and July 2025. Full-text availability was required
for eligibility assessment and data extraction; records for which
the full text could not be accessed were excluded at the screening
stage. Gray literature sources and trial registries were not
systematically searched, as this review focused on peer-reviewed
studies that provided sufficient methodological detail on service
design activities and XR intervention implementation. The full
database-specific search strategies are detailed in Multimedia
Appendix 2.

Study Selection
All retrieved records were imported into a Zotero library
(version 7.0.24; Corporation for Digital Scholarship), and
duplicates were removed. Two independent reviewers (JN and
SW) screened the titles, abstracts, and full texts of the remaining
papers against the predefined inclusion and exclusion criteria.
Discrepancies were resolved through discussion; if consensus
could not be reached, a third reviewer (YY) was consulted.

Data Extraction and Management
Data extraction was performed using a standardized Microsoft
Excel 2021 spreadsheet to ensure consistency across studies.
Two reviewers independently extracted data on study
characteristics, service design strategies, UX, and adherence
outcomes. Discrepancies were resolved through discussion until
consensus was reached. To classify the application stages of
service design strategies, this study adopted the TiSDD
framework [40]. Table 1 summarizes the definitions and typical
activities of each stage, which served as the reference for coding
service design applications in the included studies.

Table 1. Service Design Stages Defined by the TiSDD (This is Service Design Doing) framework.

Typical activitiesDescriptionStage

Ethnography, interviews, observation, participatory work-
shops, and data analysis

Understanding users, behaviors, and contextResearch

Brainstorming, clustering, voting, and decision matricesGenerating, refining, and prioritizing conceptsIdeation

Storyboarding, role-playing, mock-ups, and digital/physical
prototypes

Developing and testing service conceptsPrototyping

Change management, technical development, training, and
monitoring

Deploying and managing interventionsImplementation

Data Synthesis
Data synthesis was organized around 3 research questions and
divided into 4 sections, including study characteristics, service
design outcomes, UX outcomes, and adherence outcomes. This
thematic framework enabled a narrative synthesis that examined
how service design tools were used, how they supported
continuity and UX, and what types of adherence outcomes were
reported.

Quality Assessment
To assess the quality of the studies, critical appraisal was
conducted using the Mixed Methods Appraisal Tool (MMAT;
version 2018; McGill University) [50]. The MMAT is a
specially designed tool that can be used to assess the quality of
different types of studies in the same review, including
qualitative, quantitative, and mixed methods studies. The quality
of all studies was assessed by the first reviewer (JN) and checked
for accuracy by 2 other authors (YY and SW). In line with
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MMAT guidance, the tool was not used to score or exclude
studies, but to support the interpretation of the findings [50].

Results

Sample
The total number of identified records was 973. After duplicates
were removed, 949 records remained, and these were screened

for title and abstract relevance. The number of excluded studies
after title and abstract screening was 921. The full texts of the
remaining 28 papers were read and analyzed, of which 19 were
excluded due to factors such as the absence of exercise-related
data, duplication, non–older adult populations, lack of service
design elements, or lack of XR-based interventions. As a result,
9 studies were included in the final review (Figure 1).

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 flow diagram of the study selection process.

Study Characteristics
This review included 9 studies published between 2020 and
2025, conducted across 9 countries: Italy, Portugal, the
Netherlands, the United Kingdom, Germany, Spain, Canada,
Cyprus, and China. Of the 9 studies, 67% (6/9) were mixed
methods designs [51-56], 11% (1/9) was a mixed methods study
with an embedded randomized controlled trial [57], 11% (1/9)
was a quasi-randomized controlled trial [58], and 11% (1/9)
was a nonrandomized quantitative study [59]. A total of 242
participants were involved across all studies, with sample sizes
ranging from 6 to 75. The mean age of participants ranged from
52.8 to 86.8 years. A total of 89% (8/9) included both male and
female participants [51-54,56-59], while 11% (1/9) did not
report gender information [55].

All 100% (9/9) studies used VR as the XR modality [51-59].
A total of 67% (6/9) of studies reported specific XR headset
models [51-53,55,56,58], while 33% (3/9) did not specify the
hardware used [54,57,59]. A total of 78% (7/9) of studies

described the XR interaction modality [51,52,54-58], whereas
22% (2/9) did not report interaction details [53,59]. A total of
100% (9/9) of studies reported some form of XR supervision
and support during intervention delivery [51-59]. A total of
33% (3/9) of studies reported information on XR cybersickness
or tolerability [51,54,55], while 67% (6/9) did not report
tolerability-related data [52,53,56-59].

Exercise types included 44% (4/9) upper limb rehabilitation
interventions [51,52,55,56], 22% (2/9) gait or balance training
[54,58], 11% (1/9) lower limb training [57], 11% (1/9) adapted
physical activity [59], and 11% (1/9) multidomain
physical-cognitive rehabilitation [53].

Intervention settings included 44% (4/9) hospital-based studies
[51-53,57], 11% (1/9) university or research laboratory [58],
11% (1/9) biomedical research institute [54], 11% (1/9)
long-term care residence [56], and 11% (1/9) home-based
environment [55], 11% (1/9) study used a mixed-setting
intervention across nursing homes, hospitals, and home
environments [59] (Table 2).
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Table 2. Study characteristics.

Intervention
setting

Exercise
type

XR cyber-
sickness /
tolerability

XR supervi-
sion and sup-
port

XR inter-
action
Modality

XR hard-
ware

XRa

type

SexAge
(years)

Sam-
ple
size

Study de-
sign

Author
(year), coun-
try

Nursing
homes, hospi-

Adapted
physical ac-
tivity

Not reportedTrainer- or
coach-support-
ed use

Not re-
ported

Not re-
ported

VRdFb

and

Mc

Mean age
79.8 (SD
9.96)

75Nonran-
domized
quantita-
tive

De Luca et
al [59],
(2025), Italy,
Portugal,
Netherlands

tals, and
home set-
tings

Hospital-
based inter-
vention

Multitechnol-
ogy rehabili-
tation train-
ing: upper

Not reportedSupervised
group-based
sessions with
rehabilitation
staff

Not re-
ported

Meta
Quest
headset

VRF
and
M

Mean age
69.6 (SD
14.0)

60Mixed
methods

Sweeney et
al [53],
(2025), Unit-
ed Kingdom

limb, lower
limb, bal-
ance, cogni-
tive, and
whole-body
functional
training

University
laboratory

Gait-based
fall preven-
tion ex-
ergame

Not reportedOn-site super-
vision by 2
trained super-
visors, with
real-time mon-

Walking-
based in-
teraction

HTC
Vive Pro
2

VRF
and
M

Mean age
70.00
(SD 3.33)

32Quasi-

RCTe
Ciemer et al
[58], (2025),
Germany

itoring via an
external
screen

Biomedical
Research In-
stitute

Gait training
(treadmill
walking +
dual-task in-
tervention)

Fatigue and
sweating

Supervised by
physiothera-
pists

Tread-
mill-
based gait
training
with foot
tracking

Not re-
ported

VRF
and
M

Mean age
61 (SD 9)

8Mixed
methods

Bosch-
Barceló et al
[54], (2024),
Spain

Home-based
program

upper-body
physical ac-
tivity

Potential
challenges
related to
nausea and

Remote sup-
port

Hand-
held con-
trollers

Oculus
Quest 2

VRNone≥6012Mixed
methods

Mehrabi et
al [55],
(2022),
Canada

motion sick-
ness

Hospital set-
ting

Upper-limb
training

Motion sick-
ness and
anxiety not-

On-site in-per-
son supervi-
sion by physio-

Touch-
based in-
teraction

VIVE
Pro-Eye
VR; Vive
Trackers

VRF
and
M

Mean age
77.85
(SD
11.35)

20Mixed
methods

Matsangidou
et al [51],
(2022),
Cyprus ed as poten-

tial issues
therapists,
with real-time
monitoring via

without
buttons,
where ob-

an external
screen

jects in
the VR
environ-
ment are
triggered
by direct
contact

Hospital set-
ting

Upper limb
rehabilita-
tion exercis-
es

Not reportedOn-site in-per-
son supervi-
sion by physio-
therapists,
with real-time

Hand-
held con-
trollers
and Vive
Trackers

VIVE
Pro-Eye
VR; Vive
Trackers

VRF
and
M

Mean age
81.14
(SD 3.84)

7Mixed
methods

Matsangidou
et al [52],
(2023),
Cyprus

monitoring viawith gaze
tracking an external

screen
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Intervention
setting

Exercise
type

XR cyber-
sickness /
tolerability

XR supervi-
sion and sup-
port

XR inter-
action
Modality

XR hard-
ware

XRa

type

SexAge
(years)

Sam-
ple
size

Study de-
sign

Author
(year), coun-
try

Long-term
care resi-
dence

Upper limb
exercises

Not reportedSupervised by
exercise thera-
pists and re-
searchers

Hand-
held
touch
con-
trollers;
audio
(voice) in-
structions

Oculus
Rift CV1

VRF
and
M

Mean age
86.8 (SD
6.2)

6Mixed
methods

Eisapour et
al [56],
(2020),
Canada

Hospital set-
ting

Lower limb
functional
training

Not reportedSupervised by
physical thera-
pists

Depth
camera-
based mo-
tion track-
ing

Not re-
ported

VRF
and
M

Mean age
in the in-
terven-
tion
group is
57.55,
and in the
control
group is
52.82

22Mixed
methods
study with
an embed-

ded RCTf

Xu et al
[57], (2021),
China

aXR: extended reality.
bF: female.
cM: male.
dVR: virtual reality.
eQuasi-RCT: quasi–randomized controlled trial.
fRCT: randomized controlled trial.

Quality Assessment of the Studies Included
Based on the MMAT assessment, the overall methodological
quality of the included studies was acceptable.

Most studies demonstrated adequate quality across their
respective methodological domains. The qualitative components
generally met MMAT criteria, showing appropriate study design,
data collection, and coherence between data, analysis, and
interpretation.

Among quantitative studies, one randomized controlled trial
met all MMAT criteria. Several nonrandomized studies showed
limitations related to confounding, as confounders were not
clearly accounted for in the study design or analysis.

Most mixed methods studies provided a clear rationale for using
a mixed methods design and demonstrated integration between
qualitative and quantitative components. However, some studies
showed limited methodological transparency, reflected by “can’t
tell” ratings on selected MMAT criteria.

No studies were excluded on the basis of quality appraisal.
Detailed MMAT ratings for each study are provided in
Multimedia Appendix 3 [51-59].

Service Design Outcomes

Service Design Tools and Strategies
Across the 9 included studies, service design strategies were
predominantly grounded in participatory, co-design, and
user-centered approaches. A total of 4 (44%) studies applied
participatory design [52,56,57,59], 2 (22%) studies adopted
co-design [51,53], 1 (11%) study used collaborative design [58],
1 (11%) study adopted user-centered design [54], and 1 (11%)
study explicitly combined participatory and user-centered
methods [55].

Stakeholder involvement demonstrated a multistakeholder
pattern in most cases. All studies (9/9, 100%) involved older
adults [51-59], 8 (89%) studies engaged rehabilitation
professionals such as physical therapists, rehabilitation
physicians, or kinesiologists [52-59]. Five (56%) studies
involved technical and design experts [51,52,54,55,58], 4 (44%)
studies included medical staff such as physicians, nurses, or
paramedical professionals [51,53,54,59], and 1 (11%) studies
engaged caregivers or community staff [59]. In total, 7 (78%)
studies incorporated 3 or more stakeholder groups [51-55,58,59],
reflecting a predominant emphasis on collaborative development
across clinical, technical, and end user perspectives (Table 3).
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Table 3. Service design tools and applications across service stages.

Service design activities and functionsApplication stage (TiSDDa model: re-
search/ideation/prototyping/implementation)

Stakeholder groups
involved

Service design
strategy

Author
(year)

Service design activities structured adapted
physical activity services for older adults in

Research + Prototyping: Participatory design
was used to engage older adults, caregivers,

Older adults, care-
givers, therapists,

Participatory de-
sign

De Luca et
al [59],
(2025) nursing homes and home settings by defin-

ing service workflows and delivery scenar-
therapists, and other stakeholders to identify user
needs and define goals (Research), iteratively

communities, and
clinicians.

ios, positioning the VRb system as part ofrefined the system prototype based on user
feedback during development (Prototyping). an integrated service rather than a stand-

alone technology.

Service design activities structured a multi-
technology, group-based rehabilitation exer-

Implementation: The intervention was deployed,
managed, and monitored in a real-world hospital
ward environment.

Older adults with
stroke, physicians,
nurses, and thera-
pists.

CocreationSweeney et
al [53],
(2025) cise service within an acute stroke unit by

configuring service workflows, defining
staff and patient roles, and integrating mul-
tiple rehabilitation technologies into a super-
vised group delivery model.

Service design activities structured EX-
ploVR as a supervised, community-oriented

Research + Prototyping: User needs were identi-
fied through involvement of target users (Re-

Older adults, ex-
pert groups from

CollaborativeCiemer et al
[58], (2025)

fall-prevention service by defining trainingsearch), and the EXploVR prototype was devel-the domains of Hu-
workflows, staff roles, spatial and safetyoped and iteratively tested by a multidisciplinary

team together with older adults (Prototyping).
man Movement
Science, Experi-
ence Design, and
Game Design.

arrangements, and designing the interven-
tion to support relevance to daily-life mobil-
ity and participation for older adults.

Service design activities structured a super-
vised, technology-supported gait rehabilita-

Research + Prototyping + Implementation: Initial
user needs were collected through feedback and

Older adults with
Parkinson disease,

User-centered de-
sign

Bosch-
Barceló et al
[54], (2024) tion service by defining session workflows,

physiotherapists and patient roles, safety
expert interviews (Research), software was de-
veloped and validated using the Scrum method

physiotherapists,
nurses, and comput-
ing scientists. arrangements, and progression rules, inte-

grating a gamified VR environment into
routine physiotherapy-led delivery.

(Prototyping), and implementing the intervention
in a real world setting and collecting feedback
(Implementation).

Service design activities structured a remote-
ly delivered home-based VR exercise ser-

Research + Prototyping: An extensive user-cen-
tered and participatory design process was ap-

Older adults with
no or mild cogni-

Participatory and
user-centered de-
sign

Mehrabi et
al [55],
(2022) vice by defining session workflows, partic-

ipant and staff roles, and remote onboarding
plied, involving stakeholders including older
adults, exercise professionals, game designers,

tive impairment,
exercise profession-

and support procedures, enabling olderand assistive technology experts (Research). Theals, game design-
adults to safely engage in a 6-week ex-
ergame intervention outside clinical settings.

system was iteratively refined based on user
feedback (Prototyping). The paper did not detail
each phase separately.

ers, engineers from
human factors and
assistive technolo-
gy fields, and a lo-
cal VR studio.

Service design activities structured a super-
vised VR-based physical training service

Research + Ideation + Prototyping: Needs and
barriers were identified through focus groups

Older adults with
dementia, medical

Co-designMatsangidou
et al [51],
(2022) for people living with dementia by defining

session workflows, therapist-patient roles,
(Research), followed by concept generation and
prioritization through workshops and brainstorm-

and paramedical
staff, Human-

safety and calibration procedures, and inte-ing sessions (Ideation), and then rapid prototyp-
ing and testing with user feedback (Prototyping).

Computer Interac-
tion (HCI) in
health care experts.

grating VR into routine care delivery within
a restricted hospital environment.

Service design activities structured a person-
alized, therapist-supported VR rehabilitation

Prototyping: The intervention applied the RITE
rapid prototyping method, using observation

Older adults with
dementia, physio-

Participatory de-
sign

Matsangidou
et al [52],
(2023) service for seated upper-body physical

training for people living with dementia, by
notes and semistructured interviews to iteratively
refine the system (Prototyping).

therapist, human-
computer interac-
tion (HCI) re-
searcher.

defining calibration-based exercise work-
flows, therapist monitoring roles, and
adaptive feedback mechanisms to support
safe and independent task execution in
clinical settings.

JMIR Aging 2026 | vol. 9 | e86595 | p. 7https://aging.jmir.org/2026/1/e86595
(page number not for citation purposes)

Niu et alJMIR AGING

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Service design activities and functionsApplication stage (TiSDDa model: re-
search/ideation/prototyping/implementation)

Stakeholder groups
involved

Service design
strategy

Author
(year)

Service design activities structured demen-
tia-friendly VR exercise delivery by co-de-
signing with therapists and people living
with dementia, iteratively refining 2 VR
exercise environments, and embedding
safety and accessibility supports (eg, audio
guidance and individualized calibration) for
seated upper-body training in long-term
care.

Research + Prototyping: User needs were gath-
ered through focus groups and observations
(Research), and the prototypes were refined iter-
atively based on user feedback (Prototyping).

Older adults with
dementia, exercise
therapists, and kine-
siologists.

Participatory de-
sign

Eisapour et
al [56],
(2020)

Service design activities structured a thera-
pist-supervised VR service for poststroke
lower-limb rehabilitation by translating
stepping- and gait-training protocols into
adjustable Stomp-Joy–based game tasks,
and embedding role-based clinical work-
flows for session prescription, progression
control, and safety supervision.

Research + Prototyping + Implementation: De-
sign inputs were collected from stroke patients,
therapists, and physicians (Research); the game
prototype was refined based on feedback to im-
prove usability (Prototyping); and the final ver-
sion was tested in a hospital rehabilitation ward
with evaluations from multiple stakeholder per-
spectives (Implementation).

Older adults with
stroke, physical
therapists, and reha-
bilitation physi-
cians.

Participatory de-
sign

Xu et al
[57], (2021)

aTiSDD: This is Service Design Doing.
bVR: virtual reality.

Application Across Service Stages
The coverage of service design stages demonstrated apparent
variation (Table 3). Seven of 9 (78%) studies applied the
Research stage, identifying user needs and design elements
through interviews, focus groups, or on-site observations
[51,54-59]. One (11%) study addressed the Ideation stage, using
workshops and brainstorming sessions to generate and prioritize
concepts [51]. Eight (89%) studies engaged in the Prototyping
stage, improving the usability and interaction experience of the
system through rapid prototyping or RITE methods
[51,52,54-59]. Three (33%) studies entered the implementation
stage, deploying and managing the system in hospital,
biomedical research, or rehabilitation ward settings [53,54,57].

Regarding stage coverage, 2 (22%) studies were single-stage
[52,53] and focused exclusively on Implementation or
Prototyping. A total of 7 (78%) studies were multistage,
involving 2 or more phases [51,54-59]. Among these, 4 (44%)
studies adopted a 2-stage process from the Research to
Prototyping stage, enabling user needs to be identified and
rapidly translated into iterative prototypes [55,56,58,59]. Two
(22%) studies implemented a 3-stage combination of Research,
Prototyping, and Implementation [54,57], 1 (11%) followed a
3-stage process covering the sequence of Research, Ideation,
and Prototyping [51]. Notably, no study completed all 4 stages
of the TiSDD model.

Across the included studies, service design activities were
primarily used to configure how XR interventions functioned
as services in real-world care contexts. Specifically, service
design activities [51-59] were used to (1) define service
workflows and delivery scenarios, (2) clarify roles and
responsibilities of patients, therapists, and staff, and (3) integrate
XR systems into existing rehabilitation, care, or home service
structures (Table 3).

User Experience Outcomes
The included studies evaluated UX using 5 methods. Five of
the 9 (56%) of studies used standardized usability
questionnaires, such as System Usability Scale, The Single Ease
Question, Simulator Sickness Questionnaire, Questionnaire for
User Interaction Satisfaction, and NATU Quest (Assistive
Technology Usability Questionnaire for people with
Neurological diseases), to assess system usability and task
difficulty [51,52,54,55,59]. Five of the 9 (56%) studies evaluated
emotional and immersive experience through tools like Flow
Short Scale, Physical Activity Enjoyment Scale, Exergame
Enjoyment Questionnaire, Physical Activity Affect Scale, Visual
Analogue Scale, Observed Emotion Rating Scale, and
Slater-Usoh-Steed Questionnaire [51,52,55,56,58]. Two of the
9 (22%) studies captured motivation and engagement using the
intrinsic motivation inventory and a 4-point engagement scale
[56,57]. Two of the 9 (22%) of studies examined self-efficacy
and safety perceptions using tools such as ABC-6/8, the Bandura
scale, and custom safety items [55,58]. Six of the 9 (67%)
studies used qualitative feedback methods, including interviews
and open-ended forms [52-57].

Participants generally reported a positive UX. Five of the 9
(56%) studies reported that interventions were enjoyable and
immersive, with participants frequently highlighting high levels
of engagement and emotional benefits [51,52,54,56,58]. Three
of the 9 (33%) of studies indicated perceived usefulness and
value for rehabilitation, with self-report measures reflecting
strong motivation and recognition of exercise benefits
[55,57,59]. Two of the 9 (22%) studies included feedback from
clinical staff who found the interventions both feasible and
encouraging [53,57]. They highlighted outcomes such as
increased patient confidence, improved mood, and reduced staff
workload. However, 33% (3/9) of studies also pointed to
negative aspects, including fatigue, discomfort from wearing
head-mounted displays, and a decrease in enjoyment during
cognitively demanding or extended sessions [51,54,57] (Table
4).
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Table 4. User experience (UX) outcomes.

UX feedbackUX measurement methodAuthor (year)

76.7% (58/75) reported positive experience, 68.5% (51/75) were satisfied, 65.8%
(49/75) found it useful.

QUIS7a-based questionnaire (5-point
Likert)

De Luca et al [59],
(2025)

Clinical staff considered the intervention acceptable, reporting that it improved patients’
confidence, mood, and motivation for rehabilitation, while also alleviating staff
workload.

Staff interviews (qualitative)Sweeney et al [53],
(2025)

High levels of enjoyment (FKS, PACES, EEQ scores high and stable); participants
reported the training as enjoyable, immersive, meaningful, and safe, with reduced fear
of falling.

FKSb, PACES-Sc, EEQd, ABC-6/8e,
custom questions on confidence

Ciemer et al [58],
(2025)

High satisfaction reported. participants preferred natural environments (countryside,
forest), found the experience pleasant and immersive, and appreciated the dog design
as reassuring and the environments as realistic. Some participants noted that fog and
high speeds reduced enjoyment. Although they reported fatigue, the system was gen-
erally acceptable and motivating.

SUSf, NATU Questg, SSQh, user feed-
back

Bosch-Barceló et al
[54], (2024)

Positive UX: high satisfaction, usability, and immersion; high enjoyment (Likert);
interviews show game is engaging and feasible; PAAS indicates positive emotions;
self-efficacy supports future exercise intention.

Ad hoc usability and game UX ques-
tionnaire, 5-point pictorial Likert enjoy-

ment scale, PAASi, Bandura self-effi-
cacy scale, semi-structured interviews

Mehrabi et al [55],
(2022)

FIVRn significantly increased positive affect (higher OERS scores), reduced sadness
and anxiety; patients reported the training to be more enjoyable, immersive, and

emotionally positive; SIVRo was better than conventional training but less effective

than FIVR; some patients remained sensitive to wearing the HMDp.

OERSj, VASk, VRSQl, SUS, SEQmMatsangidou et al
[51], (2022)

In the final prototype, significant improvements were observed in presence and usabil-
ity (with SUS and SEQ scores significantly increased); participants showed increased
positive emotions (pleasure) and reduced negative emotions (such as sadness, anxiety,
anger); observation notes and interviews indicated that VR training elicited feelings
of enjoyment, interest, and self-identification (eg, perceiving the training as more rel-
evant to their personal context and natural to perform).

SUS, SEQ, OERS, VAS, task perfor-
mance, and interviews

Matsangidou et al
[52], (2023)

Participants generally reported enjoying the VR experience, finding it relaxing and
enjoyable, with high immersion, comfort, and usability; some expressed a preference
for more challenging tasks or more variety rather than repeating the same movement.

Daily and weekly questionnaires (5-
point Likert), 4-point engagement
scale, interviews, open-ended feedback,
and expert reviews.

Eisapour et al [56],
(2020)

Patients reported high scores in interest/enjoyment, perceived competence, and val-
ue/usefulness on the IMI questionnaire, indicating high engagement and perceived
benefits of the game. However, it was noted that interest may decline with long-term
use and that the system lacked a recording mechanism. Both patients and clinicians
considered the experience pleasant and motivating.

IMIq questionnaire (5 dimensions),
semistructured interviews

Xu et al [57], (2021)

aQUIS7: Questionnaire for User Interaction Satisfaction.
bFKS: Flow Short Scale.
cPACES-S: Physical Activity Enjoyment Scale.
dEEQ: Exergame Enjoyment Questionnaire.
eABC-6/8: Activities-specific Balance Confidence Scales.
fSUS: System Usability Scale.
gNATU Quest: Assistive Technology Usability Questionnaire for people with Neurological diseases.
hSSQ: Simulator Sickness Questionnaire.
iPAAS: Physical Activity Affect Scale.
jOERS: Observed Emotion Rating Scale.
kVAS: Visual Analogue Scale.
lVRSQ: Slater-Usoh-Steed Questionnaire.
mSEQ: The Single Ease Question.
nFIVR: fully immersive virtual reality.
oSIVR: Semi Immersive VR.
pHMD: Head-Mounted Display.
qIMI: Intrinsic Motivation Inventory.
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Exercise Adherence Outcomes
This review analyzed exercise adherence outcomes reported
across the included studies. Given the heterogeneity in adherence
definitions and measurement approaches, no conversion or
standardization of adherence metrics was performed. Instead,
adherence outcomes were synthesized by grouping indicators
according to their underlying behavioral constructs, allowing
comparison within similar categories while highlighting
dimensions that remain underevaluated.

Attendance-based adherence indicators were the most
consistently reported. Five of the 9 (56%) studies reported
attendance-related indicators, including completion and dropout
rates, with completion rates ranging from 80% to 100% and
dropout rates varying between 2% and 13% [53,55-58]. In this
review, references to “high adherence” were primarily derived
from attendance-related indicators, as these were the most
frequently and consistently reported measures across studies.

Performance-based adherence indicators were reported less
consistently and captured different aspects of task execution
and progression. Four of the 9 (44%) of studies monitored
exercise accuracy, including task precision, movement quality,
and success rates through in-game metrics or trajectory tracking
systems [51,52,54,56]. Furthermore, 33% (3/9) of studies

discussed performance progression across sessions, including
observed improvements or declines in task success rates and
response times [52-54].

Self-reported adherence indicators were the least frequently
reported. One of the 9 (11%) studies assessed self-reported
perceptions of adherence, with 65.8% (49/75) of participants
indicating that the system supported their physical activity
routines [59].

Across the 4 core adherence components synthesized in this
review, including frequency, duration, intensity, and accuracy
[60]. Seven of the 9 (78%) of studies clearly defined exercise
frequency [51,52,54-58]. Furthermore, 89% (8/9) of studies
reported the duration of exercise, including both session length
and program length [51-58]. Three of the 9 (33%) studies
addressed exercise intensity [55,56,59]. Four of the 9 (44%) of
studies captured the accuracy of exercise performance
[51,52,54,56]. None of the studies included long-term follow-up
to assess sustained exercise adherence.

No studies were excluded from the review due to unclear
adherence reporting; however, the variability and incompleteness
of adherence measures limited cross-study comparability and
constrained conclusions regarding long-term adherence (Table
5).
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Table 5. Exercise adherence outcomes.

Follow-upExercise adherence resultsExercise adherence indica-
tors

Exercise protocol (planned
dose)

Author (year)

Not reportedNo significant improvement in overall physical activ-
ity levels; 9% (7/75) of participants improved from

IPAQ-SF METa value

(quantitative), IPAQ-SFb

6-week programDe Luca et al
[59], (2025)

inactive to sufficiently active; 65.8% (49/75) agreed
activity level classification and 9.6% (7/75) strongly agreed that VR2Care im-

proved adherence to physical activity.(inactive/active), self-report-
ed improvement in physical
activity adherence.

Not reportedOn average, each patient completed 9.1 sessions (SD
7.4) during hospitalization, with a total rehabilitation

Session attendance, training
duration, task completion

Duration not specifiedSweeney et al
[53], (2025)

time of 508.4 minutes (SD 521.2) and an average ofrate, performance progres-
sion. 52.0 minutes per session (SD 15.7). Patients achieved

an additional 52 minutes of rehabilitation per day
prior to discharge. Dropout rate was low (1/60, 2%).

Not reportedA total of 32 participants completed the study, with
16 in the intervention group and 16 in the control

Adherence was tracked
through an attendance log
recorded at each session.

3-week program; 2 ses-
sions per week; 60 minutes
per session; total of 6 ses-
sions

Ciemer et al [58],
(2025)

group. A total of 6 participants dropped out during
the study (intervention group: n=4; control group:
n=2), resulting in an overall dropout rate of only 13%
(4/32).

Not reportedObstacle avoidance performance improved during
the training phases, with better performance after

Obstacle avoidance perfor-
mance (success rate in each

3 sessions; 1 session per
week; each session includ-

Bosch-Barceló et
al [54], (2024)

familiarization on Day 1; performance slightly de-bout across 3 different diffi-
culty environments).

ed treadmill warm-up and
4 bouts of gait training
with rest intervals; total

creased on Days 2 and 3 as difficulty increased, but
overall remained satisfactory.

session duration approxi-
mately 20-21 minutes

Not reportedThe authors anticipated an adherence rate of ≥80%.
Gameplay performance metrics were automatically
recorded to assess participation.

Session adherence rate;
gameplay metrics.

6 weeks; 3 sessions per
week; 15-20 minutes per
session

Mehrabi et al
[55], (2022)

Not reportedUnder the FIVRc system, patients demonstrated
higher task accuracy, greater independence, and bet-

Task accuracy (number of
correctly performed repeti-
tions out of 10), task inde-

3 experimental sessions;
each lasting approximately
30 minutes

Matsangidou et al
[51], (2022)

ter movement quality; the time required for simple
pendence (number of thera- movements (Side Arm Raise) was shorter, and al-
pist interventions required), though the time for complex movements (Overhead

Press) was longer, accuracy improved.completion time (seconds),
movement quality (match
with baseline movements).

Not reportedOver the 3 prototype iterations, task completion and
independence significantly improved, execution time

Task completion rate, task
independence score, execu-

3 iterations of RITEd test-
ing; each iteration approxi-

Matsangidou et al
[52], (2023)

decreased, and movement trajectories became closertion time, movement trajec-
tory error.

mately 30 minutes, includ-
ing up to 20 minutes of

VRe exposure

to the target, indicating progressively improved exer-
cise adherence.

Not reportedAll participants completed all scheduled VR exercise
sessions (6/6, 100% completion); exercise perfor-

Completion rate (whether all
exercises were completed),

3-week program; 5 ses-
sions per week; ≈20 min-
utes per session

Eisapour et al
[56], (2020)

mance (range of motion, distance, velocity) was
comparable to therapist-led exercise, with no signifi-

range of motion (reach),
movement distance, veloci-
ty. cant differences; participants perceived VR exercise

workload as adequate and comparable to therapist-
led sessions.

Not reportedOf the 24 participants, 2 withdrew—one due to a fall
during training, without injury, and one for personal
reasons.

Intervention atten-
dance/dropout rate; number
of completed sessions dur-
ing the intervention period.

2-week program; 5 ses-
sions per week; VR train-
ing (30 minutes) combined
with conventional physical
therapy; total of 10 ses-
sions

Xu et al [57],
(2021)

aIPAQ-SF MET: International Physical Activity Questionnaire Short Form - Metabolic Equivalent of Task.
bIPAQ-SF: International Physical Activity Questionnaire Short Form.
cFIVR: fully immersive virtual reality.
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dRITE: Rapid Iterative Testing and Evaluation.
eVR: virtual reality.

Discussion

Principal Results
This review synthesized evidence from 9 XR-based exercise
interventions targeting older adults and revealed a field that was
promising yet constrained by structural and methodological
limitations. Most studies grounded their service design strategies
in participatory, co-design, and user-centered approaches
[51-57,59], frequently combined with iterative prototyping
[51,54-59]. However, service design processes were often
incomplete, with most studies concentrating on early research
and prototyping stages, showing limited engagement in ideation
[51] and progression to implementation. Only 3 studies
progressed to the Implementation stage [53,54,57]. Although
multiple stakeholders were involved and participatory principles
were widely adopted, their contributions were largely confined
to early-stage design decisions and usability refinement, rather
than extended to shaping long-term service integration or
delivery models. This uneven coverage across service stages
constrained the translation of interventions into sustained service
offerings. When interpreted through behavior change
frameworks such as Capability, Opportunity,
Motivation–Behavior [61] and behavior change techniques [62],
the limited continuity of service design across later stages helps
explain why sustained exercise behavior was rarely examined.
While early-stage co-design and prototyping supported initial
engagement and motivation, fewer interventions addressed
opportunity-related factors, such as integration into everyday
contexts, reinforcement strategies, and long-term support
mechanisms, which are essential for maintaining behavior over
time.

UX outcomes were generally positive. Participants reported
pleasant experiences, high levels of immersion, and increased
motivation in questionnaires, usability evaluations, and
interviews. However, some studies also noted negative adverse
effects, such as fatigue, headset discomfort, and decreased
enjoyment during challenging or long tasks [51,54,57]. Overall,
most evaluations relied on subjective reports, with limited use
of objective measures, such as physiological or behavioral data.
This reliance on self-reported short-term experience indicators
limits the extent to which positive UX can be interpreted as
evidence of sustained engagement. While enjoyment and
immersion appear effective in supporting initial participation,
the lack of longitudinal and objective measures constrains
understanding of how these experiences translate into continued
exercise behavior over time.

Most studies reported high levels of exercise adherence, though
inconsistently across dimensions, despite the use of a 4D
adherence framework [60] in our synthesis; few studies
comprehensively reported across all dimensions. Frequency
and duration were the most reported measures of exercise
adherence; however, few studies compared them with
established exercise guidelines. Most studies conducted minimal
monitoring of exercise intensity, and only 1 applied validated
physiological measurement. While some VR systems included

metrics related to movement accuracy, the studies did not
integrate these metrics into the formal outcome framework for
exercise adherence. This fragmentation of adherence dimensions
impeded cross-study comparison and masked the contribution
of specific design features to behavioral engagement. Most
studies assessed exercise adherence using non-standardized,
short-term measures. Attendance and task completion were the
most commonly used surrogate measures of adherence; some
studies also reported adherence through in-game performance
metrics, performance progression over time, or self-reported
perceptions of adherence, but none adopted a standardized
long-term assessment framework. As a result, the consistently
high adherence rates reported across studies should be
interpreted cautiously, as they primarily reflect short-term
participation rather than sustained exercise continuity. The
absence of standardized, multidimensional, and longitudinal
adherence assessments limits insight into whether engagement
persisted beyond the intervention period.

Notably, 8 studies conducted interventions in hospital,
laboratory, or long-term care settings [51-54,56-59], and 1 study
conducted its intervention at home [55], with no studies
implementing community-based deployment, highlighting a
critical gap for real-world scalability. The traditional health
management model mainly relied on hospital or home-centered
interventions, and the increasing demand for population aging
and chronic disease management posed greater challenges to
this model [63-65]. In contrast, community-based health
management was considered a sustainable strategy that could
provide convenient, long-term services and promote healthy
behaviors among older adults [66,67]. Community and
group-based programs provide social interaction, emotional
support, and a sense of belonging, which reduce isolation and
strengthen psychological stability [16,22]. Community XR
interventions also faced some challenges in resource sharing
and management. Community-based XR exercise often requires
multiple participants to share equipment, space, and network
resources. However, most community spaces lacked the
specialized infrastructure necessary to support immersive
exercise programs, including adequate physical space, stable
power supply, network connectivity, and safety facilities [68].
This created unresolved issues such as shared use time
arrangements, equipment maintenance, and technical assistance
training for community staff [68,69]. For community XR
projects to be truly implemented, they also need the support of
policies and management mechanisms [70]. For example, by
optimizing community resource allocation and conducting
technical personnel training, practical problems such as
equipment sharing and insufficient infrastructure can be
addressed [71].

The dominance of controlled environments in the reviewed
studies, therefore, limits the interpretation of continuity and
scalability outcomes. While such settings support feasibility
testing and supervised delivery, they do not reflect the
operational conditions under which older adults engage in
exercise in everyday community contexts, making it difficult
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to assess whether XR-based interventions can be sustained
beyond experimental or clinical settings.

Comparison With Prior Work
The findings of this study aligned with broader existing
evidence. With the application of technology-assisted
interventions in the field of rehabilitation and exercise for older
adults, participatory methods and user-centered design principles
were gradually integrated into the entire process of intervention
development [72,73]. This trend also appeared in VR
rehabilitation and digital health projects, where researchers
generally emphasized the widespread application of participatory
design and rapid prototyping design [35]. However, our
synthesis identified a critical difference: early creative ideation
and comprehensive multi-stage service design remained
underused. Most studies adopted fragmented design processes
without forming a closed loop between service design and
adherence monitoring, which limited the ability to anticipate
long-term engagement barriers and optimize real-world
implementation.

Several studies confirmed that immersive VR interventions
provided positive feedback to older adults, including heightened
feelings of pleasure, increased willingness to participate in
activities, and improved emotional well-being [74,75]. However,
some studies reported side effects, such as fatigue, mild physical
discomfort, or sensitivity to the headset after the intervention
[76,77].

High short-term adherence appeared consistent with prior
findings on gamified VR engagement [26,78]. However, this
adherence pattern likely resulted from 2 limitations: first, the
intervention duration was insufficient, and second, the adherence
assessment did not form a standardized indicator, but rather
participants achieved a real and sustained change in behavior.
In interdisciplinary research practice, standardized compliance
assessment played a crucial role. It bridged definitional gaps
across disciplines, enabled unified evaluation criteria, and
offered standardized measurement tools for longitudinal tracking
[60,79]. Furthermore, due to the lack of follow-up data,
researchers could not determine whether such adherence
persisted beyond the short term [80].

However, a critical underexplored dimension in prior work and
our synthesis concerned the setting of implementation. Existing
research suggested that implementing XR intervention in
community settings could support social interaction, emotional
regulation, and behavioral improvement [81-83]. However,
most studies focused on hospitals, laboratories, and care
facilities. This narrow setting focus weakened the ecological
validity of research findings and hindered a comprehensive
evaluation of the long-term sustainability of interventions.
Integrating XR into community programs could have improved
accessibility, peer support, and emotional connection; however,
this remained an overlooked area in current research.

Limitations and Future Research
This review had some limitations. First, the number of studies
included in the analysis was relatively small, and the sample
size of most individual studies was also small. More importantly,
the studies showed pronounced heterogeneity in design, baseline

characteristics of participants, and intervention implementation
processes. These differences not only reduced the statistical
power of the overall analysis but also limited the generalizability
of the research conclusions. In addition, restricting inclusion to
studies with accessible full texts may have excluded relevant
work based on access rather than content, introducing potential
selection bias; gray literature and trial registries were not
systematically searched, which may have resulted in the
omission of unpublished or ongoing studies. Second, none of
the included studies established longitudinal follow-up links,
which made it impossible to determine whether the short-term
participation adherence translated into long-term behavioral
change or functional improvement. Third, regarding intervention
settings, most studies focused on hospitals, care facilities, or
laboratory environments. In contrast, empirical evidence from
community or home settings remained relatively limited, which
also weakened the applicability of the findings to real-life
scenarios. Finally, although this review adopted an XR-oriented
scope, all included studies used VR interventions, reflecting the
current concentration of evidence rather than an intentional
focus on VR, and exploration of AR or MR modes remained
relatively limited. Studies applying AR or MR technologies
were identified in the broader literature and have demonstrated
positive physical or cognitive outcomes among older adults
[84,85]; however, these approaches have not yet been
systematically examined within service design-oriented
frameworks. The limitations of this technology exploration
made it difficult to reveal the comparative advantages of
different XR methods in terms of accessibility, usability, and
situational adaptability, which affected the comprehensive
understanding of the overall application value of XR technology.

To address the shortcomings of current research, future studies
should adopt standardized, multidimensional adherence
assessment metrics [60]. By establishing unified assessment
dimensions and criteria, these metrics could resolve
inconsistencies caused by variations in measurement and provide
a stable foundation for long-term follow-up studies. Exploration
of community-based interventions should be strengthened, with
designs that closely mirror real-world exercise environments
to address contextual barriers to adaptation effectively.
Furthermore, service design tools such as user journey maps
should be incorporated into the intervention process, leveraging
their visualization capabilities to identify potential dropout risk
points at each stage of the intervention, providing a concrete
reference for iterative optimization of intervention plans. In
parallel, multimodal tracking systems should be developed that
integrate physiological data collected by wearable devices,
participant behavioral logs, and in-game performance metrics.
These systems should generate adaptive feedback to provide
participants with more personalized support for interventions.
Finally, future research should expand its technological scope
by exploring AR and MR modalities and evaluating their
potential for more inclusive and ecologically valid exercise
interventions.

Conclusions
This review systematically evaluated how XR-based exercise
interventions for older adults incorporated service design
strategies to support exercise adherence. Although participatory
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design and gamified VR experiences have been widely used in
related research, most studies have remained fragmented and
short-term. There were clear deficiencies in both the systematic
integration of multistage service design processes and the
effective incorporation of standardized compliance frameworks;
a comprehensive research practice system had not yet been
established. Research findings indicated generally high levels
of exercise adherence; however, conclusions varied across
studies, and few focused on the intensity of adherence, long-term
maintenance, or the ecological validity of the findings. Further
analysis from the perspectives of intervention setting and
technology application revealed that most existing interventions
focused on hospital or laboratory settings, whereas the

exploration of community settings, as well as the development
of other XR modalities such as AR and MR, was relatively
limited. To address this gap, future XR intervention research
should integrate structured service design tools throughout the
intervention lifecycle, develop standardized adherence metrics,
establish multidimensional adherence tracking mechanisms,
and extend deployment to real-life settings. By promoting
synergy among behavioral engagement, service continuity, and
situational adaptability, the effectiveness of XR intervention in
helping older adults build sustainable exercise habits, while also
providing an empirical reference for the innovative development
of inclusive digital health services.

Acknowledgments
The authors would like to thank the Library of the University of Southampton for assistance with scientific databases.

Conflicts of Interest
None declared.

Multimedia Appendix 1
PRISMA checklist.
[DOCX File , 272 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Search strategy.
[DOCX File , 20 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Quality Assessment of the Studies Included.
[DOCX File , 34 KB-Multimedia Appendix 3]

References

1. Gaziano TA, Bitton A, Anand S, Abrahams-Gessel S, Murphy A. Growing epidemic of coronary heart disease in low- and
middle-income countries. Curr Probl Cardiol. 2010;35(2):72-115. [FREE Full text] [doi: 10.1016/j.cpcardiol.2009.10.002]
[Medline: 20109979]

2. Yang W, Lu J, Weng J, Jia W, Ji L, Xiao J, et al. China National Diabetes Metabolic Disorders Study Group. Prevalence
of diabetes among men and women in China. N Engl J Med. 2010;362(12):1090-1101. [doi: 10.1056/NEJMoa0908292]
[Medline: 20335585]

3. Doblhammer G, Hoffmann R, Muth E, Westphal C. A systematic literature review of studies analyzing the effects of sex,
age, education, marital status, obesity, and smoking on health transitions. Acta Crystallogr B. 2005;20:37-64. [FREE Full
text] [doi: 10.1107/S010876810501726X] [Medline: 16041089]

4. Prince MJ, Wu F, Guo Y, Gutierrez Robledo LMG, O'Donnell M, Sullivan R, et al. The burden of disease in older people
and implications for health policy and practice. Lancet. 2015;385(9967):549-562. [doi: 10.1016/S0140-6736(14)61347-7]

5. van Alphen HJM, Volkers KM, Blankevoort CG, Scherder EJA, Hortobágyi T, van Heuvelen MJG. Older adults with
dementia are sedentary for most of the day. PLoS One. 2016;11(3):e0152457. [FREE Full text] [doi:
10.1371/journal.pone.0152457] [Medline: 27031509]

6. Zhou B, Lu Y, Hajifathalian K, Bentham J. Worldwide trends in diabetes since 1980: a pooled analysis of 751
population-based studies with 4·4 million participants. Lancet. 2016;387(10027):1513-1530. [FREE Full text] [doi:
10.1016/S0140-6736(16)00618-8] [Medline: 27061677]

7. Sun H, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, Duncan BB, et al. IDF diabetes atlas: global, regional and
country-level diabetes prevalence estimates for 2021 and projections for 2045. Diabetes Res Clin Pract. 2022;183:109119.
[FREE Full text] [doi: 10.1016/j.diabres.2021.109119] [Medline: 34879977]

8. Alkhodary AA, Syed Mohamed A, Ismail A, Nur AM, Shahar S. The economic burden of frailty among elderly people: a
review of the current literature. Malays J Public Health Med. 2020;20(2):224-232. [doi: 10.37268/mjphm/vol.20/no.2/art.304]

JMIR Aging 2026 | vol. 9 | e86595 | p. 14https://aging.jmir.org/2026/1/e86595
(page number not for citation purposes)

Niu et alJMIR AGING

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=aging_v9i1e86595_app1.docx&filename=0bb03b01a31c7f6bf6191633dc3d9491.docx
https://jmir.org/api/download?alt_name=aging_v9i1e86595_app1.docx&filename=0bb03b01a31c7f6bf6191633dc3d9491.docx
https://jmir.org/api/download?alt_name=aging_v9i1e86595_app2.docx&filename=acaa00a642c9666a547e2f936c91c54c.docx
https://jmir.org/api/download?alt_name=aging_v9i1e86595_app2.docx&filename=acaa00a642c9666a547e2f936c91c54c.docx
https://jmir.org/api/download?alt_name=aging_v9i1e86595_app3.docx&filename=4ee64ffc20cf0b9dd7edf5068699d041.docx
https://jmir.org/api/download?alt_name=aging_v9i1e86595_app3.docx&filename=4ee64ffc20cf0b9dd7edf5068699d041.docx
https://europepmc.org/abstract/MED/20109979
http://dx.doi.org/10.1016/j.cpcardiol.2009.10.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20109979&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa0908292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20335585&dopt=Abstract
http://hdl.handle.net/1805/14395
http://hdl.handle.net/1805/14395
http://dx.doi.org/10.1107/S010876810501726X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16041089&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(14)61347-7
https://dx.plos.org/10.1371/journal.pone.0152457
http://dx.doi.org/10.1371/journal.pone.0152457
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27031509&dopt=Abstract
http://hdl.handle.net/2318/1562113
http://dx.doi.org/10.1016/S0140-6736(16)00618-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27061677&dopt=Abstract
https://europepmc.org/abstract/MED/34879977
http://dx.doi.org/10.1016/j.diabres.2021.109119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34879977&dopt=Abstract
http://dx.doi.org/10.37268/mjphm/vol.20/no.2/art.304
http://www.w3.org/Style/XSL
http://www.renderx.com/


9. Picco L, Achilla E, Abdin E, Chong SA, Vaingankar JA, McCrone P, et al. Economic burden of multimorbidity among
older adults: impact on healthcare and societal costs. BMC Health Serv Res. 2016;16:173. [FREE Full text] [doi:
10.1186/s12913-016-1421-7] [Medline: 27160080]

10. Figueroa JF, Papanicolas I, Riley K, Abiona O, Arvin M, Atsma F, et al. International comparison of health spending and
utilization among people with complex multimorbidity. Health Serv Res. 2021;56 Suppl 3(Suppl 3):1317-1334. [FREE
Full text] [doi: 10.1111/1475-6773.13708] [Medline: 34350586]

11. Nystoriak MA, Bhatnagar A. Cardiovascular effects and benefits of exercise. Front Cardiovasc Med. 2018;5:135. [FREE
Full text] [doi: 10.3389/fcvm.2018.00135] [Medline: 30324108]

12. Fiuza-Luces C, Santos-Lozano A, Joyner M, Carrera-Bastos P, Picazo O, Zugaza JL, et al. Exercise benefits in cardiovascular
disease: beyond attenuation of traditional risk factors. Nat Rev Cardiol. 2018;15(12):731-743. [doi:
10.1038/s41569-018-0065-1] [Medline: 30115967]

13. D'Onofrio G, Kirschner J, Prather H, Goldman D, Rozanski A. Musculoskeletal exercise: its role in promoting health and
longevity. Prog Cardiovasc Dis. 2023;77:25-36. [doi: 10.1016/j.pcad.2023.02.006] [Medline: 36841491]

14. Papalia GF, Papalia R, Diaz Balzani LA, Torre G, Zampogna B, Vasta S, et al. The effects of physical exercise on balance
and prevention of falls in older people: a systematic review and meta-analysis. J Clin Med. 2020;9(8):2595. [FREE Full
text] [doi: 10.3390/jcm9082595] [Medline: 32796528]

15. Mikkelsen K, Stojanovska L, Polenakovic M, Bosevski M, Apostolopoulos V. Exercise and mental health. Maturitas.
2017;106:48-56. [doi: 10.1016/j.maturitas.2017.09.003] [Medline: 29150166]

16. Meredith S, Cox N, Ibrahim K, Higson J, McNiff J, Mitchell S, et al. Factors that influence older adults' participation in
physical activity: a systematic review of qualitative studies. Age Ageing. 2023;52(8). [FREE Full text] [doi:
10.1093/ageing/afad145] [Medline: 37595070]

17. Picorelli AMA, Pereira LSM, Pereira DS, Felício D, Sherrington C. Adherence to exercise programs for older people is
influenced by program characteristics and personal factors: a systematic review. J Physiother. 2014;60(3):151-156. [FREE
Full text] [doi: 10.1016/j.jphys.2014.06.012] [Medline: 25092418]

18. Jancey J, Lee A, Howat P, Clarke A, Wang K, Shilton T. Reducing attrition in physical activity programs for older adults.
J Aging Phys Act. 2007;15(2):152-165. [doi: 10.1123/japa.15.2.152] [Medline: 17556782]

19. O'Neil-Pirozzi TM, Cattaneo G, Solana-Sánchez J, Gomes-Osman J, Pascual-Leone A. The importance of motivation to
older adult physical and cognitive exercise program development, initiation, and adherence. Front Aging. 2022;3:773944.
[FREE Full text] [doi: 10.3389/fragi.2022.773944] [Medline: 35821853]

20. Herbert P. Promoting exercise in older people to support healthy ageing. Nurs Stand. 2022;37(4):46-50. [doi:
10.7748/ns.2022.e11787] [Medline: 35156355]

21. Valenzuela T, Okubo Y, Woodbury A, Lord SR, Delbaere K. Adherence to technology-based exercise programs in older
adults: a systematic review. J Geriatr Phys Ther. 2018;41(1):49-61. [doi: 10.1519/JPT.0000000000000095] [Medline:
27362526]

22. Room J, Hannink E, Dawes H, Barker K. What interventions are used to improve exercise adherence in older people and
what behavioural techniques are they based on? a systematic review. BMJ Open. 2017;7(12):e019221. [FREE Full text]
[doi: 10.1136/bmjopen-2017-019221] [Medline: 29247111]

23. Schutzer KA, Graves BS. Barriers and motivations to exercise in older adults. Prev Med. 2004;39(5):1056-1061. [doi:
10.1016/j.ypmed.2004.04.003] [Medline: 15475041]

24. Baker S, Waycott J, Robertson E, Carrasco R, Neves BB, Hampson R, et al. Evaluating the use of interactive virtual reality
technology with older adults living in residential aged care. Inf Process Manag. 2020;57(3):102105. [doi:
10.1016/j.ipm.2019.102105]

25. Brimelow RE, Dawe B, Dissanayaka N. Preliminary research: virtual reality in residential aged care to reduce apathy and
improve mood. Cyberpsychol Behav Soc Netw. 2020;23(3):165-170. [doi: 10.1089/cyber.2019.0286]

26. Shah SHH, Karlsen AST, Solberg M, Hameed IA. A social VR-based collaborative exergame for rehabilitation: codesign,
development and user study. Virtual Real. 2022:1-18. [FREE Full text] [doi: 10.1007/s10055-022-00721-8] [Medline:
36465891]

27. Mirza RA, Yaqoob I. Effects of combined aerobic and virtual reality-based cognitive training on 76 years old diabetic male
with mild cognitive impairment. J Coll Physicians Surg Pak. 2018;28(9):S210-S212. [doi: 10.29271/jcpsp.2018.09.S210]
[Medline: 30173701]

28. Lee Y, Hong J, Hur M, Seo E. Effects of virtual reality exercise program on blood glucose, body composition, and exercise
immersion in patients with type 2 diabetes. Int J Environ Res Public Health. 2023;20(5):4178. [FREE Full text] [doi:
10.3390/ijerph20054178] [Medline: 36901191]

29. Li Y, Wilke C, Shiyanov I, Muschalla B. Impact of virtual reality-based group activities on activity level and well-being
among older adults in nursing homes: longitudinal exploratory study. JMIR Serious Games. 2024;12:e50796. [FREE Full
text] [doi: 10.2196/50796] [Medline: 38551635]

30. Lin C, Lee C, Lally D, Coughlin J. Impact of virtual reality (VR) experience on older adults’ well-being. Springer; 2018.
Presented at: Human Aspects of IT for the Aged Population. Applications in Health, Assistance, and Entertainment; July
15–20, 2018:89-100; Cham. [doi: 10.1007/978-3-319-92037-5_8]

JMIR Aging 2026 | vol. 9 | e86595 | p. 15https://aging.jmir.org/2026/1/e86595
(page number not for citation purposes)

Niu et alJMIR AGING

XSL•FO
RenderX

https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-016-1421-7
http://dx.doi.org/10.1186/s12913-016-1421-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27160080&dopt=Abstract
https://europepmc.org/abstract/MED/34350586
https://europepmc.org/abstract/MED/34350586
http://dx.doi.org/10.1111/1475-6773.13708
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34350586&dopt=Abstract
https://europepmc.org/abstract/MED/30324108
https://europepmc.org/abstract/MED/30324108
http://dx.doi.org/10.3389/fcvm.2018.00135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30324108&dopt=Abstract
http://dx.doi.org/10.1038/s41569-018-0065-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30115967&dopt=Abstract
http://dx.doi.org/10.1016/j.pcad.2023.02.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36841491&dopt=Abstract
https://www.mdpi.com/resolver?pii=jcm9082595
https://www.mdpi.com/resolver?pii=jcm9082595
http://dx.doi.org/10.3390/jcm9082595
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32796528&dopt=Abstract
http://dx.doi.org/10.1016/j.maturitas.2017.09.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29150166&dopt=Abstract
https://europepmc.org/abstract/MED/37595070
http://dx.doi.org/10.1093/ageing/afad145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37595070&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1836-9553(14)00080-0
https://linkinghub.elsevier.com/retrieve/pii/S1836-9553(14)00080-0
http://dx.doi.org/10.1016/j.jphys.2014.06.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25092418&dopt=Abstract
http://dx.doi.org/10.1123/japa.15.2.152
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17556782&dopt=Abstract
https://europepmc.org/abstract/MED/35821853
http://dx.doi.org/10.3389/fragi.2022.773944
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35821853&dopt=Abstract
http://dx.doi.org/10.7748/ns.2022.e11787
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35156355&dopt=Abstract
http://dx.doi.org/10.1519/JPT.0000000000000095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27362526&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=29247111
http://dx.doi.org/10.1136/bmjopen-2017-019221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29247111&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2004.04.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15475041&dopt=Abstract
http://dx.doi.org/10.1016/j.ipm.2019.102105
http://dx.doi.org/10.1089/cyber.2019.0286
https://europepmc.org/abstract/MED/36465891
http://dx.doi.org/10.1007/s10055-022-00721-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36465891&dopt=Abstract
http://dx.doi.org/10.29271/jcpsp.2018.09.S210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30173701&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph20054178
http://dx.doi.org/10.3390/ijerph20054178
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36901191&dopt=Abstract
https://games.jmir.org/2024//e50796/
https://games.jmir.org/2024//e50796/
http://dx.doi.org/10.2196/50796
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38551635&dopt=Abstract
http://dx.doi.org/10.1007/978-3-319-92037-5_8
http://www.w3.org/Style/XSL
http://www.renderx.com/


31. Bermúdez IBS, Avelino J, Bernardino A, Cameirão M, Muñoz J. Development and validation of a mixed reality exergaming
platform for fitness training of older adults. In: Everyday Virtual and Augmented Reality. London (Global HQ), Berlin.
Springer; 2023:119-145.

32. Blomqvist S, Seipel S, Engström M. Using augmented reality technology for balance training in the older adults: a feasibility
pilot study. BMC Geriatr. 2021;21(1):144. [FREE Full text] [doi: 10.1186/s12877-021-02061-9] [Medline: 33637043]

33. Chung OS, Robinson T, Johnson AM, Dowling NL, Ng CH, Yücel M, et al. Implementation of therapeutic virtual reality
into psychiatric care: clinicians' and service managers' perspectives. Front Psychiatry. 2021;12:791123. [FREE Full text]
[doi: 10.3389/fpsyt.2021.791123] [Medline: 35058823]

34. Neira-Tovar L, Rodríguez IC, Salazar FG. A method to improve the design of virtual reality games in healthcare applied
to increase physical activity in patients with type 2 diabetes mellitus. Appl Sci. 2022;13(1):50. [doi: 10.3390/app13010050]

35. Lorenz EA, Bråten Støen A, Lie Fridheim M, Alsos OA. Design recommendations for xr-based motor rehabilitation
exergames at home. Front Virtual Real. 2024;5:1340072. [doi: 10.3389/frvir.2024.1340072]

36. Leonardi C, Mennecozzi C, Not E, Pianesi F, Zancanaro M. Designing a familiar technology for elderly people.
Gerontechnology. 2008;7(2):151. [doi: 10.4017/gt.2008.07.02.088.00]

37. Kouijzer MMTE, Kip H, Bouman YHA, Kelders SM. Implementation of virtual reality in healthcare: a scoping review on
the implementation process of virtual reality in various healthcare settings. Implement Sci Commun. 2023;4(1):67. [FREE
Full text] [doi: 10.1186/s43058-023-00442-2] [Medline: 37328858]

38. Margrett JA, Ouverson KM, Gilbert SB, Phillips LA, Charness N. Older adults use of extended reality: a systematic review.
Front Virtual Real. 2022;2:760064. [doi: 10.3389/frvir.2021.760064]

39. Patrício L, Sangiorgi D, Mahr D, Čaić M, Kalantari S, Sundar S. Leveraging service design for healthcare transformation:
toward people-centered, integrated, and technology-enabled healthcare systems. J Serv Manag. 2020;31(5):889-909. [doi:
10.1108/josm-11-2019-0332]

40. Stickdorn M, Hormess ME, Lawrence A, Schneider J. This is service design doing. Santa Rosa, CA, USA. O'Reilly Media,
Inc; 2018:569.

41. Simonse L, Albayrak A, Starre S. Patient journey method for integrated service design. Des Health. 2019;3(1):82-97. [doi:
10.1080/24735132.2019.1582741]

42. Sijm-Eeken M, Zheng J, Peute L. Towards a lean process for patient journey mapping ? a case study in a large academic
setting. Amsterdam, The Netherlands. IOS Press; 2020:1071-1075.

43. Koo Y, Kim E, Nam I. Development of a communication platform for patients with head and neck cancer for effective
information delivery and improvement of doctor-patient relationship: application of treatment journey-based service
blueprint. BMC Med Inform Decis Mak. 2024;24(1):81. [FREE Full text] [doi: 10.1186/s12911-024-02477-4] [Medline:
38509511]

44. Mager B, Oertzen A, Vink J. Co-creation in health services through service design. Cham, Switzerland. Springer Cham;
2022:497-510.

45. James H, Buffel T. Co-research with older people: a systematic literature review. Ageing Soc. 2023;43(12):2930-2956.
[doi: 10.1017/s0144686x21002014]

46. Hewko M, Gagnon Shaigetz V, Smith MS, Kohlenberg E, Ahmadi P, Hernandez Hernandez ME, et al. Considering
theory-based gamification in the co-design and development of a virtual reality cognitive remediation intervention for
depression (bWell-D): mixed methods study. JMIR Serious Games. 2025;13:e59514. [doi: 10.2196/59514]

47. Bitner MJ, Ostrom AL, Morgan FN. Service blueprinting: a practical technique for service innovation. Calif Manag Rev.
2008;50(3):66-94. [doi: 10.2307/41166446]

48. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The prisma 2020 statement: an updated
guideline for reporting systematic reviews. BMJ. 2021;372:n71. [FREE Full text] [doi: 10.1136/bmj.n71] [Medline:
33782057]

49. Proposed working definition of an older person in Africa for the MDS project : definition of an older or elderly person.
CiNii. 2013. URL: https://cir.nii.ac.jp/crid/1573668924062064128 [accessed 2026-09-08]

50. Hong QN, Fàbregues S, Bartlett G, Boardman F, Cargo M, Dagenais P, et al. The mixed methods appraisal tool (MMAT)
version 2018 for information professionals and researchers. Educ Inform. 2018;34(4):285-291. [doi: 10.3233/EFI-180221]

51. Matsangidou M, Frangoudes F, Hadjiaros M, Schiza E, Neokleous KC, Papayianni E, et al. “Bring me sunshine, bring me
(physical) strength”: the case of dementia. designing and implementing a virtual reality system for physical training during
the COVID-19 pandemic. Int J Hum Comput Stud. 2022;165:102840. [doi: 10.1016/j.ijhcs.2022.102840]

52. Matsangidou M, Frangoudes F, Schiza E, Neokleous KC, Papayianni E, Xenari K, et al. Participatory design and evaluation
of virtual reality physical rehabilitation for people living with dementia. Virtual Real. 2022;27(1):421-438. [doi:
10.1007/s10055-022-00639-1]

53. Sweeney G, Boyd F, Keogh M, Lyczba P, Forrest E, Rowe P, et al. A technology-enriched approach to increasing
rehabilitation dose after stroke: clinical feasibility study. Clin Rehabil. 2025;39(6):740-749. [FREE Full text] [doi:
10.1177/02692155251333542] [Medline: 40247700]

JMIR Aging 2026 | vol. 9 | e86595 | p. 16https://aging.jmir.org/2026/1/e86595
(page number not for citation purposes)

Niu et alJMIR AGING

XSL•FO
RenderX

https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-021-02061-9
http://dx.doi.org/10.1186/s12877-021-02061-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33637043&dopt=Abstract
https://europepmc.org/abstract/MED/35058823
http://dx.doi.org/10.3389/fpsyt.2021.791123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35058823&dopt=Abstract
http://dx.doi.org/10.3390/app13010050
http://dx.doi.org/10.3389/frvir.2024.1340072
http://dx.doi.org/10.4017/gt.2008.07.02.088.00
https://implementationsciencecomms.biomedcentral.com/articles/10.1186/s43058-023-00442-2
https://implementationsciencecomms.biomedcentral.com/articles/10.1186/s43058-023-00442-2
http://dx.doi.org/10.1186/s43058-023-00442-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37328858&dopt=Abstract
http://dx.doi.org/10.3389/frvir.2021.760064
http://dx.doi.org/10.1108/josm-11-2019-0332
http://dx.doi.org/10.1080/24735132.2019.1582741
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-024-02477-4
http://dx.doi.org/10.1186/s12911-024-02477-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38509511&dopt=Abstract
http://dx.doi.org/10.1017/s0144686x21002014
http://dx.doi.org/10.2196/59514
http://dx.doi.org/10.2307/41166446
https://www.bmj.com/lookup/pmidlookup?view=long&pmid=33782057
http://dx.doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33782057&dopt=Abstract
https://cir.nii.ac.jp/crid/1573668924062064128
http://dx.doi.org/10.3233/EFI-180221
http://dx.doi.org/10.1016/j.ijhcs.2022.102840
http://dx.doi.org/10.1007/s10055-022-00639-1
https://journals.sagepub.com/doi/10.1177/02692155251333542?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/02692155251333542
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40247700&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


54. Bosch-Barceló P, Masbernat-Almenara M, Martínez-Navarro O, Tersa-Miralles C, Pakarinen A, Fernández-Lago H. A
gamified virtual environment intervention for gait rehabilitation in parkinson's disease: co-creation and feasibility study. J
Neuroeng Rehabil. 2024;21(1):107. [FREE Full text] [doi: 10.1186/s12984-024-01399-6] [Medline: 38915103]

55. Mehrabi S, Muñoz JE, Basharat A, Boger J, Cao S, Barnett-Cowan M, et al. Immersive virtual reality exergames to promote
the well-being of community-dwelling older adults: protocol for a mixed methods pilot study. JMIR Res Protoc.
2022;11(6):e32955. [FREE Full text] [doi: 10.2196/32955] [Medline: 35700014]

56. Eisapour M, Cao S, Boger J. Participatory design and evaluation of virtual reality games to promote engagement in physical
activity for people living with dementia. J Rehabil Assist Technol Eng. 2020;7:2055668320913770. [FREE Full text] [doi:
10.1177/2055668320913770] [Medline: 32499921]

57. Xu Y, Tong M, Ming W, Lin Y, Mai W, Huang W, et al. A depth camera-based, task-specific virtual reality rehabilitation
game for patients with stroke: pilot usability study. JMIR Serious Games. 2021;9(1):e20916. [FREE Full text] [doi:
10.2196/20916] [Medline: 33759795]

58. Ciemer C, Schott N, Klotzbier TJ, Ghellal S. Effectiveness, enjoyment, and meaningfulness of a virtual reality gait-based
fall prevention exergame in community-dwelling healthy older adults: an interdisciplinary pilot study. Front Psychol.
2025;16:1610377. [FREE Full text] [doi: 10.3389/fpsyg.2025.1610377] [Medline: 40567879]

59. De Luca V, Qbilat M, Cuomo A, Bianco A, Cesaroni F, Lanari C, et al. Virtual reality solution to promote adapted physical
activity in older adults: outcomes from VR2Care project exploratory study. Front Public Health. 2025;13:1584406. [FREE
Full text] [doi: 10.3389/fpubh.2025.1584406] [Medline: 40433492]

60. Frost R, Levati S, McClurg D, Brady M, Williams B. What adherence measures should be used in trials of home-based
rehabilitation interventions? a systematic review of the validity, reliability, and acceptability of measures. Arch Phys Med
Rehabil. 2017;98(6):1241-1256.e1245. [FREE Full text] [doi: 10.1016/j.apmr.2016.08.482] [Medline: 27702555]

61. Michie S, van Stralen MM, West R. The behaviour change wheel: a new method for characterising and designing behaviour
change interventions. Implement Sci. 2011;6:42. [FREE Full text] [doi: 10.1186/1748-5908-6-42] [Medline: 21513547]

62. Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. The behavior change technique taxonomy
(v1) of 93 hierarchically clustered techniques: building an international consensus for the reporting of behavior change
interventions. Ann Behav Med. 2013;46(1):81-95. [FREE Full text] [doi: 10.1007/s12160-013-9486-6] [Medline: 23512568]

63. Anderson R. Patient empowerment and the traditional medical model: a case of irreconcilable differences? Diabetes Care.
1995;18(3):412-415. [doi: 10.2337/diacare.18.3.412]

64. Morales-Asencio J, Gonzalo-Jiménez E, Martin-Santos F, Morilla-Herrera J, Celdráan-Mañas M, Carrasco AM, et al.
Effectiveness of a nurse-led case management home care model in primary health care. a quasi-experimental, controlled,
multi-centre study. BMC Health Serv Res. 2008;8:193. [FREE Full text] [doi: 10.1186/1472-6963-8-193] [Medline:
18811927]

65. Meskó B, Drobni Z, Bényei É, Gergely B, Győrffy Z. Digital health is a cultural transformation of traditional healthcare.
mHealth. 2017;3:38. [FREE Full text] [doi: 10.21037/mhealth.2017.08.07] [Medline: 29184890]

66. Buffel T. Social research and co-production with older people: developing age-friendly communities. J Aging Stud.
2018;44:52-60. [doi: 10.1016/j.jaging.2018.01.012] [Medline: 29502790]

67. Farrance C, Tsofliou F, Clark C. Adherence to community based group exercise interventions for older people: a
mixed-methods systematic review. Prev Med. 2016;87:155-166. [FREE Full text] [doi: 10.1016/j.ypmed.2016.02.037]
[Medline: 26921655]

68. Sarkar U, Lee JE, Nguyen KH, Lisker S, Lyles CR. Barriers and facilitators to the implementation of virtual reality as a
pain management modality in academic, community, and safety-net settings: qualitative analysis. J Med Internet Res.
2021;23(9):e26623. [doi: 10.2196/26623]

69. Levac DE, Miller PA. Integrating virtual reality video games into practice: clinicians' experiences. Physiother Theory Pract.
2013;29(7):504-512. [doi: 10.3109/09593985.2012.762078] [Medline: 23362843]

70. Lewin S, Lehmann U, Perry HB. Community health workers at the dawn of a new era: 3. programme governance. Health
Res Policy Sys. 2021;19(S3):129. [doi: 10.1186/s12961-021-00749-3]

71. Chen AT, Smith DO, Ojikutu BO, Auerbach J. The community as a full partner: a new model for public health. Health Aff
(Millwood). 2024;43(6):805-812. [doi: 10.1377/hlthaff.2024.00033] [Medline: 38830164]

72. Kerr A, Grealy M, Slachetka M, Wodu CO, Sweeney G, Boyd F, et al. A participatory model for cocreating accessible
rehabilitation technology for stroke survivors: user-centered design approach. JMIR Rehabil Assist Technol. 2024;11:e57227.
[FREE Full text] [doi: 10.2196/57227] [Medline: 39177660]

73. Muñoz J, Mehrabi S, Li Y, Basharat A, Middleton LE, Cao S, et al. Immersive virtual reality exergames for persons living
with dementia: user-centered design study as a multistakeholder team during the COVID-19 pandemic. JMIR Serious
Games. 2022;10(1):e29987. [FREE Full text] [doi: 10.2196/29987] [Medline: 35044320]

74. Moyle W, Jones C, Dwan T, Petrovich T. Effectiveness of a virtual reality forest on people with dementia: a mixed methods
pilot study. Gerontologist. 2018;58(3):478-487. [doi: 10.1093/geront/gnw270] [Medline: 28329867]

75. Villada Castillo JF, Montoya Vega MF, Muñoz Cardona JE, Lopez D, Quiñones L, Henao Gallo OA, et al. Design of virtual
reality exergames for upper limb stroke rehabilitation following iterative design methods: usability study. JMIR Serious
Games. 2024;12:e48900. [FREE Full text] [doi: 10.2196/48900] [Medline: 38206670]

JMIR Aging 2026 | vol. 9 | e86595 | p. 17https://aging.jmir.org/2026/1/e86595
(page number not for citation purposes)

Niu et alJMIR AGING

XSL•FO
RenderX

https://jneuroengrehab.biomedcentral.com/articles/10.1186/s12984-024-01399-6
http://dx.doi.org/10.1186/s12984-024-01399-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38915103&dopt=Abstract
https://www.researchprotocols.org/2022/6/e32955/
http://dx.doi.org/10.2196/32955
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35700014&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2055668320913770?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/2055668320913770
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32499921&dopt=Abstract
https://games.jmir.org/2021/1/e20916/
http://dx.doi.org/10.2196/20916
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33759795&dopt=Abstract
https://doi.org/10.3389/fpsyg.2025.1610377
http://dx.doi.org/10.3389/fpsyg.2025.1610377
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40567879&dopt=Abstract
https://doi.org/10.3389/fpubh.2025.1584406
https://doi.org/10.3389/fpubh.2025.1584406
http://dx.doi.org/10.3389/fpubh.2025.1584406
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40433492&dopt=Abstract
https://core.ac.uk/reader/81679968?utm_source=linkout
http://dx.doi.org/10.1016/j.apmr.2016.08.482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27702555&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-6-42
http://dx.doi.org/10.1186/1748-5908-6-42
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21513547&dopt=Abstract
https://core.ac.uk/reader/191129821?utm_source=linkout
http://dx.doi.org/10.1007/s12160-013-9486-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23512568&dopt=Abstract
http://dx.doi.org/10.2337/diacare.18.3.412
https://bmchealthservres.biomedcentral.com/articles/10.1186/1472-6963-8-193
http://dx.doi.org/10.1186/1472-6963-8-193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18811927&dopt=Abstract
https://europepmc.org/abstract/MED/29184890
http://dx.doi.org/10.21037/mhealth.2017.08.07
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29184890&dopt=Abstract
http://dx.doi.org/10.1016/j.jaging.2018.01.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29502790&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0091-7435(16)30014-7
http://dx.doi.org/10.1016/j.ypmed.2016.02.037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26921655&dopt=Abstract
http://dx.doi.org/10.2196/26623
http://dx.doi.org/10.3109/09593985.2012.762078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23362843&dopt=Abstract
http://dx.doi.org/10.1186/s12961-021-00749-3
http://dx.doi.org/10.1377/hlthaff.2024.00033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38830164&dopt=Abstract
https://rehab.jmir.org/2024//e57227/
http://dx.doi.org/10.2196/57227
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39177660&dopt=Abstract
https://games.jmir.org/2022/1/e29987/
http://dx.doi.org/10.2196/29987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35044320&dopt=Abstract
http://dx.doi.org/10.1093/geront/gnw270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28329867&dopt=Abstract
https://games.jmir.org/2024//e48900/
http://dx.doi.org/10.2196/48900
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38206670&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


76. Goh L, Allen NE, Ahmadpour N, Ehgoetz Martens KA, Song J, Clemson L, et al. A video self-modeling intervention using
virtual reality plus physical practice for freezing of gait in parkinson disease: feasibility and acceptability study. JMIR Form
Res. 2021;5(11):e28315. [FREE Full text] [doi: 10.2196/28315] [Medline: 34730537]

77. McTear M, Jokinen K, Alam MM, Saleem Q, Napolitano G, Szczepaniak F, et al. Interaction with a virtual coach for active
and healthy ageing. Sensors (Basel). 2023;23(5):2748. [FREE Full text] [doi: 10.3390/s23052748] [Medline: 36904957]

78. Kruse L, Karaosmanoglu S, Rings S, Ellinger B, Steinicke F. Enabling immersive exercise activities for older adults: a
comparison of virtual reality exergames and traditional video exercises. Societies. 2021;11(4):134. [doi: 10.3390/soc11040134]

79. Mahmood A, Nayak P, Deshmukh A, English C, N M, Solomon M J, et al. Measurement, determinants, barriers, and
interventions for exercise adherence: a scoping review. J Bodyw Mov Ther. 2023;33:95-105. [doi:
10.1016/j.jbmt.2022.09.014]

80. Kaplan RM, Stone AA. Bringing the laboratory and clinic to the community: mobile technologies for health promotion
and disease prevention. Annu Rev Psychol. 2013;64:471-498. [doi: 10.1146/annurev-psych-113011-143736] [Medline:
22994919]

81. Zeng N, Pope Z, Lee J, Gao Z. Virtual reality exercise for anxiety and depression: a preliminary review of current research
in an emerging field. J Clin Med. 2018;7(3):42. [FREE Full text] [doi: 10.3390/jcm7030042] [Medline: 29510528]

82. Benham S, Kang M, Grampurohit N. Immersive virtual reality for the management of pain in community-dwelling older
adults. OTJR. 2019;39(2):90-96. [doi: 10.1177/1539449218817291] [Medline: 30595096]

83. Wang L. Effectiveness of virtual reality exercise for functional fitness in community-dwelling older adults: a 12-week
follow-up study. SAGE Open. 2023;13(4):21582440231218515. [doi: 10.1177/21582440231218515]

84. An Y, Min S, Park C. Mixed reality-based physical therapy in older adults with sarcopenia: preliminary randomized
controlled trial. JMIR Serious Games. 2025;13:e76357. [FREE Full text] [doi: 10.2196/76357] [Medline: 40749218]

85. Park TS, Shin M. Effectiveness of an exercise program for older adults using an augmented reality exercise platform: a
pilot study. Ann Geriatr Med Res. 2023;27(1):73-79. [FREE Full text] [doi: 10.4235/agmr.23.0016] [Medline: 36945873]

Abbreviations
AR: augmented reality
MMAT: Mixed Methods Appraisal Tool
MR: mixed reality
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
TiSDD: This is Service Design Doing
UX: user experience
VR: virtual reality
XR: extended reality

Edited by P Jansons; submitted 27.Oct.2025; peer-reviewed by J Ferrer Costa, SA Kristina; comments to author 14.Dec.2025; revised
version received 02.Jan.2026; accepted 04.Jan.2026; published 01.Apr.2026

Please cite as:
Niu J, Yin Y, Wang S
Service Design Strategies to Enhance Exercise Adherence in Extended Reality Interventions for Older Adults: Systematic Review
JMIR Aging 2026;9:e86595
URL: https://aging.jmir.org/2026/1/e86595
doi: 10.2196/86595
PMID: 41920595

©Jiangpan Niu, Yuanyuan Yin, Shan Wang. Originally published in JMIR Aging (https://aging.jmir.org), 01.Apr.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 | e86595 | p. 18https://aging.jmir.org/2026/1/e86595
(page number not for citation purposes)

Niu et alJMIR AGING

XSL•FO
RenderX

https://formative.jmir.org/2021/11/e28315/
http://dx.doi.org/10.2196/28315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34730537&dopt=Abstract
https://www.mdpi.com/resolver?pii=s23052748
http://dx.doi.org/10.3390/s23052748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36904957&dopt=Abstract
http://dx.doi.org/10.3390/soc11040134
http://dx.doi.org/10.1016/j.jbmt.2022.09.014
http://dx.doi.org/10.1146/annurev-psych-113011-143736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22994919&dopt=Abstract
https://www.mdpi.com/resolver?pii=jcm7030042
http://dx.doi.org/10.3390/jcm7030042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29510528&dopt=Abstract
http://dx.doi.org/10.1177/1539449218817291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30595096&dopt=Abstract
http://dx.doi.org/10.1177/21582440231218515
https://games.jmir.org/2025//e76357/
http://dx.doi.org/10.2196/76357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40749218&dopt=Abstract
https://europepmc.org/abstract/MED/36945873
http://dx.doi.org/10.4235/agmr.23.0016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36945873&dopt=Abstract
https://aging.jmir.org/2026/1/e86595
http://dx.doi.org/10.2196/86595
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=41920595&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

