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Background: With the global rise in dementia prevalence, there is a growing
interest in accessible, engaging, and preventive interventions for cognitive
decline in older adults. Immersive virtual reality (VR) technologies have shown
promise for delivering cognitively stimulating activities, yet limited research has
examined the feasibility and acceptability of puzzle-based VR interventions
among older adults.
Objective: This study aimed to evaluate the feasibility, usability, and acceptability
of an immersive puzzle-based virtual reality (IPVR) intervention using VR Cubism
among older adults, including those with mild cognitive impairment (MCI).
Methods: A single-arm feasibility study was conducted with 14 community-
dwelling older adults (mean age = 72.3 years, SD = 5.3; 85.7% female) recruited
from senior centers in Texas. Participants completed eight sessions of the IPVR
program over 4 weeks. Cognitive screening was conducted using the Montreal
Cognitive Assessment (MoCA), with a cutoff score of ≤18 used for exclusion.
Usability, acceptability, and technology acceptance were evaluated using the
System Usability Scale (SUS), Technology Acceptance and Attitudes Scale (TAAS),
and Senior Technology Acceptance Model (STAM), respectively.
Results: Participants had MoCA scores ranging from 22 to 28 (M = 25.5, SD = 1.9);
50% scored in the normal cognitive range and 50% in the MCI range. The mean
SUS score was 71.61 (SD = 15.8), indicating good usability. TAAS scores averaged
5.54/7, reflecting strong acceptability. The mean STAM score was 3.91/5,
suggesting moderate to high technology acceptance, although some
hesitancy and anxiety were reported. Participants expressed strong interest in
using VR for future leisure activities and reported high enjoyment levels during the
intervention.
Conclusion: Findings demonstrate that an immersive puzzle-based VR activity is
feasible, usable, and acceptable for community-dwelling older adults, including
those with MCI. This study supports the integration of engaging, technology-
based interventions to promote cognitive health in aging populations. Practically,
VR puzzle programs could be implemented in community centers, senior
services, and clinical rehabilitation settings as accessible, enjoyable tools to
encourage cognitive stimulation. These results highlight the potential of VR
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not only as a preventive wellness activity but also as a scalable adjunct to traditional
cognitive health programs, warranting further evaluation in larger controlled trials.
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Introduction

Dementia prevention has become a significant public health
priority as the number of people diagnosed with dementia continues
to rise and is expected to triple by 2030 (Rajan et al., 2021). People
experiencing cognitive impairment face significant challenges with
executive functioning, participation in daily activities, and pursuing
an independent, active lifestyle (Ong et al., 2022). These challenges
often lead to reduced quality of life, increased social isolation and
loneliness, and a greater burden on caregivers (Schröder, 2024).

A host of genetic, lifestyle, and environmental factors that
increase the risk of dementia onset and progression have been
identified (Alzheimer, 2025). In response, public health
researchers have developed and implemented programs that have
been shown to delay dementia symptomology by improving the
cognitive functioning of older adults (Lampit et al., 2015; La, 2010;
Lee et al., 2024). One of the most effective activity-based programs is
participation in cognitively stimulating activities such as puzzles,
games, and reading books or magazines (Lampit et al., 2015; La,
2010; Lee et al., 2024) These previous studies provided evidence of
the effects of cognitively stimulating activities on improving both
positive and negative affect and the cognitive functioning of older
adults. Among cognitively stimulating activities, puzzles can serve as
an effective activity in facilitating improved cognitive and emotional
benefits for older adults (Cegolon and Jenkins, 2022; Lin et al., 2023).
Substantial empirical evidence has been provided that puzzles
enhance a variety of domains of cognitive function including
memory, mental rotation, perceptual reasoning, visual-spatial
ability, and executive functioning (Cheng et al., 2024; Fissler
et al., 2018; Givon Schaham et al., 2022). Neurologically, research
findings have suggested that cognitive activities provide stronger
protective effects for brain health than physical or social activities
and lead to improved cognitive performance (Su et al., 2022).

Most recently, virtual reality (VR) technologies have emerged as
an innovative and immersive platform for delivering cognitive
training interventions. VR technology use can increase the
motivation, engagement, and accessibility experienced by older
adults with early-stage cognitive decline (Liao et al., 2019; Park
et al., 2020; Parsons, 2015) emphasized the capacity of VR
technologies to support cognitive interventions by integrating
multisensory engagement and dynamic feedback, while Liu et al.
(2022) highlighted their potential for positive effects when used in
stroke rehabilitation and cognitive recovery. Various forms of VR-
based interventions enhanced user motivation, adherence, and
learning outcomes due to their game-like, interactive nature
(Araiza-Alba et al., 2021; Wu et al., 2020).

A small number of studies have focused on the ability of puzzle-
based VR games to produce health benefits for users (Liu et al., 2022;
Taçgın, 2024; Choi et al., 2025; Wu and Chang, 2020). Taçgın (2024)
demonstrated that puzzle-based VR environments evoke greater
curiosity and persistence compared to non-immersive puzzle
activities and suggested that immersive VR activity participation

has the potential to increase user engagement and satisfaction.
According to Wu and Chang (2020) VR puzzle game use has
been found to improve the behavioral symptoms of people living
with dementia. Similarly, Liu et al. (2022) observed improvements in
the executive functioning of post-stroke patients following VR
puzzle intervention participation. Choi et al. (2025) further noted
that the emotionally safe environment of VR fosters resilience and
reduces fear of failure.

While a small number of studies have provided evidence of the
efficacy of a puzzle-based VR program on health benefits, there is
currently, a limited research focused on the feasibility,
acceptability, and usability of an immersive puzzle-based VR
(IPVR) program by community-dwelling older adults. Most
current evidence stems from clinical settings or controlled
environments, which leaves a critically important gap in our
understanding of how these tools function in real-world
scenarios. By recruiting from senior centers and including
participants with both normal cognition and mild cognitive
impairment, this study uniquely extends the evidence base to a
diverse, community-based sample.

Therefore, the purpose of this study is to address this gap by
investigating the feasibility, acceptability, and usability of an IPVR
program by community-dwelling older adults. The findings of our
study provide practical insights into the design of future technology-
based cognitive interventions for aging populations. Specifically, our
investigation of the feasibility, acceptability, and usability of an IPVR
program can lead to the design and assessment of an innovative
intervention for future clinical trials.

Methodology

Study design and participants

We employed a single-arm design to assess the feasibility,
usability, and acceptability of an IPVR program by community-
dwelling older adults recruited through senior centers located in
Texas. Eligibility criteria included: (a) aged 60 or older, (b) no prior
experience with virtual reality, and (c) no diagnosis of dementia.
Exclusion criteria included: (a) a history of dementia or major
depressive disorder, and (b) severe sensory impairments related
to vision or hearing.

Data collection and measurement

The research team contacted directors of senior centers in Texas
via email and held informational meetings to explain the purpose of
the study and, with their approval, posted recruitment flyers on
center bulletin boards. Interested individuals were screened for
eligibility and, upon qualification, received a demonstration of
the VR equipment and the IPVR program.
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Following the screening and demonstration, participants
provided written informed consent. Each participant completed
eight sessions of the IPVR program, with each session lasting
approximately 20–30 min. The Montreal Cognitive Assessment
(MoCA) was used to assess the cognitive ability of the
participants on the first day of the study. The cut-off MoCA
score that we used to exclude participants was any score ≤18
(evidence of moderate to severe cognitive impairment).

Upon completion of the intervention, participants completed post-
assessment measures, including the SystemUsability Scale (SUS) (Peres
et al., 2013), the Technology Acceptance and Attitudes Scale (TAAS)
(Van Der Laan et al., 1997), and the Senior Technology Acceptance
Model (STAM) (Chen and Chan, 2014) questionnaire. SUS is a 10-item
questionnaire that assesses users’ perception of the usability of a system.
Scores range from 0 to 100, with scores above 68 generally considered
above average in usability. TAAS includes subscales such as perceived
usefulness, ease of use, and intention to use. Higher scores indicate
positive attitudes and greater acceptance of technology. STAM reflects
perceived usefulness, ease of use, and anxiety. Higher scores indicate
greater acceptance using technology. In addition to the standardized
measures, we asked supplementary questions regarding their interest in
using VR for future activities. Ethical approval for this study was
granted by the Institutional Review Board of the sponsoring institution.

Intervention description

Immersive puzzle-based virtual reality program
We used a commercially available application, VR Cubism, an

immersive three-dimensional puzzle-based VR program that engages
users in visuospatial reasoning and problem-solving tasks. Using a
head-mounted display and two-handed controllers (Meta Quest 2),
participants manipulate, rotate, and assemble geometric pieces to
complete complex shapes (see Figure 1). The puzzle progressively
increased in difficulty, starting from flat forms and advancing to more
complex abstract shapes (e.g., pyramid, intersection, 3 by 3). The
hand-tracking features allowed participants to use their hand directly
to pick up and manipulate floating pieces (see Figure 2) Each session
lasted approximately 20–30 min in a quiet room under the

supervision of trained research staff. The program was delivered
over eight sessions and tailored to older adults with no prior VR
experience. Research staff provided guidance and technical support as
needed, ensuring a safe and accessible experience.

Results

Study participants

A total of 14 community-dwelling older adults (mean age =
72.3 years, SD = 5.3; 85.7% female) participated in the feasibility
study of the IPVR intervention using VR Cubism (see Table 1).
Table 1 presents the demographic characteristics of the participants.
The sample included a racially diverse group of participants: 38.9%
identified asWhite (n = 7), 27.8% as Black or African American (n =
5), and 11.1% as Asian (n = 2). Educational backgrounds varied, with
the majority having completed high school (22.2%, n = 4) or 12th
grade (22.2%, n = 4), followed by college degrees (16.7%, n = 3),
master’s degrees (11.1%, n = 2), with one participant reporting a
doctoral degree (5.6%). Table 1 presents the full demographic
characteristics of the participants. MoCA scores ranged from
22 to 28 (M = 25.5, SD = 1.9) (See Table 2). Based on the
cutoffs, 50% of participants (n = 7) scored within the normal
cognitive range (≥26), while the remaining 50% (n = 7) scored
within the range indicative of mild cognitive impairment (Wu et al.,
2020; Taçgın, 2024; Choi et al., 2025; Wu and Chang, 2020; Peres
et al., 2013; Van Der Laan et al., 1997; Chen and Chan, 2014).

Usability

The usability of the IPVR system was evaluated using the SUS.
The mean SUS score across participants was 71.61 (SD = 15.8),
indicating an overall good usability rating that was above the
commonly accepted threshold of 68. Approximately 79% (n =
11) of participants rated the system above this benchmark,
suggesting that the VR Cubism puzzle application was generally
perceived as easy to learn and use. Individual item analysis revealed
high scores on statements such as “I found the system easy to use”
(M = 4.00, SD = 1.04) and lower scores for items such as “I needed

FIGURE 1
VR Cubism features.

FIGURE 2
Hand-tracking system.
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technical support to use this system” (M = 2.79, SD = 0.97) that
highlighted minor usability concerns reported by a small subset of
participants.

Acceptability

Acceptability was measured using the TAAS. The average TAAS
score was 5.54 out of 7, which indicates a favorable perception of the

relevance, clarity, and appropriateness of the VR puzzle activity.
Most participants expressed agreement or strong agreement with
statements evaluating the usefulness of and enjoyment experienced
during the activity, supporting the acceptability of this intervention
by study participants.

Technology acceptance

Participant general attitudes toward IPVR and technology were
captured using the STAM scale. The mean overall STAM score was
3.91 out of 5, indicating a moderate to high level of technology
acceptance. Participants reported feeling relatively confident using
VR for leisure activities (M = 3.86, SD = 0.36), and a moderate
willingness to use similar programs regularly in the future (M = 3.57,
SD = 0.51). Some hesitancy was noted in responses related tomaking
uncorrectable mistakes and general apprehension about technology,
with a mean score of 2.57 (SD = 1.16) on those items.

Additional findings

We also captured self-reported quality of life indicators.
Enjoyment of the activity was positively rated (M = 3.86, SD =
0.36), and most participants reported that the system was easy for
them to use for leisure purposes (M = 3.29, SD = 0.91).

Discussion

In this pilot study, we assessed the feasibility, applicability, and
usability of an IPVR activity for older adult participants including
those with mild cognitive impairment. Our findings indicate that
our older adult participants without moderate or severe dementia
symptoms reported acceptable usability, acceptability, and
technology acceptance scores. Despite the inherent complexity of
puzzle activities, older adult participants reported that the IPVR
program was easy to engage with and operate, which provides

TABLE 1 Demographic characteristics.

Participant characteristics n = 14

Age 72.3 ± 5.0 (66–85)

MoCA Score 25.6 ± 2.0 (22–28)

Female 12 (85.7)

Race [n, %]

White 7 (38.9)

Black or African American 5 (27.8)

Asian 2 (11.1)

Education [n, %]

High school 8 (44.4)

College 3 (16.7)

Master’s degree 2 (11.1)

Doctoral degree 1 (5.6)

(Continued in next column)

TABLE 1 (Continued) Demographic characteristics.

Participant characteristics n = 14
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evidence that IPVR program use can be instrumental in promoting a
sense of enjoyment for older adult users. Our findings provide
evidence that IPVR program use has the potential to provide
health benefits to older adult participants in a large-scale
clinical trial.

Prior studies have provided evidence that traditional puzzle
activities are associated with emotional regulation, stress reduction,
and physical engagement. (Lin et al., 2023; Bacsu et al., 2019; Lazar
andNguyen, 2017). For example, Lin et al. (2023) reported that older
adults frequently engage with puzzles not only to maintain mental
acuity, but also to achieve a sense of emotional satisfaction and
relaxation. Consistent with these findings, our findings suggest that
puzzle activities that are facilitated through a VR platform can
generate similar enjoyment and active engagement outcomes.
Notably, puzzle activity participation fosters goal-directed
behavior and intrinsic motivation that are important aspects in
maintaining autonomy and psychological wellbeing in later life
(Cegolon and Jenkins, 2022; Chen et al., 2022). Our findings
support the potential of IPVR use to provide mental health
benefits and improved overall wellbeing.

Our findings are consistent with prior studies demonstrating the
puzzle-based or cognitive stimulating VR activities can promote
engagement and enjoyment in older adults (Liu et al., 2022; Wu and
Chang, 2020). Similar to Wu and Chang (2020), who reported
improvement in behavioral symptoms in individuals with dementia
using VR puzzle games, our participants reported significant
enjoyment and willingness to continue. Likewise, Liu et al.
(2022), underscoring the potential benefits in executive
functioning among post-stroke patients. In addition, recent
research conducted by GomezRomero-Borquez et al. (2024)
compared three different puzzle-based VR games (e.g., Cubism,
Puzzling Places, and Tetris) and found that each produced
different outcomes across cognitive domains. These findings
highlight the importance of selecting and tailoring VR game
content to meet the specific cognitive needs of participants. Our
study provides evidence that IPVR program use is feasible and
acceptable to older adult users; however, future research is needed to
identify which specific cognitive and health domains are most
influenced by the intervention.

Despite the positive reception of the program by participants,
participant STAM scores revealed some VR use hesitancy (7.14%).
This result is aligned with previous findings that reported that older
adult participants experienced technology anxiety and low levels of
technology-related self-efficacy (Spears and Zheng, 2020). Alvseike
and Brønnick (2012) reported that the cognitive deficits and low
levels of perceived self-efficacy reported by older adults were
significantly associated with the technology use barriers
experienced by this user population. In our study, four
participants (28.6%) expressed concerns about making mistakes

or navigating the unfamiliar VR environment, highlighting that
high usability and acceptance can coexist with underlying anxiety.
Beyond psychological factors, practical barriers such as the high cost
of VR hardware and limited accessibility for individuals with fewer
technological resources also warrant consideration. Addressing
these challenges will be essential to ensure equitable
implementation and long-term adherence in both community
and clinical settings. These findings underscore the need for a
data-driven, strategic approach to reduce technology-related
anxiety and build user confidence.

The findings of this study have several practical implications. In
community settings such as senior centers, libraries, or adult day
programs, immersive puzzle-based VR could be offered as a group or
individual leisure activity that promotes both engagement and cognitive
stimulation. In clinical environments, VR puzzle interventionsmay serve
as a complementary tool in cognitive rehabilitation programs for older
adults withMCI, providing a motivating alternative to traditional paper-
based or computerized tasks. At the individual level, commercially
available VR systems could be adapted for home use, enabling older
adults to independently engage in cognitively stimulating activities as
part of their daily routines. For successful integration, it will be important
to provide structured orientation, ongoing technical support, and
strategies to minimize barriers such as cost, accessibility, and
technology-related anxiety.

Limitations and future directions

Some study limitations must be addressed. First, although our
single-arm study focused on feasibility, acceptability, and usability of
the IPVR program, we did not report any preliminary health
outcomes associated with participation. In addition, the absence
of a control group limits the ability to draw conclusions about the
efficacy of the intervention. Future research should assess potential
mental and cognitive health outcomes using a randomized
controlled trial design. While this study was framed within the
context of cognitive health, no pre/post cognitive outcome measures
were included. Future trials should incorporate validated cognitive
assessments to evaluate potential cognitive benefits. Also, all
outcome measures were based on self-report, which may be
subject to social desirability bias. Future studies should integrate
objective measures such as task performance, physiological data, or
behavioral observations. Secondly, the small sample size limits the
generalizability of findings. As this was an initial feasibility pilot, the
intent was to gather preliminary data to inform the design of larger
randomized controlled trials. Future studies with larger, more
representative samples are needed to strengthen external validity.
Also, given the small sample size, subgroup comparison between
participants with normal cognition and those with MCI was not

TABLE 2 MoCA score range.

MoCA score range Cognitive status Participants number Percentage (%)

26–30 Normal cognitive function 7 50.0%

19–25 Mild cognitive impairment (MCI) 7 50.0%

≤18 Moderate to severe cognitive impairment (Excluded) 0 0%
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conducted. It would be beneficial if future researchers investigated
the relationship between the effects of IPVR program use on health
benefits at different participant cognitive levels. Lastly, the majority
of participants were female (85.7%). This imbalance reflects
demographic trends in aging research, where women are often
overrepresented. Also, all participants were recruited from senior
center, which may represent a relatively active and socially engaged.
As such, the findings may not fully generalize to older adults with
lower activity levels. Nonetheless, future research should include
recruitment strategies that actively engage male participants to
enhance representativeness. In addition, as demographic factors
such as age, sex, educational background, and residential setting
can affect technology acceptance, feasibility, and the usability of the
program, these variables should be studied in depth in the future.

Conclusion

In this study, we examined the acceptance, usability, and
acceptability of the IPVR technology program by older adults
with primarily normal cognition, with a minority classified as
having MCI. Our findings provide much needed insights into the
practical considerations involved in the design and development of
large-scale efficacy trials and provide empirical evidence that the
IPVR program used in this study was practical, engaging, and usable
by an aging population in real-world environments.
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