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Abstract

Input modality, how users physically control and navigate virtual reality (VR), is largely treated
as a secondary consideration in VR research involving older adults. In a broader scoping review
of 349 studies, only six (fewer than 2%) were identified as explicitly investigating input modal-
ities. This thematic synthesis of those studies indicates that embodied and familiar interaction
techniques are consistently preferred and better tolerated by older adults. The findings further
suggest that limited adoption is driven more by issues of acceptance than by inherent incapacity.
Conventional handheld controllers appear poorly suited to this population, whereas alternatives
such as cycling-based input, hand tracking, and augmented gaze demonstrate greater accessibil-
ity. These results highlight the need to position input modality as a central research focus in the
accessibility, design and evaluation of VR interventions for older adults.

1. Introduction

Virtual reality (VR) has seen substantial growth as a tool for health interventions with older adults,
with applications spanning physical rehabilitation, cognitive training, and social engagement. De-
spite this growing body of work, a fundamental question has received surprisingly little attention:
how do older adults actually interact with these systems? The input modality, the physical means
through which a user controls and navigates a VR environment, is typically treated as a background
condition rather than a distinct research variable. The dominant VR input devices, handheld mo-
tion controllers with multiple buttons, triggers, thumbsticks, and trackpads, were developed by
and for the gaming industry, optimized for younger, digitally fluent users with good manual dex-
terity and prior controller experience (Cook et al., 2019). Older adults have often been excluded
from the participatory design of VR technologies, meaning their specific interaction needs have
rarely shaped how these systems are built (Seifert & Schlomann, 2021). Boot et al. (2025) make
this concrete in their framework for designing extended reality for older adults: successful technol-
ogy requires matching system demands to user capabilities across motor, cognitive, and percep-
tual dimensions. When developers do not consider older adults' needs and abilities, the resulting
mismatch is not evidence of older adults' incapacity but of technology's misfit (Boot et al., 2025).
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As part of a larger scoping review of input modalities in immersive VR used with older adults
(N=349) (Chovanec et al., 2025), we identified studies that explicitly investigated input modality
as a central research focus.

Of 349 papers included, only six met this criterion. That figure is itself a notable finding. In a field
where VR is increasingly deployed with older and potentially vulnerable populations, fewer than
2% of studies were identified as directly examining these systems. This paper reports a focused
analysis of those six studies. Given that input modality constitutes the primary point of contact be-
tween user and system, its design has implications beyond usability alone. As the studies reviewed
here suggest, poorly aligned input mechanisms can compromise safety, increase cybersickness,
and ultimately undermine the therapeutic or health goals that VR interventions aim to achieve.

Accordingly, this paper addresses the following research question: What insights about inter-
action design for older adults emerge from the limited body of research that directly inves-
tigates VR input modality? To answer this, we examine three related sub-questions: (1) What
methodological approaches characterize this body of work? (2) What types of input modalities
are investigated? and (3) What findings are reported regarding usability, preference, and interac-
tion outcomes?

2. Method

This paper reports a secondary analysis derived from a broader scoping review conducted in
accordance with PRISMA-ScR guidelines (Tricco et al., 2018). Seven databases (PubMed, ACM
Digital Library, IEEE Xplore, Google Scholar, Springer, Scopus, and OpenAlex) were searched
in April 2025, yielding 4,682 records. Following duplicate removal, screening was supported by
ASReview active learning software. Both title/abstract and full-text screening were conducted
by SC and VV, with disagreements resolved through discussion among all authors. A total of 721
papers progressed to full-text assessment, of which 349 met the eligibility criteria for the main
review. Studies were eligible if they employed head-mounted display (HMD) VR with adults aged
60 years and older.

Data charting was completed by all authors using a piloted form that was refined through cali-
bration sessions. As part of this process, studies were flagged when input modality constituted a
central research focus, defined as research explicitly designed to investigate, compare, or evaluate
how older adults interact with VR through a specific input modality. Input modality refers to
the physical technique or device through which users control and navigate the VR environment.
Identification was embedded within the main review process: studies were flagged during chart-
ing when input modality appeared to be the primary object of investigation rather than an inci-
dental characteristic of the experimental apparatus. Flagged studies were subsequently reassessed
against the above criterion to establish the corpus for the present synthesis.

Studies with three or fewer participants were excluded. Such studies typically represent single-case
reports or small feasibility series and do not provide sufficiently replicated evidence for synthesis
of interaction outcomes across input modalities. One study that otherwise met the inclusion cri-
terion for input-modality-focused research was excluded on this basis (Chirico et al., 2020). Six
studies met the final eligibility criteria. A thematic synthesis was conducted following Thomas
& Harden (2008), using NVivo 15. Analysis proceeded in three stages: (1) line-by-line coding of
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findings, (2) development of descriptive themes, and (3) generation of higher-order analytical
themes capturing recurring patterns across studies.

3. Results
3.1. Study Design

Across these six studies, sample sizes were generally small, ranging from ten to twenty partici-
pants. The body of work is methodologically diverse, consisting of two qualitative evaluations
(Coldham & Cook, 2017; Shah et al., 2022), two experimental studies (Chen et al., 2024; De’Spe-
rati et al., 2023), one comparative study (Cook et al., 2019) and one usability study (Ribeiro et
al., 2024). Direct comparisons across multiple input modalities remain exceptionally rare. Two
studies utilized comparator arms (for comparing different levels of gain of the input (De’Sperati
et al., 2023) or different tasks (Ribeiro et al., 2024)). Only one study in the corpus compared
three inputs simultaneously (Chen et al., 2024), and none of the six compared four or more . In
some evaluations, such as those examining direct hand manipulation (Shah et al., 2022), authors
claimed comparison with controllers but provided no comparative data. Regarding user-centred
design, only half of these studies (3/6) sought first-person feedback directly through quotes, rat-
ings, and observations (Chen et al., 2024; Coldham & Cook, 2017; Shah et al., 2022), but none
of the six employed formal participatory or co-design methods. Consistent with the critique by
Seifert and Schlomann (2021), the lack of participatory design may reflect a broader orientation
that treats older adults as passive recipients of technology rather than active users whose specific
interaction needs should shape how these systems are built.

3.2. Types of Input Modalities

Beyond built-in head tracking that is universally present in HMD-based VR and was utilized
across all six studies, the included studies investigated four specific alternative input modalities:
i) conventional handheld controllers (5/6) (Chen et al., 2024; Coldham & Cook, 2017; Cook et
al., 2019; Ribeiro et al., 2024; Shah et al., 2022), ii) cycling-based locomotion (2/6) (Chen et al.,
2024; De’Sperati et al., 2023), iii) augmented gaze (enhanced head rotation) (1/6) (De’Sperati et
al., 2023), and iv) direct hand manipulation (hand tracking) (1/6) (Shah et al., 2022).

3.3. Usability, Preference, and Interaction Outcomes

Physical challenges (mentioned in 5/6 studies) included high demands on thumb dexterity, grip,
as well as difficulty operating closely spaced and uniform buttons (Cook et al., 2019). Addition-
ally, physical constraints such as neck pain and other motor limitations (De’Sperati et al., 2023;
Ribeiro et al., 2024), fear of electrocution from cables (Coldham & Cook, 2017), and the smooth
material of the controller casing being perceived as fragile (Coldham & Cook, 2017), all gener-
ated user hesitancy. Cognitive barriers (mentioned in 5/6 studies) reported that participants fre-
quently forgot button functions mid-task (Coldham & Cook, 2017), pressed the incorrect button
(Chen et al., 2024; Ribeiro et al., 2024), found controllers too complex (Chen et al., 2024; Shah
et al., 2022) and reported that managing the controller distracted from their engagement with
the VR environment (Chen et al., 2024; Coldham & Cook, 2017). Furthermore, controller use,
particularly continuous turning, was directly linked to motion sickness (Chen et al., 2024).

In contrast, embodied and familiar alternative inputs yielded substantially better usability and

preference outcomes. For instance, cycling-based locomotion produced significantly higher spa-
tial orientation accuracy compared to a handheld controller and promoted active environmental
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exploration, making it strongly preferred by older adults due to its physical engagement, per-
ceived safety, and familiarity (Chen et al., 2024). To address physical constraints like neck pain,
augmented gaze introduced software amplification of head rotation, which reduced necessary
physical head movement by 18% while increasing visual exploration by 46%, successfully ac-
commodating even the oldest-old and non-self-sufficient users without inducing cybersickness
(De’Sperati et al., 2023). Furthermore, direct hand manipulation through hand tracking was
found to be easier, less demanding, and more stimulating than using conventional controllers.
The absence of physical hardware removed a major source of hesitancy, and the natural finger
and wrist movements offered the added benefit of incidental exercise for users with reduced hand
strength (Shah et al., 2022).

4. Discussion

The synthesized findings reveal a fundamental insight regarding interaction design: barriers to
VR adoption among older adults are predominantly behavioural, not functional. The literature
frequently relies on a "digital divide" framing that positions older adults as deficient or incapable
users (Seifert & Schlomann, 2021). However, the sources demonstrate that older adults are not
uniformly unable to use controllers; rather, they are often unwilling due to a mismatch between
the technology's design and their needs. Hesitancy around cables, fear of breaking fragile equip-
ment, reluctance to perform uncomfortable head and neck movements, and avoidance of inputs
associated with dizziness represent acceptance failures rather than a lack of capacity. Ultimately,
the problem to be solved is not older adults' incapacity but technology's misfit with their needs
and capabilities (Boot et al., 2025; Chen et al., 2024). This is a distinction that older adults them-
selves appear to recognize, as they consistently report more positive than negative attitudes to-
ward technologies they actually use (Mitzner et al., 2010).

To overcome these barriers, embodied familiarity emerges as the most practically useful design
criterion. Inputs that map onto pre-existing physical experience and existing motor schemas,
such as pedalling a bike, natural hand gestures, or looking around, are consistently preferred, bet-
ter tolerated, and result in superior performance compared to inputs that require learning entire-
ly new operational schemas. These principles translate into several specific design recommenda-
tions. For conventional controllers, designers should reduce button count, standardize spacing,
differentiate button textures for tactile identification, and address smooth casing materials that
generate fragility concerns (Coldham & Cook, 2017; Cook et al., 2019). It is also recommended
to separate movement and turning across left and right controllers; Chen et al. (2024) identi-
fied 10 km/h forward speed and 10 degrees per second turning speed as ideally suited to older
adults. For cycling, applications should use handlebar rotation for steering and entirely disable
backward motion (Chen et al., 2024). For head-based input, augmented gaze can be added to any
HMD application as a low-cost accessibility option (De’Sperati et al., 2023). Across all recom-
mendations, multimodal combinations of embodied locomotion and gaze or gesture interaction,
were identified as the most promising direction (Chen et al., 2024).

Although the six studies yielded consistent and actionable findings, the evidence base remains
small. Direct comparison between multiple input modalities were rare, representing a key gap for
future research, and several themes relied on single studies, including augmented gaze (De’Spe-
rati et al., 2023) and hand tracking (Shah et al., 2022). The synthesis was restricted to studies in
which input modality was the primary research focus. Consequently input-related observations
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reported incidentally in the wider corpus were not included and may qualify the conclusions
presented here. Nevertheless, the small number of eligible studies is itself noteworthy: only six
of 349 studies (<2%) explicitly and systematically investigated input modality in older adults' VR
use beyond single-case reports. Because these studies were identified through a secondary anal-
ysis of a larger scoping review, some papers addressing input more implicitly may not have been
captured. Findings from the broader corpus will be reported in the full scoping review.

5. Conclusion

Much VR research with older adults has focused on whether they can use the technology, treating
them as recipients of fixed systems rather than active participants whose interactions must be
designed for. This synthesis suggests that commonly used input paradigms, particularly hand-
held controllers, are often poorly aligned with the physical and cognitive characteristics of older
adults, while more embodied and familiar alternatives show promise despite limited evidence.
Importantly, difficulties with VR interaction appear to arise less from incapacity and more from
issues of acceptance and design fit. Advancing VR as a viable health technology for older adults
therefore requires a shift in research priorities: input modality should be treated as a core design
and evaluation consideration, with systematic comparisons of alternative approaches and the
active involvement of older adults in the design of interaction techniques.

References

Boot, W. R., Dilanchian, A., Kalantari, S., & Czaja, S.J. (2025). Extended Reality Solutions to Support Older
Adults: Potential Applications for Users With and Without Cognitive Impairments. Springer Nature Swit-
zerland. https://doi.org/10.1007/978-3-031-69220-8

Chen, Q., Wu, Z., Liu, Y., Han, L., Li, Z., Kan, G. L., & Fan, M. (2024). SilverCycling: Exploring the Impact
of Bike-Based Locomotion on Spatial Orientation for Older Adults in VR. Proc. ACM Interact. Mob.
Wearable Ubiquitous Technol., 8(3). https://doi.org/10.1145/3678522

Chirico, A., Giovannetti, T., Neroni, P, Simone, S., Gallo, L., Galli, F.,, Giancamilli, F., Predazzi, M., Lucidi,
E, De Pietro, G., & Giordano, A. (2020). Virtual Reality for the Assessment of Everyday Cognitive Func-
tions in Older Adults: An Evaluation of the Virtual Reality Action Test and Two Interaction Devices in

a 91-Year-Old Woman. Frontiers in Psychology, 11, 123. https://doi.org/10.3389/fpsyg.2020.00123
Chovanec, S., Varissara, V., Appel, L., Szabé, P. T, Sosity, B. P, & Bakk, A. (2025). A Scoping Review of VR
Input Modalities Across Clinical, Home, and Community Applications for Older and Frail Adults. OSF

Registries. https://doi.org/10.17605/OSEIO/N8TK2
Coldham, G., & Cook, D. M. (2017). VR usability from elderly cohorts: Preparatory challenges in over-
coming technology rejection. 2017 National Information Technology Conference (NITC), 131-135.

https://doi.org/10.1109/NITC.2017.8285645
Cook, D. M., Dissanayake, D., & Kaur, K. (2019). Virtual Reality and Older Hands: Dexterity and acces-
sibility in hand-held VR Control. Proceedings of the 5" International ACM In-Cooperation HCI and UX

Conference, CHIuXiD’19, 147-151. https://doi.org/10.1145/3328243.3328262
De’Sperati, C., Dalmasso, V., Moretti, M., Hoeg, E. R., & ... (2023). Enhancing visual exploration through

augmented gaze: High acceptance of immersive virtual biking by oldest olds. Int. J. Environmental Re-
search and Public Health 20(3):1671. https://www.mdpi.com/1660-4601/20/3/1671

Mitzner, T. L., Boron, J. B, Fausset, C. B., Adams, A. E., Charness, N., Czaja, S. ., Dijkstra, K., Fisk, A. D.,
Rogers, W. A., & Sharit, J. (2010). Older adults talk technology: Technology usage and attitudes. Com-
puters in Human Behavior, 26(6), 1710-1721. https://doi.org/10.1016/j.chb.2010.06.020

211


https://doi.org/10.1007/978-3-031-69220-8
https://doi.org/10.1145/3678522
https://doi.org/10.3389/fpsyg.2020.00123 
https://doi.org/10.17605/OSF.IO/N8TK2
https://ieeexplore.ieee.org/document/8285645
https://doi.org/10.1145/3328243.3328262 
https://www.mdpi.com/1660-4601/20/3/1671
https://doi.org/10.1016/j.chb.2010.06.020 

AGING & METHODOLOGY

Ribeiro, T., Henriques, P. R., Oliveira, E., & Rodrigues, N. F. (2024). Evaluating Constrained Users Ability
to Interact with Virtual Reality Applications. 2024 IEEE 12 International Conference on Serious Games
and Applications for Health (SeGAH), 1-8. https://doi.org/10.1109/Se GAH61285.2024.10639581

Seifert, A., & Schlomann, A. (2021). The Use of Virtual and Augmented Reality by Older Adults: Potentials
and Challenges. Frontiers in Virtual Reality, 2, 639718. https://doi.org/10.3389/frvir.2021.639718

Shah, S. H. H., Hameed, 1. A., Karlsen, A. S. T., & Solberg, M. (2022). Towards a Social VR-based Exer-
game for Elderly Users: An Exploratory Study of Acceptance, Experiences and Design Principles. Virtu-
al, Augmented and Mixed Reality: Design and Development: 14' International Conference, VAMR 2022,
Held as Part of the 24th HCI International Conference, HCII 2022, Virtual Event, June 26 — July 1, 2022,
Proceedings, Part I, 495-504. https://doi.org/10.1007/978-3-031-05939-1 34

Thomas, J., & Harden, A. (2008). Methods for the thematic synthesis of qualitative research in systematic
reviews. BMC Medical Research Methodology, 8(1), 45. https://doi.org/10.1186/1471-2288-8-45

Tricco, A. C., Lillie, E., Zarin, W., O’Brien, K. K., Colquhoun, H., Levac, D., Moher, D., Peters, M. D. .,
Horsley, T., Weeks, L., Hempel, S., Akl, E. A., Chang, C., McGowan, J., Stewart, L., Hartling, L., Ald-
croft, A., Wilson, M. G., Garritty, C., ... Straus, S. E. (2018). PRISMA Extension for Scoping Reviews
(PRISMA-ScR): Checklist and Explanation. Annals of Internal Medicine, 169(7), 467-473. https://doi.
org/10.7326/M18-0850

212


https://doi.org/10.1109/SeGAH61285.2024.10639581 
https://doi.org/10.3389/frvir.2021.639718 
https://doi.org/10.1007/978-3-031-05939-1_34 
https://doi.org/10.1186/1471-2288-8-45 
https://doi.org/10.7326/M18-0850
https://doi.org/10.7326/M18-0850

