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ABSTRACT

As populations age globally, designing accessible and functional kitchens to
support independent living becomes imperative. Designing userfriendly, safe,
and ergonomically optimised kitchens is essential for maintaining autonomy and
improving well-being among the ageing population. Contemporary one-size-fits-all
design approaches often fail to meet major ageing-specific needs, and conducting
rigorous scientific evaluations with full-scale prototypes poses significant financial
burdens and logistical hurdles. Therefore, Interactive Virtual Reality (VR) serves as an
effective tool for testing smart kitchen designs and identifying usability issues before
incurring the costs of large-scale prototyping. This study assesses the effectiveness
of immersive virtual reality (IVR) simulation as a tool for informed design decision-
making in age-friendly kitchen spaces. In a controlled experimental study with 15 older
adults (aged 65-85), we evaluate platform height manoeuvrability in kitchen designs
through usability testing. The evaluation parameters include headset usability, safety
and comfort, perceived usefulness, spatial accessibility, and technology acceptance.
The study reports higher confidence in participants’ design decisions, which indicates
a better understanding of ergonomic considerations when using the IVR system.
Finally, the findings suggest that IVR simulation can enable ageing adults to evaluate
designs by actively participating in the creation of spaces that meet their functional
needs. Presented ideas contribute to the future of accessible design methodologies
and demonstrate the potential of IVR technology in supporting future initiatives for
independent and healthy ageing.
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INTRODUCTION

The growth in the ageing population (65 years and above) worldwide is
attributed to improved healthcare systems that enhance life expectancy,
necessitating age-related design considerations for everyday living activities
(Farage et al., 2012; Lundberg & Larsson, n.d.; Roelofsen, 2013; Xu et al.,
2024).1In the past decade, design studies for ageing have evolved and expanded
into many interdisciplinary research areas, bridging gerontology, spatial
design, behaviour research, ergonomics, human factors, and design research
methodologies (Gregory, 2002; Hill et al., 2021; Merkel & Kucharski, 2019;
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Morris, 1994). While various design research collaborative approaches, such
as participatory design, co-design, survey, interviews and user-testing, have
advanced the ageing discourse, immersive virtual reality (IVR) emerges as a
valuable tool for design evaluation and decision making, enabling designers
and practitioners to test concepts prior to the manufacturing process
(Abeele et al., 2021; Everard et al., 2025; Griibel, 2023; Pau et al., 2023;
Schaumburg et al., 2025). Traditional practices in product, architectural,
and interior design involve constructing physical mockups, downsized
prototypes, and environments that require multiple iterative cycles. While
they demand substantial time, human labour, materials, and financial
resources, immersive virtual reality (IVR) offers an effective alternative for
user evaluation that provides prerequisite experiential feedback, thereby
enabling more effective design decision-making for interactable product and
spatial design outcomes.

Although IVR technology was initially developed for the gaming
and entertainment industry, its research applications have broadened
to encompass architecture, interior design, healthcare, rehabilitation,
training, education, automobile manufacturing, and interaction design
(Abdelhameed, 2013; Ergiin et al., 2019; Home2decor, 2025; Smith, 2019;
Tieri et al., 2018; Zhang & Codinhoto, 2020). Previously, scholars have
explored the potential of IVR applications within the healthcare domain,
indicating improved diagnosis and rehabilitation in treating physical and
cognitive impairments with age-related conditions such as stroke and
dementia (Garcia et al., 2012; Garcia-Betances et al., 2015; Tieri et al.,
2018).Enhanced accessibility through improved manufacturing capabilities
and customised hardware/software has accelerated IVR adoption (Kopeé
et al., 2019). Additionally, research confirms favourable user acceptance
and safety for using IVR amongst the ageing population (Huygelier
et al., 2019; Ip et al., 2024). Therefore, in light of recent demographic
trends, this study engages older adults to test the use of IVR to evaluate
interactive kitchen surfaces that ease accessibility barriers in spatial design
and interactive technologies.

METHOD
Scenario

The study developed an IVR simulation system to investigate interactive
kitchen platform designs optimised for the ageing population (see Fig. 1).
The virtual environment displayed a compact kitchen area of 9 sq m with
an L-shaped layout. The L-shaped platform was further segmented into
four functional working zones based on established kitchen workflow
principles: the washing area (sink), preparation counter, cooking
area (stovetop/hob), and platform storage area. Each functional zone
incorporated two buttons, one for up (red) and one for down (brown), to
manipulate height, enabling real-time ergonomic testing across different
workspace configurations. The system provided adjustable height at 0.05
meters (50mm) intervals across five standardised levels: 0.75m, 0.80m,
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0.85m, 0.90m, and 0.95m, addressing the anthropometric diversity of the
ageing adults. The scenario of this IVR simulation workshop consists of
multiple steps:

1. Introduction and Study Objectives- discussing potential age-friendly
design benefits

2. Briefing on IVR concepts and navigation principles

3. Guided exploration of available IVR interface solutions

4. Individualised IVR system calibration to accommodate both seated and
standing interaction modes, as per their comfort and accessibility

5. Real-time height-adjustable platforms manipulation

6. Documentation of user preferences and spatial interaction patterns

Software and Hardware

The workshop initiated by showcasing case studies for kitchen platform
interactions, possibilities, and benefits for progressive ageing. The three-
dimensional kitchen environment was created in SketchUp Pro 2022 and
Blender 4.4, enabling the processing of functional mockups and iterations.
Open-source software, Unity Hub 6.0, was used to incorporate quick
interactions and test them simultaneously. The study used the Meta Quest
3 VR headset, which offered adjustable wearing techniques, visual comfort
adjustments, hand gesture interaction, and a potential lightweight design.
This device allowed users to interact with the kitchen platform using up and
down buttons via a responsive hand-tap gesture (see Fig. 2).

Figure 2: Ageing participants interacting with IVR simulation.
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Participants and Protocols

This study approached 15 healthy Indian older adults aged 65-85 years old
(12 females and 3 males, mean=70.6, SD=4.5), using a random stratified
sampling method to test the interactive kitchen design simulation inanimmersive
virtual reality system (See Fig. 3). The inclusion criteria consist of participants
being healthy and active with no chronic ailment that could confine them to
bed or a wheelchair, and they must be aware of kitchen activities, storage and
organisations. All the IVR explorations were conducted in participants’ homes
to ensure comfort and safety. Each participant could choose to sit or stand
during the IVR interaction, as they had been informed of potential IVR side
effects, such as headaches, balance issues, or nausea. Participants were exposed
to the IVR headset for 50 seconds to 1 minute per testing session. Continuous
support and physical assistance were provided to the participants throughout
the experiment session. All participant were advised to communicate any
discomfort during the session and were repetitively reminded of their right to
pause or discontinue the experience at any time.

User evaluation employed Likert-scale (1-7) ratings and qualitative
feedback to assess user performance across five key parameters: headset
usability, safety and comfort, perceived usefulness, spatial accessibility, and
technology acceptance. The study was conducted over seven consecutive days
in May 2025. Ethical approval for the study was granted by the Institutional
Review Board, IIT Bombay (Ethics approval no. ITB-IRB/2024/003).

RESULTS AND DISCUSSION

The findings document the evaluation of the effectiveness of using IVR
technology in addressing Kitchen spatial evaluation and technology adoption,
rather than the assessment of the proposed kitchen design solution. The
insights were clustered into five outcomes as follows:

Figure 3: Participants interacting with the IVR kitchen design simulation.
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1. Ageing and IVR Headset Usability — A commonly reported limitation
in using IVR for ageing studies is the physical and ergonomic challenge,
including headset weight and bulk, fogging issues, and sensitivity to glare
(Kalantari et al., 2022; Schaumburg et al., 2025). By limiting the IVR
exposure time to 1 minute, all participants in this study demonstrated
effective interaction with the IVR headset, reflecting improved age-
oriented usability standards. A significant observation was the quick
learning and understanding of the IVR headset and hand gesture controls
during the simulation. The participants stated that a realistic immersive
environment enhanced their engagement by mirroring their personal
kitchen spaces and helped establish behavioural patterns.

2. Safety and Comfort — In the current study, 92% of participants reported
no discomfort, such as nausea, headache, heaviness, or neck issues,
while using the VR headset. This aligns with recent literature showing
that improvements in spatial clarity, self-paced navigation, and intuitive
task flows in VR environments enable safe participation and minimise
risks of cybersickness and ergonomic strain for older adults (Everard
et al., 2025; Schaumburg et al., 2025). Younger-old participants (65-70
years) exhibited greater proactivity and adaptability to IVR technology.
In contrast, 8% of participants reported anxiety while experiencing
the immersive environment, perceiving it as real; notably, all anxious
participants were aged 80 and above.

3. IVR Spatial Accessibility — The IVR simulation offered spatial layout
assessment through both seated and standing interaction modes.
Participants over 75 years predominantly chose seated interaction,
whereas those under 75 years opted to stand, reporting improved
reachability, ergonomic comfort, smooth manoeuvrability, and the ability
to customise spatial organisation to their own preferences.

4. Perceived Usefulness — In this context, 95% of participants found the
virtual reality visualisation experience valuable for evaluating kitchen
layout and spatial designs. While studies in the interior design discourse
have approached the virtual and walkthrough mediums for experiencing
design concepts, interactive immersive experiences offer enhanced
capability for personalising spatial elements tailored to individual needs
(Muslu et al., 2025). The participant’s feedback strongly supported the
implementation of immersive experiences in future age-inclusive design
solutions, particularly for spatial furniture procurement (sofas, dining
furniture, beds), where pre-purchase visualisation and interaction could
inform financial decision-making.

5. Interactive Technology Adoption — Regarding technology adoption and
usage, 95% of participants recommended further experimentation and
exploration with this IVR technology for kitchen or other spatial design
evaluation. Participants gave positive feedback for the intuitive, gesture-
based design, which reduced their cognitive load engagement. The literature
states that numerous IVR interventions are currently being developed
targeting older adults, suggesting positive trends in technology acceptance
and expressing eagerness to engage with future VR-based design solutions
(Fu et al., 2022; Ip et al., 2024; Kope¢ et al., 2019; Pau et al., 2023).
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Overall, participants responded positively to IVR as a design evaluation
methodology and expressed intent to implement the observed design
principles in their domestic kitchen spaces.

CONCLUSION AND FUTURE WORK

This research is an important benchmark for developing the future of ageing-
friendly spatial methodologies. This type of research in the Indian context
with ageing adults is new and novel. The findings state that innovative
IVR approaches enable the integration of interactive smart technologies,
effectively addressing accessibility gaps and supporting independent ageing.
Participant feedback indicated strong positive responses to IVR as a design
evaluation tool, emphasising its value for enhancing realism, accessibility,
and user-centred design in ageing studies. These findings reflect broader
trends in both literature and practical applications, underscoring IVR’s
potential to transform how older adults engage with and evaluate their built
environments.

Future investigations will expand stakeholder participation through
integrating comprehensive, inclusive, and barrier-free ageing principles.
Additionally, by involving diverse stakeholder groups such as older wheelchair
users, intergenerational participants, and design professionals, the subsequent
phases will involve structured discussions and feedback sessions focused on
customised age-friendly kitchen design solutions that support independent
ageing within urban environments.
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