Disability and Rehabilitation

Rehabilitation

An intemational, multid »c o inany jouma

ISSN: 0963-8288 (Print) 1464-5165 (Online) Journal homepage: www.tandfonline.com/journals/idre20

Taylor & Francis
Taylor & Francis Group

Exploration of hospital room design on emotions,
activity, and social connections after stroke: a
qualitative study of patient experiences using
virtual reality

Michelle M. Shannon, Ruby Lipson-Smith, Marie EIf, Marcus White, John
Olver, Tianyi Yang & Julie Bernhardt

To cite this article: Michelle M. Shannon, Ruby Lipson-Smith, Marie EIf, Marcus White,
John Olver, Tianyi Yang & Julie Bernhardt (2025) Exploration of hospital room design
on emotions, activity, and social connections after stroke: a qualitative study of patient
experiences using virtual reality, Disability and Rehabilitation, 47:17, 4496-4505, DOI:
10.1080/09638288.2025.2451771

To link to this article: https://doi.org/10.1080/09638288.2025.2451771

A
© 2025 The AUthOF(S). Published by Informa h View supp|ementary material @
UK Limited, trading as Taylor & Francis

Group
ﬁ Published online: 22 Jan 2025. Submit your article to this journal
. . A
||I| Article views: 1480 & View related articles &'
@ View Crossmark data (&' Eal Citing articles: 1 View citing articles &

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=idre20


https://www.tandfonline.com/journals/idre20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/09638288.2025.2451771
https://doi.org/10.1080/09638288.2025.2451771
https://www.tandfonline.com/doi/suppl/10.1080/09638288.2025.2451771
https://www.tandfonline.com/doi/suppl/10.1080/09638288.2025.2451771
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/09638288.2025.2451771?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/09638288.2025.2451771?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/09638288.2025.2451771&domain=pdf&date_stamp=22%20Jan%202025
http://crossmark.crossref.org/dialog/?doi=10.1080/09638288.2025.2451771&domain=pdf&date_stamp=22%20Jan%202025
https://www.tandfonline.com/doi/citedby/10.1080/09638288.2025.2451771?src=pdf
https://www.tandfonline.com/doi/citedby/10.1080/09638288.2025.2451771?src=pdf
https://www.tandfonline.com/action/journalInformation?journalCode=idre20

DISABILITY AND REHABILITATION
2025, VOL. 47, NO. 17, 4496-4505
https://doi.org/10.1080/09638288.2025.2451771

Taylor & Francis
Taylor &Francis Group

RESEARCH ARTICLE

8 OPEN ACCESS ‘ ] Checkforupdates‘

Exploration of hospital room design on emotions, activity, and social
connections after stroke: a qualitative study of patient experiences using
virtual reality

Michelle M. Shannon®<, Ruby Lipson-Smith#®, Marie EIf¥, Marcus White®, John Olver!, Tianyi Yang® and Julie Bernhardt*®

3Stroke Theme, Level 1, The Florey Institute of Neuroscience and Mental Health, Heidelberg, VIC, Australia; "NHMRC Centre of Research Excellence in
Stroke Rehabilitation and Brain Recovery, Heidelberg, VIC, Australia; “Rehabilitation, Ageing and Independent Living (RAIL) Research Centre, School of
Primary and Allied Health Care, Peninsula Campus, Monash University, Frankston, VIC, Australia; “Environment, Technology and Participation, School of
Health and Welfare, Dalarna University, Falun, Sweden; ¢Centre for Design Innovation, Department of Interior Architecture and Industrial Design,
Swinburne University, Melbourne, VIC, Australia; Rehabilitation Medicine (School of Clinical Sciences), Monash University, Melbourne, VIC, Australia

ARTICLE HISTORY
Received 21 July 2024
Revised 22 December 2024
Accepted 4 January 2025

ABSTRACT

Stroke patients are rarely asked about their responses to specific design attributes. Virtual reality (VR)
offers a promising tool to explore how hospital environments are experienced after stroke.

Purpose: To gather perspectives and emotional responses regarding physical design attributes of
hospital patient rooms after stroke.

Material and Methods: We developed a ‘VR experience’ for adult stroke patients in both single and
multi-patient room designs, with four additional physical design attributes: spaciousness, greenery
outlook, night-time noise, and design attributes for social connectivity e.g. furnishings. A qualitative study
approach involved semi-structured interviewing, that followed immersion in the VR patient room
designs. Qualitative descriptive and thematic analysis was done. (Australian New Zealand Clinical Trials
Registry, Trial 1d: ACTRN12620000375954).

Results: Thirty-five stroke patients participated (April 2019-March 2020). Interviews yielded three
themes and ten sub-themes. Themes were: (1) action and care supported by design and layout, such
as ease of movement; (2) connection to people, nature, and place, emphasising social interaction and
greenery; and (3) control of the environment, involving attributes like space.

Conclusions: Findings showed how physical design attributes enhance movement accessibility,
promote social interaction, or provide sensory comfort. Using VR allowed rich, detailed feedback from
patients, offering valuable insights for designing hospital environments.
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Hospital design; virtual reality;
patient room; stroke;
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> IMPLICATIONS FOR REHABILITATION

1. Placement of recognisable furnishings, configuration of spaces in patient rooms, and quiet private
spaces are perceived as supporting social interactions and movement.

2. Positive distractors of greenery exposure, outdoor views, and human-based sounds support
restorative opportunities from clinical care tasks.

3. Noise, intrusive presence of other people in own space, and difficult access to technology/
personal effects contribute to discomfort.

4. Addressing emotions and social connectivity through environment design might prime social
and physical activity for optimal brain recovery and repair.

often overlooked. Furthermore, in Australia it is rare to gather any
feedback about the performance of any health facility after con-
struction [2]. People who have had a stroke can provide valuable

Introduction

In this study, we explored how VR-applied physical design attri-

butes of hospital patient rooms influenced emotional responses
and preferences after a stroke. This work builds on an experimen-
tal study that examined responses to VR-designed rooms [1] aim-
ing to gain deeper insight into participants’ perspectives and
experiences. When designing hospital facilities it is worrying that
the perspectives of people with brain injury, such as stroke, are

insights into how hospital environments affect their recovery,
including impacts on alertness, speech, fatigue, mobility, and
social interactions. Their perspectives are essential for designing
inclusive and supportive spaces that address their unique needs.

The physical environment of health facilities has been sum-
marised to include ambient [3], architectural (plan or layout of a
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building, window placement), interior design (furnishings, colours/
finishes), and social (privacy, furnishings for family gathering)
design attributes [4]. Until recently there has been little empirical
research dedicated to the evaluation of aspects of this physical
environment that might influence the emotional, social, and phys-
ical well-being of people recovering from stroke in hospital [5-8].
People after stroke can have multiple, co-existing difficulties with
cognition, language, motor, and sensory problems [9] impacting their
ability to sense and to move around in their environment. In health
facilities, they can be exposed to a multitude of sensory experiences
such as noise [10,11], sound [12-14], light [14], temperature [14] day
and night. However, a thorough understanding of how people after
stroke perceive, and respond to, physical environmental conditions in
hospital wards, is lacking. In addition, traditional hospital design guide-
lines rarely address the unique needs of this patient group, specifically
for different spaces for activity versus rest/restoration, and outdoor areas
for emotional wellbeing [15]. This oversight highlights the need to assess
whether various sensory stimuli in hospital affect people with stroke.
The physical design attributes of health facilities have garnered
much debate and research in the past two decades. Specifically,
the advantages and disadvantages of patient rooms (single,
multi-patient) in acute hospital settings [16-18]. Restorative effects
from experience of nature, or greenery exposure (plants, healing
gardens) have been advocated in non-stroke populations [19,20].
In addition, the challenge of addressing the optimum level of social
connectedness supported by physical design attributes, e.g. seating
options, in health facilities has been highlighted in dementia [21]
and intensive care [22] settings. Noise levels has been well docu-
mented in acute hospitals e.g. intensive care [10,13]. However, the
exploration of how different sound sources affect individuals after
stroke, who may have unique sensitivivies and preferences. Finally,
the influence of hospital room spatial attributes e.g. room spacious-
ness have mainely been evaluated concerning risk of acquiring
hospital-acquired infection [23]. There exists a gap in how to eval-
uate the hospital physical environment for people after stroke.
When prototyping physical hospital designs, healthcare staff
are asked to evaluate a physical mock-up of a hospital room
[24,25], or, virtual or computer-based simulation is used [24].
However, the development of physical prototypes can be
time-consuming and space intensive. Simulated environments
using virtual reality (VR) with technology developments supporting
‘realism’ for auditory and visual stimuli are increasingly used in
research [26-28]. VR has for example been used to gather infor-
mation about the influence of hospital design on healthcare staff
workflow [27]. It has also been used to train people with stroke
for motor impairment [29]. However, when our study was con-
ceived, VR had not been used to explore the attitudes and expe-
riences of people with stroke and hospital design, highlighting
the potential for further practical applications of this technology.

Study aim and objectives
Aim

To gather perspectives about physical design attributes of hospital
patient rooms from adults after stroke, and how these environ-
ments influenced their emotional responses and preferences.

Table 1. Maximum variation sampling frame.
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This qualitative study had three objectives:

1. To gain insights into how people with stroke experience
and perceive different aspects of hospital patient room
design.

2. To gather perspectives about what types of patient room
physical design attributes influence emotional responses.

3. To explore the use of VR to simulate and systematically
vary these room designs to elicit qualitative responses
from participants.

Materials and methods
Study design

This was a qualitative sub-study of the Re-imagining Stroke
Environments with Virtual Reality study (RiSE-VR)(Australian New
Zealand Clinical Trials Registry Trial 1d: ACTRN12620000375954),
a factorial experimental study where participants were immersed
in 32 ‘hospital patient rooms’ in VR (16 daytime and 16
night-time), with only a single physical design attribute change
between each patient room, and to quantitatively rate their
emotional and preference response to each room [1]. We exam-
ined the emotional and choice-preference responses of adults
after stroke to various physical design attributes based on lit-
erature reviews:

. Patient room type (single, multi-patient) [16,30,31]

. Room spaciousness [32,33]

+  Outdoor greenery view [19,34,35],

- Design attributes influencing social connectivity
[36-38]

. Night-time noise [10,13,14]

Participants first viewed the daytime scenarios and then took
a break before viewing the night-time scenarios in a random
order. After viewing all scenarios, participants were invited to take
part in a semi-structured interview, that occurred sequentially to
the experiemental study. The results from the quantitative exper-
imental study are reported elsewhere [1].

Participants and recruitment

The qualitaive study (RiSE-VR) included 35 adults over the age of
18years, with stroke within the past 3years, who had spent 2
nights or longer in hospital for their stroke. The caregivers sup-
porting people after stroke who consented to participate in
RiSE-VR could also be present during the interview. A ‘maximal
variation sampling frame’ [39,40] was used to ensure that suffi-
ciently representative person-level factors could be achieved i.e.,
sex, age, and different lengths of hospital stay (see Table 1).
We aimed to identify and recruit adults with direct and recent
experience of being in hospital due to their stroke. As this study
was not linked to any specific hospital construction or re-design,
we could freely explore if their insights of hospital patient rooms

Inpatient

length of stay Short (<1 week) Short (<1 week)

Medium (>1 week
<3 weeks)

Medium (>1 week

<3 weeks) Long (>3 weeks) Long (>3 weeks)

Group 1
Group 2
Group 3

Male > 18 <55years
Male > 65years
Male > 55<65years

Female > 18 <55years
Female > 65years
Female > 55 <65years

Male >18 <55years
Male >65years
Male >55 <65 years

Female >18 <55years
Female >65years
Female >55 < 65years

Male >18 <55years
Male >65years
Male >55<65years

Female >18 <55years
Female >65years
Female >55 < 65years
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might influence their experience and preferences. By using VR to
simulate specific physical design attributes, we were able to con-
duct interviews immediately after the VR experience. This approach
minimised recall bias and captured the participants immediate
responses more accurately.

Setting and context

A single interview was conducted in the same research room
where the VR exposure occurred. The participants completed the
VR scenarios on the same day or within a week, according to
their preferences, and the interview occurred thereafter. Examples
of two daytime VR scenarios, and two night-time scenarios are
presented in Figures 1 and 2, respectively.

Data collection

All interviews were conducted by the main researcher (MS), who had
a background in physiotherapy with extensive clinical experience
working with people with neurological disorders, including those
with stroke and aphasia. This experience influenced the allowance
of additional time to build rapport, time for participants to express
their ideas verbally, and the use of paper and pen to write down
phrases/key words to supplement verbal communication. All inter-
views were conducted in a quiet environment i.e,, the private testing
room. MS had received training in qualitative research methods. MS
was supported by other researchers with extensive experience in
qualitative research (ME, JB, RLS). An interview script was developed
and piloted with healthy volunteers and two stroke survivors.

The interview questions were aligned to the quantitative data
collected during the VR scenario experiences. We asked partic-
ipants about their experiences with the VR scenarios, focusing
on how the rooms made them feel, design attributes they
noticed, and the potential for everyday activities or social inter-
actions. For example, we inquired about how realistic the VR
experience was, whether it evoked feelings like calmness or
irritation, and which room attributes stood out positively or
negatively (Table 2). The study flow of RiSE-VR is presented in
Supplememtary Material 1.

All interviews were audio-taped by MS on a hand-held recorder
and immediately uploaded to cloud storage for retrieval later to
organise the data in an NVivo® software package. NVivo (QSR
International)® software was utilised to assist with data manage-
ment. All interviews were transcribed verbatim and checked
against the recordings for accuracy by MS.

Ethics and governance

Human Ethics approval was granted by BLANK (HREC #) and
BLANK (HREC#) and all participants provided written consent prior
to study commencement.

Data analysis

We chose an approach to analysing the interview data that
focused on understanding patients’ experiences in their own
words. This method allowed us to capture details about the hos-
pital environment that might not be immediately noticeable. The
analysis was guided by an inductive approach following the

Figure 1. (a) (single room, narrow width, no social connectivity, urban outlook (daytime)). (b) (multi-patient room, narrow width, no social connectivity, greenery

outlook (daytime).

Figure 2a. (a) (single room, spacious, social connectivity (nurse), noisy (night-time). (b) (multi-patient room, spacious, social connectivity (nurse), noisy (night-time).



Table 2. Interview guide.
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Question

Prompt

Can you tell me about your stroke?

I'd like to hear about your experience of the 3D goggles and headset?

Tell me about how well you could see and hear the different VR scenarios?
Tell me about how the VR room scenarios made you feel?

What did you find yourself thinking about as you were in these VR
scenarios?

Could you imagine yourself in any of these VR scenarios with your stroke?
Why was that?

Do any of the VR scenarios you experienced make you think of doing
‘everyday’ things

How did your stroke affect you?

Did the headphones, goggles feel heavy, uncomfortable, make you feel dizzy?
How realistic was VR experience?

Calm, anxious, irritated, inspired, motivated, bored?

What was it the rooms made you feel that way?

Which rooms stood out? Positive / Negative

Any physical features stand out for you?

Was this Positive or Negative?

Possibilities for action, rest, interaction

Can you give me an example?

What was it about this one that made you want to

stay there?

Physical space to do activities e.g. moving about, getting self ready in the

morning, meeting with others...

Opportunities to communicate, socialise with others, types of spaces to do that..

Table 3. Summary of the RiSE-VR participant characteristics.

>55 years < 65

Age <55 years years >65 years
Sex(% male) 57.1 46.2 70.8
(4/7) (6/13) (17/24)
Educational history (diploma/ 87.5 50 82.6
higher degree)(%)
Time spent in hospital for
stroke care (days)
<7 57.1 46.2 54.1
8-21 143 30.8 25.0
> 21 28.6 23.1 333
History of prior mood 0 15.4 (anxiety/ 20.8 (depression)
disorder depression)

Time since hospitalisation for
stroke (months (%))

<6 571 46.2 66.6
>6 429 38.5 37.5
MOCA

median (IQR Q3-Q1 26 26 25

(28—25) (28.5-21.5) (28—22)
PHQ-9 7 3 3
median (IQR Q3-Q1 (8-1) (4-0) (4-2)
GAD-7 2 1 1
median (IQR Q3-Q1 (3-1) (2.5-0) (2-0)
mRS 1 1 1
median (IQR Q3-Q1) (0) (1.5-1) (2-1)
Living with others(%) 85.7 929 75.0
Working status post stroke 71.4 38.5 12.5
(part/full-time)(%)

Born in Australia (%) 429 53.8 66.6
No prior use of VR(%) 71.4 100 87.5
Self-reported history of 28.6 38.5 333

motion-sensitivity in

past (%)
Note: PHQ-9=Patient Health Questionnaire, GAD-7 =Global Anxiety Disorder,
MOCA =MOntreal Cognitive Assessment.

qualitative descriptive method [40]. Thematic analysis was then
conducted using content analysis [41,42].
The analysis was completed in a five-step process:

1. ’‘Back-and-forth’ reading was done to get close to the data,

2. Meaningful units were identified from the transcripts,

3. Sorting the data using similar features using words,
phrases, concepts,

4. Comparison to identify similarities and differences in the
features,

5. Deciding on generalisable themes that hold true for the data.

To enhance analysability and transparency, the data analysis was
completed independently by three researchers (MS, ME, RLS). This
involved all coders familiarising themselves with the interview

transcripts, then using nVivo software and tabular summaries created
separately. Reflexivity and close collaboration between the coders
were maintained during several meetings over April 2020-June 2021
to ensure accuracy of the summarisation of the textual data and to
minimise researcher bias. MS developed the initial coding category
structure. At meetings primarily two coders (MS, RL) compared and
contrasted their coding findings, with a third coder (ME) ensuring
that reliability and trustworthiness of the data was maintained. The
qualitative coding team have diverse professional backgrounds
meaning that the study findings could be viewed through a broad
lens encompassing health facility design, clinical care, and neuro-
science. Data saturation occurred when no new categories could
be developed during step 4 of data analysis.

The analysis team included a professor in nursing with archi-
tecture expertise, a psychologist, and a physiotherapist, all expe-
rienced with persons with stroke. This various perspectives
enhanced our understanding of stroke and hospital design. ME
and RLS contributed with expertise in qualitative research, guiding
our data collection and interpretation. To reduce the risk of biases
each researcher independently coded the data before developing
themes. This ensured our findings remained based in participants’
experiences at the same time allowing for critical reflection on
our interpretations.

Results

In total 35 (57% male) people participated in interviews. Interview
duration lasted a mean of 19.91min (SD 5.81 min). Participant
demographics are presented in Table 3. They had mild cognitive
difficulty and had little depression or anxiety symptoms.

Overall, three main themes and ten sub-themes were generated
that together described stroke participants’ experience of being
in the VR hospital physical environments. The overarching themes
were (i) action and care afforded by design and layout, (ii) con-
nection with other people, nature, and place, and (iii) control of
environment influenced by furnishings, space, and sound (Figure 3).
Further details about the underling coding structure and catego-
ries are presented in Supplememtary Material 2 (coding structure)
and Supplememtary Material 3 (figure of categories).

Action and care afforded by design and layout

This theme had three sub-themes reflecting how physical design
attributes were perceived by participants as impacting on their
clinical care, their communication or physical activity, or on pro-
motion of favourable emotional states linked to sensing of sound
or visual stimuli.
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Figure 3. Themes and sub-themes.

Audio-visual attributes promoting positive emotions for care

Hearing recognisable, non-mechanical sounds, such as people
talking in the background, were described by participants as
contributing to a sense of calm or a relaxed emotional state.
Visual attributes of having a single room, exposure to nature,
soft colours, or having more space between people in the room
were also linked to calm and relaxed emotions. Others com-
mented about how having a background low level of sound
was settling at night, “in a way it was also comforting to have a
little bit of that noise {sounds of other people and equipment,
snoring} there. ...But having people around was a calming effect.
....you felt (pause) relaxed ....” (P2, male, 59yrs, 8-21days). The
calming influence of having a nature view was remarked on by

several participants: “..I could think about what was conjured up
by the distant image out the window made all the difference to
my sense of being calm or relaxed .and | didn't worry particularly
if | was in a room shared by others or not. (P34, male, 68yrs,
8-21days).

Variety of spaces for clinical care and communication

Participants highlighted how physical design attributes influenced
care delivery by staff and facilitated care-related conversations
within the patient room. Several people mentioned that quiet
individual spaces make it easier to communicate with staff about
their clinical care, or when focused attention from the staff were



desired. Spaciousness, particularly access to ensuite bathrooms,
was frequently mentioned as essential for clinical care and
expressed by many participants as “[in] the very narrow versions,
| would have difficulty envisaging two nursing staff assisting someone
to the shower... in some of those rooms. just getting out of bed
would have been difficult for three people...with a lifter on each
side....to get in there, let alone getting equipment ...” (P14, male,
74yrs, <7days).

Configuration of spaces and furnishings for patient activity and
practice

Most participants remarked that larger rooms induced movement
out of bed and provided sufficient space for allied health staff to
utilise equipment for motor skills training. They emphasised the
importance of bedside space for planning and performing activ-
ities outside the bed. As one participant said:

“...you want to be able to move, you want to see that there’s room
to move and if you get out of bed,.... that you take a few steps that
way and move around and... use a walking aid or appliance if you
have to ..."” (P14, male, 74yrs, <7days).).

Participants in shared room environments expressed concerns
about interfering with other patients’ needs or being hindered by
equipment at the bedside. It was expressed as:

“[Il might think twice about....getting out of bed....because there wasn’t
a lot of space....at the end of the bed with the chair and that...and |
thought if | fall into the chair at least | can sit down but if | knock that
what am | going to do..."” (P36, female, 54yrs, 8-21days).

Participants frequently mentioned recognisable furnishings
that encouraged activity, such as a window seat. They described
it as inviting movement, providing a place to sit in the sunshine,
and motivating them to get out of bed: “you got the window
seat you are just attracted to it and youd like to get out of bed
and go over to that window seat so you could look out that window
and sit in that window seat even if you're reading a book or what-
ever it’s just being(pause) in natural light....... )"(P2 male, 59yrs,
8-21days).

However, many participants also stated that engaging in social
and physical activities occurred in structured locations, outside
the patient room, with staff present:

“...a rehab centre they have all those facilities....outside your room,
you go to a kitchen area, .... they got all those at the (blanked Rehab
Centre). You go outside into a garden. I'm not trying to bring all that
into that room!, (P39, male, 69yrs, 8-21days).

Many participants stated that the patient rooms, whether single
or multi-patient, often lacked incentives for engaging in activities
beyond sleeping. While some acknowledge the potential for phys-
ical activity, they did not identify any specific design attributes
that supported it. However, single rooms were noted by some as
a place where they would have opportunities to do solitary tasks,
like reading without disturbance.

Connection with other people, nature, and place

This theme had three categories (sub-themes). These sub-themes
refer to the physical design attributes participants related to ‘pos-
itive distractors’ within the patient room environment namely, the
views (urban and greenery) through the window, the view through
the interior window to the corridor, and the sounds and move-
ment of other people that offered social connectivity. These
sub-themes are detailed below.
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Audio-visual connection to other people and spaces
Social connectivity with others was perceived by most participants
as related to design attributes that promoted the ability to see
or to hear others or having furnishings to support gatherings of
people. Simply having enough seating for family was remarked
on as a gap in usual hospital patient rooms, “...I've a very big
family, ...., but like having that bench (window-seat), | wish that was
there when like my family were there.” (P40, female 18yrs, 8-21 days).
Exposure to human sounds was described as providing connec-
tivity even if people present were unknown to participants. For
example, “I just liked to hear the noise, it makes you feel connected
to ....even though they’re not talking to you, you've got that human
contact, human interaction...” (P42, female, 63yrs, >21 days).
Being able to see familiar people or seeing staff passing by
through the interior window of the room was remarked on by
several participants. For example: “Just seeing how many people are
walking ....it comforts me in some way to know that someone’s walking
around” (P33, female, 64yrs, >21days). Interest in observing other
people was described, as in this quote”...but when | was looking
at the people outside the corridor, it made me like maybe | could just
go there(P9, female, 36yrs, <7days). Being unable to hear sounds
of people, or movement of people, potentiated feelings of loneli-
ness, at night. For example,”..particularly it was worse at the night,
| didn’t like it when there was no...nobody outside | like the hustle and
bustle...Yeah, | didn't like the quiet room, yeah, there’s no, ... you feel
isolated...lonely | guess ...” (P17, male, 50yrs, >21days).
Participants noted that visibility of others in multi-patient rooms
could either hinder or enhance communication. The layout of VR
rooms, with beds positioned side by side, led to suggestions for
diagonal bed orientation or greater spacing to improve communi-
cation. Shared rooms often prompted conversations among patients.

Outdoors or greenery exposure is a welcome distraction

Viewing nature or outdoors scenes through a window was
expressed by several participants as an opportunity to re-focus
attention, and this viewing of greenery was connected to their
calm emotional state “I think it lets the mind be distracted in a
calming way from the preoccupations of the physical activity going
on around them... distracted, distressed, by what all that monitoring
is telling [patients].” (P34, male, 68yrs, 8-21days). Having access to
the window outlook provided a ‘sense of normalcy’ by observing
everyday life outside.

Some participants valued having a connection to everyday
routines: “lobserving people through the window | can see]...like a
routine and a sort of normal routine .people wake up and they go
to work and they go to school ...the timelines of that....” (P23,
female,58yrs, <7days). Having proximity to a window outlook (exte-
rior or interior window) also promoted a perception of not feeling
enclosed that was desirable “the fact that door was louvred was, |
felt...gave you a little bit of privacy but....you could still see what
was happening outside...it gives them the ability to look outside the
room, they don't feel enclosed.” (P39, male, 69yrs, 8-21days).

Can focus and socialise in private familiar spaces

Participants noted that certain design attributes, such as private
single rooms or quiet spaces, facilitated attention and socialisation
for many of our participants. They highlighted the challenge of
engaging in conversations in noisy environments. For example:
“having the visitors and all the noise it really started to upset me a
bit.... | wanted to hear what someone was saying...even though they
are virtual visitors, they’re my visitors!...” (P36, female, 54yrs,
8-21days). Participants in multi-patient rooms noted challenges
in conversing with other patients if they were at different
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communication stages, emphasising the need for environments
that support varied levels of interaction. One of the participants
said “Making conversation and communicating with people.... You
don't really want the new challenge. especially one who is also more
severely disabled (laughs) and trying to cope with it. ...Definitely |
didn’t see the shared environment as any sort of advantage....to
stroke patients.” (P14, male, 74yrs, <7days)).

Control of environment influenced by furnishings, space, and
sound

This theme had four categories (sub-themes). Here participants
described key furnishings, spatial considerations, and technology
access that provided a sense of control. Specifically, this theme
concerned control of one’s space, how one's space could be
intruded upon by audio or visual stimuli, and the impact of noise
intrusion on one’s comfort.

Accessibility of furnishings and technology near bed gives
control

Some participants expressed a desire for furnishings that allowed
them to manage visitors and control the space around their bed.
They highlighted the importance of adequate seating for the
comfort of family and friends. The VR simulations prompted dis-
cussions about accessing personal items independently of nursing
staff and the need for stroke-friendly technology, such as: “/
noticed it each time ...the television.... | personally depend on a lot
of the text ...I was pleased to have something that was ...easier to
see, but there a balance of easy to see but back, and not full in your
face” (P5 female, 70yrs, 8-21days).

Configuration of spaces for control of people

Most participants noted that audio-visual elements in patient
rooms could feel intrusive, creating a sense of lost control. Smaller
rooms, especially those shared with others, often triggered neg-
ative emotional responses due to the visual presence of another
patient or multiple people. For example: “I think um when the
visitors were there it was, it felt very crowded and... it wasn't com-
fortable no it didn't....even, even my own visitors yeah (laughs).” (P23
female,58yrs, <7days).

In multi-patient rooms, the dimensions of the space, combined
with the presence of other people, significantly affected partici-
pants’ comfort levels “The....visitor....sometimes were too close....
there wasn't enough length in the room. the width was right, but the
length didn’t seem....right.” (P19, male, 50yrs, <7 days).

Being hindered from moving into different communal spaces
in the room because of concerns about intruding on other
patients was also described by several people: “..the window was
nice in that daytime. At night time it was closed but .... In the 2-bed
room it was the other patient’s space you couldn’t really go into there
and sit look out at the view...you were kind of stuck in your corner”
(P13, female, 72yrs, >21days). Participants expressed discomfort
about the lack of control over their visibility to others in the
patient room. They noted that interior window louvres could allow
people outside to observe them. As one participant stated: “Well
it feels if people walking down the corridor, they could see you straight
away through the lattices....It makes me feel uncomfortable...” (P10,
female, 81yrs, 8-21days).

Unexpected and unfamiliar sounds impact sense of control
This sub-theme focused on the impact of uncontrolled sounds
on participants’ emotional states. Competing human and

mechanical sounds, such as people talking, monitoring equipment,
and TVs, were described as bothersome by almost all our partic-
ipants. Constant movement of people and equipment within the
ward and patient room, particularly at night, was also distracting.
Mechanical, repetitive sounds were highlighted as especially tense
and irritating, as one participant shared: “I wasn't as irritated by
repetition so those beeps in the virtual reality drove me up the wall,
they still do. | don't like mechanical sounds” (P17, male, 50yrs,
>21days).

In addition, suggestions were revealed about how to moderate
this noise perception. More space within the room could reduce
the impact of people activity and noise, as in “..it would have
reduced movement and activity which increase the noise, the noise
level.Not smaller no, bigger....less enclosed.” (P3, female, 60yrs,
>21days). Others talked about wearing earphones to obscure the
noise. The presence of a nurse eased the impact of the sound
disturbance: “when the nurse would come in, ......... , it was still a
bit tense and irritating, but when it was just on your own it wasn't
too loud and you were in your own space with her as well, it was
easier” (P40, female 18yrs, 8-21 days).

Control of privacy with single room occupancy

Participants discussed the importance of privacy in the hospital
but struggled to articulate its direct impact on their emotional
responses. Instead, they emphasised the practical need for privacy
to access the bathroom or hold family conversations. The ability
to visually block other patients, such as with bedside curtains,
was viewed positively. As one participant stated: "..the only thing
I probably didn't mention was curtains ..., it's just your privacy when
you are feeling pretty unwell and also when you are being disturbed
by everything else..." (P28, male, 66yrs, 8-21days). Some family
members expected single rooms, particularly when using private
health insurance.

Discussion

This qualitative study, unique in its use of VR technology, showed
how hospital room physical design attributes impact the experi-
ence of people with stroke. Specifically, their ability to have clinical
care, to engage in physical and communication activity, and to
manage their emotions. We explored various design attributes
including room types (single, multi-patient), spaciousness, outdoor
greenery outlook, night-time noise, social connectivity. Our find-
ings challenge the conventional beliefs that single rooms, or com-
plete silence, are universally preferred. Our findings suggest that
a one-size-fits-all approach may not be optimal for hospital room
design in stroke care. Instead, flexible design solutions could
accommodate diverse preferences and needs, such as adjustable
privacy features or shared spaces that encourage socialisation
while maintaining individual control. This study underscores the
importance of involving patients in the design process to ensure
hospital environments support both emotional well-being and
clinical care.

Social connectedness with others, including other patients, was
identified mainly to relieve boredom, or to promote cheerfulness,
or to provide reassurance. Our findings indicate that people with
stroke actively seek opportunities for socialisation within hospital
rooms. They consider various factors such as the arrangement
and type of furnishings, the different available spaces, and the
time of day to find settings that best suit their social needs at
any given moment. Considerations of those types of attributes
such as comfortable furnishings, placement of seating for com-
munal gatherings, and quiet private spaces hitherto has not been



fully recognised as creating possibilities for communicative and
social interaction after stroke. However, increased opportunity for
social interaction have been shown to support brain recovery and
repair in animal models [43,44] and is increasingly recognised as
beneficial in stroke care [45]. Additionally, incorporating specific
design attributes in hospital environments to promote emotional
well-being aligns with the principles of creating effective ‘healing’
environment [46].

When noise was considered, it was in the context of unpre-
dictable or unexpected sounds (provoking irritation), such as,
occurring at night when sleep was required, or too many people
talking or moving about in the daytime. This finding suggests
that predictable or non-mechanical sounds experienced at appro-
priate times were valued. Noise (and sound) in hospitals has been
investigated using quantitative data [11, 13], however little prior
research has probed qualitatively how people with a health con-
dition relate their emotional responses to the hospital physical
environment [47, 48]. Sound perception was examined in cardiac
surgery patients and staff finding that sound sources/temporality
of sound, interpretation of sound (positive/negative), and coping
(habituation to sounds) all influenced emotional responses [47].
It appears from our study that not all sounds are negatively per-
ceived. Instead, certain sound types such as low volume conver-
sational, and uncrowded people movement promote emotional
states related to optimal re-focusing of attention, ability to engage
in communication, and rest/restoration.

Having exposure to outdoor greenery through the window
promoted a sense of emotional calmness with this sensory oppor-
tunity that was perceived as a ‘positive distractor. We know that
exposure to greenery/natural world, often termed biophilia [49],
confers beneficial effects on anxiety and stress, for example, expo-
sure to biophilic office environments that is not observed in
non-biophilic offices [50]. Others describe this ‘restoration’ as
resulting from a break from routine mental tasks, and becoming
absorbed in nature in an environment that matches the person’s
needs [51,52]. Exposure to biophilia in one’s immediate environ-
ment confers a measurable reduction in stress and anxiety in
healthy volunteers [50]. Thus, it was timely to explore if emotional
responses of people with stroke might also be influenced favour-
ably by greenery exposure.

Historically, patient involvement in research on hospital envi-
ronment design has been underutilised. Our study demonstrated
that people after stroke can use VR technology, including head-
sets, headphones, and hand-held haptic controllers, to evaluate
the impact of hospital environment design on their well-being.
Previous studies using VR in hospital settings have primarily
focused on the perspectives of nursing staff in acute
medical-surgical environments, with limited attention to patients’
experiences [27,30,53]. Similarly, architects often use VR as a com-
munication tool to engage with clients, such as hospital planners,
managers, and healthcare staff, rather than incorporating direct
input from patients. This highlights a critical gap in understanding
how patients, particularly those recovering from stroke, perceive
and interact with hospital environments through VR, which our
study aims to address.

Our research has contributed to understanding how specific
design attributes or combinations of attributes can influence
adults with stroke. In the traditional design process, feedback
about new constructions typically involves focus groups,
‘walk-through’ interviews, or surveys with stakeholders including
patients [54]. This feedback often focuses on technical (e.g. waste
management) and organisational (e.g. patient falls rates) outcomes.
However, technical post-occupancy evaluations often overlook the
social outcomes of building performance and the users of that
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building [55,56]. We concur and argue that hospital design for
stroke presents a unique opportunity to introduce possibilities for
enhanced emotional well-being, options for social connectivity,
and physical/social activity that represent important recovery out-
comes in stroke. The inclusion of people with direct and recent
stroke experience demonstrates the feasibility and value of gaining
new insights for design considerations, that may also foster a
sense of empathy and understanding in the stroke community.

We believe that building from the results of our study, other
researchers and designers should also consider including people
with lived experience of stroke, or any health condition in health
facility design, rather than exclusively involving non-patient stake-
holders such as architects, hospital planners, and healthcare staff.
Future studies should investigate how manipulating these physical
design attributes in hospital rooms can promote physical, social,
and cognitive activities essential for brain injury repair and recov-
ery. The insights from our study not only highlight the need for
thoughtful design elements in hospital environments but also
present a promising avenue for improving the recovery of people
after stroke. In addition, the results can serve as a strong moti-
vation for healthcare professionals, researchers, and policymakers
to prioritise this area of study.

Limitations

A limitation of the interview study was the potential for selection
bias, as participants who agreed to participate may have had
specific perspectives or experiences. However, we took steps to
mitigate this, including many participants. Despite this, the study’s
findings might only be generalisable to some stroke survivors due
to variations in individual experiences and recovery stages.

We included people with aphasia, and those with visual or
hearing disturbance, however we acknowledge that it is challeng-
ing for such people to participate in research involving unfamiliar
technology (VR). People from non-English speaking backgrounds
were included by offering support via a family caregiver and/or
a translator present. Several participants with Asian backgrounds
were recruited. However, we acknowledge that the perspectives
of people with diverse ethnic descent are not fully represented.
Participants might have been fatigued during the interviews,
potentially affecting their responses. Most participants had com-
pleted the VR experience before the interview. There is also the
possibility that some participants’ responses were influenced by
their real hospital experiences rather than the direct VR simulation,
a potential confounding factor that warrants further
investigation.

Conclusions

This novel study using VR highlights how stroke survivors react
to different hospital room designs. Participants expressed that
various physical design attributes, such as room type, spacious-
ness, noise levels, and views of greenery, influenced their emo-
tional states and overall experience. Adults with stroke often
spend extended time-periods in their hospital rooms, making
these design attributes within patient rooms critical to their imme-
diate emotional well-being and their recovery.

The study underscores the importance of considering these
physical design attributes in hospital rooms to enhance patient
care and rehabilitation. These insights are valuable for healthcare
professionals, researchers, and policymakers, highlighting the need
for thoughtful hospital design that supports the emotional, social,
and physical needs of people with stroke.
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