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Perception and experience of multisensory environments among neurodivergent

people: systematic review
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Department of Interior Design, University of Oklahoma, Norman, OK, USA

ABSTRACT

A multisensory environment (MSE) is an adaptable, interactive space that allows individuals with sensory
processing differences to explore diverse sensory stimuli depending on their needs. Despite their demon-
strated benefits, there has been little evidence-based design approach for MSE design. This systematic
review aims to synthesize how neurodivergent individuals perceive and experience MSE and provides
design implications for creating MSE that meets the diverse sensory preferences and needs. The review
process follows the PRISMA protocol. The review included 27 studies published in peer-reviewed jour-
nals between 2013 and 2023. Findings highlight MSE design strategies with key themes: sight, hearing,
touch, smell, taste, body movement, and body awareness. These environmental factors within MSE are
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explained in relation to user experience such as adaptive sensory-response behaviours and psychological
well-being. The identified MSE design strategies will contribute to guiding designers and researchers with
evidence-based design approaches that maximize the benefits of MSEs for neurodivergent people.

Introduction

Sensory processing refers to the neurological process by which
the human brain and body perceive, interpret, and respond
to internal and external information received through the
senses. Sensory processing is crucial for daily functioning, self-
regulation, and social interaction (Yi and Ellis 2023; Ellis and Yi
2023;Yi, Boeck, and Ellis 2018; Ayres 1972). Given the critical role
of sensory processing in shaping individuals’ interactions with
their environments, Sensory Integration Theory (SIT) focuses on
how the brain processes sensory information (Ayres 1972; Roley
et al. 2007). SIT identifies seven sensory systems, including sight
(visual), hearing (auditory), touch (tactile), smell (olfactory), taste
(qustatory), body movement (vestibular), and body awareness
(proprioceptive). In this context, sensory perception is defined as
the sensory input received by individuals through various sen-
sory modalities, while sensory experience refers to the subjec-
tive interpretation and response to these sensory inputs (Coren,
Ward, and Enns 2004). SIT provides a foundational perspective
for designing environments that focus on diverse sensory needs.

SIT is also relevant to sensory processing variations, such as
sensory over-responsivity (SOR) and sensory under-responsivity
(SUR). SOR refers to heightened sensitivity toward sensory stim-
uli, triggering exaggerated reactions. On the other hand, SUR
involves unawareness or non-responsiveness to sensory input,
often seeking intense stimulation and displaying repetitive
behavioural patterns. SOR or SUR can negatively affects long-
term functioning, learning, self-regulation, and social interac-
tion, sometimes resulting in behaviours like self-stimulation or
aggression, limiting participation in society (Cuvo, May, and Post
2001; Hens 2021; Ben-Sasson et al. 2009).

Sensory processing involving SOR or SUR impact between
5% and 16.5% of the general population (Miller et al. 2017),
with higher prevalent among neurodiverse individuals. Neu-
rodiversity regards neurological differences as natural human
variations in brain function (Hens 2021). In this manner, neu-
rodivergent refers to people with neurological differences and
MSEs offer environments that accommodate their various neu-
rological processing styles. This group includes people with a
variety of neurological and cognitive conditions (Miller et al.
2009), such as autism spectrum conditions (ASC), learning dis-
abilities, attention deficit hyperactivity disorder (ADHD) (Green
et al. 2016), and cognitive conditions like dementia (Orulv
2023).

SIT has explored different sensory patterns using neurologi-
cal understanding of sensory processing and identified support-
ive environments through empirical research to accommodate
varying sensory needs (Ayres 1972; Smith Roley et al. 2007). The
underlying hypothesis is that the systematic sensory exploration
can support the individual’s nervous system'’s ability to interpret
and respond to sensory information.

Multisensory environments

Multisensory environments (MSEs) support individuals with sen-
sory processing differences. MSE offers diverse sensory stimuli
- such as sight, hearing, touch, smell, taste, body position, and
body awareness. MSEs are often equipped with technologies
such as interactive screens, adjustable lighting systems, sound
equipment, and tactile surfaces to create either stimulating or
calming effects (Parham, Roley, and Otd 2008).
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Related concepts include Ayres Sensory Integration (ASI) and
Snoezelen. ASI often involves structured sensory experiences
under the guidance of a trained therapist to help regulate sen-
sory responses, with established fidelity (Parham, Roley, and Otd
2008). Meanwhile, Snoezelen allows self-directed sensory explo-
ration. This study uses the term MSE to include both structured
and self-driven approaches to sensory experiences. The primary
motivation of MSEs is to provide sensory experiences that meet
the diverse needs of individuals with varying sensory processing
abilities. This controlled sensory experience, either stimulate or
calm the senses, supports those with SOR or SUR, helping their
daily lives and enhancing well-being.

Related literature

MSE design requires a multidisciplinary approach between
architectural and health sciences. Previous systematic reviews
have explored sensory interventions for people with ASC (Case-
Smith, Weaver, and Fristad 2015; Lang et al. 2012), children with
behavioural responses linked to sensory differences (Wan Yunus
et al. 2015), and people with dementia (Prins et al. 2021). Ongo-
ing reviews registered in the International Prospective Register
of Systematic Review (PROSPERO) focus on the effect of MSE
on people with mental iliness, ADHD, and cognitive challenges.
These reviews are often from an occupational therapy point of
view, providing valuable findings on intervention outcomes and
their effectiveness.

However, the gap exists from the architectural science view-
point. There has been little evidence-based design approach
for MSE design that could benefit future sensory environmen-
tal design. Evidence-based design refers to a process that uses
scientific research to create environments that support the best
possible user experiences (Stichler and Hamilton 2008). For
example, ASI fidelity measure specified six physical MSE setup
guidelines (Parham, Roley, and Otd 2008). Later, Mostafa (2014)
created a sensory design matrix integrating architectural design
elements such as structure, balance, environmental quality, and
dynamics. However, MSE design has heavily relied on low-level
evidence. Therefore, the gap in the previous findings can be
enhanced by extracting data regarding sensory design consid-
erations and their relation to users’ behaviours.

Purpose

The purpose of this systematic review is to synthesize how neu-
rodivergent individuals perceive and experience a multisensory
environment (MSE) and provide design implications for cre-
ating MSE for neurodivergent people. The current systematic
review aims to (1) examine MSE’s effects on behavioural and
psychological outcomes among stakeholder groups, (2) identify
multisensory environment design considerations by explaining
the sensory stimuli characteristics with relation to users’ experi-
ences, and (3) offer MSE design implications for neurodivergent
population.

Methods

The structure and procedure of this review followed the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) (Moher et al. 2010). The Covidence, a web-based
systematic review collaboration software platform, was used
throughout the systematic review process.

Search strategy

Keyword searches were conducted for five academic databases
including PubMed, CINAHL, MEDLINE, PsycINFO, and Web of
Science. Search terms included (multisensory environment OR
sensory room OR Snoezelen) AND (design). The search was
restricted to full-text, peer-reviewed studies.

Inclusion and exclusion criteria

The scope of this review was defined by the study’s popula-
tion, intervention, comparators, and outcomes (PICO). Studies
were selected using the inclusion criteria: (a) potential stake-
holders of MSEs, (b) multisensory environments, (c) behavioural
and psychological changes, (d) interior, (e) written in English,
(f) publication dates between 2013 and 2023. The period was
selected to capture the latest decade of research and to reflect
recent advancements in MSE design.

The exclusion criteria were: (a) participants without neurode-
velopmental or neurocognitive impairment, (b) not multisen-
sory environments (c) exterior (e.g. urban, landscape), (d) written
in non-English (e.g. Spanish), (e) published before 2013.

Selection procedure and data extraction

Following the search results, Covidence eliminated duplicate
studies. Subsequently, two researchers carried out title and
abstract screening, followed by full text screening based on pre-
established inclusion and exclusion criteria. Researchers used a
comprehensive matrix to extract data from the selected studies.
Following the directed content analysis process (Assarroudi et al.
2018), MSE design considerations were coded and categorized
according to sensory modulations within SIT. Emerging themes
were added by analysing word cloud and frequency using NVivo
(Elliott-Mainwaring 2021). Due to the small participant num-
bers in the studies included, a meta-analysis was not conducted.
Instead, findings were presented in a narrative summary.

Quality appraisal

For each study, two investigators independently evaluated the
study quality using the JBI critical appraisal tools (Tufanaru et al.
2020). JBltools were selected according to study types; for exam-
ple, randomized controlled trials (RCTs), quasi-experimental
studies, cohort study, case reports, qualitative studies, expert
opinion, and systematic reviews. Any disagreements between
the two primary reviewers were addressed by discussion. Evi-
dence level and strength were determined based on guidelines
suggested by the American Occupational Therapy Association
(2020) and the Center for Evidence-Based Medicine (2009).

Results

The PRISMA flow diagram reports the study selection process
(Figure 1). The selected 27 studies consist of six randomized
controlled trials (RCTs; evidence level 1B), four quasi-experimental
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Not multisensory interventions (n = 23)
Not research study (n = 2)

Studies included in review (n = 27)

Figure 1. Study selection process. Note. Adapted from PRISMA (Page et al. 2021).

studies (evidence level 2B), two cohort studies (evidence level
3B), four case reports, four qualitative studies (evidence level 4),
one expert opinion (evidence level 5), and six systematic reviews
(including 1 evidence level 1A, 2 evidence level 2A, 3 evidence
level 4). Table 1 describes the characteristics of the included
studies. As a result of the quality appraisal, each of the included
studies was rated as low or moderate risk of bias (Tables 2-8).

Multisensory environment effects

The following section examines MSE'’s effects on behavioural
and psychological outcomes among stakeholder groups
(Aim #1).

Behavioural outcomes

Agitation and Arousal. Studies have found that MSEs effec-
tively help manage agitation and arousal. Helbling, Grandjean,
and Srinivasan (2023) reported a significant reduction in agi-
tated behaviour among adults with cognitive impairment. MSE
also resulted in decreased agitation, disruptive behaviours, and
aggression among individuals with dementia (Lorusso et al.
2022; Lorusso and Bosch 2018; Sanchez et al. 2013). Multiple
RCTs showed significant reductions in agitation levels as mea-
sured by the Cohen-Mansfield Agitation Inventory (CMAI) with
greater score in physically nonaggressive behaviour (Maseda
et al. 2014a; Sanchez et al. 2016a, 2016b). Verbally agitated
behaviours also indicated significant decreases (Maseda et al.



Table 1. Characteristics of selected studies.

Study design

# Author (Year) (Evidence Level*)

Participants

Multisensory environments

Outcome

Evidence Level 1

1 Helbling, Grandjean, Systematic review
and Srinivasan (2023) (Level 1A)
2 Maseda et al. (2014a) Randomized controlled
trial (Level 1B)
3 Maseda et al. (2014b) Randomized controlled
trial (Level 1B)
4 Maseda et al. (2018) Randomised controlled

trial (Level 1B)

Cognitive impairment
and/or special needs

Dementia

Dementia; Sensory
Processing
Differences

Dementia

MSE, multisensory stimulation therapy

30-minute use, twice weekly, for 16 weeks

MSE intervention group (non-directive approach):

One-to-one activity group (directive)
Control group: no exposure

30-minute use, twice weekly, for 16 weeks
MSE group (non-directive approach):
One-to-one activity group (directive)
Control group: no exposure

30-minute use, twice weekly, for 12 weeks
MSE group
Music group: preferred music in a quiet room.

Behavioural Changes

Significant improvement in the agitated behaviour
No overall effect on the challenging behaviour

Psychological Well-being

Significant effect of the MSE on depression
Significantly lowered pulse rate of adults
No effect of MSE on the Quality of Life

Others

Significant improvement in cognition

Behavioural Changes

Improvement in nonaggressive behaviours in MSE
compared to activity group.

Positive effects in agitated behaviours, measured by
Cohen-Mansfield Agitation Inventory (CMAI).
Significant  improvement in  Neuropsychiatric
Inventory-Nursing Home (NPI-NH)

No significant effects on Activities in Daily Living
(ADLs), measured by the Barthel index.

Psychological Well-being

Mood and cognition: Improved but no significant dif-
ferences in the Cornel Scale for Depression in Demen-

tia (CSDD)

Others

No significant changes in cognitive level, measured by

the Global Deterioration Scale (GDS)

Behavioural Changes
Psychological Well-being

The MSE sessions were found to be as effective as
activity sessions.

Improved behaviours and mood, measure by the
Interact Scale, immediately after the sessions
Improvements in items: talked spontaneously,
related well to others, attentive to/focused,
enjoying self, active/alert, less bored/inactive,
relaxed/content

Biomedical parameters of wellbeing: decrease in
heart rate, increase in oxygen saturation (SpO;)

Psychological Well-being
Behavioural Changes

Improved behaviours/mood, measure by the Inter-
act scale.

MSE group: significant improvements in items:
more happy/content, related to people better,
more attentive/focused, enjoying themselves,
more active or alert, less bored/inactive, and more
relaxed/content, and sleeping appropriately.
Biomedical parameters of wellbeing: decrease in
heart rate, increase in oxygen saturation (Sp02).

(continued).
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Table 1. Continued.

Study design
# Author (Year) (Evidence Level*) Participants Multisensory environments Outcome
5 Poza et al. (2013) Randomized controlled Brain-injury 18-minute use Psychological Well-being
trial (Level 1B) Visual: bubble tubes, optic fibre, rotating mirror ball, e Electroencephalographic (EEG) measure suggests a
projector, revolving disk showing moving pictures state of satisfaction and relaxation in the MSE group.
Auditory: stereo system for relaxing sound of nature o Significant differences between the intervention and
control groups.

e Significant increase in relative power for low-
frequency bands and a significant decrease for fast
rhythms.

6 Sanchez et al. (2016a) Randomized controlled Dementia 30-minute use, twice weekly, for 16 weeks Behavioural Changes
trial (Level 1B) MSE intervention group: e MSE group: Significant improvement in the NPI and
(non-directive approach):. Bedford Alzheimer Nursing Severity Scale (BANS-S).
One-to-one activity group (directive) e Both MSE and activity groups showed an improve-
ment in the CMAI aggressive behaviour factor and
total score.

Psychological Well-being

e No difference in three groups in CSDD

Others

e Better effects on neuropsychiatric symptoms and
dementia severity in patients with severe dementia,
measured by BANS-S.

7 Sanchez et al. (2016b) Randomized controlled Dementia 30-minute use, twice weekly, for 16 weeks Behavioural Changes

Evidence Level 2
8 Bodison and Parham
(2018)

trial (Level 1B)

Systematic review
(Level 2A)

Autism Spectrum
(ASQ);
Attention-Deficit /
Hyperactivity
Disorder (ADHD)

MSE group (non-directive approach)
Music intervention group: preferred music in a
quiet room.

Tactile: Massage and touch according to protocol
developed by Silva et al. (2019)

Proprioceptive: weighted vests with 10% of the
body weight

Vestibular: Slow linear swinging

e Both MSE and music groups: there was improvement
during the intervention in CMAI total score, with no
significant differences between the groups.

Psychological Well-being

e Better effects on anxiety symptoms, measured by Rat-
ing Anxiety in Dementia (RAID); and dementia sever-
ity, measured by BANS-S

Behavioural Changes

e Massage - Improved self-regulatory behaviours, and
tactile-seeking or — avoiding tendency.

e Weighted vests — no significant effect
Slow linear swinging — no significant effect on on-task
behaviours.

(continued).
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Table 1. Continued.

Author (Year)

Study design
(Evidence Level*)

Participants

Multisensory environments

Outcome

Sanchez et al. (2013)

Basadonne et al. (2021)

Johnston, Egermann,
and Kearney (2022)

Mills et al. (2023)

Systematic review
(Level 2A)

Non-randomized
experimental study
(Level 2B)

Non-randomized
experimental study
(Level 2B)

Non-randomized
experimental study
(Level 2B)

Dementia

Autism Spectrum
Conditions (ASC)

Autism Spectrum
Conditions (ASC);
Auditory
hypersensitivity

Intellectual disabilities;
Autism Spectrum
Conditions (ASC);
and/or other
disabilities

MSE, multisensory behaviour therapy

30 min, once/week, 5 sessions
Fully digitized MSE Interactive visual and auditory
stimuli

3D audio group.

Stereo audio group

Auditory: alarm, baby, engine, fireworks, hair dryer,
children fighting, children playing

Virtual Reality MSE, where users can freely engage
with items on their agenda and timeline.

Visual: interactive light panels, light curtain, lava
lamp

Auditory: music

Tactile: vibration and massage

Behavioural Changes

o Positive effects on the behaviour in the short-term

e A potential to increase meaningful communication, a
higher communication spontaneity, and level of eye
contact.

e Significant improvements in verbal and nonverbal
communication with caregivers.

Psychological Well-being

e Significant improvement in their level of depression
(happiness, enjoyment, better mood, less sadness) at
short term. Long-term effects were not evident.

Others

e Improved cognitive status, assessed by the Mini-
Mental State Examination (MMSE) among mildly
affected people with dementia.

e Functional status: Greater independence in activities
of daily living (ADLs) assessed with the Katz index and

the Assessment of Motor and Process Skills (AMPS).
Behavioural Changes

Increased performance scores in sustained attention,
selective attention, association, single inhibition, recep-

tive communication, verbalization, and turn.
Psychological Well-being

Significant reduction in self-reported anxiety of those in
the 3D audio group. Positive impact on those participants
exposed to the ‘children playing’ stimulus in the 3D audio
group with a decrease of self-reported anxiety of 50%,
this was followed by the ‘children fighting’ stimulus which

showed a 33.18% decrease.
Behavioural Changes

e No significant differences in adaptive behaviour,
measured by Adaptive Behavior Assessment System
(ABAS-3)

Psychological Well-being

e No significant differences anxiety level, measured by
Glasgow Anxiety Scale for People with ID (GAS-ID)

e Improvement in depression, measured by Glasgow
Depression Scale with learning disability (GDS-LD)

e Improvement in sensory processing, measured by
Adolescent Adult Sensory Profile (AASP)

e No significant differences in wellbeing, measured
by Personal Wellbeing Index — Intellectual Disability
(PWI), 3rd edition

(continued).
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Table 1. Continued.

Study design
# Author (Year) (Evidence Level*) Participants Multisensory environments Outcome
13 Unwin, Powell, and Non-randomized Autism Spectrum MSE, where child in active — or passive-sensory Behavioural Changes
Jones (2022) experimental study; Conditions (ASC) change conditions Increased  attention, reduced repetitive motor
analytical Visual: coloured LED lights, bubble tube, fibre optics, behaviours, sensory behaviours, stereotyped speech
observation (Level mirror ball and vocalizations.
2B) Auditory: sound and light board No significant effects on social behaviours.
Tactile: tactile wall, tactile boards
Psychological Well-being
No significant effects on anxiety, positive affect, and
arousal.
Evidence Level 3
14 Abraha (2017) Systematic review Dementia Visual: light therapy Behavioural Changes
(Level 3A) Auditory: music listening, moving, playing musical e Aromatherapy — Improved agitated behaviours
instrument e Massage therapy - decreased agitated behaviours,
Tactile: massage therapy using touch and calming cognitive decline, wandering, behavioural distur-
music bances, psychological problems such as depression,
Olfactory: aromatherapy using plant products or and anxiety, and improve quality of life.
aromatic plant oil e Light therapy - improved cognition, ADLs, sleep, chal-
MSE: indoor/outdoor sensory garden, Snoezelen lenging behaviours, and psychiatric disturbances
with music, aroma, bubble tubes, fibre optic, moving e Multisensory — reduced verbal agitation, improved
shapes projected walls. positive behaviours, measured by INTERACT.
e Music - reducing behavioural symptoms, depression.
Psychological Well-being
e Snoezelen - improved mood, enjoying self and
bored/inactive, cognition, physiological, communica-
15 Dorn, Hitch, and Retrospective cohort Adult at mental health Visual: lights, fibre optics, projector, ‘star lamp Beltila?\?i.oural Changes
Stevenson (2020) study (Level 3B) rehabilitation unit Auditory: speakers Overall reduced behavioural arousal (one case exception),
Tactile and proprioceptive: weighted blankets, measured by Sensory Modulation Consumer Self Rating
tactile toys, bean bag, massage chair, hand-held Tool.
massage equipment No significant difference between genders and ages.
Vestibular: glider chair
Olfactory: oils, scented play doughs, demister
Gustatory: different chewy, sour, and sweet
16 Prince et al. (2022) Cohort study (Level 3B) Dementia MSE with open floor plan Behavioural Changes

Visual: LED lighting, colours, uplift, evening, and
daytime modes.

Auditory: soothing, stimulating sound

Tactile: furniture, varying materials and textures
Olfactory: aroma

Vestibular: rocking chair, glider chair

Psychological Well-being

Behavioral and Psychological Symptoms of Dementia
(BPSD)

The number of observed BPSD episodes changed from
367 (17%) pre-test to 298 (10%) post-test over a 12-
month time period.

(continued).
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Table 1. Continued.
Study design
# Author (Year) (Evidence Level*) Participants Multisensory environments QOutcome
14 Abraha (2017) Systematic review Dementia Visual: light therapy Behavioural Changes
(Level 3A) Auditory: music listening, moving, playing musical e Aromatherapy — Improved agitated behaviours
instrument e Massage therapy - decreased agitated behaviours,
Tactile: massage therapy using touch and calming cognitive decline, wandering, behavioural distur-
music bances, psychological problems such as depression,
Olfactory: aromatherapy using plant products or and anxiety, and improve quality of life.
aromatic plant oil e Light therapy - improved cognition, ADLs, sleep, chal-
MSE: indoor/outdoor sensory garden, Snoezelen lenging behaviours, and psychiatric disturbances
with music, aroma, bubble tubes, fibre optic, moving e Multisensory - reduced verbal agitation, improved
shapes projected walls. positive behaviours, measured by INTERACT.
e Music - reducing behavioural symptoms, depression.
Psychological Well-being
e Snoezelen - improved mood, enjoying self and
bored/inactive, cognition, physiological, communica-
15 Dorn, Hitch, and Retrospective cohort Adult at mental health Visual: lights, fibre optics, projector, ‘star lamp Beltilz—(:)\?i.oural Changes

Stevenson (2020)

Prince et al. (2022)

study (Level 3B) rehabilitation unit

Cohort study (Level 3B) Dementia

Auditory: iPod and speakers

Tactile and proprioceptive: weighted blankets,
tactile toys, bean bag, massage

chair, hand-held massage equipment

Vestibular: glider chair

Olfactory: oils, scented play doughs, demister
Gustatory: different chewy, sour, and sweet lollies
MSE with open floor plan

Visual: LED uplighting and lowlighting, colour based
on relax mode, uplift, evening, and daytime modes.
Auditory: soothing, stimulating sound, sound sys-
tem recessed in the ceiling

Tactile: furniture and interior materials with varying
textures

Olfactory: aroma

Vestibular: rocking chair, glider chair

Overall reduced behavioural arousal (one case exception),
measured by Sensory Modulation Consumer Self Rating
Tool.

No significant difference between genders and ages.

Behavioural Changes

Psychological Well-being

Behavioral and Psychological Symptoms of Dementia
(BPSD)

The number of observed BPSD episodes changed from
367 (17%) pre-test to 298 (10%) post-test over a 12-
month time period.

(continued).
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Table 1. Continued.

Study design

(Evidence Level*) Participants

Multisensory environments

Outcome

# Author (Year)

Evidence Level 4

18 Breslin et al. (2020)

19 Clare et al. (2020)

20 Collier and Jakob
(2017)

21 Kim and Park (2022)

22 Lo Buono et al. (2022)

Scoping review (Level Intellectual and
4) developmental
disabilities

Qualitative research Dementia
(Level 4)
Qualitative research Dementia

(Level 4)

Case report (Level 4) Autism Spectrum

Conditions (ASC)

Case report (Level 4) Cerebral Palsy;

Intellectual Disability

MSE: Music, slow-moving visual projections, bubble tubes,
vibrating elements, aromatic oils, and deep-pressure
stimulation.

Weekly music-based sessions with visual, auditory, and
tactile component.

Visual: bubble tubes, optic fibres, projector, glitter
ball, light, etc.

Auditory: relaxation music, natural sound, classical
music, bells, musical instruments

Tactile: optic fibres, tactile balls, fabrics, soft toys,
massage, vibrating cushion, etc.

Olfactory: aroma diffuser, food, scented balls, air
fresheners, smelling session

Gustatory: fruit, tea, cake, drinks, etc.

Vestibular: rocking chair, beanbag, etc.
Personal-centred sensory approach.

Integrating natural features, reminiscence and famil-
iar objects.

Accessible sensory areas

3/week, 6 weeks

Visual: LED spotlight, mirror ball, projector screen,
bubble columns, switch box, fibre optics, infinity 3D
wall panel, plasma ball

Auditory: sound system (high/low frequency,
high/low-speed alpha wave, fast/slow music),
musical squares, experience painting, sound & light
panel, plasma ball, hanging bar brass, percussion

instrument set, vibro-acoustic water bed
Total 12 MSE sessions (non-directed), each rehabili-

tative session was

composed motor exercises centred on flexibility
exercises and stretching out stiff muscles (50 min),
sensorial and cognitive stimulations (60 min)
Visual: relaxing images, bath with coloured balls,
luminous swing, lamps

Auditory: relaxing music and sound (e.g. streams,
waterfalls)

Tactile: water matress

Proprioceptive: luminous swing, obstacle path

Behavioural Changes

e Reduced frequency of aggression, self-injury, stereo-
type behaviours.

Increased positive behaviours (e.g. focus, engage-

ment, attention)

e No change in behaviour state (e.g. activity, alertness).

Psychological Well-being

e Decreased psychological distress and discomfort

Behavioural Changes

e Verbal and nonverbal communication, social interac-
tional components and agency to develop over time.

e Help develop mirroring and turn-taking and improve
quality of life for people with communication impair-
ment.

e Increase nonverbal communication and connection.
Psychological Well-being

e Potential to improve the wellbeing of people with
dementia at the later stage

e Enjoyment and feel fulfilled

e Enhance well-being, happy resident, happy staff

Behavioural Changes

Improvement in target behaviours (sucking fingers,
glancing sideways, flapping hands, making nonspeech
sounds, sucking thumb, putting something in the mouth).

Behavioural Changes

e Reduction in self-harm and motor stereotypes (hand
flapping).

e Improved sustained attention.

e Improved Pediatric Functional Independence Measure
(WeeFIM), and Vineland-Il adaptive behaviour profile
scores.

(continued).
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Table 1. Continued.

Author (Year)

Study design
(Evidence Level*)

Participants

Multisensory environments

Outcome

23

24

25

26

27

Lorusso and Bosch
(2018)

Lorusso et al. (2022)

Park et al. (2020)

Schoen (2019)

Dalton (2016)

Systematic review
(Level 4)

Qualitative research
(Level 4)

Qualitative research;
analytical
observation (Level 4)

Case report (Level 4)

Expert opinion (Level
5)

Dementia

Dementia

Autism Spectrum
Conditions (ASC);
ADHD; and/or
Intellectual
disabilities

Sensory Processing
Differences

Autism Spectrum
Conditions (ASC)

MSEs that incorporated at least three FF&E items including
ergonomic vibroacoustic furniture, bubble tubes,
colour-changing lighting solutions, music, and/or fibre
optics.

MSE with LED colour-changing lights, bubble tubes,
vibroacoustic furniture, music, and aromatherapy

Sensory wellbeing hub, 30-50 min/session

Respite zone: beanbag, weighted blanket, fidget
wall, nature projection, lite-brite

Active zone: sound wall, texture wall, rolling pins,
pin wall, trampoline, spun chair, car wash

Sensory cocoon: tensile fabric, media wall

STAR Process, which integrate play, MSE therapy, and
parent education.

50 min/each session, 3-5 times/week

Calming sensory room

Simplified, minimal interaction/cognitive load
Controllability of sensory stimulus

Extreme personalization, Reduce errors

Behavioural Changes

e Overall improvement in positive behaviours, engage-
ment

e Reduction of problem behaviours (e.g. agitated,
aggressive behaviour), and behavioural and psycho-
logical symptoms of dementia (BPSD)

Psychological Well-being

e Improvement in mood

Others

e Decrease in the mean heart rate.

e No significant difference in cognition.

Behavioural Changes

e Improvement in positive behaviours (e.g. engage-
ment)

e Reduced agitation, disruptive behaviour, and aggres-

Psysclgg'logical Well-being

e Increased happiness

e Positive impact on both people with dementia and
staff.

e Staff-rated preferences — the aromatherapy, bubble
tube, wall projectors, and LED fibre optics, Megapod,
and vibroacoustic furniture.

e Unexpected negative report — a heightened sensitivity
(e.g. fireworks display on visual lighting equipment).

Psychological Well-being

Students used MSE for respite purposes

Others

e sensory-avoiding score associated with cocoon-zone
usage.

e Sensory-seeking scores correlated with bean bag
usage.

e Students with high sensory sensitivity scores used
beanbag, weighted blanket, sensory cocoon, tensile
fabric, media wall, and aqua doodle.

Behavioural Changes

e Improved play level, positive affect, joint attention,
and novel use were observed some of the participants.

Psychological Well-being

Promote restoration and relaxation

Note. *The levels and strengths of evidence are adapted from Center for Evidence-Based Medicine (2009), and the American Occupational Therapy Association (2020).

Level 1A — Systematic review of homogeneous RCTs with or without meta-analysis;

Level 1B — Well-designed individual RCT (Not a pilot or feasibility study with a small sample size);

Level 2A — Systematic review of cohort studies or Level 2 and better studies;
Level 2B - Individual prospective cohort study, low-quality RCT (e.g. < 80% follow-up or low number of participants; pilot and feasibility studies); ecological studies; and two-group, nonrandomized studies;
Level 3A — Systematic review of case-control studies or Leve 3 and better studies;
Level 3B - Individual retrospective case-control study; one-group, nonrandomized pre-posttest study; cohort studies;

Level 4 - Case series (and low-quality cohort and case-control study); Qualitative studies; Systematic review of Level 4 and better studies;
Level 5 — Expert opinion without explicit critical appraisal.
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Table 2. Quality assessment-randomized controlled trials.

ARCHITECTURAL SCIENCE REVIEW 1

Maseda et al. Maseda et al. Maseda et al. Poza et al. Sanchez et al. Sanchez et al.
Randomized controlled trials (2014a) (2014b) (2018) (2013) (2016a) (2016b)
1. Was true randomization used for Y Y Y u Y Y
assignment of participants to treatment
groups?
2. Was allocation to treatment groups U V] U u u u
concealed?
3. Were treatment groups similar at the Y Y Y Y Y Y
baseline?
4. Were participants blind to treatment U V] U U V] V]
assignment?
5. Were those delivering the treatment blind U U V] U U V]
to treatment assignment?
6. Were treatment groups treated identically Y Y Y Y Y Y
other than the intervention of interest?
7. Were outcome assessors blind to U U U U U U
treatment assignment?
8. Were outcomes measured in the same way Y Y Y Y Y Y
for treatment groups?
9. Were outcomes measured in a reliable U Y Y Y Y Y
way?
10. Was follow up complete and if not, were Y Y Y U Y Y
differences between groups in terms of
their follow up adequately described and
analysed?
11. Were participants analysed in the groups Y Y Y Y Y Y
to which they were randomized?
12. Was appropriate statistical analysis used? Y Y Y Y Y Y
13. Was the trial design appropriate and any Y Y Y Y Y Y
deviations from the standard RCT design
(individual randomization, parallel groups)
accounted for in the conduct and analysis
of the trial?
Overall Risk of Bias M M M M M M

Note.Y - yes, N - no, U — unclear, NA — not applicable.

Scoring for overall risk of bias assessment: L — low risk of bias (0-3 no or unclear); M -

Table 3. Quality assessment-quasi-experimental studies.

moderate risk of bias (4-6 no or unclear); H - high risk of bias (7-9 no or unclear).

Basadonne et al. Johnston, Egermann, Unwin, Powell, and
Quasi-experimental studies (2021) and Kearney (2022) Mills et al. (2023) Jones (2022)
1.Isit clear in the study what is the ‘cause’ and what is the Y Y Y Y
‘effect’ (i.e. there is no confusion about which variable
comes first)?
2. Were the participants included in any comparisons NA Y NA Y
similar?
3. Were the participants included in any comparisons NA Y NA Y
receiving similar treatment/care, other than the
exposure or intervention of interest?
4. Was there a control group? N Y N Y
5. Were there multiple measurements of the outcome Y Y Y Y
both pre and post the intervention/exposure?
6. Was follow up complete and if not, were differences Y Y Y V]
between groups in terms of their follow up adequately
described and analysed?
7. Were the outcomes of participants included in any Y Y NA Y
comparisons measured in the same way?
8. Were outcomes measured in a reliable way? U u Y Y
9. Was appropriate statistical analysis used? Y Y Y Y
Overall Risk of Bias L L L L

Note.Y - yes, N - no, U — unclear, NA - not applicable.

Scoring for overall risk of bias assessment: L — low risk of bias (0-3 no or unclear); M -

2014a); although subsequent experiments did not consistently
replicate this effect (Sdnchez et al. 2016b). One retrospective
cohort study using the Sensory Modulation Consumer Self Rat-
ing Tool (SMCSRT) found a decrease in arousal levels among
adults in a mental health rehabilitation unit from pre - to post-
MSE exposure, with only one exception case showing increased
arousal (Dorn, Hitch, and Stevenson 2020).

moderate risk of bias (4-6 no or unclear); H — high risk of bias (7-9 no or unclear).

Behavioural Response. MSE has shown promise in improv-
ing adaptive response among individuals with intellectual and
developmental disabilities (IDD). Breslin et al. (2020) reported
a reduction in aggression, self-injury, and stereotypy. Sensory
interventions have been also effective in reducing repetitive
motor behaviours, sensory behaviours, and stereotyped vocal-
izations in children with ASC (Unwin, Powell, and Jones 2022),
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Table 4. Quality assessment-cohort studies.

Cohort Studies

Dorn, Hitch, and

Stevenson (2020) Prince et al. (2022)

1. Were the two groups similar and recruited from the same population?

2. Were the exposures measured similarly to assign people to both exposed and une
groups?

3. Was the exposure measured in a valid and reliable way?

4. Were confounding factors identified?

5. Were strategies to deal with confounding factors stated?

6. Were the groups/participants free of the outcome at the start of the study (or at the moment

of exposure)?
7. Were the outcomes measured in a valid and reliable way?

8. Was the follow up time reported and sufficient to be long enough for outcomes to occur?
9. Was follow up complete, and if not, were the reasons to loss to follow up described and

explored?
10. Were strategies to address incomplete follow up utilized?
11. Was appropriate statistical analysis used?
Overall Risk of Bias

NA NA

xposed NA NA
U Y
U U
u U
Y U
Y Y
NA Y
NA Y

NA NA
Y Y
M L

Note. Y - yes, N — no, U — unclear, NA - not applicable.
Scoring for overall risk of bias assessment: L — low risk of bias (0-3 no or unclear); M -

Table 5. Quality assessment-case reports.

moderate risk of bias (4-6 no or unclear); H — high risk of bias (7-9 no or unclear).

Bauer et al. Kim and Park Lo Buono et al. Sochoen
Case reports (2023) (2022) (2022) (2019)
1. Were patient’s demographic characteristics clearly described? Y Y Y Y
2. Was the patient’s history clearly described and presented as a timeline? Y Y Y Y
3. Was the current clinical condition of the patient on presentation clearly described? Y Y Y Y
4. Were diagnostic tests or assessment methods and the results clearly described? Y Y Y Y
5. Was the intervention(s) or treatment procedure(s) clearly described? Y Y Y Y
6. Was the post-intervention clinical condition clearly described? Y Y Y Y
7. Were adverse events (harms) or unanticipated events identified and described? V] N U U
8. Does the case report provide takeaway lessons? Y Y Y Y
Overall Risk of Bias L L L L

Note. Y - yes, N — no, U — unclear, NA - not applicable.
Scoring for overall risk of bias assessment: L — low risk of bias (0-3 no or unclear); M -

as well as in improving target behaviours such as finger-sucking
and hand-flapping (Kim and Park 2022; Lo Buono et al. 2022).
Dementia-Related Behaviours. MSE has shown significant
improvements in various measures among individuals with
dementia. Lorusso and Bosch (2018) and Prince et al. (2022)
noted improvement in the Behavioral and Psychological Symp-
toms of Dementia (BPSD) score after MSE exposure. Multi-
ple RCTs showed that MSE led to significant enhancement in

Table 6. Quality assessment-qualitative studies.

moderate risk of bias (4-6 no or unclear); H - high risk of bias (7-9 no or unclear).

the Bedford Alzheimer Nursing Severity Scale (BANS-S) scores
compared with control groups (Maseda et al. 2014a; Sdnchez
et al. 2016a, 2016b) and the Neuropsychiatric Inventory (NPI)
(Sanchez et al. 2016a).

Positive Behaviours. The impact of MSE on positive behavio-
urs is notable across various populations. Maseda et al. (2018,
2014b) conducted RCTs using the Interact scale and observed
enhancements in speech, social interaction, attentiveness,

Clare et al. Park et al. Lorusso Collier and
Qualitative studies (2020) (2020) etal. (2022) Jakob (2017)
1. Is there congruity between the stated philosophical perspective and the research U Y U Y
methodology?
2. Is there congruity between the research methodology and the research question Y Y Y Y
or objectives?
3.1s there congruity between the research methodology and the methods used to Y Y Y Y
collect data?
4. s there congruity between the research methodology and the representation and Y Y Y Y
analysis of data?
5.1s there congruity between the research methodology and the interpretation of Y Y Y Y
results?
6. 1s there a statement locating the researcher culturally or theoretically? Y Y Y u
7.1s the influence of the researcher on the research, and vice — versa, addressed? U 0] U V]
8. Are participants, and their voices, adequately represented? Y Y Y Y
9. Is the research ethical according to current criteria or, for recent studies, and is Y Y Y Y
there evidence of ethical approval by an appropriate body?
10. Do the conclusions drawn in the research report flow from the analysis, or Y Y Y Y
interpretation, of the data?
Overall Risk of Bias L L L L

Note.Y - yes, N - no, U — unclear, NA - not applicable.
Scoring for overall risk of bias assessment: L — low risk of bias (0-3 no or unclear); M -

moderate risk of bias (4-6 no or unclear); H - high risk of bias (7-9 no or unclear).



Table 7. Quality assessment-text and opinion.

Text and opinion Dalton (2016)

1. Is the source of the opinion clearly identified? U

2. Does the source of opinion have standing in the field Y
of expertise?

3. Are the interests of the relevant population the Y
central focus of the opinion?

4. Does the opinion demonstrate a logically defended Y
argument to support the conclusions drawn?

5.1s there reference to the extant literature? Y

6.1s any incongruence with the literature/sources U
logically defended?

Overall Risk of Bias L

Note. Y - yes, N — no, U - unclear, NA - not applicable.
Scoring for overall risk of bias assessment: L — low risk of bias (0-3 no or unclear); M
—moderate risk of bias (4-6 no or unclear); H - high risk of bias (7-9 no or unclear).

enjoyment, alertness, and relaxation following MSE sessions.
Moreover, MSE also supports cognitive functions, such as sus-
tained and selective attention, inhibition, and communication
skills, helping develop mirroring and turn-taking behaviours
(Basadonne et al. 2021; Clare et al. 2020; Lo Buono et al. 2022).
Furthermore, MSE has been associated with promoting engage-
ment and positive interactions (Lorusso et al. 2022; Lorusso and
Bosch 2018).

Functional behaviours are also supported by MSE use. In
individuals with IDD, MSE interventions have been linked to
enhancements in Pediatric Functional Independence Measure
(WeeFIM) and Vineland-Il adaptive behaviour profile scores (Lo
Buono et al. 2022). Among people with dementia, MSE has been
associated with greater independence in activities of daily liv-
ing (ADLs), as assessed by the Katz index and the Assessment of
Motor and Process Skills (AMPS) (Sanchez et al. 2013), and the
Barthel index (Maseda et al. 2014a).

Additionally, Qigong sensory treatment (QST) demonstrates
support of self-regulatory behaviours and tactile-seeking or
- avoiding tendency among children with ASC (Bodison and
Parham 2018), and positive behaviours such as focus, engage-
ment, and attention, among individuals with IDD in clinical set-
tings (Breslin et al. 2020).

Physical and psychological well-being

Depression and Anxiety. Multiple studies have highlighted the
positive impact of MSE on depression and anxiety. Helbling,
Grandjean, and Srinivasan (2023) revealed a significant effect
of MSE on depression. Similarly, Sdnchez et al. (2013) and Mills
et al. (2023) found that MSE led to a significant improvement in
depression levels, as assessed by the Geriatric Depression Scale
(GDS). Two RCTs also showed improvement in the Cornell Scale
for Depression in Dementia (CSDD) scores, although the results
were not statistically significant (Maseda et al. 2014a; Sanchez
etal. 2016b). Regarding anxiety, a significant group-time interac-
tion was noted in the Rating Anxiety in Dementia (RAID) scores
from pre — to post-MSE (Sdnchez et al. 2016b).

Mood. MSE has been associated with positive effects on
mood. Breslin et al. (2020) have reported decreased psycho-
logical distress and discomfort. Individuals with dementia per-
ceived MSE as beneficial, leading to potential improvements in
well-being for both residents and staff (Collier and Jakob 2017).
Deep touch pressure via weighted wraps resulted in a signifi-
cantly reduced sensory discomfort (Bodison and Parham 2018).
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The use of spatial audio stimulations was linked with signifi-
cant reductions in negative emotional reactions among autis-
tic children experiencing auditory hypersensitivity (Johnston,
Egermann, and Kearney 2022).

Wellbeing and Quality of Life. MSE has shown mixed effects
of MSE on quality of life (QoL). There was no significant on the
self-reported QoL measures in adults with cognitive impairment
(Helbling, Grandjean, and Srinivasan 2023); however, there were
biometric parameters that suggest an increase in users’ physi-
cal and psychological well-being. Specifically, the heart rate was
significantly lower when exposed to MSE (Helbling, Grandjean,
and Srinivasan 2023; Maseda et al. 2018; Maseda et al., 2014b).
Furthermore, there was a consistent increase in the mean val-
ues of oxygen saturation (SpO,) (Maseda et al. 2018, 2014b). One
additional RCT using electroencephalographic (EEG) measures,
suggests a state of satisfaction and relaxation (Poza et al. 2013).

Multisensory environment design and user experiences

This section describes the multisensory environment design
considerations by explaining the characteristics of sensory stim-
uli and users’ sensory experiences (Aim #2). Findings highlight
MSE design strategies with key themes based on the SIT. Table 9
summarizes the overall findings.

Sight

Sight is a visual sense that perceives and detects light and
objects through human eyes. The majority of studies included
visual elements, such as fibre optics, bubble tubes, water
columns, screen projectors, mirrors, rotating mirror balls, revolv-
ing disks, motion graphics, and LED lights. MSE provides users
with a range of visual variations in colours, light levels, shapes,
patterns, depth, and motion dynamics.

Calming effects were created by providing stationary move-
ment mode, or turn-off options, which is associated with the
state of relaxation measured by EEG brain activity (Poza et al.
2013). Stimulating environments can be created by operating
multiple stimuli at the same time, playing motion graphics with
faster movement, or choosing revolving modes. These design
strategies positively impact in reducing visual-seeking tendency
(Kim and Park 2022; Park et al. 2020; Poza et al. 2013).

Hearing

Hearing refers to the perception and processing of sound.
Auditory stimuli were controlled in the included studies using
sound systems, vibroacoustic equipment, interactive devices,
white noise machines, and environmental soundscapes. Differ-
ent strategies were used in previous studies; for example, differ-
ent types of music (e.g. rap, pop, classic, etc.), sounds (e.g. alarm,
engine, hairdryer, etc.), natural sounds (e.g. birds chirping), pre-
ferred music in a quiet room.

Auditory sensory can vary by volume(decibel), beat, tempo,
pitch, and spatial sound effects. Background sound in the built
environment such as upbeat, lively music with high volume,
high frequency (432-528 Hz), and fast-paced rhythms (110-160
bpm) create stimulating environments. Meanwhile, the oppo-
site settings — low frequency (8-9 Hz), and low speed alpha
wave sounds (60-80 bpm) — can create relaxation and calmness.
Integrating elements of nature contributes to calming effects
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Table 8. Quality assessment-systematic review.

Helbling,
Bodison and Breslin et al. Grandjean, and Lorusso and Sénchez et al.
Systematic review Abraha (2017) Parham (2018) (2020) Srinivasan (2023) Bosch (2018) (2013)
1. Is the review question clearly and Y Y Y Y Y Y
explicitly stated?
2. Were the inclusion criteria Y Y Y Y Y Y
appropriate for the review
question?
3. Was the search strategy Y Y Y Y Y Y
appropriate?
4. Were the sources and resources Y Y Y Y Y Y
used to search for studies
adequate?
5. Were the criteria for appraising Y Y u Y Y u
studies appropriate?
6. Was critical appraisal conducted by Y Y Y Y U U
two or more reviewers
independently?
7. Were there methods to minimize Y Y U Y U Y
errors in data extraction?
8. Were the methods used to Y u Y Y Y Y
combine studies appropriate?
9. Was the likelihood of publication u U U Y U V]
bias assessed?
10. Were recommendations for policy Y Y Y Y Y Y
and/or practice supported by the
reported data?
11. Were the specific directives for new Y Y Y Y Y Y
research appropriate?
Overall Risk of Bias L L L L L L

Note.Y - yes, N - no, U — unclear, NA - not applicable.

Scoring for overall risk of bias assessment: L — low risk of bias (0-3 no or unclear); M — moderate risk of bias (4-6 no or unclear); H - high risk of bias (7-9 no or unclear).

(Collier and Jakob 2017; Poza et al. 2013). The use of spatial
audio technology in the built environment was effective in sig-
nificantly reducing negative emotional reactions among autis-
tic children experiencing auditory hypersensitivity (Johnston,
Egermann, and Kearney 2022).

Touch

The sense of touch is a tactile perception that comes through
the skin and deeper tissues of the human body. The included
studies provided feelings of pressure, temperature, texture, and
vibration. Different tactile inputs within the built environment
can be from tactile wall panels, boards, vibrating furniture, as
well as integrating a wide range of textures and materials like
water, sand, and natural surfaces. In an observation study with
self-exploratory MSE, students with ASC tend to frequently use
the beanbag, weighted blanket, and a space surrounded by ten-
sile fabric (Park et al. 2020). Massage therapy significantly helped
regulating aggression and self-injury behaviours among adults
with cognitive impairment (Helbling, Grandjean, and Srinivasan
2023).

Smell

The sense of smell is the perception of scents. MSE used aroma
diffusers, scented materials, and accessories. The sensory expo-
sure was regulated by scent intensity and delivery duration.
Though the majority of the included studies employed olfac-
tory stimuli as aroma therapy, there were no specific studies that
directly investigated its impact on users’ experiences.

Taste

The gustatory sense, known as taste, is a sense that distinguishes
the flavour of substances put into through mouths. Different
types of flavours, textures, and temperatures can stimulate dif-
ferent taste receptors. Only two studies used gustatory stimuli in
MSEs (Collier and Jakob 2017; Dorn, Hitch, and Stevenson 2020).
Understandably, not many studies did not integrate gustatory
senses as they involve hygiene and safety concerns.

Body movement

Body movement is about a sense of balance, spatial orientation,
and movements, perceived by a vestibular system located within
the inner ears. MSE provided the vestibular sensory input using
different types of seating (e.g. rocking chairs, stability balls, or
spun chairs), as well as balance equipment, and different types
of swings (e.g. flatform, hammocks, bolster swings). These furni-
ture’s or equipment’ size and motion adjustability can contribute
to controlling the amount of vestibular sensory input. Slow linear
swinging and different types of seating in the built environment
are considered to promote attention and on-task behaviours by
reducing arousal levels (Bodison and Parham 2018); however, no
sufficient evidence was found in the included literature.

Body awareness

Body awareness, also known as proprioception, is a sense that
detects the position and movement of body parts; for exam-
ple, when we are in a certain position, we perceive changes in
muscle length and tension and joint angle and position. Pro-
prioceptive input can be from pressure-sensitive cushions and
furniture (e.g. hugging pod, squeeze seat), weighted equipment



Table 9. Evidence-based multisensory environment (MSE) design strategies.
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Sight e Variations in colours, light, shapes, patterns, (e} O O O O O o (e} 0 O O O o o O B O O o
depth, and motion.
Hearing e Variations in beat, tempo, pitch, and types of O O O O O o o P o O O O ©O O B O (6} o
instruments.
Touch e Massage therapies o O O O O O B (¢] (¢] O O O o O O O o [0}
e Variations in feeling of pressure, temperature,
texture, and vibration.
Smell e Aroma therapy Variations in sent intensity and (0] O O O O O 0O O O (o} O
duration
Taste e Variations in flavours, textures, temperature. (6]
Body movement e Variationsin equipment’ size and motion adjusta- B o
bility
Body awareness e Weighted vest, blanket B [0}
e \Variations in deep pressure
Multi-sensory Customizable Sensory Input B BP O P O O o o B O o (e}
e Flexibility
e calming/stimulating modes
Non-directive approach B BP O O O (¢] B B B o
e non-sequential approach
Interactive design B [0} o © B
e Visual sound feedback based on users’ move-
ment
Use of technology o P O O
e VR AR
e Fully digitalized MSE
Reported MSE size o (e} o o
e Vary ranging from 12 m? - 42m?(physical), 9m?
(AR)
Reported sensory room usage 0O O O O O o (0] O o [0} [0}

e Vary ranging 5-50 min, repetitive use

Note. Strengths of evidence (American Occupational Therapy Association 2020; Center for Evidence-Based Medicine 2009): Strong - two or more Level 1 studies; Moderate - at least one Level 1A or Level 1B high-quality study or multiple

moderate-quality studies (Level 2A/B, Level 3A/B, etc.); Low — small number of low-level studies, flaws in the studies.

* indicates review studies.
Outcome classification: ‘O’ — design strategies implemented/ or suggested by the studies, ‘B’ - design strategies associated with behavioural changes, ‘P’ - design strategies associated with physical and psychological well-being.
Participants classification: ‘1’ — People with cognitive impairment, 2’ - People with dementia, ‘3’ - People with sensory processing differences, ‘4’ - People with brain injury, ‘5’ — Autism Spectrum Conditions (ASC), or Cerebral Palsy, ‘6’ - Attention

Deficit / Hyperactivity Disorder (ADHD), ‘7' - Intellectual and/or developmental disabilities, ‘8’ — Adults in a mental health rehabilitation unit.
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(such as weighted vests, blankets, and lap pads), climbing struc-
tures in built environments, and activities like stretches can help
simulate these senses and allow users to recognize their body
parts and their postures. Weighted vest interventions were asso-
ciated with improved in-seat behaviour and attention in children
with ADHD compared to the control group during classroom
activities (Bodison and Parham 2018).

Discussion
Multisensory design implications

This study investigated MSEs for people with sensory process-
ing differences including sight, hearing, touch, smell, taste, body
movement, and body awareness. Reviewing the literature, this
study further translates existing evidence into design strategies
that can be implemented in the built environment. The follow-
ing section list MSE design implications responsive to the diverse
sensory needs (Aim #3).

1. Customizable Sensory Input: Provide customizable sen-
sory inputs to accommodate individual preferences. Previ-
ous studies emphasized the importance of offering diverse sen-
sory experiences (Breslin et al. 2020; Dalton 2016). Space design
with adjustable sensory inputs, like dimmable lights and sound
controls, can switch between stimulating and calming modes.
Such sensory experiences influence relaxation, as reflected in
EEG results among people with brain injuries (Poza et al. 2013).
Built environments with customizable sensory stimuli sup-
port individuals with SOR or SUR (Kim and Park 2022). For
instance, visually and auditorily stimulating MSEs positively
impact sensory-seeking tendency of children with hypo-visual
and hypo-auditory sensitivity (Kim and Park 2022). Different
seating options that allow body movement support attention
and on-task behaviours in students with ASC and/or ADHD (Bod-
ison and Parham 2018). In addition, natural features in the built
environments contribute to calming effects, which align with
biophilic design and stress reduction theory (Ryan and Browning
2020; Ulrich et al. 1991).

2. Non-directive approach: Engage users to explore and
interact with their sensory environment in a self-directed
manner. It is crucial to offer users independent sensory explo-
ration, interaction, and engagement, even when under the
supervision of care providers (Basadonne et al. 2021; Collier
and Jakob 2017). Included studies often applied a non-directive
approach, which encouraged users to choose and control sen-
sory stimuli of their choice in non-sequential and un-patterned
ways. Integrating touch-sensitive materials, finishes, and light-
ing, in the built environment can support users with engag-
ing with sensory stimuli at their own pace. These space design
strategies are related to positive behaviours and psycholog-
ical well-being among people with dementia (Maseda et al.
2014a, 2014b); reduced arousal level among adults in a men-
tal health rehabilitation unit (Dorn, Hitch, and Stevenson 2020),
and increased attention in children with ASC (Unwin, Powell,
and Jones 2022). This approach aligns with control theory which
posit the sense of control over individuals’ environment is crucial
for human well-being (Averill 1973).

3. Interactive Design and Technology: Use technology to
create interactive and responsive environments. The design

considers visual, sound, and tactile feedback mechanisms that
respond to user movement. For example, integrating motion
sensors in the built environment can trigger changes in lighting,
sound, or visual displays based on the user's movements. This
responsiveness enhances the sense of agency, engagement, and
control (Basadonne et al. 2021). User-friendly, intuitive controls
empower users to influence their environment and shape their
experience according to their preferences (Dalton 2016).
Technology is further advancing interactive multisensory expe-
riences. The fully digitalized MSE has supported increased per-
formance in sustained attention, selective attention, association,
inhibition, receptive communication, verbalization among ado-
lescents and adults with ASC (Basadonne et al. 2021). The use of
augmented reality (AR) and virtual reality (VR) also demonstrated
their impact on psychological well-being of people with ID, ASC,
and/or learning disabilities (Bauer et al. 2023; Mills et al. 2023).
4. Appropriate size and usage: Design adequate size and
usage to support various activities and purposes. The size of
MSE used in previous studies ranged from 12-42 m? for physical
MSE and 9 m? for AR MSE (Bauer et al. 2023). Built environments
intended for active sensory exploration (e.g. children with ASC,
ADHD) require ample space for movement and dynamic activi-
ties, while spaces for relaxation (e.g. individuals with dementia)
may benefit from a contained, intimate setting.

Repetitive uses contributed to users’ outcomes, with encour-
aged weekly-basis usage (Clare et al. 2020); for instance, MSE use
varied from 5 to 50 min/each usage, 1-5 times/week across the
included studies. In a therapeutic setting, usage can be guided
by therapists and therapeutic goals. Schools or care facilities
should integrate MSEs into the routines to provide continuous
sensory support.

Gap and future study

Several gaps exist in the current body of research. One gap is
the lack of studies on the long-term impact of MSEs as most
research focuses on the short-term outcomes. Future studies
are necessary to explore how repeated exposure to MSEs influ-
ences users’ behaviour and well-being over time. Also, safety
features, such as soft surfaces and stability, though not directly
related to the users’ behavioural or psychological outcomes, are
crucial for designing MSEs and support user’s self-exploration.
Future study can also consider quantitative measures to accu-
rately assess the sensory inputs and user responses. Technology
integration, including VR and AR, is also an area with significant
potential (Yi et al. 2024; Yi and Bhattachaarjee 2023). Further
research is needed to fully understand their benefits. Lastly, the
tools available for measuring the level and strength of evidence
are primarily grounded in medical models, such as AOTA. While
useful for accessing therapeutic outcomes, these tools may not
fully capture subjective experiences based on neurodivergent
paradigm.

Neurodiversity paradigm and MSEs

This study viewed MSE users with neurodiversity paradigm,
which offers a perspective to see individuals with sensory pro-
cessing differences from both medical and social models. The
medical model frames neurological and sensory differences as
dysfunctions requiring treatment; meanwhile, the social model



views such differences as the result of interaction between indi-
viduals and environments (Shakespeare 2006). The majority of
articles reviewed indicate that MSEs were initially developed
with the medical model, primarily as a therapeutic interventions
to help sensory integration (Ayres 1972). These studies provide
insights into design and use of MSEs in the healthcare settings.

While acknowledging the foundational role of medical model
in guiding MSE design, this study also incorporates the neurodi-
versity paradigm, recognizing that MSEs can serve as support-
ive environments for individuals across various sensory spec-
trums. With this broader perspective, designers can leverage the
evidence-based MSE design strategies to create sensory envi-
ronments that accommodate diverse needs of neurodivergent
individuals.

Conclusion

The evidence supports that MSE can contribute to positive
behaviours and physical, and psychological well-being across
diverse populations. MSE helps attention, engagement, inter-
actions, and independence in ADLs. while reducing agitation,
aggression, self-injury, arousal, and stereotype behaviours. MSEs
also support emotional status and relaxation while decreasing
distress, anxiety, and depression.

The findings were prescribed into evidence-based MSE
design strategies, which considered different sensory modu-
lations and emerging themes: customizability, non-directive
approach, interactive design, technology, appropriate size, and
usage. These identified MSE design strategies guide design-
ers with evidence-based approaches that accommodate neu-
rodivergent people’s varying sensory needs. However, some
design considerations rely on moderate or low evidence, show-
ing the need of future study to further validate it (AOTA 2020;
CEBM 2009). Previous studies often used different conceptual
frameworks or did not provide sufficient details of MSE design,
influencing the content and quality of evidence. Future studies
that sophisticatedly quantify and measure sensory parameters
will expand the understanding of human-sensory environment
interactions.

The evidence-based MSE design strategies started from the
extreme users’ sensory needs; however, it is desirable to apply
these principles with a universal design approach (Heylighen,
Van der Linden, and Van Steenwinkel 2017). Well-designed MSEs
have promising potential to provide sensory support that aligns
with neurodivergent individuals’ preferences and needs. MSEs
can enhance their quality of life by promoting meaningful partic-
ipation in activities that may otherwise be inaccessible. Indirect
societal benefits will extend to supporting neurodivergent indi-
viduals’ integration into regular classrooms, the workforce, and
public access, therefore embracing diversity.

Acknowledgement

The authors thank Akshaya Balakrishnan for assistance in writing the
manuscript. This manuscript used the generative Al tool ChatGPT, devel-
oped by OpenAl, for language improvement. The authors have reviewed and
approved all content to ensure its accuracy and originality.

Disclosure statement

No potential conflict of interest was reported by the author(s).

ARCHITECTURAL SCIENCE REVIEW 17

Funding

The authors disclose receipt of the following financial support for the
research, authorship, and/or publication of this article: This work was sup-
ported by the Health, Well-Being and the Built Environment Seed Grant,
provided by the OU Norman Office of the Vice President for Research and
Partnerships, the OU Health Sciences Center Vice President for Research and
the Christopher C. Gibbs College of Architecture, and the Data Institute for
Societal Challenges (DISC) seed grant.

Data availability statement

The data used and/or analysed during the current systematic review are
available from the corresponding author on reasonable request.

ORCID

Ye Ji Yi " http://orcid.org/0000-0003-1547-5968

References

Abraha, I, J. M. Rimland, F. M. Trotta, G. Dell'aquila, A. Cruz-Jentoft, M. Petro-
vic, A.Gudmundsson, R. Soiza, D. O'mahony, and A. Guaita. 2017. “System-
atic review of systematic reviews of non-pharmacological interventions
to treat behavioural disturbances in older patients with dementia.” The

SENATOR-OnTop series 7 (3): €012759. https://doi.org/10.1136/bmjopen-2016-01275.

American Occupational Therapy Association. 2020. “Occupational Therapy
Practice Framework: Domain and Process—Fourth Edition.” The American
Journal of Occupational Therapy 74 (2): 1-87. https://doi.org/10.5014/ajot.
2020.74S2001.

Assarroudi, A., F. Heshmati Nabavi, M. R. Armat, A. Ebadi, and M. Vaismoradi.
2018. “Directed Qualitative Content Analysis: The Description and Elabo-
ration of its Underpinning Methods and Data Analysis Process.” Journal of
Research in Nursing 23 (1): 42-55. https://doi.org/10.1177/174498711774
1667.

Averill, J.R. 1973.“Personal Control Over Aversive Stimuli and its Relationship
to Stress.” Psychological Bulletin 80 (4): 286-303. https://doi.org/10.1037/
h0034845

Ayres, A. J. 1972. Sensory Integration and Learning Disorders. (No Title).

Basadonne, I, M. Cristofolini, I. Mucchi, F. Recla, A. Bentenuto, and N.
Zanella. 2021. “Working on Cognitive Functions in a Fully Digital-
ized Multisensory Interactive Room: A New Approach for Interven-
tion in Autism Spectrum Disorders.” Brain Sciences 11 (11): 1459.
https://doi.org/10.3390/brainsci11111459.

Bauer, V., T. Bouchara, O. Duris, C. Labossiere, M. Clément, and P. Bourdot.
2023. “"Head-mounted Augmented Reality to Support Reassurance and
Social Interaction for Autistic Children with Severe Learning Disabilities.”
Frontiers In Virtual Reality 4 (1106061). https://doi.org/10.3389/frvir.2023.
1106061.

Ben-Sasson, A., A. S. Carter, and M. J. Briggs-Gowan. 2009. “Sensory Over-
Responsivity in Elementary School: Prevalence and Social-Emotional
Correlates.” Journal of Abnormal Child Psychology 37 (5): 705-716.
http://dx.doi.org/10.1007/5s10802-008-9295-8.

Bodison, S. C, and L. D. Parham. 2018. “Specific Sensory Techniques
and Sensory Environmental Modifications for Children and Youth With
Sensory Integration Difficulties: A Systematic Review.” The American
Journal of Occupational Therapy 72 (1): 7201190040p1-7201190040p11.
https://doi.org/10.5014/ajot.2018.029413.

Breslin, L., N. Guerra, L. Ganz, and D. Ervin. 2020. “Clinical Utility of Multi-
sensory Environments ForPeopleWith IntellectualandDevelopmental Dis-
abilities: A Scoping Review.” The American Journal of Occupational Therapy
74 (1): 1-12. https://doi.org/10.5014/ajot.2020.037267.

Case-Smith, J., L. L. Weaver, and M. A. Fristad. 2015. “A Systematic Review of
Sensory Processing Interventions for Children with Autism Spectrum Dis-
orders.” Autism 19 (2): 133-148. https://doi.org/10.1177/136236131351
7762.

Center for Evidence-Based Medicine. 2009. Oxford Centre for Evidence-Based
Medicine: Levels of Evidence [Web Page]. https://www.cebm.ox.ac.uk/reso
urces/levels-of-evidence/oxford-centre-for-evidence-based-medicine-le
vels-of-evidence-march-2009.


http://orcid.org/0000-0003-1547-5968
https://doi.org/10.1136/bmjopen-2016-01275
https://doi.org/10.5014/ajot.2020.74S2001
https://doi.org/10.1177/1744987117741667
https://doi.org/10.1037/h0034845
https://doi.org/10.3390/brainsci11111459
https://doi.org/10.3389/frvir.2023.1106061
https://doi.org/http://dx.doi.org/10.1007/s10802-008-9295-8
https://doi.org/10.5014/ajot.2018.029413
https://doi.org/10.5014/ajot.2020.037267
https://doi.org/10.1177/1362361313517762
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/oxford-centre-for-evidence-based-medicine-levels-of-evidence-march-2009

18 Y.J. YIAND N. H. MATIN

Clare, A., P. M. Camic, S. J. Crutch, J. West, E. Harding, and E. Brotherhood.
2020. “Using Music to Develop a Multisensory Communicative Environ-
ment for People with Late-Stage Dementia.” The Gerontologist 60 (6):
1115-1125. https://doi.org/10.1093/geront/gnz169.

Collier, L., and A. Jakob. 2017. “The Multisensory Environment (MSE) in
Dementia Care: Examining Its Role and Quality from a User Perspec-
tive.” HERD: Health Environments Research & Design Journal 10 (5): 39-51.
https://doi.org/10.1177/1937586716683508.

Coren, S.,L.M.Ward, and J. T. Enns. 2004. Sensation and Perception. Hoboken,
NJ: John Wiley & Sons. https://books.google.com/books?hl = en&Ir = &id
= mC8blATM-nkC&oi = fnd&pg = PA85&dq = sensation+perception+c
ognition&ots = a—i4FXioE&sig = 0AOPdZ1j4FQdx17W87dyXKG1GNM.

Cuvo, A.J., M. E. May, and T. M. Post. 2001. “Effects of Living Room, Snoezelen
Room, and Outdoor Activities on Stereotypic Behavior and Engagement
by Adults with Profound Mental Retardation.” Research in Developmen-
tal Disabilities 22 (3): 183-204. https://doi.org/10.1016/50891-4222(01)00
067-1.

Dalton, C. 2016. “Interaction Design in the Built Environment: Design-
ing for the “Universal User".” Studies in Health Technology & Informatics
229:314-323.CINAHL Complete. https://doi.org/10.3233/978-1-61499-68
4-2-314.

Dorn, E., D. Hitch, and C. Stevenson. 2020. “An Evaluation of a Sensory Room
Within an Adult Mental Health Rehabilitation Unit.” Occupational Therapy
in Mental Health 36 (2): 105-118. https://doi.org/10.1080/0164212X.2019.
1666770.

Elliott-Mainwaring, H. 2021. “Exploring Using NVivo Software to Facilitate
Inductive Coding for Thematic Narrative Synthesis.” British Journal of Mid-
wifery 29 (11): 628-632. https://doi.org/10.12968/bjom.2021.29.11.628.

Ellis, N., and Y. J. Yi. 2023. “Systematic Review on Environmental Design for
Adaptive and Problem Behaviors of People With Intellectual and Develop-
mental Disabilities.” HERD: Health Environments Research & Design Journal
16 (4): 213-239. http://dx.doi.org/10.1177/19375867231173393.

Green, D., S. Chandler, T. Charman, E. Simonoff, and G. Baird. 2016. “Brief
Report: Dsm-5 Sensory Behaviours in Children With and Without an
Autism Spectrum Disorder.” Journal of Autism and Developmental Disor-
ders 46 (11): 3597-3606. https://doi.org/10.1007/s10803-016-2881-7.

Helbling, M., M.-L. Grandjean, and M. Srinivasan. 2023. Effects of Multisensory
Environment/Stimulation Therapy on Adults With Cognitive Impairment
and/or Special Needs: A Systematic Review and Meta-Analysis. Special
Care in Dentistry: Official Publication of the American Association of Hospital
Dentists, the Academy of Dentistry for the Handicapped, and the American
Society for Geriatric Dentistry. https://doi.org/10.1111/scd.12906

Hens, K. 2021. Towards an Ethics of Autism: A Philosophical Exploration. Open
Book Publishers. http://ebookcentral.proquest.com/lib/ounorman/detail
.action?docID = 6676980.

Heylighen, A.,V.Van der Linden, and I. Van Steenwinkel. 2017.“Ten Questions
Concerning Inclusive Design of the Built Environment.” Building and Envi-
ronment 114:507-517. https://doi.org/10.1016/j.buildenv.2016.12.008.

Johnston, D., H. Egermann, and G. Kearney. 2022. “The Use of Binaural Based
Spatial Audio in the Reduction of Auditory Hypersensitivity in Autistic
Young People.” International Journal of Environmental Research and Public
Health 19 (19): 12474. https://doi.org/10.3390/ijerph191912474.

Kim, M.-K., and N.-K. Park. 2022. “Evaluating the Impact of a Multisen-
sory Environment on Target Behaviors of Children With Autism Spec-
trum Disorder.” HERD: Health Environments Research & Design Journal 15
(2): 163-179. CINAHL Complete. https://doi.org/10.1177/1937586721105
0686.

Lang, R., M. O'Reilly, O. Healy, M. Rispoli, H. Lydon, W. Streusand, T. Davis,
S. Kang, J. Sigafoos, and G. Lancioni. 2012. “Sensory Integration Therapy
for Autism Spectrum Disorders: A Systematic Review.” Research in Autism
Spectrum Disorders 6 (3): 1004-1018. https://doi.org/10.1016/j.rasd.2012.
01.006

Lo Buono, V., M. Torrisi, S. Leonardi, A. Pidala, and F. Corallo. 2022. “Mul-
tisensory Stimulation and Rehabilitation for Disability Improvement:
Lessons from a Case Report.” Medicine (Baltimore) 101 (46): e31404.
https://doi.org/10.1097/MD.000000000003 1404.

Lorusso, L. N., and S. J. Bosch. 2018. “Impact of Multisensory Environ-
ments on Behavior for People With Dementia: A Systematic Litera-
ture Review.” The Gerontologist 58 (3): e168-e179. CINAHL Complete.
https://doi.org/10.1093/geront/gnw168.

Lorusso, L., S. Bosch, N.-K. Park, R. Shorr, M. Conroy, S. Ahrentzen, and M.
Freytes. 2022. “Investigating the Feasibility of Multisensory Environments
to Improve the Assisted Bathing Experience for Veterans With Dementia:
A Clinical Trial.” HERD: Health Environments Research & Design Journal 15
(2): 180-195. CINAHL Complete. https://doi.org/10.1177/1937586721105
3861.

Maseda, A., N. Cibeira, L. Lorenzo-Lépez, |. Gonzdlez-Abraldes, A. Bujan,
C. de Labra, J. C. Milldn-Calenti, et al. 2018. “Multisensory Stimulation
and Individualized Music Sessions on Older Adults with Severe Demen-
tia: Effects on Mood, Behavior, and Biomedical Parameters.” Journal of
Alzheimer’s Disease 63 (4): 1415-1425. CINAHL Complete. https://doi.org/
10.3233/JAD-180109.

Maseda, A., A. Sdnchez, M. P. Marante, |. Gonzalez-Abraldes, A. Bujan, and J.
C. Millan-Calenti. 2014a. “Effects of Multisensory Stimulation on a Sample
of Institutionalized Elderly People With Dementia Diagnosis: A Controlled
Longitudinal Trial.” American Journal of Alzheimer’s Disease and Other
Dementias 29 (5): 463-473. MEDLINE. https://doi.org/10.1177/153331751
4522540.

Maseda, A., A. Sanchez, M. P. Marante, |. Gonzalez-Abraldes, C. de Labra, and
J. C. Milldn-Calenti. 2014b. “Multisensory Stimulation on Mood, Behav-
ior, and Biomedical Parameters in People with Dementia: Is it More
Effective Than Conventional one-to-one Stimulation?” American Journal
of Alzheimer’s Disease and Other Dementias 29 (7): 637-647. MEDLINE.
https://doi.org/10.1177/1533317514532823.

Miller, L. J., D. M. Nielsen, S. A. Schoen, and B. A. Brett-Green. 2009.
“Perspectives on Sensory Processing Disorder: A Call for Transla-
tional Research.” Frontiers in Integrative Neuroscience 3 (22): 2-12.
https://doi.org/10.3389/neuro.07.022.2009.

Miller, L. J,, S. A. Schoen, S. Mulligan, and J. Sullivan. 2017. “Identifi-
cation of Sensory Processing and Integration Symptom Clusters: A
Preliminary Study.” Occupational Therapy International 2017:2876080.
https://doi.org/10.1155/2017/2876080.

Mills, C.J., D. Tracey, R. Kiddle, and R. Gorkin. 2023. “Evaluating a Virtual Real-
ity Sensory Room for Adults with Disabilities.” Scientific Reports 13 (1): 495.
https://doi.org/10.1038/s41598-022-26100-6.

Moher, D., A. Liberati, J. Tetzlaff, D. G. Altman and PRISMA Group. 2010. “Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses: The
PRISMA Statement.” International Journal of Surgery (London, England) 8
(5): 336-341. https://doi.org/10.1016/j.ijsu.2010.02.007.

Mostafa, M. 2014. “Architecture for Autism: Autism aspectss™ in School
Design.” International Journal of Architectural Research: ArchNet-lJAR 8 (1):
143-158. https://doi.org/10.26687/archnet-ijar.v8i1.314.

Orulv, L. 2023. “18 Neurodiversity and Dementia.” In Neurodiversity and
dementia. 1, 247-262.https://doi.org/10.4324/9781003221982-23.

Page, M. J,, J. E. McKenzie, P. M. Bossuyt, |. Boutron, T. C. Hoffmann, C.
D. Mulrow, L. Shamseer, et al. 2021. “The PRISMA 2020 Statement: An
Updated Guideline for Reporting Systematic Reviews.” BMJ 372 (71): 1-9.
https://doi.org/10.1136/bmj.n71.

Parham, D., S. S. Roley, and Z. M. Otd. 2008. Ayres Sensory Integration®
Intervention Fidelity Measure®©.

Park, G., U. Nanda, L. Adams, J. Essary, and M. Hoelting. 2020. “Creat-
ing and Testing a Sensory Well-Being Hub for Adolescents with Devel-
opmental Disabilities.” JOURNAL OF INTERIOR DESIGN 45 (1): 13-32.
https://doi.org/10.1111/joid.12164.

Poza, J., C. Gdbmez, M. T. Gutiérrez, N. Mendoza, and R. Hornero. 2013.
“Effects of a Multi-Sensory Environment on Brain-Injured Patients: Assess-
ment of Spectral Patterns.” Medical Engineering & Physics 35 (3): 365-375.
https://doi.org/10.1016/j.medengphy.2012.06.001.

Prince, D. M,, K. J. Fogarty, J. B. Vangeest, and S. D. Eberth. 2022. “Using
an Accessible Room Multisensory Stimulation Environment to Reduce
Dementia Associated Behaviors.” Journal of Long-Term Care 0 (2022):
289-297. https://doi.org/10.31389/jltc.151.

Prins, A. J., E. J. Scherder, A. van Straten, Y. Zwaagstra, and M. V. Milders.
2021. “Sensory Stimulation for Nursing Home Residents: Systematic
Review and Meta-Analysis of its Effects on Sleep Quality and Rest-
Activity Rhythm in Dementia.” Alzheimer’s & Dementia 17 (S7): e055909.
https://doi.org/10.1002/alz.055909.

Ryan, C. 0., and W. D. Browning. 2020. “Biophilic Design.” In Sustainable Built
Environments. Encyclopedia of Sustainability Science and Technology Series.
2, 43-85.https://doi.org/10.1007/978-1-0716-0684-1_1034.


https://doi.org/10.1093/geront/gnz169
https://doi.org/10.1177/1937586716683508
https://books.google.com/books?hl=en%26lr=%26id=mC8bIA1M-nkC%26oi=fnd%26pg=PA85%26dq=sensation+perception+cognition%26ots=a%E2%80%93i4FXioE%26sig=oA0PdZ1j4FQdx17W87dyXKG1GNM
https://doi.org/10.1016/S0891-4222(01)00067-1
https://doi.org/10.3233/978-1-61499-684-2-314
https://doi.org/10.1080/0164212X.2019.1666770
https://doi.org/10.12968/bjom.2021.29.11.628
https://doi.org/http://dx.doi.org/10.1177/19375867231173393
https://doi.org/10.1007/s10803-016-2881-7
https://doi.org/10.1111/scd.12906
http://ebookcentral.proquest.com/lib/ounorman/detail.action?docID_6676980
https://doi.org/10.1016/j.buildenv.2016.12.008
https://doi.org/10.3390/ijerph191912474
https://doi.org/10.1177/19375867211050686
https://doi.org/10.1016/j.rasd.2012.01.006
https://doi.org/10.1097/MD.0000000000031404
https://doi.org/10.1093/geront/gnw168
https://doi.org/10.1177/19375867211053861
https://doi.org/10.3233/JAD-180109
https://doi.org/10.1177/1533317514522540
https://doi.org/10.1177/1533317514532823
https://doi.org/10.3389/neuro.07.022.2009
https://doi.org/10.1155/2017/2876080
https://doi.org/10.1038/s41598-022-26100-6
https://doi.org/10.1016/j.ijsu.2010.02.007
https://doi.org/10.26687/archnet-ijar.v8i1.314
https://doi.org/10.4324/9781003221982-23
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1111/joid.12164
https://doi.org/10.1016/j.medengphy.2012.06.001
https://doi.org/10.31389/jltc.151
https://doi.org/10.1002/alz.055909
https://doi.org/10.1007/978-1-0716-0684-1_1034

Sanchez, A., M. P. Marante-Moar, C. Sarabia, C. de Labra, T. Lorenzo,
A. Maseda, and J. C. Millan-Calenti. 2016a. “Multisensory Stimulation
as an Intervention Strategy for Elderly Patients With Severe Demen-
tia." American Journal of Alzheimer’s Disease & Other Dementias 31
(4): 341-350. CINAHL Complete. https://doi.org/10.1177/153331751561
8801.

Sénchez, A., A. Maseda, M. P. Marante-Moar, C. De Labra, L. Lorenzo-Lépez,
and J. C. Millan-Calenti. 2016b. “Comparing the Effects of Multisensory
Stimulation and Individualized Music Sessions on Elderly People with
Severe Dementia: A Randomized Controlled Trial.” Journal of Alzheimer’s
Disease 52 (1): 303-315. https://doi.org/10.3233/JAD-151150.

Sanchez, A, J. C. Millan-Calenti, L. Lorenzo-Lépez, and A. Maseda. 2013.
“Multisensory Stimulation for People with Dementia: A Review of the Lit-
erature.” American Journal of Alzheimer’s Disease and Other Dementias 28
(1): 7-14. MEDLINE. https://doi.org/10.1177/1533317512466693.

Schoen, Sarah A, Lucy Jane Miller, Stephen Camarata, and Andrea Valdez.
2019. “Use of the STAR PROCESS for Children with Sensory Process-
ing Challenges.” The Open Journal of Occupational Therapy 7 (4): 1-17.
http://dx.doi.org/10.15453/2168-6408.1596.

Shakespeare, T. 2006. “The Social Model of Disability.” The Disability Studies
Reader 2 (3): 197-204.

Smith Roley, S., Z. Mailloux, H. Miller-Kuhaneck, and T. J. Glennon. 2007.
Understanding Ayres’ Sensory Integration. https://digitalcommons.sacred
heart.edu/ot_fac/15/.

Smith Roley, S., Z. Mailloux, H. Miller-Kuhaneck, and T. J. Glennon. 2007.
“Understanding Ayres’ sensory integration.” OT Practice 12 (7): CE1-CE8.
https://digitalcommons.sacredheart.edu/ot_fac.

Stichler, J. F., and D. K. Hamilton. 2008. “Evidence-Based Design: What is
It2.” HERD: Health Environments Research & Design Journal 1 (2): 3-4.
http://dx.doi.org/10.1177/193758670800100201.

Tufanaru, C., Z. Munn, E. Aromataris, J. Campbell, and L. Hopp. 2020. “Chap-
ter 3: Systematic Reviews of Effectiveness.” In JBI Manual for Evidence
Synthesis. JBI. https://synthesismanual.jbi.global.

ARCHITECTURAL SCIENCE REVIEW 19

Ulrich, R. S., R. F. Simons, B. D. Losito, E. Fiorito, M. A. Miles, and M.
Zelson. 1991. “Stress Recovery During Exposure to Natural and Urban
Environments.” Journal of Environmental Psychology 11 (3): 201-230.
https://doi.org/10.1016/50272-4944(05)80184-7

Unwin, K., G. Powell, and C. Jones. 2022. “The use of Multi-Sensory Environ-
ments with Autistic Children: Exploring the Effect of Having Control of
Sensory Changes.” AUTISM 26 (6): 1379-1394. https://doi.org/10.1177/13
623613211050176.

Wan Yunus, F., K. P. Y. Liu, M. Bissett, and S. Penkala. 2015. “Sensory-
Based Intervention for Children with Behavioral Problems: A System-
atic Review.” Journal of Autism and Developmental Disorders 45 (11):
3565-3579. https://doi.org/10.1007/5s10803-015-2503-9.

Yi, Y. J, and S. Bhattacharjee. 2023. “3D Virtual site visit as an alter-
native to on-site experience in Interior design education. Design
and Technology Education.” An International Journal 28 (1): 100-113.
https://openjournals.ljmu.ac.uk/DATE/article/view/1163.

Yi, Y. J., D. Boeck, and N. Ellis. 2018. “Correlation analysis between domestic
environments and independence of people with intellectual disabilities
and their desire to age in place.” EDRA 49 Annual Conference Proceed-
ing. Social Equity by Design: Designing Connections Through Community
0 (2018): 141-148. https://edra.confex.com/edra/EDRA49/meetingapp.
cgi/Paper/5019.

Yi, Y. J., and N. Ellis. 2023. “Associations between environmental factors and
adaptive skills of people with intellectual and developmental disabilities
in educational settings.” Social Sciences & Humanities Open 7 (1): 100410.
http://dx.doi.org/10.1016/j.ssah0.2023.100410.

Yi, Y. J, N. Heidari Matin, D. Brannan, M. Johnson, and A. Nguyen.
2024. “Design Considerations for Virtual Reality Intervention for People
with Intellectual and Developmental Disabilities: A Systematic Review.”
HERD: Health Environments Research & Design Journal 17 (4): 212-241.
http://dx.doi.org/10.1177/19375867241271434.


https://doi.org/10.1177/1533317515618801
https://doi.org/10.3233/JAD-151150
https://doi.org/10.1177/1533317512466693
https://doi.org/http://dx.doi.org/10.15453/2168-6408.1596
https://digitalcommons.sacredheart.edu/ot_fac/15/
https://digitalcommons.sacredheart.edu/ot_fac
https://doi.org/http://dx.doi.org/10.1177/193758670800100201
https://synthesismanual.jbi.global
https://doi.org/10.1016/S0272-4944(05)80184-7
https://doi.org/10.1177/13623613211050176
https://doi.org/10.1007/s10803-015-2503-9
https://openjournals.ljmu.ac.uk/DATE/article/view/1163
https://edra.confex.com/edra/EDRA49/meetingapp.cgi/Paper/5019
https://doi.org/http://dx.doi.org/10.1016/j.ssaho.2023.100410
https://doi.org/http://dx.doi.org/10.1177/19375867241271434

	Introduction
	Multisensory environments
	Related literature
	Purpose

	Methods
	Search strategy
	Inclusion and exclusion criteria
	Selection procedure and data extraction
	Quality appraisal

	Results
	Multisensory environment effects
	Behavioural outcomes
	Physical and psychological well-being

	Multisensory environment design and user experiences
	Sight
	Hearing
	Touch
	Smell
	Taste
	Body movement
	Body awareness


	Discussion
	Multisensory design implications
	Gap and future study
	Neurodiversity paradigm and MSEs


	Conclusion
	Acknowledgement
	Disclosure statement
	Funding
	ORCID
	Data availability statement
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [609.704 794.013]
>> setpagedevice


