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[bookmark: _Toc371965315][bookmark: _Toc511695483][bookmark: _Toc8216543][bookmark: _Toc23969209][bookmark: _Toc25758606][bookmark: _Toc25763877][bookmark: _Toc56091700][bookmark: _Toc68714913][bookmark: _Toc102405115][bookmark: _Toc131381691][bookmark: _Toc131383460][bookmark: _Toc197347106][bookmark: ExecSumm]Executive Summary
This report supplements the Aotearoa New Zealand Autism Guideline: He Waka Huia Takiwātanga Rau (‘the Guideline’) [1] and updated it with respect to designing built environments to meet the needs of autistic people. 
[bookmark: _Toc102405116][bookmark: _Toc116927407][bookmark: _Toc117634634][bookmark: _Toc131381692][bookmark: _Toc131383461][bookmark: _Toc197347107]Scope 
An umbrella review (“review of reviews”) considered research that identifies features or design principles of built physical environments that meet the needs of autistic individuals, including structural/spatial design, sensory considerations, and interior features. The aim of the review was to inform the Living Guideline Group (LGG), an expert advisory panel, in developing the new Recommendations and Good Practice Points so as to update the Guideline.
[bookmark: _Toc102405117][bookmark: _Toc116927408][bookmark: _Toc117634635][bookmark: _Toc131381693][bookmark: _Toc131383462][bookmark: _Toc197347108]Method 
A ‘best evidence’ approach was employed to restrict eligible studies to peer reviewed systematic reviews and meta-analyses published since 2019.  
A broad search strategy was undertaken of seven bibliographic databases to identify peer reviewed studies published between January 1, 2019 and 3 October 2024. In addition to abstracts identified in citation searching of bibliographies, 224 unique abstracts were identified. 
The umbrella review included 10 systematic reviews. These were critically appraised for quality using a formal checklist. 
To provide additional local cultural and service context, a separate search was undertaken for primary research conducted in Aotearoa New Zealand on the impact of the built environment on autistic people, published since 2004. One eligible research study, a Masters dissertation, was identified.
[bookmark: _Toc102405118][bookmark: _Toc116927409][bookmark: _Toc117634636][bookmark: _Toc131381694][bookmark: _Toc131383463][bookmark: _Toc197347109]Umbrella review findings
This systematic umbrella review identified, appraised and synthesised the latest reviews of research investigating design features of built environments that meet the needs of autistic people. 
Ten reviews investigated features of the built environment that suit autistic people’s needs in residential settings [17], workplaces [18], schools/learning environments [19], healthcare settings [20-22], and mixed settings [23-26]. There were 234 unique studies identified across these reviews, after accounting for duplication, with mixed-setting reviews showing the highest redundancy. In addition, one primary research study conducted in Aotearoa New Zealand was identified. It provides local context around the applicability of the international evidence. 
Synthesising findings from the umbrella review identified themes around the following:
sensory considerations (lighting, sound, air quality and smell, temperature), 
spatial organisation (layout, materials, flexible use, social interaction and privacy, transition zones), and 
adaptability (customisable and incremental)
Suggestions for best practice in the design of physical environments responsive to the needs of autistic people were also identified relating to specific settings, including residential, workplace, educational, and healthcare. 
Over-arching principles for improving the design of built environments for autistic people include the following:
Inclusivity and co-design: Autistic individuals should be involved in design processes to ensure environments meet their unique needs.
Autistic-friendly design benefits everyone: Features of the physical environment designed for autistic individuals often benefit neurotypical users as well.
Gradual adaption: Gradual exposure to varied stimuli can help autistic individuals adapt to real-world environments.
Customisability: Adjust environmental factors like noise, light and temperature to individual requirements/needs
While the reviews provide valuable insights, several noted the limited quality of evidence, small sample sizes, and the need for more robust research to evaluate the effectiveness of suggested design strategies.
[bookmark: _Toc117634637][bookmark: _Toc131381695][bookmark: _Toc131383464][bookmark: _Toc197347110]Conclusions
[bookmark: _Toc116927410][bookmark: _Toc117634638][bookmark: _Toc131381696][bookmark: _Toc131383465]Recommendations for best practice focussed on creating low-stimulation, predictable, and adaptable built environments tailored to sensory and social needs. Whether in homes, workplaces, schools, or healthcare facilities, these features aim to enhance comfort, accessibility, inclusion, and quality of life for autistic individuals. When interpreting and applying the broad design principles recommended in the current review, expertise should be sought in architectural design and accessibility both from lived autistic experiences and a technical perspective. 
[bookmark: _Toc197347111][bookmark: _Toc102405119]Revisions to the Guideline
The evidence from the umbrella review, alongside relevant Aotearoa New Zealand research, informed the Living Guideline Group (LGG), an expert advisory panel, in developing the new Recommendations and Good Practice Points presented below. These decisions and their rationale are presented in Part 3. 
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	Reference
	New recommendation/GPP
	Grade

	Rec 3.2.3.4
	In designing education and learning spaces that are inclusive for autistic people, create low-stimulus compartmentalised zones, and provide alternative seating options (e.g., therapy balls, cushions) to support proprioception. Include spaces for sensory breaks, stimming, and decompression. Modify unstructured open-plan and multifunction spaces to meet sensory needs (see also Recommendation 3.2.3.5).
	B

	Rec 3.2.3.5 (also 2.3.6b, 4.2.5, 5.1.9b)
	When designing or modifying a built environment that is inclusive for autistic people, the following factors must be addressed: 
· Sensory sensitivities and preferences: Create calming, low-stimulation spaces by using elements such as noise dampening, adjustable lighting (e.g., dimmable bulbs, blinds and diffuser covers over windows), cross-ventilation (for air quality and odour moderation), and temperature control. Allow room for sensory-seeking activities and proprioception, including stimming, movement, and alternative seating options.
· Flexibility: Use adaptable designs to accommodate individual needs; such as adjustable settings for lighting, heating, and sound to allow personal control over one’s environment and reduce sensory overload.
· Spatial design: Ensure layouts are clear and organised, minimising visual and physical clutter. Use visual supports for wayfinding. Offer options for both social interaction and personal retreat.
· Predictability and inclusion: Design spaces to be predictable and safe, with careful spatial sequencing, and clear transitions between rooms, uses, or surface levels. Use different textures or markings to highlight edges, steps, and hazards. 
	A

	GPP 3.2.3.6 (also 2.3.6c, 4.2.7, 5.1.9c)
	In designing or modifying the built environment, be led by and/or actively involve autistic individuals in the design and modification process to ensure the environment meets their unique needs.
	

	Rec 3.2.3.7 (also 2.3.6d, 4.2.8, 5.1.9d)
	In designing or modifying the built environment, ensure that spaces and places are culturally safe and allow autistic individuals to have their cultural needs met, consistent with Universal Design Principles.
	

	Rec 2.3.6a (also 4.2.6)
	In designing or modifying health and hauora spaces that are inclusive for autistic people, create separate, calming spaces for waiting and treatment areas, away from public traffic. Allow for sensory-friendly activities and movement.
	B

	Rec 5.1.9a 
	In designing or modifying work environments that are inclusive for autistic people, provide private or screened workspaces for office workers, and dedicated break rooms for social interaction. Where possible, offer remote and hybrid work options to help manage sensory overload.
	B

	Rec 5.2.6a
	In designing or modifying living spaces that are inclusive for autistic people, emphasise familiarity, predictability, and sensory-friendly spaces, including sensory rooms and areas for socialising, hobbies, and movement (e.g., pacing) (Grade B) (see also Recommendation and GPP 5.1.9b, 5.1.9c, and 5.1.9d).
	B

	GPP 7.6a
	In designing or modifying the built environment, respect and reinforce cultural values that are strongly grounded in the concepts of place and belonging intrinsic to Te Ao Māori. Be Māori led, and include active involvement of tāngata whaitakiwātanga, in the design and modification process to ensure the environment meets their unique needs.
	

	GPP 8.10
	In designing or modifying the built environment, foster the expression of Pacific cultural values (underpinned by broadly relevant Pacific-Indigenous concepts). Include multiple Pacific perspectives in the design process where possible, including tagata sa’ilimalo (Pacific autistic people, family, carers and supporters).
	




[bookmark: _Toc371965308][bookmark: _Toc511695476][bookmark: _Toc8216536][bookmark: _Toc23969208][bookmark: _Toc25758605][bookmark: _Toc25763870][bookmark: _Toc56091693][bookmark: _Toc68714906][bookmark: _Toc102405108]Note: Grades indicate the strength of the supporting evidence rather than the importance of the evidence. Grade A indicates good evidence, B is fair evidence, C is international expert consensus, and I is insufficient, poor quality, or conflicting evidence. See Table 1.2 in Appendix 1 for detail.

[bookmark: _Toc197347112]Table revision
In addition to Recommendations and Good Practice Points, the LGG recommended that Table 3.1 of the Guideline [1] be changed to reflect the current understanding of eight sensory systems, adding interoception, and separating gustatory from taste as a distinct system. These revisions are presented below.
	Sensory system
	Description
	Examples of sensory sensitivities and preferences

	Gustatory
	Provides information about different types of tastes
	Dislike of strong tastes
Craving strong tastes
Eating non-edible items (‘pica’)
Eating a restricted range of foods

	Interoception 
	Provides information about physical and physiological states
	Being unaware of, hyperaware of, or misinterpreting body signals relating to 
· hunger and thirst 
· pain and temperature 
· the urge to eliminate 
Alexithymia (difficulty identifying/describing/expressing emotions)




 iv
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[bookmark: _Toc131381697][bookmark: _Toc131383467][bookmark: _Toc197347114][bookmark: _Toc301185195][bookmark: _Toc183493308][bookmark: _Toc183683316][bookmark: _Toc183692887][bookmark: _Toc184964820][bookmark: _Toc311630009][bookmark: _Toc311631967][bookmark: _Toc214642232][bookmark: _Toc214642536][bookmark: _Toc214993613][bookmark: _Toc214994155][bookmark: _Toc216717478][bookmark: _Toc227063426][bookmark: _Toc227063639][bookmark: _Toc227064709][bookmark: _Toc227124962][bookmark: _Toc275181272][bookmark: _Toc288166799][bookmark: _Toc309328732][bookmark: _Toc268688748][bookmark: _Toc268690416][bookmark: _Toc268690554][bookmark: _Toc268698203][bookmark: _Toc268704880][bookmark: _Toc268707651][bookmark: _Toc301185192][bookmark: _Toc183493310][bookmark: _Toc183683318][bookmark: _Toc183692889][bookmark: _Toc184964822][bookmark: _Toc311630011][bookmark: _Toc311631969][bookmark: _Toc214642234][bookmark: _Toc214642538][bookmark: _Toc214993615][bookmark: _Toc214994157][bookmark: _Toc216717480][bookmark: _Toc268688749][bookmark: _Toc268690417][bookmark: _Toc268690555][bookmark: _Toc268698204][bookmark: _Toc268704881][bookmark: _Toc268707652]Living Guideline process
The first edition of the New Zealand Autism Spectrum Disorder Guideline published in April 2008 [27] was a landmark document, providing an evidence-based guide to best practice for identifying, educating, and supporting autistic individuals across the lifespan. In 2009, New Zealand Government’s Ministry of Health and Ministry of Education launched the Living Guideline process which is designed to ensure the Guideline remains current by incorporating new research and addressing evolving user needs.
INSiGHT Research delivers the Living Guideline programme under contract to the New Zealand Government’s Ministry of Social Development, and sponsored by the Ministry of Education. Each year, the process prioritises a topic for update, culminating in Supplementary Papers. To date, 15 such papers have been published [2-16]. Revisions to the Guideline are developed by the Living Guideline Group (LGG), an advisory panel composed of individuals with lived experience, clinicians, researchers, educators, and community service providers. The panel also includes ex-officio representatives from INSIGHT Research, the Ministry of Social Development, and Ministry of Education (Appendix 1.1 lists current members). 
Each year, the LGG identifies a topic for review, and the Autism/Takiwātanga Guideline Manager (Marita Broadstock, INSIGHT Research) conducts a systematic literature review. The LGG evaluates the evidence for quality, consistency, applicability, and relevance, using this analysis to develop or revise Recommendations and Good Practice Points. These decisions, alongside the LGG’s rationale, are presented in Part 3 of the Supplementary Paper.
[bookmark: _Toc229993236][bookmark: _Toc229993619][bookmark: _Toc295473602][bookmark: _Toc56091696][bookmark: _Toc68714909][bookmark: _Toc102405111]Following the first edition in 2008, a second edition was published in 2016 [28] and the current third edition, titled Aotearoa New Zealand Autism Guideline: He Waka Huia Takiwātanga Rau, was released in 2022 [1]. Each edition integrates updates and adds new Recommendations from Supplementary Papers.
[bookmark: _Toc131381698][bookmark: _Toc131383468][bookmark: _Toc197347115][bookmark: Preamble_AutisticPreferences]Autistic preferences around terminology
[bookmark: _Toc227063427][bookmark: _Toc227063640][bookmark: _Toc227064710][bookmark: _Toc227124963][bookmark: _Toc275181273][bookmark: _Toc288166800][bookmark: _Toc309328733]The Guideline and its Supplementary Papers aim to respect and reflect the language preferences of the autistic community. Terms such as autistic person and person on the autism spectrum are used, aligning with a preference for identity-first language that recognises autism as integral to one’s identity [29]. 
The acronym ASD (Autism Spectrum Disorder) is used sparingly, typically in clinical contexts, to avoid connotations of pathology conveyed by the term "disorder" [30]. Similarly, divisive labels like high-functioning and low-functioning are avoided; instead, descriptions focus on support needs, such as high and complex needs. The term behaviours of concern replaces stigmatising phrases like problem behaviour. This recognises that the behaviour may be a concern to the autistic individual themselves (such as non-sensory self-harm, or as an indication of distress) or to others who do not understand its purpose (e.g., stimming, shutdown from sensory overload). 
Language evolves, and the Guideline emphasises the importance of asking autistic individuals about their preferred terms. Changes aim to de-pathologise autism, substituting terms like comorbidity with co-occurring, symptoms with characteristics or traits, and management with supports or approaches. Language guidance from autistic researchers, such as Dr Ruth Monk, informs these practices [31].
[bookmark: _Toc131381699][bookmark: _Toc131383469][bookmark: _Toc197347116][bookmark: Preamble_MaoriPreferences][bookmark: _Toc345035303][bookmark: _Toc352193658][bookmark: _Toc352193772][bookmark: _Toc352194054][bookmark: _Toc352195765][bookmark: _Toc371965312][bookmark: _Toc511695480][bookmark: _Toc529747805][bookmark: _Toc8216540][bookmark: _Toc25763874][bookmark: _Toc56091697][bookmark: _Toc68714910][bookmark: _Toc102405112]Māori perspectives
In Aotearoa New Zealand, takiwātanga—a term meaning "in his/her/their own time and space" coined by Keri Opai—offers a uniquely Māori perspective on autism [32][footnoteRef:1].”  [1:  Other terms for autism are sometimes used (such as kura urupare, meaning ‘gift of Sensories’). However, takiwātanga has become sufficiently established that it is the preferred term for the Guideline] 

The Guideline recognises Māori cultural concepts and values, integrating frameworks like Sir Mason Durie’s Whare Tapa Whā, which emphasises physical, mental, spiritual, and family wellbeing [33] 
Complementing this is Ka Hikitia’s Outcome Framework[footnoteRef:2], Aotearoa New Zealand’s Māori Education Strategy, which underscores the importance of identity, language, culture, and equitable outcomes for Māori. [2:  https://www.education.govt.nz/our-work/overall-strategies-and-policies/ka-hikitia-ka-hapaitia/] 

[bookmark: _Toc183493311][bookmark: _Toc183683319][bookmark: _Toc183692890][bookmark: _Toc184964823][bookmark: _Toc311630012][bookmark: _Toc311631970][bookmark: _Toc214642235][bookmark: _Toc214642539][bookmark: _Toc214993616][bookmark: _Toc214994158][bookmark: _Toc216717481][bookmark: _Toc227063428][bookmark: _Toc227063641][bookmark: _Toc227064711][bookmark: _Toc227124964][bookmark: _Toc275181274][bookmark: _Toc288166801][bookmark: _Toc309328734][bookmark: _Toc345035304][bookmark: _Toc352193659][bookmark: _Toc352193773][bookmark: _Toc352194055][bookmark: _Toc352195766][bookmark: _Toc371965313][bookmark: _Toc511695481][bookmark: _Toc8216541][bookmark: _Toc25763875][bookmark: _Toc56091698][bookmark: _Toc68714911][bookmark: _Toc102405113][bookmark: _Toc131381700][bookmark: _Toc131383470][bookmark: _Toc197347117]Tiriti o Waitangi/Treaty of Waitangi
The Guideline upholds Te Tiriti o Waitangi principles of partnership, participation, and protection.
It aligns with Whāia Te Ao Mārama 2018–2022: The Māori Disability Action Plan [34], It envisions tāngata whaitakiwātanga Māori having leadership, choice, and control in accessing culturally responsive supports that empower them to thrive.
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The systematic review in Part 1 and Part 2 provides an academic synthesis of research evidence for the Living Guideline Group. While this content may interest researchers and those exploring original studies, it is primarily written for an expert audience.
Part 3, which details the LGG’s decisions and updated Recommendations, is designed for a broader audience, including tāngata whaitakiwātanga, their whānau, service providers, policymakers, and funders.
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[bookmark: _Toc197347120][bookmark: _Toc25763883][bookmark: _Toc56091705][bookmark: _Toc68714918][bookmark: _Toc102405124][bookmark: _Toc131381706][bookmark: _Toc131383476][bookmark: _Toc131381703][bookmark: _Toc131383473]1.1 Background
[bookmark: _Toc197347121]Impact of the physical environment on autistic people
This review explores purposeful modifications to the physical environment aimed at reducing barriers to the full inclusion of autistic individuals (tāngata whaitakiwātanga) in the community. 
Autistic individuals often experience challenges in processing sensory information, including hypersensitivity (exaggerated response to stimuli) and hyposensitivity (reduced response to stimuli). These sensory differences, recognised in the fifth edition of the DSM [35] as part of autism’s diagnostic criteria, can manifest in any of eight sensory systems that gives your brain information about your body and the world around you. These systems (and inputs) include: auditory (sound); visual (sight; e.g., colours, lights, patterns, depth perception); olfactory (smell); gustatory (taste); tactile (touch); vestibular (balance and orientation in space); proprioception (movement from one’s muscles and joints); and interoception (sensation from one’s physical and physiological state; e.g., hunger, thirst, temperature, pain, emotions).
The Royal College of Psychiatrists in the UK provides a compelling description:
The person may be more sensitive to a variety of stimuli, being drawn to or repelled by different sensations, which can be as diverse as certain sounds, patterns of light, repetitive movement, clothing textures, or minor anomalies such as a room’s smell, a net of cracks, or the hum and flicker of a neon light. The result is that the individual, preoccupied with experiences that pass unnoticed by others, can appear distracted, daydreaming or even hallucinating. The degree of sensitivity varies but can be so intense as to produce overwhelming and incapacitating distress. A heightened awareness of certain tastes and textures may lie behind very selective eating. Diminished sensitivities also occur [36]
Senses can be impacted in a range of ways. In auditory processing, for instance, individuals may experience misophonia (aversion to specific sounds), phonophobia (fear of loud sounds), hyperacusis (sensitivity to sound), or auditory processing difficulties [26]. Such sensitivities can negatively affect emotional well-being, sleep, concentration, sociability, and anxiety levels, potentially leading to sensory shutdowns or meltdowns [18, 26]. In visual processing, there can be heightened sensitivity to visual stimuli (lights, colours, patterns) which can be overwhelming or distressing. There can also be challenges in visual-spatial processing which make it difficult to navigate unfamiliar environments, judge distances accurately, or perceive three-dimensional space. This can impact on mobility, safety, and independence[footnoteRef:3].  [3:  See “Depth perception in autism: Visual challenges of Autism Spectrum Disorder”, August 11 2024, NeuroLaunch editorial team,  https://neurolaunch.com/autism-and-depth-perception/] 

[bookmark: _Toc197347122]The role of built environments
Traditionally, interventions for autistic individuals have focused on equipping them with personal tools (e.g., noise-cancelling headphones) to tolerate challenging environments [23]. However, this places the onus on the individual to adapt to an environment designed for neurotypical people. A more inclusive approach involves modifying the environment itself to accommodate diverse needs, supporting greater societal inclusion [37]. This approach to the built environment is set out in Universal Design Principles.[footnoteRef:4] These guide the design or composition of an environment so that it can be accessed, understood and used to the greatest extent possible by all people regardless of age, disability, and other factors. Updating these principles to include functional, social and emotional dimensions are 8 Goals of Universal Design [38], as follows: [4:  https://www.building.govt.nz/building-code-compliance/d-access/accessible-buildings/about/practical-application-of-universal-design] 

1. Body Fit: Accommodating a wide range of body sizes and abilities.
2. Comfort: Keeping demands within desirable limits of body function and perception.
3. Awareness: Ensuring that critical information for use is easily perceived.
4. Understanding: Making methods of operation and use intuitive, clear, and unambiguous.
5. Wellness: Contributing to health promotion, avoidance of disease, and protection from hazards.
6. Social Integration: Treating all groups with dignity and respect.
7. Personalisation: Incorporating opportunities for choice and the expression of individual preferences.
8. Cultural Appropriateness: Respecting and reinforcing cultural values, and the social and environmental contexts of any design project.
Specifically in relation to autism, in recent years architects, designers, and researchers have sought to create built environments that are more accessible for autistic individuals, improving inclusion in their community [23] and their quality of life [24]. Design considerations include structural elements (e.g., spatial layouts and materials), sensory factors (e.g., lighting, acoustics, thermal comfort, and odours), and interior features (e.g., signage, décor, and furniture).
This review focuses on the design of built environments across various settings: homes, healthcare facilities, educational institutions, workplaces, and other public spaces.
Residential settings
Designing and adapting housing to meet the needs of autistic individuals has gained attention, spanning from childhood homes to shared housing and residential care [17]. Autism-friendly design can enhance mental well-being [39], motivation, confidence [40, 41], independence and overall quality of life [42].
Healthcare settings
Autistic individuals are considerably more likely to present to emergency departments (ED) [43, 44], and experience higher rates of chronic health conditions and health disparity compared with non-autistic people [45, 46]. Healthcare environments, particularly emergency departments, are often overwhelming for autistic individuals due to chaotic, unfamiliar, unpredictable and sensory-intense conditions. These environments can exacerbate distress for patients and their families. Modifications to noise, lighting, and layout can create safer and more accessible healthcare spaces [22]. 
Education settings
Sensory stimuli in schools can significantly affect autistic children’s learning and behaviour [19]. For instance, noise has been linked to task avoidance [47], reduced engagement [48], avoidant behaviours (e.g. covering ears) [49], and increased behaviours of concern [50]. Evidence suggests that noise reduction improves engagement and decreases behaviours of concern [19].
In Aotearoa New Zealand, innovative learning environments (ILEs) have become increasingly common. These are large, open, flexible spaces where between two to six teachers work collaboratively with larger groups between 45 and 180 students [51]. This can pose challenges for autistic learners due to elevated noise levels affecting concentration and progress, leading to distraction and behavioural challenges [51]. 
Workplace settings
Efforts to support autistic employees have traditionally emphasised individual accommodations and neurotypical co-worker education. However, less focus has been given to modifying built environments, such as mitigating challenges posed by open-plan offices. Emerging research indicates that autism-friendly design can improve job satisfaction, performance, health and well-being, and retention [18].
[bookmark: _Toc197347123]Existing Guidelines 
Several national guidelines address the physical environment for autistic individuals.
In the UK, a NICE Guideline for autistic children and youth [52] recommends minimising negative impact of the physical environment by “considering individual sensory sensitivities to lighting, noise levels and the colour of walls and furnishings”. The NICE Guideline for autistic adults [53] suggests reducing “any factors that may trigger behaviour that challenges”. These include minimising sensory triggers (e.g., adjusting lighting, noise levels, and wall colours).
Australia’s national Guideline for supporting autistic children and their families [54] advocates for universal design principles, and a sensory-aware physical environment (e.g., physical access, lighting, materials, textures, acoustics, and availability of assistive technology).
With respect to assessment and diagnosis of autism, another Australian Guideline [55] recommends offering, “accessible clinical environments, such as avoiding potential sources of sensory discomfort when choosing lighting, furnishings, and materials” and that assessment is delivered in “safe environments”. 
[bookmark: _Toc197347124][bookmark: GendDiffs]1.2 Design of built environments in the Guideline
In contrast to other international autism guidelines, Aotearoa New Zealand’s Autism Guideline (3rd edition) [1] includes limited guidance on built environment design, with recommendations focused primarily on educational settings.
In Part 3 (on education), a Recommendation (below) refers to adaption of environments and tasks to minimise sensory challenges. 
	3.2.3.3 Environments and tasks should be adapted to minimise negative sensory reactions, perceptual distortions, or motor difficulties
	C


Accompanying text (pp 134-135) discusses how negative sensory experiences (such as noise, artificial lights, bright sunshine) can create distraction and learning and communication difficulties. Adaptations are suggested. In acoustics, teachers are suggested to provide students with a mix of quiet and noisy environments throughout the day and allow autistic students to limit time in a noisy place or wear headphones or earplugs. With respect to lighting, teachers are advised to consider the child’s position in the classroom and play areas. Teachers are also advised to reduce classroom clutter, and define spaces to provide a structured, low-arousal environment. Movement breaks and calming sensory activities are also suggested.
Finally in text (Section 3.2.e) relating to ‘behaviours of concern’, a list of environmental adaptations are suggested, including, “changing the physical characteristics of a setting” without explanation.
[bookmark: _Toc197347125]1.3 Topic prioritisation and review approach
In research conducted in Aotearoa New Zealand of research priorities of autistic adults, autistic youth, educators, practitioners and researchers [56], “accessible built environment for Autistic people” was rated important/very important by 93.2% of Māori respondents, ranking 13th overall for Māori respondents. Following scoping, the Living Guideline Group selected the topic for the current update to the Guideline. 
An ‘umbrella review’ was undertaken of peer reviewed secondary research studies (systematic reviews and meta analyses) which investigated the design of the built environments for autistic people/tāngata whaitakiwātanga. 
Umbrella reviews aim to provide a summary of existing research syntheses, rather than a re-synthesis of primary studies. This approach allows assessment of whether review teams addressing similar questions independently arrive at similar conclusions [57]. It also permits consideration of a broader scope of reviews considering different populations, settings, and outcomes of interest, and to determine areas of consistency and discrepancy.
Additionally, primary research from Aotearoa New Zealand was reviewed to contextualise international findings within the country’s unique cultural and service landscape (see Appendices A1.2 and A1.3 for the methodology).
[bookmark: _Toc197347126]1.4 Review’s objectives and aims
[bookmark: _Toc197347127][bookmark: _Toc131381710][bookmark: _Toc131383480]Review objectives
The review investigates the optimal design of buildings and spaces in which autistic people live, study, work and enjoy leisure time, both in public and private contexts. This work assists the Living Guideline Group (LGG) (a multi-disciplinary advisory group) in updating Recommendations and Good Practice Points in Aotearoa New Zealand’s Autism Guideline.

[bookmark: _Toc197347128]Review aims
The specific aims of this Supplementary Paper were:
· to identify, critically appraise, and synthesise existing research relating to the effective design of built environments for autistic individuals; and
· to inform updates to the Guideline’s [1] Recommendations/Good Practice Points and the development of new ones.
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[bookmark: _Toc183683332][bookmark: _Toc183692903][bookmark: _Toc184964836][bookmark: _Toc311630025][bookmark: _Toc311631983][bookmark: _Toc214642247][bookmark: _Toc214642551][bookmark: _Toc214993628][bookmark: _Toc214994170][bookmark: _Toc216717492][bookmark: _Toc227063437][bookmark: _Toc227063650][bookmark: _Toc227064720][bookmark: _Toc227124973][bookmark: _Toc275181285][bookmark: _Toc288166812][bookmark: _Toc309328744][bookmark: _Toc68714921][bookmark: _Toc345035316][bookmark: _Toc352193671][bookmark: _Toc352193785][bookmark: _Toc352194067][bookmark: _Toc352195778][bookmark: _Toc371965326][bookmark: _Toc511695492][bookmark: _Toc8216555][bookmark: _Toc23969211][bookmark: _Toc25758608][bookmark: _Toc25763886][bookmark: _Toc56091708][bookmark: _Toc102405127]
[bookmark: _Toc131381711][bookmark: _Toc131383481][bookmark: _Toc197347129][bookmark: Part2]Part 2:  Umbrella review 
This chapter describes the findings of an umbrella systematic review (a review of systematic reviews) relating to the design of the built environment suitable for autistic people.
[bookmark: _Toc183493327][bookmark: _Toc183683333][bookmark: _Toc183692904][bookmark: _Toc184964837][bookmark: _Toc311630026][bookmark: _Toc311631984][bookmark: _Toc214642248][bookmark: _Toc214642552][bookmark: _Toc214993629][bookmark: _Toc214994171][bookmark: _Toc216717493][bookmark: _Toc227063438][bookmark: _Toc227063651][bookmark: _Toc227064721][bookmark: _Toc227124974][bookmark: _Toc275181286][bookmark: _Toc288166813][bookmark: _Toc309328745][bookmark: _Toc345035317][bookmark: _Toc352193672][bookmark: _Toc352193786][bookmark: _Toc352194068][bookmark: _Toc352195779][bookmark: _Toc371965327][bookmark: _Toc511695493][bookmark: _Toc8216556][bookmark: _Toc25763887][bookmark: _Toc56091709][bookmark: _Toc68714922][bookmark: _Toc102405128][bookmark: _Toc131381712][bookmark: _Toc131383482][bookmark: _Toc197347130][bookmark: ScopeMethods]2.1	Method
[bookmark: _Toc131381713][bookmark: _Toc131383483][bookmark: _Toc197347131][bookmark: _Toc345035319][bookmark: _Toc352193674][bookmark: _Toc352193788][bookmark: _Toc352194070][bookmark: _Toc352195781][bookmark: _Toc183493330][bookmark: _Toc183493324][bookmark: _Toc183683336][bookmark: _Toc183692907][bookmark: _Toc184964840][bookmark: _Toc311630029][bookmark: _Toc311631987]Identification of studies
A comprehensive and inclusive systematic search was conducted on 8 August 2024, with an update on 3 October 2024. The search combined terms related to autism/takiwātanga, built environments, and systematic review methodologies (see Appendix 1.2 for the full search strategy). Titles, abstracts and subject fields of seven bibliographic assessment website databases were searched. 
Where database features allowed, publications were limited to those involving human participants and appearing in peer-reviewed journals. No restrictions were applied regarding language. Additional sources, such as bibliographies of retrieved publications and recent narrative reviews, were examined to identify further eligible studies. However, no hand-searching of journals or direct inquiries with authors for unpublished research were undertaken.
This process yielded 224 unique abstracts after duplicate removal.
Guidelines from the Preferred Reporting Items for Systematic Review and Meta-Analyses statement (PRISMA) [58] were employed for the screening and selection process. The PRISMA flowchart is presented in Figure 1.
[bookmark: _Toc131381714][bookmark: _Toc131383484][bookmark: _Toc197347132]Study selection 
Studies were included based on predefined criteria structured using the PICo framework: Population, phenomena of Interest, and Context (see Table 2.1). This framework is particularly suitable for synthesising qualitative data, including lived experiences [59].
The selection process involved two stages:
Initial screening – Papers were assessed based on titles and abstracts to determine their relevance.
Full-text review – Potentially eligible papers were retrieved and evaluated against the inclusion criteria.
When papers were excluded, the reasons were documented in a prioritised sequence:
Wrong study design
Wrong population
Wrong scope/phenomena of interest
The first applicable criterion was recorded for each excluded paper. 
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[bookmark: _Toc67576612][bookmark: _Toc90385297][bookmark: _Toc371965330][bookmark: _Toc511695496][bookmark: _Toc8216559][bookmark: _Toc25763890]
[bookmark: _Toc117634711][bookmark: _Toc129798584][bookmark: _Toc183392124][bookmark: _Toc184865001][bookmark: fig1]Figure 1: Overall PRISMA flowchart of articles screened


Identification of studies via databases and other sources


Records identified from:

Databases (n = 285):
e-Journals = 88
Medline = 56
CINAHL* = 47
ERIC = 31
PsycINFO = 5
Embase = 43
Cochrane Library = 11


Duplicate records removed before screening:
(n = 61)



Identification





Records identified from citations
(n=0)






Records excluded
(n = 210)
Records screened
(n = 224)





Reports excluded
Wrong scope/phenomena of interest (n = 3)

Retrieved reports
(n = 14)
Screening






Reports excluded after appraisal
	No unique primary studies (n = 1)

First set of studies meeting initial selection criteria
(n = 11)






Included
Final set of studies included in umbrella review
(n = 10)






* search excluded Medline records
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DESIGN OF BUILT ENVIRONMENTS FOR AUTISTIC PEOPLE
[bookmark: _Toc117634712][bookmark: _Toc129798585][bookmark: _Toc183392125][bookmark: _Toc184865002][bookmark: Table2_1]Table 2.1: Inclusion and exclusion criteria for selecting eligible studies
	[bookmark: _Toc8216561][bookmark: _Toc25763892][bookmark: _Toc56091714][bookmark: _Toc68714927][bookmark: _Toc371965331][bookmark: _Toc511695497][bookmark: _Toc8216560][bookmark: _Toc25763891]Characteristic
	Inclusion criteria

	Study Design
	Systematic reviews (meta-analysis or narrative synthesis) 

	Population
	Studies of Autistic people of any age, or where autistic people are reported separately, or where ≥80% included studies report on autistic people
Includes studies where informants are support people of autistic individuals (e.g., parents, staff) 

	Phenomena of Interest
	Studies that describe features or design principles of built physical environments that meet the needs of autistic individuals, including structural/spatial design, sensory considerations, and interior features.

	Context
	Built environments in the following settings  residential, learning/education, healthcare, workplaces, and other public spaces

	Publication date
	Peer reviewed articles published between 1 January 2019 and 3 October 2024

	Characteristic
	Exclusion criteria

	Excluded publication type
	Primary research studies, book chapters, conference proceedings, abstracts, unpublished data, narrative reviews, umbrella reviews, correspondence, commentaries, news

	Excluded scope
	Studies which were not deemed relevant

	Superseded evidence
	Limited to ‘best evidence’, excluded secondary reviews which included no unique primary studies



[bookmark: _Toc56091715][bookmark: _Toc68714928][bookmark: _Toc102405134][bookmark: _Toc131381715][bookmark: _Toc131383485][bookmark: _Toc197347133]Population
[bookmark: _Toc275181290][bookmark: _Toc288166817][bookmark: _Toc309328749][bookmark: _Toc371965333][bookmark: _Toc511695499][bookmark: _Toc8216563][bookmark: _Toc25763893][bookmark: _Toc214642251][bookmark: _Toc214642555][bookmark: _Toc214993632][bookmark: _Toc214994174][bookmark: _Toc216717496][bookmark: _Toc227063441][bookmark: _Toc227063654][bookmark: _Toc227064724][bookmark: _Toc227124977][bookmark: _Toc275181289][bookmark: _Toc288166816][bookmark: _Toc309328748][bookmark: _Toc56091717][bookmark: _Toc68714930][bookmark: _Toc102405136][bookmark: _Toc131381716][bookmark: _Toc131383486]The study population included autistic individuals of any age. Studies with broader populations were eligible if at least 80% of participants were autistic or if findings for autistic individuals were reported separately.
[bookmark: _Toc197347134]Phenomena of Interest
The review focused on features of built environments that enhance accessibility for autistic individuals. This included structural and spatial design, sensory considerations, and interior features.
[bookmark: _Toc197347135]Context
[bookmark: _Toc102405138][bookmark: _Toc131381719][bookmark: _Toc131383489][bookmark: _Toc371965337][bookmark: _Toc511695503][bookmark: _Toc8216567][bookmark: _Toc275181294][bookmark: _Toc288166821][bookmark: _Toc309328754][bookmark: _Toc345035327][bookmark: _Toc352193682][bookmark: _Toc352193796][bookmark: _Toc352194078][bookmark: _Toc352195789][bookmark: _Toc184964841][bookmark: _Toc311630030][bookmark: _Toc311631988][bookmark: _Toc183493331][bookmark: _Toc183683338][bookmark: _Toc183692909][bookmark: _Toc184964842][bookmark: _Toc311630031][bookmark: _Toc311631989]The current review examined the design of built environments for autistic individuals across various settings, including educational institutions, healthcare facilities, workplaces, residences, and public spaces. Key areas of focus included structural and spatial design, sensory factors (e.g., lighting, acoustics, layout, smells), and interior design elements.
[bookmark: _Toc197347136]Study designs 
The study followed the NHMRC evidence hierarchy, which ranks study quality based on design. The highest-quality evidence (Level I) consists of systematic reviews, including meta-analyses. Further details are provided in Appendix 1.3.
Using the principle of "best evidence," the review included peer-reviewed secondary research (systematic reviews and meta-analyses) published from 2019 onward. This timeframe captured primary research conducted in previous decades as synthesised in systematic reviews.
[bookmark: _Toc102405139][bookmark: _Toc131381720][bookmark: _Toc131383490]Using the principle of "best evidence," the review included peer-reviewed secondary research (systematic reviews and meta-analyses) published from 2019 onward. This timeframe captured primary research conducted in previous decades as synthesised in systematic reviews.
Eligible systematic reviews were required to:
Clearly state the purpose of the review.
Describe the search strategy (including key terms, multiple databases, and search dates).
Specify inclusion criteria for studies.
Present findings relevant to this review’s scope.
Secondary reviews needed to evaluate primary studies examining the effects of environmental design features on autistic individuals, using experimental, observational, or case series methodologies. Data sources included observational checklists, self-reports, informant reports, surveys, and interviews. Outcomes assessed included quality of life, comfort, and preferences.
Studies were excluded if they relied exclusively on opinion-based literature, editorials, or knowledge from unrelated fields.
[bookmark: _Toc197347137]Exclusions
[bookmark: _Toc371965338][bookmark: _Toc511695504][bookmark: _Toc8216568][bookmark: _Toc25763900][bookmark: _Toc56091722][bookmark: _Toc68714935][bookmark: _Toc102405140]The following studies were excluded: 
Primary research studies 
Dissertations, book chapters, conference proceedings
Poster presentations, abstract only reports, unpublished data
Narrative reviews, umbrella reviews, editorials, commentaries, correspondence
Book reviews, news reports, trade magazine articles, blogs
Not deemed relevant to the research question or nature of the review, including reviews that only described failures of design to meet the needs of autistic people.
Animal studies, prenatal studies, genetic studies, brain studies, biomarker studies, case studies, and pharmacological studies.
Secondary reviews which did not include at least one unique primary study (i.e., not already included in a more recently published secondary review) were also excluded. This aimed to reduce redundancy of superseded material.
[bookmark: _Toc197347138][bookmark: _Toc131381722][bookmark: _Toc131383492]New Zealand-based primary research
To consider the applicability and generalisability of the evidence to Aotearoa, studies conducted in New Zealand which were not already captured in studies in the umbrella review were also considered using more inclusive selection criteria. Primary studies employing any design methodology and published as postgraduate theses at the Masters or Doctoral level in or since 2004 were also eligible for inclusion where they otherwise met selection criteria of the current umbrella review. This allowed consideration of research that reflects Aotearoa New Zealand’s unique cultural, ethnic, geographic, and service context. 
[bookmark: _Toc197347139]Critical appraisal of included studies 
A standardised evidence table template (Appendix 1.4) was used to extract pre-defined data from each included report (Appendix 3). 
[bookmark: _Toc102405141][bookmark: _Toc131381723][bookmark: _Toc131383493]The quality of included systematic reviews was assessed using the Joanna Briggs Institute (JBI) quality checklist [57] (see Table A1.2, and Appendix 1.5). Based on the checklist scores, study quality was categorised as follows:
Low: Score 0–5
Medium: Score 6–8
High: Score 9–11
[bookmark: _Toc197347140]Synthesis of included studies
To identify overlapping studies among the included reviews, citations were recorded in an Excel table, with shared citations clearly marked.
The results are presented in both narrative form and in Evidence Tables. Summaries of the secondary reviews highlight:
Consistencies in design features identified across similar studies
Key differences, particularly those associated with varying physical settings or scope
These findings constitute the "body of evidence" used by the Living Guideline Group to develop Recommendations and Good Practice Points. The full process for this development is outlined in Appendix 1.6. 
[bookmark: _Toc214642256][bookmark: _Toc214642560][bookmark: _Toc214993637][bookmark: _Toc214994179][bookmark: _Toc216717501][bookmark: _Toc227063446][bookmark: _Toc227063659][bookmark: _Toc227064729][bookmark: _Toc227124982][bookmark: _Toc275181295][bookmark: _Toc288166822][bookmark: _Toc309328755][bookmark: _Toc345035328][bookmark: _Toc352193683][bookmark: _Toc352193797][bookmark: _Toc352194079][bookmark: _Toc352195790][bookmark: _Toc371965339][bookmark: _Toc511695505][bookmark: _Toc8216569][bookmark: _Toc25763901][bookmark: _Toc56091723][bookmark: _Toc68714936][bookmark: _Toc102405142][bookmark: _Toc131381724][bookmark: _Toc131383494][bookmark: _Toc197347141][bookmark: _Toc214642258][bookmark: _Toc214642562][bookmark: _Toc214993639][bookmark: _Toc214994181][bookmark: _Toc216717503][bookmark: _Toc227063448][bookmark: _Toc227063661][bookmark: _Toc227064731][bookmark: _Toc227124984][bookmark: _Toc275181297][bookmark: _Toc288166824][bookmark: _Toc309328757]2.2 	Body of evidence
[bookmark: _Toc8216570][bookmark: _Toc25763902][bookmark: _Toc56091724][bookmark: _Toc68714937][bookmark: _Toc102405143][bookmark: _Toc131381725][bookmark: _Toc131383495][bookmark: _Toc197347142]Overview 
After applying inclusion and exclusion criteria, 10 secondary studies published since 2019 met the eligibility requirements for this review [17-26]. These studies were critically appraised using the JBI checklist [57], with none excluded due to low quality (all scored above 5/11).
[bookmark: _Toc345035330][bookmark: _Toc352193685][bookmark: _Toc352193799][bookmark: _Toc352194081][bookmark: _Toc352195792]

[bookmark: _Toc117634713][bookmark: _Toc129798586][bookmark: _Toc184865003][bookmark: _Toc183392126][bookmark: Table2_2]Table 2.2: Characteristics of included systematic reviews 
	Study
	Setting 
	[bookmark: _Toc528775923][bookmark: _Toc21645242]Design/Quality
	Scope 
	Selection criteria 
	[bookmark: _Toc528775927][bookmark: _Toc21645246]Studies identified

	
Calleja et al., (2020) [20]
	Healthcare 
	SR
Medium quality (7/11)
	Enablers for access to healthcare of autistic patients
	Published: 2003 – July 2019
Population: Autistic adults aged over 18 years, parents, staff
Quantitative observational studies (k=5), qualitative (k=7), and mixed methods (k=1)
	k=13 studies
N=1016 autistic people, 165 parents, 212 staff
age and gender not reported

	
Tola et al., (2021) [25] 
	Mixed
	SR
Medium quality (6/11)
	Design of the built environment in creating autism-friendly spaces
	Published: inception – 2019
Population: Autistic people, of any age
Quantitative observational surveys (k=7), quantitative evaluation studies (k=3), qualitative reports, case studies (k=9),
	k=21 studies
sample characteristics not reported

	
Zaniboni & Toftum (2021) [26]
	Mixed
	SR
Medium quality (6/11)
	Indoor environmental quality design and its relationship with the comfort and well-being of autistic people
	Published: inception – 2021
Population: Autistic people, of any age
Cross-sectional studies of opinions/preferences of autistic people/informants (k=32); the effect of changes of environmental design on autistic people (k=19). 
	k=42 studies
sample characteristics not reported

	
Black et al., (2022) [23] 
	Mixed
	SR
Medium quality (8/11)
	Research on internal built environment for autistic individuals
	Published: 2000 –2020
Population: Autistic people, of any age 
Quantitative studies, qualitative studies, reviews
	k=28 studies
sample characteristics not reported

	
Dargue et al., (2022) [19]
	Learning activities (classrooms, homes, laboratories)
	SR
High quality (9/11)
	Impact of modifications to physical environment on task engagement in learning activities of autistic people
	Published: inception – March 2020
Population: Autistic people, of any age
Single case experimental designs (k=8), quasi-experimental study (k=1), case study (k=1)
	k=10 studies
N=73 autistic people
91% male, age range= 3 – 26 years



	Study
	Setting 
	Design/Quality
	Scope 
	Selection criteria 
	Studies identified

	
Roos et al., (2022) [24]
	Mixed
	SR
Medium quality (6/11)
	Impact of architecture on quality of life of autistic people
	Published: 2006 – October 2021
Population: Autistic people (and/or intellectually impaired individuals with behaviours that challenge, not reported here), of any age 
Study designs not reported
	k=18 studies
sample characteristics not reported

	
Weber et al., (2022) [18]
	Workplaces 
	SR
High quality (10/11)
	Extent, nature and quality of physical workplace adjustments to support neurodivergent employees
	Published: 2000 – September 2021
Population: neurodivergent adults (mostly autistic) aged ≥18 years
Non-randomised cross-sectional study (k=1), qualitative studies (k=13), mixed methods (k=6)
	k=20 studies
N=916 neurodivergent people (18/20 studies autistic only)
41% male, age range= 18 – 80 years

	
Nguyen et al., (2023) [17]
	Residential settings
	SR
Medium quality (6/11)
	Research on residential design for autistic adults
	Published: – July 2020
Population: Autistic adults
Quantitative studies, case studies, expert opinion guidelines 
	k=37 studies
sample characteristics not reported

	
Sadatsafavi et al., (2023) [22] 
	Healthcare (emergency departments)
	SR
Medium quality (7/11)
	Remediation of sensory sensitivities of autistic patients
	Published: 1980 – August 2020
Population: Autistic people, of any age
Quantitative observational studies (k=9), case reports (k=4), and clinical guide/practice guidance (k=15) 
	k=28 studies
N=2629 autistic people
age and gender not reported

	
Elliot et al., (2024) [21]
	Healthcare (emergency departments)
	SR
High quality (9/11)
	Autistic children’s experiences (reported by parents) of what alleviated environmental challenges
	Published:  inception – January 2023
Population: parents of autistic children with ID 
Quantitative observational studies (k=3), qualitative (k=3), and mixed methods (k=1) 
	k=7 studies
N=523 parents
age and gender not reported


Note:  Quality rating assigned using JBI checklist [57] (see Appendix 1.5)  
Key:; ID=intellectual disability; k=number of studies, n=number of participants; SR=systematic review. See Appendix 3, Table A3.1, for Evidence Tables


[bookmark: _Toc131381726][bookmark: _Toc131383496]Detailed data extraction is presented in the evidence tables (Appendix 3, Table A3.1,). The studies are organised chronologically by publication year (oldest first), and alphabetically by the first author's name within the same year (Table 2.2).
[bookmark: _Toc197347143]Scope 
The 10 studies addressed diverse settings:
Residential care: 1 review [17]
Workplaces: 1 review [18]
Learning activities/schools: 1 review [19]
Healthcare settings: 3 reviews, including 2 focused on emergency departments [20–22]
Mixed settings: 4 reviews [23–26]
Across these reviews, 254 primary studies were appraised, with the number of studies per review ranging from 7 to 42. After removing 30 overlapping studies, a total of 234 unique primary studies were included. Overlap was most notable in reviews covering mixed settings, reflecting differences in scope, criteria, and population characteristics.
[bookmark: _Toc197347144]Study quality
Based on the JBI checklist:
Medium quality (Score 6–8): 7 studies
High quality (Score 9–11): 3 studies
No studies scored below six. The reviews included diverse methodologies, such as quantitative observational studies (e.g., surveys), qualitative studies, mixed methods studies, and guidelines. Experimental designs were rare, except for one review focused on physical modifications in learning environments, which predominantly employed single-case experimental designs [19]. 
[bookmark: _Toc197347145]Search strategy
Eight reviews limited their search to English-language articles, while two imposed no language restrictions [24, 25].
[bookmark: _Toc197347146]Study characteristics 
Population Scope:
Six reviews included autistic people of any age [19, 22-26].
Three focused on adults only [17, 18, 20], with one also incorporating input from parents and staff [20].
One review in emergency departments exclusively studied parents of autistic children with intellectual disabilities [21].
Two reviews included non-autistic participants, though data for autistic people were analysed separately. One study included neurodivergent employees, with 18 of 20 studies focusing solely on autistic individuals [18]. The other included individuals with intellectual disabilities or behaviours that challenge, but only data on autistic individuals were used here [24].
[bookmark: _Toc131381727][bookmark: _Toc131383497]Limitations in Reporting
Several reviews lacked detailed sample characteristics. Eight reviews did not consistently report age or gender, and five reviews omitted participant numbers.
Given the potential for overlap in study populations across reviews, synthesising precise participant characteristics was not always feasible. A summary of the study characteristics is provided in Table 2.2.
[bookmark: _Toc197347147][bookmark: BodOfEv_NS]Narrative summary of included secondary studies
The included studies are summarised individually according to the study setting: healthcare residential, education, workplace, and general/mixed environments. Within each setting, studies are presented chronologically by publication date, from oldest to most recent. Study characteristics are summarised in Table 2.3.
Studies investigating built design features in residential settings
Nguyen et al., (2023)
A Belgian team conducted a medium-quality scoping review [17] on residential settings, focusing on accommodation design for autistic adults. The review identified 37 studies (35 focused exclusively on autistic samples), primarily examining group living and housing projects. 
Recommendations included creating low-stimulation environments with individual temperature control, sensory-stimulating activities, and reduced noise and strong smells. Key design features included clear activity spaces, including zones for socialising, engaging in interests and hobbies, and with room for movement (e.g., repetitive pacing). The reviewers also emphasised the importance of personalised design allowing for autonomy and sensory adjustments, and privacy (including escape or "protected pause" areas) whilst encouraging a sense of community.
Broader principles were identified including the need to maximise flexibility, familiarity, predictability, and clarity. The importance of co-design with autistic people was emphasised. 
Studies investigating built design features in workplaces
Weber et al., (2022) 
In Switzerland, a high-quality systematic review [18] explored physical workplace adjustments for 916 neurodivergent office workers, primarily autistic. The review identified 20 studies (13 qualitative, 6 mixed, and 1 cross-sectional), none of which assessed efficacy but instead examined facilitators and barriers to employment. Common adjustments included sound management (e.g., private offices, noise-dampening walls) and light sensitivity (e.g., natural/incandescent lighting). These were related to occupational longevity, work performance, and health/well-being (e.g., reduced stress, improved work satisfaction). A range of other adjustments addressed aspects such as environmental control (of light, temperature), crowding (e.g., working from home), avoiding distractions (visual screens/clear spaces), and the availability of a break room to decompress. Notably, some studies reported that autistic people prefer to retain some social interaction such as social break rooms or proximity to co-workers. 
The review concluded that while these adjustments positively impacted occupational longevity and well-being, there is insufficient evidence to fully evaluate their effectiveness.
Studies investigating built design features in healthcare settings
Calleja et al., (2020) 
This Australian systematic review [20] focused on barriers and enablers to healthcare access for autistic adults. Thirteen studies (n=1016 autistic adults) highlighted the importance of reducing sensory overstimulation and physical closeness in healthcare settings. Recommendations included minimising noise and light, and ensuring a less crowded environment for autistic patients.
Sadatsafavi et al., (2023) 
An American-based scoping review services [22] examined strategies to address sensory sensitivities for autistic individuals visiting Emergency Departments (EDs).  The 28 studies n=2629 autistic people) included 15 clinical/practice guidance, 9 observational studies, and 4 case reports. The reviewers suggested creating separate waiting and treatment spaces with adjustable environmental stimuli (e.g., dimming lights, playing soft music). They also recommended physical adjustments in EDs, including reducing clutter (such as cabling and equipment) and offering alternative seating (e.g., mats, balls, rockers). The review emphasised that these features, alongside processes and staffing changes, were essential for making ED spaces more comfortable and safe for autistic people.
Elliot et al., (2024) 
A Canadian systematic review [21] focused on parent-reported experiences of predominantly autistic children with intellectual and/or developmental disabilities in ED settings. The high-quality review of 7 studies found that strategies such as quiet rooms and dimmed lights alleviated sensory challenges. The review was limited by its reliance on parent reports rather than direct experiences of the children.
Studies investigating built design features in learning activities
Dargue et al., (2022) 
This Australian high-quality systematic review [19] investigated the impact of environmental modifications on task engagement in learning settings including classrooms. Ten studies, mostly small-sampled and using single-subject experimental designs, found inconsistent results. Modifications related to lighting, clutter, and seating (e.g., therapy balls) had variable effects, but reducing classroom noise generally improved task engagement and reduced behaviours of concern in one quasi-experimental study. The authors concluded that more high-quality research is needed to clarify these findings.
Studies investigating built design features across mixed environments
Tola et al., (2021)
An Italian-led systematic review [25] explored spatial needs of autistic people across various settings including educational settings, residential, sensory gardens, and care environments. The review synthesised findings from 21 studies, providing recommendations in three categories. One was sensory quality/low arousal with respect to visual stimuli (e.g., lighting, materials, textures, colours), acoustic stimuli (e.g., flooring, walls, ceiling height, background noise), smell (e.g., air quality, vegetation), and transition (e.g., quiet spaces). Another was intelligibility of spaces, including a clear layout, a predictable and well-defined structure, choice in social and sensory interaction, and an allowance for personal space. Finally, was orientation with respect to visual supports (e.g., pictures, pictograms, colours, words) to indicate the use and functions of spaces, and wayfinding to ease navigation.
The reviewers stressed the importance of customisable, flexible spaces that cater to individual sensory and social needs. They also recommended locating the building in a quiet and accessible physical location.
Zaniboni & Toftum (2021) 
A Danish scoping review [26] examined the relationship between indoor environmental design and the well-being of autistic individuals. Based on 42 cross-sectional studies across a range of settings (mostly educational), the review highlighted the importance of managing sensory overstimulation (e.g., soundproofing, controlling light) and distraction (e.g., patterns and colours). It also suggested providing calming spaces (e.g., sensory rooms) and considering layout (e.g., separation of high-stimuli zones) and wayfinding. The study found that autistic individuals are more sensitive to indoor environmental components that affect both autistic and neurotypical people, but with greater intensity for the former.
Black et al (2022)
This Australian review [23] focused on the internal built environment from the perspectives of autistic individuals. The 28 included studies were across a range of settings, but mainly in schools or homes. A principle of providing flexible and adaptable spaces to meet individual sensory needs was highlighted. Recommendations relating to lighting included thoughtful placement of windows and blinds, dimmable lights, and using natural diffuse light instead of fluorescent lighting. Dampening of sound transmission and background noise was advised through use of soundproofing, acoustic panelling and soft materials. Aspects of design aesthetics included the use of neutral or natural colour palettes, avoiding patterns and visual clutter, and using colour-coding for different zones. Air quality was targeted through enhancing ventilation. The ability to moderate temperature through adequate heating and air conditioning services was also highlighted. Finally, design and construction advice included using simple spatial layouts, including use of transition spaces, and withdrawal/sensory rooms. In schools, open-plan multifunctional rooms as classrooms were said to be best avoided, with larger spaces retained for socialising. 
Roos et al (2022) 
A mixed-setting review [24] from The Netherlands examined architectural contributions to the quality of life of autistic individuals. The review included 18 studies, with 13 in residential settings and 5 in schools. Design elements were organised by goals. To support autistic individuals’ independence, the authors suggest using layouts that reflect routine, familiarity and comprehensibility. This may be targeted through strategies such as maintaining sightlines (e.g., half partitions, glass); sequencing rooms; and providing visual cues for wayfinding. To encourage the goal of comfort in social participation, a generous space standard was recommended to allow choice of interpersonal distance in communal spaces, and ‘escape spaces’ for social retreating. With respect to well-being, the review recommended using non-toxic materials; permitting personalisation; and providing spaces for safe physical movement and stimming (e.g., room for pacing, jumping). Sensory overload may be minimised through soundproofing; adjustment of noise, light and temperature; and cross-ventilation for temperature and odour moderation.
Some researchers have cautioned that a low-stimulus environment risks a ‘greenhouse effect’ whereby people become dependent on this stress-free environment, which may hamper them from coping with real-life challenges. To avoid overprotecting individuals, the authors suggested using graduated zones to allow for ‘sensory recalibration’.
[bookmark: _Toc197347148][bookmark: _Toc131381728][bookmark: _Toc131383498][bookmark: _Toc102405147][bookmark: _Toc371965362][bookmark: _Toc511695514][bookmark: _Toc8216577][bookmark: _Toc25763907][bookmark: _Toc56091731][bookmark: _Toc68714944][bookmark: _Toc214642287][bookmark: _Toc214642591][bookmark: _Toc214993656][bookmark: _Toc214994198][bookmark: _Toc216717520][bookmark: _Toc227063477][bookmark: _Toc227063693][bookmark: _Toc227064763][bookmark: _Toc227125016][bookmark: _Toc214642286][bookmark: _Toc214642590][bookmark: _Toc214993655][bookmark: _Toc214994197][bookmark: _Toc216717519][bookmark: _Toc227063476][bookmark: _Toc227063692][bookmark: _Toc227064762][bookmark: _Toc227125015]Aotearoa New Zealand research
To assist the Living Guideline Group in evaluating the relevance and applicability of international evidence to Aotearoa New Zealand, a targeted search for local research was conducted. This broader search sought primary research published in New Zealand since 2004 (see Appendices A1.2 and A1.3 for the methodology). No restrictions were placed on study design; however, single case studies and studies already included in the umbrella review were excluded. From the 138 abstracts identified, five full-text articles were retrieved. Four were excluded upon review, including a Master’s dissertation of Beth Noble [60] which was considered in an appraised study in the umbrella review [26][footnoteRef:5]. [5:  In consultation, a New Zealand-based Masters dissertation was identified relating to the design of residential accommodation that was published after the search strategy period ended: Haussmann, A. (2025). Beyond Walls: Enabling Semi-Independent Living for Individuals on the Spectrum [Master's thesis, Victoria University of Wellington]. Victoria University of Wellington Research Archive. ] 

Included was a second dissertation by Beth Noble for her Master of Architecture [65]. It explored how interior lighting systems meet the needs of autistic individuals. This mixed-methods participatory research involved 13 autistic adults who provided visual photographs of lighting in their everyday environments and completed a follow-up survey. The study identified four main themes related to autistic preferences: lighting attributes (e.g., location, lighting system layout, lamp shapes, types and number), technical factors (e.g., flicker, noise, colour, glare, brightness, shadows/patterns, reflections and control), reactions to lighting (physical and emotional), and descriptive language.
Key findings included:
Flickering Lights: Participants reported issues with flickering lights, particularly from linear systems such as fluorescent or arrays of LED lamps. Although literature typically recommends avoiding bright lighting, Noble’s study found that brightness perception is highly contextual and task-dependent.
Lighting Preferences: There was a preference for warm-coloured light and natural lighting, with LED, incandescent, or halogen lights favoured. Respondents also preferred downlights or bulb-shaped lamps, and universally liked tabletop lights due to the control they offered over positioning and direction.
Environment-Specific Lighting: Participants expressed a strong dislike for lighting systems in retail, supermarkets, libraries, and medical waiting rooms, preferring more controlled and comforting lighting in their own homes. 
Ameliorating factors: In cases where problematic design features could not be easily changed, Noble suggested that other comforting sensory features could help alleviate negative impacts.
[bookmark: _Toc197347149]2.3	Summary and Discussion
[bookmark: _Toc197347150]Findings of the umbrella review 
[bookmark: _Toc131381731][bookmark: _Toc131383501]The 10 review articles included in the current umbrella review highlight recommendations for built design features in residential, workplace, educational, and healthcare settings tailored to autistic individuals’ needs. These were reflected in two broad areas, responses to sensory sensitivities, and special design and layout.
Regulation of sensory sensitivities 
Sound: Create quiet spaces and minimise noise and sound transmission [17] with sound-proofing materials, acoustic panels, soft materials, and zoning [18, 23-26].
Lighting: Use natural, diffused, or adjustable lighting (e.g., dimmers, blinds) [18] [20-22] and avoid fluorescent or flickering lights [23, 26].
Air quality and odour: Improve cross-ventilation [20-23, 25, 26] and use non-toxic materials [24] to regulate air quality and temperature.
Temperature: Provide individual temperature controls [17].
Sensory seeking: provide sensory rooms or spaces [24] and allow for safe movement (e.g., pacing) [24], and alternative seating (e.g., mats, therapy balls, rocking chairs) [17, 20-22].
Spatial design and layout
Clear layouts: Use predictable layouts with distinct spaces for specific activities, and provide visual cues (e.g., signage, colour coding), for wayfinding, and highlight changes in depth, edges, steps (e.g., through textured surfaces, high-contrast markings) to enhance safety [23-25].
Aesthetics: Favour neutral, simple colour schemes and avoid visual or physical clutter [18, 20-23, 26].
Flexibility and personal control: Ensure adaptable spaces that accommodate diverse needs and allow personal sensory adjustments (e.g., adjustable lighting, thermostats) [18, 20-25].
Social and withdrawal spaces: Balance spaces for social interaction with private areas for withdrawal to reduce sensory overload [17, 18, 20-24].
Transitional zones: Create spaces to separate high- and low-stimuli zones [23, 25, 26].
Built design strategies in specific settings
In addition to general recommendations, the review identified tailored strategies for specific settings:
Residential: Emphasise familiarity, predictability, and sensory-friendly spaces, including sensory rooms and areas for socialising, hobbies, and movement (e.g., pacing) [17].
Workplaces: Provide separate, private office spaces with noise-dampening walls, high cubicles/screens, adjustable lighting, and clutter-free work areas. Break rooms should be available for socialising, and remote working options should be considered [18].
Educational settings: Reduce visual and auditory distractions in classrooms, including clutter, bright lighting, and background noise, avoiding open-plan, multifunction spaces [23] and providing alternative seating for proprioception (e.g., therapy balls, cushions) [19].
Healthcare: Design calming waiting and treatment areas with sensory adjustments like dimmed lights and soft music. Sensory-friendly activities should be available for decompression, and clutter (e.g., cables and equipment) should be minimised [20-22].
[bookmark: _Toc197347151]Aotearoa New Zealand research
In addition to the international findings, Aotearoa-specific research was explored to supplement the perspectives of members with lived experience and professional knowledge. Through a more inclusive search strategy, one relevant local study was identified: Beth Noble’s research on autistic lighting preferences. This research mirrored international findings, especially regarding discomfort with flickering and harsh lighting systems, and emphasised preferences for warm, natural light, and adjustable lighting systems. These findings suggest that New Zealand’s autistic population shares similar concerns to those raised in the umbrella review, particularly regarding interior lighting in medical and community spaces.
Further research from Aotearoa New Zealand explored innovative learning environments, but did not meet inclusion criteria as it did not focus on the experiences of autistic children [61] or explicitly address the built environment [62]. Researchers in New Zealand have argued that innovative learning environments have yet to fully address the sensory needs of students with disabilities, including autistic individuals [63]. 
[bookmark: _Toc197347152]Limitations of the umbrella review 
The umbrella review is constrained by the structured methodology it follows, as well as the quality of the studies it examines. While the search strategy was comprehensive and inclusive, employing a broad range of search terms, it resulted in a diverse set of review questions relevant to the topic. However, the exploratory nature of the search means that some studies may have been overlooked due to the initial selection process, which relied on abstracts alone. Where information was unclear, full-text versions of studies were retrieved to minimise the risk of excluding potentially relevant research. Additional searching, including references from retrieved studies and relevant narrative reviews, expanded the pool of eligible studies.
Geographically, most of the included reviews were led by researchers from Europe, North America, and Australia, focusing on primary studies predominantly from Western, industrialised countries, particularly the United States. This raises concerns about the generalisability of the findings to populations in Aotearoa New Zealand, especially for Māori and Pacific peoples. In particular, it is important to consider how these findings align with the Crown's obligations under Te Tiriti o Waitangi to ensure equitable health outcomes for Māori[footnoteRef:6]. To also consider local evidence, New Zealand-based primary research was also incorporated into the review, with broader criteria for the study design and timeframe (2004–2024). [6:  See https://www.health.govt.nz/system/files/documents/publications/achieving-equity-in-health-outcomes-summary-of-a-discovery-process-30jul2019.pdf] 

[bookmark: _Toc197347153][bookmark: LimEvBase]Limitations of the evidence base 
The studies examined in this review have several methodological flaws, which may introduce biases and uncertainty regarding the reliability and validity of the findings. In many cases, the sample populations were heterogeneous and poorly characterised in terms of clinical history, cognitive abilities, ethnicity, co-occurring conditions, support needs, and sensory profiles. Underrepresentation of autistic individuals with high and complex needs, preschool children, and adults in healthcare settings further limits the applicability of the findings. Studies involving children also tended to rely on parent-reported data, which may not accurately reflect the lived experiences of autistic individuals.
In the current review, a significant portion of the research relied on interviews and surveys to describe self-reported design preferences and sensory needs. However, there was a lack of controlled group studies that directly assessed autistic people's responses to changes in built design variables. One exception was a review on physical modifications in learning environments, which predominantly used single-case experimental designs. For the neurotypical population, there have been decades of experimental research in controlled environments which have identified the precise technical specifications with respect to lighting (e.g., lumens, PWM Hz, lux); ventilation (e.g., CO2, ppm, VOCs, flow rates, ACH); thermal comfort (e.g., air temperature, humidity, radiant temperature, air velocity); paint choices (e.g., RGB); acoustics (dB, absorption, STI, STC, RT), etc. However such studies have rarely been replicated with autistic participants (Beth Noble, personal communication, 19 January 2024). These methodological limitations make it challenging to implement recommended principles in built design for autistic users with technical specificity.
Most studies on built environments have focused on school classrooms and homes, with growing attention to hospital emergency departments and office-based work environments for autistic people. Research on residential design for autistic adults, particularly in independent living settings, remains sparse. Furthermore, there is a noticeable lack of literature on the design of recreational and leisure spaces, as well as urban environments more broadly.
Measurement of environmental variables was often imprecise, with insufficient objective measurements of physical features such as light intensity or sound pitch [19]. This lack of precision complicates replication in other studies and makes it difficult to translate design features into standardised guidelines [26]. Moreover, inconsistencies in outcome measurement tools—such as the absence of common variables in healthcare settings—further hinder cross-study synthesis and the drawing of clear conclusions.
[bookmark: _Toc197347154]Future research 
Future research must address the methodological gaps in current studies. It is crucial to include diverse participant samples, representing a diversity of ages, genders, ethnicities, and sensory profiles. Additionally, studies should account for all sensory processing modalities (e.g., seeking, avoiding, sensitivity, low registration) to develop environments that cater to a wide range of need profiles [18, 19].
There is a need for research specifically on residential design for autistic adults, conducted in various housing contexts, to explore the housing needs of both autistic individuals and (where co-habiting) those supporting them. This should include diverse living arrangements such as independent living, flat-sharing, multi-generational family settings, supported care, and aged care facilities. Expanding research into urban spaces—such as sports centres, hospitality, supermarkets and retail malls—will also help realise the goal of autism-friendly cities [25].
To advance beyond exploratory studies, experimental methodologies are required to assess the effectiveness of environmental modifications. Research should test hypotheses about design features and their impacts on autistic individuals' outcomes compared to control groups. Small-scale studies showing promising results should be expanded to larger samples across various settings to assess generalisability. Additionally, qualitative and observational studies should be conducted alongside quantitative research to gain a deeper understanding of which design features work for specific individuals and contexts.
Personalised solutions, informed by advances in technology and building materials, should be developed to meet the spatial and sensory needs of autistic individuals. Smart home systems and the Internet of Things can play a role in allowing individuals to tailor their environments [23]. Autistic individuals should be central collaborators in co-designing these environments, ensuring that their experiences and preferences are reflected in research and design.
More consistent use of standardised outcome measures and validated measurement tools is essential for synthesising research findings. Objective measurements of sensory experiences, such as physiological parameters (e.g., metabolic rate or skin temperature), could provide additional insights into how environmental changes affect autistic individuals [26].
While implementing autism-friendly built environments may incur costs, the potential benefits—such as improved care outcomes in healthcare settings—can offset these expenses. Studies should assess the economic impact of environmental modifications, including staff training and resource investments, and demonstrate the return on investment.
Finally, future research should carefully consider which outcomes are selected and how they are interpreted. For example, in the review of learning activities, behavioural indicators of being “on task” or “engaged in learning” included greater in-seat behaviour, and lesser spontaneous verbalisations and stereotyped and repetitive behaviours, with examples including complaining, repetitive speech, producing loud sounds, and covering of ears [19]. Such behaviours may instead reflect authentic self-expression of autism/takiwātanga, or signs of distress or emotional overload. The impact of design modifications to the built environment on outcomes including quality of life, mood and sleep quality are also important to assess. Finally, research in Aotearoa New Zealand should prioritise understanding how environmental features can be tailored to the needs of autistic Māori and Pacific Peoples.
[bookmark: _Toc371965361][bookmark: _Toc511695513][bookmark: _Toc8216576][bookmark: _Toc25763906][bookmark: _Toc56091730][bookmark: _Toc68714943][bookmark: _Toc102405151][bookmark: _Toc68714954][bookmark: _Toc131381735][bookmark: _Toc131383505][bookmark: _Toc197347155][bookmark: _Toc102405155][bookmark: _Toc184964850][bookmark: _Toc311630039][bookmark: _Toc311631997][bookmark: _Toc214642298][bookmark: _Toc214642602][bookmark: _Toc214993667][bookmark: _Toc214994209][bookmark: _Toc216717531][bookmark: _Toc227063496][bookmark: _Toc227063712][bookmark: _Toc227064782][bookmark: _Toc227125035][bookmark: _Toc275181371][bookmark: _Toc288166899][bookmark: _Toc309328778][bookmark: _Toc345035366][bookmark: _Toc352193714][bookmark: _Toc352193828][bookmark: _Toc352194110][bookmark: _Toc183493334][bookmark: _Toc183683341][bookmark: _Toc183692911]2.4	Conclusions
[bookmark: _Toc197347156]Overview
This systematic umbrella review has synthesised the most recent research on design features of built environments that meet the needs of autistic people/tāngata whaitakiwātanga. The review updates the evidence base for the Aotearoa New Zealand Autism Guideline: He Waka Huia Takiwātanga Rau (2022) [1], with new or revised Recommendations and Good Practice Points presented in Part 3.
The design of physical environments tailored to autistic individuals has become an increasingly important area of research over the last decade. This evolving field is explored in studies published since 2019, with ten peer-reviewed secondary studies identified for inclusion [17-26]. These reviews examined various settings where autistic people engage with the built environment, including residential settings [17], workplaces [18], schools/learning environments [19], healthcare settings [20-22], and mixed settings [23-26]. Additionally, a primary research study conducted in New Zealand was identified and provides local context on the applicability of international evidence.
The reviews selected for appraisal were of moderate to high methodological quality. However, limitations in the primary studies were evident and have shaped the conclusions drawn here.
[bookmark: _Toc184864633][bookmark: _Toc197347157]Features of autistic-friendly built environments
The ten appraised reviews emphasise the importance of intentional design that promotes accessibility, comfort, and well-being for autistic individuals in environments where they live, learn, work, receive services, and participate in the community. Key principles for designing inclusive environments for autistic people:
Sensory-friendly: Create calming, low-stimulation spaces that incorporate noise dampening, dim lighting, ventilation, and temperature control. Allow room for sensory-seeking activities and proprioception, including stimming, movement, and alternative seating options.
Flexibility: Use adaptable designs to accommodate diverse needs. Provide adjustable settings for lighting, heating, and sound to allow personal control over one’s environment and reduce sensory overload.
Spatial design: Ensure layouts are clear and organised, minimising visual and physical clutter. Use visual supports for wayfinding and offer options for both social interaction and personal retreat.
Predictability and inclusion: Design spaces to be predictable and safe, with careful spatial sequencing, and clear transitions between rooms, uses or surface levels. Highlight changes in depth, edges, steps, and hazards (e.g., through textured surfaces, high-contrast markings).Co-design: Actively involve autistic individuals in the design process to ensure the environment meets their unique needs.
Autistic-friendly design benefits everyone: Many design features intended for autistic individuals can benefit neurotypical users as well.
Specific advice for various environments includes:
Residential: Emphasise familiarity, predictability, and sensory-friendly spaces, including sensory rooms and areas for socialising, hobbies, and movement (e.g., pacing).
Educational Settings: Avoid open-plan, multifunctional spaces where possible. Provide alternative seating options (e.g., therapy balls, cushions) to support proprioception. Include spaces for sensory breaks, stimming, and decompression.
Healthcare Settings: Create separate, calming spaces for waiting and treatment areas, away from public traffic. Allow for sensory-friendly activities and movement.
Workplaces: Provide private or screened workspaces, and dedicated break rooms for social interaction. Where possible, offer remote and hybrid work options to help manage sensory overload.
Aotearoa New Zealand research 
A research study from Aotearoa New Zealand [64] complements and extends international findings, particularly in the area of interior lighting. The study revealed that autistic individuals tend to dislike flickering, harsh, or linear lighting systems, while preferring warm, natural light and lighting fixtures such as downlights and table lamps. Autistic individuals also preferred having control over the direction, position, intensity of lighting, and individual switching for lamps. These findings are consistent with and support those of the reviewed international literature.
Limitations and future research
While the reviews provide valuable insights, they also highlight several limitations, including small sample sizes and a need for more robust research to specify and evaluate the performance, application and suitability of design choices.
Research that specifies the parameters of features of the built environment that are suitable for autistic people is still in its infancy. Future studies should focus on improving methodological rigor, expanding sample diversity, and using robust experimental designs to quantify technical specifications of design elements in both laboratory and real-world settings.
[bookmark: _Toc184864634][bookmark: _Toc197347158]Conclusions
The recommendations focus on creating environments that are low-stimulation, predictable, and adaptable to accommodate sensory and social needs. Whether applied in homes, workplaces, schools, or healthcare facilities, these features are designed to enhance comfort, accessibility, inclusion, and quality of life for autistic individuals. 
When interpreting and applying the broad design principles recommended in the current review, expertise should be sought in architectural design and accessibility both from a lived autistic experience and a technical perspective. 
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[bookmark: _Toc352195821][bookmark: _Toc371965372][bookmark: _Toc511695524][bookmark: _Toc8216584][bookmark: _Toc23969212][bookmark: _Toc25758609][bookmark: _Toc25763911][bookmark: _Toc56091738][bookmark: _Toc68714955][bookmark: _Toc102405158][bookmark: _Toc131381736][bookmark: _Toc131383506][bookmark: _Toc184864635][bookmark: _Toc197347159][bookmark: Part3]Part 3:  Recommendation development
[bookmark: _Toc214642299][bookmark: _Toc214642603][bookmark: _Toc214993668][bookmark: _Toc214994210][bookmark: _Toc216717532][bookmark: _Toc311630040][bookmark: _Toc311631998]The Living Guideline Group (LGG) were tasked with considering the systematically reviewed evidence reported in Part 2. 
The text and graded ‘strength of evidence’ (see Appendix 1, Table A1.2) of any potential new Recommendations were considered at an all-day meeting. The Summary Table of the Executive Summary summarises the new Recommendations and Good Practice Points.
Where considered helpful, these decisions are accompanied by additional explanatory text, and/or with a brief rationale which highlights any particular issues that the LGG took into account. 
[bookmark: _Toc345035367][bookmark: _Toc352193715][bookmark: _Toc352193829][bookmark: _Toc352194111][bookmark: _Toc352195822][bookmark: _Toc371965373][bookmark: _Toc511695525][bookmark: _Toc8216585][bookmark: _Toc25763912][bookmark: _Toc56091739][bookmark: _Toc68714956][bookmark: _Toc102405159][bookmark: _Toc131381737][bookmark: _Toc131383507][bookmark: _Toc184864636][bookmark: _Toc197347160]Decisions of the Living Guideline Group
[bookmark: _Toc8216586][bookmark: _Toc25763913][bookmark: _Toc56091740][bookmark: _Toc68714957][bookmark: _Toc102405160][bookmark: _Toc131381738][bookmark: _Toc131383508][bookmark: _Toc184864637][bookmark: _Toc197347161][bookmark: _Toc345035375][bookmark: _Toc371965375][bookmark: _Toc511695526]Preamble
[bookmark: _Toc131381739][bookmark: _Toc131383509]A systematic review was conducted to inform the LGG’s revision and development of recommendations to update the Guideline relating to design features of built environments that meet the needs of autistic people/tāngata whaitakiwātanga. These are features designed to enhance comfort, accessibility, inclusion, and quality of life for autistic individuals.
This ‘umbrella review’ (review of reviews) identified 10 peer-reviewed systematic review studies published since 2019, and one New Zealand primary study. There was a wide range of settings represented in the reviewed research, including residential, schools, workplaces and healthcare.
Autistic individuals often experience challenges in processing sensory information, including hypersensitivity (exaggerated response to stimuli) and hyposensitivity (reduced response to stimuli). These systems (see Table 3.1 of the Guideline) include: auditory (sound); visual (sight); olfactory (smell); gustatory (taste); tactile (touch); vestibular (balance and orientation in space); proprioception (movement from muscles and joints); and interoception (sensation from one’s physical and physiological state). Such sensitivities can negatively affect well-being, sleep, concentration, sociability, and anxiety, potentially leading to sensory shutdowns or meltdowns.
In recent years, architects, designers, and researchers have increasingly sought to create built environments that are more accessible for autistic individuals, improving inclusion in their community and their quality of life. Universal Design Principles[footnoteRef:7] guide ensuring accessibility for all. As a bi-cultural nation with a unique history and heritage, it is also important to reflect Te Ao Māori in our built environment, and to ensure that designs respect and reinforce cultural values (e.g., Te Ao Tangata[footnoteRef:8]).  [7:  https://www.building.govt.nz/building-code-compliance/d-access/accessible-buildings/about/practical-application-of-universal-design]  [8:  https://www.aucklanddesignmanual.co.nz/en/design-guidance/universal-design.html] 

[bookmark: _Toc184864638]Design considerations include structural elements (e.g., spatial layouts and materials), sensory factors (e.g., lighting, acoustics, thermal comfort, and odours), and interior features (e.g., signage, décor, and furniture). The umbrella review focused on the design of built environments across various settings: homes, educational institutions, workplaces, healthcare facilities, and other public spaces. However the LGG note that its recommendations for design principles can be applied to other settings, including retail premises, recreational and sport facilities, transport buildings, community centres, libraries, places of worship, outdoor spaces and events, and others. 
Design features intended for autistic individuals can also meet the needs of undiagnosed autistic people, other neurodivergent people, and indeed everyone.
[bookmark: _Toc197347162]Existing Recommendation
Recommendation 3.2.3.3. Environments and tasks should be adapted to minimise negative sensory reactions, perceptual distortions, or motor difficulties (Grade C)
changed to 
Revised Recommendation 3.2.3.3. Learning environments and tasks should be adapted to minimise negative sensory reactions, perceptual distortions, or motor difficulties (Grade C)
Rationale: Largely unchanged as it remains current. However “environments” is changed to “learning environments” for clarity. 
[bookmark: _Toc197347163]New Recommendations
New Recommendation 3.2.3.5: When designing or modifying a built environment that is inclusive for autistic people, the following factors must be addressed. (Grade A)
Sensory sensitivities and preferences: Create calming, low-stimulation spaces by using elements such as noise dampening, adjustable lighting (e.g., dimmable bulbs, blinds and diffuser covers over windows), cross-ventilation (for air quality and odour moderation), and temperature control. Allow room for sensory-seeking activities and proprioception, including stimming, movement, and alternative seating options.
Flexibility: Use adaptable designs to accommodate individual needs; such as adjustable settings for lighting, heating, and sound to allow personal control over one’s environment and reduce sensory overload.
Spatial design: Ensure layouts are clear and organised, minimising visual and physical clutter. Use visual supports for wayfinding. Offer options for both social interaction and personal retreat. 
Predictability and inclusion: Design spaces to be predictable and safe, with careful spatial sequencing, and clear transitions between rooms, uses or surface levels. Use different textures or markings to highlight edges, steps, and hazards.
Rationale: There is variation in the quality of primary studies appraised in the systematic reviews. However, the principles are highly consistent and appear robust leading to a Grade of A.
Additional text: For sensory sensitivities and preferences, see Table 3.1 for information about sensory systems relevant to autistic experiences. 
When interpreting and applying these principles, expertise should be sought in architectural design and accessibility both from a lived autistic experience and a technical perspective[footnoteRef:9]. For examples of implementation, readers are advised to consider the primary research studies referenced in the umbrella review.  [9:  One source of information is the New Zealand Centre for Sustainable Cities, a cross-institutional group of researchers, designers and educators focused on designing housing and urban environments to be more accessible for autistic people and other neurodivergent people.] 

Note: This Recommendation is relevant to several settings and therefore is duplicated in other areas (Parts) of the Guideline. These include Recommendation 2.3.6b, 4.2.5, and 5.1.9b.
New Recommendation 3.2.3.4: In designing education and learning spaces that are inclusive for autistic people, create low-stimulus compartmentalised zones, and provide alternative seating options (e.g., therapy balls, cushions) to support proprioception. Include spaces for sensory breaks, stimming, and decompression. Modify unstructured open-plan and multifunction spaces to meet sensory needs (see also Recommendation 3.2.3.5). (Grade B) 
Additional text: “Stimming or self-stimulatory behaviours are repetitive or ritualistic movements, uses of objects, words or sounds that help an individual self-regulate and cope with sensory overwhelm or emotions. Decompression is when a person seeks to reduce stress and pressure, especially from sensory over-stimulation”.
New Recommendation 2.3.6a: In designing or modifying health and hauora spaces that are inclusive for autistic people, create separate, calming spaces for waiting and treatment areas, away from public traffic. Allow for sensory-friendly activities and movement. (Grade B)
Note: this Recommendation is relevant to and therefore is duplicated in Part 4 of the Guideline as Recommendation 4.2.6.
New Recommendation 5.1.9a: In designing or modifying work environments that are inclusive for autistic people, provide private or screened workspaces for office workers, and dedicated break rooms for social interaction. Where possible, offer remote and hybrid work options to help manage sensory overload. (Grade B)
New Recommendation 5.2.6a: In designing or modifying living spaces that are inclusive for autistic people, emphasise familiarity, predictability, and sensory-friendly spaces, including sensory rooms and areas for socialising, hobbies, and movement (e.g., pacing). (Grade B) (see also Recommendation and GPP 5.1.9b, 5.1.9c, and 5.1.9d)
[bookmark: _Toc197347164]New Good Practice Points
New Good Practice Point 7.6a: In designing or modifying the built environment, respect and reinforce cultural values that are strongly grounded in the concepts of place and belonging intrinsic to Te Ao Māori.  Be Māori led, and include active involvement of tāngata whaitakiwātanga, in the design and modification process to ensure the environment meets their unique needs.
New Good Practice Point 8.10: In designing or modifying the built environment, foster the expression of Pacific cultural values (underpinned by broadly relevant Pacific–Indigenous concepts). Include multiple Pacific perspectives in the design process where possible, including tagata sa’ilimalo (Pacific autistic people, family, carers and supporters).
Note: The term ‘Pacific-Indigenous’ was coined by Dr Siautu Alefaio, Pacific Professor of Psychology[footnoteRef:10]. The term tagata sa’ilimalo was developed by Tōfā Mamao Collective.[footnoteRef:11] [10:  Alefaio, S. (2018). Samoan indigenous psychology. In Li, W. W., Hodgetts, D., & Foo, K. H. (Eds.), Asia-Pacific Perspectives on Intercultural Psychology (pp. 218–231). Routledge.]  [11:  https://www.tofamamao.com/about] 

New Good Practice Point 3.2.3.6: In designing or modifying the built environment, be led by and/or actively involve autistic individuals in the design and modification process to ensure the environment meets their unique needs.
Note: This Good Practice Point is relevant to several settings and therefore is duplicated in other areas (Parts) of the Guideline. These include Good Practice Point 2.3.6c, 4.2.7, and 5.1.9c.
New Good Practice Point 3.2.3.7: In designing or modifying the built environment, ensure that spaces and places are culturally safe and allow autistic individuals to have their cultural needs met, consistent with Universal Design Principles.
Note: This Good Practice Point is relevant to several settings and therefore is duplicated in other areas (Parts) of the Guideline. These include Good Practice Point 2.3.6d, 4.2.8, and 5.1.9d.
[bookmark: _Toc197347165]Guideline Table revision
	Sensory system
	Description
	Examples of sensory sensitivities and preferences

	Gustatory
	Provides information about different types of tastes
	Dislike of strong tastes
Craving strong tastes
Eating non-edible items (‘pica’)
Eating a restricted range of foods

	Interoception 
	Provides information about physical and physiological states
	Being unaware of, hyperaware of, or misinterpreting body signals relating to 
· hunger and thirst 
· pain and temperature 
· the urge to eliminate 
Alexithymia (difficulty identifying/describing/expressing emotions)


The LGG also recommended that Table 3.1 of the Guideline [1] be changed to reflect the current understanding of eight sensory systems, adding interoception, and separating gustatory from taste as a distinct system. These revisions are presented below.
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Search strategies were limited to publications from January 1 2019 onwards. Database searches were conducted on 8 August 2024 and were re-run on 3 October 2024 to update publications in the intervening period. Full search strategies are available upon request. 
[bookmark: _Toc6871246][bookmark: _Toc72778154][bookmark: _Toc101305647][bookmark: _Toc131381750][bookmark: _Toc131383520][bookmark: _Toc159792472][bookmark: _Toc197347175]Databases
Seven bibliographic databases were included in the search strategy, listed below.
· E-Journals (EBSCO-Host)
· Medline (EBSCO-Host) 
· Cinahl (EBSCO-Host) 
· ERIC (EBSCO-Host)
· PsycInfo (EBSCO-Host) 
· EMBASE (OVID) 
· Cochrane Database (Cochrane Library)
[bookmark: _Toc6871247][bookmark: _Toc72778155][bookmark: _Toc101305648][bookmark: _Toc131381751][bookmark: _Toc131383521][bookmark: _Toc159792473][bookmark: _Toc197347176]Search terms 
A combination of search terms were developed (with word variations also searched) and adapted for different database platforms (EBSCOhost and OVID). Searches were initially limited to those involving human participants, and published in peer-reviewed Journals since January 2019. Dissertations were excluded, and there were no language restrictions applied.
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In addition, reference lists from relevant systematic reviews and included studies were manually checked for further eligible studies.
The following illustrative search syntax is offered below:
	S9
	(S5 AND S6 AND S7 ) NOT (PT (letter OR editorial OR comment OR case reports OR historical article OR published erratum OR retracted publication OR retraction of publication) ) NOT TI (protocol OR protocols OR withdrawn OR reply or books or chapters or conference abstract ) NOT AB (atrial septal defect OR acute stress disorder OR adult spinal deformity OR adjacent segment degeneration ) 

	S8
	S5 AND S6 AND S7 

	S7
	(S1 OR S2 ) OR (S3 AND S4 ) 

	S6
	TI (built design or built environment or architect* or interior design or sensory design or inclusive design or universal design or facility design or building design or human-centred design or human-centered design or human centred design or human centered design or urban design or physical space or environment* design, home modification or physical environment or indoor environment or modern learning environments or innovative learning environment or new generation learning environments or flexible learning spaces or ideal learning environment or design guide or design feature or autis*-friendly or autis* friendly or neurodiversity-friendly architecture or neurodiversity-friendly home or neurodiversity-friendly housing or neurodiversity-friendly building or neurodiversity-friendly design or home design or therapeutic landscape or residence characteristics or residential design or office design or classroom design) OR AB (built design or built environment or architect* or interior design or sensory design or inclusive design or universal design or facility design or building design or human-centred design or human-centered design or human centred design or human centered design or urban design or physical space or environment* design, home modification or physical environment or indoor environment or modern learning environments or innovative learning environment or new generation learning environments or flexible learning spaces or ideal learning environment or design guide or design feature or autis*-friendly or autis* friendly or neurodiversity-friendly architecture or neurodiversity-friendly home or neurodiversity-friendly housing or neurodiversity-friendly building or neurodiversity-friendly design or home design or therapeutic landscape or residence characteristics or residential design or office design or classroom design ) OR SU (built design or built environment or architect* or interior design or sensory design or inclusive design or universal design or facility design or building design or human-centred design or human-centered design or human centred design or human centered design or urban design or physical space or environment* design, home modification or physical environment or indoor environment or modern learning environments or innovative learning environment or new generation learning environments or flexible learning spaces or ideal learning environment or design guide or design feature or autis*-friendly or autis* friendly or neurodiversity-friendly architecture or neurodiversity-friendly home or neurodiversity-friendly housing or neurodiversity-friendly building or neurodiversity-friendly design or home design or therapeutic landscape or residence characteristics or residential design or office design or classroom design) 

	S5
	TI (autism or autistic or asperger or aspergers OR ASD ) OR AB (autism or autistic or asperger or aspergers OR ASD ) OR SU (autism or autism spectrum disorder) 

	S4
	TI (study selection OR selection criteria OR eligibility criteria OR inclusion criteria OR exclusion criteria) OR AB (study selection OR selection criteria OR eligibility criteria OR inclusion criteria OR exclusion criteria ) 

	S3
	TI (search* OR medline OR pubmed OR embase OR CINAHL OR psycinfo OR cochrane ) OR AB (search* OR medline OR pubmed OR embase OR CINAHL OR psycinfo OR cochrane ) 

	S2
	TI (systematic overview*) OR TI (Cochrane review*) OR TI (systematic review*) OR TI (scoping review) OR TI (scoping literature review) OR TI (mapping review) OR TI (umbrella review*) OR TI (review of reviews) OR TI (overview of reviews) OR TI (meta-review) OR TI (integrative review) OR TI (integrated review) OR TI (integrative overview) OR TI (meta-synthesis) OR TI (metasynthesis) OR TI (quantitative review) OR TI (quantitative synthesis) OR TI (research synthesis) OR TI (meta-ethnography) OR TI (systematic literature search) OR TI (meta-analyses) OR TI (metaanalyses) OR TI (meta-analysis) OR TI (metaanalysis) OR TI (meta-analytic review) OR TI (meta-analytical review) OR PT (meta-analysis) OR PT (systematic review)

	S1
	TI systematic* AND TI review 



The Cochrane Library search was for review articles searched through the following syntax in the title, abstract or keyword, as follows: 
(autism OR autistic OR asperger OR aspergers OR ASD)
AND
(systematic review OR systematic overview OR Cochrane review OR scoping review OR scoping literature review OR mapping review OR umbrella review OR review of reviews OR overview of reviews OR meta-review OR integrative review OR integrated review OR integrative overview OR meta-synthesis OR metasynthesis OR quantitative review OR quantitative synthesis OR research synthesis OR meta-ethnography OR systematic literature search OR meta-analyses OR metaanalyses OR meta-analysis OR metaanalysis OR meta-analytic review)
AND
(built design or built environment or architect* or interior design or sensory design or inclusive design or universal design or facility design or building design or human-centred design or human-centered design or human centred design or human centered design or urban design or physical space or environment* design or home modification or physical environment or indoor environment or modern learning environments or innovative learning environment or new generation learning environments or flexible learning spaces or ideal learning environment or design guide or design feature or autism-friendly or autism friendly or autistic-friendly or autistic friendly or neurodiversity-friendly architecture or neurodiversity-friendly home or neurodiversity-friendly housing or neurodiversity-friendly building or neurodiversity-friendly design or home design or therapeutic landscape or residence characteristics or residential design or office design or classroom design )
[bookmark: _Toc197347177][bookmark: _Toc131381752][bookmark: _Toc131383522]Data Management
All records were imported into EndNote reference management software (version 20, Clarivate Analytics). Duplicates were removed iteratively using EndNote’s duplication identification tool and manual review (n=61). This process resulted in 224 unique potentially eligible abstracts (see Figure 1). 
Hand searching of journals and contacting authors for unpublished research were not conducted. Authors were contacted for clarification when necessary.
The search strategy resulted in the identification of 224 unique abstracts, of which 10 met the inclusion criteria.
[bookmark: _Toc197347178]New Zealand-based qualitative research
To assess the relevance and applicability of the international systematic review findings to the cultural and service context of Aotearoa New Zealand, a second search was conducted on October 3, 2024. This search focused on studies involving Aotearoa New Zealand-based participants of all ages. The findings from these studies were narratively summarised as background material and were not subject to critical appraisal.
The search strategy for the umbrella review was modified by removing the methodology filters and adding specific terms such as ‘New Zealand,’ ‘Māori,’ and ‘Aotearoa’ across all search fields. The updated search strategy is outlined below.

	S5
	AF (New Zealand OR Maori OR Aotearoa) AND S4

	S4
	S3 NOT PT ((letter OR editorial OR comment) OR (case AND reports) OR (historical AND article) OR (published AND erratum) OR (retracted AND publication) OR (retraction AND publication))
NOT TI (protocol OR protocols OR withdrawn OR reply OR books OR chapters OR conference AND abstract)
NOT AB ((atrial AND septal AND defect) OR (acute AND stress AND disorder) OR (adult AND spinal AND deformity) OR (adjacent AND segment AND degeneration))

	S3
	S1 AND S2

	S2
	TI (built design or built environment or architect* or interior design or sensory design or inclusive design or universal design or facility design or building design or human-centred design or human centred design or urban design or physical space or environmental design or home modification or physical environment or indoor environment or modern learning environment or innovative learning environment or new generation learning environment or flexible learning spaces or ideal learning environment or design guide or design feature or autism-friendly or autism friendly or residential design or office design or classroom design ) OR AB (built design or built environment or architect* or interior design or sensory design or inclusive design or universal design or facility design or building design or human-centred design or human centred design or urban design or physical space or environmental design or home modification or physical environment or indoor environment or modern learning environment or innovative learning environment or new generation learning environment or flexible learning spaces or ideal learning environment or design guide or design feature or autism-friendly or autism friendly or residential design or office design or classroom design)

	S1
	TI (autism OR autistic OR asperger OR aspergers OR ASD) OR AB (autism OR autistic OR asperger OR aspergers OR ASD) OR SU (autism OR autistic OR asperger OR aspergers OR ASD)



Databases included Medline, Cinahl, ERIC, PsycInfo, Australia/New Zealand Reference Centre Plus (searched through EBSCO-Host) and Embase (searched through Ovid, omitting S4 limiters).
The searches were limited to studies involving human participants, published in peer-reviewed academic journals from 2004 onward. Case studies and autobiographical accounts were excluded. 
For postgraduate dissertations, a separate search strategy was employed using the DigitalNZ theses database (www.digitalnz.org), utilising the following search terms:  
(autism or autistic or ASD or asperger or aspergers) AND (built design or built environment or architecture or interior design or sensory design or inclusive design or universal design or facility design or building design or human-centred design or human centred design or urban design or physical space or environmental design or home modification or physical environment or indoor environment or modern learning environment or innovative learning environment or new generation learning environment or flexible learning spaces or ideal learning environment or design guide or design feature or autism-friendly or autism friendly)
This strategy identified 138 unique abstracts. Five were obtained as full text, and one met criteria for inclusion. 
[bookmark: _Toc197347179]Practice guideline websites
To supplement the review, relevant guidelines published in English since 2019 were sought from the following websites:
EBM Portal
BVSALUD
PMC
SIGN
US Preventive Services Task Force
[bookmark: _Toc197347180]A1.3 Study selection
[bookmark: _Toc131381754][bookmark: _Toc131383524][bookmark: _Toc159792477]Study selection, data extraction, critical appraisal, and synthesis were conducted by a single autism researcher (the author), who has experience in conducting 18 systematic reviews in the field of autism.
[bookmark: _Toc197347181][bookmark: _Toc67576619]Levels of evidence
Research studies are classified according to their methodological strengths and limitations. This classification forms the evidence hierarchy [65], with higher-level studies (Level I) having greater robustness and less bias. Systematic reviews and meta-analyses, particularly those including high-quality studies, represent the highest level of evidence.
In line with the evidence-based practice model, research questions are most effectively answered using higher-level evidence, and lower-order evidence is only included in the absence of stronger studies. The umbrella review considered recently published systematic reviews as the 'best evidence,' with primary studies not being individually appraised.


[bookmark: _Toc131381755][bookmark: _Toc131383525][bookmark: _Toc159792478][bookmark: _Toc197347182]Definition of systematic reviews
[bookmark: _Toc159792479]Only systematic reviews published since 2019 were considered for inclusion. Eligible reviews needed to meet the following criteria:
1. A clear statement of the review's purpose.
2. A documented search strategy, including relevant databases and search dates.
3. A transparent selection process for included studies.
4. Findings relevant to the scope of the umbrella review.
[bookmark: _Toc197347183]New Zealand-based research
[bookmark: _Toc56091750][bookmark: _Toc68714966][bookmark: _Toc102405171][bookmark: _Toc131381756][bookmark: _Toc131383526][bookmark: _Toc159792480]For context on local cultural and service factors in Aotearoa New Zealand, primary studies published from 2004 onward, including qualitative studies and postgraduate dissertations, were considered. These studies aimed to describe autistic experiences, including relevance, applicability, acceptability, and feasibility, particularly regarding preferences and values.
[bookmark: _Toc197347184][bookmark: A1_4]A1.4 Data extraction
Study characteristics were extracted for each of the appraised studies and entered into Evidence tables (see Appendix 3). Key features recorded for primary studies included:
· Citation details
· Country of the study (or the first or corresponding author)
· Review type and quality (see Section A1.5 below)
· Review aim and objectives
· Selection criteria
· Search strategy (databases, date range, and process)
· Critical appr methodology
· Key findings
· Author conclusions
[bookmark: _Toc56091751][bookmark: _Toc68714967][bookmark: _Toc102405172][bookmark: _Toc131381757][bookmark: _Toc131383527][bookmark: _Toc197347185][bookmark: A1_5]A1.5 Critical appraisal
31

APPENDIX 1	
Studies were assessed for study quality using the Joanna Briggs Institute (JBI) checklist for systematic reviews and research synthesis [57]. Each of the 11 questions posed in the checklist can be scored as being ‘met’, ‘not met’, ‘unclear’ (or rarely, ‘not applicable’). Items are presented in Table A1.1. 
[bookmark: _Toc117634719][bookmark: _Toc129798591][bookmark: _Toc183392127][bookmark: _Toc184865004][bookmark: TableA1_1]Table A1.1: Critical appraisal checklist for systematic reviews
	1. Is the review question clearly and explicitly stated?

	2. Were the inclusion criteria appropriate for the review question?

	3. Was the search strategy appropriate?

	4. Were the sources and resources used to search for studies adequate?

	5. Were the criteria for appraising studies appropriate?

	6. Was critical appraisal conducted by two or more reviewers independently?

	7. Were there methods to minimize errors in data extraction?

	8. Were the methods used to combine studies appropriate?

	9. Was the likelihood of publication bias assessed?

	10. Were recommendations for policy and/or practice supported by the reported data?

	11. Were the specific directives for new research appropriate?






















Source: Joanna Briggs Institute [57]
[bookmark: _Toc56091752][bookmark: _Toc68714968][bookmark: _Toc102405173][bookmark: _Toc131381758][bookmark: _Toc131383528][bookmark: _Toc159792482]
Applying a strategy used for an autism umbrella review [66], each item was scored 1 if “met” with scores summed to categorise study quality as follows: low (score 0-5), medium (score 6-8), or high (score 9–11). Reviews rated as being of low quality (scoring under 6) were excluded. 
[bookmark: _Toc197347186][bookmark: A1_6]A1.6 Preparing Recommendations
On February 14, 2025, the Living Guideline Group (LGG) convened to review the findings of the current systematic review. During this meeting, the LGG applied their collective professional judgement and experience to assess the evidence in relation to the research question, considering its relevance and applicability within the Aotearoa New Zealand context. They also reviewed existing Recommendations and Good Practice Points from the Guideline [1] and discussed the development of new ones.
The process of developing Recommendations involves a thorough evaluation of the entire evidence base relevant to the research question. The LGG members weigh the quality, consistency, and applicability of the evidence within the specific context of Aotearoa New Zealand.
Each Recommendation is assigned a grade to reflect the strength of the evidence supporting it. The grading system used by the LGG, which is also applied in the Guideline [1] is outlined in Table A1.2. 
[bookmark: _Toc117634720][bookmark: _Toc129798592][bookmark: _Toc184865005]Table A1.2: Grades for Recommendations
	[bookmark: _Toc116689903][bookmark: _Toc116690100][bookmark: _Toc116769208][bookmark: _Toc116903442][bookmark: _Toc116927493][bookmark: _Toc117634721][bookmark: _Toc129798593][bookmark: _Toc183392128][bookmark: _Toc183392295][bookmark: _Toc184865006]Recommendations
	[bookmark: _Toc116689904][bookmark: _Toc116690101][bookmark: _Toc116690227][bookmark: _Toc116769209][bookmark: _Toc116903443][bookmark: _Toc116927494][bookmark: _Toc117634722][bookmark: _Toc129798594][bookmark: _Toc183392129][bookmark: _Toc183392296][bookmark: _Toc184865007]Grade

	The Recommendation is supported by good evidence (based on a number of studies that are valid, consistent, applicable and clinically relevant)
	A

	The Recommendation is supported by fair evidence (based on studies that are valid, but there are some concerns about the volume, consistency, applicability and clinical relevance of the evidence that may cause some uncertainty but are not likely to be overturned by other evidence)
	B

	The Recommendation is supported by international expert opinion
	C

	The evidence is insufficient, evidence is lacking, of poor quality or opinions conflicting, the balance of benefits and harms cannot be determined
	I

	[bookmark: _Toc116689905][bookmark: _Toc116690102][bookmark: _Toc116690228][bookmark: _Toc116769210][bookmark: _Toc116903444][bookmark: _Toc116927495][bookmark: _Toc117634723][bookmark: _Toc129798595][bookmark: _Toc183392130][bookmark: _Toc183392297][bookmark: _Toc184865008]Good practice point
	[bookmark: _Toc116689906][bookmark: _Toc116690103][bookmark: _Toc116690229][bookmark: _Toc116769211][bookmark: _Toc116903445][bookmark: _Toc116927496][bookmark: _Toc117634724][bookmark: _Toc129798596][bookmark: _Toc183392131][bookmark: _Toc183392298][bookmark: _Toc184865009]Grade

	Where a Recommendation is based on the clinical and educational experiences of members of the Living Guideline Group, or feedback from consultation within Aotearoa New Zealand, it is a Good Practice Point.
	














Strength of the body of evidence is determined across three domains [65]:
· quality (the extent to which bias was minimised as determined by study design and the conduct of the study)
· quantity (magnitude of effect, numbers of studies, sample size or power)
· consistency (the extent to which similar findings are reported.
The wording of Recommendations and Good Practice Points, and the evidence grade, is determined by the LGG through discussion and group consensus during the meeting. 
[bookmark: A1_7][bookmark: _Toc131381759][bookmark: _Toc131383529][bookmark: _Toc197347187]A1.7 Consultation
Seeking comments from stakeholders is vital for peer-review and quality assurance processes in developing the report. In a focused consultation, 11 key stakeholder organisations/individuals were approached for feedback on a late draft of the report. Particular attention was sought regarding the relevance of the report to Aotearoa New Zealand’s services and needs, clarity and ease of use of the report, and implementability of the revised or new Recommendations and Good Practice Points. 
Six of 11 organisations responded to the invitation. The Autism/Takiwātanga Living Guideline Manager (INSiGHT Research) collated feedback and drafted revisions for the Living Guideline Group to consider. 
Suggestions identified in the consultation led to several improvements to the final report. 
INSIGHT Research and the LGG are grateful to those individuals and organisations who participated in the consultation process. 
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[bookmark: _Toc56091754][bookmark: _Toc68714970][bookmark: _Toc102405175][bookmark: _Toc131381760][bookmark: _Toc131383530][bookmark: _Toc159792484][bookmark: _Toc197347188][bookmark: App2]Appendix 2: Abbreviations and glossaries
[bookmark: _Toc56091755][bookmark: _Toc68714971][bookmark: _Toc102405176][bookmark: _Toc131381761][bookmark: _Toc131383531][bookmark: _Toc159792485][bookmark: _Toc197347189]A2.1 Abbreviations and acronyms
[bookmark: _Toc56091756][bookmark: _Toc68714972][bookmark: _Toc102405177][bookmark: _Toc131381762][bookmark: _Toc131383532][bookmark: _Toc159792486][bookmark: _Toc197347190]Miscellaneous Terms 
ASD	Autism Spectrum Disorder
GPP	Good Practice Point
IDD	intellectual and/or developmental disability
INSIGHT Research	INdependent Specialist in Guidelines & Health Technology Research
JBI	Joanna Briggs Institute
k	number of studies
LGG	Living Guideline Group
M	mean
NA	not applicable
N (or n)	number (usually, sample size)
NHMRC	National Health and Medical Research Council (Australia)
NR	not reported
NZ	New Zealand/Aotearoa
PDD	Pervasive Developmental Disorder
PDD-NOS	Pervasive Developmental Disorder – Not Otherwise Specified
PICO	Participants, Intervention, Comparator, Outcomes
PICo	Population, phenomena of Interest, Context
RRBI	restrictive and repetitive behaviour and interests
SOR	sensory over-responsivity
SUR	sensory under-responsivity
TD	typically developing
UK	United Kingdom
US	United States of America
[bookmark: _Toc56091757][bookmark: _Toc68714973][bookmark: _Toc102405178][bookmark: _Toc131381763][bookmark: _Toc131383533][bookmark: _Toc159792487][bookmark: _Toc197347191]Tests, scales and measures 
DSM5	Diagnostic and Statistical Manual of Mental Disorders – 5th edition
GRADE	Grading of Recommendations, Assessment, Development and Evaluations
[bookmark: _Toc56091758][bookmark: _Toc68714974][bookmark: _Toc102405179][bookmark: _Toc131381764][bookmark: _Toc131383534]MMAT	Mixed Methods Appraisal Tool
PRISMA	Preferred Reporting Items for Systematic Reviews and Meta-Analyses
[bookmark: _Toc159792488][bookmark: _Toc197347192]Databases
CINAHL	Cumulative Index to Nursing and Allied Health Literature
EMBASE	Excepta Medica Database
Medline	Medical Literature Analysis and Retrieval System Online
[bookmark: _Toc56091759][bookmark: _Toc68714975]PsycINFO	Psychology Information Database
[bookmark: _Toc102405180][bookmark: _Toc131381765][bookmark: _Toc131383535][bookmark: _Toc159792489][bookmark: _Toc197347193]A2.2 Glossary of terms
Bias
Bias is a systematic deviation of a measurement from the ‘true’ value leading to either an over- or under-estimation of the treatment effect. Bias can originate from many different sources, such as allocation of patients, measurement, interpretation, publication and review of data.
Case series
Case series are collections of individual case reports, which may occur within a fairly short period of time. Cases consist of either only the exposed people with the outcomes, or people with the outcome regardless of the exposure. In neither of these examples can the risk for the outcome be determined
Decompress
To seeks to reduce stress and pressure, especially from sensory over-stimulation 
Generalisability
Applicability of the results to other populations.
Grading of Recommendations, Assessment, Development and Evaluations (GRADE)
GRADE (Grading of Recommendations, Assessment, Development and Evaluations) [67] is a transparent framework for developing and presenting summaries of evidence and provides a systematic approach for making clinical practice recommendations. An effect size is estimated (from a systematic review and/or meta-analysis) and then the quality of evidence is estimated for each outcome. An overall GRADE quality rating can be applied to a body of evidence across outcomes, usually by taking the lowest quality of evidence from all of the outcomes that are critical to decision making.
GRADE has four levels of evidence – also known as certainty in evidence or quality of evidence: very low, low, moderate, and high. Evidence from randomised controlled trials starts at high quality and, because of residual confounding, evidence that includes observational data starts at low quality. 
The certainty in the evidence can be decreased based on the following methodological factors: risk of bias, imprecision, inconsistency, indirectness, and publication bias. In contrast, the certainty in the evidence can be increased based on a large magnitude of effect, and dose-response gradient.
Hybrid working
An organisational approach to managing remote work where staff who can and want to, work some of their time in the office and some of the time at home
Interoception
An internal sensory system in which the physical and emotional states of the person are consciously or unconsciously noticed, recognised and responded to. Interoception skills are required for a range of basic and more advanced functions, such as knowing when to go to the toilet or being aware that you are becoming angry or upset.
Level of evidence
Levels within a hierarchy of study evidence that indicates the degree to which bias has been eliminated in the study design. 
Mean
Calculated by adding all the individual values in the group and dividing by the number of values in the group. 
Meta analysis
Meta-analysis is the use of statistical techniques to combine and summarise the results of multiple studies; they may or may be contained within a systematic review. By combining data from several studies, meta-analyses can provide more precise estimates of the effects of health care than those derived from the individual studies. 
Neurodiversity
An approach to learning and disability which suggests that diverse neurological conditions appear as a result of normal variation in the human genome. This term was coined in the late 1990s as a challenge to prevailing views of neurological diversity as inherently pathological, and it asserts that neurological differences should be recognised and respected as a social category on a par with gender, ethnicity, sexual orientation, or disability status.
Observational studies
Also known as epidemiological studies. These are usually undertaken by investigators who are not involved in the clinical care of the patients being studied, and who are not using the technology under investigation. Distinct from experimental studies.
PICO framework
A mnemonic used to frame a research question’s parameters which is useful for developing search strategies and selection criteria; particularly valuable for systematic reviews investigating intervention effectiveness.  The letters stand for 
P – Participant or population
I – Intervention
C – Comparison, control or comparator
O – Outcome(s)
T is sometimes added to represent dates of population or duration of intervention. 
PICo framework (an alternative to PICO)
A mnemonic used to frame a research question’s parameters which is useful for developing search strategies and selection criteria in systematic reviews.  This framework is suggested for research questions in which the phenomena of interest represent the outcome and is particularly valuable for syntheses of qualitative phenomena including lived experience. The letters stand for:
P – Participant or population
I – phenomena of Interest
Co – Context
Prevalence
A measure of the proportion of people in a population who have some attribute or disease at a given point in time or during some time period.
Proprioception
Proprioception, or body awareness, is a sense tells us where our bodies are in relation to other objects and in open spaces, and also how our different body parts are moving. Feedback from our muscles and joints tell our brain where we are and regulate movement, posture and the appropriate pressure for tasks, such as cracking open an egg without crushing it. Some autistic people/tāngata whaitakiwātanga experience varying differences related to this sense.
Quality of evidence
Degree to which bias has been prevented through the design and conduct of research from which evidence is derived.
Randomised controlled trial (RCT)
An experiment in which a unit (e.g., people, or a cluster of people) are allocated using a fully random mechanism (such as a coin toss, random number table, computer-generated random numbers) into either the intervention condition (e.g., preventive or therapeutic procedure, manoeuvre, or treatment) or a control comparison condition (e.g., placebo, usual care, alternative treatment). The outcomes from each group are compared. Conditions are run in parallel. 
Secondary study
An analysis or synthesis of research data reported elsewhere, including systematic reviews, meta-analyses and guidelines.
Sensory-seeking activities
Activities that provide stimulation for the senses, including vestibular (therapy balls, rocking chairs, balance boards, swings, pacing); pressure (stress balls, weighted blankets); visuals (focusing on spinning objects, light, shapes, colours); touch (textured objects, mats, fidget toys); auditory (music, background noise).
Stimming
Stimming or self-stimulatory behaviours, are repetitive or ritualistic movements, uses of objects, words or sounds that help an individual self-regulate or cope with sensory overwhelm or emotions. 
Strength of evidence
The strength of evidence for an intervention effect includes the level (type of studies), quality (how well the studies were designed and performed to eliminate bias) and statistical precision (p-value and confidence interval).
Systematic review (SR)
A systematic review attempts to collate all relevant evidence that fits pre-specified eligibility criteria to answer a specific research question. It uses explicit, systematic methods to minimise bias in the identification, selection, synthesis, and summary of studies. The key characteristics of a systematic review are (a) a clearly stated set of objectives with an explicit, reproducible methodology; (b) a systematic search that attempts to identify all studies that would meet the eligibility criteria; (c) an assessment of the validity of the findings of the included studies (e.g., assessment of risk of bias and confidence in cumulative estimates); and (d) systematic presentation, and synthesis, of the characteristics and findings of the included studies.
Universal design
The design or composition of an environment so that it can be accessed, understood and used to the greatest extent possible by all people regardless of age, disability, and other factors.
Visual cues/supports
Including signage, colour-coding, pictures, pictograms, words to indicate use and functions of different spaces.
Wayfinding
Using signs and other strategies (e.g., coloured lines on floors) to ease navigating spaces independently
Withdrawal spaces 
Spaces that allow for the withdrawal from environments that trigger sensory overload.
[bookmark: _Toc131381766][bookmark: _Toc131383536][bookmark: _Toc159792490][bookmark: _Toc197347194]A2.3 Glossary of Te Reo Māori terms
Aotearoa	New Zealand
kanorau ā-io 	neurodiversity (kanorau=diversity, ā-io=of the nerves), see also Kanorau ā-roro
kanorau ā-roro	neurodiversity (kanorau=diversity, ā-roro=of the brain); see also Kanorau ā-io
kaupapa	plan, purpose, agenda, topic, scheme, proposal, policy, subject, programme
mana atua	wellbeing
rangatahi	young person/people
takiwātanga	autism (in his/her/their own time and space) [32]
tamaiti	child
tamariki	children
tangata whaitakiwātanga	autistic person (see takiwātanga)
tāngata whaitakiwātanga	autistic people (see takiwātanga)
te reo Māori	the Māori language
tikanga	customs, protocol, rules, principles
whānau	extended ‘family’ based on genealogy/whakapapa 
whare tapa whā	framework of Māori health (four-sided house)

Sources: Te Reo Hapai [68], Te Aka Māori Dictionary [69], and Glossary for the 3rd edition of the Guideline [1]
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[bookmark: _Toc131381767][bookmark: _Toc131383537][bookmark: _Toc159792491][bookmark: App3]
[bookmark: _Toc197347195]Appendix 3: Evidence Tables of included studies
	[bookmark: TableA3_1]
Calleja et al., (2020) [20]

	Country, study type, aim
	Search strategy
	Appraisal methods
	Results
	Conclusions

	Country: Australia
Study type: systematic review 
Study Quality: JBI checklist score: 7/11 (medium quality) 
Aims: to identify barriers and enablers of healthcare access for autistic adults (only data relevant to built environments reported here)
	Databases: PubMed, Cochrane Library, Scopus, Web of Science, EBSCOhost 
Search: 2003 – July 2019. Also, hand-searched Autism Journal. Transparent detailed selection criteria.  Full search terms described. Citation searching of reference lists of retrieved articles not reported.
Observed PRISMA reporting.
Selection criteria: 
English language articles 
Qualitative and quantitative studies
Participants are adults aged over 18 years with a primary diagnosis of ASD
Original peer-reviewed journal articles.
Studies that focussed on barriers and enablers relevant to built environments 
Excluded book chapters, commentary articles, opinions, letters, and editorials review articles, and reports from parents as informants. 
	Method: Single screening with differences resolved by discussion. All authors reviewed titles and results for study selection.
Coding guide for data extraction used. 
Critical appraisal and synthesis undertaken using the Mixed Methods Appraisal Tool (MMAT).
	Included: 13 studies including 1016 autistic adults, 165 parents of autistic children, and 212 staff.  Nine studies included autistic adults, 2 included parents/families, and 2 included healthcare providers.
Study designs = 7 studies were qualitative, 5 were quantitative (2 non-randomised controlled, 3 descriptive), and one was mixed methods. 
Study quality:  not reported 
Key findings 
Three themes emerged: Clinician knowledge, life events, and (relevant to the current review) characteristics of the physical environment. Environmental strategies need to reduce the physical closeness to other people, and sensory overstimulation relating to sounds and lights. 
	Author conclusions: highlights ways healthcare services can regulate scope of practice, the physical environment, and the process of managing health conditions allowing autistic adults to strive for optimal health. This review contributes to peer-reviewed evidence for future research and when developing and piloting health interventions for autistic adults. 
Reviewer’s notes: The search strategy was somewhat unclear as some database searching platforms (EBSCO) were described rather than specific databases. Study quality not reported. No RCTs identified. Identifying specific enablers of healthcare was difficult to review because the included studies were diverse in participant numbers and demographics, measurement and analysis tools, quality and length of data collection 
Unique studies:  
13 of 13 (no overlap with other included reviews)


Papers are presented within each table relating to separate research questions in chronological order by year of publication (oldest first), and within the same year, alphabetically (by first author‘s surname
Table A3.1: Included systematic reviews of studies identifying strategies for design of autistic-friendly built environments


	
Tola et al., (2021) [25] 

	Country, study type, aim
	Search strategy
	Appraisal methods
	Results
	Conclusions

	Country: Italy
Study type: systematic review 
Study Quality: JBI checklist score: 6/11 (medium quality) 
Aims: to identify the relationship between the spatial needs of autistic people and the design of the built environment in creating autism-friendly spaces.
	Databases: PsycINFO, Scopus, PubMed, Web of Science
Search:  inception –2019 
Transparent detailed selection criteria.  Full search terms described. Included citation searching of reference lists of recent reviews and grey literature.
Observed PRISMA reporting.
Selection criteria: 
Referred to the needs of autistic people of any age and ‘severity within the spectrum’. 
reported on design criteria, guidelines, or spatial requirements to promote and design autism-friendly environment 
included peer-reviewed articles, monographs, reports, guidelines, case studies
Excluded were medical and clinical studies, reviews, conference abstracts, dissertations, editorials, comments 
	Method:  single screening, study selection, and data extraction 
Coding data extraction grid used. 
Critical appraisal not reported. 
	Included: 21 studies including autistic people, age range was 13-20 years, as well as professionals, parents and carers.
Study designs = case studies [k=9], surveys [k=7], evaluation studies (k=3), qualitative/descriptive reports of co-design processes (k=2). 
Settings: learning environments (k=12); residences, (k=4, 3 in adulthood); outdoor environment/sensory gardens (k=3); care/general environment (k=2).
Key findings 
Sensory quality/low arousal environment
visual stimuli: details, lighting, materials, textures, colours
acoustic: flooring, walls and roofs, ceiling height, background noise
smell: air quality, vegetation
transition spaces: transition between spaces of different sensorial experience necessary to avoid sensory overload 
quiet spaces:  spaces of retreat to prevent/face sensory overload. 
Intelligibility: 
clear and simple layout
visual relation:  always having an overall view of the surroundings helps people with ASD to navigate the space with ease. 
predictability and routine:  well-defined spatial structure 
circulation and choice:  providing a hierarchy of spaces for choice of type and level of social interaction and sensory stimulation
proportion and proximity:  providing right proportions of spaces- both private and collective-helps to better perceive the mutual relationship be- tween personal space and the environment 
Orientation:
visual supports:  using visual supports (e.g., specific pictures, pictograms, colours, words) to indicate use and functions of different spaces 
wayfinding:  using signs and wayfinding (e.g., coloured lines on floors) to ease navigating the space independently
General:
physical location of building: quiet and accessible (e.g., avoid noise pollution, encourage mobility)
safety and security: some autistic people at risk of not perceiving danger
flexibility and customising: allowing spaces to be configured for different functions
	Author conclusions: Need to define a method for analysing and monitoring the outcomes of these ‘experimental practices and policies’. Although the identified spatial requirements have been defined referring to closed and devoted spaces, they are suitable for being usefully adjusted and then applied to the urban environment as well, in order to design an autism-friendly city. 
Reviewer’s notes: Limited databases searched and basic search strategy. Used broad source and selection criteria largely to identify recommendations, preferences and expert opinions rather than approaches evaluated in controlled conditions.
Unique studies:  
8 of 21 (13 overlaps with included reviews) 




	
Zaniboni & Toftum (2021) [26]

	Country, study type, aim
	Search strategy
	Appraisal methods
	Results
	Conclusions

	Country: Denmark
Study type: systematic review 
Study Quality: JBI checklist score: 6 /11 (medium quality) 
Aims: identifying indoor environmental quality design and its relationship with the comfort and well-being of autistic people (and investigating sensory perception not reported here).
	Databases: Scopus, PubMed, Web of Science
Search: inception –2021 
Transparent detailed selection criteria.  Full search terms described. Included citation searching of reference lists of recent reviews and grey literature.
Observed PRISMA reporting.
Selection criteria: 
English language articles 
Related to general architecture and design principles, thermal domain, visual domain, indoor air quality, acoustic domain, or multi-domains.
included conference papers, reviews, journal articles, reports, book chapters.
	Method:  single screening, study selection, and data extraction 
Coding data extraction through an excel sheet used. 
Critical appraisal checklists not described 
	Included: 42 studies including autistic people , majority of studies related to children in education settings. Sample characteristics not synthesised.
Types of evidence = questionnaires/interviews with autistic people/proxy informants (k=32) and/or studies of the effect of changes of environment on autistic people, one of which was a systematic review (k=19). 
Not reported here were also case studies (k=19) and narrative literature reviews (k=29).
Modification to physical domains: acoustics ; visual; indoor air quality (IAQ); thermal; multi-domain ; principles on indoor design and architecture .
Settings: educational environments; indoor environments generally; houses; care centres specifically for autistic people; working environments; supermarkets, healthcare.
Key findings 
Recommendations are mainly in the field of visual and acoustics, particularly with respect to sensory over-stimulation (e.g., use of sound absorbing materials, zoning, avoidance of flickering and bright lights) and distraction (e.g., attention to view outside, patterns, colours, background noise).
Less evidence exists regarding the two other comfort domains (thermal and IAQ). 
Some suggestions to avoid disturbing odours (zoning, carbon filters and proper ventilation) and ensuring proper regulation of temperature (proper systems, avoidance of radiators).
Allow control of environmental variables (e.g., dimmers, shading)
Focus on subjective needs (e.g., hypo- and hyper-sensitivity)
Provide calming spaces or sensory rooms
Consider space layout (e.g., separation of high-stimuli zones, room organisation)
Safety (e.g., wayfinding)
“Autistic people might be more sensitive to the components of the indoor environment which also cause nuisance to neurotypical people, although the frequency, the magnitude and the impact of the stress might be higher among (autistic) people” (p. 11)  
	Author conclusions: current recommendations on indoor well-being of autistic people mainly target children, and are not based on systematic comfort studies
Reviewer’s notes: Extremely broad scope and exploratory research questions. Selection criteria not reported explicitly. No formal critical appraisal. Quite difficult to understand at times with odd terms used (suspect some terms transliterated into English). 
Unique studies:  
30 of 42 (13 overlaps with included reviews) 




	
Black et al., (2022) [23] 

	Country, study type, aim
	Search strategy
	Appraisal methods
	Results
	Conclusions

	Country: Australia
Study type: systematic review 
Study Quality: JBI checklist score: 8/11 (medium quality) 
Aims: to synthesise this literature on the internal built environment for autistic individuals 
	Databases:  Embase, Google Advanced Search, PsycINFO, ProQuest, Web of Science
Search: 2000 –2020. Transparent detailed selection criteria.  Full search terms described. Included citation searching of reference lists of retrieved articles.
Observed PRISMA reporting.
Selection criteria: 
English language articles 
Include the perspectives of autistic individuals (directly or through informants)
Reported on aspects of the built environment, architecture or interior design 
Included peer reviewed articles, comprehensive reports, theses and conference papers.
Excluded studies that solely described urban or city planning more broadly, such as land-use and infrastructure (e.g., telecommunications); reported equipment prescription or modification; or described social skill development or social competence interventions or outcomes.
	Method: Data extraction through use of charts.
Critical appraisal conducted using formal assessment tool Standard Quality Assessment Criteria for Evaluating Primary Research Papers from a Variety of Fields 
Synthesis through content analysis. 
Stakeholder consultation (2 autistic, 2 caregivers, 2 professionals) of results.
	Included: 28 studies. Sample characteristics not synthesised.
Study designs  qualitative (k=15), quantitative (k=2), both qualitative and quantitative (k=8), literature reviews (k=2), synthesis (k=1).
Study quality:  strong (k=3), good (k=5), adequate (k=9) and limited (k=8)
Modification to physical domains:  design and construction (including layout, walls, building material, entrances and orientation), lighting (intensity, quality, fixtures), sound (intensity, quality), aesthetics (patterns, windows, clutter, colour, texture), air quality, and temperature
Settings:  schools (k=16), homes (k=5), varied or multiple settings (k=4), workplaces (k=1), plazas (k=1) and vocational centres (k=1)
Key findings 
Key recommendations included:
Design and construction: using simple spatial layouts (k=22), compartmentalising and zoning spaces into specific activity sections. Providing transition and retreat spaces (k=17) such as sensory rooms or low stimulation withdrawal spaces. Avoid open-plan multifunctional classrooms, and use larger spaces for socialising to avoid crowding. Using half and curved walls (k=17) to create visible boundaries, prevent abrupt circulation spaces and to aid wayfinding. Select building materials (k=12) that are practical (non-slip, durable), natural (calming), and non-toxic.
Lighting: thoughtful placement of windows and blinds, and the installation of dimmable lights (k=17), will allow users to manage or reduce sensory over-stimulation caused by lights. Avoid fluorescent lighting (k=9), and use natural diffuse light (k=11) where possible.
Sound: creating soundproofing, acoustic panelling and sound dampening or soft materials (e.g., carpeting, curtains, double glazing) to reduce sound transmission, background noise and sound levels (k=13). One study suggested average sound level should be kept below 50dB.
Aesthetics: using neutral or simple, subdued, or natural colour palettes (k=10), restrained use of patterns (k=10), and reduced physical and visual clutter (k=6). Colour-coding was also recommended for different zones to aid way-finding (k=2). 
Air quality: reducing odours (k=10) using ventilation, sequencing, plastic blinds
Temperature: heating, ventilation, and air conditioning to permit temperature variation (k=7)
	Author conclusions:  Built environments needs to be flexible and adaptable to meet the unique needs of each person. While in its early stages, evidence demonstrating the impact that particular qualities of light, colour, sound and spatial planning have on the human sensorium is emerging. In turn, this new knowledge is informing design decisions that are progressing interior environments towards inclusivity. 
Reviewer’s notes: Acceptable search strategy.  Very broad review question and non-specific criteria. No reference to whether double selection or appraisal conducted.
Unique studies:  
19 of 28 (9 overlaps with included reviews) 




	
Dargue et al., (2022) [19] 

	Country, study type, aim
	Search strategy
	Appraisal methods
	Results
	Conclusions

	Country: Australia
Study type: systematic review 
Study Quality: JBI checklist score: 9/11 (high quality) 
Aims: to identify the impact of modifications to the design of the physical environment on task engagement in learning activities of autistic students
	Databases: PsycINFO, Scopus, ERIC
Search: inception – March 2020. Transparent detailed selection criteria.  Full search terms described. Included citation searching of reference lists of retrieved articles.
Observed PRISMA reporting.
Selection criteria: 
English language articles 
Participants who are autistic 
reported on a modification to the individual’s physical environment 
Peer-reviewed articles
Studies that identified modification’s measurable impact (after compared with before) on the outcome variable as an overt measure of task engagement 
Excluded conference abstracts, doctoral theses, expert opinion, papers that modified the participant themselves rather than their surrounds, papers that required the individual to go to a room separate to learning environment 
	Method:  independent double screening, study selection, and data extraction with discrepancies resolved through third reviewer with >98% agreement.
Critical appraisal conducted using assessment tools associated with study designs, including the JBI checklists [57].
In addition, studies were rated a “level of evidence” using the NHMRC gold standard evidence hierarchy according to the design’s ability to reduce risk of bias [70] ranked from level 1 (high quality) to 4 (low quality).
	Included: 10 studies including 73 autistic people, 91% identified as male. Age (where reported, k=9) range was 3-26 years. 
Study designs = 8 were single case experimental design studies (SCED); 1 quasi-experimental group study, and 1 case study, all reporting quantitative data, ranging between 4 and 28 weeks in duration (where reported, k=8).
Study quality (converted to percentages): SCED study quality was M=83%; quasi-experimental study was 78%; and the case study quality was 60%. Nine of 10 studies were assessed as being level 4 level of evidence (low quality), and one was level 3. Suggesting overall body of evidence is weak (Grade D).
Modification to physical domains: visual (fluorescent lightbulbs replaced with blacklight, blue-light or halogen bulbs, decorations and unnecessary furniture removed); auditory (low-intensity and high-intensity background music played, reduced classroom noise through sound-absorbing walls); proprioception/balance (seats replaced by therapy balls,  therapy cushions)
Settings: environments included classrooms, boarding schools, homes, and laboratories 
Outcomes: Task engagement measured by counts of increased on-task behaviour, in-seat behaviour, or spontaneous verbalisation, and decreased stereotyped and repetitive behaviours, or oppositional behaviour. Or by teacher surveys/ratings 
Key findings 
Three types of three types of physical environment modification: visual, auditory, and proprioception/balance. 
Visual: inconsistent results with some having better and some worse outcomes for task engagement, stimming and stereotypy
Auditory: inconsistent results in use of music in 2 studies, but reducing classroom noise increased task engagement in 1 study, and was correlated with reduced repetitive movements such as complaining, repetitive speech, hitting, producing loud sounds, covering of ears (and vice versa) in the quasi-experimental study
Proprioception/balance:  inconsistent results between participants and studies, with some having better outcomes and some no difference in use of therapy balls/cushions and chairs.
	Author conclusions: more, high-quality research into the impact of physical environment modifications on task engagement in individuals with autism is needed to better ascertain whether environmental modifications benefit task engagement in autistic individuals 
Reviewer’s notes: Acceptable search strategy and detailed selection criteria limiting to robust study designs 
Unique studies:  
7 of 10 (3 overlaps with included reviews) 




	
Roos et al., (2022) [24] 

	Country, study type, aim
	Search strategy
	Appraisal methods
	Results
	Conclusions

	Country: the Netherlands
Study type: systematic review 
Study Quality: JBI checklist score: 6/11 (medium quality) 
Aims:  how architecture can contribute to creating environments that enhance the quality of life of intellectually impaired individuals engaging in ‘behaviours that challenge’*, and/or autistic individuals (Note: only results relating to architecture and autism are reported here)
	Databases:  Avery, PubMed, PsychINFO, Web of Science
Search: 2006 –  October 2021. Selection criteria were very limited. Search terms related to architecture and intellectual impairment or autism terms. Full search terms described. Included citation searching of reference lists of retrieved articles.
Selection criteria: 
Published and grey literature
Studies relating to architecture and intellectual impairment and autism
Excluded were studies addressing behaviours that challenge unconnected to intellectual impairment or autism.
	Method:  No information on screening, study selection, data extraction or critical appraisal provided. 
	Included: 18 studies, 17 of which related to autistic people (of all ages), and 9 relating to people with an intellectual impairment and behaviours that challenge (9 including both). Gender and age characteristics not reported.
Study designs not reported 
Study quality  not reported
Interventions: Site: location; Structure: foundation and supporting structures; Skin: exterior of the building; Services: technical ‘guts’ of a building; Scenery: fixed interior arrangement; Stuff: interior arrangement
Settings:  residential settings (k=13); schools (k=5)
Outcomes: quality of life: independence, social participation, and well-being
Key findings 
Recommendations for designing environments for intellectually disabled people were reported according to a conceptual model where architectural approaches were organised by domain of quality of life: independence, social participation, and well-being.
To support independence: predictable, clear layout maintaining clear sightlines (e.g., half walls/partitions, glass panelling); sequencing rooms according to routine; visual cues; and clear wayfinding. Provide space for support staff.
To support social participation: provide choice in interpersonal distance through communal spaces, and escape spaces for retreating socially. Generous space standard.
To support well-being: use robust and non-toxic materials. Permit personalisation and a sense of home (of residences). Provide clarity and order of spaces/layout. Reduce sensory overload and permit sensory adjustment of noise, light and temperature. Offer an escape space (quiet, calming, intimate, provide tactile stimulation) or sensory room (where light, texture and sound can be modified). Enhance acoustic qualities by muffling noise through soundproofing and prevention. To avoid the ‘greenhouse effect’, have gradual series of high to low stimulus zones permitting sensory recalibration. Promote cross-ventilation (for temperature and odour moderation), and use of natural light. Provide spaces that promote safe physical movement (e.g., room for pacing, jumping).
Findings indicated specific needs of (some) autistic individuals not evident in the studies of people with intellectual impairments and challenging behaviours, e.g., the specific need for clarity and order in the form of compartmentalisation of spaces, layouts that reflect routine, familiarity and comprehensibility.
	Author conclusions: There are many similarities between need of intellectually impaired individuals engaging in behaviours that challenge and autistic individuals. 
Reviewer’s notes: limited selection criteria and lack of information on selection and appraisal. Authors noted “although this review focuses on the living environment of adults, it includes studies on school settings”. Not clear what methodology included articles used and the degree to which they reflected qualitative, quantitative, or expert opinion data sources.  Notably only 6 peer-reviewed studies were included.
Unique studies:  
Of 17 – 6 overlaps with other included reviews

	
Weber et al., (2022) [18] 

	Country, study type, aim
	Search strategy
	Appraisal methods
	Results
	Conclusions

	Country: Switzerland
Study type: systematic review 
Study Quality: JBI checklist score: 10/11 (high quality) 
Aims: What is the evidence (in terms of extent, nature, and quality) for physical workplace adjustment to support specific sensory needs of neurodivergent workers and the impact on occupational longevity, performance, and health/well-being? (Note: only results relating to physical adjustments are reported here)
	Databases:  ABI/Inform, PubMed, PsychINFO,  Scopus, Web of Science
Search: 2000 – September 2021. Transparent detailed selection criteria.  Full search terms described. Included citation searching of reference lists of retrieved articles.
Observed PRISMA reporting.
Selection criteria: 
English language articles 
Participants were adult office workers clinically considered neurodiverse; their families, colleagues, employers, experts and vocational programme staff; 
Studies with at least one physical workplace adjustment (e.g., office layout, furniture, acoustic adjustments, ergonomics considerations) 
Empirical study designs 
Studies that identified mechanisms that explain the relationship between the intervention and outcome and related conditions
Measures that encompass concepts relevant to changes in occupational longevity, performance and health/well-being
Excluded were studies of exclusively self-diagnosed participants, aged under 18 years, assessed solely technological workplace adjustments; non-office environments.
	Method:  independent double screening, study selection, data extraction and triple coding for critical appraisal.
Critical appraisal conducted using Critical Appraisal Skills Qualitative Checklist (CASP) assessment tool, and the Mixed Methods Appraisal Tool (MMAT) for quantitative non-randomised studies.
Used inductive and thematic analysis to identify themes and sub-themes.
	Included: 20 studies including 916 neurodivergent (ND) participants (18/20 only autistic), 257 family members, 63 employers, 149 service providers, 55 researchers, 6 co-workers, 25 supervisors, 5 advocates, 7 support staff. Of ND participants 41% were male (11% not reported). Age =18-80 years. 
Study designs = qualitative (k=13); mixed methods including quantitative components (k=6), and non-randomised cross-sectional study (k=1)
Study quality ranged 20-100%, averaging 88% for the qualitative studies, and 47% for mixed methods, and 20% for the single quantitative study.
Interventions: physical workplace adjustments (e.g., office layout, furniture, acoustic adjustments, ergonomics considerations) 
Settings: varied work and office settings 
Outcomes:  occupational longevity, performance (e.g., work ability, concentration), well-being (e.g., satisfaction, adjustment, overstimulation). 
Key findings 
No studies aimed to test the efficacy of physical workplace adjustments. Most explored barriers of maintaining employment, with 5 dimensions:
Environmental stimulation adjustments (hyper- and hypo-sensitivity)
Auditory:  personal office or in quiet area; (k=7); noise-dampening walls or high cubicle (k=7); break room for decompression (k=1)
Visual: lighting (e.g., natural/incandescent light, desk lamps) (k=6); control light levels (k=10); avoid distractions (visual screens/clear spaces) (k=2)
Tactile: adjust temperature (k=1); 
General sensory: private decompression room (k=1)
Social stimulation in space adjustments: personal office or quiet area, not open-plan/shared (k=9); social break rooms or locating workstation close to co-workers as some autistic people want some social interaction (k=3).
Environmental control adjustments: control physical stimulation (e.g., lighting, sounds, smells or temperature) (k=4); private office (k=7).
Non-stimulation specific adjustments: adequate furniture (e.g., a good seat, larger desk), treadmill desk to reduce anxiety (k=3); work from home (k=9) reduce interpersonal interaction.
Heuristic guidelines (k=10) white noise machines, air purifiers to remove odour, natural stimuli (greenery, materials), scented planting (e.g., herbs), stimulating colour schemes, or activity areas (e.g., balance boards); spaces for social interaction; choice of zones with varied stimulation; way-finding.
Conclusions: Sound and light sensitivity were related to occupational longevity, performance and health/well-being (e.g., reduced headaches, relieved stress, improved work satisfaction). Other adjustments addressed environmental control, crowding or decompression rooms. 
	Author conclusions:  There is insufficient evidence to fully evaluate the usefulness of adjustments, partially due to methodological shortcomings. Call for theoretically driven and rigorous experimental work.
Reviewer’s notes: Comprehensive search strategy and detailed selection criteria limiting to empirical studies.
Unique studies:  
Of 20 – 1 overlap with other included review


	
Nguyen et al., (2023) [17]

	Country, study type, aim
	Search strategy
	Appraisal methods
	Results
	Conclusions

	Country: Belgium
Study type: systematic review 
Study Quality: JBI checklist score: 6/11 (medium quality) 
Aims: summarise research and design writings on residential design for adults on the autism spectrum in peer-reviewed and grey literature (only data relevant to autism, and built environments, reported here)
	Databases:  Avery Index to Architectural Periodicals, CINAHL, Embase, PsycARTICLES, Pubmed, Medline, Scopus, Web of Science. RIBA library catalogue.
Search: Searched to July 15 2020. Transparent selection criteria. Selected search terms described. Included hand searching of key Journals and citation searching of reference lists of retrieved articles, and suggestions from expert panels. 
Observed PRISMA reporting.
Selection criteria: 
English language articles 
Studies of autistic adults aged ≥ 18 years
Studies about residential settings that include indoor and outdoor environments, and studies at the neighbourhood and city scale relating to the living environment.
Peer reviewed and grey literature
Excluded studies relating to schools, learning environments, working environments. 
	Method: independent double screening and single author conducted study selection with doubts discussed with a third author.
Data charting through Excel used for data extraction used. 
Critical appraisal not conducted.
In addition, there was stakeholder consultation where 13 stakeholders in two on-line expert panels were presented a summary of preliminary findings and asked to identify similarities and differences between these findings and their own experiences. 
	Included: 37 studies, 35 of which relating exclusively to autistic individuals. Number, age and gender not synthesised. 
Study designs = 13 studies were Journal articles or research reports, others were books, websites, magazines, conferences papers, theses. Many reflected expert opinion.
Study quality:  not reported 
Key findings 
Themes/domains emerged qualitatively with recommended strategies:
Design: 
recommends maximising familiarity, predictability, clarity
keeping arousal levels low, low stimuli environment
using sequencing and routine, designing each space to contain one defined activity in order to avoid multi-functional and ambiguous areas 
visual supports, enhancing legibility and clarity
escape spaces with degrees of privacy in public space
reducing acoustic impact of traffic
paradoxes, with large spaces recommended for clarity and organisation, but small for feeling safe and reducing stimuli
needs to be personalised as one size does not fit all
Use: 
people need a sense of autonomy and control, listened to
space for engaging in interests and hobbies
control of temperature through individual thermostats, access to sensory stimulating activities, reducing strong smells and noise
space for socialising and sense of community
Bridging design and use: 
balance needed across preferences of different inhabitants
person-centred design, involve autistic people in co-design 
acknowledge that low-stimuli environments benefit all people in shared spaces and do not need a stereotypical autism-friendly label
special accommodation necessary for activities, repetitive pacing
‘protected pauses’ are semi-private transitional spaces where opportunities are allowed for people to be alone together
	Author conclusions:  The findings show a need for taking on board autistic people’s understanding of independent living. Future research about residential design for autistic adults should be conducted with them, in diverse housing settings, providing nuanced insight into their housing needs and those of the people around them. 
Reviewer’s notes: The search strategy was broad. Included grey literature and practice-oriented sources, some of which were opinion and discussions papers which reflect expert opinion. Most studies and case descriptions focused on group living and housing projects, and based upon third-person perspectives and experience, such as that of architects, family members, professional caregivers, service providers.
Unique studies:  
34 of 37 (3 overlaps with other included reviews)




	
Sadatsafavi et al., (2023) [22]

	Country, study type, aim
	Search strategy
	Appraisal methods
	Results
	Conclusions

	Country: US
Study type: systematic review 
Study Quality: JBI checklist score: 7/11 (medium quality) 
Aims: what non-pharmacologic strategies can be used in Emergency departments (ED) for addressing sensory sensitivities of individuals on the autism spectrum and facilitate their visits (only data relevant to autism, and built environments, reported here)
	Databases: PubMed, CINAHL, Web of Science, PsycINFO, and Engineering Research Database
Search: Searched from 1980 – August 2020. Also, hand-searched 9 key Journals. Transparent detailed selection criteria.  Full search terms described. Included citation searching of reference lists of retrieved articles.
Observed PRISMA reporting.
Selection criteria: 
English language articles 
Peer-reviewed journal articles, Doctoral and Masters theses, clinical guidelines, case reports
Studies of autistic people, parents or staff that focussed on remediation strategies for sensory challenges of autistic patients assessed across clinical outcomes (studies assessing sensitivities not reported on here)
Excluded commentaries, editorials, conference abstracts, review articles 
	Method: independent double screening and study selection, with discrepancies resolved through third reviewer.
Coding guide for data extraction used. 
Critical appraisal not conducted.
	Included: 28 studies including 2629 autistic people, 502 parents of autistic children, and 198 ED staff. 26 included children/adolescents, 6 adults.
Study designs = 15 were clinical guides/practice guidance; 4 were case reports; and 9 used data from interviews, surveys, or focus groups of parents (n=6), ED staff (n=4), or autistic adults (n=1). 
26 studies were qualitative, 6 were quantitative (including surveys or objective measurement of environmental stimuli)
Study quality:  not reported 
Key findings 
Five themes/domains emerged qualitatively: Processes, People, Objects, Principles, and (relevant to the current review) Places – characteristics of the physical environment in ED determined by how the facility is designed and operated. For remediation strategies, there were two sub-domains: including having a dedicated space throughout the ED for autistic patients; and the overall design feature, furniture, and amenities. 
Key recommended strategies were:
Protecting the patient from excessive light, noise, odour, clutter, and crowdedness is most effectively achieved by physical separation. EDs should have autistic patients wait and be treated in separated rooms where environmental stimuli can be monitored and adjusted (e.g., by dimming lights, enhancing ventilation, playing soft music).
To reduce clutter in treatment rooms, wires, cables, equipment, and devices should be stored and secured in cabinets or closets
Spaces used by patients should offer alternative seating options such as mat, ball, stretcher mattress on floor, rocking chair, or nylon folding sports stadium seat as using them can help calm the patient 
A separate area should exist with alternative seating options for autistic patients to eat snacks, play with their favourite sensory toys, or walk and move around.
	Author conclusions:   addressing sensory challenges that an autistic patient faces in ED requires an integrative approach that incorporates all aspects of care, encompassing processes, people, objects, and places.
Reviewer’s notes: The search strategy was broad. Over half of the studies were clinical guides with a lack of clarity about basis of data for recommendations.
Unique studies:  
28 of 28 (no overlap with other included reviews)




	
Elliot et al., (2024) [21]

	Country, study type, aim
	Search strategy
	Appraisal methods
	Results
	Conclusions

	Country: Canada
Study type: mixed methods systematic review 
Study Quality: JBI checklist score: 9/11 (high quality) 
Aims: to explore parents’ experiences and information needs regarding management of their child with an intellectual and/or developmental disability (IDD) in the emergency department (ED) (only data relevant to autism, and built environments, reported here)
	Databases: Medline, CINAHL Plus, PsycINFO, and the Cochrane Library, ProQuest dissertations, Theses Global.
Search: Searched from inception to January 2023. Transparent detailed selection criteria.  Full search terms described. Included citation searching of reference lists of retrieved articles.
Observed PRISMA reporting.
Selection criteria: 
English language articles 
Studies undertaken in an Emergency Department Setting involving parents/caregivers of children with an IDD
Observational, qualitative, mixed-methods studies including observational, cross-sectional, cohort, case study, case series designs
Assessed reports of parents’ experiences, feelings, actions and information needs.
Excluded intervention studies, commentaries, editorials, letters, conference abstracts, review articles, overviews of reviews, and reports from children directly.
	Method: independent double screening and study selection, with discrepancies resolved through third reviewer.
Coding guide for data extraction used. 
Critical appraisal and synthesis undertaken using the Mixed Methods Appraisal Tool (MMAT)
	Included: 7 studies (6 of which focused on parents of children with a diagnosis of ASD) including 523 parents of children with ID (not all autistic). 
Study designs = 3 studies were qualitative, 3 were quantitative (using cross-sectional designs), and 1 was mixed methods
Study quality:  86% were good quality, meeting at least 80% of MMAT criteria
Key findings 
Four themes emerged qualitatively: appropriateness of ED, acknowledgement of ID, decision to disclose, and (relevant to the current review) impact of the environment.
With respect to the environment theme raised in two studies including parents of autistic children, parents referred to challenges in managing their physical atmosphere and environmental stimuli. Parents alleviated this through finding quiet rooms in the hospital. Another strategy raised was staff’s attempts at reducing sensory stimuli such as dimming lights. 
Recommended conducive and welcoming waiting room designs.
	Author conclusions:  parents wanted a greater understanding by ED staff around physical space settings needed to support their children.
Reviewer’s notes: The search strategy was broad. Limited number of relevant studies, and these mostly discussed challenges rather than solutions. Review excluded studies that reported only children’s experiences.
Unique studies:  
3 of 3 (no overlap with other included reviews)


	Key:  ASD=Autism Spectrum Disorder; CASP=Critical Appraisal Skills Qualitative Checklist; CINAHL=Cumulative Index to Nursing and Allied Health Literature; ED=emergency department; EMBASE=Excepta Medica Database; IAQ=indoor air quality; IDD=intellectual developmental disability; JBI=Joanna Briggs Institute; k=number of studies; M=mean; MEDLINE=Medical Literature Analysis and Retrieval System Online; MMAT=Mixed Methods Appraisal Tool; n=number of people; ND=neurodivergent; PRISMA=Preferred Reporting Items for Systematic Reviews and Meta-Analyses; PsycINFO=Psychological Information Database; RCT=randomised controlled trial; SCED=single case experimental design; US=United States of America
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