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Abstract 
Twice Exceptional (2E) is the term used to describe children 
who have both exceptional abilities and disparities within 
the sphere of learning; current educational thinking uses the 
term “Neurodiverse” to describe these children. The term 
“neurodiversity” was introduced in 1998 by Australian sociologist 
Judy Singer, and includes a spectrum of conditions such as 
ADHD, autism and Dyslexia.1 

Unfortunately, children affected by neurodiversity often lack 
adequate support in schools (due to limited resources within their 
educational environments), and are expected to work in standard 
classrooms. Although many schools offer special learning 
programs, very few contain purpose-built classrooms that meet 
the needs of neurodiverse children who are often hypersensitive 
to their surroundings. In order to help mitigate the hypersensitive 
tendencies of these children in school, the project proposes a 
purpose-built facility designed to provide a supportive learning 
environment. The project combines architectural and educational 
theories that focus on the different emotions space may create 
for an individual. The research methodology utilises three 
approaches: specialist theories, well-being and architectural 
qualities. The underpinning literature draws on David Thornburg’s 
‘Campfire in Cyberspace’ in terms of his variety of space types, 
The ‘WELL Building Standard’s’ approach to healthy learning 
environments, combined with Biophilia, which helps designers 
integrate nature into the built environment in order to boost 
well-being. 

The outcome of this project is as an architectural proposition, 
aimed at facilitating the education of students affected by 
neurodiversity, enabling them to engage with their learning, 
using specifically designed environments to develop their 
cognitive function.

1	 “What	is	Neurodiversity,”	Disabled	World,	4	September	2020,	https://www.disabled-	
	 world.com/disability/awareness/neurodiversity/

Figure 1: Image of crater board walks wrapping around the 
land rather than cutting through. By Author 
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Twice Exceptional 
To be twice-exceptional means to be gifted through 
neurodiversity. 

ASD (Autistic Spectrum Disorder)
ASD is a developmental disorder affecting the brain, causing 
social interactions, communication, interests and behavioural 
disadvantages.2 

Dyslexia 
A learning condition which makes it difficult for someone to 
read and write.3

Dyscalculia
A learning condition which makes it difficult for someone to 
do calculations. 4

Dyspraxia
To describe an individual that has difficulty to perform 
activities which require coordination and movement. 5

Dysgraphia
Difficulty to perform written expression. 6

2 “Autism,”	Cambridge	Dictionary,	accessed	January	2021.	https://dictionary.cambridge.
org/dictionary/english/autism?q=Autism

3 “Dyslexia,”	Cambridge	Dictionary,	accessed	January	2021.	https://dictionary.cambridge.
org/dictionary/english/dyslexia

4 “Dyscalculia,”	Cambridge	Dictionary,	accessed	January	2021.	https://dictionary	
cambridge.org/dictionary/english/dyscalculia

5 “Dyspraxia,”	Cambridge	Dictionary,	accessed	January	2021.	https://dictionary.cam-
bridge.org/dictionary/english/dyspraxia

6 “What	is	Dysgraphia,”	LD	Online,	accessed	January	2021.	http://www.ldonline.org/

article/12770/	

ADHD (Attention-Deficit/Hyperactivity Disorder)
To have difficulty staying focused/acting compulsively due to 
hyperactive tendencies.7

Neurodiverse (Neurodivergent)
A term used to cover a range of learning skills in individuals 
who show difficulties within the classroom or in everyday 
life. The term “Neurodiverse’ is more commonly used in the 
context of Autism.8

Neurotypical
Neurotypical (or NT) is an abbreviation of ‘Neurologically 
Typical’ which is widely used within the autism community 
and refers to people who are not on the autism spectrum, 
otherwise considered to be ‘normal’.9 

Biophilia
A hypthetical human tendency to interact or be closley 
associated with other forms of life in nature. A dsire or 
tendency to commune with nature.10

 Haerenga (journey)
 Māori word meaning, journey, trip or parting.11

7 “Attention	Deficit	Hyperactivity	Disorder,”	Cambridge	Dictionary,	accessed	January	
2021.	https://dictionary.cambridge.org/dictionary/english/attention-deficit-hyperactivity-disorder

8 “Neurodivergent,”	Cambridge	Dictionary,	accessed	January	2021.	https://dictionary.
cambridge.org/dictionary/english/neurodivergent?q=neurodiverse

9 “Neurotypical,”	Cambridge	Dictionary,	accessed	January	2021.	https://dictionary.
cambridge.org/dictionary/english/neurotypical
10	 “Biophilia,”	Merriam-Webster,	accessed	January	2021.	https://www.merriam-webster.
com/dictionary/biophilia
11	 “Haerenga,”	Māori	Dictionary,	accessed	January	2021.	https://maoridictionary.co.nz/
search?idiom=&phrase=&proverb=&loan=&histLoanWords=&keywords=haerenga

Glossary
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Educational facilities worldwide are growing in size, variety and 
number to cater for an ever-growing population. Although 
many neurodiverse students have access to suitable learning 
environments, many of these students are limited by the one- 
size-fits-all education system. 

People affected by neurodiversity in New Zealand account for 
24% of the country’s population, with 11% being children.12 
Out of the six diversities covered within this research project, 
dyslexia may be the most common at a percentage of 10%, 
with around 50% of dyslexic children also being diagnosed with 
dyscalculia, dyspraxia, and dysgraphia.13 These neurodiversity 
are more prominent in boys than girls14, although there is no 
real explanation for how a child becomes neurodiverse. Whilst 
neurodiversity is not an illness, it is a factor which contributes 
substantially to an individual’s learning process. Neurodiversity 
can have a multitude of learning curves for anyone diagnosed 
with physical to physiological conditions, each affecting the way 
children interact with others.15 In particular, autism alerts us to the 
issue of sensory design. Intense noise, pungent smell, bright light 
and even the texture of surfaces within a space can cause a child 
with autism to feel uncomfortable, creating a distraction from 
their learning.16 

12	 “One	in	four	New	Zealanders	identified	as	disabled,”	Stats	NZ,	accessed	March	7,	2020.	
https://www.stats.govt.nz/news/one-in-four-new-zealanders-identified-as-disabled

13 “Dyslexia,”	SPELD	NZ,	accessed	March	10,	2020,	https://www.speld.org.nz/specific-learn-
ing-disability-definitions/dyslexia

14	 Psychology	Today,	“Are	More	Boys	than	Girls	Dyslexic,”	accessed	March	7,	2020,	https://
www.psychologytoday.com/nz/blog/raising-readers-writers-and-spellers/201404/are-
more-boys-girls-dyslexic

15											SPELD	NZ,	“Dyslexia.”
16	 Altogether	Autism,	“What	is	Autism	and	Autism	Spectrum	Disorder,”	accessed	March	13,	

2020,	from	https://www.altogetherautism.org.nz/what-is-autism/

Children diagnosed with dyslexia, dyscalculia, dyspraxia, 
dysgraphia, ADHD or autism have access to learning support 
within standard schools. However, specific educational support 
only goes as far as the physical conditions of acoustics, space 
type and suitable lighting which play a role in influencing 
concentration and participation within the classroom. School 
is probably one of the most critical phases of growth for any 
human being. When in school, children are at their most 
formative, making their experience within school vital to their 
success. Currently, education in New Zealand poses pedagogical, 
social and architectural problems which need addressing in order 
to help neurodiverse students receive the correct intervention 
earlier on in their educational development. 

The current approach towards learning spaces for neurodiverse 
learners has been to refit existing buildings within traditional 
schools. The architectural qualities of light, space type and 
acoustics play a huge role in the success of any space but, if not 
treated properly, the negative effects of hypersensitivity can occur 
causing students to become distracted. This project proposes a 
facility designed to help primary school to high school students 
(Year 1-10) with the opportunity to receive early intervention, 
helping to give the children a head-start in their educational 
development. Access to early intervention for any neurodiverse 
child is crucial to their success; if not given the attention they 
require, the feelings of failure can cause disengagement within 
the classroom. Hato Petera College, located on College Road near 
AUT’s north campus, is the chosen site for the school. Hato Petera 
College was one of the very few Māori kura in New Zealand with 
the added option to house students. Unfortunately, due to a 
lack of student numbers, the school was forced to close, leaving 
the site tenantless. The physical condition of the hostel was also 
determined unsafe and non-refurbished.  

The project will have a four-stage analysis:

- Theory in the field
- Literature
- Architectural Approaches
- Site Analysis

1.1 Background 1.2 Project Outline

Architecture 
Theory

Site
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1.4 Research Question 

How can schools be designed to help shape supportive and 
encouraging learning environments for primary to high school 
students that are neurologically diverse?

This project aims to use architectural strategies to assist 
neurodiverse learners within school to improve cognition and 
influence participation within the classroom. To achieve this, 
theory in the field combined with architectural approaches 
will be used to outline essential features and characteristics 
for those learners who have a range of neurodiverse needs, 
such as those students with autism and dyslexia. The use of 
previous mainstream and unique educational models also 
make an appearance in this research document to further aid 
understanding of what is pre-existing and what will be of use in 
the new educational environment. The use of biophilia presents 
itself in various design stages of this project due to physiological 
and psychological benefits on the human body, and also assisting 
with the architectural design decisions. 

1.3 Aims/Objectives 

Figure 4: Aims and objectives. By author Figure 5: Question. By author 
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The scope of the research is to design a school dedicated to the 
learning progress of children with autism, ADHD, dyscalculia, 
dyspraxia, dysgraphia and dyslexia. By setting the scope and 
limitations, the project will maintain a set focus on the narrative 
at hand. 

There are no proven cures for any of these diversities or what 
causes them to exist, though early interventions in the form 
of pre-existing design techniques and teaching styles can be 
combined to create a suitable learning environment to set them 
up for their future careers. The project will focus on theory from 
specialists and architectural approaches which are proven to help 
the development of a wide range of students.

The architectural approaches proposed throughout this research 
document concentrate on how spaces can make individuals 
feel but also how space works. An example of this is the flexible 
learning spaces that are used in today’s education system due 
to the variety of space types possible. This project will not try to 
recreate an educational system but only take what is proven to 
work well and integrate that into the outcome of this project. 
In short, the project aims to raise awareness in the industry that 
children around New Zealand who are affected by the likes of 
autism do not have enough choices when it comes to adequate 
learning environments. By undertaking this research project, 
the goal is to bring awareness and knowledge to the education 
system and designers of New Zealand about the challenges 
neurodiverse students face within standardised classrooms, and 
how this affects their learning. However, by using the right design 
tools, mitigation of these obstacles may be achieved.  

1.5 Scope and Limitations  

Figure 6: Image of chosen site. Edit by Author 
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Architectural approaches can, in some cases, be all that is needed 
when designing the appropriate educational environments. 
However, when neurodiversity presents itself, a whole other 
spectrum of research and specialised design techniques need 
consideration to achieve the best possible outcome. The physical 
and psychological implications of design become more apparent 
in neurodiversity, so the use of physical health design techniques 
will be investigated further. The ‘WELL Building Standard’17 looks 
at how elements of an environment affect people’s circulatory 
system/wellness, which in short affects how people within an 
environment work and feel. However, architecturally based 
literature focuses on how spatial design can further meet 
an individual’s psychological and physiological needs. David 
Thornburg’s ‘Campfire in Cyber Space’18 discusses how learning 
spaces are used within a classroom or workplace, through a 
physical and online perspective outlining three main learning 
space types: Campfire, Watering Hole and the Cave.

Biophilic design is also acknowledged in this research project, 
as many children around the world do not have access to 
green spaces/nature due to urbanisation or stranger danger. By 
involving nature directly, and using patterns and texture from 
nature, students can improve their grades and well-being. In 
terms of precedents, a perfect example of biophilic design can 
be seen at South Harbour School in Copenhagen, Denmark, with 
the integration of green spaces which cover the terraced rooftop 
and shared ground spaces. Benfeld Aristide Briant Primary School 
in France and Cheré Botha School in South Africa have both 
introduced ways in which natural light can be implemented to 
enhance the learning environment. The Blue School in New York 
City helps to acknowledge ways in which colour can be used to 

17	 Delos	Living,	“The	WELL	Building	Standard,”	International	WELL	Building	Institute,		
 vol 1, (2016)  
18	 Thornburg,	D.	D.	(2004).	Campfires	in	Cyberspace:	Primordial	Metaphors	for	Learning		
	 in	the	21st	Century.	In	International Journal of Instructional Technology and Distance  
 Learning October	(Vol.	1,	Issue	10).

1.6 State of Knowledge in the Field

outline space types, influence learning, and help with building 
circulation. By taking the strong points from each precedent, 
the research project can gain the best of all examples to help 
formulate a design scheme or toolkit based on pre-existing 
examples.

The research project combines literature, architectural 
approaches, and site analysis to formulate design iterations which 
will help to design the overall outcome. 

Literature 

The literature review spans the following categories. 
Understanding each diversity and how it is affected by the 
environment, reviewing architectural approaches based on 
specialist’s theory in the field, and looking at design styles and 
strategies used to help improve the well-being of others from 
psychological and physiological standpoints. 

Analysis

The analysis will start by, breaking down the architectural qualities 
which are proven to help both children and adults work within 
a designed environment—followed by researching successful 
schools which target a similar stakeholder or use unique ways 
of creating a suitable learning environment for those who are 
neuro-diverse. 

Lastly, linking the findings from the literature to create design 
toolkits used to help formulate the final design scheme.    

Design

The project aims to apply elements from formulated toolkits 
derived from literature and architectural approaches. By 
combining the input of the precedents mentioned, a building 
program/layout will arise, combining all the best possible features 
from each section of analysis. 

1.7 Methods
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This review spans international and local literature. It investigates 
the difficulties neurodiverse students face within standardised 
classrooms and identifies strategies and architectural qualities to 
mitigate these challenges; helping to increase co-operation and 
boost student cognition. The review ranges from cognitive theory 
to more design-based literature grouped under the following 
categories: 

- Contextual Research 
- Architectural Qualities
- Biophilic Design 
- Evolution of the Classroom 

In 2007, the New Zealand Ministry of Education officially 
recognised dyslexia as a condition which causes literacy problems 
for students in school.19 Researchers, William Turner and Keith 
Greaney in their journal ‘Defining Dyslexia’20 outline the main 
difficulties presented by dyslexia: Word recognition, spelling, and 
the ability to translate letters and letter patterns.21 Unfortunately, 
children are not usually identified as dyslexic until exposed to 
literacy for roughly 2 to 3 years. Turner and Greaney, encourage 
that children should be presented with learning interventions 
as early as possible to ensure prevention of what is called the 
“Matthew Effect”22 where once a child experiences failure, the 
thought of failing rebounds within their mind taking a toll on 
learning habits.23 

19	 	 William	Tunmer,	Keith	Greaney.,	“Defining	Dyslexia,”	no.	3	(May	1,	2010)	2,	https://doi.	
	 org/10.1177/0022219409345009

20	 Tunmer,	Greaney.,	“Defining	Dyslexia.”
21	 Tunmer,	Greaney.,	“Defining	Dyslexia.”
22	 Tunmer,	Greaney.,	“Defining	Dyslexia.”4
23	 Tunmer,	Greaney.,	“Defining	Dyslexia.”5

In an article, ‘4D is for Dyslexia’ by The Dyslexia Foundation of 
New Zealand,24 they specify that dyslexic students work best 
when among others with similar learning challenges. This is 
because dyslexic students think faster than they can read or write 
so if they are put into groups where student’s comprehension 
skills are of a higher level, frustration can occur.25 In 2007, a test, 
using multimedia learning software and teaching programmes, 
took place to see if computer-based multisensory learning26 
could help improve writing and reading levels of a student 
affected by dyslexia. The test was divided into two groups: one 
would receive computer-aided learning, and the other received 
standardised learning procedures. After the tests were complete, 
the group that received the computer-based multisensory 
learning improved their grades by 19-35%, whereas the second 
group achieved much lower numbers.27 From these findings, both 
group learning and computer-based learning appear as viable 
learning environments for dyslexic students.  

24	 		 Dyslexia	Foundation	of	New	Zealand.	(2008,	August).	4D is for Dyslexia .	1–40.	https://	
	 www.4d.org.nz/school/4D	Guide_V2.1_web.pdf

25	 Dyslexia	Foundation	of	New	Zealand.	“4D is for Dyslexia.”
26 Kast,	Monika,	Martin	Meyer,	Christian	Vögeli,	Markus	Gross,	and	Lutz	Jäncke.	2007.		
 Computer-Based Multisensory Learning in Children with Developmental   
 Dyslexia Restorative Neurology and Neuroscience (2007)	25	
27	 Kast,	Monika,	Meyer,	Vögeli,	Gross,	and	Jäncke.	“Computer-Based	Multisensory		
	 Learning	in	Children	with	Developmental	Dyslexia.”

2.1 Dyslexia2.0 Context Research & Literature Review

Figure	8:	Patterns	taken	from	nature	to	create	
natural	feeling	within	the	built	environment.	

By	Studio	Lime	

Figure	7:	Factory	model	classroom.	“1900th	Century	classroom”	By	Medium

Figure	9:	Representation	of	sentences	in	the	eyes	of	dyslexia.	“I	have	Dyslexia”.	By	Jalan	Ampang
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In the article, ‘Dyscalculia: From Detection to Diagnosis’ by 
Graurav Wankhade,32 the word “Dyscalculia”33 combines two 
words. The Latin word ‘Dys’ means a form of special difficulties 
and the Greek word calculus/calculia means “counting stone”.34 
In more appropriate wording: difficulties in learning mathematics. 
Due to the ever-changing educational environment, Wankhade 
specifies that although teachers and specialists are aware of 
conditions such as dyscalculia, in some instances the students 
know what helps them with their learning; further enforcing a 
student-based learning environment.35

  

32 Gaurav	R,	Wankhade.	Dyscalculia,	“From	Detection	to	Diagnosis,”	(April	26,	2010).		
	 Available	at	SSRN:	https://ssrn.com/abstract=2125647 or 
 http://dx.doi.org/10.2139ssrn.2125647	(Article)
33 Gaurau,	Wankhade.	“Dyscalculia:	From	Detection	to	Diagnosis.”
34 Gaurau,	Wankhade.	“Dyscalculia:	From	Detection	to	Diagnosis.”	3
35 Gaurau,	Wankhade.	“Dyscalculia:	From	Detection	to	Diagnosis.”	15

Writing is a skill which is highly valued in society regardless of the 
more dominant technology-based learning in the 21st century.28 
Unfortunately, a percentage of students face difficulties with 
handwriting in school due to dysgraphia. In professors Alyssa 
Crouch and Jennifer Jakubecy’s journal ‘Teaching Exceptional 
Children’,29 they describe dysgraphia as a problem in expressing 
ideas in written form which causes issues such as failure to 
complete work on time or falling behind in class.30 Crouch 
and Jakubecy’s journal outlines two strategies used to help 
those affected by dysgraphia with handwriting exercises such 
as systematic techniques, and using bypass strategies such as 
technology-based writing.31 

28 Crouch,	Alyssa	L,	and	Jennifer	J.	Jakubecy.	2007.	“Dysgraphia:	How	It	Affects	a		
	 Student’s	Performance	and	What	Can	Be	Done	about	It.”	TEACHING Exceptional  
 Children Plus	3	(3):	3.
29	 Crouch,	Alyssa,	and	Jakybecy.	“Dysgraphia.”	3
30	 Crouch,	Alyssa,	and	Jakybecy.	“Dysgraphia.”	3
31	 Crouch,	Alyssa,	and	Jakybecy.	“Dysgraphia.”	6

2.2 Dysgraphia 2.3 Dyscalculia

Figure	10:	Image	showing	the	physical	difficulty	of	dysgraphia	in	handwriting.	By	Jenny	L.	Clark	

Figure	11:	Connection	of	numbers	with	words.	By	Eaton	Arrowsmith	
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The book ‘Hands on Dyspraxia’ by Jill Christmas and Rosaline van 
de Weyer, describes dyspraxia as,

“A developmental disorder affecting movement and co-ordination. 
In which symptoms present in childhood and can persist through to 
adulthood”.36 Other terms used to describe dyspraxia are motor 
learning difficulty, perceptual-motor dysfunction and clumsy 
child syndrome.37 

In an article by Muhammad Fakri Othman, Norhalina Senan, 
Suriawati Suparjoh and Wendy Keay-Bright, called ‘Design and 
Implementation of Pre-handwriting Interventions for Children 
with Coordination Difficulties’38 the authors talk about the use of 
interactive whiteboards and devices to help motivate children 
who suffer from learning challenges such as dyspraxia.39 Tests 
were undertaken by Muhammad and his team involving children 
with dyspraxia offering them the opportunity to use various 
forms of learning; from pen and paper to more technology 
based platforms. Results show that students who interacted with 
interactive programmes showed improvements with learning 
habits/motivation.40 

 

36	 Jill,	Christmas,	Rosaline	Van	de	Weyer,	“hands	on	Dyspraxia:	Development		 	
	 Coordination	Disorder,	Supporting	Young	People	with	Motor	and	Sensory	Challenges,”		
	 (New	York:	Speechmark	Publishing	Ltd,	2009)
37 Jill,	Christmas,	Van	de	Weyer,	“hands	on	Dyspraxia.”	 
38 Muhammad	Fakri,	Othman,	Norhalina	Senan,	Suriawati	Suparjoh,	and	Wendy	Keay-	
	 Bright.	2017.	“User-Centred	Design	and	Experience	Prototyping:	Design	and	Implemen	
	 tation	of	Pre-Handwriting	Intervention	to	Children	with	Coordination		 	
	 Difficulties/Dyspraxia.”	In	AIP Conference Proceedings.	Vol.	1891.	American	Institute	of		
	 Physics	Inc.	doi:10.1063/1.5005445.	
39 Othman,	Senan,	Suparjoh,	and	Keay-Bright,	“User-Centred	Design	and	Experience		
	 Prototyping,”	2
40 Othman,	Senan,	Suparjoh,	and	Keay-Bright,	“User-Centred	Design	and	Experience		
	 Prototyping,”	2

2.4 Dyspraxia

Autism is a neurological disorder which affects 1 in every 150 
individuals worldwide.41 The book ‘Neurodiversity’ by Thomas 
Armstrong,42 states that the word autism derives from the Greek 
autos, meaning “self”.43 The disorder was discovered by two 
physicians, Leo Kanner and Hans Asperger in the 1940s, though 
it was not listed as an eligible disability for special education 
services in the United States until the 1990s.44 Autism exists as a 
spectrum of disorders where, on one end an individual can be 
within the classic autism spectrum which covers nonspeaking, 
socially isolated and repetitive behaviours such as clapping of 
their hands and rocking. On the other end of the spectrum, one 
can also express good communication skills and average to 
above-average intelligence with interests in specialized areas of 
education.45 

41 Thomas,	Armstrong.	2017.	“Neurodiversity:	The	Future	of	Special		 	 	
	 Education?.”	Educational Leadership	74.
42 Thomas,	Armstrong.	2017.	“Neurodiversity.”		74.
43 Thomas,	Armstrong.	2017.	“Neurodiversity.”		74.
44 Thomas,	Armstrong.	2017.	“Neurodiversity.”		75.
45 Thomas,	Armstrong.	2017.	“Neurodiversity.”		75.

2.5 Autism

Figure	12:	Co-ordination	difficulty.	By	OT	for	Kids.

Figure	13:	Autism.	By	All	Together	Autism.
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With each of the diversities in mind, research leads to local 
educational resolutions. For example, New Zealand’s Ministry 
of Education released an action plan starting in 2019 (running 
through to 2025) to improve the learning environment for all 
neurodiverse children to ensure young leaders of tomorrow 
receive the early interventions required for them to succeed in 
school.48 The action plan consists of six main priorities:

- The implementation of new learning support roles in 
schools

- Strengthening screening and the early identification of 
learning support needs

- Strengthening early intervention
- Flexible supports and services for neurodiverse children 

and young people
- Meeting the learning needs for gifted children
- Improving education for children at risk of disengaging49

Meeting the learning needs of neurodiverse children comes down 
to not only the educational programme but also the architectural 
environment that surrounds them.50 The autistic spectrum is 
touched on within the research project and brings different 
perspectives in terms of physical design. The book ‘Designing for 
Autism Spectrum Disorder’, by professor Kristi Gaines, designer 
Angela Bourne, professor Michelle Pearson and designer Mesha 
Kleibrink,51 helps to alert both builders and architects to a whole 
new level of environmental factors affecting autism within the 
classroom.52 

48	 Matauranga	House,	Learning Support Action Plan,	(Ministry	of	Education	New	Zealand,		
	 2019)	https://conversation.education.govt.nz/assets/DLSAP/Learning-Support-Action-	
	 Plan-2019-to-2025-English-V2.pdf	
49																Matauranga,	“Learning	Support	Action	Plan.”
50	 Kleibrink,	Mesha,	Gaines,	Kristi,	Pearson,	Michelle,	and	Angela	Bourne.	Designing	for		
	 Autism	Spectrum	Disorders.	United	Kingdom:	Taylor	&	Francis,	2016.
51	 Kleibrink,	Gaines,	Pearson,	and	Bourne,	“Designing	for	Autism	Spectrum	Disorders,”  
52	 Kleibrink,	Gaines,	Pearson,	and	Bourne,	“Designing	for	Autism	Spectrum	Disorders,”  

Unfortunately, the needs of those with autism are excluded from 
building codes and design guidelines posing a severe concern 
to schools, as these individuals show hypersensitive tendencies 
to their physical surroundings such as light, colour, acoustics, 
texture, proxemics and spatial considerations.53 

The factors of light, colour, acoustics, greenery and spatial 
considerations all come under a standard known as ‘The WELL 
Building Standard’.54 This has the primary purpose of ensuring the 
physical environment meets the requirements for all within an 
architecturally designed space, helping to boost the well-being of 
everyone.55  

 

  
 

53	 	Kleibrink,	Gaines,	Pearson,	and	Bourne,	“Designing	for	Autism	Spectrum	Disorders,”  
54	 	Delos	living,	“The	WELL	Building	Standard,”	v1	(2016)
55	 	Delos	living,	“The	WELL	Building	Standard,”	v1	(2016)

2.7 Learning Support Action Plan 

ADHD, or more specifically, Attention-Defect/Hyperactive 
Disorder, is a neurological development which affects attention 
span and influences impulsive actions.46 Evidence of ADHD can 
be linked back over 200 years, although as society has evolved, 
the term has developed from a personality-based symptom to a 
neurological one.47

 

46 	James	J,	McGough.	(2014).	“ADHD,”	(Oxford	University	Press).	11
47	 	McGough.	“ADHD.”	3.

2.6 ADHD

Figure	14:	Child	showing	difficulty	with	learning	due	to	ADHD.	By	SPELD
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The integration of natural lighting for any institution is paramount 
to the success of the people inside. Natural lighting should 
be used wherever possible with the addition of LED lighting 
where necessary.56 The incorporation of natural light can have 
physical and psychological benefits57 to students, teachers, and 
administrators; improving health, concentration and even test 
scores from the students.58 A study by professional consultants, 
Heschong Mahone Group indicates that students exposed to 
natural light achieved test results up to 18% higher than students 
who were exposed to low lighting.59 Unfortunately, access to 
natural lighting is not always available in all circumstances of 
design, but alternative solutions are available such as daylight 
bulbs and tubes which help bring natural light into the deep 
spaces.60 

When designing the lighting scheme for a building, several 
lighting considerations need close attention to promote optimal 
lighting conditions. Luminance is one which needs consideration 
as a room with low luminance can influence reading speed, 
reduce concentration, and give poor posture, and weakened 
vision. Excessive luminance can also have negative effects on 
visual performance; causing discomfort and hyperactivity.61

56	 	 “How	Important	is	Lighting	in	a	Classroom,”	Innova	Design	Group,	accessed	May	17,		
	 2020,	http://www.innovadesigngroup.co.uk/news/how-important-is-lighting-in-a-class	
	 room/

57	 Delos	living,	“The	WELL	Building	Standard.”	92.
58	 Delos	living,	“The	WELL	Building	Standard.”	92.
59	 Delos	living,	“The	WELL	Building	Standard.”	92.
60	 Delos	living,	“The	WELL	Building	Standard.”	98.
61	 Delos	living,	“The	WELL	Building	Standard.”	99.

 2.8.1 Lighting
2.8 Architectural Qualities Approach

Glare occurs when a bright object within a space is in contact 
with strong directional sunlight. It is common for children to 
compensate by turning their head or squinting. Glare can also 
interfere considerably with a student’s learning productivity and 
their health, as this can cause headaches and eyestrain. Although 
bright light encourages good health, having varying amounts can 
also hinder a student’s learning.62 Where light enters a space, the 
use of light mediation with shade covers will help to reduce light 
intensity without losing light altogether. 

Flickering can occur with artificial light, and also let off a 
humming noise, causing discomfort for neurodiverse students 
and further affect concentration. Flickering can also have a 
significant effect on student’s health as epilepsy becomes a factor 
for some.63

The ‘WELL-Buildings Standard’64 also specifies that in some cases, 
windows can offer too much visual stimulation which causes a 
distraction to student’s learning. Despite the concern, this can be 
worked around by rearranging the seating layout of the affected 
students, resulting in fewer distractions.65 High-level windows and 
roof lights can go a long way when trying to achieve an optimal 
level of luminance and natural light integration within teaching 
spaces.

To further aid comfort when in an educational environment, 
the use of soft lighting can be useful when attempting to calm 
students down. If aggravated, having separate rooms where the 
student can de-escalate will also help to make the student feel 
comforted further, resulting in a calm environment. 

62	 	Delos	living,	“The	WELL	Building	Standard.”	100.
63	 	Delos	living,	“The	WELL	Building	Standard.”	101.
64	 	Delos	living,	“The	WELL	Building	Standard.”	96.
65	 	Delos	living,	“The	WELL	Building	Standard.”	97.

Figure	15:	Diagram	showing	use	of	high	windows.	By	Author	

Figure	16:	Benfeld	Aristide	Briand	Primary	School.	Use	of	High-level	
windows	for	lighting	by	Lionel	Debs	Architects
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In the article ‘Green Mind Theory’ by the researchers Jules Pretty, 
Mike Rogerson and Jo Barton,66 the importance of exposure to 
green spaces for all ages, genders, ethnicities, and social classes 
was shown to have both long and short-term positive effects on 
people who showed high levels of stress.67 The exposure to green 
spaces not only positively affects individuals with stress relief but 
also helps to improve behaviour, further influencing healthier 
habits. 

Throughout history, children have been free to play wherever 
they see fit, which in many cases is by a large tree, garden or 
forest. Access to nature from the back doorstep has been widely 
accessible to many until recent times due to the implementation 
of urbanisation. The growing process for children in the 20th 
century and onwards has significantly evolved as children today 
have fewer opportunities to develop their minds with the helping 
hand of nature. Urbanisation has not been the only cause of 
restriction to nature: parents are more afraid of what may be 
within the natural environment.68 A study in 2004 found that 82% 
of mothers with children aged 3-12 said that crime and safety 
concerns were one of the main reasons they would not allow 
their loved ones to play outdoors.69 Fortunately, a movement in 
North America is helping to transform the design of playgrounds 
in schools and kindergartens from the standard industrial design 
to a more naturalised one, with inspiration from nature itself.70 

66	 Pretty,	Jules,	Mike	Rogerson,	and	Jo	Barton.	“Green	Mind	Theory:	How	Brain-Body-	
	 Behaviour	Links	into	Natural	and	Social	Environments	for	Healthy	Habits.”	International  
 Journal of Environmental Research and Public Health	14(7),	no.	706	(2017).	https://doi.	
	 org/doi:	10.3390/ijerph14070706.
67	 		 Pretty,	Rogerson,	and	Barton.	“Green	Mind	Theory.”
68	 Randy,	White.	“Young	Children’s	Relationship	with	Nature:Its	Importance	to	Children’s		
	 Development	&	the	Earth’s	Future.”	White Hutchinson Leisure & Learning Group,	Vol.		
	 16,	No.	2	(2006)
69	 White.	“Young	Children’s	Relationship	with	Nature.”	
70	 White.	“Young	Children’s	Relationship	with	Nature.”	

2.8.2 Exterior Views/Green Spaces

The Nature Learning Initiative, headed by Robin Moore at North 
Carolina State University, Rusty Keeler’s Planet Earth Playscapes 
and the White Hutchinson Leisure & Learning Groups71 are 
working together to create an innovative playground that 
implements the idea of naturalisation for children who live 
in urban environments.72 Rather than being built with solid 
materials, planted trees and the manipulation of the site help 
create a naturalised play area.73 Children learn well in a kinetic 
manner involving their hands and physical materials rather than 
using pen and paper. Harvard psychologist Howard Gardener 
says that “academic knowledge seems strictly bound to the school 
setting” while outdoor education fosters “connected knowing”;74 
where education is part of the outdoors rather than separated 
from it.

Naturalised play areas have multiple positive effects that impact 
early childhood knowledge and development: the higher the 
diversity of the natural landscape, the greater appreciation the 
child expresses for nature.75

Despite the importance of access to a natural environment for 
early growth, it is also essential to keep in mind that when within 
a classroom, the outside world can create distractions when 
learning. Fortunately, achieving optimal lighting conditions can 
still be accessible without creating a fishbowl effect, ultimately 
forcing students to look outside. A high window still allows for 
natural light but is also a way to ensure student concentration is 
not limited.76

71	 White.	“Young	Children’s	Relationship	with	Nature.”	
72 	White.	“Young	Children’s	Relationship	with	Nature.”
73 	White.	“Young	Children’s	Relationship	with	Nature.”
74 	White.	“Young	Children’s	Relationship	with	Nature.”
75 	White.	“Young	Children’s	Relationship	with	Nature.”
76 	Delos	living,	“The	WELL	Building	Standard,”	97

Figure	17:	Diagram	showing	sight	line	of	high	windows.	By	author	

Figure	18:	Naturalized	Playground	Masterplan.	Format	by	NC	State	Design.
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Design decisions and spatial considerations can vary depending 
on who the environment is for and what activities persist 
within. Good spatial design benefits any building type from a 
workplace/school to the comfort of a home. Ultimately a well-
designed spatial plan comes down to making those within the 
space comfortable, though soft chairs and air conditioning only 
cover a small spectrum.77 The factors of noise, colour, lighting, 
and separation spaces should formulate together to create the 
optimal space, especially when it comes to neurodiversity. Those 
that are neurodiverse benefit from the likes of order and routine. 
Helping them understand the environment around them is 
important as change may cause anxiety.78 

When it comes to the order and routine of space, the likes of 
individualised storage zones on separate desks or lockers is 
essential for those who require the sense of security within a 
controlled space. These factors can create a stress-free classroom, 
minimising the risk of a student’s feeling a sense of anxiety.79 
The implementation of movable furniture can also prove useful, 
especially for a building that is open in plan and non-territorial. 
John Atkins, CEO of storage specialists Bisley, acknowledges the 
importance of personal storage,

 “Getting on with the task in hand is much easier when  
 you are safe in the knowledge that your belongings are  
 secure, that they are exactly where you left them and that  
 they will remain so unless you choose otherwise.”80 

77	 		 “Neurodivergent	design:	How	to	help	neurodiverse	people	flourish	at	work,”	Workin		
	 Mind,	accessed	June	15,	2020,	https://workinmind.org/2019/06/26/how-to-help-peo	
	 ple-flourish-with-neurodivergent-design/

78	 “Neurodivergent	design,” Workin	Mind.
79	 “Neurodivergent	design,” Workin	Mind.
80	 “Neurodivergent	design,” Workin	Mind.

Figure	19:	Movable	furniture	to	allow	for	space	articulation.	By	Homeit

2.8.3 Space Consideration

Many people with autism have sensory issues which exceed other 
diversities. Hypersensitivity means that noises, which others may 
not hear, can cause a problem for autistic students causing severe 
discomfort, distraction and also pain.81 It is possible to create 
non-distracting environments through the use of soft furnishings 
and flooring to create a calming environment for students to 
de-escalate from these experiences.82 By designing more order 
within a learning space, the likes of labelling specific spaces or 
activities can help the students identify the spaces they are in 
which can further reduce self-anxiety, but also enable students to 
understand the spaces themselves without the help of a tutor.83 

The integration of separation/isolation space is vital for the 
success of the school. The act of opening up the building plan 
allows for students to have a clean site line of where their classes 
are and what is readily available to them.84 Subdividing an open 
plan space can also prove beneficial to the teaching environment, 
with the addition of moveable furniture and sliding walls allowing 
tutors to create spaces specific to student needs and activity 
requirements.85  

 

 

81	 		 “Environment,”	National	Autistic	Society.	Accessed	June	16,	2020,	https://www.autism.	
	 org.uk/environment

82	 “Environment,”	National	Autistic	Societ
83	 “Environment,”	National	Autistic	Society
84    “Designing	schools	for	autistic	pupils,”	National	Autistic	Society,	accessed	June	20,		

	 2020,	https://network.autism.org.uk/knowledge/insight-opinion/designing-schools-au	
	 tistic-pupils

85	 “Designing	schools	for	autistic	pupils.”

Figure	20:	Learning	environment	typlogies	on	a	gradient	of	openness.	By	Dovey,	Kim	and	
Kenn	Fisher
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The architectural design of a classroom consists of room size, 
shape and surface treatment. Suitable acoustical design in the 
learning environment can enhance speech clarity and limit 
the amount of background noise, improving sound quality.86 
The classroom environment should be a place of comfort 
and concentration. The ‘WELL Building Standard’87 focuses on 
reducing and ultimately eliminating the most apparent sources of 
disruption, distraction and irritation through the use of acoustic 
performance devices.88 Closed environments can be a breeding 
ground for unnecessary noise, so theories acknowledged within 
the ‘WELL Building Standard’ can be used to help mitigate 
unwanted indoor noise and limit the amount of exterior noise 
intrusion.89 Being able to hear in the classroom is one of the 
essential characteristics for a successful school to achieve as this 
not only provides a good learning experience but also helps 
with learning development.90 Many factors play a part in the 
classroom space becoming a non-suitable learning environment, 
such as too many people talking and even the light tapping of a 
pen or pencil. These noises can cause a significant distraction for 
many people, neurodiverse or not.91 Acoustics is a term used to 
describe how sound travels around a room. Many factors come 
into play which can make sounds louder or softer—for example, 
floor rugs, ceiling materials and air ducts.92 When a classroom 
design has poor acoustics not only can noises from inside the 
room be heard but talking and yelling from the other side of 
open space and air-conditioning units can be heard too, with 
even lawnmowers outside the school walls becoming an issue.93 

86	 		 “Classroom	Acoustics,”	ASHA,	accessed	June	21,	2020,	https://www.asha.org/PRP	
	 SpecificTopic.aspx?folderid=8589935320&section=Overview

87	 Delos	living,	“The WELL Building Standard.”122
88	 Delos	living,	“The WELL Building Standard.”122
89	 Delos	living,	“The WELL Building Standard.”123.
90	 “Classroom	Acoustics,”	ASHA.
91	 “Environment,”	National	Autistic	Society
92	 “Classroom	Acoustics,”	ASHA.
93	 “Classroom	Acoustics,”	ASHA.

2.8.4 Acoustic Performance

There is also a term called reverberation, where sound reflects 
off hard surfaces or each other, causing a room to become 
unbearably loud; further enforcing a distraction in the learning 
environment. Though optimal acoustics are essential for the 
students, teachers also benefit from adequate acoustics as this 
allows them to use inside voices.94

94	 	“Classroom	Acoustics,”	ASHA.

Figure	22:	Ceiling	diffusers	-	usually	located	above	activity	areas.	By	
Autex	Industries

Figure	23:	Wall	acoustic	panels	for	high	noise	zones
By	Quadrifoglio	

Figure	21:	Diagram	showing	use	of	acoustic	panels.	By	Author

Sound bouncing off walls Acoustic wall panels

Sound bouncing off 
ceiling

Acoustic ceiling baffles
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When approaching the idea of colour within a school, 
functionality must be taken more seriously than aesthetics. 
Functional colour can help to increase attention spans and lower 
the level of eye fatigue. When used correctly, colour can act as 
a circulation tool for people moving around a space and can 
even have physiological and psychological effects by helping 
to calm and boost learning efficiency.95 When in the classroom, 
both teacher and students can gain mental stimulation from 
specific colours that impact their actions; ultimately improving 
or decreasing productivity.96 A test by the painter and teacher 
Harry Wohlfarth in 1983, gathered information from four different 
elementary schools. The results showed that schools with 
improved lighting and colour showed an increase in academic 
performances and IQ scores, whereas the schools with inadequate 
lighting and colours had next to no improvement.97 Colour 
can also provide rooms with a “place identity.”98 By doing so, a 
colour coding system can help both student and teacher locate 
a particular room or exit. A study by the US Navy showed how 
colour can also be used to prevent the likelihood of accidents 
occurring aboard their ships. By using colours that caught the 
human eye, the number of accidents reported decreased, thereby 
creating a safer environment.99

95	 		 Kathie	Engelbrecht,	“The	Impact	of	Color	on	Learning,”	Perkins	&	will.	(June	2003).
96	 Kathie	Engelbrecht,	“The	Impact	of	Color	on	Learning.”
97	 Kathie	Engelbrecht,	“The	Impact	of	Color	on	Learning.”
98	 Kathie	Engelbrecht,	“The	Impact	of	Color	on	Learning.”
99	 Kathie	Engelbrecht,	“The	Impact	of	Color	on	Learning.”

2.8.5 Colour

Figure	25:	Colour	stimulation	pallet.	By	author	

Off-White	 Yellow		 Orange		

Green Blue Purple 

Brown	(Plywood)			

Guidelines for academic environments

- Preschool and Elementary schools should use a warm, 
bright colour scheme that complement their natural 
extroverted nature.

- Cool colours are recommended for upper grade and 
secondary classrooms to focus concentration.

- Hallways can have more of a colour range than the 
classroom and be used to give the school a distinctive 
personality.

- Libraries should utilise a pale or light green creating an 
effect that enhances quietness and concentration.

- Red creates alertness and excitement, and encourages 
creativity, although it may be disturbing to anxious 
students.

- Blue creates a sense of well-being; with light blue having 
the effect of lowering room temperature.

- Yellow creates a positive feeling, helping to form a 
productive environment.

- Orange increases alertness.
- Both green and purple create a sense of calmness.
- Brown promotes a sense of security and relaxation.
- Off-white helps to maintain attention.100

 

 

100	 	Kathie	Engelbrecht,	“The	Impact	of	Color	on	Learning.”Figure	24:	Colours	can	improve	emotions/set	a	
mood	in	a	space.	By	Shoptimized.
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Biophilia
3
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Biophilic design is the practice of incorporating nature into built 
environments.101 Biophilia can help to reduce stress, enhance 
cognitive function and creativity, and demonstrate healing 
properties in the human body—this translates to increased 
productivity and healthcare cost savings.102 Biophilia comes 
down to three main sections: Nature in Space, Nature Analogues 
and Nature of Space. These three themes encompass fourteen 
biophilic design patterns that are implemented in biophilia.103 

 

101	 William	Browning,	Catherine	Ryan,	and	Joseph	Clancy.	“14	Patterns	of	Biophilic		
	 Design,” Terrapin	Bright	Green,	2014,	https://www.terrapinbrightgreen.com/wp-	
	 content	uploads/2014/04/14-Patterns-of-Biophilic-Design-Terrapin-2014e.pdf
102	 Browning,	Ryan,	Clancy,	“14	Patterns	of	Biophilic	Design.” 6
103	 		 Browning,	Ryan,	Clancy,	“14	Patterns	of	Biophilic	Design.” 6

Nature in Space addresses the direct and physical presence of 
nature in a space or place.104 Plants, water, animals and any other 
natural elements which can be physically interacted with will 
achieve the direct connection to natural elements. These include 
bird feeders, water features, fountains, aquariums, flowerbeds, 
vegetable gardens, and courtyard gardens. Nature in Space 
incorporates seven of the fourteen biophilic design patterns: 

- Visual Connection with Nature 
Giving people within the built environment visual 
connection to natural elements

- Non-Visual Connection with Nature
The feeling of being within a natural environment without 
seeing the elements themselves

- Non-Rhythmic Sensory Stimuli 
Connections with nature that may be analysed statistically 
but may not be predicted precisely

- Thermal & Airflow Variability
Changes in air temperature, humidity, airflow and 
temperature of surfaces to help mimic a natural 
environment

- Presence of Water
Being able to see, hear and touch water, enhancing the 
experience of the place

- Dynamic & Diffuse Light
The possibility of being able to change light intensity and 
shadows helping to mimic a natural environment

- Connection with Natural Systems
The awareness of a healthy ecosystem and knowledge of 
how the ecosystem works

104	 	Browning,	Ryan,	Clancy,	“14	Patterns	of	Biophilic	Design.” 11

Figure	26:	Direct	interaction	of	nature	within	the	built	environment.	By	Knight	Frank	

3.0 Biophilia 3.1 Nature in Space

Nature Analogues addresses the organic, nonliving, indirect 
aspect of nature. It consists of objects, materials, colour, shapes, 
and patterns that are found in nature but used as a form of 
ornamentation, furniture and décor in a built environment.105 
Whilst using wood within a built environment may be real, 
the condition of the wood is no longer in its “natural”106 state, 
resembling an analogue interpretation of nature itself. 

- Biomorphic Forms and Patterns
A reference to nature through a series of patterns or 
textures on walls or ceilings

- Material Connection with Nature
Materials are taken from nature to create a sense of place 
and setting

- Complexity and Order
Information that follows a spatial hierarchy similar to that 
encountered in nature

105	 	Browning,	Ryan,	Clancy,	14 Patterns of Biophilic Design. 12
106	 	Browning,	Ryan,	Clancy,	14 Patterns of Biophilic Design. 12

Nature of Space signifies the spatial configuration in nature, 
including the desire to explore the unknown where the view may 
not end, or where another natural element hides the path in 
front.107 The idea of hiding elements can be strongly connected 
to deliberate and engaging spatial configurations of patterns that 
resemble nature, enforcing the act of circulation. 

- Prospect
An unconstrained view over a distance, for surveillance 
and planning

- Refuge 
A place where one can hide from environmental forces

- Mystery 
The act of teasing information which entices the viewer 
to look deeper into a space, encouraging the feeling of 
desire and curiosity

- Risk/Peril
A threat coupled with a reliable safeguard

 

 
107	 	Browning,	Ryan,	Clancy,	14 Patterns of Biophilic Design. 12

Figure	27:	Patterns	taken	from	nature	to	create	natural	feeling	within	the	built	environment.	
By	Studio	Lime

Figure	28:	The	use	of	nature	and	the	built	environment	working	together	to	create	a	sense	of	
journe.	By	Agniescka	Olszewska-Guizzo

3.2 Nature Analogue 3.3 Nature of Space
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In the nineteenth to early twentieth centuries, children learned 
how to be self-sufficient, well-mannered and informed primarily 
to benefit their communities.108 Lessons in manners and 
morality were common occurrences throughout the day with 
the integration of something called the “Three Rs: Reading, 
Riting and Rithmetic”.109 An educational reformist, Horace 
Mann, developed a design for a one-room schoolhouse called 
“the common school”, 110 which was used widely around the 
continent. With the commencement of the industrial revolution, 
new laws surrounding education began to surface, meaning a 
significantly higher number of school enrolments, thus requiring 
a new efficient classroom design to maximise floor space.111 
This classroom design resembled that of a factory instead of a 
teaching space.112 

When the mid-twentieth century came around, a drastic change 
in the classroom design came to be.113 In terms of classroom 
design, educators requested there be more windows, and 
desks needed to be arranged in groups with the option for 
outdoor learning. These new schools came to be called “open-
air schools”.114 Many of these open-air schools still exist today 
as flexible and child-friendly environments. Despite the open-
air school being so successful, the phase was short-lived. 
When the WWII baby boom came into effect, educators had a 
significant increase in numbers again, making these classrooms 
overpopulated. School architects during this period tried to retain 
some the student-friendly design schemes, however educators 
struggled to maintain such large numbers in this environment. 

108	 		 Daniel	Posthuma,	“The	Evolution	of	The	Classroom,”	ELB Education	(blog),	November		
 5th,	2018,	https://www.elbeducation.com/blog/the-evolution-of-the-classroom

109	 Posthuma,	“The	Evolution	of	The	Classroom.”
110	 Posthuma,	“The	Evolution	of	The	Classroom.”
111	 Posthuma,	“The	Evolution	of	The	Classroom.”
112	 Posthuma,	“The	Evolution	of	The	Classroom.”
113	 Posthuma,	“The	Evolution	of	The	Classroom.”
114	 Posthuma,	“The	Evolution	of	The	Classroom.”

Figure	30:	Industrial	revolution	factory	&	workers.	By	Defining	Moments	in	
History	

Figure	29:	Factory	model	classroom.	By	Medium

4.0 The Evolution of Education

From the 1970s through to the end of the century, there began 
a gradual yet determined mindset of turning education from a 
teaching-centred environment to one which was more student-
centred. Research in the 1970s showed that students were 
significantly affected by the environments they were in, and 
the open-air school scheme of the 1930s resurfaced due to the 
positive impact it had on the children.115 The educational world 
soon changed as the integration of technology was introduced. 
As technology made its appearance, educators soon realised they 
were bringing their students into a world that neither they nor 
the student knew. 

This brings us to the present day, facing the uncertainty of where 
we will be tomorrow. Student-centred learning now exists in just 
about every twenty-first century classroom to allow students 
freedom in their learning.116 To further introduce this new style 
of teaching, educators recognised the importance of flexible 
working spaces that meet the varied needs of all students.

 

 

 
115	 	Posthuma,	“The	Evolution	of	The	Classroom.”
116	 	Posthuma,	“The	Evolution	of	The	Classroom.”

Figure	31:	21st	Century	Classroom/Advancement	of	technology.	By	Amol	Arora
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The term ‘flexible spaces‘ does not specify a particular typology 
but is more a reference to suitable floor size and the flexibility 
of catering for multiple teaching pedagogies.117 Flexible 
learning spaces help to meet the needs of students through the 
integration of open group, small group and individual learning 
spaces, also known as break out spaces.118 

Despite the positive impact on learning that flexible learning 
spaces can have, if teachers do not use acceptable learning 
practices, then flexible learning spaces become less successful.119 
Large open spaces within a flexible learning zone are useful as 
they can break up space types by using moveable furniture to 
accommodate various teaching styles. This allows for activities 
such as performing arts and reading groups to take place 
consecutively, without having to move students to a completely 
different room. For a classroom to be a flexible learning space, 
furniture within it should be able to be quickly moved or 
removed, allowing for a fast reconfiguration. By doing so, the 
classroom can further cater for the various learning typologies 
and teaching pedagogies. Within traditionally designed 
classrooms, the teacher usually situates at the front of the 
classroom where a whiteboard is located, forcing students to face 
one way in rows from front to back. 

117	 		 New	Zealand,	Ministry	of	Edcuation,	The Impact of Physical Design on Students Out 
 comes (Ministry	of	Education,	2016),	https://www.education.govt.nz/assets/Docu	
	 ments/Primary-Secondary/Property/Design/Flexible-learning-spaces/FLS-The-impact-	
	 of-physical-design-on-student-outcomes.pdf

118 New	Zealand,	Ministry	of	Edcuation,	The Impact of Physical Design on Students Out 
 comes
119 New	Zealand,	Ministry	of	Edcuation,	The Impact of Physical Design on Students Out 
 comes

Figure	32:	Open	plan	classroom	showing	flexiblity	of	space	types.	By	Edutopia

A flexible space, however, allows the students the freedom of 
choice of where they want to learn; whether that be in groups on 
a large round table or by themselves on a comfy bean bag. The 
teacher also has the freedom of teaching from wherever they 
choose when given the combination of moveable furniture and 
open floor space, allowing for the delivery of information from 
anywhere in the classroom. 

 

4.1 Variety of Learning Spaces
 4.1.1 Flexible Learning Spaces

While flexible spaces can be configured into a variety of space 
types, break out spaces should also exist in the classroom design. 
These spaces allow occupants to have direct access to the open-
plan space acting as an extension. This allows the students using 
it to feel as though they are still part of the classroom activities. 
The purpose of such spaces is to allow children with heightened 
senses the chance to de-escalate away from the crowded 
classroom environment, without losing learning opportunities. 
These spaces must be easily accessible not only for convenience 
but also to lessen a learner’s distress/distraction due to the 
transition from one space to another.120

 

120 New	Zealand,	Ministry	of	Edcuation,	The Impact of Physical Design on Students  
 Outcomes

4.1.2 Break Out Spaces

Figure	33:	Breakout	space	from	general	floor,	“3M	Offices-Austin”.	
By	STG	Design
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Education around the world often goes through changes due 
to technological advancements, and the need to create spaces 
that cater to both neurotypical and neurodiverse students. In 
a report by the Ministry of Education, a multitude of design 
ideas and schemes is specified which have proven to increase 
student achievement and participation.121 This publication 
acknowledges the importance of the variation of classrooms 
types, further enforcing this idea of “flexible spaces”122. With the 
addition of the information in this publication, the integration 
of David Thornburg’s ‘Campfires in Cyberspace’ lists three 
addtional teaching spaces which have been used simultaneously 
throughout the development of humanity.123 Although Thornburg 
discusses these learning spaces from a technological standpoint, 
the ideas still stand in a physical context helping to frame a 
network of learning spaces and strengthening the design toolkit/
checklist for this research document. 

 

 
121 New	Zealand,	Ministry	of	Education,	The Impact of Physical Design on Students Out 
 comes
122 New	Zealand,	Ministry	of	Education,	The Impact of Physical Design on Students Out 
 comes
123 		 Thornburg,	D.	D.	(2004).	Campfires	in	Cyberspace	

For thousands of years, storytelling was the mechanism for the 
teacher. It was through storytelling that elders would express 
their knowledge and wisdom to their people and forward that 
knowledge on from generation to generation.124 Storytelling is 
the act of doing and took place in sacred places or a focal point 
in a village. Spatial quality becomes apparent, linking Thornburg’s 
Campfire and physical space connect. These spaces are where 
the students and teacher can gather to share information in 
large groups, helping to transmit information efficiently. The idea 
of the Campfire is represented in the form of lecture theatres 
and whiteboards in the classroom. The Campfire is an essential 
technique which needs to be integrated into any modern-day 
school though it is not the only teaching tool/space which needs 
acknowledgment in modern learning. 

 

124 	Thornburg,	D.	D.	(2004).	Campfires	in	Cyberspace

Figure	34:	Diagram	of,	David	Thornburg’s	“Campfire”. By 
author 

4.2 David Thornburg 4.2.1 The Campfire

The Watering Hole concept is derived from the idea of gathering 
in the animal kingdom, the Watering Hole is a location where 
multiple species gather to hydrate. The watering hole can also 
be linked closely to human behaviours, for example, when the 
photocopy machine becomes the point of gathering. These 
spaces of interest are where conversations take place. When 
linking the concept of the Watering Hole to a classroom 
environment, the notion of groupings or hot-desking becomes 
apparent. By working in groups, children can express their 
thoughts to each other, helping to motivate and improve learning 
by giving the children a sense of leadership and control. For 
students who have difficulty with social gatherings, the concept 
can be adapted by bringing down the number of students to only 
one student and one tutor involved. This allows for a valuable 
learning space for the student, one that meets their educational 
needs.  

 

The cave theme depicts the learning that takes place whilst 
being isolated. Regardless of where this learning takes place, the 
importance of self-learning is paramount to self-development.125 
Within the classroom, this idea links to quiet spaces, which for 
many neurodiverse students is an essential addition to any 
school. 

4.3 Articulation  

With regard to all findings within the literature review, the matter 
of spatial articulation becomes a critical topic when considering 
the design of a classroom. When considering the range of 
conditions from dyslexia to autism, sensory conditions play a 
large part in the design, which ultimately affects the layout and 
visual representation of teaching spaces. Physical manipulation of 
space types needs attention to ensure the classroom allows for 
appropriate teaching applications needed to ensure all diversities 
are catered for.  

125 	Thornburg,	D.	D.	(2004).	Campfires	in	Cyberspace

Figure	35:	Diagram	of,	David	Thornburg’s	“Watering	Hole”.	By	
author

Figure	36:	Diagram	of,	David	Thornburg’s	“Cave”.	By	author	

4.2.2 The Watering Hole 4.2.3 The Cave
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Literature 
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Acoustic Performance 

-	 Materials that absorb excessive noise 
-	 Acoustic wall panels or ceiling baffles depending on room 

function

Colour 

-	 Navigation 
-	 Highlight unique rooms, walls or features 
-	 Colours used for mood setting (calming, soothing, 

warming)

      Biophilia 

Nature in Space

Nature Analogue 

Nature of Space 

Lighting 

-	 Physical and psychological benefits
-	 Daylight bulbs and light tubes for deep spaces
-	 Interior lighting with a hidden source (ambient light)
-	 Staying away from reflective surfaces, to limit glare 

(materiality)
-	 Overhangs to mitigate shadow change and limit intense 

directional light
-	 Upward facing fixtures (to limit directional light/blinding 

light)

Exterior view/Greenspace

-	 Green spaces bring psychological benefits
-	 Implementation of naturalisation into playgrounds 
-	 High windows to limit distraction when in the classroom
-	 Green Mind Theory
-	 Upward facing window openings
-	 The flexibility of internal light exposure
-	 Translucent materials that allow for mitigation of visibility 

into other spaces

Space Consideration 

-	 Separation spaces for de-escalation
-	 Individual storage
-	 Movable furniture (flexible spaces)
-	 Soft furnishings and soft floor zones
-	 Open floor plan/multifunctional
-	 Teacher-student separate break space 

Figure	37:	Farnsworth	sketch	showing	connections	to,	Biophilic	design	patterns.	By	author

Architectural Approaches

-	 Early 19th century: children were taught to have proper 
behaviour rather than learning to become a teacher, for 
example

-	 During the industrial revolution: children went to school 
in classrooms which had layouts resembling those of a 
factory

-	 The 1930s: “Open Air Schools” were student-focused 
rather than a teacher-focused in design. This did not last 
long due to WWII

-	 The 1970s: a rise in bringing back student-centered 
learning. Open-plan spaces becoming more common by 
1980

-	 Computers then become more involved

      David Thornburg - Campfire in Cyberspace

-	 The Campfire 
-	 The Watering Hole 
-	 The Cave 

 

Figure	38:	Diagram	combining	all	architectural	qualities.	Design	toolkit”	By	author

Evolution of Education

Figure	39:	Diagram	of,	David	Thornburg’s	“Campfire”. By 
author 

Figure	40:		Diagram	of,	David	Thornburg’s	“Watering	Hole”.	By	
author

Figure	41:	Diagram	of,	David	Thornburg’s	“Cave”.	By	author				



54
55

Precedents
6



56
57

Architect - Wolff Architects 

Country - South Africa 

Cheré Botha School was commissioned by the Provincial 
Government of Western Cape for learners who are neurodiverse 
and accommodates students between the ages of 3-18 years 
old.126  

In South Africa, many schools that cater for neurodiverse 
students consist of multiple classes strung together from a 
central courtyard space or corridor. The need for enclosed 
corridors spaces proved crucial due to wind and rainfall in Cape 
Town, making the open courtyard inappropriate for this kind of 
school as the students tend to have a higher sensitivity due to 
their neurodiversity.127 Due to the extensive range of diversities 
within the school, autistic students are taught in different 
spaces to effectively accommodate their unique condition and 
educational needs. This means that the school consists of various 
spaces ensuring they cater to the needs of all. Despite the need 
for separate learning spaces, when playing students interact with 
each other helping them to grow together. 

The school is divided into six sections: an administration building, 
four classroom blocks for learners based on age group (Junior 
and senior), the assembly hall, a kitchen and workshop.128 Each 
classroom block is designed around a shared space expressed 
through the A-frame, which Wolff Architects called “The Super-
Form”.129 The A-frame is identical in all age group spaces but 
what differentiates each block is the programme. The crèche is 
filled with equipment and soft surfaces, the junior section has 
lines for walking and riding, and in the senior sections there are 
more specific spaces for activities such as food production and 
hospitality. 
126 		 “Cheré	Botha	School,”	Wolff	Architects.	accessed	June	13,	2020,	http://www.wolffarchi	

	 tects.co.za/projects/all/special-needs-school/#top
127 “Cheré	Botha	School.”
128 “Cheré	Botha	School.”
129 “Cheré	Botha	School.”

Figure	42:	Photo	of	Chere	Botha	School	drop	off	zone.	By	Wolf	Architects

The precedents analysed within this research project all bring 
something unique, helping to form and create the design 
language/ideas for the twice-exceptional school. For example, 
Cheré Botha School focuses on the issue that intense light can 
be a distraction for hypersensitive students, so the use of high 
windows and passive lighting schemes helps to formulate a 
functional space for all students and staff. In contrast, South 
Harbour School looks at circulation issues as well as unique 
space types for both staff, students and the public. Lastly, the 
Blue School uses colour as a form of space recognition and a 
circulation tool. 

Precedent Cheré Botha School

Light penetration into all areas of the school has been carefully 
considered, ensuring there is no light glare which could cause 
discomfort to the students. To avoid glare, the school uses 
opaque screens on the south sides of the A-frame roofs. This 
allows for sun glare to be limited and for ambient light to filter 
down into the shared spaces, which then reflects through the 
teaching spaces on the left and right of the corridors. Another 
unique design feature exists within the school’s assembly hall. 
Gaps which surround the outer edge of the assembly hall walls 
hide the source of the light and allow for ambient light to filter 
into the space, limiting both glare and also distraction within the 
space. This act of hiding windows that supply the light source 
also relates to limiting distractions within the classroom, which in 
theory should help to ensure students full participation.

The American architect Louis Kahn (1901-1974) shows the power 
of light within interior spaces among many of his projects. 
Through slices and holes in solid materials, he creates focal 
points in architecture using directional and ambient light. 
Through materiality and the position of cut out spaces regarding 
light-direction, the use of ambient light can evolve a space giving 
it a sense of importance and authority.

Figure	44:	Example	of	Louis	Kahn	dealing	with	lighting	within	a	space.	Photo	by	YO	Architecture	
Studio

Figure	43:	Diagram/plan	of	Chere	Botha	School	showing	relationship	of	spaces.	By	author,	
From:	Wolff	Architects.	

Louis Kahn
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Architect – JJW Architects

Country – Denmark, Copenhagen 

South Harbour School, located on Copenhagen’s city harbour 
front, commissioned JJW Architects to design a mixed-use space 
acting as a school/community zone, with the outdoor areas being 
a mixed-use playground for all. 

By creating this exchange between school and the public, the 
ground floor features a combination of the schoolyard and city 
square, with a large staircase that connects the school to the 
harbour; additionally acting as an extra classroom and recreation 
area for pupils, and a meeting place for the public. 

The school is divided by age group primarily, with the junior 
school on the lower floor and the older pupils occupying the 
upper floors. Due to the more significant variation in the upper 
school, the classrooms/spaces divide through age divisions as 
well as age integration. The school uses a unique scheme of 
having what is called “home areas”,130 where both the junior and 
senior school have their own hangout spaces. These spaces help 
the pupils feel at home, but also safe. 

The façade of the school produces a comfortable indoor 
environment due to automatic, openable windows which allow 
for cooling, and noise-reducing windows for improved acoustics. 
However, the façade also has built-in screens serving as sun 
protection panels that also improve heat gain through the 
colder seasons. These panels can also be operated to block off 
certain viewpoints when in the classroom, helping the pupils stay 
focused. 

130   JJW	Arkitekter,	“South	Harbour	School,”	ArchDaily	(Blog),	Educational Architecture,  
	 September	19,	2018,	https://www.archdaily.com/902000/south-harbour-school-jjw-	
	 arkitekter?ad_medium=gallery

 

Figure	46:	Diagram	of,	South	Habour	School	Junior	and	Senior	levels.	By	author.	From:	JJW	
Arkitekter.	

Use of biophilia is evident at South Harbour School; the rooftop 
and courtyard spaces are occupied by nature already existing 
within the built environment. These naturalised playground 
spaces resemble more of nature analogue (refer to biophilia 
literature) rather directing nature within the space, as this is not 
how nature would typically implement itself. There are also hints 
of Nature of Space when gazing upon the rooftop sections and 
staircases which face the Copenhagen canal.  

South Harbour School has also achieved a social stair space, 
allowing a unique meeting point for the students where 
conversations can form. The social stairway is only available to 
the senior school though the idea of having a focal point where 
students can meet can prove useful when designing the overall 
circulation of a space. 

Figure	45:	Photo	showing	biophilia	design	patterns.	by	JJW	Arkitekter

Figure	47:	Photo	showing	senior	school	commons	room/social	terrace	by	JJW	Arkitekter

South Harbour School
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Architect - JASMAX

Country - Christchurch, New Zealand 

JASMAX has also ventured into the notion of social stairs due to 
the educational interactions that they can bring. This stairway 
encourages the urge to move upwards within the building using 
socials stairs rather than elevators. Due to the occupied status of 
these spaces, more students take time in their day to venture up 
the stairs due to the common interests of others. 131 

The social stairs were such a successful concept that the 
University won the 2019 Canterbury NZIA Local Branch 
Architecture Award. Judges of the award stated that,

“The expansive core and central stair are the lungs of this modern 
learning hub. They encourage movement between floors, on 
foot, and playfully remind us that learning takes one to elevated 
places”132. 

131 		 “NZIA	Canterbury	Local	Branch	Awards	2019,”	JASMAX,	accessed	June	15,	2020,		
	 https://www.jasmax.com/news/nzia-canterbury-local-branch-awards-2019/

132 “NZIA	Canterbury	Local	Branch	Awards	2019.”

Fugure	49:	Ernest	Rutherford	Building	–	“Lobby”.	JAXMAX

Figure	48:	Social	Stair	showing	interaction	of	social	terraces	within	the	Ernest	Rutherford	Building,	
JASMAX

Fugure	50:	Ernest	Rutherford	Building	student	social	space,	JAXMAX

Ernest Rutherford Building
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Architect – Rockwell Architects

Country - New York, USA

The Blue School is distinguished from other schools by virtue of 
their approach to education, which involves all-new techniques 
and the best educational programmes to develop the minds 
of their pupils. They acknowledge their students viewpoints, 
allowing the pupils to have their say in their educational 
experience which helps to engage the students. By doing so, the 
school helps to form natural leaders from all their pupils, further 
helping them fulfil their goals.133 

The learning spaces within the school consist of four levels of 
flexible learning spaces with a centralised yellow stairwell within 
the building. The stairwell brings pupils and teachers to all levels, 
connecting each of the different age groups. The Blue School 
pedagogy is based on a belief that, students should collaborate 
and work together, helping them for future development. 
Rockwell Architects planned the school to create spontaneous 
moments where students would cross paths when moving from 
space to space, meaning the students too can teach each other. 

The ground floor acts as a common space for students and 
parents, with the likes of a biophilia inspired café, community 
space, a drop-off/pickup area, study hall and student lounge.  
The second floor houses mixed year group classrooms and 
the school library with teacher workshops. Each classroom has 
dedicated quiet spaces and the option for students to learn on 
raised platforms with soft furnishings, to allow for relaxed study 
spaces and variation in seating arrangements. 

133 Fernanda	Castro,	“Blue	School,”	Rockwell Group (blog),	2018,		https://www.archdaily.	
	 com/903151/blue-school-rockwell-group?ad_medium=gallery

Figure	53:	Photo	of	interior	stairwell	circulation	in	the	blue	School	by	Rockwell	Group.	By	Rockwell	
Architects

Figure	52:	Photo	of	indoor	gymnasium	in	the	blue	School	by	Rockwell	Architects.

Figure	51:	Photo	showing	use	of	colour	within	the	blue	School.	By	Rockwell	Architects

The Blue School 

In terms of desk arrangement, no space is set in stone and allows 
for each classroom and library space to be utterly flexible. The 
needs of the students within these spaces allow learning to be 
done either individually or in collaborative groups.  

The school also contains a gym allowing for students to involve 
themselves in physical education. The gymnasium acts as an 
essential feature for the school as the heavily urbanised area 
eliminates the possibility of outdoor education. This gym also acts 
as a 130-seat auditorium for assemblies. Although the school’s 
variation in classroom types and room flexibility is significant, 
the school also uses colour as a tool for circulation and room 
type identification, helping to give the school order. This sense 
of order helps as some neurodiverse children can be affected 
negatively or become confused if space does not flow correctly. 
The use of colour can also have a psychological effect on the 
human brain, helping to improve calmness. By stimulating these 
feelings, the students can form productive behaviours, further 
boosting their morale and positive energy.  
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Due to inadequate health and safety, and a lack of enrolled 
students, Hato Petera College has been forced to close. The low 
number of students made the school lose touch, forcing the 
Minister of Education to close the school down.134 The school 
has had a proud history for many years with students such 
as Dr Lance O’Sullivan, former New Zealander of the year.135 
unfortunetly past students have chosen not to send their 
children and grandchildren to the college for several years due to 
inadequate learning environments.136 In 2019, the roll fluctuated 
from one to five students and at the end of the third term no 
students were enrolled.137 The bishop of Auckland, Patrick Dunn, 
he stated that,

“The need for Māori boarding schools has changed. Significantly 
fewer Māori are choosing to send their rangatahi to Māori boarding 
schools for their secondary education. The four remaining Māori 
boarding schools in Aotearoa all have small school rolls, and the 
total roll across all four schools is 531, the size of a small secondary 
school. As of July 2018, there were 1065 Māori students attending 
15 catholic secondary schools in the diocese.”138

The Ngati Paoa iwi occupied the land before Governor George 
Grey (born 1812-1898) acquired it, granting it to be a Catholic 
Church in 1850 “for the education of children of our subjects 
of both races and children of other poor and destitute persons 
being the inhabitants of the islands in the Pacific Ocean.”139 
However, the closure of the hostel and the lack of confidence 
the Catholic Church had in the school’s environment, forced the 
church to repossess the land as the original purpose framed by 
the grant was no longer being met.140 

134 		 “Hato	Petera	College	closed,”	NZ	Catholic,	accessed	March	13,	2020,	https://nzcatholic.	
	 org.nz/2018/10/03/hato-petera-college-closed/

135 Simon	Collins,	“Hipkins	to	hear	last	ditch	$47m	bid	to	save	Hato	Petera	College,”		
	 NZ	Herald,	21	August,	2018,	https://www.nzherald.co.nz/nz/news/article.cfm?c_	
	 id=1&objectid=12139969
136 NZ	Catholic,	“Hato	Petera	College	closed.”
137 NZ	Catholic,	“Hato	Petera	College	closed.”
138 NZ	Catholic,	“Hato	Petera	College	closed.”
139 Collins,	“Hipkins	to	hear	last	ditch	$47m	bid	to	save	Hato	Petera	College.”
140 Collins,	“Hipkins	to	hear	last	ditch	$47m	bid	to	save	Hato	Petera	College.”

 

7.1 Site

Figure	54:	Site	map	showing	relationship	of	Hato	Petera	to	the	surrounding	context	(Boarding	house	
highlighted	in	gold).	By	author	

Figure	55:	Image	shwoing	existing	site	context.	By	
author.	From	Google	Earth.
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A new Northcote development by KiwiBuild will facilitate a new 
and improved Northcote area. By doing so, this will not only 
improve the physical environment of Northcote but also increase 
the number of people living in the suburb. The new development 
has a relevant connection to the project chosen in this paper, 
as this also increases the potential for more students in local 
educational establishments. The new development proposes 718 
homes with a proposed 334 homes being government housing; 
helping those with little money get into a home comfortably.141 
There are positive assumptions for the future development of a 
twice-exceptional school as the increase in population size for 
the Northcote area means a larger demographic, boosting the 
numbers of children who are affected by the likes of dyslexia. One 
in five students, or 15-20%, have language-based neurological 
conditions with dyslexia being the most common.142 

Based on Stats NZ, the average number of bedrooms in a 
private dwelling is three.143 So according to the new Northcote 
development alone, 718 proposed homes will bring roughly 
2000 people into the suburb, with potentially 15-20% of them 
having neurological conditions, making 300-400 people affected 
by the likes of dyslexia. However, an estimated 20% of the 
2000 new faces are in the age bracket of 1-15 years,144 taking 
the total to 60 - 80 children of school age affected by learning 
difficulties. Though these numbers may be on the low side, the 
data gathered from the analyses are from the new development 
only; this excludes the other 2500 people who live in Northcote 
already.145

141  Everyday	Northcote,	Northcote Development. Everyday	Northcote,	(2020),	https://	
	 northcotedevelopment.co.nz/assets/Uploads/a761849a9f/NC0042-Everyday-North	
	 cote_Issue-7_6DVWEB-2020-01-28.pdf

142  Dyslexia	Center,	“Dyslexia,”	accessed	June	12,	2020,	https://www.dyslexiacenterofutah.	
	 org/Statistics

143  “Number	of	Bedrooms	in	Private	Dwellings,”	Stats	NZ,	accessed	June	15,	2020,		
	 http://archive.stats.govt.nz/Census/2013-census/profile-and-summary-reports/quick	
	 stats-about-housing/number-bedrooms.aspx#gsc.tab=0

144 Stats	NZ,	“Number	of	Bedrooms	in	Private	Dwellings.”
145 Stats	NZ,	“Number of Bedrooms in Private Dwellings.”

Access to the site is essential for members of the school, as it 
creates an efficient way of picking up and dropping off students 
who do not live within walking distance. The Esmonde Rd on-
ramp and off-ramp from State Highway One prove useful for the 
families who live further north or south of the school location. 
Not only is there access by personal vehicles, but there are also 
bus routes which go past the front gates of the site location, as 
well as buses that go to AUT (Auckland University of Technology) 
from both the city side and northbound. 

7.1.1 Site Population  7.1.2 Transportation

Figure	56:	Diagram	showing	redevelopment	of	Northcote	in	stages.	By	Author.	From	Google	Earth	

Figure	57:	Diagram	showing	motorway	offramps	relevant	to	site.	By	Author.	From	Google	Earth	
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Forest and Bird, one of New Zealand’s largest independent 
conservation groups, plan to undergo a restoration of Tuff 
Crater, which is located 20 metres south of the project site. 
The idea behind this restoration is to build a path over the Tuff 
Lagoon acting as an additional use of transport for workers and 
students.146 This restoration also intends to preserve and improve 
the natural environments for birds such as kererū, tui, dotterel, 
terns, silvereyes, and most of all, the kōtare commonly known as 
the kingfisher. However, not only birds inhabit the environment 
as native New Zealand insects and butterflies also flourish in the 
lagoon environment.147 

 

146	 Archaeological	Assessment, (Clough & Associates ltd, 2001), https://www.	 	
	 forestandbird.org.nz/sites/default/files/2018-05/Tuff%20Crater%20Archaeology%20	
	 Track_Reserve_Walkway_Upgrade%20Report.pdf
147	 Clough,	Prince,	Tuff Crater Reserve Walkway Upgrade Exmouth Road Northcote.

7.1.3 Tuff Crater

Figure	58:	Banner	advertising	for	new	crater	restoration	and	board	walk	
development.	Format	by	Forest	and	Bird	

Figure	59:	Benefits	and	goals	for	the	crater	restoration	and	board	walk	development. Figure	60:	Benefits	and	goals	for	the	crater	restoration	and	board	walk	development.



72
73

Tuff Crater, also known as Te Kopua o Matakamokamo, erupted 
over 200,000 years ago forming the large crater seen today. The 
eruption formed a 100m deep crater causing clean water to flood 
in, creating an optimum nesting ground for native wildlife and 
Māori.148 Due to the fertile volcanic soils, marine resources, and 
navigable waterways, the possibilities of producing natural food 
sources were recognised for the Māori tribe, Kawerau a Māki, who 
occupied the site until 1923.149 Unfortunately, over time the ever-
changing tides caused sediment to fill the crater which eliminated 
the possibilities of growing food.150 In Māori mythology, both 
Onepoto domain (Kopua o Māta Kerepo) and Tuff Crater (Te 
Kopua o Matakamokamo ) resemble the footsteps of the volcano 
god, Mataaha who formed all volcano in Auckland.151

The new cycle and walking path commissioned by the Auckland 
Council resulted in the finding of three archaeological sites on 
the south-eastern edge of Tuff Crater. The sites consisted of food 
waste, shellfish remains, charcoal and stone mix; likely the result 
of hangi pits. 152 Unfortunately, it is unclear as to how old these 
sites may be, although these findings prove the existence of 
Māori living on the Tuff. 

148 Clough,	Prince,	Tuff Crater Reserve Walkway Upgrade Exmouth Road Northcote.
149 “Awataha	History,”	Awataka,	accessed	August	18,	2020,	https://www.awataha.co.nz/	
	 About+Us/Awataha+History.html
150 Forest & Bird, Naturepath.
151 Forest	&	Bird,	Naturepath.
152 Forest	&	Bird,	Naturepath.

Mana - “The act of respecting iwi and hapu on-site to recognise 
mana whenua.” In respect of the land’s past, Hato Petera 
sits on land which was once called Te Punawai a Tene (The 
Spring of Tene)153 though now called Awataha, with the 
Awataha Marae 300m east in AUT grounds. The iwi that 
relates to this land is Ngati Paoa. 

Whakapapa – “To celebrate Māori names.” In order to embody 
the whakapapa design principle, the Māori names for landmarks 
and critical design narratives will be used to embrace whakapapa 
further. 

Mauri – To maintain or enhance the environmental health on-site. 
To approach the Māuri design principle, the twice-exceptional 
school will use solar panels for energy gain and rainwater 
retaining systems.

Taiao – To maintain the natural environment or enhance it. The 
research project will approach this design principle by preserving 
native trees that exist on-site with the incorporation of additional 
trees. Nature and Bird are also planting more native trees helping 
to embrace more flora and fauna into the crater. 

Tohu – Mana whenua significant sites and cultural landmarks 
are acknowledged. The project will meet this design principle by 
acknowledging the three crater lakes that the building orientates 
toward, with the addition of other significant landmarks in the 
broader context.

Mahi Toi - Iwi/hapū narratives are captured and expressed 
creatively and appropriately. Approaching this design principle 
will be achieved by taking inspiration from the crater below, using 
the forms created by both path and water channels, including the 
overall shape of the crater itself.

153  Awataka,	“Awataha	History.”

Ahi ka - Iwi/hapū have a living and enduring presence and 
are secure and valued within their rohe. This principle will be 
achieved by acknowledging the existing Marae on site which 
was once used by Hato Petera College. To preserve the meeting 
house, the Marae will not be moved or affected by locating the 
school entrance away from the Marae waharoa.154

 

 

154	 “Te	Aranga	Principles,”	Auckland	Design	Manuel,	accessed	August	17,	2020,	http://	
	 www.aucklanddesignmanual.co.nz/design-subjects/maori-design/te_aranga_		
	 principles#/design-subjects/maori-design/te_aranga_principles/guidance/	 	
	 ahi_k%C4%81_living_presence

7.1.4 Te Aranga Māori Design Principles

Figure	61:	Map	showing	location	of	newly	found	archaeological	sites	on	the	south	eastern	edge	of	Tuff	Crater.	
By	Clough	&	Associates	Ltd.
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In terms of orientation, the angle of the building follows a line 
(in yellow) which meets the three largest craters in Auckland. 
This relationship is present to ensure the school reflects the 
immediate and extended surroundings. Although the orientation 
line does not pass through each crater, the compromise ensures 
the school relates to the immediate context through a viewpoint 
of Tuff Crater and other various lands marks/maunga. 

 7.2 Site Analysis Diagrams

Figure	62:	Location/Orientation	plan.	By	author Figure	63:	Site	diagram	show	point	of	entry	to	site.	By	author	

Figure	64:	Site	diagram	showing	orientation	of	sun.	By	author	

Figure	65:	Site	diagram	showing	relevant	buildings	on	site.	By	author	
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When designing the building layout, the first thoughts that 
came to mind were circulation, orientation and the must-have 
room types. Circulation is key to any design with hypersensitive 
students, and the school needs to ensure that students are not 
confused by the building layout. Although circulation is a critical 
factor towards achieving a success story for this project, the use 
of David Thornburg’s ‘Campfire in Cyberspace’ will also help to 
form most teaching spaces, with the ‘WELL Building Standards’ 
approach to suggest suitable lighting and acoustic treatments.

Iteration one starts by connecting each room type to a central 
long span circulation space forming the core of the building. The 
idea of circulating off of a central corridor has been taken from 
Cheré Botha School’s idea of the Super Form (see precedents). 

In iteration three, the central corridor also persists, though 
the idea that is most apparent from Cheré Botha School is the 
placement of the classrooms. By situating each classroom either 
side of the corridor, light filters down through the teaching 
spaces without creating intense directional light. One major 
problem that lays in this building plan is the northerly orientation 
of the senior classroom. By facing north, intense directional 
light becomes challenging to mitigate, which ultimately causes 
overheating of this space, creating distractions due to potential 
glare. The addition of the circulation tunnel, located on the 
east, sparks the idea of creating a transitional space from the 
educational environment to the active environment.

Iteration two takes all that was learned from iteration one: the 
central corridor found in yellow extends to allow for more light 
access from the roof and also allowing for more possibilities 
within the circulation space. Despite the expansion of selected 
spaces, this layout overall is far too big for the site despite the 
available possibilities. Students who suffer from hypersensitivity 
could become uneasy due to the considerable distances between 
points of interest. 

7.3 Building Layout/Iterations Iteration One Iteration Two Iteration Three

Figure	66:	Iteration	one	of	building	layout.	By	author	
Figure	67:	Iteration	two	of	building	layout.	By	author	

Figure	68:	Iteration	three	of	building	layout.	By	author	
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Iteration four shows the most significant difference between all 
previous examples in the form of the overall building shape; this 
affects circulation but also makes all the essential room types 
readily available to the students and staff upon entry. The entry 
point to this iteration is under the senior classroom block where 
directly in front of the entryway is the terrace/social stair. This 
section of the building layout acts as a focal point where students 
can gather in their groups before class. By doing so, this simplifies 
the overall circulation plan and adds the opportunity to introduce 
colour. The idea of colour on a stairwell derives from the Blue 
School’s idea of the yellow central staircase (see precedents). 

The negative aspect of this plan is the location of the classrooms 
themselves. The senior classes, much like in iteration three, face 
north which can result in an overheated space

Iteration five includes all that was encouraging in iteration 
four and changes what was negative, with the relocation of 
classrooms. With surrounding residents and the Marae on site, 
considerations of privacy must have acknowledgement and so 
allow for a fair amount of space between buildings. 

The sizes of the classrooms could be more substantial as the 
general teaching spaces are relatively small, whereas the tech 
classroom could be half the size. 

Iteration Four Iteration Five

The design process consists of four components:

- Orientation

- (Biophilia) Patterns and forms developed from boardwalks  
   and waterways found within the crater

- Theory from research findings 

- Connection to neurodiversity 

Many factors play a part in the design process for the project/
twice-exceptional school. The theory-based analysis covers most 
of the design decisions based on the needs of hypersensitive 
children. Precedents, architectural sources, biophilia and 
site analysis help to create the design languages developed 
throughout the research project. These, combined with the view 
available on-site and features and patterns found within and 
around the crater, form the essential design features for the new 
school. 

7.4 Design Process

Figure	69:	Iteration	four	of	building	layout.	By	author	 Figure	70:	Iteration	five	showing	developed	building	layout.	By	author

Figure 71: Image of crater board walks wrapping around the 
land rather than cutting through. By author 
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Figure 72: Image showing inspiration of architectural forms 
used within process drawing. By author 

Figure 73: Image of the south eastern edge of Tuff 
Crater. By author 
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North Façade Iterations

Figure 74: Design process. By author Figure 75: Design process. By author Figure 76 Design process drawing inspired by a forest. By author Figure 77: Design process drawing inspired by water. By author 
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Figure 78: Process drawing sparking first strong narrative for building entrance. By author Figure 79: Design Process drawing showing tessellated gateway. By author Figure 80: Design process drawing of potential north facades. By author Figure 81: Design process drawing of gymnasium façade. By author  
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South Façade 

Figure 82: Process drawing of south façade showing potential connections to outdoor 
spaces and viewpoint zones. By author 

Figure 83: Process drawing for south façade. By author Figure 84: Process drawing iteration of south façade. By author Figure 85: Process drawing iteration of south façade. By author 
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Amphitheatre Space

Figure 86: Process drawing showing potential amphitheatre space design. By author  Figure 87: Amphitheatre sketch design. By author Figure 88: Amphitheatre space in relation to both the education building and the 
gymnasium. By author 

Figure 89: Amphitheatre space with additions of allocated wind/privacy screens By author 
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The front entrance takes inspiration from the waterways found 
within the crater, including the boardwalks which surround 
Tuff Crater. By taking inspiration from both these sources 
of circulation, the main entrance resembles a journey (in te 
Reo, haeranga) that relates to the journey that a neurodiverse 
child experiences. This contrasts with the linear beams, which 
resembles the journey neurotypical children take through the 
educational system. The critical aspect behind the narrative is that 
both forms start in the same location and ultimately finish equal, 
whilst accepting that neurodiverse students often go through 
obstacles which makes their educational experience challenging. 
Through specially designed environments, neurodiverse students 
can thrive and flourish. 

The journey continues within the building circulation in the form 
of a skylight guiding the students and teachers (this can be seen 
clearly on the roof plan). 

 

Much like the north façade, the south also follows the narrative 
of neurotypical vs neurodiverse. However, this section of the 
building helps to relate more closely with the land itself. Tuff 
Crater is located 20 metres below the site, with a view visible 
from both classrooms and outdoor playing zones. The overall 
shape of the deck spaces follows the rounded form of Tuff Crater 
resembling that of the boardwalks surrounding the perimeter. 

Chosen North & South Facade North Facade South Façade

Figure 90: Developed north facade drawing. By author Figure 91: Developed south facade drawing. By author 
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When comparing both openings on the north façade, the 
design language is visible from a distance. Though once closer, 
the shallow opening of the front entrance into the deeper 
amphitheatre space no longer expresses the same design 
language. By stretching the opening further into the building 
plan, the two spaces speak a similar language.

 

 7.4.1 Development

Figure 92: Redeveloped north facade drawing. By author 
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Figure 93: North façade interior entrance connections. By author Figure 94: Redeveloped amphitheater space. By author 
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Light Mitigation Details 

Figure 95: Drawing showing window cut away to allow light mitigation. By 
author 

Figure 96: Drawing showing window cut away to allow light mitigation. By 
author 

Figure 97: Light mitigation head detail. By author 

Figure 98: Light gain wells/ambient light exposure zones. By author  
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Ground Floor 

Scale 1:500

First Floor

7.4.2 Floor Plans

Scale 1:500

Figure 99: Ground floor plan. By author  Figure 100: First floor plan. By author  
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When gazing upon the building from a rooftop view, the 
haerenga (journey) form breaks up the building, ultimately 
outlining the central circulation. The haerenga pattern also 
reappears in various other space types, such as the amphitheatre, 
naturalised playground, and deck area facing Tuff Crater.

On the south side of the site, a naturalised playground serves 
a dual purpose as an active zone and a barrier from residential 
to school space. By using grass mounds and trees rather than 
fencing, the outdoor space has the potential to feel free for the 
children rather than restrictive.

7.5 Potential Master Plan

Figure 101: Viewpoint diagram. By author  

Figure 102: Potential masterplan. By author  
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7.6 Interior Design Theory 

Figure 103: Viewpoint from drop-off zone. By author  Figure 104: Main entrance viewpoint. By author  
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Figure 105: Main lobby viewpoint from first floor. By author  Figure 106: Viewing platform of Tuff Crater. By author  
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Figure 107: Interactive architecture in library. By author  Figure 108: Cave reading zones in library ground floor. By author  
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109Figure 109: Terraced teaching zone in first floor library. By author  Figure 110: Library first floor circulation zones around tree. By author  
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Figure 111: Gymnasium. By author  Figure 112: Outdoor amphitheatre space. By author  
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Figure 113: Classroom showing terraced zone. By author  Figure 114: Classroom showing group learning booths. By author  
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Figure 115: Classroom articulation towards group learning. By author  Figure 116: Classroom articulation towards individual learning. By author  
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8
Conclusion 
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This investigation addresses the question “How can schools be 
designed to help shape supportive and encouraging learning 
environments for primary to high school students that are 
neurodiverse?” The intention was to design an educational 
environment which mitigates disturbances that affect learning for 
neurodiverse students, providing another opportunity for early 
intervention to support their educational journey. 

The project begins by acknowledging the challenges that 
neurodiverse learners go through in standardised educational 
environments, to help pinpoint which areas of architecture would 
create suitable or unsuitable learning spaces. In the Auckland 
region, one school called Age which forms the genesis of this 
project has designed and built a new facility which uses the 
‘WELL-Building Standard’155 as a basis for their design decisions. 
Age School remains as one of very few specifically designed 
institutes. So by integrating similar theories used by Age 
with additional theory, such as David Thornburg’s ‘Campfire 
in Cyberspace’,156 the factors of light, exterior view, spatial 
considerations, acoustics and colour arose helping to address the 
question. 

The growth of education through technological advancements 
affects the way learning is conducted for both neurotypical and 
neurodiverse learners. However, the aspect of hypersensitivity 
among neurodiverse students also requires the consideration of 
architectural qualities as well as pedagogical theory. For example, 
theories researched within this project focus on specialist theory 
for neurodiversity, and architectural based theory which help 
prioritise first-person experiences within specifically designed 
environments. By combining the likes of the ‘WELL-Building 
Standard’ by Delos Living and ‘Defining Dyslexia’, by Tunmer and 
Greaney157 the project design toolkit was formulated to help with 
the design and analysis aspects of the project. 

155  Delos	living,	“The	WELL	Building	Standard.”
156  Thornburg,	D.	D.	“Campfires	in	Cyberspace.”
157 	Tunmer,	Greaney.,	“Defining	Dyslexia.”

The decision to use Hato Petera Boarding School as the site 
location came down to three main factors: transportation, what 
the site has to offer, and the closure of the original school. An 
environmental design factor influenced by Forest and Bird,158 
is the preservation of native life in Tuff Crater. By targeting this 
on-site aspect, not only will the project address the Te Aranga 
Principle of Taiao, but also the students of the school will have 
their well-being enhanced by the positive effect that nature has 
on individuals. Stated by both the ‘Green Mind Theory’159 and ‘14 
Patterns of Biophlic Design’,160 the integration of natural patterns, 
direct connection to nature, and the feeling of nature itself within 
the built environment have both physiological and psychological 
effects on the human brain, further boosting well-being and 
encouraging healthy habits. 

Although this project analyses educational theories and 
architectural qualities which have been proven to mitigate 
the sensitive emotions of individuals, neurodiverse or not, 
designing the perfect educational environment for neurodiverse 
children requires more than the analyses of architectural and 
pedagogical theories as no two students are the same. The factor 
of personal interests and perspectives comes into play, alerting 
the project to a design charrette that was initially planned to 
enrich the design toolkit. Unfortunately, due to time constraints 
caused by COVID-19 and the limited sample of students, the 
potential benefits were diluted resulting in the absence of 
the charrette within the research investigation. Despite the 
absence of this one potentially crucial step towards creating the 
optimal educational environment, the project aids in bringing 
awareness to designers and educators of New Zealand to the 
positive and negative impacts that the environment can have on 
neurodiverse, and hypersensitive learners. Furthermore, due to 
the research undertaken within the project, the challenges that 
neurodiverse learners go through can be understood, further 

158  Forest	&	Bird,	Naturepath.
159  Pretty,	Jules,	Rogerson,	and	Barton.	“Green	Mind	Theory.”
160 	Browning,	and	Ryan.	“14	Patterns	of	Biophilic	Design.” Figure 117: Final design sketch before BIM. By author  

helping to develop a design methodology/approach which shows 
how schools can be designed to help shape supportive and 
encouraging learning environments for neurodiverse students. 
Through these architectual and educational approaches, the 
mitigation of hypersensitivity within the learning environments 
are addressed. 

8.0 Conclusion
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