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Editorial

Biophilic School Design for Health and Wellbeing

Rokhshid Ghaziani 1,* and Kenn Fisher 2,*

1 School of Architecture, Art and Design, University of Portsmouth, Portsmouth PO1 2UP, UK
2 Melbourne School of Design, University of Melbourne, Parkville, VIC 3010, Australia
* Correspondence: rokhshid.ghaziani@port.ac.uk (R.G.); fisherk@unimelb.edu.au (K.F.)

1. Motivations for This Reprint

This Reprint title—‘Biophilic School Design for Health and Wellbeing’—suggests
the coverage of a range of factors through which it is contended that key elements of
nature and the built environment have a direct link to the health and wellbeing of students
and teachers.

In short, this is an extension of the much researched ‘sick building syndrome’ which
was examined in depth in 1983 by the World Health Organisation [1]. It is, therefore,
not surprising that the concept of biophilia also re-emerged around this time through
E. O. Wilson [2]. The original enunciation of the hypothesis was developed in
Eric Fromm’s [3] first use of the term in his publication ‘The Anatomy of Human De-
structiveness’. Fromm suggested that humans have a deep connection to nature in part to
ensure a healthy life, but also as a nurturing resource.

Fromm labelled this connection ‘biophilia’ or the love of nature. Later, following
Kellert’s [4] work, this connection has been confirmed in a myriad of studies, with
van den Bosch’s [5] ‘Nature and Public Health’ being one of the most comprehensive
in its coverage. This work came into sharp focus in 2020 with the advent of the global
pandemic COVID-19. This emergence resonates with the Tuberculosis pandemic in the
late 1890s and early 1900s. At that time, the ‘open air school movement’ emerged as a
potential counter to this disease. In some respects, the 21st Century biophilic school design
campaign reprises that movement [6].

2. Aim and Purpose

Thus, a prefix to the title might well be ‘Evidence-Based’, with the ten articles in this
Reprint sourcing evidence-based peer reviewed literature, which informs the planning and
designing methodology through biophilic principles towards enhancing the health and
wellbeing of students and teachers. This evidence-based approach parallels those used by
health planners in designing hospitals, clinics, and allied health facilities.

Health planners have adopted an evidence-based method by leveraging the approach
used in medicine and public health, where all outcomes are measured through an evidence-
based lens. Such an approach has not yet been applied to the planning and design of
school facilities with any significant rigour. We note, however, that data led teaching and
learning approaches are becoming the norm in education, but are yet to feature significantly
in the design of learning environments. Many studies are now making the connection
between the built and natural environment and health and wellbeing through Terrapin’s [7]
14 Biophilic Design Patterns.

Architecture 2025, 5, 65 https://doi.org/10.3390/architecture5030065
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3. Subject and Scope

The Reprint covers three key areas: (1) the emerging evidence-base around nature
and its impact on health and wellbeing; (2) using these findings to inform biophilic design
principles for schools; and (3) the use of selected school and university case studies to
illustrate how these two intersect in practice.

The evidence based around nature and its relationship to health and wellbeing explores
how biodiversity on the campus grounds, and ultimately within the learning spaces as well,
can enhance health indicators and outcomes. Furthermore, wellbeing indicators are also
implicated in connection with various natural settings. The emerging biophilic principles
can be directly related to these natural elements and the measurement of various human
factors in a variety of settings is possible and presented.

These biophilic principles include overall greening targets, including the use of school
grounds to improve and increase natural and biodiversity affordances, the introduction
of more natural elements into school architectural design and also to enhance indoor
environmental quality performance.

The first of the three parts, namely ‘the emerging evidence-base around nature and its
impact on health and wellbeing’ is covered by three authors. Tim Baber & Ben Cleveland
[Contribution 1] explore the interaction of biophilia and adolescents’ sense of place in
Australian vertical schools Kenn Fisher [Contribution 2] investigates the concept of the
biophilic school through carrying out a critical synthesis of evidence-based systematic
literature reviews. Finally, Fiona Gray & Andrea Downie [Contribution 3] consider the
design of thriving school ecosystems: the synergy of biophilic design, wellbeing science,
and systems science.

The second part uses these findings to ‘inform biophilic design principles for schools’.
Rokhshid Ghaziani [Contribution 4] suggests the need for re-thinking biophilic design for
primary schools in exploring children’s preferences. Bethania Lanzaro and Marcella Ucci
[Contribution 5] probe teacher and parent perceptions of biophilic conditions in primary
school environments and their impact on children’s wellbeing whilst Kari Leif & Vivian
Loftness [Contribution 6] develop a toolkit of biophilic interventions for existing schools to
enhance student and faculty health and performance.

The third part makes use of ‘selected school and university case studies to illustrate
how these two intersect in practice’. William Browning & Jim Determan [Contribution 7]
conduct a study of a secondary school to determine learning outcomes of the biophilic
design of schools. Alan J Duffy [Contribution 8] investigates the ‘nature’ of vertical school
design through a biomimicry lens. Elia Ebrahimi Salari & Nigel Westbrook [Contribution
9] focus on wellbeing through mediated spaces including informal learning and physical
activity environments in vertical schools. Yuqing He, Jacky Bowring, & Gillian Lawson
[Contribution 10] explore mental health improvements through campus landscape design:
insights from New Zealand universities.

4. The Suggested Audience

The primary audience is school principals, as they are in the best position to lead
such an approach to health and wellbeing on their campuses. In turn, they can lead and
calibrate the staged incorporation of these features with teachers and in concert with
budget availability.

But so too are many other participants in this approach and campaign. This includes
facilities managers within Ministries of Education, School Principal Associations, Subject
Teacher Associations, Architects, Engineers, and other professionals involved in the plan-
ning, design, construction and management of school facilities. Furthermore, health and

2
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wellbeing advocates in the abovementioned sub-sectors are key to the implementation of
this approach.

Another key sector which is often overlooked is faculties of education within univer-
sities. Teacher trainees are rarely exposed to the physical environment as a pedagogical
affordance and, in particular, the learning environment as a factor in influencing the health
and wellbeing of both teachers and students alike.

It is hoped that this Reprint summarises key aspects of an evidence-based biophilic
school design approach to health and wellbeing in a way that provides effective evidence
and the ways and means to implement such a strategy.

Author Contributions: Writing—original draft preparation, R.G. and K.F.; writing—review and
editing, R.G. and K.F. All authors have read and agreed to the published version of the manuscript.

Conflicts of Interest: The authors declare no conflicts of interest.
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Article

Biophilia and Adolescents’ Sense of Place in Australian
Vertical Schools

Tim Baber * and Benjamin Cleveland

Learning Environments Applied Research Network (LEaRN), Faculty of Architecture, Building and Planning,
University of Melbourne, Parkville, VIC 3010, Australia; benjamin.cleveland@unimelb.edu.au
* Correspondence: tbaber@student.unimelb.edu.au

Abstract: This article describes the place relationships adolescents have with natural elements in
recently developed ‘vertical schools’ in Australia: a relatively new school typology in the country,
generally considered to be over four storeys high. Vertical schools are being built in Australia’s largest
cities in response to the need for new schools where land is scarce. Drawing on qualitative research
into the place relationships that adolescents have with their learning environments in two Australian
vertical schools, this article explores the ways young people seek closer associations with nature
in multi-storey educational settings. The research adopted a phenomenological approach to ‘place
research’, asking what makes a place a place? Further, it recognised that places have the capacity to
shape the ‘becoming’ of a person, that ‘becoming’ happens when there is a certain resonance between
a place’s cycles, and that identity is created out of difference. As such, ‘place as complex adaptive
assemblage theory’ was employed to study the interplay between location and experience in selected
vertical schools, also drawing on the earlier theoretical work of Relph (1976), who suggested that the
essence of a place lies in the unselfconscious intentionality that defines places as profound centres
of human existence. Photovoice was employed as a method to elicit insights into the relationships
adolescents have with their school as place. Students created photo essays to document their
place relationships, revealing deeply insightful personal reflections on their school as place and the
meanings they associate with it. Specifically, the article reports on what thirteen adolescent students
communicated about the biophilic experiences afforded by their vertical school, including how it
influenced their ‘becoming’. The findings demonstrated that the participating students not only
valued relationships with natural elements, but actively sought biophilic experiences on a regular
basis. The desire for more frequent and more significant interactions with natural materials and
cycles was common across most students, indicating that the relatively limited biophilic experiences
available to students in vertical schools is a challenge that should be addressed in future multi-level
educational environments.

Keywords: biophilia; adolescents; vertical schools; place; assemblage; becoming

1. Introduction

This article reports findings from a Ph.D. study into the place relationships of thirteen
adolescent students at two Australian vertical schools, with a focus on what they commu-
nicated about their relationships with the biophilic elements in and around their schools.

Historically, Australian schools have adopted a horizontal form, featuring generous
outdoor environments that have included playing fields and courts, pathways, garden beds,
courtyards, seating nooks, and swimming pools in some schools. These outdoor areas have
afforded students the opportunity to encounter plants and other natural elements, including
large established trees and shrubs that reflect changing seasons. Many primary schools
have vegetable patches and kitchen-garden clubs where students, parents/carers, and other
school community members can grow fresh produce, including fruits and vegetables, and

Architecture 2024, 4, 668–691. https://doi.org/10.3390/architecture4030035 https://www.mdpi.com/journal/architecture
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prepare meals. These ground-level settings also offer exposure to weather events, including
sunny and rainy days, especially on campuses featuring distributed buildings.

By contrast, newly developed vertical schools on small parcels of land tend to offer
limited outdoor space and experiences, and therefore fewer opportunities for contact with
nature. Vertical schools have been emerging in Australia since 2018 in response to the
need for new schools in the country’s largest cities. For example, Sydney is under acute
pressure to provide more inner-city schools. The Greater Sydney Commission [1] predicts
that the number of children in the city will increase by 41% by 2039. Across the country, it
is predicted that an additional 700 new schools, not just vertical, will be required between
2016 and 2036 to accommodate an additional one million school-aged students [2,3]. In
response, the country’s education authorities have begun building larger schools on smaller
sites, especially in inner-city locations.

Vertical schools are tall—generally considered to be over four storeys—but are not
defined by this attribute alone. Carroli et al. [4] argued that the morphology of this ‘new’
school typology can best be understood in relation to the building’s height, its spatial
configuration and use, and its urban context. With respect to height, Taylor [5] suggested
that schools taller than six storeys should be considered high-rise, while Newton [6]
delineated between mid-rise vertical schools (four to seven storeys) and high-rise vertical
schools (including up to seventeen storeys in the Australian context).

The following research question was investigated: How do adolescent students expe-
rience a sense of place in Australian vertical schools? Seeking understandings of students’
experiences of place in relation to their schools’ physical attributes, both biophilic and non-
biophilic, was the overall objective of the research, with a particular orientation towards
how these experiences may impact identity formation and becoming. The findings offer
insights into students’ place experiences, the values they associate with their school as
place, and the types of relationships that exist between students and their school’s physical
attributes. Amidst other project findings, this article narrows the focus to report specifically
on students’ biophilic place relationships at their schools, following the strong emergence
of biophilic relationships in the data.

2. Biophilic Design and Schools

2.1. Biophilia

Erich Fromm, a German American social psychologist, developed the term ‘biophilia’
to describe a “passionate love of life and all that is alive” [7] (p. 525). Subsequently,
American biologist Edward Wilson [8] argued that human beings have a natural affinity for
life and biophilia is the essence of our humanity, binding us to other living things. More
recently, the term has come to refer explicitly to people’s relationships with nature. Indeed,
Kellert [9] (p. 3) defined biophilia as “the inherent human inclination to affiliate with natural
systems and processes, especially life and life-like features of the nonhuman environment”.

2.2. The Biophilious Person

The origins of the term biophilia lie in Fromm’s desire to describe the antithesis of
death. He contrasted Freud’s ‘death instinct’ and the necrophilous character (e.g., Stalin,
Hitler, and Himmler) with its opposite, ‘life instinct’. Fromm [7] (p. 525) argued that life
instinct is the “effort of Eros to combine organic substance into ever larger unities, whereas
the death instinct tries to separate and to disintegrate living structure”. He proposed that
the ‘biophilious person’ has a desire for further growth, to construct rather than retain, to
be more than to have more, to be capable of wondering, to see something new rather than
to seek confirmation in the old, and loves the adventure of living more so than certainty.

2.3. Biophilic Design

Biophilic design attempts to translate people’s inherent affinity for natural systems
into the built environment [8–10]. Two well-documented approaches to describing and doc-
umenting biophilia in the built environment have emerged in the past ten years. Kellert [9]
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proposed that biophilic design should be considered in relation to two dimensions, an
organic or naturalistic dimension, and a second dimension related to people’s connections
to and sense of place. Alternatively, Ryan and collaborators [11,12] have developed Bio-
philic Design Patterns and categorised biophilia according to cognitive, physiological, and
psychological health responses to it. They identify nature in the space, natural analogues,
and nature of the space as three important dimensions of the concept. Approaches such
as these have informed the architectural design industry as it has adopted a biophilic
sensibility over the past decade.

2.4. Research into Biophilic School Design

Research into the biophilic design of schools has a relatively short history, with aca-
demic interest in the topic concentrated within recent years following biophilic design
research in other design sectors (e.g., commercial buildings). In 2021, Ghaziani et al. [13]
proposed ten biophilic design patterns for schools, arranging them according to nature
in the space and natural analogues. In 2022, Watchman and colleagues [14] formulated
a visual biophilic design vocabulary for schools, proposing a common graphic language
to enable researchers and designers to describe biophilic spaces through shared terms
and logic. In 2023, Aminpour [15] found primary children attending vertical schools in
Australia have an affinity for biophilic elements across the categories of direct experience of
nature, indirect experience of nature, and the nature of the space. Meanwhile, Mohammed
et al. [16] highlighted a lack of biophilic features across six preschools in Duhok, Iraq. With
only limited research into biophilic school design—including its influence on students and
their learning—there remains significant scope for further research in the field.

2.5. The Benefits of Natural Elements in Schools

Although research specifically into biophilic school design is limited, research into the
relationships between young people and nature is more extensive, indicating that young
people benefit from natural elements in their schools, including:

• The presence of natural features, with young people perceiving the restorative effec-
tiveness of school playgrounds in correlation with the number of trees and volume of
vegetation present [17,18].

• Diminished psychological stress at schools that are ‘greener’ [19].
• Views through windows to green landscapes, increasing student attentiveness and

assisting with stress recovery [20].
• Contact with nature at school, promoting cognitive ability and enhancing working

memory [21].
• Exposure to natural stimuli, as opposed to urban stimuli, improving working memory [22].

The presence of natural elements may be acutely felt in urban schools, where the
relative ‘greenness’ of the surrounding areas may influence school-wide academic perfor-
mance [23]. Indeed, Amicone et al. [24] found that students at urban schools who encounter
natural environments in their break times return to class with increased sustained and
selective attention relative to their counterparts in built-up environments. Dense plantings
of trees appear to have the most impact, with tree cover density being positively associated
with adolescents’ academic performance. Hodson and Sander [25] found that tree cover
correlated with better reading scores, when compared with lawns, shrubbery, and water
bodies, while Li et al. [26] found tree cover density within a one-mile radius of urban high
schools was positively associated with test scores and college readiness. While correlations
between biophilic relationships and test scores may be an indirect measure of the influence
of natural elements in and around schools, it is interesting to see several studies making
such connections.

3. Adolescent Identity Formation, Biophilia, and Place

A key task of adolescence is to develop a coherent sense of self and identity [27].
Through an ever-cycling process of movement from the stable to the new, the adolescent’s
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identity morphs and emerges. Branje and colleagues [28] describe this as a process by
which young people come to know who they genuinely are. What emerges is a subjective
feeling of self-sameness and continuity over contexts and time. The adolescent becomes
aware of their distinctiveness and uniqueness, a coherence and similarity forms regarding
who they are across various domains, and there develops a continuity over time and across
situations [29].

The places adolescents inhabit impact their emerging identities. Bissell [30] (p. 272)
writes about affective relationships, being the development of an affective atmosphere that
is perceived and sensed through the body and forms part of ‘the ubiquitous backdrop’ that
affects the ways in which spaces are inhabited. Schools, as places, may play a key role in
adolescent identity formation.

4. Connecting Theories to Explore Adolescents’ Biophilic Place Relationships

To date, students’ biophilic place relationships with schools have not been a topic
of known empirical research. However, connections between theories about adolescent
identity formation, Fromm’s ideas about the biophilious person, and place relationships,
such as explored by researchers including Dovey [30–32], provide a fascinating theory base
for investigating adolescents’ biophilic place relationships.

As outlined above, a desire for growth, to construct rather than retain, to be more
than to have more, to be capable of wondering, to see something new rather than to seek
confirmation in the old, and a love of adventure are key attributes of Fromm’s biophilious
person [7] and brings into the frame the process of movement from the stable to the new,
as accompanies the emergence of adolescents’ identities. Here, further connections may
be made to Dovey’s [33] ideas about the becoming of places. For Dovey, places become;
they are assemblages that stabilise dwelling while also encompassing lines of movement
and processes that promote something new. He suggests that places become where zones
of order, uniformity, familiarity, and a sense of home are challenged and destabilised,
where new movements, along with inventiveness and curiosity, challenge and dissolve
established boundaries. Ever-emerging processes of places becoming, he contends, occur
in the resonances of tensions between the existing and the new.

In this article, it makes sense to seek understandings of adolescent place relationships
in a way that considers the tensions that exist between the existing and stable versus the
new and the emerging. A brief introduction to place theory below further explores these
ideas as a basis for this research.

5. A Brief Introduction to Place Theory

5.1. Origins of Place

Heidegger’s [34] foundational contribution to contemporary thinking about place
is his notion of Dasein, meaning ‘being there’ or ‘being in’. For him, ‘being’ (existence)
cannot be thought of simply in terms of occupying space as a container. Rather, there is
a connection between a person and a place, a continuity between person and place, that
is premised on the requirement of ‘being-there’—in place. Following this line of thinking,
Relph [35] (p. 43) concluded that:

The basic meaning of place, its essence, does not therefore come from locations,
nor from the trivial functions that places serve, nor from the community that
occupies it, nor from superficial or mundane experiences . . . The essence of place
lies in the largely unselfconscious intentionality that defines places as profound
centers of human existence.

Such a phenomenological approach to understanding place is not that interested in
the unique attributes of places, nor is it primarily concerned with social forces. Rather, it
seeks to “define the essence of human existence as one that is necessarily and importantly
‘in-place’” [36] (p. 158).

As Cresswell suggests, “this approach is less concerned with ‘places’ and more inter-
ested in ‘Place’” [36] (p. 158). “So, rather than asking what this place or that place is like,
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the phenomenological approach to place asks what makes a place a place?” [36] (p. 96).
Further, Malpas [37] (p. 13) argues that place is “the frame within which experience is to be
understood” and is “integral to the very structure and possibility of experience” [37] (p. 31).
In summary, Seamon [38] (p. 29) concludes that in this sense “places are spatial-temporal
fields that integrate, activate, and interconnect things, people, experiences, meanings
and events”.

5.2. Place as Complex Adaptive Assemblage

Doreen Massey’s paper, “A Global Sense of Place” [39], marked a shift regarding how
place might be considered. Her work disrupted the Heideggerian premise that place is
pre-given and deep-rooted. Instead, she argued that places are open, progressive, and
global; that they are outward-looking, defined by multiple and fluid identities; and their
character is derived from connections and interactions, rather than origins and boundaries.
Massey’s work has been widely cited as a plea for a new conceptualisation of place as open
and hybrid, “a product of interconnecting flows—of routes rather than roots” [36] (p. 234).

Aligned with such thinking, a conceptualisation of place as ‘assemblage’ has evolved
over recent years, drawing upon the earlier work of Deleuze and Guattari [40]. Dovey [31–33],
along with McFarlane [41], are prominent proponents of assemblage thinking when seeking
to understand place relations. They argue assemblage thinking is not so much interested
in the formation of a place itself, rather in the interactions and processes—the relations—
between the social and the material elements, and the resultant temporalities and possi-
bilities that present themselves as a result. Dovey argues for adopting an approach to
understanding place that is “deep seated in everyday life without being deep-rooted in
fixed origins . . . grounded in the particularities and practices of everyday life” [33] (p. 30).

Referencing Deleuze and Guattari [40], and DeLanda’s [42] interpretation, Dovey [33]
outlines a way of thinking about place that seeks to replace Heidegger’s ‘being-in-the-world’
with Deleuzian ‘becoming-in-the-world’: a more dynamic and open sense of place as a
multiplicitous assemblage. He notes that the term ‘assemblage’ is a translation of the French
‘agencement’, which is synonymous with the words ‘layout’, ‘arrangement’, or ‘alignment’,
and to some degree, ‘agency’. Assemblage thinking is relational, and assemblages are
dynamic, they change and adapt over time. The flows of life that give them their intensity
and sense of place are important. In the context of urban research, Dovey suggests that:

An assemblage is a whole that is formed from the interconnectivity and flows
between constituent parts wherein the identities and functions of both parts
and wholes emerge from the flows, alliances, and synergies between them. For
Deleuze ‘It is never filiations which are important, but alliances, alloys’ [43] (p. 69)
and ‘Don’t ask what it means, show how it works’ [33] (p. 22).

Dovey [33] explains that assemblage thinking also has connections to the science of
emergence, complex adaptive systems, and resilience thinking [44–46]. He argues that:

“Places can be understood as complex adaptive systems where over time a regime
or identity with certain characteristics emerges, settles down and becomes more
or less resilient. Resilience is defined as the capacity of the system to adapt
to change without crossing a threshold into a new ‘regime’ or ‘identity’ [46]
(p. 32)” [33] (p. 28).

Resilience in this sense is not the capacity to maintain or return to a single stable state
but rather a dynamic capacity to move between a range of adaptive states without crossing
a threshold of no return. In this sense, an enduring place identity develops as an emergent
regime, sustained by complex sets of relations and adaptive capacities. Dovey [33] has taken
complex adaptive systems theory (derived from the physical sciences) and assemblage
thinking (which resists any reduction of place to a science) and argues that there are many
interconnections between the two and that a ‘complex adaptive assemblage’ is a useful
way of understanding place.
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6. Research Design

6.1. Case Study Design

A case study methodology was used to investigate how adolescent students experience
a sense of place in Australian vertical schools. As discussed above, this article focusses
on their relationships with the biophilic elements in their schools, as emerged in the
data. The case study methodology was employed to gain in-depth understandings of a
contemporary phenomenon within its context, while also offering scope to expand and
generalise theory [47].

6.2. Case Study Sites

Two case schools were recruited: City School and Inner-Suburban High School.
Pseudonyms are used for the schools and individual participants to protect their identities.
The characteristics of these vertical schools are presented below.

Occupying a nine-storey repurposed office building, City School (Figure 1) is an
independent non-denominational school catering to students from Reception to Year 12
(all compulsory school years in Australia). The school is located in Melbourne, Victoria,
adjacent to an historic park/gardens, and experiences the city’s mild-temperate climate.
The school features 1500 square metres of outdoor recreation space across three terraces, in
addition to extensive indoor settings. The school opened progressively from 2016 and 2018,
and now has an enrolment of 750 students from Reception to Year 12.

Featuring four buildings, the tallest being seven storeys high, Inner-Suburban High
School (Figure 2) is in the warm-temperate climate of Brisbane, Queensland. It caters to
students from Years 7 to 12 (secondary school years in Australia). The campus design
includes five ‘learning hubs’ centred around a green courtyard. The school opened in 2021
and has an enrolment capacity of 1600 students. At the time of data collection, the school
was operating with students in Years 7 to 9 only and had an enrolment of 950 students.

6.3. Biophilic Design of the Case Schools

Two of the three Biophilic Design Patterns identified by Ryan and collaborators [11,12]
are apparent at both case schools: ‘nature in the space’ and ‘nature of the space’. Neither
offer ‘natural analogues’.

At City School, nature in the space is offered via three large outdoor terraces and
the neighbouring park. The terraces offer direct access to sunlight, breezes, and extensive
views to the park, the sky, and beyond. While the school’s building features few plants,
students utilise the neighbouring park and its many established trees and seasonal planting
beds for the occasional lesson, and during breaks. Almost all rooms of the school feature
views of the park. The nature of the space is offered via prospective refuge [48], with the
facilities offering a range of nooks from which students can be alone or gather with friends
to enjoy the extensive views of the park and city in comfort and safety.

The provision of nature in the space is more immediately apparent at Inner-Suburban
High School, which features several large outdoor terraces affording views to the city, a
neighbouring park, and Mt Coo-tha in the distance. Large plant beds feature on each terrace,
offering students close contact with living shrubs. Some terraces are open to the sky, while
others are covered. Those that are covered feature tall ceilings or atriums, promoting an
abundance of natural light and the free flow of breezes. The school’s buildings are arranged
around a large central courtyard containing trees, shrubs, and climbing plants, while the
school’s perimeter also features trees, shrubs, and climbing plants. The neighbouring
historic park features large established trees and fronts the Brisbane River. Many rooms
feature views of the park, the city, or Mt Coo-tha. Like City School, Inner-Suburban High
School provides opportunities for prospective refuge (nature of the space) through its many
nooks that offer views within the school and some beyond.
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Figure 1. City School [49].

Figure 2. Inner-Suburban High School [50].

7. Data Collection Method

Photovoice was employed to collect data. This method situates cameras in the hands
of research participants and invites them to visually represent and communicate their lived
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experiences to others [51]. Thirteen students from across the two schools were guided
through a series of five workshops to document and share photo essays about their place
relationships with their schools’ environments.

Participants engaged in the following workshops to create their photo essays:

• Workshop One: Photovoice ethics; the power of photography; photographic composition.
• Workshop Two: Developing themes in photography; storyboarding and how to create

a photographic essay; accompanied photography at school.
• Workshop Three: Identifying the ‘issue’; examples provided of artists and profes-

sional photographers who communicate an important issue through a collection of
photographs; further storyboarding and emergence of themes; second accompanied
photography to refine images.

• Workshop Four: Strengthening and personalising the message through editing and
composition.

• Workshop Five: Presentation of photo essays and group discussion, providing the
researcher the opportunity to ask clarifying questions.

The data set included each participant’s presentation slides and description of their expe-
riences, along with an audio recording and transcript of the accompanying group discussion.

Students were recruited from Years 9 and 10 by calling for volunteers following a
school-based presentation of the research project. A total of thirteen students volunteered
to participate, including seven from City School and six from Inner-Suburban High School.
While not participants, local teachers assisted with logistics, co-hosted workshops, and
assisted the Ph.D. researcher to establish rapport with the students.

To conclude the data collection phase in each school, posters of the students’ photo
essays were exhibited to each school community. Students, parents, community members,
and representatives from the relevant education authorities attended the launches of these
exhibitions. Accompanying these events, the Ph.D. researcher engaged the participants
in feedback sessions where the findings of the entire project were communicated back to
the participating students, seeking confirmation and/or additional feedback on what had
been found.

8. Analysis

Narrative analysis was employed to analyse the data collected, which included stu-
dents’ photo essays and transcriptions of focus group discussions. Narrative analysis is
a methodology in which “stories are used to describe human action” [52] (p. 5) and is
grounded in the assumption that stories “constitute a fundamental form of human un-
derstanding, through which individuals make sense of themselves and of their lives” [53]
(p. 22). Riessman [54] (p. 3) suggested that through the process of constructing a narrative,
events perceived by a storyteller to be important may be “selected, organised, connected,
and evaluated as meaningful for a particular audience”. This approach required the re-
searchers to focus on “particular actors, in particular social places, at particular social
times” [55] (p. 428), and to construct their own narrative to detail the student participant’s
experiences in relation to the research question.

Polkinghorne [52] argued that these narratives are not meant to attempt to be objective
or neutral depictions of the participant’s life stories, rather their construction is influenced
by the researcher’s own experiences, views, and priorities. Indeed, they are influenced by
the ‘narrative terrain’ of the research [56], i.e., the data produced through the dynamic and
collaborative interactions between researchers and participants.

When adopting a narrative analysis approach, Sharp et al. [57] (p. 871) advised the
use of direct quotes when developing key points to ensure participants’ voices are present
and to ensure “the narrative is grounded in data and authentic in tone”. Overall, the
analysis goal was to identify categories and themes common to the stories conveyed by the
participating students through processes that included constant comparison [52].
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9. Place as Complex Adaptive Assemblage: A Twofolds Analysis

Place as complex adaptive assemblage thinking [31–33] guided the narrative analysis
process. The key to thinking about place as assemblage is the concept of twofolds. This
suggests that places stabilise dwelling and being while promoting processes of becoming.
Tensions operate at all places between a ‘stabilised zone of order’, which encompasses
uniformity, familiarity, and fixed identities, and ‘lines of movement’, which promote
the emergence of new identities. The ‘stable’ and the ‘new’ are not to be considered
as conceptual oppositional binaries, rather they fold over each other in a complex mix
of relations. Figure 3 represents Dovey’s twofolds, which outline the characteristics of
‘stabilised being’ and ‘processes of becoming’.

Figure 3. Twofolds of stabilised dwelling versus processes of becoming (adapted from Dovey [31–33].

Places offer stability by being fixed (striated), rooted and singular (hierarchical and
arborescent), formal, and territorialised. Conversely, they promote becoming when there
is a degree of ‘slipperiness’ in their lines of movement (smooth), and through being
networked, rhizomic, informal, and deterritorialised (when erosion takes place). Informed
by this line of thinking, being is not pre-given but is the outcome of becoming. As such,
Dovey [31–33] suggests that it is through the ever-ongoing enfolding of the stable and the
new that places and people become.

Places feature multiple parts and it is the relationships between these parts that
stabilise being or promote becoming for different people. The relationships between a
place’s parts can be intense in an invigorating way or an oppressive way, imposing power
over someone, or affording power to them. Alternately, there can be a resonance in the
interaction amongst a place’s parts, resulting in a coherence in a person’s sense of place.
Determining which relies upon a person’s desire at that place. As such, the same parts, and
the relationships between them, may result in varied senses of place. While commonalities
may exist across different people’s senses of place, everyone enters a place with their own
desires, and it is these desires that engage with the relationships between a place’s parts
that informs a person’s sense of place within a particular context [31–33].

To identify, evaluate, and compare the complexities inherent within students’ photo
essays according to place as complex adaptive assemblage thinking [31–33], an analytic
frame was developed. This arranged the theory according to its six elements (power/desire,
assemblage, territoriality/segmentarity, rhizome/tree, twofold, and sense). For each photo-
graph and its accompanying text, images, words, or phrases were analysed using the frame
to identify thematic clusters. This approach provided a robust method by which to analyse
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photographs and texts related to varied settings in each school with a degree of uniformity,
thus enhancing reliability and replicability.

10. Biophilia and Adolescents’ Sense of Place in Two Vertical Schools

Across the two case schools, the characteristics most commonly discussed by partici-
pants related to biophilia. All students identified biophilic elements when presenting their
photo essays and were eager to share their personal responses to the elements they had
identified. When they spoke of their relationships with biophilia, they described them-
selves, their emergence, settling down, and the formation of personal resilience. The types
of relations students experienced with biophilia at each case school are outlined below.

10.1. City School

At City School, participants metaphorically reached out to the gardens adjacent to
their school and commented that they felt “more open” because of them. They valued the
“green” against the “grey” and expressed their love of lessons in the gardens. One student
explained that the gardens are part of his school and that they make him feel “inspired”.
Another stated that the gardens represent “freedom” for her.

Such biophilic place relationships were mediated by the school’s boundaries. The
experience of the rhizomic, organic, supple, and soft biophilic elements of the gardens was
valued by participants for its ameliorating effect on the city’s striated, strict, rigid, and
hard elements. Mediating this experience were multiple restrictions; some were due to the
morphology of the school’s building and its separation from the gardens by a busy city
street, while others were due to the school’s security practices.

The tension between rhizomic and striated, organic and strict, supple and soft—the
“green” and “grey”—was experienced by each participant differently. Three participants
were frustrated and felt their contact with the gardens was restricted and the boundaries
imposed a “power over” them. Conversely, the remaining four students experienced a
resonance between the gardens and the city, with one student particularly valuing the
restrictions and perceived security offered by the school’s building, promoting a “power
to” her.

10.2. Drawn-Tight Boundaries and Restricting Access to Biophilia

Sam, Fiona, and Charlotte expressed a strong desire to connect to the gardens adjacent
to their school. All three also expressed their desire for closer affective relationships with
the gardens and commented on the limiting effect of the school’s multiple boundaries,
which they reported to exhort a power over them, restricting their agency and contact
with nature.

The drawn-tight boundaries of the school’s security practices were represented by Sam
in his photograph of the gardens (Figure 4). Taken through a tiny hole, only millimetres in
diameter, Sam pressed hard up against the balustrade of one of the school’s outdoor terraces
to photograph the gardens. He had a strong visual connection with the gardens but felt
separated from them. He commented, “this photo feels as though the barricades enclosing
the terrace separate the school”. He added, “I guess it’s like. . .um. . . that separation from
the gardens”. Sam felt restricted from the gardens and framed them by enclosing them
in a ring of steel. Sam’s photograph of student-only stairs (Figure 5) featured one of the
school’s security cameras prominently in the foreground. He commented that at school,
“the cameras overlook everything”, and that he felt “enclosed” and “isolated”.

Fiona yearned for closer contact with the gardens. For her, they were boundless and
seemed to go on forever. She commented that “freedom is out of reach”, and she was
“furious”. Referring to the photograph in Figure 6, she commented, “there’s the city in the
background, City Gardens in the middle; freedom is out of reach; jealous of so many other
schools with so much freedom and space to move around . . . we’re confined to this small
space”. She directed her frustration at the school’s “prison-like gates” that exerted “power
over” her (see Figure 7). The gates were seen to dominate the school, were intimidating in
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scale, and removed agency from those entering and exiting the school. Fiona explained
that “. . . it feels very prison-like; gates restrict us from being free; confused and furious.
Why are we stuck in this building”?

 

Figure 4. View of City Gardens through a small hole from level four terrace (Sam).

 
Figure 5. Student-only stairwell (Sam).

While Charlotte was reassured by the school’s security measures, she also agreed with
Fiona, commenting that:

There’s obviously the idea of freedom because we can go out at lunchtime. But
it also feels restricting because we have a security guard and stuff. There’s a
freedom of being in the city yet restricted by the gates. Isolated from the rest of
the city . . . there’s obviously the idea of freedom, but it’s kind of restricted at the
same time and there isn’t that much connection between us and the community.

Charlotte spoke of her lessons in the gardens and wished for more of them as she felt
“more open”, “inspired”, and “optimistic” when there.
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Figure 6. View from terrace (Fiona).

 
Figure 7. Security gates at entrance (Fiona).

10.3. Strong Visual Connection to Biophilia and a Resonance between the "Green" and the “Grey”

The remaining four participants described their affective relationships with the bio-
philic elements on offer in the gardens adjacent to the school. Lucas was proud of “his
school’s open fields” and “huge spaces” that were “never sad” and left him feeling “opti-
mistic”. He explained:

My first photo shows a super extreme . . . like hard . . . view of the city. And it’s
like a really bad rainy day with the whole sky grey. Yeah, but I like the centre
. . . the image has City Gardens, which is always like super green. I’ve never
seen it like sad . . . except the trees in winter. What I like is that it conveys what
it is like being schooled in the city, because it’s with super contrast with all the
other buildings.

The morphological boundaries and school security practices did not limit these four
students in the same way that had reduced the agency of other students. All four valued the
visual connections with the gardens, as afforded by the building’s large windows. Charlotte
loved lessons in the gardens, depicting her art lesson there (Figure 8). While Lucas observed
a lesson through one of the windows and expressed that he felt the boundary of his school
extended through the public gardens to the edge of the more distant city buildings. He
described “the almost endless views to the buildings in the background . . . almost making
it feel like a border to our land” (Figure 9).
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Figure 8. Charlotte’s art class in City Gardens.

 
Figure 9. Lucas’ observation of a class in City Gardens.

Both Lucas and Emma felt connected to the park, with Lucas valuing its “super green”
in contrast to the “grey” city. Emma appreciated the “coming together” of the “man-made”
elements and “nature” (Figure 10). She elaborated:

Here, nature and the man-made environment have come together and we’re lucky
enough to have access to both . . . like an urban city and the materials from there
and we’ve also got City Gardens as a natural park that we can go to hang out.

Ishan appreciated his strong visual connection with the gardens and enjoyed this
experience with his friends from the eighth floor. During focus groups, he pushed back
against the comments made by peers, asserting, “I do not feel totally disconnected to nature
or isolated or trapped”. Referring to the image in Figure 11, he commented, “It (the ‘cloud
shapes’) look heavenly . . . they do look good . . . it’s not like you’re trapped in one building,
right? Because you can go out and stuff”. Ishan was “connected” to and appreciated the
“nice-nice view” he and his friends had from the eighth floor at lunchtimes, where he felt
“cosy” and “safe” (Figure 12). Ishan explained:
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Figure 10. The “coming together of man-made and nature” (Emma).

 

Figure 11. “Heavenly” clouds (Ishan).

 
Figure 12. “Cosy” view (Ishan).

There’s like chairs and stuff which you would like. Sometimes at lunch you can
go there and eat and you have this nice-nice view. It’s really just about how we’re
not totally disconnected from nature because we can still . . . it’s right next to us
and we do go there like during lunch if you want to. It’s pretty colourful and it’s
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not totally isolated. You can see lots of City Gardens as you walk along Level
Eight past the mirrors, which means you see lots of the gardens.

Freya went further than Ishan in expressing her appreciation of the school’s security
practices. They promoted “power to” her and she was “grateful” to have a visual connection
to the gardens while being ‘shielded from possible dangers’ (Figure 13). She explained:

I am really grateful that we get to have such a different view from all the other
schools . . . that would just have views of ovals and the ground level . . . While we
have views of the cityscape . . . and City Gardens as well. The security measures
taken when I enter the school make me feel safe and comfortable. I think the gates
displayed at the front emphasise how much the school cares about the wellbeing
and safety of its students, which brings me joy.

 
Figure 13. Visual connection with City Gardens from level seven (Freya).

10.4. Inner-Suburban High School

At Inner-Suburban High School, participants highly valued the incorporation of
biophilic elements throughout their school and made personal connections with the interac-
tions between the school’s biophilic and manufactured elements. One student commented
that without plants, school would be “boring”. Another found the biophilic elements
“beautiful” and “calming”. Several students drew analogies between their emerging selves
and the capacity for plants to grow, move, and change within a fixed setting.

The adolescents’ biophilic place relationships were found to be mediated by the
massive scale and volume of the school’s buildings. A twofold relationship between the
precision and permanence of the school’s glass, concrete, and steel structures and the
suppleness, growth, and change in the living plants was clearly apparent in the ways
students discussed their experiences, also revealing a tension between the permanence
afforded by manufactured parts, arranged in strict and precise ways, and the potential for
something new and unknown afforded by plants and changes in the weather.

Desires and experiences of place varied across the five student participants. One found
the scale of the facilities highly intimidating and limiting for herself and the plants that
grow on and around the facilities, holding a “power over” her and them. Three found
a resonance in the interplay between the manufactured and natural elements, with the
building’s scale seeming to not affect them. The fifth student suggested the potential for
plants, especially trees, to have “power over” the buildings, despite their smaller scale.
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10.5. Forceful Domination of Manufactured Parts over Natural Parts

Amelia felt her affective relationship with the biophilic elements at her school was
constrained and exerted a forceful domination over her and the plants. She commented
that what the school offers “is not really natural because it was just added there to make
the school look better”. She reported feeling frustrated by the presence of manufactured
parts where “plants should be” (Figures 14 and 15). She explained:

 

Figure 14. Lawn, concrete garden edge, mulch, plants, and a grate (Amelia).

 

Figure 15. Concrete garden edge, plants, mulch and, red fire hydrant (Amelia).

This is red, which is sort of like the opposite of green, if you think about it . . .
So, it’s kind of like the red is the opposite of the greenery and it does not belong
there. That is a bush out of the bush. So, the nature is confined to the space too
and even where it is confined it still has things entering its space. It’s basically the
artificial things can go wherever it wants, but the nature can’t go where it wants.

She resented the presence of a prominent drain (Figure 14), commenting that it “should
not be where nature goes”, and a red fire hydrant within a planting bed (Figure 15), “which
is sort of the opposite of green”. Just as the plants were displaced, so too was Amelia.
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The school’s entrance presented an intensity of order, rigidity, and scale (Figure 16) and
she felt that agency had been removed from the plants and, by extension, herself. Amelia
expressed her fear, intimidation, isolation, and loneliness at attending the vertical school.
She said:

 

Figure 16. The entrance of Inner-Suburban High School (Amelia).

When I first came to this school, I found it rather scary, then when I came for
a second time, I was terrified again . . . it was . . . pretty scary because like, you
know, it was loud, it was big. It’s a big school, and it’s very tall, which is rather
different from other schools. So yeah, doesn’t really have the feeling of a school.

Her photograph “Unbench” (Figure 17), showing a view from the underside of one
of the school’s benches, related to her experience of being dominated and overwhelmed
at school.

 
Figure 17. View from under one of the school’s benches (Amelia).

10.6. Resonance between Permanence and Precision of Manufactured Parts Versus Suppleness,
Growth, and New Possibilities

Isabella, Camila, and Aisha expressed their affective relationship to the biophilic
elements when they drew analogies between the plants and their identities. Camila
appreciated the idea that just as plants were free to grow in “any direction”, so was
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she. Aisha made a connection between plants’ capacity for “messiness” within an ordered
environment and her emerging self.

All three of these students found a resonance in the tension between the permanence
and precision of the school’s manufactured parts versus the plants’ capacity to disrupt.
Isabella found a degree of “calmness” in the “exactly parallel lines” of the built forms.
Figure 18 shows red lines she added to her photograph, emphasising her appreciation of
the school’s uniformity. She explained:

 

Figure 18. Bench, rail, plants, and view to Brisbane. Red lines included by the participant (Isabella).

Abra and I added the lines because it’s got the horizontal lines. I’m kind of a
perfectionist, so I like when they’re exactly parallel, but the plants breaking it up
is kind of nice. So it’s a bit less harsh, because our school is quite harsh materials.
Yeah, I do like lines. Why? I don’t know. When they’re parallel and they’re
perfect it makes me calm. It’s weird because I like plants which are imperfect, but
I like lines that are perfect. So I’m kind of contradicting myself there.

She went on to add that she likes the plants and the way they “break up the grey
harsh materials” and that without them, school would be “boring”. Isabella’s description
captured the resonance she experienced in the tension between her school’s manufactured
and biophilic elements.

Isabella, Camila, and Aisha also drew parallels between their growth and development
and that of the school’s plants. Isabella commented that just like her, the plants had grown
considerably since she started school. Wrestling with her self-identity, perceptions of herself,
and her direction in life, Camila made connections between the unpredictability of plant
growth and her own development within a highly planned and structured environment
when explaining her photograph, “Trees in the Sky” (see Figure 19):

This photo is called “Trees in the Sky” because it’s what it looked like . . . it’s like a
very specifically planned school . . . like all of the buildings in the background are
very much architecturally planned, with the main plant in the front, that we have
no way of planning where it’s gonna go. Like, it’s just gonna go wherever it wants
to go. So, it’s kind of showing the way that even though everything can seem
very precise, it’s always something you never know what’s going to happen.

Similarly, Aisha commented about her propensity to be “neat” yet “messy”, just like
her school (see Figure 20). She said:

So, the levels are kind of parallel and then there’s stairs and green plants sticking
out, and I guess that reflects me as a person. I seem neat sometimes, but then I
have things sticking out and not perfect.
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All three of these students found a personal resonance in the tension between the
permanence, uniformity, and rigidity of the glass concrete and steel versus the suppleness
and capacity for growth afforded by plants and how they promoted new possibilities. For
them, their school’s massive volume and scale seemed not to be a factor, due to the presence
of biophilic elements.

Figure 19. ‘Trees in the Sky’: plants on the third-floor terrace with neighbouring buildings in the
middle-ground and city as a backdrop (Camila).

 
Figure 20. “Messiness” of the Junior Hub (Aisha).

10.7. A “Foresty Vibe” Frames Manufactured Parts

Abra asserted that plants can frame, and perhaps even exert “power over” manu-
factured parts. While working on her photo essay, she realised the delight she found in
one part of her school, especially relating to the way sunlight moves across the day (see
Figure 21):
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Figure 21. “Foresty vibe” (Abra).

You can see the light crawling in from the right-hand side. This place never
really had a meaning to me. Every morning, I would walk by it and like never
pay attention to it. But when I got sent out to take photos, I really started
paying attention to small spots of the school and realizing how beautiful they are.
Although the school can be one of the places that most stress me out, moments
that I capture like these really help me calm down.

Abra went on to describe the “shadowy places”, “the green”, the “shape of the tree”,
and the “blue sky” that help her feel calm when she is stressed:

You can really see the green, and it’s not a very bright photo. I love dark photos a
lot, like shady places, and you can really see the contrast of the colours and the
green leaves. It really kind of gives a foresty vibe. In this photo, the leaves kind
of framed the building, I guess. And you can see all the contrast, much like all
my other photos, with the blue sky and the railings and the green leaves.

The scale and volume of the school were not front-of-mind for Abra. For her, the
school’s biophilic parts dominated its manufactured ones. They afforded her a sense of
calm and provided beauty in her everyday experience of school.

11. Discussion

The values students associated with their schools as places were found to be influenced
by their desires. Some of the barriers at City School objected to by some students were
embraced by others: restrictions and limitations for some were perceived to provide safety
and security by others. Similarly, the scale and rigidity of Inner-Suburban High School’s
built form was rejected by one participant, yet its rhythmic and regular form were valued
by other students: oppression for one, but consistency and precision for others. Common
to the students’ experiences of both settings were their schools’ biophilic parts, which were
valued explicitly or implicitly by all.

When describing their affective biophilic place relationships, students spoke of “free-
dom”, “open fields”, and “huge spaces” that “never feel sad”. Students also expressed
gratitude for strong visual connections to green spaces, and biophilic elements were identi-
fied as “beautiful”, offering openness, inspiration, and optimism. Such values mirror those
of Fromm’s [7] biophilious person, as students expressed their desires for further growth,

24



Architecture 2024, 4

demonstrated their capacity to wonder and see something new, and indicated their love of
the adventure of living.

Further, the biophilic parts of the two case schools were found to play a role in the ever-
emerging processes of students’ becoming through their capacity to promote resonances of
tensions between the fixed and malleable: the existing and the new. The schools’ becoming
and the becoming of the students appeared to be influenced by the capacity of the biophilic
parts to provoke new lines of movement. Participants’ photo essays indicated that biophilic
elements stimulated inventiveness and curiosity, prompted challenge, and even dissolved
established boundaries in the minds of some. In the students’ minds, each school’s biophilic
parts played a key role in promoting something new.

By contrast, the schools’ manufactured parts, such as City School’s boundaries and
Inner-Suburban High School’s scale and regular/rhythmic morphology, tended to stabilise
dwelling. This provided uniformity, familiarity, and a sense of home in the experiences
of several students. Yet, these same parts were also perceived as restrictive, limiting, and
intimidating by others, as framed by different desires.

The biophilia associated with the two vertical schools tended to ameliorate the effects
of their fixed manufactured parts, huge scales, and volumes—at least for most students.
Biophilic elements proved in the minds of students to be formative parts of the place’s
resilience and that of their emerging adolescence. Dovey [33] argues that by considering
place as a complex adaptive assemblage, that a regime or identity with certain character-
istics may emerge, settle down, and become more or less resilient over time. Evidence of
such developments was found in the students’ photo essays, with students recognising
established patterns of daily existence. For some, these created predictability and comfort,
as they found resonance in the tensions and interplay between the school’s permanent and
precisely manufactured parts and the suppleness and capacity for growth, change, and
new possibilities of plants and green spaces. While for others, such experiences caused
stress and anxiety. Nevertheless, it was universally agreed that the biophilic contributions
to these complex adaptive assemblages were inherently positive.

12. Limitations

By design, this research sought to understand the personal place relationships of a
small number of adolescent students with their vertical schools. The research method-
ology enabled students to describe preferred and non-preferred parts of their school, as
determined by their daily experiences and desires. While this resulted in deep reflections
about a few of the schools’ features, other features were not discussed. Additional stu-
dents attending these schools may or may not have related to the same features in the
same ways, or may have drawn attention to entirely different features of their school and
associated place relationships. Nevertheless, the prominence of biophilic elements in the
participating students’ photo essays strongly indicated the importance of such features in
their minds. It seems highly likely that if given the chance to contribute to the research,
other students would have also featured similar biophilic place relationships, although
perhaps with more varied interpretations. Follow-up studies may wish to develop larger
data sets involving more students based on the insights gained through this small-scale
qualitative exploratory study.

13. Conclusions

Given the rapid emergence of vertical schools in Australian cities, this research was
timely as it provided insights into the place relationships adolescent students have with
these urban environments, including how they relate to often limited outdoor spaces and re-
duced contact with natural elements when compared to more traditional ‘low-rise’ schools.

The findings demonstrated that the participating students not only valued relation-
ships with natural elements, but actively sought biophilic experiences on a regular basis.
The desire for more frequent and more significant interactions with natural materials and
cycles was common across most students, indicating that the relatively limited biophilic
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experiences available to students in vertical schools is a challenge that should be addressed
in future multi-level educational environments. While these findings may help sensitise
architects, educators, and education authorities to opportunities for improved school plan-
ning and design, the focus here has been on students’ place relationships and processes
of becoming.

Adolescence is a ‘messy business’ and remaining in a stabilised state of being is
not its objective. The malleability of plants and other biophilic parts, their capacity for
change, movement, and growth in varied directions, along with their responsiveness to
their circumstances, are all relatable for young people. Indeed, the students in this study
strongly related their place experiences and the becoming of their identities to the biophilic
elements in and around their schools, prompting these young people to reach out from
their current states of being to something new. These processes of movement from the
stable to the new aligned with the characteristics of Fromm’s biophilious person [7] and
highlighted the role of natural elements in the environment in the emergence of adolescents’
diverse personal identities.

Based on the findings of this study, which indicate that biophilia in schools may
influence students’ place relationships and related identity formation, further research into
adolescents’ biophilic place relationships appears warranted. What effects are experienced
and how these occur may be areas for further enquiry.
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Abstract: Biophilia is the theory that humans are innately connected to nature. As a basis for forming
built space, biophilic design has been proven to reduce stress, improve cognition and enhance mood—
it makes us happier. In the last 20 years, research in learning spaces has shown an association between
biophilic design and student mood, calmness and improved standardized test scores. In 2019, a
group of architects, scientists and educators led an experiment involving 6th-grade Math students at
the Green Street Academy, which found that student stress was significantly reduced and learning
significantly improved in a classroom enriched with biophilic strategies. The architects applied these
strategies to the design of Bethel Hanberry Elementary School, and after a year of occupancy, an
independent assessment found positive perceptions of the biophilic design, fewer behavior referrals,
better teacher retention, lower absenteeism and improved test scores. In both a controlled research
experiment and real-world application, the design of learning space, using biophilic strategies, has a
significant impact.

Keywords: biophilia; biophilic design; learning rate; school design; stress reduction

1. Introduction

Biophilia is the innate human connection to nature. The word was coined by the social
psychologist Erich Fromm from the Greek words for life and love [1]. The most common
definition comes from biologist Edward O. Wilson [2]. However, the history of designing
for a connection with nature can be traced back millennia.

Research on how experiences of nature impact people looks at both psychological
and physiological responses. It involves many fields of science, including environmental
psychology, post-occupancy evaluation and neuroscience. Measurements can include heart
rate, blood pressure, stress hormones, recovery time, fMRI imaging, eye tracking, cognitive
performance and emotional responses.

The difference between experiencing a biophilic setting versus a non-biophilic setting
can be measured through lower blood pressure, heart rate, and stress hormones, like
cortisol, as well as through improvements in emotional state and short-term memory [3,4].

Being out in nature and even briefly viewing an image of a natural landscape can lead
to experiencing a state called soft fascination. People are aware of their surroundings, but
the brain is relaxed. This experience is part of Attention Restoration Theory [5]. When
viewing nature, the prefrontal cortex of the brain quiets down and expends less energy;
subsequently, when returning to focus on a task, there is improved cognitive capacity [6].

There are 15 different experiences of nature (with supporting scientific evidence of
positive health impacts) that can be translated into experiences of the built environment.
These experiences can be characterized into a pattern language for biophilic design [7].
These patterns fall into three broad categories: Nature in Space, Natural Analogues, and
Nature of Space.
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Nature in the Space refers to direct experiences of nature and natural processes in the
built environment. These include views of the landscape, the presence of living plants,
animals, water, sunlight, breezes, and the changing seasons.

Natural Analogues refers to indirect experiences of nature in the built environment.
These include collinear and biomorphic forms, natural materials, and a level of complexity
and order through materials or patterns, such as fractals.

Nature of the Space refers to experiences induced by certain three-dimensional charac-
teristics of spaces. These include distant views through a space, spaces that provide refuge
and retreat, spaces that compel exploration, spaces that have an element of risk and peril,
and spaces that induce awe.

Different patterns support different outcomes. A pattern might support stress reduc-
tion, enhance cognitive performance, improve mood, or stimulate prosocial behavior. Some
patterns support a single outcome, while others support multiple outcomes (Figure 1). A
good approach to biophilic design is to create a narrative about the outcomes that you
would like to support for the users of your space, and then determine which biophilic
patterns best match those needs [7].

Figure 1. Terrapin Bright Green, 15 patterns of biophilic design and associated outcomes [7].
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2. Biophilia and Schools

Early research indicated that introducing daylight into classrooms improved academic
performance [8,9]. Similar outcomes were seen in daylighting office spaces, although,
over time, one researcher came to the conclusion that the view out the window might be
more influential than just the effect of daylight. This led to an experiment in a daylit call
center for a public utility company, in which workstations were realigned 11 degrees off
perpendicular to the windows, to bring views to the outside within the peripheral vision
of the workers. This resulted in a 6% improvement in call-handling capacity in the call
center [10].

Classroom views to nature have been positively correlated to the likelihood of high
school graduation and plans to attend college [11]. Students who do not graduate from
high school typically earn about USD 10 k less per year than high school graduates and
about USD 36 k less than college graduates [12].

The presence of nature in the schoolyard has also been studied. Access to nature,
for example, tree cover in the schoolyard, has been shown to positively impact overall
cognitive development, particularly students’ working memory and attention [13].

Biophilic measures in the classroom have been found to improve student mood and
calmness and to increase performance in standardized tests. Increasing student test scores
by a quarter of a standard deviation would yield an average increase of 5.2% of discounted
GDP above what is anticipated based on current achievement. The resulting increase would
more than cover the entire U.S. expenditure on public education—approximately 4% of
GDP [14].

An experiment in a girl’s high school in London involved adding plantings to one
classroom, a photo mural of woodlands in another, and no changes in a control classroom.
Students in the classroom with plants demonstrated improved cognitive performance, and
the students in the classroom with the photo mural indicated a higher level of emotional
wellbeing [15].

3. Hypothesis and Methods

Our hypothesis is that simple low-cost biophilic design interventions could improve
academic and other outcomes in schools. This paper summarizes the results of two studies.
The first focused on a single classroom at the Green Street Academy in inner-city Baltimore,
Maryland. The second study, building on the lessons of the first study, was an entirely
new school, Bethel-Hanberry Elementary School, which replaced an existing school in
Blythewood, South Carolina.

Our methods for measurement included comparisons of pre- and post-intervention
academic outcomes, surveys and interviews of students and faculty. In the Baltimore
study, biometric testing of stress recovery characteristics was conducted using heart rate
variability (HRV) measurements. Since the Blythewood study involved an entire school,
comparisons of absenteeism, behavior and teacher retention were also made.

4. Green Street Academy

The Green Street Academy is a locally funded public charter school in Baltimore,
Maryland, in the United States. The school uses a STEAM (Science, Technology, Engineer-
ing, Arts, Mathematics) curriculum. The selected location for the school was in a shuttered
City of Baltimore public school building in an underserved neighborhood. The 1925-era
school was renovated and redesigned by architect Jim Determan of Craig Gaulden Davis
Architects. Biophilic additions included indoor koi ponds, green houses and artwork of
local ecosystems.

While the classrooms are not designed with specific biophilic elements, many of the
classrooms are located on the long, east-facing rear façade and have a view out to grass
and distant trees. The glare from the morning sun causes teachers to lower the window
blinds, which are then rarely lifted.
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Determan, along with partners from Morgan State University, Terrapin Bright Green,
and the Salk Institute of Biological Studies, wanted to explore whether the use of low-cost
biophilic interior elements would both lower the stress and improve learning outcomes
in a classroom [16]. The classroom design interventions were focused on several biophilic
design patterns, in particular Visual Connection to Nature, Biomorphic Forms & Patterns,
Dynamic & Diffuse Light, and Complexity & Order.

To test Determan’s hypothesis, a sixth-grade math classroom was renovated with
carpet tiles, window shades, a wallpaper frieze and some waveform ceiling tiles, each
expressing biomorphic forms or complex fractal patterns (Figure 2).

Figure 2. Craig Gaulden Davis Architects, Green Street Academy classroom redesign concept, Balti-
more, Maryland, 2018–2019. Proposed biophilic classroom incorporating four simple design interven-
tions.

The carpet tiles made by Interface featured a strongly collinear biomorphic pattern
called Prairie Grass. The wallpaper frieze around the top of the classroom was jointly
designed by artists from DesignTex/Steelcase and was an abstraction of palm leaves with
biomorphic curves and collinear lines. These are examples of Biomorphic Forms & Patterns.

Many objects in nature have collinear striations or patterns that are broken into
segments to form nested contours like fur, wood grain or grasses in a field. Studies with
rhesus monkeys indicated that (within a given image) lines running in the same direction
are processed by one set of neurons in the brain, whereas, with lines running in multiple
directions, more effort is needed, by multiple sets of neurons, to process the image [17].
The brain will follow curvatures and contours [18] and even connect short segments of
lines to discern a longer curving pattern [19]. These pattern conditions occur frequently in
nature, and our brains, it could be argued, are predisposed to easily decipher them [20].

The venetian blinds were replaced with automated fabric blinds made by Mechoshade.
The blinds had silkscreened patterns of tree branch shadows, which formed a pleasing
statistical fractal pattern when the blinds were lowered. Fractals are layered self-repeating
mathematical patterns. Exact fractals, which are the result of the same equation replicated
at various scales, like embedded fractal gaskets or the trippy Mandelbrot sets, do not occur
in nature. However, when those mathematical patterns have variations, their ubiquity in
nature becomes quite evident, such as with snowflakes, fern leaves, waves on a beach,
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flames in a fireplace, the dappled light under trees. These are statistical fractals, so common
that when we see these patterns, even in human-designed objects, it is easy for the brain to
process the image and measurably lower our stress level [21,22] This effect is called fractal
fluency [23]. This is an example of Complexity & Order.

The auto-controlled fabric window shades lifted, once the morning glare was off the
windows, to a view of a newly planted outdoor garden. This supported both Dynamic &
Diffuse Light and Visual Connection to Nature (Figure 3a).

For comparison, a seventh-grade math classroom along the same hall was chosen
as a control space. The only change to that classroom was the addition of carpet tiles
without any biophilic references so as to match the acoustic and haptic experiences of the
experimental classroom (Figure 3b).

One class in the experimental classroom and another math class held at the same time in
the control classroom were used for biometric testing. Heart rate variability (HRV) is a good
indicator of the ability to recover from stress (high HRV is generally considered healthy). At
the beginning and end of class, three times per week, student heart rate variability levels
were measured using a finger-clip HRV monitor synced with a smartphone app. Due to
the difficulty in getting permissions to conduct biometric testing with school children, there
are only four months of HRV data. Students in the biophilic classroom demonstrated better
stress recovery characteristics than students in the control classroom (Figure 4a).

Figure 3. Cont.
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Figure 3. (a,b). Craig Gaulden Davis Architects, Green Street Academy classrooms, Baltimore,
Maryland, 2018–2019. Comparative classroom study sites included two Math classrooms, (a) the
biophilic classroom and (b) the control classroom. Blinds are drawn to show a comparative impact to
the classroom environment.

During the 2018–2019 school year, the experiment tracked academic performance in a
sixth-grade mathematics class. Test scores of current students were compared to those of
students in the prior year in the same classroom with the same teacher and same curriculum.
Students in the biophilic classroom attained better testing scores than the students in the
prior years (Figure 4b).

Previously, the walls were covered with papers displaying formulas and notes, which
some teachers will use to signal how much content is being conveyed in their classroom.
Salk Institute neuroscientist Thomas Albright argues that covering the walls with so much
material can result in an overstimulated environment.

Getting the teacher to agree to limit the amount of material taped onto the walls in the
biophilic classroom was a challenge. At first, the teacher felt that would limit the students’
retention of lessons, agreeing to put up sheets temporarily and then take them down. Over
time, the teacher came to realize that the students calmed down in the room, she felt calmer
in the room, and that other teachers would come into the room to take a break.

The view out of the window could have been a significant factor in the outcomes.
However, for most of the experiment, there were no leaves on the trees. As seen in the HRV
data, in April, when the trees blossomed, there was a spike in the response, which then
diminished after the bloom. This is an indication that the biophilic design elements within
the room were the significant factor in the outcomes [16].
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Figure 4. (a) Determan, et al. [16], Green Street Academy study results, 2018–2019. Heart rate variability
(HRV). (b) Determan, et al. [16], Green Street Academy study results, 2018–2019. Test score differentials.

5. Bethel-Hanberry Elementary School

Design Application

Following the first study, the architects at Craig Gaulden Davis were excited to apply
this new knowledge from the Green Street Academy Study to the design of Bethel-Hanberry
Elementary School (BHES) in Blythewood, South Carolina. In this study, the entire popu-
lation of students and teachers moved from an existing school into a new facility. What
follows are illustrations of the biophilic applications.
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Students enter a tall daylit space with wood panels above and biomorphic forms
dancing along the walls. Prospect helps students feel safe as they can see through the
perforated risers of a blue stair out to a courtyard (Figure 5).

Figure 5. Kris Decker/Firewater Photography, Bethel-Hanberry Elementary School Entrance Lobby.

Students walk through, what appears to be, the dappled light through a tree canopy.
The shadow is cast by a ceramic frit pattern on the west-facing glass along the main corridor.
This has a calming effect as students walk between classes in the afternoon. (Figure 6).

Long vistas create a feeling of safety, and window seats provide refuge along the main
corridor (Figure 7).

Collaborative learning spaces are tall, open, and full of daylight, with views of nature.
Transparency from the classroom to the collaboration space helps students feel safe knowing
what is happening outside their classroom (Figure 8).

In the library, the grand scale, biomorphic forms and panoramic views of nature pro-
duce the 15th biophilic pattern, Awe. (Figure 9) Summer Allen, in The Science of Awe, [24]
writes “Experiencing awe often puts people in a self-transcendent state where they focus
less on themselves and feel more like a part of a larger whole”. When it comes to psy-
chological effects, studies have found that awe can “increase feelings of connectedness,
increase critical thinking, increase positive mood”. “Multiple studies have found evidence
that experiencing awe makes people more kind and generous”.
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Figure 6. Kris Decker/Firewater Photography, Bethel-Hanberry Elementary School, Dynamic and
Diffuse Daylight.

Figure 7. Kris Decker/Firewater Photography, Bethel-Hanberry Elementary School, Prospect + Refuge.
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Figure 8. Kris Decker/Firewater Photography, Bethel-Hanberry Elementary School, Collaborative
Learning Space.

Figure 9. Kris Decker/Firewater Photography, Bethel-Hanberry Elementary School, Awe.

6. Assessment

After the first year of occupancy at BHES, a team from the University of South Carlina
Upstate conducted surveys and interviews to assess the impact of the biophilic design
elements and used school metrics to assess student behavior and performance [25].

6.1. Perceptions

The percent of survey participants who agree that biophilic design strategies have
made a positive contribution to the learning environment is as follows.

Parents 95%
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Students 82%
Teachers 93%
Administrators 100%

6.2. Absenteeism

Out of 20 elementary schools in the district, BHE is tied for having the greatest
reduction in chronic absenteeism (missing 10% or more of the school year), reducing from
17.3% (last year in the old school) to 12.3% (this year in the new school). The National
Center for Education Statistics reports that the national average of chronic absenteeism
is 17% [26], and the SC Department of Education reported an average of 24.73% for the
2021–2022 school year.

6.3. Behavior

The Assistant Principal reports that there are fewer disciplinary problems this year
as compared to last year. “There’s been a decrease in the overall number of referrals and
the intensity of the infractions. I think the sense of calm that’s promoted throughout the
building makes a difference. And I think it manifests in the behaviors that we do and do
not see”.

6.4. Teacher Retention

BHES experienced among the highest increases in teacher retention of the 24 elemen-
tary schools in the district. Teacher retention increased from 83.7% to 91.5%. Districtwide
teacher retention was 81.9%.

6.5. Learning Outcomes

MAP (Measures of Academic Progress) testing measures student growth in Math and
Language Arts/Reading and compares student growth from one year to the next. BHES
MAP scores in Math indicate that growth exceeded projected growth in every grade. The
Language Arts/Reading scores exceeded the projected growth for grades 2–4 and met the
projected growth in grade 5.

Principal Holland describes the academic performance improvement the first year in
the new school as “fantastic and highly motivating!”. It is amazing that we met all and
exceeded seven of eight growth projections. This is a great accomplishment, which we
celebrate and are energized to continue. This is remarkable in the context of a 2023 NAEP
report that scores have declined in every course nationally.

While the designers do not that claim biophilic design strategies are solely responsible
for the student success described in this assessment, given the research and survey results,
they believe biophilic design made a powerful contribution.

7. Discussion

Biophilic design is sometimes viewed as requiring living interventions like green walls
and live animals. Green walls and live plants can both be biophilic strategies. There is
evidence that live plants in a classroom can enhance cognitive performance [15]. There
is evidence that animals in the classroom can have a positive effect on children [27]. Nei-
ther of the studies in this paper used these living interventions. Both relied on passive
measures that were part of the space; different outcomes might be possible with other
design strategies.

In both studies, academic outcomes improved, and additional benefits were measured.
Inevitably, improvements in performance in a changed or new facility are attributed to the
Hawthorne Effect, which is typically summarized as changes in the environment signal
concern for the users, thereby, lead to gains in performance, and, therefore, the physical
environment is less important than how people are managed. While datasets in changed
environments will show a spike in performance in the first blush of time, after a few
months, the newness wears off. Yearlong datasets overcome that effect [28], and other
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investigations of productivity have come to different conclusions than the Hawthorne
work [29,30]. Additionally, investigation of the original Hawthorne studies indicate that
they were deeply flawed and do not support their widely quoted conclusions [31,32].

While the biophilic design interventions in both studies used surfaces with biomorphic
forms and statistical fractals and other design strategies, it is unclear which elements were
most effective in supporting a biophilic response in the spaces. Research using gaze
attention tracking tied with physiological measurements in a virtual office space indicates
that this combination of measurement technologies can provide indications of which
biophilic design interventions are most effective in a specific space [33]. Future research
using gaze attention tracking tied with physiological measurements in real spaces could
provide an indication of which interventions are most effective.

8. Conclusions

From research experiments to real-world application, we see the benefits of biophilic
design in learning spaces. If minimal design interventions in the classroom can help
make students happier, healthier and improve learning, and if they can improve teacher
retention, reduce absenteeism and curtail bad behavior, why would we not do this in all
schools? Every effort to help improve a young person’s capacity to learn and enhance their
social-emotional wellness will pay dividends to them as individuals and for us as a society.

Schools at the turn of the 20th century were daylit and naturally ventilated by operable
windows. This typically allowed for views of trees, clouds and other outside activity. In the
1960s, the U.S. education system perpetuated the belief that views were ‘distractions’ and
that the attention of children should be focused on activities within the classroom. Hence-
forth, the construction of windowless or transom-window classrooms became pervasive in
practice, particularly among temporary modular structures, many of which are still in use
decades later. Bringing access to daylight, views to nature and the use of biophilic elements
in the classroom clearly have a measurable benefit for the learning environment [34].

David Orr, an emeritus professor of Environmental Studies at Oberlin College, says
that buildings are ‘crystalized pedagogy’; they inherently tell us about the belief systems
that led to their design [35]. Biophilic design can be leveraged as a philosophy of educa-
tion and design that helps both support improved academic performance and a greater
connectedness between buildings and nature.
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Abstract: Successful urban school design includes green space to counterpoint the built form in cities,
where parks and reserves are well frequented. Further integration of landscape and buildings is
an aspect of urban development that could improve how architecture is experienced by the wider
community. Above all, evidence shows that it enhances the health and wellbeing of inhabitants. By
providing green space in buildings, nature can be accessed more directly by its occupants and allow
connection with nature to occur more easily. Integrating nature with architecture can improve a
building’s self-regulation, energy consumption, and overall performance. Architecture that integrates
nature can have a distinctive appearance and character. The co-existence of bricks and mortar with
plants and vegetation is one example of integration, whereas the use of natural materials such as
timber as part of the building fabric can create distinctive architecture. It is this individuality that
can provide a sense of identity to local communities. Access to the outdoors in urban settings is
a critical requirement for successful urban school design. This paper focuses on the architectural
practise of designing biophilic schools and illustrates how optimising playground opportunities can
provide the highly sought-after connection between architecture and nature. Connecting classrooms
and pedagogy to the outside environment during the design phases of projects can create unique
responses to a place, enhancing the learning experience in environments where architecture and
nature can be informed by emerging biophilic evidence. This study strives to develop a strategy
where educational clients can be convinced to actively embrace a biophilic school approach. It also
seeks to convince architects to adopt a biophilic approach to school design across design studios
using the emerging evidence based on biophilia and biomimicry.

Keywords: biophilic; design; architecture; nature; education; learning; students; wellness; health;
wellbeing

1. Introduction—Why Nature in School Design?

The research question framing this paper asks, ‘what is the evidence to support the
inclusion of nature in schools, how can this academically rigorous evidence be better
distilled to inform school architectural design practises and their clients, and how can this
movement be scaled up in schools’ architectural design and educator professions?’

In particular, the dual aim of this study is to provide a translational research pathway
for evidence-based academic biophilic/biomimicry design research to find its way into
architectural design studios and into educators’ own pedagogical practises.

This article is organised into five sections. Section 1 explores why we should include
nature in school design and how the nature-positive movement can form the basis of
this proposition. This then informs the potential impacts on the built environment and
underpins biophilic design principles. Section 2 suggests a methodology to suit a design
practitioner’s evidence-based approach informed by nature-positive biophilic design pro-
cesses. It introduces an established biomimicry design process model which commences
with the identification of the spatial requirements of functional teaching and learning.
This step is supported by the establishment of the evidence base for the use of biophilia
and its impact on learning. These concepts are then applied to the biophilic design of
vertical schools using exemplars of prior learning landscapes followed by the evaluation
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of the ongoing evolution of the design. Section 3 elaborates on the idea of positive nature
informing design strategies. This includes the use of typologies using nature as a design
narrative. Section 4 presents a discussion which considers pedagogy and play space; the
use of daylight, fresh air, and views of nature; and the final building expression, all of
which can have an effect on students’ learning outcomes and their health and wellbeing.
Section 5 concludes with a strong argument for a return to nature in the design of schools
for health and wellbeing.

1.1. The Nature-Positive Movement

The association between human health, wellbeing, and the natural environment is well
established through empirical research [1]. In the context of architecture, the implications
for best practises are clear—championing more nature-based design through the inclusion
of biophilia is important for living, working, and learning environments. This idea is being
advocated through the ‘nature-positive’ movement [2].

Biophilia is described as the innate tendency of humans to focus on life and life-like
processes, meaning we have an instinctive desire to socialise ourselves in the natural
environment and connect with other living organisms such as trees, plants, and animals.
The theory was first publicised in 1964 by Erich Fromm [3], a US social psychologist,
and popularised in 1984 by Edward Wilson [4], a biologist at Harvard University. Both
emphasised that connection with nature leads to a better response in terms of human
functioning, health, and wellbeing.

Population movement in Australia is exponential and mostly involves people moving
to metropolitan areas, where competition for space is producing more high-rise buildings,
including schools [5]. Swollen urbanisation with town planning densification policies and
the locations of working environments in response to hybrid digital integration are some
determinants influencing time spent in and out of natural environments [6].

Despite the positive relationship between time spent in nature and improved com-
munity health, people spend a significant amount of time (>80%) in buildings, separated
from the benefits that nature provides. They also spend increasing amounts of time in an
inactive mode while being ‘glued’ to screens.

1.2. The Impact of the Built Environment

The topic concerning the health and wellbeing of urban dwellers, children in schools,
and employees in commercial towers is gaining more attention. Many studies have shown
that connecting with natural environments or ‘green space’, including urban green space
and agricultural space, promotes good health and is highly effective in reducing symptoms
of stress and mental fatigue [7].

Excessive time periods spent in buildings can lead to Sick Building Syndrome (a group
of factors that can negatively affect health in different ways), which can be costly for the
community and economy due to sickness, employment absence, and reduced productiv-
ity [8]. For example, air-conditioned buildings are known to have a higher prevalence of
symptomatic employees compared to naturally ventilated buildings.

Biophilic design aims to mediate some of the negative consequences that built envi-
ronments can have on human health (including psychological and physiological health)
through facilitating modifications to building design in line with human needs. Health
aspects related to access to fresh air, natural daylight, and views of nature have been shown
to improve respiratory health, reduce mental fatigue and feelings of stress, and restore
attention capacity [9]. Building design can improve by increasing understanding about
biophilia and its benefits to building occupants.

1.3. Biophilic Design Principles, Nature, and Architecture

Biophilic design principles can include but are not limited to the following: (i) access
to natural daylight, (ii) access to fresh air, (iii) direct access to living nature, (iv) views of
green spaces, (v) the use of natural materials, (vi) designing for [acoustics] sound, (vii) the
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presence of water, and (viii) proximity to restorative (and natural) outdoor spaces. The
application of these and other biophilic principles can help improve the design of new
schools and support educational communities [10].

Successful urban design includes green space to counterpoint the built form in cities,
where parks and reserves are well frequented. Further integration of landscape and
buildings is an aspect of urban development that could improve how architecture is
experienced by the wider community. By providing green space in buildings, nature can
be accessed more directly by its occupants and allow connection with nature to occur more
easily [1].

Integrating nature with architecture can improve a building’s self-regulation, energy
consumption, and overall performance [11]. Architecture that integrates nature can have a
distinctive appearance and character. The co-existence of bricks and mortar with plants
and vegetation is one example of integration, whereas the use of natural materials such
as timber as part of the building fabric can create distinctive architecture. The Macquarie
University Incubator building for business start-ups in Sydney is a fine example of the
latter. It is this individuality that can provide a sense of identity to local communities [12].

2. Methodology—A Nature-Positive Design Methodology for Educational Campuses

Architectural designers operate in a hybrid fashion, seeking evidence to support their
design decisions while aligning with the client’s value proposition for each particular
project. In some cases, they use rigorous academic evidence-based research, and in other
cases, they might supplement those sources with built precedents from published archi-
tectural journals (not necessarily scholarly). They are also obliged to follow policies and
procedures which are mandated by school authorities at various levels.

The application of biophilia in the design process requires the designer to offer a robust
argument to curate and shape a new way of thinking in terms of classrooms engaging with
nature. To this end, using an established and tested biophilic model is a useful way to
engage with both designers and educational clients.

2.1. Applying Biophilic Principles in Design through the Concept of Biomimicry

Biomimicry is a design process which seeks to understand natural health and well-
being drivers and how these can be embedded in the architectural design process. The
Biomimicry Institute developed a five-step biophilic design process called the biomimicry
design spiral, as illustrated in Figure 1 [13,14].

This concept was proposed to simplify the connection between existing and emerging
rich, extensive, and deeply rigorous academic research so that it can inform architectural
practitioners in a more simplified yet evidence-based way. The model ensures that designers
use an ecosystem approach in their design decisions, with all of them being based on
rigorous evidence.

The key steps include the following:

(a) Distill—what do you want your design to do, and why?
(b) Translate—what are the functions and how can nature habitat support this?
(c) Discover—biophilic taxonomies, benchmarking, literature reviews, case studies,

evidence.
(d) Emulate—consider Terrapin’s 14 elements and case studies [15].
(e) Evaluate—is the solution organically biophilic?

The following section is a suggested framework for a biomimicry school design process
using this model.
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Figure 1. Biomimicry design spiral (source: McGregor, 2014).

2.2. Distilling Functional Requirements

We are now designing schools for the most technologically savvy demographic to
date—the so-called generation alpha. These students were born after the iPhone was
released [16]. Their cultural perspective of smartphones, tablets, technology, and media is
re-shaping traditional classroom layouts and settings. In addition, emerging innovation
in artificial intelligence, augmented reality, virtual reality, mixed reality, and robotics is
curating and moulding educational experiences and learning practises. The integration of
these tools in classrooms helps motivate and engage students in new ways that are quickly
replacing [old school] didactic/instructional methods.

Despite advancements in digital integration and new technology, studies indicate that
by the time children reach adolescent years, screen time increases to, on average, between
seven and ten hours per day [17]. Australian research has shown that excessive use of tech-
nology among students is linked to issues such as increased isolation, depression, anxiety,
and attention problems along with the largely sedentary nature of the digital world [18].
Biophilic design in education may counteract some of these issues by reconnecting students
to nature and alleviating some of the burden associated with increased technology use.

Architecture that reflects nature can contribute to students’ learning experiences by
framing the space in which education occurs. The sizes, shapes, and aspects of rooms
and the selection of building materials and interior fabrics are some features that can
improve learning spaces for students. Balancing the presence of technology with nature
is an important consideration for integrating student engagement and coherence in
classroom settings. Modest interventions, such as the option to open or close a window,
can provide the ability to adjust the immediate environmental conditions, supporting
health and wellbeing in classrooms.

2.3. Translate—Student Engagement and Learning in Nature

This is carried out through the process of translating biomimicry into the design
process, as noted earlier. Cultivating and attaining student engagement is a common
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goal in almost all schools and education settings. Positive psychology models, such as
PERMA (Positive Emotion; Engagement; Relationships; Meaning; and Accomplishment),
used by the New South Wales Department of Education [19], aim to cultivate attributes
that foster student engagement, confidence, and improved learning experiences that lead
to higher levels of student success. Nature fundamentally supports many aspects that
encourage these educational goals. The school playground is a space that successfully
dovetails biophilia and education theory in the outdoors, where a sense of connection and
collaborative learning is accessible through social interaction and direct exposure to nature.

Access to natural settings is important for all students at all levels of education. For
example, local schools in Sydney often identify with unique natural elements specific
to their locality, such as eucalyptus or fig trees or resident school ground animals such
as rabbits. Natural features can help form a sense of identity for school students and
create a common binding interest for school communities—where nature itself becomes a
classroom/learning environment. The diversity of natural habitats across NSW provides
abundant opportunities to integrate biophilia into many schools through design strategies
that consider the integration of the built form and natural surroundings more coherently.

Associations between indoor/outdoor spaces and the influence on learning outcomes
is an evolving research area. New studies have shown that there are correlations between
more contact with nature and improved academic performance. As an example, students
who are exposed to more natural daylight in classrooms have been shown to perform better
academically compared to students with less access to natural light [20]. Biophilic design is
important in education, particularly in areas related to the following:

• Social and emotional learning: Experiences of natural environments have been shown
to support greater social and emotional restoration and reduce tension and anxiety,
confusion, anger, as well as fatigue compared to urban environments [21], helping
with students’ attitudes, behaviour, and academic performance.

• Memory and attention: One hour in nature improves memory performance and
attention by 20%. Research that involved participants who walked in urban city streets
and botanical gardens (nature) showed that short-term memory improved by 20%
among participants who walked through gardens compared to those who walked in
urban streets, which showed no improvement [22].

• Fatigue: The Attention Restoration Theory (ART) suggests that concentration fades
when performing cognitive tasks using directed attention over sustained time peri-
ods [23]. ART suggests that nature provides the specific environmental stimuli to
facilitate recovery from issues such as attention fatigue.

2.4. Discover—Introducing Biophilia into Vertical School Designs

The idea of a healthy school and campus has origins in the open-air school movement
in the early 1900s in Europe [24]. Educationalist Walter Spickendorff and paediatrician Prof.
Dr. Bernhard Bendix in collaboration with Berlin’s Schools Inspector Hermann designed an
‘open-air therapy’ environment for students with pre-tuberculosis called the Waldschule
für kränkliche Kinder (forest school for sickly children) in 1904. Around the same time in
the late 19th C, the idea that ‘form follows function’ was raised by Louis Sullivan [25]. A
modernist approach that ensures the function of internal space takes precedence over the
built form, ornamentation, or aesthetic of the building. This philosophy has influenced
architecture for over a century, inspiring buildings that are designed from the inside out.
This has recently evolved into a more nuanced and elemental approach that considers the
functional affordances on campus [26].

Tall buildings remain centric in contemporary urban settings and now also exist
in educational environments including schools [27]. As the learning landscape evolves,
improving student-centred learning remains in focus. Architecture can help to achieve
many aspects of this through the application of biophilia—bringing the outside in, diffusing
boundaries between classrooms and the outdoors, and creating opportunities for students
to connect with nature.

47



Architecture 2024, 4

Vertical schools can exploit height by providing unique views of nature and new
outdoor experiences above the natural ground level. Courtyard settings with access to
green space, trees, and communal gathering is possible whether it is at the natural ground
level or elevated above street level by providing outdoor settings with the presence of
living nature and, preferably, tree canopy cover. These elevated courtyard spaces are not a
replacement for open school playgrounds; however, they can provide much needed relief
from artificial enclosures used during school learning hours and offer a more immediate
connection with nature within bigger buildings.

This can help support cognitive function and ability for students and provide a
restorative function during the day’s learning activities. The potential for this architectural
approach to enhance school design is exciting because it can develop a new student
experience that supports health and learning as well as provide variance to the building’s
character. It is also likely to foster greater student engagement in learning.

Figure 2 shows an artist’s impression of an urban school with multiple levels, where
typical arrangements of classrooms can connect directly to outdoor spaces over several levels.

 

Figure 2. Urban school with elevated outdoor space (source: author, 2019).

This concept relates to schools in dense urban areas, where student cohorts can enjoy
large contiguous learning zones by blurring boundaries between inside and outside. Playful
connecting elements, such as stairs, lifts, and playground equipment, can provide character
and identity to each floor level and the overall school building, where learning activities
and movement can be expressed through the architecture.

2.5. Emulate—Learning Landscapes

Nature has always been a consistent source of inspiration for human endeavours,
propelling our understanding and interaction with the world. Scientists, inventors, and
designers have continuously looked to nature for guidance in solving problems [28]. An
outdoor learning space that is designed in harmony with nature can support learning and
wellness through a curated approach to landscape design. With Science, Technology, Engi-
neering, and Mathematics (STEM), a growing focus area for school curricula worldwide,
school buildings themselves become teaching and learning tools.

The life systems of the building itself can teach students about architecture, engi-
neering, and environmentally responsive design. From water consumption to electricity
generation, from service reticulation to structural engineering, and from natural ventilation
to high-performing building façades, the building itself becomes part of the learning ex-
perience. Technology can provide a bridge between the natural and the human-made by
capturing and displaying information regarding how the building functions and operates,
its impact on the environment around it, and the building’s performance as a learning tool.
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Many students may remember a teacher who influenced their thinking, education
journeys, and sometimes even their career choices. Great teachers can spark curiosity
in young learners and give them the confidence to believe in themselves to pursue their
dreams and goals. Future generations of scientists, technology wizards, talented engineers,
or gifted mathematicians can be wholly supported in a well-designed learning landscape
inspired by great teachers and in harmony with nature. The natural environment as
the primary engineer showcases complex biodiversity in balanced ecosystems. Similarly,
architecture and nature can contribute to the student experience when integrated, whereby
human-made and natural engineering co-exist in harmony with one another.

The use of space in between general learning environments and traditional class-
rooms is widely known to evoke knowledge sharing and peer-to-peer learning through
chance encounters and social interactions, where learning through conversation can
occur. Learning in corridors and informal settings has been shown to improve learn-
ing ability and build relationships in education settings. When the space in between
extends to the outdoors, opportunities for learning and wellbeing increase [29]. Out-
door classrooms in the right climatic conditions can be very successful; however, local
environmental conditions do not always favour outdoor learning. Thresholds between
indoor and outdoor spaces can offer additional diversity with informal settings, where
learning can occur in breezeways, circulation zones, and covered outdoor learning areas
particularly suited to inclement weather.

2.6. Evaluate—Evolving Design Concepts

School design continues to evolve as a response to changing urban conditions, includ-
ing the emergence of precincts, hubs, and high-density living in cities. Connecting the
classroom to the outdoors becomes a key challenge for urban school projects, where site
constraints limit access to outdoor space due to increasing land value and decreasing land
available for development. Inventive design solutions to meet playground provisions for
students and provide access to landscape settings for teachers requires careful planning.

Design strategies that capitalise on accessing urban outdoor space often involves
the consideration of elevated playgrounds and other complex design solutions, including
associated connecting voids, staircases, and safety enclosures (refer to Figure 6). Designing
areas with direct access to outdoor spaces that are safe and protected, with natural materials
and access to daylight, direct sunlight, and natural breezes, can inspire creative thinking
and bespoke design solutions. The study of specific site conditions and local weather
patterns of a particular place also becomes an important part of the design process.

Effective outdoor learning spaces can be tested for climatic conditions that are expected
to be experienced during the various seasons. The integration of elevated playgrounds
to meet various student learning activities can yield unique learning settings, including
terraced outdoor spaces, covered outdoor learning areas (COLAs), and interconnecting
stairs and light wells. In protecting and enclosing the perimeter of elevated play spaces, the
building façade design process for urban school buildings presents creative opportunities
to respond to the multipurpose activities occurring on different floor levels.

3. Nature-Positive Design Strategies

3.1. Typologies

Design decisions that consider nature can lead to positive outcomes in the built
environment. Four effective strategies that can promote qualities of improvement in school
design and help support student-centred learning as well as health and wellbeing include
the following:

1. The connected façade: This involves providing openable doors and windows in all
buildings. Having a direct connection between the indoor classroom and a green
outdoor space can have a significant impact on wellbeing—see Figure 3.

2. The window seat/nook: This is an intimate setting to encourage peer-to-peer and
self-directed learning for students. Access to daylight views of nature in a comfortable
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window seat is an effective example of a well-designed space that can support positive
outcomes in behaviour and learning. This also enhances the sense of territorial privacy
while keeping an observational distance from supervisors—see Figure 4.

3. The courtyard: As a well-established architectural typology, the courtyard design
creates a safe communal outdoor space that is both protected by and connected to
indoor learning spaces (this can be on the ground level or at an upper level of a high-
rise building). Attributes of biophilic design are well supported within the courtyard
model, where access to outdoors, fresh air, daylight, and green space and the presence
of water are all easily accommodated in a private setting that is suitable for several
uses, including group gatherings, outdoor classrooms, and individual contemplation
and refuge. In particular, the cloister and/or veranda and colonnades or arcades also
provide a transition from inside to outside, with this transitional space being ideal for
nature-oriented activities in inclement weather.

4. Natural materials: The use of natural materials in architecture is successful because of
their tactile nature and richness in texture and colour, particularly when it comes to
wood. The use of timber for furniture, joinery, and interior surfaces including floors,
walls, and ceilings can improve the interior quality of schools and bring nature right
to the heart of the learning environment. New building techniques being used which
dovetail the latest technology with natural materials, such as cross-laminated timber
(CLT), are now being considered for their benefits in prefabrication and precision,
their speed in construction, and importantly, their natural material, timber. The use
of exposed timber can greatly improve the interior aesthetics of learning facilities,
adding qualities of colour, texture, odour, and acoustics and improving the overall
spatial experience for occupation.

 

Figure 3. The connected façade and courtyard space. (Source: author, 2019).
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Figure 4. The window nook (source: author, 2019).

These validated approaches are commonly found in vernacular architecture all over
the world, from Japanese Zen gardens to the cloisters of Europe. Applying similar design
principles on a larger scale, specifically involving taller and more complex school build-
ings, is important in the context of promoting healthier environments for students in city
locations and high-rise developments.

3.2. Nature as a Design Narrative

Universities have traditionally enjoyed large, landscaped grounds for their campuses;
however, land for new development is increasingly scarce. This can result in larger, taller
buildings being used for adult education. Health and wellbeing are at the helm of many
research institutions and affiliated universities. Therefore, designing buildings with access
to nature to improve student and employee wellbeing has become more important. The
idea of research and learning in comfortable settings and buildings that respond to location,
cultural heritage, and campus history can enhance staff, student, and researcher experience
(see Figure 5) [30]. When considering the design approach for a building, the process
can involve research into the site’s history, the cultural context, and the existing building
character surrounding the proposed site.

Story-telling and design narrative play important roles in this process. The design
intent can be communicated, encouraging imagination to envision the proposed building
with the fullest understanding of the factors influencing the design concept. Nature can
inspire this narrative, where a site’s history can be explored in terms of its geology, ecology,
cultural heritage, and architectural lineage in relation to the urban surroundings.

In this context, the proposed architecture and natural environment formulate a syn-
ergistic relationship. The boundaries between architecture and nature can elicit building
designs that are grounded in their context and connected to their natural environment,
both in narrative and built forms.
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Figure 5. Flinders University’s Health and Medical Research Building, Adelaide, South Australia.
(Source: author, 2024).

Consciously designing with culture and heritage as a priority often leads to a fuller
expression of a building’s unique character. The completion of Flinders University’s Health
and Medical Research Building is an example of designing for place while being informed
by consultation and thoughtful conversations with local indigenous elders, including
stories about country [31]. Notwithstanding the building’s predominant research focus,
the architecture creates moments of connection to the natural context, where land, water,
and sky inform the architecture and physical form of the building.

The built form is shaped in layers, reflecting the natural terracing of the Adelaide
foothills and sedimentary geological processes depicting timelines in the earth. The build-
ing is layered and terraced to enjoy expansive vistas towards the seaboard and the vast
Southern Ocean horizon. Connections from the internal spaces and outdoor landscapes, fea-
tures of dedicated winter gardens, and a large cascading public plaza anchor this building
in its unique context.

3.3. Implications of Climate and Climate Change on Designing for Health and Wellbeing

Biophilic design can depend upon climatic conditions. Tropical climates (such as
Northern Australia) are more suitable for year-round outdoor access and support con-
tinuous plant growth throughout the year, providing more opportunities for planting
integration around and on top of building structures. Allowing the teaching and learning
experience to occur in environments that are generously landscaped in regional climatic
and specific site conditions can provide unique experiences for building occupants, where
they can inhabit natural outdoor spaces in an individually distinctive architecture. Figure 6
illustrates a biophilic approach to a vertical campus building within a tropical climate
region, where stacked terrains form the building itself.
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Figure 6. An illustration of a biophilic building concept for a tropical climate (source: Architectus, 2022).

Schools are striving towards greater sophisticated buildings to support learning and
education outcomes, particularly secondary schools that are increasing STEM-based op-
portunities that require technology-enabled buildings to support students’ readiness for
tertiary education. Learning spaces that resemble university or workplace settings may en-
hance the student experience and familiarity with these environments prior to the transition
from secondary school to university.

The transition from senior school to tertiary education environments is an important
development stage due to the highly technical and digital characteristics associated with
STEM [29]. Student health and wellbeing is an important variable in this progression.
Biophilic design which encourages health-oriented natural environments has been shown
to fortify student resilience and encourage performance [32,33]. The implementation of this
design methodology could support future expectations, attitudes, and success in tertiary
education environments.

4. Discussion

Realising the benefits of nature and placing biophilic principles into practise can take
many forms for a school building depending on student profiles, curriculum, site location,
and context. With particular emphasis on urban schools, pedagogy and play spaces ought
to be considered together because it is in these environments that the balance between
indoor and outdoor spaces is most compromised.

4.1. Pedagogy and Play Spaces

With team teaching practises and collaborative learning approaches being pursued
in New South Wales state schools in Australia, classroom configurations and adjacencies
with shared learning spaces can influence how the overall school is designed. School
Infrastructure New South Wales (SINSW) implemented a learning hub model where four
classrooms work as a collaborative learning unit, and they are connected via shared learning
spaces centred between the four classrooms (refer to Figure 7).
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Figure 7. Urban school plan layout diagram. (Source: author, 2022).

For a primary school in an urban setting, this generalised approach can lend itself
suitable for a multi-storey vertical building, with playgrounds on ground level and again
on the rooftop, to maximise site coverage. Many urban sites are heavily constrained
regarding space to build on and occupy. Outdoor spaces beyond the building footprint
and landscaped zones are often limited due to this constraining factor. Figure 6 displays
a potential approach to address this issue. By designing elevated outdoor spaces and
integrating them into school floor plates, student cohorts can occupy dedicated floor
levels, each with their own outdoor play space that is directly accessible from the indoor
classroom environment. This provides a learning landscape on each level, protected
from the urban setting, while encouraging connection and collaboration for the students
both indoors and outdoors.

4.2. Daylight, Fresh Air, and Views of Nature

With play spaces allocated to each level, providing ample daylight, filtered sunlight,
and fresh air becomes an important aspect to achieve. The placement of light wells or voids
on elevated floor plates is a design strategy that can bring playful geometry, engaging
connections between floors and allowing for lighting conditions to be changed throughout
the day. This interaction with sunlight and the passing of the day can encourage better
awareness of the natural environment.

Student health can also be fortified through this awareness and direct access to day-
light, nurturing a healthy circadian rhythm and overall wellbeing for students. Having
opportunities to view green spaces with ecological diversity is another key consideration
in early design phases for school buildings, ensuring that the benefits of surrounding land-
scapes can be harnessed and used to their best potential for the school and local community,
evoking better school environments with healthier classrooms for students of all ages.

4.3. Building Expression

Vertical schools in dense urban environments can be unique, individual buildings
expressing the activities within and providing a civic presence for communities [33]. With
a particular emphasis on playgrounds over multiple levels, the traditional building façade
can become a distinctive architectural feature. The play space becomes the building façade
when viewed from street level, activating the streetscape with student movement and
interaction, where play is clearly on display at several intervals throughout the day. This
animated building edge can be a playful, artistic, and colourful feature to explore in urban
school design. Rather than having walls and windows looking into classrooms, the building
presents as a multi-storey playground, as illustrated in Figures 7–9.
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Figure 8. An urban school where the play space becomes the building façade. (Source: author, 2022.)

Figure 9. Designing from the inside out by bringing the outside in—biophilic urban schools. (Source:
author, 2019.)

Many of these ideas will be developed over time as designers seek to evolve their
designs in coming years [34]. Indeed, as further research is conducted with the aim of
understanding the relationship between school building design and student and staff health
and wellbeing, these concepts will be refined and adapted over time from an increasing
evidence base in support of such outcomes [35].

5. Conclusions—Back to Nature

In aspiring to assist educators in improving student health and wellbeing and ulti-
mately improving learning outcomes through biophilic design, school designers are seeking
ways to mimic nature in their built projects. A design approach that considers the overall
user experience, including that of students, educators, staff, and the community, can yield
positive results through appropriate exposure to nature. Aspects such as daylight, fresh air,
and greenery can affect how students hear, breathe, see, feel, and move and can influence
their ability to absorb, understand, and apply learning in the school environment. Nature
is an asset to embrace as it can bring aspects of balance and harmony to the classroom.

55



Architecture 2024, 4

Designing from the inside out by bringing the outside in, as illustrated in Figure 9, can
unify human-made and natural environments.

Applying biophilic design principles through a biomimicry lens has the potential to
transform the nature of new school design by integrating function, form, and the student
experience in schools, helping to restore architecture that promotes health and wellbeing in
educational environments, particularly in dense urban locations. That said, biophilic design
is yet to make a significant impact on the minds of senior figures of authority in educational
systems globally. The mantra of form and function does not seem to include nature and its
impact on health and wellbeing. This is a major barrier which this article seeks to address
through supporting designers in creating strategies to convince educational authorities to
adopt this approach.

The benefit of a design-led biophilic/biomimicry campaign to achieve this engagement
is that these academic concepts—largely textual and numerical in form—can be visualised
in concept designs. These designs, when built, can be used as case studies, as illustrated
by Browning and Determan, to convince authorities to embrace this approach. This
article is essentially about science communication, an area which continues to struggle to
translate complex scientific research into applications that can be made useful for society in
practise. Future ‘research’ might focus more deliberatively on the communication of the
science of biophilic/biomimicry design practises and applications to educators and design
practitioners alike.
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Abstract: Biophilic design emphasises human connections to nature to enhance health and well-being.
In health and medical environments, the biophilic design hypothesis suggests improved healing and
health outcomes when patients have a connection to nature. Emerging evidence indicates that if
teachers and students experience a greater sense of health and well-being in the campus environment,
they are likely to have better teaching and learning outcomes. To understand this at a deep level,
a critical synthesis and analysis of some fifty systematic reviews outlines the significant emerging
body of evidence in support of this approach. Systematic reviews are a fundamental basis for new
research to be framed in the context of existing research findings within the evidence-based research
methodology. Key outcomes of this critical synthesis review are that there is compelling evidence of
some 70 health and well-being factors being improved though biophilic design. Also, organising an
agreed taxonomy of biophilic design and health and well-being elements at a granular level would
assist in simplifying and compiling the evidence of the benefits of such an approach to inform school
funding, planning, design and operations authorities.

Keywords: biophilic; school; design; health; well-being; evidence-based; systematic literature review

1. Introduction—Well-Being, Health and the Environment

The connection of health and wellbeing to nature has been increasingly studied in
health and hospital planning and design over the past two decades [1,2]. Only recently,
however, has such an approach been applied to school planning and design [3].

In undertaking this extensive synthesis and analysis of ss (systematic literature re-
views), it became apparent that there is a need to reflect on the lineage of biophilic de-
velopments since Fromm [4] framed the biophilia hypothesis concept. In ‘The Anatomy
of Human Destructiveness’, Fromm despaired of humankind’s treatment and relative
ignorance of the critical role nature plays in our lives and in the current epoch known as
the Anthropocene. The biophilic hypothesis was developed further by Wilson [5], and
subsequently by Kellert and Wilson [2], and more recently by Kellert [6] and Kellert and
Calabrese [7]. Such an approach in school planning and design has had some limited
exposure [8], and this study refreshes that approach and takes a much stronger account
of a human-centred focus on school design through an evidence-based biophilic planning
and design paradigm shift.

The past decade or so has seen a significant focus on health and well-being, as il-
lustrated by the Australian Government’s Department of Health and various other State
government departments across Australia [9]. This study examined ‘Health and the En-
vironment: a Compilation of the Evidence’. The links between public health and the
environment are also becoming subjects for significant research output, as seen in the
RMIT University Healthy Liveable Cities Laboratory [10]. Recently, the South Australian
Government has named its health organisation the Department for Health and Wellbeing.

2. Evidence-Based Health and Education Environments Planning and Design

In terms of evidence-based health planning and design, a milestone was achieved
when a team of researchers led by Ulrich conducted a systematic review of all the evidence
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related to the rate of healing of patients connected with the quality of the hospital physical
environment [1]. A team of researchers produced a seminal paper analysing some 223
peer-reviewed papers on the topic demonstrating the connection between positive health
outcomes with exposure to nature. This also connects closely with the International WELL
Building Institute [11] which focusses on design for well-being.

Designing schools for health and well-being using the concept of ‘flourishing’, salu-
togenic [12] and eudaemonic design [13] are illustrated in Figure 1. Flourishing is a
cross-disciplinary focus linking a wide range of factors, as illustrated in Figure 2 [14].
All these factors should be considered in school salutogenic and biophilic planning and
design processes.

Sense of
Coherence

and
Flourishing

Figure 1. Salutogenic design framework for well-being as flourishing [13].

Biophilic design elements are covered in the literature and case studies but are
organised—and to some extent simplified—in different ways by various authors such as
Kellert and Calabrese [7] with 24 elements, Browning [15] with 14 elements and Lei [16] with
9 elements. These can be compared with the ever-evolving WELL Building Standard [11]
and the World Green Building Council [17]. The interconnections and relationships with
all five approaches can be seen in Figure 3.

The key simplified emerging themes included psychological; neurodiverse; physical;
performance; emotional; health and well-being; and biophilic features. The search resulted
in repeated examples of the impact of the environment on various aspects of health and
well-being. For example, cognitive appeared in 16 articles, restorative in 13 articles and so
on. These themes and the elements within each theme are summarised in Table 1.
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Figure 2. Flourish Model [14].

 

Column A - Kellert
24 Biophilic Design Attributes

Column B - Browning
14 Patterns of Biophilic Design

Column C - Lei 
9 Patterns for Workplace 

Column D – 
WELL

Building 
Standard 

Column E – 
GBCA

Green Building 
Council Australia

Figure 3. Just some of the biophilic models on offer [7,11,15–17].
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Table 1. Categories of Key Abstract Words searched in shortlisted reviewed articles (generated by author).

Impact on Health and Well-Being Elements in this Category in First Scoping Review

Cognitive, Psychological and Mental
Sensory; Attention Restoration Theory (ART); Stimulation; Psychiatric; Disorders;
Cortisol; Sensing; Anxiety; Consciousness; Cognitive; Mental; Behavioural;
Psychological; Innate

Performance and Intellectual Performance; Attentional Performance; Desire; Success

Physical and Physiological Restorative; Stress; Comfort; Proximity

Emotional and Mood Identity; Affect; Mood; Connectedness; Perspective; Personal growth

Health, Well-being, Social, Behavioural and
Developmental

Therapeutic; Flourish; Fatigue; Trauma; Healing; Health; Well-being;
Electroencephalography (EEG); Holistic; Safety; Eudaimonic Well-being; Hedonic
Well-being; Morbidity; Healthy; Literacy (health)

Neuroarchitecture and Neurodiverse Neuroeducation; Neurodiverse; Neuroscience; Neuroarchitecture; Spectrum;
Autism; Autism Spectrum Disorder (ASD); Functioning; Disability

Biophilic Features

Biophilic Quality Index (BQI); Nature; Trees; Indoor Air Quality; Greenspace;
Empirical; Outdoor; Pollution; Green walls; Greenness; Ecosystem; Landscape;
Interiors; Environments; Patterns; Meta-analysis; Bush Kinder; Ethnography;
Systematic; Climate; Plants; Sustainability

3. Methods

This analysis and synthesis of multiple literature reviews first conducted a scoping
literature review followed by an analysis of the evidence-based articles available from
reputable peer-reviewed publishing venues. Systematic reviews are the highest form of
scientific evidence with the methodology controlled through the PRISMA process (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses). A synthesis of multiple
systematic reviews analyses the ‘eligibility criteria, identification and selection of studies,
data collection and study appraisal, and synthesis and findings’ [18]. Tools such as ROBIS
(risk of bias) and AMSTAR-2 (methodological quality) are used to filter the data.

Some 1250 articles were sourced from venues as outlined in the PRISMA diagram
in Figure 4 using the key words ‘school; university; campus; health and wellbeing and
biophilic planning and design’ over five years. The 1250 articles were screened and then
shortlisted as per the PRISMA process. That scoping literature review resulted in the
shortlisting of 183 peer-reviewed journal articles and book chapters on biophilia in schools.
This was then reduced to 67 articles which, collectively—when the Abstracts were searched
for keywords—resulted in approximately 70 keywords.

Systematic literature reviews are a form of ‘expert elicitation’ [19]. This approach
operates in a cross-disciplinary fashion and assists in aligning concepts, language, and
evaluation methods without being focussed on any pre-determined paradigm. In short,
if many experts can agree on a particular concept—especially in a qualitative narrative
way—then the concept may be seen as being valid. Within the final 67 articles were
47 systematic literature reviews plus several related studies of the impact of nature on health
and well-being which included workplaces and several clinical settings. There is increasing
associated evidence within these sectors which may reflect or relate to findings in the school
as a workplace. Having analysed all the final selected SLRs and additional relevant articles,
it was decided to settle on the following themes: (1) psychological, cognitive and academic
performance; (2) child development, early learning and forest schools; (3) greenspace and
outdoors; (4) neuroarchitecture and neurodiversity; (5) higher education sector; (6) general
health and well-being; and finally, (7) residential, clinical, health and workplace. These all
have implications as an evidence base for supporting biophilic school design for health and
well-being.
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Figure 4. PRISMA flowchart.

4. A Critical Synthesis of the Systematic Literature Reviews

Note that all the references within each of the systematic literature reviews are not
individually cited as it would make this paper too long. However, sources of any statements
hereunder can be found within those individual systematic reviews that have been cited.

4.1. Psychological, Cognitive and Academic Performance

Some of the highlights in this category include improved cognitive development if the
school has increased tree canopy [3]. Blood pressure and stress are also reduced in biophilic
environments, and learning outcomes improve with greater natural light [20], which is
also associated with increased physical activity, subjective well-being, improved alertness,
faster cognitive speed, and better concentration. Green environments adjacent to campuses
were also found to improve academic performances [20].

Views and sounds of water assist in restorative effects [21], and this was physiological
rather than psychological. Indoor plants can also result in improved performance, with
various options offering alternative benefits [22]. Views of nature provided varying benefits
depending on the type of nature in view. In this context, attention restoration theory (ART)
suggested that in some cases artificial images can be more beneficial. Natural materials can
also be effective in restoration, although research is limited. The use of timber is perhaps
considered to be the most effective.

Stress reduction and mental restoration are likely to improve with connection to
nature, whilst students exhibit significantly improved performance on attention test and
stress recovery [22]. Connection to nature also sees improvements in other areas including
creativity, depression, PTSD, attention deficit recovery, happiness and life satisfaction,
enhanced memory retention, dementia, productivity, and self-esteem.

Attention restoration theory [23] and the influence of nature on cognition and stress
recovery [24] through a psycho-physiological engagement with nature is used to argue
that nature improves academic performance [25]. Access to nature improves concentration
over longer periods of time, and the immersive effect improves focus and energy levels.
However, only two studies focussed on schools specifically. One of these used data from
the Twin Cities Metropolitan Area (TCMA) of Minnesota, which has data on educational
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performance modified for social and economic disadvantages. It also has data on vegetation
coverage and, after discarding schools that were confounding, resulted in a sample size
of 222 schools with 3rd grade students being scored using the Minnesota Comprehensive
Assessment of the Department of Education for reading and mathematics. Both measures
showed improvements after regression analysis.

Nature in the study environment was analysed in a systematic literature review by
van den Bogerd [26]. This study developed a three-tiered nature impact arrangement
for evaluation: (1) reducing harm (mitigation); (2) restoring capacities (restoration); and
(3) building capacities (instoration). Note that ‘instoration’ implies an active engagement
with nature, whereas restoration can be ‘passive’ engagement. The reviews included
14 studies in secondary schools and 23 studies in universities, with campus green space
examined together with the impact of indoor plants. No differences were found between
the two educational sectors. Campus green space was found to improve restoration and
general well-being and quality of life.

Greenspace was also found to reduce temperature on campus grounds. The studies
also differentiated between passive and active exposure to nature. Furthermore, inclusion
of water and views improved the experience of indoor nature and related health measures.
In some studies, there were issues in bias, confounding factors and baseline differences,
and more longitudinal and controlled evaluations were recommended in future studies.
The studies reviewed were European-focussed, and it was suggested that they would not
necessarily directly translate to other countries.

Another systematic review [27] found that there is evidence to support that exposure
to nature improved cognitive performance regarding selective attention, sustained attention
and working memory, together with enhanced well-being, cognitive restoration, and stress
reduction. Additional factors included improvements in emotional and behavioural issues
around inattention and hyperactivity.

Testing included impulse control, processing speed, long-term memory and knowl-
edge acquisition, selective attention, sustained/selective attention and working memory.
Most of this work used passive nature attributes. They also noted that in establishing the
quality of articles they used the EPHPP (Effective Public Health Practice Project) frame-
work, which assesses six domains—selection bias, study design, confounders, blinding,
data collection methods, withdrawals, and dropouts. The study also concluded that nature
exposure type—passive or active—is critical in framing any research programme.

4.2. Child Development, Early Learning and Forest Schools

Whilst Adams and Savahl’s [28] study focussed more on perceptions of and attitudes
toward nature, there are some findings regarding active engagement with nature which can
improve cognitive, physical, affective effects, and moral development. Articles included
illustrated how nature is important in healthy child development, suggested subjective
well-being, provided a buffer to life stress and cognitive functioning, and noted the variable
impact that nature can have on cognitive styles. Nature exposure was also thought to
mitigate ADHD symptoms.

Arola et al. [29] separated qualitative and quantitative articles. They found that
nature connectedness showed a decrease in psychosomatic symptoms and increased
self-satisfaction, positive mood, and social interaction. Other factors which showed im-
provement included reduced stress; increased happiness and joy; improved mindfulness
and spirituality; greater competence, self-esteem and emotional well-being; enhanced
social well-being and competence; and exhibited an overall heightened sense of physi-
cal well-being.

The measurement and categorization of natural environments is key to evaluation [30].
This particular study discriminated between outdoor spaces as ‘natural environments’ and
indoor spaces as ‘virtual environments’ because of the built form of the latter. Various
datasets were used in this study to measure natural environments. Regarding health
outcomes, six categories were evaluated in the selected articles: academic achievement;
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prevalence of doctor-diagnosed disorders; emotional and behavioural functioning; well-
being; social functioning; and cognitive skills. Emotional and behavioural function included
attention, interpersonal relationships and ADHD. Cognitive skills assessment used a test
for memory performance and cognitive performance. All test tools used were listed across
the six categories. Academic achievement was seen to improve if exposed to natural
environments and doctor diagnoses were lower. Behavioural and emotional aspects were
improved and there was also improvement in some aspects of memory.

Another related study long listed massive numbers of articles—some 37,159 references
reduced to 65—with the final articles showing various improvements in a range of child
development factors) [31]. The review is quite complex but does suggest strong improve-
ments in nature play’s impact on social skills, independent thought, lower behavioural
problems, emotional development and well-being, cognitive development and cognitive
play, creativity, imagination and dramatic play and self-regulation.

Regarding the psychological impact of nature on 6–12-year-olds, it has been suggested
that there are more cross-sectional studies than longitudinal ones, with an equal number
of observational (quantity and accessibility of green spaces) and experimental studies,
but little work on blue/water impact [32]. In evaluating the quantity vs. quality of
nature/green spaces, it was found that observational and quality studies can result in
positive affective responses including joy, excitement and restoration. But some nature
features can manifest stress, danger and threat feelings. Experimental studies showed that
views of both nature and simulated nature had a positive impact on well-being, but that
actual natural engagement had a higher impact. Active engagement in urban forest settings
can improve psychological well-being, self-esteem and peer relationships. Overall, the
systematic review revealed a positive impact on psychological well-being with increased
engagement with nature.

An experimental study using the notion of personal comfort systems (PCS) is included
here in large part because of this author’s personal experience in schools regarding thermal
comfort [33] The PCS model was used with 18 respondents in a controlled environmental
room—airspeed, temperature, relative humidity and lighting were controlled—with the
addition of being able to cool the headspace and extremities of individuals at a desk setting
with various user controls. Fourteen temperature sensors were applied to the body. Various
tasks were undertaken as specified within several professionally accepted frameworks.

Tasks included anti-cue, complex tasks, planning tasks, verbal ability, working memory
and mental spatial manipulations. Measures included NASA-defined subjective perception
of cognitive load task-induced physiological responses, arousal and alertness and interac-
tion between tasks and performance. Outcomes included the finding that cooling the head
(if ambient is over 25 ◦C) improved the anti-cue task and complex cognitive performance.
Lower temperatures also increased task performance. Conversely, however, warming from
a colder temperature did not affect complex cognitive performance.

Meng’s systematic literature review of the indoor visual environment of children se-
lected five environmental factors for analysis including: lighting, access to nature, window
features, art and environmental aesthetics, and ergonomics in spatial settings [34]. It found
that appropriate lighting and access to nature had the most evidence supporting benefits
to children’s health, with dynamic lighting responding to children’s activities being the
most beneficial.

A number of studies had some evidence of possible bias, which raised questions about
the quality of the research methodologies. The lighting studies feature heavily in the United
States, whilst the nature-restorative studies had a greater representation in Europe.

Russo [35] found that access to nature can elicit positive multiple childhood health
outcomes, including decreased emotional and behavioural difficulties, higher academic
achievement and improved overall mental well-being and cognitive development. Another
survey of 145 schools in Scotland by Robertson et al. [36] saw 82% of respondents say that
it is vital/essential that students should spend time outdoors regularly; 85% of schools
say students use the outdoors every day; 47% said that students should visit woodland
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regularly. Whilst only 30% of schools have woodland on their campus, 78% can access
nearby woodland, with between 66% and 80% accessible by walking.

That said, only about 43% visit the nearby woodland site regularly. Schools ranked
in importance the following benefits generally regarding access to nature as: Learning
Opportunity (23%); Natural Resources (22%); Emotional Well-being (17%); Physical Activity
(16%); Better Quality of Play (15%) and Better Behaviour (8%). There was strong interest
in developing a forest kindergarten, with up to 68% of organisations wanting to do so ‘as
soon as possible’.

Forest schools provide excellent opportunities for deep research in the connection
between nature and health and well-being [37]. Interaction patterns (IP) in ‘wild natural’
parks were used to develop a human–nature interaction model which was then used on
two outdoor classrooms in a forest school located in an arboretum. After 35 weeks of
filming interactions in six zones in the outdoor classrooms, these interactions were coded
and analysed. From 1,851 interaction patterns, 25 were determined to be keystone patterns,
with 8 of these being selected as indicative of bonding with ‘wild’ elements of nature. These
included cohabitating with a wild animal, imitating animals, calling birds, leaning against
a tree, lying on earth, being in solitude in nature actively, and being in solitude in nature.

Key findings included that in outdoor classrooms, active learning serves to strengthen
child bones, muscles, hearts and lungs. It also improves coordination, balance, and pos-
ture and helps in sustaining a healthy weight. Moreover, it reduces illnesses including
cancer and diabetes. Engaging with ‘wild’ nature suggests that students are in a relational
connection with nature, rather than dominating nature.

4.3. Greenspace and Outdoors

Observational studies of the relationship between greenspace on mental health are
instrumental in much of the work in this field, with ‘blue space’ making up 25% of stud-
ies [38]. Generally the quantity of greenspace was used in longitudinal studies exploring
mental health and it was recommended that further research should also focus on the
quality of greenspace. Studies were carried out in Europe, North America, Asia, Australia,
New Zealand and South America, with the UK contributing 24% of all studies and Japan
contributing 15% of experimental studies. Scale was a significant issue arising out of these
studies, both in terms of the scale of nature and the scale of the study respondent numbers
and their variable time spent in nature and greenspace.

Whilst both observational and experimental studies were studies, it was found that
the experimental studies are viewed as more ‘gold standard’ than observational studies.
The review could not establish a direct causal relationship between greenspace and mental
health because of the variations between the scale and quality of greenspace, the variations
in time spent in the space and the varying longitudinal nature of the studies. These factors
need to be considered in future studies.

Conversely, a meta-analysis of prescribing a rehabilitation approach using nature-
based interventions to improve the depression of community-based adults [39] found that
an optimal dose of 12 weeks of gardening, green exercise and nature-based therapy can
improve mental health problems in adults (perhaps more suited to senior secondary school
in this context), including for those with pre-existing conditions. In particular, random
controlled trials showed a reduction in symptoms of depressive mood. Forest bathing
proved the most effective in this regard and reduced depressive mood symptoms. There
was also a large decrease in anxiety symptoms, together with a large increase in positive
affect. Gardening was seen to have a significant effect on physical activity over a year-long
study with respondents who had serious mental illness.

A narrative synthesis study by Fernandez of 39 research articles focussing on 5- to
12-year-olds considered three factors: indoor environmental quality (IEQ); increasing
student ‘green time’ by school greening; and more active travel to school [40]. The review
suggested that the studies were not sufficiently robust to be considered useful. That said,

65



Architecture 2024, 4

it did find that greening schools does influence cognition and physical activity, although
behaviour was not considered to be affected at least in this study.

Another study used student academic performance as an indicator of cognitive abilities
connected with or in close proximity to green spaces [41]. Three green indicators/metrics
were used: (a) GIS/NDVI (Geographic Information System mapping technology and
Normalised Difference Vegetation Index, a satellite indicator of green canopy density);
(b) distance to green spaces (buffers of 500, 750 and 1000 metres around schools); and
(c) the quantity of green spaces. Academic performance was sourced from Government
Education databases. Whilst the study did find a relationship between the distance of
greenspace and academic performance, the quantity of greenspace was a key factor which
needs further consideration.

4.4. Neuro-Architecture and Neurodiversity

Neuroscience and architecture are becoming a significant feature of research focussing
on the connections between the two. Neurodiversity is also of increasing importance for
students with learning difficulties requiring much greater attention as to how the physical
learning environment might impact on their capabilities.

Four aspects of well-being are the focus of one such systematic review—the physical
(body); the intellectual (brain); the emotions; and the social (behaviours) [42]. The study
used a descriptive thematic, narrative and critical analysis approach which produced a
heuristic neuro-architectural model relating design characteristics with ‘experimentally
proven’ physiological, psychological, cognitive and behavioural effects. The model relates
these human factors to architectural designs (‘unconscious’ perceptions); physiology (hu-
man body functions); psychology (emotions and behaviour); and neuroscience (neurology,
cognition, perception).

Various physiological measurement tools were used in differently designed environ-
ments, with both physical and virtual experiences. Few studies considered smells and dark
colours, but natural materials such as wood led to lower heart rates and less sweating in
both environments. The authors noted that physiological changes (both subconsciously
and consciously) related to different architectural features altered blood flows to different
parts of the brain. The resulting emotions were thought to modulate the brain activity in
areas related to attention, memory, motivations, emotions (mood) and decision-making
which all led to better psychology, well-being and restoration.

Another systematic review studied interior architectural designs and their impact on
the autonomic nervous system (ANS) and/or the central nervous system (CNS) [43]. The
study separated affect and emotion, with the former related to valence and arousal and
the latter being defined in neurobiological terms as a complex reaction stimulus of cortical
brain networks. Blood oxygenation was measured as an indication of neuronal stimulation.
In addition, heart rate, blood pressure, breathing rate and galvanic skin responses were
measured. The physical interiors were organised in a confined floor and ceiling space
having four sides. Greater than four sides and curvilinear surfaces were considered to be
semi-enclosed if there were solid partial barriers. Findings included that lower ceilings
resulted in a lower judgement of beauty; linear geometries resulted in lower self-ratings for
pleasure and arousal, with decreased anterior cingulate cortex activity. Furnished interiors
had higher self-rated emotions related to presence and arousal according to the style of
furniture, with increased heart rates. Depth in virtual environments increased the sense of
presence, and wood (as materiality) reduced the impact on the ANS.

Cognitive judgements of architecture can also be a response to prior external experi-
ences rather than internal emotions [44]. In this context, ‘extrospective’ and ‘introspective’
evaluations can be related to ‘dissociable neural circuitry’. Five cognitive architectural
judgements were considered, namely: complexity; organisation; modernity; naturalness;
and beauty. These characteristics can affect the degree of physiological stimulation expe-
rienced. They can be uplifting or depressing, and these responses can predict long-term
health measures including stress and depression. Vitality and valence (the latter mean-
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ing whether the space is desirable or undesirable) are related to preference, liking and
pleasantness. These affective responses relate to neural networks which regulate pleasure
and emotion.

For example, ‘hominess’ ratings can be a result of culture, background and memo-
ries which may influence cognitive and sensory processes. There are two characteristics:
emotional responses (of which eight are considered including: personalness, hominess,
relaxation, comfort, stimulation, uplift, vitality and valence) and behavioural–emotional
responses. The latter consist of measures of behaviour, movement and motivation, all of
which may be linked to sensorimotor processes in the brain. Three behavioural–emotional
responses are considered here including: interest, approachability, and exploration. These
can all result in sensorimotor, cognitive and emotional responses.

All of these aesthetic/response measures in this case study are related to, and exam-
ined through, three key physical variables, namely: ceiling height; enclosure and curvature.
The authors then construct a psychometric network analysis of elements. By a complex
process—a little too complex and dense to describe in detail here—the authors then exam-
ine responses to three criteria with MRI (magnetic resonance imaging) brain scans namely:
hominess; coherence; and fascination. They conclude that open spaces scored more highly.
A high ceiling, openness and curvature are also considered to be more beautiful and are
more likely to stimulate movement and exploration similar to the previous study [43].

Respondents also preferred greater affordances of visual prospect, and the preferences
for high ceilings and curved interiors resulted in more active ‘neural structures associated
with visuospatial exploration and attention’. Certain visual features could also modulate
psychological responses related to fascination. However, they ‘suspect’ that in some
cases, these responses may be more related to extrospective rather than introspective
forces. IT was suggested that the three spatial elements could possibly be linked to the
16 aesthetic/response measures in further MRI studies to see if these elements could be
added to the abovementioned factors within the notion of flourishing.

Karakas considered the differences between ‘theoretic’ frameworks and experimental
studies [45]. The experimental articles resulted in five themes as illustrated in Table 2. These
themes all had associated neurological responses. Many—if not all—of these responses
resonate with other systematic literature review findings in this synthesis overview.

Table 2. Relationships between spatial typologies and human responses (by author).

Spatial Theme/Activity Human Response

Restorative and stress reduction affordance Well-being, restorativeness and stress reduction

Aesthetic judgment and appreciation Pleasure, familiarity, novelty, comfort and pleasantness

Pedestrian experience, navigation and wayfinding
Mediation, attention, anxiety, displeasure, positive and negative
emotions, intense and mild, pleasant and unpleasant,
directional behaviour, familiarity and fear

Visual engagement, visual attention and imageability Visual attention, avoidant behaviour, conscious and
unconscious attention, efficient, pretty, safe, pleasant, interesting

Phenomenological experiences, experiential intensity, user
experience, multisensory experience and natural experience of
architectural spaces

Relaxation, excitement, engagement, reduced stress, focus,
interest, attention, appreciation, peace, beauty, connectedness,
reduced anxiety, pleasure, motivation, pleasure and frustration

Colour and the perceived ‘temperature of colour’ are not covered to any great degree
in the literature on biophilia [46]. This study has been included to provide some input to
afford a more complete biophilic hypothesis. It investigates the effects of personal control
of lighting on visual and thermal responses, together with affect and cognitive performance.
Sixteen participants were tested with user control of colour-correlated temperature (CCT)
of ceiling-mounted lighting, task lighting and computer screen lighting. Prior to this,
respondents had a 24 hour-controlled environment, sleeping and eating pattern. Also, prior
to the test, various sensors were applied to the individuals.
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In the first 1.5 h session, the tasks were applied without any control of CCT. In the
second session, respondents carried out cognitive tasks for one and a half hours but could
use the CCT controls to vary the settings to their preferences during the first 10 min. They
then carried out similar activities to the first trial, but with their own lighting settings.
Findings were that thermal appraisal was not significantly affected by having CCT control.
However, personal control of CCT improved visual acuity and also mitigated eyestrain,
although it did not improve cognitive performance.

Whilst Parhizkar [47] focussed on office workers, findings in this sector can be relevant
to schools in many ways. That study used a Flourishing Index (FI) to assess the well-being
of office workers in relation to indoor environmental quality (IEQ). Note that 574 office
workers located in 7 separate buildings were surveyed using a 5-point scale. The FI scores
correlated with IEQ satisfaction, including noise, temperature and light. With higher CO2
and lower IEQ satisfaction, lower FI scores were related to reports of respiratory symptoms,
shortness of breath, coughs and sore throats. The connection between CO2 and FI could be
mediated by improved IEQ factors, but PM2.5 (particulate matter in microns, a key issue in
Bangkok schools) directly affected FI ratings. The flourishing index rated happiness and
life satisfaction, health, meaning in life, character strengths and social relationships.

Environmental psychology has also provided a rich vein of research on neuroarchi-
tecture and biophilic design [48]. Joye argues that psycho-evolutionary development can
be seen as a framework and can be used to track how humans have evolved in terms of
their relationship with nature and its impact on cognition. This suggests that different
environments can have differing impacts on our affective experience of those environments.
Kaplan [23] and Ulrich [49] differ in that the former argues that we respond to information
we receive in each setting, whereas the latter argues that we have an instinctive flight or
fight response which dates back millennia (see below). The notion of affective valence
supports the latter concept.

Regarding the neural origin of these affective states, some researchers attribute an
important role to subcortical areas, especially the amygdala. Because these structures are
also involved in modulating stress-related hormones, it provides an explanation of why
certain types of settings have a different influence on autonomic stress responses [48].

In relation to the attention restoration theory (ART) discussed earlier, Joye compares
Kaplan and Ulrich’s interpretations. The former argues that ART is related to attentional
capacities, whereas the latter believes it is related to stress, which can occur while attentional
capacities may not be impeded. So, whilst the flight or fight reaction might be useful, it can
still result in psychological and physiological stress. There are variations in these reactions,
depending on the type of landscape being experienced, which Ulrich calls Structural
Landscape Features. Biophilic design attempts to fold these structural landscape features
into the building designs, so that the restorative effects can be experienced.

It is through this model that some of Browning’s 14 elements are derived, such as
prospect, refuge, mystery, curiosity, coherence and complexity [15]. Later developments on
this idea have led to the transfer of fractal geometry from nature into architectural design
features. Joye discusses the links between various natural fractal geometries, restoration
and preferences, which Ulrich calls the affective value of fractals [24]. Joye describes
various examples of the use of fractal architecture deploying repeated scales using gothic
architecture and Hindu temples as examples.

Nature-based architecture implies that the building enters a dialogue with a specific set
of human inborn affiliations. However, adherents of biophilic architecture should become
aware that their work also has to relate to or become embedded in a social, historical,
ecological and individual context [48].

Another neuro-architectural study notes that in the developed world, people spend
as much as 90% of their time indoors and, in some cases—particularly in the UK, for
example—as much as 95%, meaning that connection to nature is minimal [50]. Valentine
asserts that physiological stress can be linked to various diseases including cardiovascular,
neurodegenerative, autoimmune fatty liver disease, chronic kidney disease and cancer.
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This systematic review found that physical design attributes which can impact affect and
preference include curvature, enclosure and proportion, as discussed earlier. Valentine
suggests that clinical biomarkers can be used to measure the impact of these features
on stress.

These markers were measured using electroencephalography (EEG); functional mag-
netic resonance imaging (fMRI); heart rate variability (HRV); galvanic skin responses (GSR);
pupil dilation; and salivary cortisol. Three forms of architecture were used—virtual reality
(VR); 2D images; and physical reality, i.e., actual buildings. The three abovementioned
forms were all tested, and the responses were measured. Some of the examples used
classrooms, but the author suggests that the variety of spaces used made it a complex
task to compare results and suggested that a more standardised research methodology
model should be developed. The ultimate findings are that the biomarkers are a valid
way of measuring responses, and that the three spatial typologies—with all their complex
variations—can influence these biomarkers.

4.5. Higher Education Sector

Several reviews focussed on university campuses. Abdelaal found a connection
between nature and cognition, cognitive performance, reduced mental fatigue, improved
productivity and attention, academic performance, attentiveness, improved concentration
and memory [51]. The study categorized three types of restoration: (a) physical and
psychological stress reduction (five references); (b) psychological self-esteem, mood, anxiety,
attitude, and happiness (seven references); (c) social interaction and spiritual well-being (six
references). The study looked at two types of biophilic interaction—degree of interaction
and interaction features and patterns. The health and well-being impacts were measured
in four categories—physical/physiological, psychological, cognitive and social/spiritual.
In terms of retrofitting biophilic features into campuses to improve health and well-being,
the author notes several barriers including the existing spatial configuration of campuses
and buildings of the past which makes it difficult to retrofit biophilic designs.

University libraries are learning spaces which have had little research carried out in the
context of the health and well-being of students and staff. Now Khair’s systematic review
has found benefits of biophilic design on the performance of academic, intellectual and
cognitive tasks, student productivity, creativity and physical activity as well as nourishing
intellectual curiosity and innovation [52]. Views of nature also benefit mental breaks
(restorative), improved attention function and learning. Key biophilic factors were found
to be spatial proportions, natural ventilation, indoor plants and daylight. There was also a
calming effect and improved stimulation, wellness and performance.

Students also appeared to have improved emotional, psychological and physiological
benefits and were happier regardless of demographics. Relaxation is improved, as is self-
esteem, and there were overall improved feelings due to improved blood pressure and
heart rate. Visual, auditory and olfactory stimulation all appear to be improved, with floral
fragrances thought to enhance better moods. Students also appeared to prefer to study in
‘refuge’ spaces with ‘prospect’ views and to feel privacy, security and excitement. Natural
light is preferred, but artificial light designed to suit the task and spatial typology were also
critical to comfort. Study spaces next to windows were preferred. Vegetation was seen to
be an effective influence on microclimate and the moderation of noise levels.

Peters’ review of university campuses supported many of the abovementioned find-
ings including that lighting systems serve to make learning spaces attractive and pleasant
and enhance the sense of spaciousness, assist in delineating settings, stimulate learning
and show better learning behaviour, whilst students in areas of natural light perform better
than those in artificial light [53]. In addition, this study noted that a sense of place and
place attachment increased, including an enhanced sense of happiness that was evident
with biophilic design. Nature connectedness was also reported by students as fostering
innovative and holistic thinkers. The preference for ‘refuge’ study space together with
‘prospect’ was also supported. IEQ improved student productivity, with adjacency to
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windows the most effective. Connections to nature also reduced depression and ADHD
symptoms. The systematic review also provides guidelines for biophilic design interven-
tions to support these abovementioned enhancements to student experiences and their
health and well-being.

Saarani’s study of university students focussed on emotion, health and well-being and
cognition, with each category of these elements being rated on the numbers of mentions
in the review articles [54]. The biophilic impact on emotion ranked highest on attitude,
with psychological restoration and positive emotional responses rated next. Self-esteem,
feelings of comfort and reduced anger are also indicated as improving. Reduced mental
fatigue, illness and anxiety featured in the health and well-being category. Cognitive per-
formance was found to have the most impact in relation to biophilic effects, with improved
productivity, commitment and ability to perform, and a positive impact on concentration,
memory, mental engagement and attention being the most improved through biophilic
design. Additional affective factors which are enhanced include cognitive performance,
satisfaction and confidence levels. At a more reduced rate of improvement lie academic
performance, inspiration and motivation, social interaction and creativity.

Campus greening is also an area receiving more attention in biophilic research. van
den Bogerd’s review examined the effects of campus green space on students’ well-being
and on students’ academic outcomes [55]. A higher quality of life was suggested in four
studies where there was greater access to—and higher availability of—campus greenspace.
In addition, there was seen to be better general health (these two were seen as medium
risks). Regarding green space and student academic outcomes, one moderate risk study
found that tree canopy within a one-mile buffer was associated with higher test scores. One
high-risk study noted that campus green space improved secondary students’ knowledge
retention after an outdoor classroom activity. Yilmaz and Ayten [56] provide an excellent
analysis and case study as to how Browning’s [15] fourteen biophilic patterns can be
applied to a university campus.

4.6. General Health and Well-Being

There are now many studies on the relationship of nature to health and well-being
outside of the educational sector, and the systematic reviews of these examples are useful to
compare and add to the school-based studies. One such study around healing landscapes
saw architectural students taking photos of the views out of their own homes to discuss in
class [57]. The resulting systematic review explored the concept of the ‘biophilic hierarchy
of needs’—or BHON —which is adapted from Maslow’s hierarchy of needs [58,59]. The
human impact measures used groupings around physiological, psychological, cognitive
and well-being outcomes.

Zhang’s integrated narrative review explored the effect of nature on physical and
psychological needs [60]. It notes that people find different benefits from exposure to nature
and can also gain benefits from very short exposure in some cases. The authors developed
a ‘new heuristic point of view’ on the necessity of these connections. In the case of physical
health, they focussed on cardiovascular disease; immunity; synthetic nervous system
function; and sleep quality. For psychological well-being, they reviewed mental health;
attention; mood; stress; and cognitive development. These were qualified and measured
against nature exposure and nature connectedness. They conclude that the varied nature
of exposure and connection to nature and the varied benefits require a heuristic or bespoke
approach to optimise those benefits.

4.7. Residential, Clinical, Health and Workplace

As noted earlier, other sectors may have relevance to biophilic school design in adding
to an increasing evidence base for this practice. It was suggested that there was little
evidence concerning cardiovascular disease (CD) and related death rates and connections
to nature, and so it was decided to conduct a systematic review focussing on this aspect [61].
Gascon’s final 12 studies were heterogenous in design, with similar population sizes, green
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space evaluation and covariate data. It found conclusive evidence that CD mortality was
reduced in areas of higher-density residential green spaces. Gascon suggested that further
studies might account for socioeconomic status and that green spaces need to have a
consistent definition regarding density and typology.

The workplace is considered to have little research on the impact of nature on workers
(contrary to another abovementioned study), and it is suggested that what exists is limited
and scattered [62]. Goncalves’ systematic review considered outdoor and indoor nature
exposure, and this exposure was related to well-being, motivation, job satisfaction and
work performance. Of the 16 shortlisted studies, 9 were based on simulated nature expo-
sure in the indoor spaces, and these simulated exposures also had positive effects on the
employee factors measured. Likewise, the outdoor spaces also had positive effects. It was
suggested that 12% green coverage indoors was an optimal measure to positively impact
both psychological and physiological outcomes, including productivity. In quoting Lei [16]
Gascon noted that over 12% up to 20% coverage could negatively affect positive change on
physiological brain activities.

In a similar vein, Sadick identified the lack of connection between sustainable design
and the health and well-being of office workers [63]. To enhance the missing social sustain-
ability of the human–nature interface, this study also sought to understand how nature
exposure in the indoor and outdoor environments could enhance workers’ well-being
in five categories—restoration; motivation; stress reduction; health; and stress coping
strategies—which were considered integral to three areas of study: physical, psychological
and cognitive. Nature exposure was observed to be beneficial with all five categories,
although the three most impacted included stress reduction, restoration and coping.

The experience of nature was seen as breaking the stress cycle of work activities. The
study found that indoor exposure is less effective for restoration and stress reduction due to
the proximity of the sources of stressors, although it is essential to have indoor interventions
to improve motivation and health to sustain cognitive performance. It emphasised the
requirement to have a diverse range of nature experiences as people respond to differing
exposures in different ways. That is, a ‘once size fits all’ is not the preferred approach.
The study arrived at a network mapping diagram to illustrate the respective pathways of
nature exposure and the resulting positive outcomes on the workers.

Tekin’s research in a clinical hospital environment noted the lack of an agreed stan-
dardised guidance for the benefits of biophilic design on clinical users [64]. In asking the
question ‘which biophilic criteria are most critical in a clinical therapeutic environment and
how do they inform design?’, the study found that three distinctive user groups had specific
preferences for the nature exposure experience: outpatients (fresh air, light–daylight, ther-
mal comfort, welcoming and relaxing); inpatients (feeling relaxed and comfortable, prospect
refuge, security and protection, light–daylight, view); and staff (privacy refuge, quietness).

Many of the studies reviewed were from departments of medicine, health, design and
environmental analysis, architecture, forestry and natural resources, clinical, neuro- and
development psychology, as can be seen in Tekin’s doctorate on the topic [65]. That study
found that ‘it was confirmed that emotional, mental and spiritual health issues are typically
disregarded while the main foci are physical treatment and cost’.

5. Key Findings and Discussion

Notwithstanding the rapidly emerging body of literature on how nature can impact
health and well-being, LeFosse noted that despite biophilia having had centuries of human–
nature interaction research and design (to whit Indigenous, Arabic, Moorish, Egyptian,
Roman, Etruscan, et al.), biophilia still remains an emerging field of research [66]. This
study covered 60 years of literature using a ‘three-metric’ systematic literature review
approach consisting of quality, quantity and application. As one of the few systematic
literature reviews to encounter biophilic urbanism, it argues for a greater emphasis on a
broader and longer-term scale to promote a paradigm shift in city planning. It calls for
new concepts of bioregional systems where ‘nature plays a key role in ensuring ecological
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services and citizens’ well-being’. It concluded that biophilia (theory), biophilic design
(practice) and biophilic urbanism comprise a triad consisting of disciplinary, metric and
spatial dimensions which can form a notion of biophilic upscaling, which is suggested as
the best way forward.

Regarding ‘biophilic architecture’, this also implies that fractal architecture should also
respond to critical regionalism, where the terroir, cultural history, vernacular, micro-climate,
topography, geology, soil and native vegetation should all be considered as part of a fractal
ecosystem [8]. In short, designers should be cognisant of the full environmental ecosystem
in planning their buildings, with a view to engaging with—indeed enhancing—biodiversity
through the ‘nature positive’ concept [67].

In this context, Wijesooriya argues that environmentally sustainable design (ESD) does
not focus sufficiently on human interactions with the built form [68]. ESD focuses more
on the building rather than the approach of ‘human centred design’. The WELL certified
and biophilic design approaches seek to redress this disparity by covering both ESD and
the biophilic effect. Wijesooriya suggests that there are excellent opportunities to capitalise
on designing for improved outcomes of cognitive, behavioural, health and well-being and
emotional impacts.

Independent reviewers of this manuscript suggested that the findings be presented
in a tabular format, as illustrated in Vella-Brodrick’s study [27]. This is a challenging task
because of the complexity of both the biophilic element typologies—ranging from 9 to 24
in Figure 3—and the range of human responses (numbering seventy) to these biophilic
elements, as illustrated in Table 3.

After analysing, synthesising and critiquing the SLRs, it was decided to condense
the many biophilic elements named in those SLRs to the following 12 elements, namely:
(1) connection to nature; (2) biophilic features; (3) natural light and control; (4) views of
nature and virtual; (5) natural materials, especially timber; (6) indoor environment quality;
(7) campus green space; (8) green adjacent to campus; (9) increased tree canopy/forest;
(10) architectural setting; (11) water views and sound; and (12) indoor nature.

Of the human responses to these environments there were 44 mentions of the various
psychological, physical, emotional and mental categories across the SLRs analysed, and
these are correlated against the particular biophilic element which has been shown to have
a connected positive effect. Given the space available in this article, it is not possible to
comment on every point in the matrix. However, some highlights are worth mentioning:

− From the point of view of the biophilic elements, connection to nature is the most used
term, followed closely by biophilic features. Other terms are sparsely used, although
natural light, control of lighting, views of nature/virtual elements, natural materials
(especially timber/wood) and indoor environmental quality (IEQ) are also used in a
few reviews.

− In terms of ‘human improvement’ when associated with a connection to nature, the
most mentioned impacts are on academic performance and affect. In this category,
we also see numbers of mentions of: flourishing, joy, happiness and pleasure; health
and wellness; mental health and fatigue; restoration and relaxation; social interaction,
stress reduction and subjective well-being.

− Highlights in the generic biophilic features impact categories include an impact on
academic performance; creativity, curiosity, innovation and inspiration; flourishing,
joy, happiness and pleasure; productivity(student); and self-esteem, regulation and
confidence.

− It is also worth noting that academic performance is mentioned multiple times in 10
of the 12 biophilic element categories.
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The numbers of mentions in the SLRs noted above suggest a strong positive connection
between various biophilic elements and resulting positive human responses. It has been
suggested that some of the measures of these human responses are objective, and some are
subjective. Each of the SLRs has notes on which of their identified human responses are
measurable. Apropos subjective assessment and ‘measurement’, it is also possible to evalu-
ate this through the concept of ‘expert elicitation’ using the IDEA protocol—investigate,
discuss, estimate and aggregate [19]. It is clear that there is a significantly increasing
amount of evidence-based peer-reviewed research that supports a strong link between
many physical, psychological, spiritual and medical benefits in the workplace.

Thus, it can be said that this emerging research in school design illustrates that
if schoolteachers and students are exposed to effective biophilic design and biophilic
urbanism planning and design elements, they will have an enhanced sense of health and
well-being, and many indicators in physical, psychological, spiritual and medical realms
can be improved. Related studies discussed above regarding the openness, ceiling height,
volume and curvature can also have a positive impact on health and well-being. This is
completely at odds when the design of a standard classroom is considered, some 150 years
on from when the concept was first developed.

The research is complex and cross-disciplinary, using mixed methods across many
sectors of the built and natural environment. Furthermore the 70 or so health and wellbeing
factors mentioned across the SLRs makes comparative analysis difficult. The significant
amounts of relevant research—perhaps some 600 or so peer-reviewed papers being anal-
ysed in the SLRs alone—is very encouraging. This is becoming to look like sufficient quality
evidence of the positive connection between nature and health and well-being in schools
to be placed in front of policymakers and treasuries to provide more focussed funding to
make schools biophilic models of healthier places of learning.

Such a biophilic approach would show leadership to the whole community that
schools could lead the way in biophilic design for health and well-being and can demon-
strate what is possible in all workplace sectors, including homes and the public realm.

6. Conclusions and Further Research Directions

If we critically scrutinise the school-oriented synthesis of systematic literature reviews
analysed in this manuscript, the individual papers referenced and cited within each SLR
review analysis need to be summarised and assessed for their methodological thoroughness
and validity. This would mean that the total of 600 or so articles referred to within the sys-
tematic reviews discussed above would need summarising and ranking for methodological
validity. Ulrich had a team of eight people who contributed to his biophilic healthcare
planning and design project.

Such an approach may be the next step in the process of developing a robust case for
increasing the biophilic nature of school design to enhance health and well-being. Mean-
while, this critical synthesis and analysis of evidence-based systematic reviews considered
in this paper can be seen as an interim step in seeking scholarly and educational sector
support for such an approach.
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Abstract: Schools can play a vital role in supporting children’s health and well-being,
considering the time they spend in these environments. There is an increasing recognition
of the role of nature in school design as many studies acknowledge that children have a
critical need to be connected to nature. Therefore, the application of biophilia can be a
design resolution appropriate for schools because of its impact on children’s health and
well-being; however, it remains relatively unexplored in school design around the world,
including in the UK. Biophilic design patterns can be used in school buildings and grounds
for greater connectivity between spaces and nature. This study focuses on biophilic design
patterns related to direct and indirect experience of nature in the school environment. This
paper discusses the findings of an empirical study with 88 children in a primary school and
the application of biophilic design features and patterns related to happiness for primary
school design. Finally, this paper suggests that the evaluation of biophilic design patterns in
schools could be a co-design process with children and young people, essential for creating
a healthy and happy school environment.

Keywords: biophilic school design; nature connectedness in primary schools; children’s
happiness; children’s well-being; connecting schools to nature

1. Introduction

Children’s lives today are very different from those of a few generations ago, with
fewer opportunities to connect with nature. Urbanisation, which has meant the loss of
green spaces, limiting their play outdoors, has played a huge role in this detachment.
Furthermore, advancements in technology have encouraged children to spend more time
indoors on electronic devices [1]. Studies show that the increased amount of time children
spend disconnected from nature causes concern for their health and psychological well-
being. The lack of interaction with nature leads to obesity, depression and loneliness [2]. It
is reflected in Richard Louv’s book Last Child in the Woods that children need to be saved
from the “wired generation”, described as having “nature deficit disorder” and favouring
an indoor lifestyle, which leads to feeling detached from nature and being susceptible to
stress, the loss of attention and having a negative mindset [2].

School environments play a significant role in influencing students’ mental health
and well-being [3]. A study by the NHS found that approximately one in five children
and young people (20.3% of 8- to 16-year-olds) had a probable mental disorder in 2023 [4].
Therefore, the consideration of designing schools for well-being has become increasingly
significant, considering the recent statistics; however, many school designs are characterised
by spaces with inadequate fresh air, natural light and views of the outdoors, leading to a
disconnection from the natural environment [5].
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It has been highlighted that the natural environment plays an important role in
maintaining and enhancing mental health and well-being [6,7]. Studies show that time in
nature—direct and indirect contact, and engaging with nature through simple activities—is
beneficial to well-being [8,9]. As children spend one-third of their time at school, the
need for the reintegration of nature into schools is more important than ever [10]. There
has been a rise in research that advocates that nature needs to be integrated into schools
through biophilic design, as children are born “biophilic beings”, and, hence, there is a
need to learn about and explore nature through their built environment [11]. Kellert argues
that nonetheless, values of nature should be brought back into the built environment
using biophilic design, due to individuals being disconnected to nature as technology
has developed and no longer perceiving nature as a necessity [12]. It is through this that
children now have mindsets that nature is “nice” to have rather than a necessity.

However, as Louv states, this “nature deficit disorder” will lead to stunted academic
and developmental growth [2]. Interactions with nature are fundamental to children’s de-
velopment, as they are instinctively driven by their curiosity about the natural environment.
Therefore, nature is an important contributor to their learning and growth [13]. Children
should understand that nature co-exists with humans and is a relationship that should be
regarded as a high priority [13]. This nature connectedness is also important for children,
providing essential sensory experiences that are instrumental to their physical and mental
development [14].

At urban schools, students who encounter natural environments in their break times
return to class with increased sustained and selective attention relative to their counterparts
in built-up environments [15]. Studies show that among children aged 10 to 11 years in
England [16] and 11 to 12 years in Australia [17], those who expressed more connection
to nature reported a greater sense of well-being. Moreover, children ages 7 to 11 years
in England who visited nature reserves for activities (from a day to more than 6 weeks)
simultaneously reported increased nature connectedness, health and well-being [18].

Research into the biophilic design of schools is fairly new and limited. However,
there have been a number of studies. Ghaziani et al. [19] discussed ten biophilic design
patterns for schools related to two categories of nature in space and natural analogues.
Watchman et al. [20] formulated a visual biophilic design vocabulary for schools. Browning
and Determan [21] assessed the outcomes of biophilic design in elementary schools, and
Aminpour [22] found that primary children attending Australian vertical schools have an
affinity for biophilic elements. Abdul Malek et al. [23] conducted a comparative study on
biophilic performances in elementary schools in Asia. However, these preferences have not
been explored in primary schools in the UK.

This paper aims to identify the potential role of biophilic design features to promote
children’s happiness from their perspective. The empirical study examines children’s
preferences for features associated with eight patterns of biophilia related to direct and
indirect connection to nature. It discusses what the most preferable biophilic features that
need to be properly incorporated into the design process of primary schools are. Finally,
this study provides recommendations and proposes further research on the application of
biophilic features for the design of primary schools to support children’s well-being.

2. Background

Nowadays, more and more children have less and less contact with the natural world,
and this is having a huge impact on their health and development [24]. Richard Louv calls
it “nature deficit disorder”. The standard educational setting prioritises classroom-based
abstract learning, which removes students from their connection to nature. However,
as mentioned in the book Schools that Heal, one of the design strategies that support
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students’ mental health and well-being is providing nature-filled environments, which
improve mental and physical health [25]. Well-being in school environments is repeatedly
approached as remedial; however, it could be approached as enabling young people to
achieve their potential, promoting resilience, creativity and independence. Schools are not
just places to fill young people with knowledge as proved during the pandemic, school
design for well-being is important [26]. Grigoriou [27], in the book Wellbeing in Interiors,
highlights the impacts of different features related to biophilic design patterns on well-
being, including lighting, natural materials, colour, air quality and flow.

It has been also argued that well-being is intrinsically linked to happiness, suggest-
ing that well-being consists of “fitting happiness”. This theory asserts that happiness is
characterised by a positive balance of affective states, including emotions and sensory
pleasures. Therefore, well-being is defined through fitting happiness, establishing a nu-
anced relationship between the two concepts [28]. Higher levels of happiness correlate with
improved physical and mental health. Various concepts and measurements of well-being
highlight that happiness contributes to health through neurobiological processes, health
behaviours, psychosocial resources and stress buffering effects. Overall, happiness is a
significant determinant of well-being, impacting health outcomes [29].

Research on biophilic design patterns integrated into schools has gained recognition in
recent years because studies show how children learn better when they interact with nature.
School gardens offer significant benefits with regard to learning through experience [30].
Moreover, a number of design attributes related to the natural environment have been
studied with regard to their educational impacts. A 14.4% improvement in test scores was
discovered to result from natural ventilation [31]. The combination of dynamic lighting
and an increased ventilation rate was observed to have a positive impact on the speed and
concentration of children [32]. Furthermore, improved outdoor space and access to nature
was linked to a 7% improvement in test results [33]. In addition, experiences with nature
promote children’s academic learning and development [34].

In addition, as discussed in the book The Third Teacher, most of the outdoor spaces
designed for children fail to delight children. It is important to naturalise play spaces,
allowing grass and leafy plants to flourish. This provides endless opportunities for play
and discovery, as children want outdoor areas filled with nature, from plants, trees, flowers
and water to animals and insects. Moreover, biophilic design is linked to sensory design.
The childhood environment, including schools, constitutes an enormous workshop of the
senses, which are an integral part of learning—an active element with the well-chosen
application of colour, light, sound and smell in spaces. Children are a laboratory for senses,
with each sense activating other senses. It is important to design schools that feed senses
such as sound, smell, taste, touch, and movement and power memory, as an environment
rich in sensory experiences helps students retain and retrieve what they learn [35]. While
vision is the primary sense for most humans, and accounts for much of the brain’s sensory
capacity, the experience can be through scent, sound, touch, taste, temperature, pressure,
balance, distance and more [36]; therefore, a sensual approach for the school design process
is essential.

The application of biophilic design patterns [36] in school grounds and indoor spaces
can create a stronger connection between interior design and nature that promotes chil-
dren’s well-being. Kellert [37], in his Kinship to Mastery, observed a progression in the
bonding process with nature. While pre-schoolers focus on attraction, desire, fear and
aversion experiences with nature, children between the ages 6 and 9 transition to a more
emotional relationship with nature, and at about 10 years old and onwards, the relationship
with nature becomes increasingly intellectual.
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As Browning and Ryan [38] discuss, biophilia as a design philosophy does not lend
itself well to quantification and is primarily a qualitative framework with endless solutions
depending on the needs and priorities of people and places. Many green building standards
and rating systems, such as BREEAM (a sustainability rating system for the performance
of the built environment) and the WELL Building Standard (a body that measures the
success of design for well-being and health) incorporate biophilic design. Biophilic design
combines different components that connect directly to promote wellness and preserve the
environmental sustainability of built facilities.

While sustainable buildings are well-established concepts in the construction industry
and have the support of building regulations and certifications, the associated elements
of building design aimed at promoting human well-being lack presence within the con-
struction process and are often seen to be forfeited for financial gain or the ease of planning
consent. As discussed by Browning and Ryan [38], many elements of biophilic design over-
lap and address both well-being and environmental concerns within the built environment.

Primary schools that adopt biophilic design patterns could make essential improve-
ments in children’s wellness and achievement levels and their physical and mental health.
For example, biophilic classroom design has been shown to reduce stress, enhance cre-
ativity and clarity of thought and increase awareness and happiness in young people [39].
According to Determan et al. [39], there is a need for studies to investigate the impact
of the integration of biophilic design patterns on different cognitive, psychological and
academic outcomes in different educational environments. Future school designs and
renovations require gathering children’s views and collaboration among headteachers,
teachers, architects and policymakers to implement nature-based school design strategies
that will create enriched environments that allow children to develop optimally through
their connection with nature.

3. Methods

To explore children’s views related to the biophilic features of indoor and outdoor
spaces in their school, a study was conducted in a primary school in Coventry, West
Midlands, UK. Earlsdon Primary School, which opened in 1890, has been situated in the
southwest of the city and is housed in a Victorian building. Figure 1 presents the school
building and outdoor spaces, while Figure 2 shows indoor spaces.

Figure 1. Outdoor: school building (a) and the school playground (b).

In order to obtain permission for this research, two steps were carried out: (1) gain-
ing authorisation from the Ethics committee at the Faculty of Art, Design and Humani-
ties, De-Montfort University and (2) obtaining permission from those under the schools’
authority—headteachers and parents (carers)—by having them review the information
sheets and complete the consent forms. Children between the ages of 8 and 11 participated
in this study. The printed questionnaires were distributed by the schoolteachers (to those
children that had permission to participate in this study and were interested) and were
completed during school hours.
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Figure 2. Indoor spaces: classroom (a), multipurpose space (b).

This study uses a tool previously established to gather voices in primary schools (ages
7–11) by Ghaziani et al. [19] and to include the features related to various biophilic design
patterns (under the first two categories of Nature in Space (direct experience) and Natural
Analogues (indirect experience)). The recommended features are associated with biophilic
design patterns (based on the literature review and case studies) to select the common
patterns—eight out of ten, as presented in Table 1 [19].

Table 1. Features associated with selected biophilic design patterns [19].

Theme No. Patterns Features

Nature in the
Space (Direct
Experience)

1 Visual Connection with Nature
- Animals (e.g., birds and pets)
- Landscape in school ground
- Plants inside the classrooms

2 Non-Visual Connection with Nature

- Sound of water
- Sound of birdsong
- Smell of flowers
- Natural materials to touch (bamboo, wood and stone)

3 Non-Rhythmic Sensory Stimuli None
4 Thermal and Airflow Variability - A lot of fresh air from the windows

5 Presence of Water - A pond in school ground
- An aquarium in the building

6 Dynamic and Diffuse Light - Lots of natural light from the windows
- Skylight/roof window (in classrooms and school hall)

7 Connection with Natural Systems - View to outside to see plants and trees
- Plants to grow and look after

Natural Analogues
(Indirect

Experience)

8 Biomorphic Forms and Patterns

- Natural form for seats and spaces
- Circular or oval windows
- Patterns of plants on walls (flowers, leaves)
- Patterns on creatures on walls and floors (butterflies,
shells)
- Curved forms and spaces
- Images of landscape on walls
- Images of seaside on walls

9 Material Connection with Nature

-Natural materials (bamboo and wood) inside the
building to see and touch
- Natural materials in school ground (bamboo, woodand
stone)
- Colourful walls and ceiling
- Colourful glasses on the windows and doors

10 Complexity and Order None

The collection of ordinal data was chosen for this study. According to Bryman [40],
ordinal data are based on counts of items assigned to specific categories that stand in some
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clear, ordered and ranked relationship. Therefore, it allows finding the importance of the
identified items through the use of rating scales. The four-point scoring scale specifies one
as the poorest score and four as the best score, as follows:

1. Sad;
2. I do not mind;
3. Happy;
4. Very happy.

In order to assess children’s happiness in relation to diverse biophilic features, an
evaluative tool was applied [19]. The questionnaire included an image for each biophilic
feature (beside each written item) in order to help children visualise the items and share
their views, as Figure 3 illustrates.

Figure 3. Format of questionnaire.

The question for children (written above the table with images) was “What do you
feel about having these features in your school? (Please choose one of the faces for each
feature (draw a circle around it or add a tick under it)”. A total of 88 children (44 Year 4
and 44 Year 6) participated in this study; however, an analysis of gender could not be made
because some children did not write their gender (boy or girl) on the questionnaires.

4. Findings

As Figure 4 presents, among the biophilic features, pets (79.3%) and aquariums (71.3%)
were chosen to contribute the most to children’s happiness. Similarly, views of plants and
trees (69.4% very happy) as well as natural form seating (70.9% very happy) were associated
with happiness. These findings indicate that natural elements and nature-informed features
can provide feelings of peace and comfort.
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Figure 4. Children’s responses related to various biophilic features.

Other features, such as natural light (57.9% very happy) and skylights in classrooms
and communal areas (55.9–57.9% very happy) contribute to children’s feelings of happiness.
In addition, classrooms with cool airflow (52.9% very happy) have a positive impact on
children’s happiness.

Some of the features were considered neutral, including ponds (36.4% neutral) and
circular windows (37.9% neutral). While these features may contribute to an aesthetically
pleasing environment, they may not be sufficient to affect children’s happiness.

In order to find the overall happiness related to various biophilic features, the re-
sponses to “happy” and “very happy,” were merged. Figure 5 presents the positive impact
on children’s happiness. “Views of plants and trees” had the highest happiness at 89.4%,
followed very closely by “aquariums” at 88.5% happiness. It is also shown that “pets”
have a strong positive effect on 87.4% of students. Furthermore, “natural form seating”
(86%) and “cool airflow in classrooms” (82.8%) were considered highly impactful for
children’s happiness.

Figure 5. Overall happiness related to biophilic features.
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5. Discussion

The biophilic features can be discussed in three categories based on children’s overall
responses to happiness, as follows:

(1) The most preferred features (65% and above) were “aquarium” (77%), having “pets”
at the school (76%), the opportunity of “viewing plants and trees” (76%), “natural
form seating” (74%) and the presence of “school ground landscape” features (70%).
“Interior natural materials” (such as wood, bamboo and stone to see and touch) were
rated as 68%, while the placement of “plants in classrooms” received a rating of 66%,
followed by school grounds’ natural materials (65%). These features are related to
“Presence of Water” (pattern No. 5), “Visual Connection with Nature” (pattern No. 1),
“Connection with Natural System” (pattern No. 7), “Biomorphic Forms and Pattern”
(pattern No. 8) and “Material Connection with Nature” (pattern No. 9).

(2) Medium preferable biophilic features in relation to happiness (55–64%) were “the
scent of flowers” (63%) followed by “plants to care for” (59%) and “water sound”
(57%). These features are related to “Non-Visual Connection with Nature” (pattern
No. 2) and “Connection with Natural System” (pattern No. 7).

(3) The least preferred features (below 54%), were “pond” (53%) and “circular win-
dows” (50%), indicating limited impact on children’s happiness. These features are
related to “Presence of Water” (pattern No. 5) and “Biomorphic Forms and Pattern”
(pattern No. 8).

The findings show that the majority of biophilic features could have positive im-
pacts on primary school children’s happiness; however, the wider impacts could include
stress reduction, cognitive performance benefits and emotional well-being benefits (see
Ghaziani et al. [19]). As happiness and well-being are closely linked, considering the bio-
philic design of schools to promote children’s happiness is important. The blending of
biophilic design in educational settings has also been shown to reduce stress indicators
like blood pressure and heart rate, as well as improving learning experiences. Educational
environments that connect students to nature enable producing spaces that merge academic
achievements with student wellness benefits [39].

Moreover, by implementing biophilic design, schools can efficiently deliver nature-
based learning by using nature as an educational resource for direct hands-on experiences
essential for forming their environmental opinions. This approach not only fosters a
deeper connection between students and their environment but also instils a sense of
responsibility towards sustainable practices that they can carry into their future endeavours.
Besides, from an ecological point of view, incorporating biophilic design in schools could
cultivate appreciation and inspire children to become involved with efforts to protect the
environment and the habitats of wildlife.

It is also important to consider the link between biophilic design and building stan-
dards. In addition to the well-being (including happiness) aspect of biophilic school design,
its incorporation in rigorous standards such as BREEAM (Building Research Establishment
Environmental Assessment Method), along with the WELL Building Standard, which
prioritises the health and well-being of building occupants, can significantly enhance
and elevate the overall educational environment in which students learn and grow [38].
BREEAM addresses biophilic design primarily in the Health & Wellbeing (HEA) section
of the rating system (HEA 01: Visual Comfort, HEA 07: Safe and Healthy Surroundings),
although opportunities to gain credit through particular biophilic design patterns can also
be found in Land Use & Ecology (LE 04: Ecological Change and Enhancement).

However, with the WELL Building Standard™ (WELL), biophilic design is primarily
addressed in the Mind section (Mind 02: Access to Nature). It requires that indoor envi-
ronments include direct connection to nature through views or indoor natural features
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(water, plants and light), indirect connection to nature through natural materials or im-
ages and spatial layouts that use environmental psychology to enhance experience (as
well as Mind 07: Restorative Space). Moreover, several categories, including Air (Air 07:
Operable Windows), Light (Light 05: Enhanced Daylight Access, Light 03: Circadian Light
Design), Thermal Comfort (03: Thermal Zoning) and Sound (05: Sound Masking), grant
opportunities to use particular biophilic design patterns [38].

The significant impact of biophilic patterns on children’s emotional responses allows
us to (re)design various spaces in schools based on the importance of biophilic patterns
related to children’s age and preferences. According to the findings of this study (for
children between the ages of 8 and 11), architects and designers should consider the
implications of the most preferred biophilic features in primary school design, including
“aquarium”, “pet corners” and providing views of “plants and trees” in different spaces,
including classrooms. Moreover, “landscape” in school grounds and “plants in classrooms”
need to be considered, as do “natural form for seats” and “natural materials” in interior
spaces. Finally, it is crucial to consider the interdisciplinary aspect of biophilic design in
schools. Educators and psychologists, along with architects and designers, should create
learning spaces that foster both educational success and mental wellness (happiness and
satisfaction) for school children.

6. Conclusions

This paper identifies the potential role of biophilic design features in promoting
children’s happiness in a primary school from their own perspectives. The empirical study
explored children’s preferences related to eight patterns from two categories of direct and
indirect connection to nature. It discussed the most preferred biophilic features in relation
to children’s happiness that need to be properly incorporated into the design process of
primary schools. The findings show the majority of biophilic features could have positive
impacts on primary school children’s happiness. They indicate that both direct and indirect
connection to nature in a primary school are important to children’s happiness, suggesting
that biophilic design principles are crucial in a school environment. As happiness and
well-being are closely linked, with research indicating that higher levels of happiness
correlate with improved physical and mental health, considering the biophilic design of
schools to promote children’s happiness is a key determinant of successful school design.

In addition, this study has its limitations, as the data was collected in one primary
school in the UK and the analysis could not relate the responses (children’s preferences)
to their gender; therefore, more research needs to be carried out in various primary (ele-
mentary) and secondary schools to find the most effective and age-appropriate biophilic
design features to be considered in the school design process. Involving children and young
people as experts in a collaborative biophilic design process, essential for creating a healthy
and happy school environment, is recommended. Finally, considering an interdisciplinary
approach that includes architects, educators, psychologists, public health professionals,
ecologists and regenerative designers would be beneficial for the better design of schools
in connection to nature.
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Abstract: This article presents a novel approach that integrates biophilic design, wellbeing science,
and systems science into a holistic strategy designated as the Biophilic Wellbeing Systems Approach
(BWSA). This transdisciplinary approach aims to enhance student wellbeing in educational settings by
fostering a deep connection with nature, supported by positive psychology and systems thinking. The
research explores how these combined disciplines can shape educational environments that improve
learning outcomes and promote human thriving. The study advocates for a transformative redesign of
school environments, emphasising the interdependence of individual and planetary health, drawing
on Indigenous wisdom and contemporary scientific knowledge. This foundational strategy holds
significant potential to fundamentally change how schools are designed and operated. By fostering
environments that deeply integrate wellbeing principles, this approach not only influences the
physical buildings but also extends to the entire school ecosystem. It works synergistically to promote
educational excellence and holistic wellbeing, ensuring that all elements of the school environment
contribute to the overall development and health of students and staff.

Keywords: biophilic design; systems thinking; wellbeing science; education; positive psychology;
environmental design; educational architecture; sustainability; Eudaimonic education; indigenous
wisdom

1. Introduction

The importance of wellbeing in educational settings has increasingly been recognised
over the last few decades, leading to an increase in research, funding, programs, and initiatives
aimed at enhancing students’ mental and physical health [1]. Despite these efforts, the role of
environmental design in promoting wellbeing has often been overlooked. School environ-
ments play a significant role in influencing students’ mental health and wellbeing [2,3], and
while there is a robust and growing body of evidence supporting the benefits of well-designed,
nature-connected educational spaces [4,5], many schools persist in designing buildings that
fail to incorporate elements and strategies that deliver these benefits.

Australian students receive a total of 11,000 h of instruction in a classroom throughout
primary and high school, the highest in the OECD. Furthermore, they spend around 74 per-
cent more time in the classroom than their Finnish counterparts but achieve significantly
lower scores in international assessments compared to students in similar countries [6].
This discrepancy indicates that increased classroom time does not necessarily equate to
academic success, suggesting the need for a more comprehensive approach that considers
the overall wellbeing of students to enhance educational outcomes.

Wellbeing is a multidimensional construct with different meanings across ages, cul-
tures, and population groups [7]. The most widely cited academic definition of wellbeing
describes it as a measure of how people feel and function on a personal and social level
and how they evaluate their lives as a whole [7]. Concepts like meaning, values, personal

Architecture 2024, 4, 594–612. https://doi.org/10.3390/architecture4030031 https://www.mdpi.com/journal/architecture



Architecture 2024, 4

growth, and happiness are often used to describe wellbeing. While wellbeing is widely
recognised as critically important, strategies to enhance human and planetary health often
lack an interdisciplinary approach. In education systems, efforts are often compartmen-
talised, with wellbeing siloed into specific programs, subjects, or frameworks. Additionally,
wellbeing is frequently overlooked as an architectural imperative, missing opportunities to
design spaces that actively promote students’ mental and physical health. Traditional fo-
cuses on cost-efficiency, utilitarian functionality, and conventional building norms prioritise
immediate practical concerns over the long-term health benefits of well-designed spaces.

Long-established theories such as the Attention Restoration Theory [8] and Stress Re-
duction Theory [9] underscore the psychological benefits of exposure to nature, including
improved cognitive function and reduced stress levels. These foundational theories have
been reinforced by more recent research demonstrating similar benefits [10,11]. The concept
of Biophilia, initially articulated by Wilson [12] and further developed by Kellert [13], posits
an innate human affinity for nature that can be harnessed to enhance learning environ-
ments. Contemporary studies continue to support this idea, showing that integrating
natural elements into educational settings can lead to significant improvements in student
wellbeing and academic performance [14,15]. These theories and findings provide a robust
foundation for understanding the positive impacts of biophilic design on wellbeing in
educational contexts.

The issue of designing for wellbeing in educational settings has become increasingly
critical in light of recent statistics. The latest Mission Australia Youth Survey [16], which
collected responses from 19,501 participants, revealed that 30% of respondents identified
mental health as a significant issue in Australia today, with 32% expressing that they were
personally ‘extremely’ or ‘very concerned’ about mental health. Environmental issues
topped the list of concerns for the second consecutive year at 40%. Globally, mental
health challenges among young people are notably high, with one in seven individuals
aged 10–19 years experiencing a mental disorder, accounting for 13% of the global disease
burden in this age group [17]. In Australia, mental ill-health affects nearly half of all adults
over their lifetimes, with suicide being the leading cause of death among Australians aged
15 to 49 years in 2019 [18]. These statistics underscore the urgent need for innovative
approaches that integrate wellbeing into educational environments.

Concurrently, the loss of natural habitats, biodiversity, and the impacts of climate
change pose serious risks to both human and planetary health. These challenges highlight
the urgent need for sustainable practices across all sectors, including education and con-
struction. Biophilic design, an ‘approach that emphasises the necessity of maintaining,
enhancing and restoring the beneficial experience of nature in the built environment’ [13],
offers a promising solution. By integrating biophilic design into schools, there is an oppor-
tunity not only to enhance student and staff wellbeing but also to promote environmental
stewardship, contributing to a healthier planet.

2. Research Method and Contribution

This article contends that a systems thinking approach is essential for recognising
the profound impact of the built environment on wellbeing in order to foster thriving
educational ecosystems. It introduces the Biophilic Wellbeing Systems Approach (BWSA),
a novel synthesis of biophilic design, wellbeing science, and systems science applied to
educational settings. Applying a grounded theory methodology, the research adopts an
exploratory approach to generate insights that inform a new theoretical approach [19].
Starting with a broad interdisciplinary lens rather than a specific research problem, the
study allows the theory to emerge inductively from the research, incorporating multiple
perspectives and emphasising the interactions and interconnectedness across various fields.

Data collection involved an exploratory review of the literature across the disciplines
of biophilic design, wellbeing science, and systems science, as they relate to education
and school environments, to identify intersections, overlaps, and potential synergies. This
was complemented by in-depth interviews with architects and school leaders, along with
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analyses of buildings at pioneering case-study schools in Australia and Indonesia. Through
the qualitative analysis of the collected data and synthesis of knowledge from these different
fields, the study aims to develop a novel, transdisciplinary framework. This approach
transcends traditional disciplinary boundaries by integrating insights and perspectives
from these diverse fields, demonstrating how this integration can enhance educational
environments and student wellbeing.

The discussion critiques traditional educational structures, arguing that they often
fail to meet the developmental needs of contemporary learners. Applying an architectural
lens and incorporating principles of positive psychology and Eudaimonic Education® (a
registered trademark of Project Thrive Australia Pty Ltd., Highton, Australia), this approach
proposes a transformative method to create school environments that foster educational
achievement and genuine thriving.

This study delves into the integration of biophilic design, wellbeing science, and
systems science, recognising that wellbeing emerges not simply from direct teaching but
is also cultivated—‘caught’, ‘taught’, and ‘sought’ [20]—through the thoughtful design of
environments, learning experiences, and cultural contexts. These elements foster wellbeing
by enabling a reconnection with nature, incorporating both ancient knowledge and modern
science to sustain human and planetary health.

The article also explores the alignment of Indigenous wisdom and systems think-
ing, examining how these ways of knowing can contribute to creating holistic learning
environments. Case studies were selected from public, independent, and private schools
to illustrate the practical implementation and benefits of these concepts. The discussion
culminates with practical applications and recommendations for future research and imple-
mentation, emphasising the significant potential of the BWSA in educational settings.

By establishing a foundation for future research and practical applications, this study
proposes an innovative strategy for educational settings. It makes an original contribu-
tion by being the first to propose and explore this transdisciplinary approach, offering a
unique perspective that bridges multiple fields to enhance student wellbeing and learning
outcomes in a highly integrated manner.

3. Biophilic Design, Indigenous Wisdom, and Systems Thinking

The evolution of human society is deeply intertwined with nature, a relationship em-
bedded in the concept of biophilia, which denotes an innate human affinity with the natural
world. This bond is crucial for both our psychological and physiological wellbeing and has
been a cornerstone of human evolution [21]. This connection is not just a contemporary
observation but is rooted in ancient wisdom, where life and environment were understood
as holistic and indivisible.

Indigenous societies worldwide have historically exemplified a seamless integration
with nature, often reflected in their sustainable practices, spiritual beliefs, and land manage-
ment techniques that emphasise coexistence with the natural environment. Central to many
Indigenous worldviews is the belief in the interconnectedness of all life, vividly illustrated
through rich narratives and cultural practices. The Creation stories of Aboriginal Aus-
tralians are one such example that highlight a symbiotic relationship with the environment
that is deeply embedded in their social structures, rituals, and daily practices [22].

Indigenous cultures have long embraced what is now recognised through a Western
lens as systems thinking [23]. A large body of work within systems science explicitly ac-
knowledges and addresses the complexity of the real world, including interrelationships of
its elements, multiple perspectives, temporality (i.e., changes over time) and the challenges
this creates in replicating results, shifting patterns of behaviour, unintended consequences,
and recognition that parts cannot be studied in isolation from the whole [24]. Systems
science does not view environmental elements in isolation but as parts of a comprehensive
system that affects and supports all aspects of life. Such perspectives harmonise with
biophilic design principles that aim to create environments supportive of life.
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Integrating Indigenous knowledge and perspectives into modern educational frame-
works provides a powerful means to enhance holistic learning experiences and, conse-
quently, overall wellbeing. This integration aligns educational practices with systems
thinking, which acknowledges and leverages the complex interactions between nature,
cultural heritage, and environmental stewardship. A fundamental principle of biophilic de-
sign is the emphasis on place-based relationships [25] (p. 12) [26] which enables educational
environments to reflect the geographical, historical, ecological, and cultural identities of
their settings. Such an approach not only enriches the learning experience but also fosters a
deep, enduring connection to the local context, thereby cultivating a sense of identity and
belonging among students.

In this light, integrating Indigenous knowledge and biophilic design principles in
education is more than a stylistic or cultural inclusion; it signifies a fundamental rethinking
of how learning environments can function as interconnected ecosystems that honour and
reflect the timeless human connection to nature. This approach offers a meaningful way
to create nurturing, sustainable spaces that are deeply rooted in their local contexts and
responsive to the environmental challenges of our time.

4. Biophilic Design and Systems Thinking in Educational Environments

Biophilic design and systems thinking hold the potential to profoundly transform
school environments by deepening the connections between learning spaces and the
broader contexts of the natural world, societal dynamics, and educational frameworks.
Viewing educational environments through this holistic lens acknowledges the complex
interplay among various elements and recognises humans as integral components of a
broader ecosystem. In harmony with Indigenous wisdom, it appreciates the intercon-
nectedness inherent in nature and society. More than just enhancing aesthetic appeal,
incorporating natural elements into educational settings creates dynamic, living ‘learning
laboratories’ where direct engagement with nature can cultivate a deeper understanding of
ecological principles and instil a strong sense of environmental responsibility in students.

Embracing systems thinking enables students to see beyond isolated facts, aiding their
understanding of the complexity and interdependence of natural systems. This insight
is particularly crucial in today’s volatile, uncertain, complex, and ambiguous (VUCA)
world. It equips learners with the skills to identify the root causes of issues, anticipate
future challenges, and formulate effective strategies [27]. Such a perspective fosters an
appreciation of how various elements within an ecosystem interact, highlighting the need
for comprehensive solutions that respect and address these complex relationships.

5. Positive Psychology and Wellbeing Science

Significantly contributing to our global understanding of wellbeing has been the
rapidly growing field of Positive Psychology (PP), often referred to as wellbeing science.
PP studies the conditions that contribute to the optimal functioning of people, groups and
institutions, and aims to improve quality of life [28]. However, as noted by researchers
and practitioners like Kern et al. [24] in 2019, the hype regarding the field’s potential has
at times led to exaggerated claims, over-inflated expectations, disillusionment, dismissal,
and unintentional harms. It has also been observed that PP interventions and programs
sometimes overlook the complex and dynamic realities and varied contexts in which
people reside [24]. To address these issues, Systems Informed Positive Psychology (SIPP)
was proposed as an evolution of PP. This approach explicitly incorporates principles
and concepts from the systems sciences into positive psychology theory, methodologies,
practices, and discourse, to optimise human social systems and the individuals within
them [24]. This perspective acknowledges that human wellbeing depends on more than just
the individual and programs. The SIPP approach aims to optimise human social systems
and the individuals within them, facilitating system co-evolution and the envisioning of
positive, unimagined futures [24].
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SIPP has been effectively integrated into educational contexts, most recently through
practical work focused on Systems and Eudaimonic Education (SEE) [29] which involves
creating conditions that support meaning, purpose, authenticity, and personal growth
through environmental, cultural, and learning design, grounded in wellbeing science.
This approach emphasises the importance of designing educational environments that
not only support academic achievement but also enhance overall wellbeing. The success
of these holistic design principles in promoting comprehensive wellbeing has led to the
development of the ‘wholebeing’ framework, specifically tailored for educational settings.

Jarden and Downie [30] define ‘wholebeing’ as an emergent phenomenon resulting
from high levels of wellbeing, low levels of illbeing, and the presence of resilience. This
framework enables individuals to express their true selves and lead a sustainable, fulfilling
life characterised by authenticity, value-driven actions, and a focus on both self and others,
optimising their performance in a learning environment. They further suggest that higher
levels of wholebeing correlate with better physical health, and vice versa.

The Wholebeing Model (Figure 1) incorporates a systems thinking approach and is
supported by factors that enhance personal growth and performance. It emphasises the
individual’s relationships with others, their environment, and the resources available to
them, including time, finances, and energy. The model considers the interconnected rela-
tionships across different systemic levels—Me, We, and Us—illustrating how individuals,
groups, and larger communities thrive together.

Figure 1. The Wholebeing Model. Source: [30].

The Wholebeing Model assists systems leaders in comprehending the broad, inter-
connected system, which is crucial for developing a shared understanding of complex
challenges [31] while recognising possibilities and opportunities. Jarden and Downie [30]
argue that this is because it fosters reflection, directs resource utilisation, facilitates genera-
tive conversations, and shifts the focus from merely reacting to problems related to illbeing
towards co-creating joint responsibility for a better future incorporating all relevant factors.
The environment encompasses the entire model, encapsulating its relationships with all
other core components while underscoring the environment’s critical role in enhancing
wellbeing, reducing mental ill-health, and cultivating adaptability and resilience. This
comprehensive influence illustrates the necessity and significance of the built environment
in educational settings.

By applying biophilic design principles to enhance the environmental element of
the Wholebeing Model, a new, holistic approach to the design of school environments is
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introduced. While synergies have been identified between biophilic design principles and
systems science, as well as between wellbeing science/positive psychology and systems
science [24,25], the integration of all three disciplines—biophilic design, systems science,
and positive psychology—has not yet been explored. The BWSA incorporates each of these
elements in the educational and architectural design of schools to create environments that
promote nature connection, support learning, and bolster wellbeing.

6. Biophilic Design in Schools

In the realm of educational architecture, the paucity of biophilic elements within typi-
cal school environments warrants further attention and improvement. Many educational
settings are characterised by enclosed spaces that lack adequate natural light, fresh air, and
views of the outdoors, leading to a disconnection from the natural environment [32]. This
issue is particularly critical given the substantial amount of time students spend within
these environments. Additionally, empirical studies indicate that static and uninspired
school environments, often characterised by monochromatic lighting, white walls, and con-
fined layouts, can negatively impact students’ cognitive function [33,34]. Such detachment
severs the essential connection with nature and adversely affects key aspects of students’
psychological and physiological health.

Engagement with nature, whether through direct contact or simulated elements,
taps into our deep-seated evolutionary instincts and is crucial for designing educational
spaces that fulfill our innate needs for safety, exploration, and harmonious coexistence
with our environment. This connection to nature is especially vital for children, as it
provides essential sensory experiences that are instrumental in their physical and mental
development [35].

For instance, buildings that harness the sun’s movement to create dynamic light
and shadow patterns can foster a connection to the natural rhythm of days and seasons,
aligning with our internal biorhythms to produce restorative effects [36]. This alignment
offers a counterbalance to the fast pace of contemporary life, while also enriching learning
experiences. Natural elements such as water and plants can also play a significant role [26].
Water features like small ponds or fountains, and the integration of plant life in school
settings, have a calming effect, reducing stress and anxiety. The sound and sight of water,
combined with the visual appeal of greenery, can lower blood pressure and enhance
concentration, making these elements not just aesthetically pleasing but also conducive to
students’ overall health and wellbeing. Incorporating varied natural features also enriches
the sensory experience, further fostering a connection with nature and enhancing the
educational environment.

In situations where direct access to natural elements is limited, simulating natural
features within educational environments can still offer significant benefits [37]. By in-
corporating elements that mimic the aesthetics and ambience of nature, such as natural
shapes, colours, sounds, and materials, schools can partially compensate for the absence of
direct natural exposure. Tapping into our innate preference for natural environments, the
inclusion of such elements can provide psychological and physiological benefits typically
associated with direct contact with nature.

7. A Paradigm Shift in Educational Architecture, Pedagogy, and Wellbeing Design

The principles of biophilic design are not just theoretical; they are being actively
implemented around the world, signalling a paradigm shift in educational architecture
and pedagogy. This shift encompasses changes in teaching practices, curriculum design,
approaches to wellbeing, and the physical spaces designed for learning. As schools embrace
these concepts, they not only change their physical structures but also the very nature of
how education is delivered and experienced. The tangible impact of this holistic approach
is illustrated in the following three case studies, which detail the practical implementation
and beneficial outcomes in diverse educational settings and sectors (public, private, and
independent) in Australia and Indonesia.
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8. Green School, Bali

The Green School in Bali, Indonesia, conceptualised by John and Cynthia Hardy,
serves as an exemplar of biophilic educational architecture. It adeptly integrates the natural
environment in a manner that is both innovative and reflective of Indigenous vernacular
traditions. The school prioritises ecological building materials and techniques, while
concurrently promoting the wellbeing of its students by focusing on social and emotional
learning, supported by systems thinking tools within its curriculum.

Central to the architectural ethos of the Green School is the innovative use of bamboo,
a material chosen for its sustainability, rapid growth rate, strength, and adaptability. The
extreme bend in the school’s bamboo structures serves as a visual representation of the
fundamental wellbeing principle and life skill of ‘adaptability’ which has been shown to be
a greater predictor of satisfaction with life, self-esteem, school participation, and a sense
of meaning and purpose than resilience [38]. In its use throughout the school, bamboo
has been transformed from a traditional material for temporary structures to the primary
component of permanent, robust, and elegant structures across the campus. These include
the Heart of the School, the Millennium Bridge that connects the east and west sides of the
campus, and the school’s latest architectural addition, The Arc. Each of these structures
showcases bamboo’s versatility in creating vast, open communal spaces designed to foster
learning and social interaction.

In the Heart of the School, towering bamboo columns support multi-level spaces,
blending sophisticated engineering with local craftsmanship (Figure 2). Even the bamboo
flooring, constructed using bamboo pins without synthetic adhesives or finishes, reflects the
school’s dedication to environmental integrity and creating a healthy learning environment
for children. The building is deliberately positioned to create a strong sense of connec-
tion and belonging. The notion of connection is further highlighted in the architectural
expression by the structure’s three interconnected spiralling nautilus forms. These fluid,
organic forms break away from traditional, rectilinear education spaces, to create a physical
environment that inspires creativity [39] and dynamic learning experiences. Classrooms,
designed as open-air pavilions on rice fields, also maximise connectivity and immersion
in nature, and each learning space is consistently furnished with bamboo, sustaining the
biophilic theme.

The Arc, built in 2021, demonstrates an advanced application of biophilic shapes,
forms, and patterns (Figure 3). Designed by the architecture studio Ibuku, led by Elora
Hardy, and working in collaboration with carpentry specialist Jörg Stamm and Atelier One
structural engineers, the building features bamboo arches spanning 19 m, interconnected by
anticlastic gridshells. These gridshells derive strength from curving in opposite directions,
enhancing the building’s structural integrity. The architecture exemplifies the concept of
biomimicry, emulating a mammal’s ribcage stabilised by tensile membranes that function
like tendons and muscles, efficiently distributing structural forces. Serving dual purposes
as a wellness space and a gymnasium, The Arc enhances the campus facilities with a design
that deeply integrates biological concepts in both form and function.

In its extensive use of bamboo, the school’s architecture embodies flexibility, strength,
and lightness—qualities that mirror human adaptability and wellbeing, as well as resonate
with the Balinese philosophy of Tri Hita Karana. This philosophy promotes a symbiotic
relationship between people, nature, and the spiritual world, principles that the Balinese
consider essential for human thriving, and which are seamlessly integrated into the school’s
core educational values. By embodying these ideals, the architectural design reinforces the
school’s commitment to a holistic and interconnected learning approach.

The Green School’s pioneering approach has gained considerable acclaim, leading
to the planning and establishment of three additional international campuses and its
acquisition by the educational conglomerate Education in Motion (EiM). Through its
innovative practices, the Green School serves as an illustration of how architecture can
respect and enhance the relationship between the built environment and the natural world
while also influencing wellbeing and educational outcomes. As a revolutionary shift in
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educational design, the Green School in Bali has inspired educators around the world
(Figure 4) and directly influenced educational projects in other regions, including the
following case study from Australia.

Figure 2. Towering bamboo columns supporting multi-level spaces of the Heart of the School. Photo:
Fiona Gray.
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Figure 3. The rib-like structure of The Arc, designed by Ibuku (2021). Photo: Fiona Gray.
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Figure 4. School principals participating in a principals redesigning education immersion program
led by Project Thrive (2019). Photo: Andrea Downie.

9. Lisieux Catholic Primary School, Australia

Lisieux Catholic Primary School in Torquay, Australia, represents a progressive model
in educational innovation, blending systems thinking and biophilic design with a deep
respect for cultural heritage. Under the leadership of founding principal, Dr. Susan
Ryan, the school was established with a clear vision. This vision was further shaped by a
collaboration with the second author (Downie), the director of Project Thrive—a consulting
firm that specialises in education redesign, wellbeing, and systems leadership. A pivotal
experience in this collaboration was an educational redesign immersion in Bali that included
a visit to the Green School [40]. The school has dedicated itself to boosting wellbeing
by merging Positive Psychology with thoughtful environmental design that supports
connection with nature and committed respect for Indigenous cultural practices. The
school’s design establishes a tangible connection to nature and place, fostering a learning
environment conducive to educational outcomes while promoting a deeper understanding
of, and respect for, the natural world and Aboriginal culture. It achieves this by merging
natural elements, place-based cultural contexts, and sustainable practices.

Beginning in 2018, the school’s construction has progressed in stages. The second stage
of the development, designed by Minx Architecture (Figure 5), introduced a deliberate
emphasis on enhancing connection with nature. This design phase incorporated a colour
palette inspired by local natural elements such as Waratah, Spotted Gum, Banksia, and
seaspray (J. Briese, personal communication, 18 April 2024). The school’s principal has
observed the positive impact this has had on the learning environment, observing that the
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calming colours enhance concentration and stimulate creative and innovative thinking (S.
Ryan, personal communication, 21 April 2024).

Figure 5. Lisieux Catholic Primary School (2022), Torquay, Australia. Photo: Rhiannon Slatter.

Biophilic and cultural integration extends through the naming of the teaching spaces
after native species—Acacia, Waratah, Spotted Eucalypt, Golden Wattle, Grevillea, Scent-
bark, and Silver Banksia—embedding local flora into the learning environment. Botanical
motifs represented on decals of glazed internal partitions add another layer of natural
imagery, strengthening the connection to the school’s local context.

The school’s engagement with Aboriginal culture is multifaceted, woven into both the
curriculum and the physical environment. The celebration of Stage Two’s opening with a
traditional smoking ceremony, an ancient Aboriginal practice that involves smouldering
native plants to produce smoke believed to hold cleansing properties and the ability to
ward off bad spirits, underscores this deep respect (Figure 6). The school also collaborates
with local Aboriginal Elders on special projects, such as the creation of a possum skin
cloak by Aunty Lisa Couzens. This cloak, rich with stories of belonging, place, and the
sacred and spiritual aspects of Aboriginal culture, is worn by Aboriginal students during
assemblies, graduation ceremonies, and other significant events. Indigenous knowledge is
further embedded in the student’s learning through a unique Beach Discovery Program,
where they engage with local beaches to learn about sustainability, environmental care,
and marine life. This program offers an authentic, hands-on learning experience about
connection to Country, cultural heritage sites, traditional ecological knowledge, respect,
and reconciliation.

Nature is woven into the school’s fabric through the naming of its four house teams
after native birds: Bundjil, Kunuwarra, Gherang, and Parrwang. In collaboration with
Aboriginal artist-in-residence Norm Jurrawaa Stanley, students helped design a playground
mural that visually represents these birds, enhancing the visual landscape of the school
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and enhancing students’ engagement with local fauna and Aboriginal heritage. Cultural
connections are further emphasised in the school’s upstairs breakout space, named the
Wayapperi Hub, meaning “meeting space”. This area serves multiple purposes and fosters
interaction, enhancing the communal feel of the school environment.

Figure 6. Cultural education programs facilitator, Norm Jurrawaa Stanley, playing the didgeridoo at the
opening ceremony of the stage two building at Lisieux Catholic Primary School. Photo: Susan Ryan.

The school has strategically incorporated design features to ensure natural light floods
the communal spaces and is borrowed into the classrooms through generous skylights
above a central double-height atrium. In many schools, deep floor plans often result in
substantial distances from the building’s exterior walls to its interior core, typically due to
large classrooms connected by hallways or other interior spaces. This layout can make it
challenging to bring daylight into central areas. However, access to daylight supports the
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body’s natural circadian rhythm, which regulates cycles of alertness and sleepiness, and
has been shown to enhance mood, increase alertness, and improve overall productivity
and learning outcomes in educational settings [41]. By integrating natural light, the school
creates a healthier and more engaging environment for students and staff.

Biophilic design at Lisieux also emphasises the integration of outdoor and natural
spaces. Classrooms with access to outdoor areas, many featuring breakout balconies or
direct access to outdoor spaces, support an immersive outdoor educational approach. This
is exemplified by dedicated areas like the Outdoor Discovery space and the Ubuntu Garden,
which facilitate direct contact with nature and hands-on learning experiences integrated
into the curriculum.

Through these design choices, Lisieux illustrates a systems-based approach to educa-
tion that prioritises sustainability, cultural integration, and a meaningful connection to the
natural world, demonstrating how educational environments can function as ecosystems
of learning and respect for heritage and nature.

10. Wollert Primary School, Australia

Wollert Primary School in Victoria, Australia, is a government school designed as a
Supported Inclusion Hub, tailored to enhance learning outcomes for students with diverse
abilities and needs. The architectural partnership of Thomson Adsett and Law Architects
has brought to life a design that emphasises inclusion and accessibility, with specialised
facilities like sensory areas, accessible play spaces, and classrooms designed with acoustic,
visual, and tactile elements to support all students (Figure 7).

Figure 7. Wollert Primary School, Wollert, Victoria (2022). Photo: Dianna Snape.

A key biophilic principle integrated into the school’s design is the concept of prospect
and refuge, which balances spaces for expansive observation with areas that provide a sense
of protection. Features such as large windows and bleacher seating offer prospect, while
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elements like dark colours and deep bay windows with seating nooks offer safe, cocooning
spaces that embody the notion of refuge (Figure 8). Informed by research from the Turner
Institute for Brain and Mental Health at Monash University, the use of dark green walls in
certain classrooms was specifically chosen to evoke this sense of refuge, offering a calming,
enclosed space that helps mitigate sensory overload. This strategic use of colour aims to create
a more comforting and protective atmosphere for those with heightened sensitivities.

Figure 8. Bay window, bleacher seating, and dark carpets in Wollert Primary School learning space
(2022). Photo: Dianna Snape.
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Working closely with educational planner Lisa Horton, the school was organised
into ‘learning neighbourhoods’, each comprising four classrooms designed to support
a range of educational experiences and pedagogical approaches (S. Brincat, personal
communication, 2 February 2024). These neighbourhoods are crafted for both collaborative
and individual learning, emphasising flexibility and inclusion. Each classroom is uniquely
tailored to support different teaching methods and learning preferences. At the heart of each
neighbourhood is a central area where classrooms converge, with distinct segments that
support varied sensory and learning experiences. This setup facilitates both group activities
and quieter areas for focused work, allowing teachers to organise students in environments
that best suit their educational needs, enhancing the overall learning experience by aligning
the physical space with the pedagogical approach.

Attention to acoustics and tactility was a paramount consideration in the design, with
the use of acoustic panelling and varied wall textures and materials such as brick and
timber that also provide a tactile quality that aids navigation for vision-impaired students
while also enhancing the sensory and wayfinding experience for all students.

The landscape design by Outlines Landscape Architecture is an integral element of
the school’s biophilic strategy. It replaces the conventional concrete apron that typically
surrounds school buildings with rich indigenous plantings that blur the indoor–outdoor
boundary, enhancing visual permeability. To further incorporate natural elements, the
design team collaborated with a local ecologist to integrate invertebrates into the outdoor
setting. Various deceased insects were sourced and encapsulated in resin within rocks,
enriching the educational qualities of the landscape and fostering a connection with the
local ecosystem. Historical elements are also interwoven into the landscape, with remnants
of the site’s recent agricultural past, such as old fences, serving as historical markers that
deepen the school’s connection to its local context.

Community feedback influenced the school’s development, shaping it into a space that
serves as an extension of home and a community hub, especially crucial in an area where
new suburbs feature housing stock with limited connection to nature and a car-centric
urban layout. The design preserves areas of cultural significance and prioritises accessible
natural spaces and outdoor learning environments, enhancing educational outcomes and
fostering a deeper sense of environmental awareness (S. Brincat, personal communication,
2 February 2024).

Overall, the school presents a notable shift in educational architecture by deliberately
accommodating the diverse sensory and cognitive needs of all students through the appli-
cation of biophilic principles to enhance their wellbeing. This approach not only fosters an
inclusive and adaptable educational experience but also supports the development of a
dynamic and responsive learning community.

11. A Battle for Relevance

Schools around the world are recognising the need for a more relevant education
system and within that, more relevant learning spaces [42]. Recent pedagogical shifts reflect
a growing emphasis on experiential and authentic learning [43]. This highlights a need to
reconsider the design of learning environments to enable the conditions that support this
type of educational philosophy. Biophilic design intersected with wellbeing and systems
science can forge dynamic and engaging learning environments that ignite curiosity and
promote exploration for experiential and authentic learning to emerge. Such environments
allow for direct and continuous interaction with nature, playing a crucial role in the holistic
development of students. At a pivotal moment in wellbeing science, it is understood that
the learning environments we create can positively impact the mental health, wellbeing,
and outcomes of the individuals that reside within them [44]. Integrating biophilic design
into educational environments is an important strategy for nurturing connections with the
natural world. This approach enhances the emotional and psychological development of
students, equipping future generations to be deeply attuned to environmental sustainability
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and concerns. It holds the potential to develop well-rounded individuals who possess a
profound connection to and understanding of themselves, others, and their environment.

12. Future Research and Implementation Opportunities

This novel approach presents multiple opportunities for future research and practical
application in schools. Longitudinal studies are essential to track the long-term impacts
of the BWSA on student wellbeing and educational outcomes. Such studies will provide
robust empirical evidence over extended periods to validate the effectiveness of the BWSA
in diverse school environments. Conducting additional case studies in varied geographical
and socio-economic contexts will further understanding of the adaptability and effective-
ness of the BWSA across different educational settings. This will help identify best practices
and potential challenges, ensuring that the approach can be tailored to meet the needs of
different communities.

Developing and implementing quantitative measures that encompass psychological,
emotional, social, and academic performance dimensions will be crucial in providing a
comprehensive understanding of how the BWSA impacts overall student wellbeing. Future
studies could also include ethnographic surveys to observe user responses and behavioural
patterns. This will help increase understanding of how specific design elements impact
student wellbeing, the extent of these impacts, the ways in which students interact with
the designed environment, as well as identify areas for improvement.

Integrating Indigenous knowledge, with a focus on how Indigenous perspectives can
enrich biophilic design principles and contribute to holistic and culturally responsive educa-
tional environments, is another promising area for research. Documenting these integrations
will provide valuable insights into creating inclusive and diverse learning spaces.

The holistic nature of the BWSA also necessitates the development of comprehen-
sive policy guidelines and implementation frameworks for educational authorities and
school administrators. These guidelines should be developed by interdisciplinary teams
of researchers, educators, architects, and policymakers, to provide practical steps and
considerations for incorporating nature-connected elements in school environments. This
collaborative approach aligns with the overarching ethos of the BWSA and will ensure the
strategies are well-rounded and feasible for implementation.

Supporting the implementation of the BWSA can also be achieved through professional
development programs for educators, architects, and school leaders. These programs
should focus on increasing awareness and understanding of the BWSA, emphasising the
benefits of biophilic design, wellbeing science, and systems thinking. Training should
provide practical guidance on effectively applying these principles in educational settings,
ensuring that all stakeholders are equipped to foster environments that enhance student
wellbeing and learning outcomes. By addressing these areas, future research and practical
applications can build on the foundational insights provided by this study, leading to
more effective and holistic educational environments that support the wellbeing and
development of students.

13. Conclusions

This article explored the dynamic synergy between biophilic design, wellbeing science,
and systems science as vital elements in fostering holistic wellbeing within educational
settings. This interdisciplinary approach investigates how the integration of nature and
its complex processes supports and enhances the learning experience by aligning with the
principles of Eudaimonic Education®. This approach is about creating environments that
improve educational outcomes while simultaneously supporting wellbeing and preparing
young people for future challenges.

Throughout the discussion, the article addresses the critical need for a shift away from
traditional school designs that often neglect the well-documented benefits of connection
to nature. Despite significant investment in wellbeing programs, many young people
still struggle, emphasising the need for a comprehensive, integrated approach that sees
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educational spaces as ecosystems where wellbeing is cultivated through thoughtful design
and an understanding of the interconnectedness of all life.

Indigenous knowledge systems, with their deep-rooted understanding of these con-
nections, alongside the principles of biophilic design, provide a rich source of inspiration.
These systems illustrate that learning environments can and should reflect and respect
the natural world, fostering spaces that are not just places of learning but also sources of
wellbeing. The significant impact of a harmonious relationship with the natural world on
psychological and physiological wellbeing underscores the importance of this approach.

Key case studies at Green School Bali, Lisieux Catholic Primary School and Wollert
Primary School demonstrate these concepts in action. These schools have broken new
ground by creating learning environments that meaningfully integrate nature, honour
Indigenous practices and local contexts, and prioritise ecological and sustainable practices.
By also incorporating principles of wellbeing science, these schools support both the
physical and psychological health of their students.

Ultimately, a paradigm shift in the conception and realisation of educational environ-
ments is needed. This shift involves embracing a holistic view that integrates biophilic
design, wellbeing science, and systems thinking, an approach termed the Biophilic Wellbe-
ing Systems Approach (BWSA). This approach represents a step towards fostering a more
environmentally conscious, balanced, adaptable, and ‘well’ generation. By broadening
the scope of conventional educational models, this approach deepens connection to the
environment and enhances awareness of students’ own roles within the natural world.
This shift is crucial for developing well-rounded individuals who are equipped to navigate
the complexities of a rapidly changing world. By fostering environments that reflect these
principles, schools can play a crucial role in promoting sustainable living and wellbeing,
preparing students for academic success and a meaningful, authentic, and healthy life,
connected to their world and each other.
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Abstract: Mental health challenges among university students and staff are a pressing
concern globally and in Aotearoa, New Zealand. Despite adopting frameworks like the
Okanagan Charter to promote health and well-being, there is a lack of empirical research
on how campus landscapes contribute to mental health promotion. This is a preliminary
study based on a Ph.D. research project aiming to investigate the role of campus landscapes
in supporting relaxation and internal recovery through everyday activities. We conducted
a comparative multi-case study involving 66 participants from the University of Auckland,
Lincoln University, and the University of Otago, exploring how they use and prefer campus
landscapes for relaxation. Our findings indicate that ‘enjoying nature’ is the most preferred
relaxation activity, with participants engaging both actively and passively with various
spaces such as gardens, open lawns, and forested areas. Additionally, in campus settings,
the proximity of relaxation spaces appears to be more important than design quality because
of the limited time during working hours, which points to the importance of thoughtful
campus planning. This study also found that university staff are often overlooked in
discussions about healthy universities, despite their significant role in the campus setting.
Overall, this study highlights the importance of biophilic design principles in creating
health-promoting campus environments and offers initial insights for integrating natural
elements into campus planning to enhance mental health and well-being.

Keywords: biophilic design; mental health; landscape architecture; campus; healthy university

1. Introduction

The intersection of mental health and university life has become increasingly promi-
nent, with institutions often characterised as ‘anxiety machines’ [1–3]. Studies and reports
identified concerns with students’ mental health situation in multiple countries. For ex-
ample, Lipson and colleagues analysed 10 years of data from the Healthy Minds Study
and found significantly increased rates of mental health treatment and diagnosis among
students in the United States [4,5]. The New Zealand Union of Students’ Associations [6]
produced the Kei Te Pai? report in 2018 (Kei Te Pai means fine or good in Te Reo Māori). It
reviewed tertiary students’ mental health and found that university students commonly
experience moderate levels of psychological distress.

Similarly, in the past two decades, academic work has become more demanding.
The main reason for this includes the dramatically increasing student numbers [7] and
the students-as-consumer model derived from commercialised culture [8]. As a result,
universities have then been characterised as “a generator of anxiety and pressure” [9].
Guthrie et al. [10], commissioned by the Royal Society and Wellcome Trust, explored
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the mental health of researchers, including academic staff and postgraduate students
in universities, in the United Kingdom. They found that the level of job stress among
university staff was comparable to that of healthcare workers, a high-risk group, with
over 40 per cent of postgraduate students reporting symptoms of depression, emotional
or stress-related problems, or high levels of stress. They also noted a lack of effective
interventions and support for researchers, with even less literature evaluating the situation.
Nicholls and colleagues conducted a meta-analysis of 26 papers and identified seven key
themes of academic researchers’ mental health experiences [11], highlighting that lack of
job security coupled with high expectations has left researchers at risk of poor mental
health and well-being.

However, universities need not be synonymous with stress; they can be places that
foster health and well-being. This can be achieved not only through the curriculum
but also by creating environments that promote healthy lifestyles. In 2015, the World
Health Organization presented the Okanagan Charter, highlighting the role of higher
education institutions in enhancing the health of those who live, learn, work, and play on
campuses [12]. Universities are well-placed to educate students about healthy life choices
and to instil the value of maintaining health and well-being in everyday life. They are
also workplaces for staff who spend a significant portion of their daily lives there. As
the Okanagan Charter has pointed out, work should be a source of health rather than
consuming it.

The International Health Promoting Campuses Network has been established in 16
countries across five continents such as the African Health Promoting Campuses Net-
work (AHPCN), the Tertiary Wellbeing Aotearoa New Zealand (TWANZ), the Asean
University Network, the German Network of Health Promoting Universities (Arbeitskreis
Gesundheitsfördernde Hochschulen), and the U.S. Health Promoting Campuses Network
(USHPCN) [13]. Universities worldwide have gradually adopted the Okanagan Charter
and prioritised health promotion in their agendas. However, as Travia et al. pointed out in
their study in 2020, universities globally are still in the early stages of embracing well-being
as one of their core objectives [14].

From a landscape architecture point of view, nature and landscapes have long been
recognised to possess ‘healing’ power [15], and there has been considerable discussion
about using natural landscapes to promote health and well-being in communities [16].
However, only limited research has examined the relationship between campus landscape
design and health promotion. For example, Lau and Yang explored the application of
healing gardens to campus design to create a health-supportive and sustainable campus
environment in Hong Kong University [17]. Studies by Mt Akhir et al. mainly discussed
the health effects of planting design on campus [18–20]. Holt et al. recognised the positive
effects from social interactions during physical exercise sessions in green spaces, which
they referred to as green exercises [21]. McDonald-Yale and Birchall explored winter design
strategies that contribute to students’ well-being for northern campuses [22].

Furthermore, studies on the health-promoting aspects of campus landscapes often
lack a clear guiding concept or framework. One key design concept emerging from the
field of restorative environments is biophilic design, which emphasises the integration of
natural elements into built environments. Ulrich expanded on this concept, demonstrating
that humans respond positively to certain natural elements—such as vegetation, water,
and sunlight—which can have stress-relieving effects [23,24].

Over the past few decades, biophilic design has evolved into a structured framework
comprising a series of values, principles, and attributes. Kellert identified seven key
elements of biophilic design: environmental features, natural shapes and forms, natural
patterns and processes, light and space, place-based relationships, evolved human–nature
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relationships, and over 70 associated design attributes [25]. While biophilic design provides
broad design principles, applying these elements effectively in specific contexts, such as
campus landscapes, remains a challenge. To date, little has been done to systematically
integrate biophilic design into university settings for health-promoting purposes.

Overall, there remains a noticeable gap in empirical research on the role of campus
landscapes in promoting mental health, particularly in New Zealand. Therefore, this study
aims to fill this gap by investigating how campus landscape design supports relaxation for
both students and staff. By exploring the uses and preferences of campus landscapes for
relaxation, we seek to inform future designs of health-promoting campus environments.

2. Materials and Methods

This study is based on a Ph.D. research project and was given ethics approval by the
Human Ethics Committee of Lincoln University, New Zealand (no. 2018-21). In-depth
individual interviews were conducted during semester time in September and October 2018,
with a total of 65 participants. This included 45 students, 16 academic staff, 2 administrative
staff, and 2 medical staff from the city campus of the University of Auckland in Auckland,
Lincoln University in Christchurch, and University of Otago in Dunedin (see Figure 1).
Table 1 illustrates the key demographic characteristics of the participants.

Figure 1. The main geographical location of the selected campuses (own work, 2020).
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Table 1. Key demographic characteristics of participants (own work, 2020).

The University of
Auckland (n)

University of Otago
(n)

Lincoln University
(n)

%

Occupation

- Student 20 16 11 72%
- Academic staff 6 6 2 22%
- Administrative staff 0 2 0 3%
- Health
professionals 0 0 2 3%

Gender

- Male 12 11 8 48%
- Female 14 13 7 52%
- Other 0 0 0 0

Age

- Under 18 0 0 0 0
- 18–25 16 14 8 58%
- 25–50 6 6 6 28%
- Over 50 4 4 1 14%

Ethnicity

- European 13 18 11 65%
- Maori 0 1 2 5%
- Asian 8 4 2 21%
- Pacific 1 1 0 3%
- Other 4 0 0 6%

This study drew on the methods used by previous studies; interviews and surveys
are common methods used in restorative environment studies where they investigate
participants’ responses to videotapes or photos of landscapes [26–28]. However, the
experience of an environment is multi-sensory, e.g., the temperature varies outside but
it is stable in a room. It could be argued that traditional interviews that take place in an
office may not be sufficient to collect explicit responses about the studied environment.
Therefore, this study adopted a walking interview technique as an addition to traditional
interviews to collect explicit responses about the studied environment from interviewees.
Walking in the studied environments can provoke a sense of connection to the environment,
which grants the researcher access to respondents’ attitudes and knowledge about the
environment and, thus, offers privileged insights [29]

Another interview technique adopted was the mental mapping exercise that asks
respondents to draw and write about relaxation experience on campus. This technique is
particularly helpful when respondents are not able to conduct a walking interview due
to their availability. The action of drawing can encourage spatial thinking, which helps
respondents to convey the everyday life image in their head.

Interviews that took place in the field offered the opportunity to conduct direct ob-
servation on site as well, which could help strengthen the data quality. Direct observation
enabled evaluation of campus space use and justification of information provided by
respondents from a landscape architecture professional perspective. Photographs of cam-
pus landscapes used for relaxation were taken; as Dabbs suggests, photographs of a site
contain important characteristics of the studied site, which facilitates outside observers’
understanding [30].
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Data collection was carried out in the order of the University of Otago, Lincoln
University, and the University of Auckland to make sure data were collected before their
semesters ended when spaces were being used by campus users.

Each mental mapping exercise took around 5 to 15 min, which was a reasonable
amount of time that campus users were willing to spend during their working day. Conver-
sations with participants were recorded. Two open-ended questions were also presented to
participants after they finished their drawing to encourage reflection and gain more insights
into their relaxation experience and their perceptions of relaxation spaces on campus. The
questions were as follows:

1. If you were going to use some keywords to describe the relaxation spaces you have
drawn, what would they be?

2. What do you think are the most important factors for an outdoor space to be invit-
ing/attractive for a university user to come and relax?

Each participant was asked if s/he was interested and available to conduct a further
walking interview after finishing the mental mapping exercise. For those who were willing
to participate, we arranged a time before the researcher left to avoid the difficulty of
reaching participants again by email.

A total of 11 participants conducted the walking interview, with 6 of them being
university staff. Others were not able to participate due to their availability. The walking
interviews allowed participants to lead the way to the relaxation spaces they had identified
on their maps. Detached from their workplaces, they were more willing to discuss campus
relaxation spaces and even shared personal opinions on health and well-being. Being
in the environment helped them recall their experiences on campus, and they often told
stories of friends’ or colleagues’ relaxation experiences. Additionally, while on campus,
participants could identify spaces they had overlooked and not included in their mental
maps. For example, during one interview, as we stepped out of the building, a participant
stopped and mentioned he had somehow omitted the courtyard—the closest space to his
workplace—from his map. The walking interviews also provided opportunities for the
researcher to share their direct observations about the campus and ask for their opinions.

The recorded conversations were transcribed alongside the information captured on
the mental maps. Thematic analysis was employed to interpret the transcriptions, as this
study aimed to develop a systematic understanding of relaxation on campus and offer
insights for the design of future campus spaces. Nvivo 12 software was utilised to segment
the conversations, summarise the content, and identify key themes and sub-themes. In this
study, special attention was given to topics including the relaxation activities, the design
characters of the identified relaxation spaces, and other relevant comments or evaluations of
campus spaces for relaxation. Themes were reviewed and refined till they were informative
and precise. Coding and producing themes were conducted for each case. The final analysis
stage was the cross-case synthesis that compared the themes produced for each case to
find commonalities and differences and examine plausible rival explanations. The finalised
relaxation themes were then transferred to the map of each campus to show the design
elements and landscape types that are associated with relaxation on campus.

3. Results

Campus users provided rich insights into their daily use and interpretation of campus
landscapes for relaxation. This section highlights the main findings of this study:

1. Natural landscapes play a crucial role in campus relaxation, with ‘nature’ being the
most mentioned keyword when describing relaxation spaces on campus.

2. In campus settings, practicality takes precedence. Campus users often have lim-
ited resources for relaxation during the day, making accessibility a priority. As a
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result, proximity emerges as the most important factor in determining the use of a
relaxation space.

3. University staff are challenging to engage, with a total of 18 participants being re-
cruited and 6 of them participating in a walking interview. Despite the limited number
of university staff, they offered detailed and thoughtful feedback. Due to the small
number of staff interviewed, Section 3.3 is included to provide a more comprehensive
understanding of campus environments for relaxation. Future studies may focus
exclusively on this group, with greater effort made during the recruitment phase.

3.1. ‘Nature’—The Top Keyword to Describe Relaxation Spaces on Campus

The thematic analysis revealed that natural elements were the most frequently men-
tioned keywords when the participants described their preferred relaxation spaces on
campus. A student from the University of Auckland explained that “. . . because university
life is always bustling and vibrant, that is why you come to parks or nature to get away
and have a little breath”. Over half of the participants included natural elements during
their relaxation experience on campus through mental maps. According to the participants’
accounts, the ‘nature’ they enjoy can be designed natural features such as trees, lawns,
flowers or flower beds, and water features, or natural elements such as birds and even fresh
air. For example, the mental map of a student participant from Lincoln University shows
trees (see Figure 2), the mental map from another student from the same university shows
lawn areas (see Figure 3), and the mental map from a student at the University of Otago
points out that the grassy area in front of the Clock Tower is the best spot for watching
flowers (see Figure 4).

Figure 2. Participant LU15’s mental map shows trees on Lincoln University campus (from participant
LU15, 2018).
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Figure 3. Participant LU6’s mental map shows lawn areas at Lincoln University (from participant
LU6, 2018).

 

Figure 4. Participant UO21 identified a flower-watching spot on her mental map of the University of
Otago (from participant UO21, 2018).

According to the participants, another benefit of nature is the sense of ‘change’ it
provides, offering multi-sensory stimulation in contrast to the relatively static indoor
environments where they spend much of their time. For example, they noted how the
sun moves throughout the day, creating shifting shadows, whereas interior spaces are
illuminated by fluorescent lighting, especially those with small windows. Many natural
features also move with the wind and change with the seasons, such as leaves on deciduous
trees, while interior spaces remain lifeless, filled with computers and work documents. A
lecturer from Lincoln University explained that spaces with natural features make her feel
like there are “lots of different things happening”. She further explained:

“I like looking at the change as well as what happens in the space. . . . I guess
part of this relaxation for me is not necessarily always stopping. I feel like I can
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recharge my batteries by moving through [spaces]. Like walking through here,
that variation. Rather than at your office where you always got one window with
nothing changes much throughout the day. . . . Sometimes you also notice when
the flowers and the weather or the apples are coming in, so you kind of have that
relationship [with the land]”.

Participants from the University of Otago shared a variety of uses of the Leith River
and the riverbanks for relaxation. Some participants simply enjoyed the environment
brought by the fully landscaped riverbanks and flowering trees. According to the partici-
pants, they enjoy “getting some fresh air outside”, “hearing birdsong and water rippling”,
and “seeing the changes of the season”. Participants shared their own experience and ob-
servations of many campus users during spring. Residents who live in Dunedin, and even
tourists, visit the Leith riverbanks in the warmer weather when the cherry and magnolia
trees are in blossom (see Figure 5).

 

Figure 5. Campus users at the University of Otago enjoy natural features on the banks of the Leith
River in more passive ways (photo by authors, 2018).

In addition to appreciating nature on campus, a few campus users also, though less
frequently, found ways to actively engage with and utilise natural spaces such as playing
sports. Based on the participants’ accounts and our observations, many campus users enjoy
using flat lawn areas as small-scale sports fields. For example, the researcher observed
two people practising fencing during a weekend on the Leith riverbank at the University
of Otago (see Figure 6), and some students set up a volleyball net and played at Lincoln
University (see Figure 7).
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Figure 6. Two people practised fencing on the banks of the Leith River at the University of Otago
during a weekend (photo by authors, 2018).

 

Figure 7. Campus users play volleyball on the Forbes Lawn at Lincoln University (photo by
authors, 2018).

An administrative staff from the University of Otago shared a story of the Leith River.
“One time there was floodwater coming down at the Leith here, and people were kayaking

118



Architecture 2025, 5, 16

in flood”, she said with amusement and excitement, “I mean, they are not supposed to be
kayaking and it is probably dangerous, but they really liked the water rapids!”.

3.2. Proximity—The Most Important Factor for a Relaxation Space on Campus

While ‘enjoying nature’ is the most preferred relaxation activity on campus, both
students and staff often find it challenging to do so due to the limited time for relaxation. A
majority of participants agreed that proximity comes before the design quality of the space.
For example, a student from the University of Auckland said: “I wouldn’t want to go to
OGGB [Sir Owen G Glenn Building] or Albert Park. But then I would use that outdoor area
[the courtyard of the School of Architecture and Planning] even though it’s not quite as
nice just because I am here”. His mental map further revealed the preference for proximity
through his way of identifying relaxation spaces according to the adjacent building (see
Figure 8).

 

Figure 8. The importance of the context of a space at Lincoln University (from participant LU12, 2018).

Proximity is closely related to time and distance. The participants characterised their
relaxation into two categories:

• Short-term breaks (less than 10 min);
• Long-term breaks (longer than 10 min).

3.2.1. Short-Term Breaks on Campus

There are three main types of spaces suitable for short-term breaks on campus:
(1) communal space, (2) isolated space, and (3) walk-scape.

1. Communal Space

Outdoor spaces that are immediately accessible are utilised the most, even if they
do not fully meet relaxation needs. Such proximity fosters and strengthens a sense of
belonging, leading the participants to refer to these areas as ‘communal spaces’ since they
are usually the downstairs spaces attached to buildings. These spaces are also sought after
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when campus users want to refresh their minds by simply peeking out of the window. For
example, a student from the University of Auckland described the courtyard of the School
of Architecture and Planning as follows:

“It is in the intermediate zone. The people I would encounter there are the
people who would belong to this large community, the Architecture and Planning,
including all their friends or acquaintances. Generally, the main public would
not walk through it because it is protected by buildings and the way it is shaping.
But it is quite busy and communal“.

She also showed the spatial character of the courtyard on the mental map (see Figure 9).

 

Figure 9. The spatial character of the courtyard of the School of Architecture and Planning, University
of Auckland (from participant UA17, 2018).

2. Isolated Space

While communal spaces are often busy and noisy due to heavy use, people sometimes
need a moment of quiet to recover and unwind. At such times, they might choose a more
isolated space that is close to them and enjoy a semi-enclosed environment, such as the
‘little forest’ at Lincoln University. This ‘little forest’ is a small, lush, vegetated area located
right beside the School of Landscape Architecture building (see Figure 10). Because of its
proximity to the building, this isolated space can afford a quick refresh of the mind (see
Figure 11).
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Figure 10. The location of the little forest at Lincoln University (modified from Google Map, 2020).

 

Figure 11. The view inside the little forest at Lincoln University (photo by authors, 2018).

3. Walk-scape

121



Architecture 2025, 5, 16

The last type of short-term relaxation space is not exactly a ‘space’ but rather the short
journeys within campus, such as walking from one lecture theatre to another. The relaxation
experience depends on the overall planning and design of campus streetscapes. A student
from Lincoln University explained that he enjoys walking along campus streets several
times a week to catch the bus, appreciating the blossoms that turn the avenue white and
pink. A few participants from the University of Otago also expressed their appreciation of
the innovative landscape work completed recently, noting that it promotes the consistency
and aesthetics of pedestrian paths, creating a more walker-friendly environment (see
Figure 12).

 

Figure 12. A fully paved campus street at the University of Otago (photo by authors, 2018).

3.2.2. Long-Term Breaks

The participants’ accounts revealed that, on campus, the lunch break is almost syn-
onymous with long-term breaks, and every campus in this study has multiple spaces
specifically designed for lunchtime relaxation. Such spaces in all three campuses are open
green spaces so that they can not only accommodate food service but also serve as centres
for activities and student services (see Figure 13). Therefore, the participants characterised
them as ‘activity centres’ and, because they are versatile and full of energy, they become
‘go-to’ spots where people not only satisfy their physical needs but also fulfil their social
needs by meeting friends or occasionally joining fun activities. The participants suggested
that during lunchtime, these spaces are likely the most bustling areas on the entire campus.
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Figure 13. The main activity centres at (from top to bottom) (a) Lincoln University, (b) the University
of Auckland, and (c) the University of Otago (photos by authors, 2020).
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Aside from lunch breaks, campus users sometimes have time to relax between classes
or after finishing their work for the day. A few participants prefer to use this time to go
somewhere detached from the main campus atmosphere, which they called “get-away
spaces”. Participants explained that campus users need to temporarily escape from their
work, social roles, and stress to simply be themselves and reconnect with nature and the
larger world. For example, a health professional from Lincoln University referred to the
magnolia garden as her “secret place” because “it is often just you there, and it is very
peaceful”. She further explained, “Even if other people are there, they are there for the
same reason as you, so they are just looking for some quietness and some nature”.

Some get-away spaces are located on campus and not far from activity centres. How-
ever, these spaces usually have stronger buffers than isolated spaces, creating a more
enclosed environment. Get-away spaces on campus also offer no particular resources such
as food or water, so campus users do not come to those spaces out of necessity. For example,
the secret garden at Lincoln University is physically close to the major and secondary
activity centres. However, with a long two-storey building blocking the view of the space
from the main campus street, not many people gather there (see Figure 14).

 

Figure 14. The secret garden at Lincoln University blocked by the adjacent building block (photo by
authors, 2019).

Some get-away spaces identified by the participants are located outside the main
campus. By getting away from the main campus, the participants stated that they can
forget about work, change mood instantly, and also feel more relaxed without social
pressure. All get-away spaces identified by the participants that are outside the main
campus are dominated by natural elements. For example, almost all participants from
the University of Auckland enjoy having a large public park, Albert Park, located on the
other side of the street from the main activity centre (see Figure 15), and a participant, a
student from the University of Auckland, recommended Albert Park as “an escape from
the campus”.
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Figure 15. Albert Park as one get-away space for campus users at the University of Auckland (photo
by authors, 2018).

3.3. University Staff and Relaxation

The initial intention of this study was to investigate how both students and staff use
campus landscapes for relaxation. Although the number of staff participants was limited,
their perspectives were included to provide a more comprehensive understanding. As a
preliminary study, this research serves as a foundation for future investigations, making it
valuable to consider the insights and experiences of staff, even if the sample size was small.

Overall, university staff are more aware of the importance of relaxation during work-
ing hours. However, they appear to be at two extremes: they either have their own daily
relaxation routines, or they are too busy to leave their desks.

One of the medical professionals from Lincoln University falls into the former category,
and she likes

“. . . doing qigong somewhere out of the way and a bit sheltered from the wind.
This is not a place where you see many other people, but it is kind of a contem-
plative space where you can make strange movements like this because you do
not have people walking by”.

Another medical professional from Lincoln University likes the walking journey
from the Recreation Centre on campus to the magnolia garden, which takes about 20 min
one way.

In contrast, a staff member from the University of Auckland shared a markedly
different experience, stating, “Lunch break is that little piece of desk between the laptop
and the edge of the desk”. While university staff may not always have the time to leave
their office and relax, they can still benefit from brief moments spent looking outside the
window—what they referred to as ‘micro-breaks’. As a medical professional from Lincoln
University pointed out:

125



Architecture 2025, 5, 16

” . . . just look at the greenery around here, the flowers, and the change of the
seasons. . . . Sometimes we see people out there wine tasting or just having a
discussion group. It’s really nice. . . . Sometimes I see people sitting on the bench,
doing nothing, just relaxing, which I think is great. There’s a really beautiful
blossom tree and I just look up onto and see what the birds and the flowers and
the leaves are doing, which is a relief for me”. On the other hand, over half of
university staff participants pointed out that university staff are often absent
from some of the popular relaxation spaces identified by students, such as the
activity centres, and there is no activity centres specifically designed for staff to
relax. While campus spaces may appear to welcome all campus users, many
participants—including both students and staff—pointed out that activity centres
are more like “students’ spaces”.

Both groups explained that students experience a sense of belonging in places like
activity centres, but there are no spaces specifically designed for university staff to foster
the same feeling. Some academic staff expressed a desire to enjoy their lunch breaks
somewhere away from students. As a lecturer from the University of Auckland explained:

“Sometimes, if you want to go outside the office, you want to be detached from
the emails and students. Sometimes I go to the Old Government Hall and have a
glass of beer. When I’m so tired, such as on a Friday afternoon, I am looking for a
place to escape”.

4. Discussion

This study investigated how campus landscape design supports relaxation during
working hours for both students and staff at New Zealand universities. Through mental
mapping exercises and walking interviews with 66 participants across three universities,
several key themes emerged: the significant role of natural landscapes in providing relax-
ation; the prioritisation of proximity over design quality due to time constraints; and the
underrepresentation of university staff in the use of campus relaxation spaces.

4.1. Advocate for a Biophilic Campus

The study findings conclude that biophilic experiences dominate campus users’ re-
laxation activities, with enjoying nature identified as their most preferred way to relax.
This suggests that biophilic design can enhance the health and well-being potential of built
environments, promoting people’s health in everyday settings. Baur [31] and Liu et al. [32]
further suggest that campus natural spaces can contribute to student success.

The enjoyment of nature on campus is primarily associated with the “direct experience
of nature”, one of the biophilic experience categories defined by Kellert and Calabrese [33].
According to the participants’ accounts, this direct experience of nature is multi-sensory
which attracts their attention away from work.

Participants often described the sight of nature as “beautiful”, enhancing the aesthetics
of outdoor landscapes and providing engaging window views. This finding aligns with
numerous examples of research on the pleasure and stress reduction value of a window
to natural landscapes (e.g., [34–37]). Although this study focused on landscape design
strategies for outdoor spaces, the participants also expressed interest in the design of
interior spaces for relaxation, which is pertinent given the significant amount of time they
spend indoors. Although the micro-breaks mentioned in Section 3.3 fall outside the main
scope of this study, it would be interesting for future research to explore the effects of
interactions between interior and exterior spaces on relaxation.

Participants reported loving natural sounds such as birds chirping, wind rustling
through leaves, and running water. Their preference for natural soundscapes over urban
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noises supports the idea that natural sounds can enhance people’s experience of urban
environments [38]. They also expressed enjoyment in engaging with nature when flowers
are in bloom, relishing the pleasant fragrances.

The sight and smell of nature not only provide pleasure but also encourage tactile and
even gustatory engagement, like picking fruit from a tree, fostering a sense of connection
with nature and place [39]. Participants indicated that the multi-sensory experiences of
nature are for more interesting than the static character of interior spaces. Kaplan and
Kaplan termed this “soft fascination” which captures attention away from daily concerns
in an “undramatic fashion” that “permits a more reflective mode” [40].

This multi-sensory relaxation experience aligns with Thompson’s findings, where
woodlands were places for children and parents to experience extraordinary, sensory, and
emotional encounters [41].

Moreover, biophilic design acknowledges the intrinsic relationship between humans
and nature. It not only proposes integrating natural elements into built environments but
also aims to identify design features and spatial configurations that align with our innate
biophilic preferences, including those we try to avoid [15]. To date, little has been done to
incorporate biophilic design into university settings for health-promoting purposes. Peters
and D’Penna discussed trends and gaps in understanding the influence of biophilic design
in university settings, highlighting the complexity of these environments and urging that
biophilic elements be tailored to meet users’ needs [42]. For instance, while the participants
in our study identified the ‘little forest’ as a relaxation space, considerations of safety should
be addressed in future development.

4.2. Advocate for Relaxation-Oriented Campus Planning

The participants’ accounts revealed that proximity is the priority when selecting a
space for relaxation, even if the design features do not fully meet their needs. This indicates
there is a fundamental difference between relaxation during working hours and relaxation
after working hours. Kaplan and Kaplan also recognised proximity as essential for nearby
nature, providing convenient relaxation at people’s doorsteps and facilitating a quick
switch between work and rest; people tend to use what is readily available [40].

Campus users demonstrated an even stricter perception of proximity compared to
users of community open spaces. They favoured communal spaces attached to buildings—
like the front or back gardens of private properties—and spaces connected to facilities. In
contrast, Sugiyama et al.’s study showed adult participants’ walking activities are within a
1.6 km radius [43], which is significantly different from campus users’ preferences.

This preference for immediately available relaxation spaces highlights the importance
of incorporating relaxation into campus planning, enabling users to take short breaks
and prevent burnout. Moreover, many studies of public open spaces focus on the walk-
ing experience, suggesting that if people intend to walk, distance is less of a barrier.
Therefore, it would be interesting to explore whether distance becomes more critical for
landscape users engaging in other types of relaxation activities in community spaces during
non-working hours.

4.3. Advocate for Healthy Workplaces

Universities, as large employers, have the capacity to provide a caring and supportive
working environment for staff [44]. However, the participants’ accounts from this study
revealed that campus planning and landscape design often lack the attention given to uni-
versity staff. With academic work becoming increasingly demanding, campus landscapes
should include spaces specifically designed for staff to relax during working hours and
prevent burnout.
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Geurts and Sonnentag defined recovery during working hours as internal recovery,
and recovery after hours as external recovery—including after work, during weekends, or
on holidays [45]. They argued that the need for external recovery increases when internal
recovery is insufficient, suggesting that internal recovery can buffer accumulated fatigue
and stress. Therefore, it is essential to explore how workspaces can be designed to promote
internal recovery and help maintain the ‘healthy’ mental status of workers.

Some studies have shown that internal recovery associated with landscapes close
to workplaces can deliver mental health benefits. For example, the landscape architect
Stigsdotter explored employees’ experiences of stress and their use of green outdoor spaces
at their workplaces in nine Swedish cities. She found that accessible green spaces adjacent
to workplaces can positively influence employees, even if they only look at the green
view [46].

5. Conclusions

Through investigating the uses of campus landscapes for relaxation and the preferred
relaxation spaces at the University of Auckland, Lincoln University, and the University of
Otago, relaxation associated with natural landscapes turned out to be the most preferred
form of relaxation on campus. Natural landscapes on campus are not untouched ‘wild’
nature but manmade natural features. They provide spaces for ‘enjoying nature’ during
short-term and long-term breaks. The enjoyment of nature on campus for relaxation recog-
nises the health and well-being potential of biophilic design and suggests that integrating
natural features in the built environments can enhance people’s health and well-being in
everyday settings. In addition, the time available for relaxation is the major difference
between internal and external recovery. Therefore, proximity comes before the design
quality of space when choosing spaces for internal relaxation. These findings not only
contribute to designing healthy campus environments for living, learning, and working,
but also to workspace design in cities.
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Abstract: The term “biophilia” refers to the intrinsic affinity that humans have towards nature,
natural elements and natural processes. Biophilic design theories suggest that the introduction or
representation of natural characteristics or elements into the built environment can help enhance
people’s health and wellbeing. Primary school buildings are important environments where children
spend considerable time. However, there is limited evidence on the impact of their biophilic features
on the children themselves and on perceptions of important facilitators of children’s wellbeing, such
as teachers and parents. This research aims to investigate whether teachers and parents perceive
children to have a preference or desire for specific biophilic characteristics in their school’s physical
environment; and whether teachers perceive some biophilic characteristics as having an effect on
children’s performance and behaviour. A framework for evaluating biophilic characteristics in
primary schools was developed. Two case study primary schools in London and Bath (England, UK)
were audited against this framework, and teachers and parents were surveyed. The results suggest
that children do have a preference towards the specific biophilic features studied, which is stronger
and more demanding when the exposure is higher. For some aspects, teachers’ perception of benefits
is also susceptible to the quality of the environment itself.

Keywords: biophilia; primary school environment; children’s wellbeing; perception; performance;
behaviour

1. Introduction

Evolutionary theories suggest that humans are physiologically and psychologically
adapted to natural environments since they emerged and long evolved within nature [1],
creating adaptive responses to certain stimuli and configurations, mainly regarding food,
water and security [2,3].

In their search for comfort and security, humans learned to modify their own physical
environment. Rapid industrialisation and the massive migration to cities have precipitated
these transformations, leading to highly modified environments which are more comfort-
able than our original habitat, but also resulting in a disconnection from nature to which
we were originally adapted, physiologically and psychologically.

In environmental sciences, “biophilia” explains the intrinsic affinity that humans have
towards nature, natural elements and natural processes. It has been proven that introduc-
tion or representation of natural characteristics or elements into the built environment can
help enhance people’s health and wellbeing within our contemporary habitat (e.g., the use
of daylight, natural materials or images of nature).

Children, in particular, could be more sensitive than adults to their environment.
According to the World Health Organization [4], children consume more air, water and
food than adults on a weight proportion; several of their body systems are still growing
and therefore very susceptible; they have different behavioural patterns towards the
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environment which can increase their exposure (to particles and chemicals in dust and soil);
and children do not usually control their own environment, since adults do.

Schools are the environment where contemporary children spend up to 60% of their
time. Poor school environments can impact children’s and teachers’ attendance and
retention, and therefore also academic performance [5]. The concept of ‘school envi-
ronment’ encompasses “physical environment”, “educational environment” and “social
environment” [6]; however, this research focuses mainly on physical conditions.

From an environmental psychology point of view, the design of the physical environ-
ment is believed to affect children’s perception, learning and behaviour; and conditions
the evolution of motor, cognitive and social skills [7]. An extensive post-occupancy eval-
uation on UK primary schools by the RIBA [5] found that “more than 9 in 10 teachers
believe school design is important, 1 in 5 teachers have considered quitting because of the
condition of school buildings and 91% of teachers feel good design is important to good
pupil behaviour”. More recently, Barrett et al. [8] evaluated the holistic impact of several
aspects of primary-school buildings on children’s learning performance, highlighting the
importance of optimal physical environments.

1.1. Biophilia

Humans have an affinity to those elements and environments which have allowed
our development and survival, including sources of water and some landscapes, such
as savannah-type settings, forest edges, watercourses, mountains and valleys [2,9]. The
Prospect-Refuge Theory proposed by Appleton [10] emphasises the psychological affinity
humans have for wideness (prospect) and hiding possibilities (refuge), which emerges
from our ancestors’ safe exploration and wayfinding. As diurnal species, vision developed
as our prominent sense, and is the reason why daylight, views, the possibility to see far,
and certain colours and patterns are especially meaningful at an unconscious level [9].

The existing literature has proved the positive effect of the exposure to plants and other
elements of nature on emotion [11], physiology [12–15], cognition [16–19], behaviour [20–22]
and health [23–26].

There is worldwide research on children’s environments related to biophilia. Rice
and Torquati [27] surveyed 114 pre-scholars on “preferences for play locations, enjoyment
of sensory aspects of nature, exploring nature, and curiosity about nature”. Maller [28]
studied the importance of children’s “hands-on contact to nature” interviewing educators,
school principals, and environmental-education-industry professionals, who recognised
benefits on “self-esteem, engagement with school and a sense of empowerment”. Similarly,
Lee and Park [1] evaluated which biophilic design characteristics could apply to a children’s
library through case studies and surveys, concluding that the needs of these environments
are to provide the experience of nature, shelter and open spaces, multi-functional spaces,
and to promote sensorial experiences.

1.2. Nature and Restorativeness

The Attention Restoration Theory (ART), introduced by Kaplan and Kaplan in 1995 [29],
proposes the concept of ‘restorative environment’ as that which “promotes (and not merely
permits) restoration” [30] (p. 273). Cognitive functioning was proved to be restored with
simple interactions with nature, comparing the cognitive response of young adults after a
50–55-min walk through an arboretum to a traffic-heavy street, and after 10 min of watching
an image of a natural landscape to an urban landscape [31]. Children exposed to the natural
environment presented better and faster responses [32], giving evidence of an association
between cognitive restoration and eye focus direction.

In medicine, early studies associated views to nature/quality of the view with patients’
faster recovery in hospitals [24,33]. More recent research suggests links between views
to nature and the reduction of pain [34,35]. Other studies associate this link to stress
recovery [36].
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Bagot, Allen and Toukhsati summarise evidence proposing four requirements for
an environment to be restorative: “being away (physical or psychological)”, “compat-
ibility (with purpose)”, “fascination (cognitive or physical)”, and “extent (scope and
connectedness)” [37]. They examined and scored four studies and concluded that the
indoor environment was less restorative than outdoor/natural, with the amount of vegeta-
tion being the only meaningful variable determining restorativeness, and that adults’ and
children’s restoration might not follow the same environmental determinants.

1.3. Nature Deficit in Contemporary Children

Contemporary children might be suffering from what Louv calls “nature-deficit dis-
order”: an insufficiency of ‘primary experiences’ in nature, crucial for their development.
Multisensory experiences in nature, quietness and ‘space to wander’ are his highlighted
aspects. He also suggests that one of the main causes of nature-deficit is parents’ fear of
safety [38].

Urban children tend to be more cooperative and creative in their play when exposed
to natural settings, in comparison to spaces with less trees and grass or manufactured
play areas [21,38]. Chawla et al. found that children identify natural spaces with freedom,
happiness and opportunities to confront challenges [39].

Within the learning environment, school playgrounds with the presence of greenery
work as refuge for stress-reduction, restoration and enhance children’s social skills. Ex-
posure to nature is proved to be related also to benefits such as “improved focus, vitality,
productivity and reduced stress, factors that may enhance the academic performance of
children” [40] (p. 16). Views of nature in classrooms were found to generate a positive per-
ception of courses and better grades [41,42]. Han [43] argues that students are vulnerable to
suffering from mental fatigue, this being the reason why their “ideal learning environment
should promote attention focusing, reduce mental fatigue and psychophysiological stress,
and ideally even improve health and encourage better learning” [43] (pp. 659–660). In his
study, Han measured the subjective and objective influence and variations of high-school
students during one semester in a classroom with plants. Using a control group, the stu-
dents were surveyed, and their examination scores and behavioural records were collected.
They concluded that “six limitedly visible plants in the classroom had an immediately
significant and positive influence on the students’ perceptions of preference, comfort and
friendliness” [37] (p. 680). It is relevant to consider that in this type of study there is
a possible Hawthorne Effect, where the impact of a positive response may occur only
due to the modification of the environment, independently from the characteristics of the
modification itself [44] which could play a role as well.

1.4. Existing Frameworks and Classifications for Assessing Biophilia in the Built Environment

In the last two decades, several authors have presented classifications which describe
and synthesise those characteristics that define, in their view, biophilic design. These
are interpretations of the built environment, where similar strategies and attributes are
presented, with some variations in the categories used.

Kellert, also known as the ‘godfather of biophilic design’, presented several frame-
works throughout his career. The first one, from 2002 [45], defined three categories for
experiencing nature: “direct experience”, which is related to non-human natural settings;
“indirect experience”, to refer to human-made natural environments; and “symbolic experi-
ence” for the appreciation of nature through books and television. The first two classifi-
cations were later used by himself with a different meaning, whereas the appreciation of
nature through books and television was not mentioned again by other frameworks.

In a totally different approach, in 2008 [46] Kellert identified 70 “biophilic design
attributes”, which were classified into six strategies: “environmental features”; “natural
shapes and forms”; “natural patterns and processes”, with attributes such as “growth
and efflorescence” and “dynamic balance and tension”; “light and space”, with seven
different attributes related to light and five to space; “place-based relationships”, with
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attributes such as “avoiding placelessness” or “spirit of space”; and “evolved human-nature
relationships”. With this framework, Kellert proposes that the representation of nature and
sense of belonging to the place can play a role for biophilia as well, which goes beyond the
presence of natural elements per se.

In the same publication, Heerwagen and Gregory [47] examined seven aesthetic
qualities from nature which could be evoked by architecture. New proposed attributes are
“motion” and “sense of freeness”. The authors claimed that nature is always on the move
and that people enjoy watching movement, including watching people move in an urban
landscape. Regarding “sense and freeness”, the authors mention two particular aspects: the
psychological and physical sense of freedom generated by the lack of boundaries between
spaces, and the simple action of being able to open a window in one’s environment,
signifying control and therefore freeness. Some attributes from this framework have
similarities with Kellert’s from the same publication.

Terrapin Bright Green developed in 2014 [48] an extensive research based on the work
of Kellert, Alexander, Heerwagen, Kaplan, Kaplan and Ulrich, among others. Here they
presented 14 “patterns of biophilic design” under the categories “nature in the space”,
“natural analogues” and “nature of the space”. One of the main novelties of this framework
is that for the first time, the attributes (or patterns) are mapped against their effect on peo-
ple’s health and wellbeing. They classified the evidence into three types: stress reduction,
cognitive performance and emotion, mood and preference.

In his last book [9], Kellert presented and described a compacted list of 25 “attributes
of biophilic design”. This framework brings the names of the categories from his first
classification of 2002 but framed differently. For example, “direct experience” refers to
elements from nature and not necessarily “non-human natural spaces”, and “indirect
experience” does not refer to botanical gardens of cultivated crops, but to representations
of nature such as images, materials, and the simulation of natural elements.

In the same year, biophilic design entered into the field of building certifications.
The International Living Future Institute developed a Biophilic Design Toolkit [49], as
part of the requirements for the Living Building Challenge Certification. The categories
and attributes used reframe Kellert’s, proposing a series of design guidance and tools to
implement them at the different project design phases. Simultaneously, the WELL Building
Standard [50], which evaluates the impact of buildings on the health and wellbeing of its
occupants, also included a few aspects of biophilia under the categories Mind and Light,
some as “preconditions” and others as “optimisations”. This is the first framework that
introduces criteria for sufficiency.

Overall, the existing frameworks share similar strategies and attributes, with a clear
tendency to use the concepts of “direct experience”, “representation” and “spatial configu-
rations”. Except for WELL, which only considers very few aspects of biophilia, existing
frameworks work as classifications in the way of checklists without providing priorities
or hierarchies. They do not argue whether, for example, the direct presence of daylight
or plants have a stronger impact than daylight simulation or nature-like patterns. Most
frameworks also have no guidance to sufficiency, with little evidence on how biophilia can
be achieved. And there is limited discussion on differences in populations. For instance, in
existing frameworks, no particular consideration is taken for the way children perceive or
experience the built environment, the physical spaces used mainly by children or how the
effect of the built environment on children might vary in comparison to adults. Further-
more, there is limited research on perceptions of parents and teachers on the impact and
role of biophilic features in school environments on children. These views are important
when considering that parents’ and teachers’ actions and beliefs can directly or indirectly
affect children’s wellbeing, for example via impact on exposures (e.g., access to daylight
and views might be controlled by teachers in classrooms) or child behaviours or interests.
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1.5. Aims and Objectives

The aim of this study is to investigate whether teachers and parents perceive children
as having preference or desire for specific biophilic features in their school’s physical
environment, and whether teachers perceive certain biophilic characteristics as affecting
children’s performance and behaviour.

This study focuses on those biophilic aspects easily identifiable by non-specialist
publics. Likewise, ‘preference’, ‘performance’ and ‘behaviour’ are commonly used and
widely understood terms that were selected as easily recognisable aspects related to well-
being. Teachers’ opinions are particularly relevant since they have some control over the
classroom’s environment (e.g., windows and blinds); and parents’ opinions are relevant as
they can reflect on what children discuss about their school environment at home.

Specifically, the objectives were as follows:

1. To develop a framework to evaluate biophilic aspects of school environments which
allows categorising, comparing, and contrasting different school environments in a
way which could be easily communicated with parents and teachers.

2. To evaluate teachers’ perceptions about the role of specific biophilic features in chil-
dren’s performance and behaviour at school.

3. To identify aspects of children’s preferences towards biophilic features, as perceived
by parents and teachers.

2. Methods

2.1. Study Design Overview

The methodology followed involved:

1. The formulation of a bespoke framework for evaluating biophilic conditions in urban
primary schools.

2. Audits of two case studies against this framework.
3. Surveys of teachers and parents about their perception about children’s preference,

performance and behaviour in relation to certain biophilic attributes. Due to ethics
and data protection, participants were not asked to disclose details about specific
children or health conditions.

2.2. Development of a Framework for Evaluating Biophilic Conditions in Urban Primary Schools

Based on the existing attributes and classifications from existing frameworks presented
in Section 1.4, a new framework with a focus on children and primary school environments
was formulated.

A concise selection of practical attributes, which could be suitable for assessing the
primary-school physical environment, were identified and classified under “elements” or
“spatial experiences”, and “direct experience” or “representation” (see Table 1).

Table 1. Summary of attributes selected and the proposed classification.

Presence of Elements Spatial Interactions

Direct experience Natural light, fresh air, water, plants, animals,
natural materials.

Views out, infrastructure for outdoor classes,
promotion of healthy commuting, gardening
sessions, ‘forest school’ activities.

Representation Images of nature, textures and patterns,
colour palette, shapes and forms.

Spatial variability, prospect, refuge, active
design, possibility to run, possibility to climb.

For each of these attributes, criteria were defined to determine what was considered
as “achieved”, “partially achieved”, or “not achieved” (see Table 2). This framework does
not aim to define minimum performance grades for biophilia (further research is needed to
tackle this); nevertheless, it gives a basic evaluation of the school’s biophilic condition.

135



Architecture 2024, 4

Table 2. Criteria to evaluate levels of fulfilment for each attribute.

Attribute  Achieved  Partially Achieved  Not Achieved

Natural light
Daylight always present when
weather allows it. Most times there
are no problems with glare.

Not enough daylight/ daylight is
not always present. Too much
glare which results in the blinds
being down for long periods.

Almost no daylight in
the space.

Fresh air

Both conditions are met:

1. Natural ventilation.
2. Air perceived as fresh, not

being stuffy, and not having
disgusting smells.

Only one of the previous
conditions are met.

None of the previous
conditions are met.

Water

Any presence of water features (e.g.,
fountains, constructed wetlands,
ponds, swales, etc.) available for
all children.

Presence of water features only
for some children. A water tap in
the playground to which children
have access can count.

No presence of any source of
water (except in toilets).

Plants

Both conditions are met:

1. Indoor plants are present in
all classrooms.

2. Outdoor plants are a
dominant element in the
playground.

Any of the following conditions
are met:

1. Existing indoor plants but
not in all classrooms.

2. Outdoor plants exist but are
not a dominant element in
playground.

Both conditions are met:

1. No indoor plants.
2. Outdoor plants are

scarce (e.g., isolated
planters) or
non-existent.

Animals

Both conditions are met:

1. All children have access to pet
animals (e.g., fish bowl).

2. It is easy to encounter insects
or other wild animals (e.g., if
there are planters).

Any of the following conditions
are met:

1. Only few children have
access to pet animals
(e.g., fish bowl).

2. There are scarce possibilities
for encountering insects or
other wild animals
(e.g., birds).

Any of the following
conditions are met:

1. There are no pet animals
at school.

2. There are scarce
possibilities for
encountering insects or
other wild animals
(e.g., birds).

Natural materials

Almost no presence of synthetic
materials. Dominant presence of
natural materials (e.g., timber
finishes and furniture, stone,
natural fibres, clay-based,
unpainted bricks).

Intermediate situation between
the other two options
(e.g., natural materials are not
dominant, some presence of
non-synthetic materials, and
natural materials painted with
synthetic paints).

Almost no presence of natural
materials. Great presence of
synthetic materials
(e.g., plastic furniture,
melamine, synthetic fibres,
synthetic carpets, and
synthetic paint in doors and
window frames).

Images of nature

All of the following conditions
are met:

1. All children have access.
2. Diverse images (photos

and/or drawings) showing
multiple elements and human
experiences.

3. Images created by children.

Some of the previous conditions
are met.

None of the previous
conditions are met.

Textures and
patterns

All children have access to
nature-like textures and patterns in
furniture, flooring, walls, other
architectural elements.

There are very few nature-like
textures and patterns within the
building or not all children
have access.

Do not exist.
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Table 2. Cont.

Attribute  Achieved  Partially Achieved  Not Achieved

Colour palette

Generally, colours are not strident
and excessive (e.g., too many
different contrasting and vibrant
colours); though some bright
colours in specific elements exist.
Blues, green and/or earth tones
stand out. Interior walls are light in
colour (preferably white) and not
blocked by excessive billboards.
Exterior: green stands out.

There is a combination of colours
between light walls, earth tones,
blues and greens; but also,
strident colours stand out.

Overall, the colour palette is
not close to blues, green or
earth tones. Only strident or
grey colours stand out.
Interior walls are not light in
colour or absolutely blocked
by excessive billboards and
other elements.

Shapes and forms

All children have access to shapes
and forms in the building elements
such as: botanical motifs, tree and
columnar supports, shells and
spirals, oval and tubular forms,
arches, vaults, domes, shapes
resisting straight lines and
right angles.

There are very few nature-like
shapes and forms within the
building, or not all children
have access.

Not existing.

Views out

Both conditions are met:

1. Existing view of natural
landscape, far away view
(including broad urban
views), natural elements
(e.g., plants), or intense
pedestrian traffic.

2. All children have views out
from their seats.

Any of the following conditions
are met:

1. Existing view of non-natural
close elements or close
street without pedestrians.

2. Existing view out but not
from all children’s seats or
not at children’s height.

3. Blinds are usually
kept down.

Any of the following
conditions are met:

1. No views out.
2. Windows to corridors,

atriums or to other
indoor room.

3. Windows above
children’s height.

Infrastructure for
outdoor classes

There is infrastructure which allows
outdoor classes, including shaded
areas, space for seating, non-noisy
environment, outdoor-boards or
other outdoor-equipment.

There is little infrastructure but it
is still possible to have
classes outdoors.

There is no infrastructure (e.g.,
no shades or space to sit the
whole class, and it is too noisy
to work there).

Promotion of healthy
commuting

There is enough space dedicated to
parking bikes/scooters for more
than half the number of children.

There is enough space dedicated
to parking bikes/scooters for
more than half the number
of children.

There is no parking space
for bikes/scooters.

Gardening sessions

Activity taking place on a regular
basis for all children. The school
has planters and/or gardening pots
which children are allowed to
interact with.

Activity taking place very
sporadically or only for some
children. The school has planters
and/or gardening pots which
children are allowed to
interact with.

Not existing.

‘Forest School’
activities

There are ‘Forest School’ type
activities on a regular basis for all
children.

There are some ‘Forest School’
type activities seldom, very
sporadically, and/or only for
some children.

Do not exist.
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Table 2. Cont.

Attribute  Achieved  Partially Achieved  Not Achieved

Spatial variability

At least three of these conditions
are met:

1. Different accesses from the
street to the school.

2. Several routes within the
school or circular routes.

3. Winding routes/corridors.
4. Sequences of tight and broad

spaces or diversity of
circulation areas (e.g., mix
between corridors and
distribution halls).

Two or less of the previous
conditions are met.

None of the previous
conditions are met. There is a
lack of spatial complexity
(e.g., the access to different
spaces is only through a
common corridor, unique
routes, straight corridors, and
only one type of circulation).

Prospect There are wide views beyond the
limits of the school for all children.

There are some wide views within
the limits of the school and/or
only available for some children.

There are no wide views
within the limits of the school
or beyond.

Refuge

There are many possibilities for
children to find a quiet and
relatively out-of-sight spot
while playing.

There are a few possibilities for
children to find a quiet spot
relatively out of sight
while playing.

There are almost no
possibilities for children to
find a spot relatively out of
sight while playing.

Active design

There are stairs that all kids use
every day or there are:

1. Existing opportunities to walk
and wander (e.g., spaces not
too closely connected).

2. Steps, slopes and/or
topographic variations
in playgrounds.

There are stairs but not all
children use them every day
and/or there are not many
opportunities for wandering or
there are no topographical
variations in the playgrounds.

There are no stairs, no
opportunities for wandering
(e.g., spaces too close together,
all activities during the day
take place in the same
physical space), and no
topographic variations
on playgrounds.

Possibility to run

The playground is big enough to
allow children to run, there are
possibilities for children of different
ages to have separated
areas/playgrounds, and the paving
surface is even and not too hard.
There are not too many protruding
elements around.

Some of the previous
characteristics are not met.

There are no possibilities for
children to run because the
size of the playgrounds do not
allow it or it is too dangerous
(e.g., types of surfaces,
protruding elements around)
or because children of all ages
have to share the same area at
the same time.

Possibility to climb

The equipment in the playground
(or sports room) allows a diversity
of possibilities for climbing for
all children.

The equipment in the playground
(or sports room) allows some
possibilities for climbing but not
too much variation or they are not
available for all children.

There are no possibilities
(e.g., no playing equipment in
playground).

2.3. Case Studies and Audits

Two case study primary schools were visited and audited against the new framework.
The aim of the audits was to establish and compare the overall biophilic situation of the
case studies, and to give background context to the data collected in these schools.

At the moment of the study, school A (London) had 300 (approx.) pupils, 18 teachers
and teacher assistants and 23 other school staff. School B (Bath) had 210 (approx.) pupils,
22 teachers and teacher assistants and 7 other school staff.
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2.4. Surveys
2.4.1. Teachers’ Survey

The participants were current main teachers or assistants.
The call for participation was sent by email to the headteachers of the respective

schools, who could opt for face-to-face, paper-based, or online-based formats. School A’s
headteacher handed paper-based versions at a teachers’ weekly meeting and collected them
two days later. Five responses were obtained from the estimated 15–18 teachers invited.
The researcher was later invited to a summer fair where three more teachers participated
face-to-face. School B’s headteacher delivered paper-based questionnaires to the teachers
after the school year ended and returned them to the researcher scanned by email. Six
responses were collected from school B.

The questionnaire consisted of four open questions that aimed to evaluate the following:

1. Whether certain biophilic features have a perceived impact on children’s preference,
performance, and behaviour, through the lens of teachers.

2. What possible mechanisms could be causing the perceived impact.
3. Whether the school physical environment influences teachers’ perception of the impact

of the biophilic features on children.

Each question on the questionnaire targeted a different physical element from the
school environment, associated to one or several biophilic attributes from the framework:
“windows”, “blinds up”, “materials and finishes” and “plants in classrooms” (see Table 3).
The questions asked about their perception of the effect of these conditions on children’s
preference, performance, and behaviour. Other aspects that arose, such as teachers’ own
preference, were also considered in the analysis.

Table 3. Questions from the teachers’ questionnaire, their biophilic physical aspects associated and
the relation to the framework.

Physical Aspect Question as in the Questionnaire
Framework’s Attributes Related to
the Question

Windows
Q1: Do you notice any changes in performance or
behaviour (attention or disruption) when children
are seated next to the windows in the classroom?

Natural light, fresh air, and views out.

Blinds up

Q2: Do you usually have your window blinds
down during class? How do children react to this?
Do you notice a change in behaviour or
performance when blinds are down or up, or when
artificial light is on/off?

Natural light, views out.

Materials and finishes

Q3: Regarding the range of materials and finishes
that could be found in the classroom, some may be
more artificial or synthetic (e.g., plastic, melamine,
plain colours, geometric patterns) and some might
be natural or nature-like (e.g., timber, stone, clay
based, natural fibres, nature-like patterns, textures
and colours). Have you noticed any differences in
children’s reactions (preference, performance or
behaviour) when interacting with this type of
materials/finishes in comparison to artificial?

Natural materials, textures and patterns,
and colour palette.

Plants in classroom

Q4: According to your experience, do you think
more plants in a classroom could have a positive
impact on children’s performance and behaviour?
Have you noticed changes in behaviour or
performance when (if) plants were introduced in
the classroom?

Plants
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The analysis of this survey consisted of two parts: an overall coding analysis to
determine whether the impacts were perceived, and if so whether these were positive
or negative and a detailed qualitative analysis to collect the specific perceived effects on
children’s preference, performance and behaviour.

2.4.2. Parents’ Survey

Parents were invited to participate through the parents’ social media network and
face to face in school social events. Parents from school A were invited in person during
the school’s summer fair. Parents from school B were invited through a parents Facebook
group which included an introductory note written by one parent and a link to an online
form served by SurveyMonkey.com. In total, 17 responses were collected from school A
and 6 from school B.

The parents’ questionnaire consisted of three checkbox questions aiming to cap-
ture the parents’ perception on children’s preferences, desires, and comments related to
8 attributes selected from the framework: natural light, water, plants, animals, views out,
natural materials, images of nature, and colour palette (see Table 4). Question 1 includes
options about non-physical aspects (activities and people, which are presumed to be easily
mentioned by children) to confirm whether the children talk about their school environment
at home.

Table 4. Questions from the parents’ questionnaire and the relation to the framework. The options to
be selected were accompanied by checkboxes.

Question as in the Questionnaire Framework’s Attributes Related to the Question

Q1: Do your children talk about their classroom
environment at home (e.g., something they
particularly like about their classroom)?
Please select: Materials, colours, views, images,
natural elements (plants, water features, animals),
environmental conditions (daylight, temperature,
smells), activities, classmates, teachers,
other: _______________.

Natural light, water features, plants, animals, views out, natural materials,
images of nature, and colour palette.

Q2: What do you think your children would like
to change/add/remove in the classroom? Please
select: Materials, colours, views, images, natural
elements (plants, water features, animals),
environmental conditions (daylight, temperature,
smells), other: _______________.

Natural light, water features, plants, animals, views out, natural materials,
images of nature, and colour palette.

Q3: Have your children ever mentioned they
would like more natural elements in their school?
Please select: Plants, water features, more
daylight, trees, especial colours, images of nature
or particular views, natural materials (timber,
stone, clay, sand), other: _______________.

Water features, plants, natural materials, images of nature, and colour palette.

The analysis of this survey consisted of counting the sum of votes on each checkbox in
order to

a. confirm whether children comment on school environments at home;
b. identify and compare which elements of biophilia are more perceived, commented

and desired by the children;
c. identify differences on these between schools, and to analyse whether the school

could have an impact on the type of elements mentioned and on the awareness of
biophilia.
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3. Results

3.1. Audits

Table 5 summarises the audits’ results. Overall, in School A, 3 attributes were con-
sidered achieved (all representational), 11 partially achieved, and 7 were not achieved.
Whereas for School B, 15 attributes were achieved, 4 partially achieved, and 2 were not
achieved (both representational). Therefore, school A can be considered as a ‘low-biophilic
school’ and school B a ‘higher-biophilic school’.

Table 5. Summary of the audit results.

Attribute School A School B

Direct experience
(presence of elements)

Natural light   

Fresh air   

Water   

Plants   

Animals   

Natural materials   

Direct experience
(spatial interactions)

Views out   

Infrastructure for outdoor classes   

Promotion of healthy commuting   

Gardening sessions   

‘Forest School’ activities   

Representation
(presence of elements)

Images of nature   

Textures and patterns   

Colour palette   

Shapes and forms   

Representation
(spatial interactions)

Spatial variability   

Prospect   

Refuge   

Active design   

Possibility to run   

Possibility to climb   
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3.2. Teachers’ Surveys

Overall, the results from the survey show the following:

• Teachers from school B had a more unanimous and generally positive opinion about
the impact of the biophilic features on children’s preference, performance and be-
haviour than teachers from school A.

• The most conflicting responses were regarding windows and blinds, which were
perceived positive by school B teachers and generally not well rated from school
A. While teachers from school A used words such as “distraction”, “disruption”,
or “I don’t think they notice the blinds are down”; school B teachers used “enjoy”,
“preferred”, “fascinated”, “engaged”, and “wake their brains up”.

• Teachers from school B did not express the perception of negative impact for any
condition.

• The most positively rated conditions were “plants in classrooms” for school A, and
“plants in classrooms” and “windows” for school B.

• “Materials and finishes” showed greater uncertainty, but interestingly, some teachers
commented that children are more respectful with objects and toys made of wood
than plastic, which they throw away more easily, considering them disposable.

Figure 1 summarises the teachers’ responses decoded. The teachers’ responses (T) are
expressed in the rows. The different questions (Q, columns) are subdivided into columns,
each column referring to the different aspects of wellbeing analysed (teacher’s preference,
perceived children’s preference, perceived children’s performance, and perceived children’s
behaviour). For each question, the coloured icons rating the perceived impacts were
allocated under the corresponding wellbeing aspect they were referring to. E.g., the
quote of T1 for Q1 who says: “More disruption as they often look out and stare which
means we have to stop the lesson and remind them to focus” was decoded as (a) “more
disruption”: perceived negative impact on children’s behaviour; (b) “remind them to
focus”: perceived negative impact on children performance; and (c) overall: perceived
children’s positive preference. So, despite the question referring to children’s performance
and behaviour, positive children’s preference was manifested too, marked with a green
icon under “children’s preference”, and red icons under “performance” and “behaviour”.
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Figure 1. Comparative analysis of teachers’ survey.
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3.3. Parents’ Surveys

When asked about whether their children talk about their classroom environment
at home (Figure 2, Table 6), the most popular responses were related to their classmates,
teachers and activities. This confirms the fact that children actually speak about their
school environment at home. From the other options, school A parents mentioned as-
pects not necessarily related to biophilia, whereas school B parents answered yes, and in
a larger proportion.

School A  School B
Figure 2. Results from parents’ question 1. The grey shade shows answers below a 20% response.

Table 6. Results from parents’ question 1: “Do your children talk about their classroom environment
at home? Do they mention any of the following?”.

School A (n = 17) School B (n = 6)

Votes % Votes %

No answer 0 0 0 0

Materials 2 12 1 17

Colours 4 24 0 0

Views 1 6 2 33

Images 6 35 0 0

Natural
elements 4 24 4 67

Environmental
conditions 2 12 3 50

Activities 12 71 5 83

Classmates 13 77 6 100

Teachers 12 71 6 100
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• “Images”, “colours”, and “natural elements” were the top three options that parents
from school A selected (35%, 24% and 24% of parents respectively).

• For school B, the top three options were “natural elements”, “environmental condi-
tions”, and “views” (67%, 50%, and 33% respectively).

• For school A, the features related to the representation of nature were the most popular.
Whereas for school B, the most popular options selected relate to the direct experience
of nature, and nobody selected “colours” or “images”.

• Relevant statements at the option “other” were “Food” and “The children do not tend
to talk about the fixed features—more on people”.

For question 2, “what do you think your children would like to change, add or remove
in their classroom?” (Figure 3, Table 7), a large proportion of parents from school A did not
answer the question (41%), whereas all parents from school B responded. The outstanding
responses for both groups were “natural elements” (83% of parents from school B and 18%
from school A) and “environmental conditions” (67% for school B and 18% for school A).

School A  School B
Figure 3. Results from parents’ question 2. The grey shade hides those answer with less than a
20% response.

Table 7. Results from parents’ question 2: “What do you think your children would like to change,
add or remove in their classroom?”.

School A (n = 17) School B (n = 6)

Votes % Votes %

No answer 7 41 0 0

Materials 2 12 0 0

Colours 1 6 2 33

Views 1 6 1 17

Images 1 6 0 0

Natural
elements 3 18 5 83

Environmental
conditions 3 18 4 67
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Relevant statements at the option “other” were “If they had the option to provide
views, I am sure they would engage”, “loves water & aquatic plants & animals, and looking
after his plants at home”.

When parents were explicitly asked about natural elements (Figure 4, Table 8), the
most popular answer was “plants” (24% response rate for school A and 83% for school B).
Especially in school B where they actually have plants everywhere in the school. Again,
for this question, most parents from school A left it empty and the rest of the options were
smoothly distributed. The second most selected options for parents from school B were
“water features”, “trees” and “natural materials” (33% each). The only option not selected
by school B parents was “images of nature or particular views”.

School A  School B
Figure 4. Results from parents’ question 3. The grey shade hides those answer with less than a
20% response.

Table 8. Results from parents’ question 3: “Have your children ever mentioned they would like more
natural elements in their school?”.

School A (n = 17) School B (n = 6)

Votes % Votes %

No answer 6 35 0 0

Plants 4 24 5 83

Water features 3 18 2 33

More daylight 2 12 1 17

Trees 2 12 2 33

Especial colours 1 6 1 17

Images of nature or
particular views 3 18 0 0

Natural materials 1 6 2 33
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Relevant statements in the option “other” for this question were “an indoor waterfall”,
“fish” and “to see the sky”.

4. Discussion

4.1. Overall Comparison of Results

A framework to evaluate primary school environments based on their success in
implementing biophilic design (objective 1) was developed, based on the literature review
and its adaptation to school environments. Performance and behaviour (objective 2) were
analysed through the teachers’ survey and preferences (objective 3) through the surveys to
teachers and parents.

4.1.1. In Relation to Objective 2: Teachers’ Perception of Certain Biophilic Features on
Children’s Performance and Behaviour

Overall, results suggest that the biophilic features analysed have a perceived impact on
children’s performance and behaviour, and that there are differences from “low-biophilic”
and “higher-biophilic” schools (represented by school A and school B, respectively).

Performance:

• According to teachers, children have a preference towards windows, which leads to
some types of distraction. Therefore, windows were negatively qualified by some
teachers from school A, but considered very positive by teachers from school B.

• Views out, natural materials and plants were perceived as promoting observations,
curiosity and discussions.

Behaviour:

• Teachers from both schools agree that children behave carefully and respectfully
towards plants and objects made of natural materials (i.e., wood). Also, they agree
that plants are calming for the children.

4.1.2. In Relation to Objective 3: Children’s Preference towards Biophilic Features, as
Perceived by Teachers and Parents

According to parents, children comment more on activities and people than on physical
characteristics of the physical environment. A parent’s comment at the survey summarises
it: “Children do not tend to talk about the fixed features, more on people”.

However, though to a lesser extent, children do comment on the school’s physical
characteristics. Contrasting parents’ perspectives, children from school A mention biophilic
features much less often than children from school B. Besides, children from school B
comment more on features classified in the framework as “direct experience” (i.e., natural
elements, environmental conditions, and views), a category in which this school was highly
valued in at the audit; while students from school A comment more on features from the
“indirect experience” category (i.e., images and colours).

Regarding children’s desire, 35% of parents from school A do not know what children
would want to change or desire at their school environment, while all parents from school
B had an answer. Although the audit result considered that school B had a higher biophilic
condition compared to school A, 83% of parents from school B expressed that their children
would like more plants, while only 24% of parents from school A did.

4.2. Key Findings
4.2.1. Teachers’ Awareness

On some aspects, teachers from the “higher-biophilic” school perceive more benefits
and seem more sensitive to the school’s environment conditions and their effect on children
than teachers from the “low-biophilic” school. For instance, the former expressed awareness
on the benefits of daylight, views out and fresh air, whereas the latter manifested little
awareness and made comments such as “I don’t think they notice” regarding whether the
blinds were down or up.
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4.2.2. Children’s Awareness and Demand

Results suggest that children’s preference for biophilic features is stronger when the
exposure is higher. Hypothetical reasons could be:

a. The richer the environment, the higher their understanding, awareness of biophilic
features and desire for other features and expectations.

b. The role that teachers play in stimulating awareness. Teachers could be more sensitive
too, due to the environment where they work.

4.2.3. Design Effectiveness vs. Impact of the Actual Element

Teachers’ perception of the impact of biophilic features on children’s wellbeing could
be restricted by inadequate building design (e.g., lack of windows shading, leading to
glare). In this context, “blinds up” were perceived as undesired and perturbing the general
performance of children, when actually glare might have been the cause. On the other
hand, parents expressed that children do want more daylight and teachers themselves
believe children do have a preference for windows. Another possible justification for the
reported misbehaviour could be that children without enough exposure to certain biophilic
features, in need of restoration or biophilic fulfilment “get distracted” with the views out
and daylight because

a. they do not usually have them,
b. their biophilic needs are not satisfied,
c. they associate these biophilic features with the playground environment, space

where they experience movement, restoration, and where they have more exposure
to biophilic features.

4.2.4. Role of Teachers

The results from the teachers’ surveys evidence their fundamental role in the control
of the environmental conditions and on the effectiveness of the biophilic attributes through
encouragement of observation and the activities performed.

The previous research findings are tentative, since the samples were limited. Further
research should tackle these key points to confirm or reject the hypothesis formulated.

4.3. Findings in Relation to the Literature

The findings in this study support Lee and Park’s [1] principles for space design in
children’s libraries based on biophilic design patterns, extending them to the wider school
environment (classroom and patio). In particular, the offer of the experience of nature,
shelter and open space, and a multisensory approach. This study also evidences the role
of “fascination (cognitive or physical)” in restorativeness described by Bagot, Allen and
Toukhsati [37] and the positive influence of natural elements in students’ performance as
described by Han [43]. The literature also suggests that a lack of natural experiences could
lead to a lesser care of the natural environment [3,38,51–54], which could somehow be
reflected in this study regarding objects made out of natural materials vs. synthetic, since
the former are perceived to be more respected. This could also be due to the extended use
of disposable plastic that children encounter every day.

Han [43] also emphasises the importance of a learning environment which reduces
stress and advocates for children to concentrate; it is evident in this study that an environ-
ment of discomfort, such as when glare is present, can lead to misbehaviour. A possible
reason for children’s reported misbehaviour in the presence of daylight could simply be the
impossibility to relocate (i.e., move away) when glare perturbs them. Parpairi [55] found
that visual satisfaction of students in Cambridge libraries was not associated to the actual
measured light levels and was high even under uncomfortable situations (e.g., glare) if
there were good views of landscape and the person had the option to move. Adaptation
theories, referring to thermal comfort [56,57], could have a role here too. Baker [58] depicts
this situation in his “general theory of environmental comfort” as the relationship between
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adaptive opportunities and stress, highlighting the importance of providing relocating
opportunities to users. In the case of school A, not having the option of relocation while
being affected by glare might be the cause for children’s misbehaviour.

Lastly, the data gathered provided some new elements of nature to consider, which
had not been covered in the existing biophilia frameworks, such as sky views and shades.

4.4. Contributions, Limitations, and Future Research Directions

This study is relevant to different disciplines including designers, teachers, school
authorities, and policy makers. Below there are some reflections that can be of interest to
those keen to conduct similar studies to confirm the findings.

4.4.1. About the Proposed Framework

This study developed a new biophilic framework of analysis which focuses on fea-
tures specifically applicable to primary school environments, and which allows a basic
evaluation of the school’s biophilic conditions under a fulfilment criterion. However, it
needs further testing in a diversity of school environments and with a diverse range of
auditors. A quantifiable set of criteria for evaluating the biophilic attributes would benefit
this framework. Further research could target ways to quantify the dose and length of ex-
posure of the different features, and the repercussions that these will have on the impact on
children. This could include minimum areas of vision, times for exposure, and percentage
rates, etc.

4.4.2. Methodological Considerations

• Sample: The samples (schools and participants) were limited. A larger number of
schools and a broader diversity of biophilic conditions could enrich the results.

• Demographic information: Questionnaires in this study were kept short to reduce
unresponsiveness; therefore, demographic information was not collected. Gathering
information related to gender, age, and socioeconomic context could capture aspects
that could impact the results as well.

• Asking children: Nobody better than children could know what they prefer or desire.
This research suggests that (a) parents are not always sure about children’s desire
towards their school’s physical environment and (b) teachers might confuse children’s
desire and biophilic needs with discomfort issues caused by inadequate design. Teach-
ers’ opinions about the impacts on children wellbeing varies as well (e.g., several
teachers consider that views out have a strong impact, while others believe children
do not realise whether blinds are down or up). As Bagot, Allen and Toukhsati say:
“The inclusion of children in the understanding of their environments is warranted
and is likely to give rise to elements not considered by adults thus far” [37] (p. 8).

• Experimental studies: Future research could use experimental variables, such as
controlling blinds, exposing children to different types of views out, different lighting
and glare conditions, options for relocation, testing performance, observing children
behaviour and surveying teachers and children. Experimental studies with vulnerable
populations (children) would require stricter ethical considerations but would provide
very valuable information.

4.4.3. Other Considerations

• Location and socio-economic factors: Future research with a larger sample of schools
could investigate whether some factors such as city size, socio-economic factors related
to location, proximity to green areas or natural landscapes, and/or the biophilic
condition of the city itself have a relevant impact on the results.

• Role of parents: This research focused on the biophilic conditions of school environ-
ments, since it is here where children spend most of their time after home; but further
information could have been identified on the time at home and on weekends, in terms
of whether children ever experienced “direct nature” (in the sense of Louv [38]). While
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in this study the role of teachers in encouraging the observation of biophilic features
for children was considered, the role of the parents was not. Research is needed on the
parents’ own relation to nature and how much this influences the school selection.

4.4.4. Implications for Practice and Policy

• For designers: This research exposes the impact that inadequate design and discomfort
can have on teachers’ and children’s perception of biophilic features. It also highlights
the relevance of providing opportunities for restoration and changes of focus, not only
in playgrounds but also in classrooms. The framework proposed in this study can be
used as a tool to support the design process.

• For teachers and headteachers: the study highlights the significant role of teachers in
managing classroom environmental conditions (e.g., use of blinds) and in enhancing
biophilia features/awareness through the encouragement of observation and promo-
tion of discussion. Recommendations include incrementing the opportunities of being
outside (e.g., outdoor curricular activities) and including more biophilic features in
classrooms (e.g., wooden furniture).

• For policy: Biophilic design is suggested to be an essential consideration for the correct
development of children’s wellbeing. This implies not only infrastructure (e.g., proper
space for outdoor classes and required equipment, recondition of playgrounds, and
use of natural materials) but also teachers’ encouragement of biophilic activities
(e.g., gardening, active commuting).

5. Conclusions

This mixed-method study focusing on teachers’ and parents’ views suggests that
the school’s physical environment could impact children’s preference, performance and
behaviour. Results revealed that a higher biophilic environment increases teachers’ and
children’s sensitivity, awareness and demand towards biophilic features themselves. Fur-
thermore, teachers who were exposed to biophilic features had a positive perception of
their effects. Similarly, teachers and parents from schools where children are more exposed
to biophilic elements perceived that their children are more aware and comment more
on these types of elements than children who are less exposed. Additionally, inadequate
design of the building (e.g., insufficient windows shading), which may lead to discom-
fort (e.g., glare), could have an effect on the perception of negative impact of biophilic
attributes (e.g., daylight, views out). This study, therefore, has implications for design and
for educational policies.

This study’s contribution to the research field also includes a bespoke framework
for biophilic design in primary school environments which allows biophilia-oriented
evaluations of existing school buildings or could be used as a tool to aid the design stage.
Furthermore, the combination of audits and surveys can enhance the understanding of
how the perception of biophilic features could be conditioned by the physical environment,
and how this could impact children’s preference, performance and behaviour.

Further research should examine the reasons that determine children’s preferences and
demands for biophilic features when exposed to higher or lower biophilic environments
(e.g., better understanding, expectations, and role of adults). The role of parents on the
promotion of biophilia, their own biophilic preferences and any relation to biophilia when
choosing their children’s school could be considered too.
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Abstract: School learning environments play a crucial role in both student and faculty outcomes;
however, the limited funding allocated to public school facilities can result in poor environmental
conditions which can hinder occupant health and performance. Existing school facilities must then
explore affordable retrofit strategies that can effectively improve health and performance outcomes.
The emerging field of biophilic design offers significant potential for improving existing school
environments with benefits for both the students and faculty. Through case study research, this study
proposes a toolkit of 42 biophilic retrofits for existing K-12 schools in a set of stakeholder cards that
illustrate precedents, known impacts, and their relevance to high-performance schools. Additionally,
a stakeholder card sorting study was conducted to establish the perceived viability and impact of
each strategy. The findings reveal that biophilic retrofit design strategies are perceived by school
community stakeholders to be impactful with varying levels of affordability. These findings further
demonstrate that a toolkit of biophilic interventions for K-12 schools will offer invaluable insights to
improve student and faculty conditions.

Keywords: biophilic design; K-12 schools; occupant health and performance; healthy buildings

1. Introduction

School learning environments play a crucial role in the development and wellbeing
of children. However, research indicates that an alarming number of school facilities,
especially those in public schools, face a funding gap that affects the quality of the school
infrastructure [1–4]. K-12 students in both public and private schools spend an average
of 42% of their waking hours within school facilities, thus it is imperative that school
buildings are in excellent condition to enhance student learning [5]. Recent research has
identified that quality school building design and maintenance have measurable effects
on both student and teacher performance [6]. However, the American Society of Civil
Engineers’ (ASCE) 2021 Report Card for America’s Infrastructure scored school facility
conditions and building systems at a grade of D+ on an A–F scale in terms of structure and
maintenance [7]. Given that both students and teachers spend a considerable amount of
their daily lives in school buildings, facility design and retrofits need to actively enhance
human health, wellbeing, and performance. In order to combat poor facility conditions,
there needs to be a push for both the budgetary decisions to allocate increased funding
to K-12 schools, as well as a push for community decision makers to invest in affordable
retrofit options that have significant benefits to the health and performance of students
and teachers.

Biophilia is the innate human desire to connect with nature and other living beings.
The term “biophilia” was first coined by psychoanalyst Erich Fromm in his 1964 publication,
The Anatomy of Human Destructiveness [8]. Fromm stated that biophilia was the “passionate
love of life and all that is alive. . .” [8]. In 1984, biologist EO Wilson popularized the term
“biophilia” and proposed the current definition for biophilia—humans’ innate tendency to
focus on living things [9]. However, it was not until 2008 that Stephen Kellert solidified
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the concept of biophilia as a strategy for architecture and sustainability and coined the
term “biophilic design” [10]. Over the past 50 years, the term “biophilia” has shifted from
a psychological concept to a design practice within the built environment.

Biophilic design is the practice of connecting people and nature within our built
environments and communities. There are a growing number of resources to help facilitate
biophilic design such as taxonomies and best practices. Two leading biophilic design
guidelines are Stephen Kellert’s Six Biophilic Design Elements [10] and Terrapin Bright
Green’s 14 Patterns of Biophilic Design [11].

In parallel, there is a growing body of literature that reveals the benefits of con-
necting children with nature, as well as the importance of biophilic design for human
outcomes [12–20]. This research suggests that K-12 school decision makers should be
investing in biophilic retrofits for schools because nature is key to early childhood devel-
opment. In a 2005 publication, Kellert concluded that the healthy emotional, evaluative,
and intellectual development of children depends on accessible and abundant natural
environments [21]. Additionally, in a 2021 population-based birth cohort study in Metro
Vancouver, Canada, Jarvis et al. identified that every 10% increase in percentage of vegeta-
tion within 250 m of a residential postal code resulted in a 0.16 increase in teacher-assessed
Early Development Instrument scores [22].

Indeed, the concepts of biophilia and biophilic design are quite prevalent in the
literature and have been the subject of over 700 published articles and studies as found in a
2021 critical review [23]. However, there is still a lack of widespread realization of biophilic
design in architecture and the built environment. This study aims to continue bridging
the gap between academia and practice through the creation and validation of a biophilic
design toolkit for K-12 school community stakeholders.

After an extensive literature and design precedent review, seven categories of biophilic
retrofit design strategies were captured in a biophilic retrofit taxonomy. These overarching
categories include: Indoor Greenery, Views, Biophilic Finishes, Natural Light, Nature’s
Sounds, Taste and Touch, Nature Interaction and Engagement, and Spatial Biophilic ap-
proaches. A total of 42 biophilic design strategies are summarized in the taxonomy card set.
In order to quantify the connection between the biophilic design strategies and their impact
on student and teacher performance, a thorough literature review identifying the relevant
benefits of specific biophilic retrofit strategies to humans was completed and captured on
the back of each strategy card. The studies found significant connections between biophilic
design elements and human health and productivity outcomes, including anxiety and
stress [24–26], attention [27–30], cognitive function [12,13,19,31], engagement (in class) [32],
graduation rates [33], physical health [15,34–37], standardized test scores [18,38–41], sys-
tems thinking [42], teamwork [43], and thermal comfort [44].

Through the understanding of biophilic design and its impact on humans, a rich
palette of biophilic design elements can be developed to engage K-12 school community
stakeholders and address the health and performance of both students and faculty.

2. Materials and Methodology

The Biophilic Toolkit and user testing were undertaken in two stages. The first stage
focused on the creation of a taxonomy of 42 biophilic retrofit strategies for K-12 schools, as
well as an aggregation of school case studies and health and performance literature reviews
for the set of cards that were created within the taxonomy. The second stage was a user
perception study to determine a strategy prioritization approach.

By analyzing both Kellert’s 6 Biophilic Design Elements and Terrapin Bright Green’s
14 Patterns of Biophilic Design, 42 specific biophilic design strategies were identified and
included in the creation of a taxonomy based on their feasibility for implementation in an
existing K-12 school setting. The strategies included in this set are uniquely developed,
inspired by the previously published biophilic literature including Kellert and Terrapin
Bright Green’s frameworks. Factors for selection included the following: replicability in
a K-12 school building given typical US conditions of infrastructure, space utilization,

155



Architecture 2024, 4

building codes and regulations; limiting the level of disruption that might be necessary for
construction; and alignment with pedagogical goals of secondary education. First costs
to implement and possible maintenance requirements, based on the literature findings
and preliminary pricing, were also factors in the development of the taxonomy. In order
to validate each strategy’s impact on students and faculty, a rigorous literature review of
potential health and performance impacts was conducted. Following the development
of the biophilic retrofit taxonomy, a card set was created to engage school community
stakeholders in the retrofit design of healthy and sustainable schools.

In order to evaluate the card set as a toolkit, a one-month long card sorting study
was conducted between 4 March and 17 April 2022. This study investigated stakeholder
perceptions of how beneficial and applicable the 42 different biophilic retrofit strategies
were for the K-12 students and faculty. The community stakeholders included teachers,
school board members, school administrators, parents, and school designers/consultants,
who ranked the strategies based on perceived level of positive impact and affordability.

The ranking was achieved through a quadrant chart with the x-axis measuring afford-
ability and the y-axis measuring level of positive impact (Figure 1). There were two different
formats of the study, a paper version and an electronic version. Both were used in the overall
analysis and conclusions of this study. This study was approved under Exempt Review by
the Carnegie Mellon University Institutional Review Board (IRB) on 23 February 2022.

Figure 1. Quadrant chart for the card sorting game (Paper version) [15,38,39,45].

To ensure the accessibility of this study to the general public, a dedicated website was
created to offer educational resources on biophilia and outline the focus of the research
project. The website featured a link to the electronic survey and provided a downloadable
version of the paper survey. Additionally, paper packages of the study were dispatched to
four local K-12 schools in Pittsburgh. These packages included a comprehensive instruction
packet, a set of the 42 cards, and a paper quadrant chart, which served as the metric for
card ranking.

Identification of suitable local schools for the distribution of the paper version of the
study was facilitated through a collaboration with the Green Building Alliance in Pittsburgh
(GBA). Contacts recommended by the GBA received introductory emails outlining the
study and its materials. Upon obtaining approval from the schools, paper packages were
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promptly mailed out. Participants in the paper-based card study were instructed to arrange
the cards across the quadrant chart, placing those they deemed to have perceived positive
impact for students and faculty onto the chart. Subsequently, participants were required
to photograph their completed activity and submit it through the same survey link used
for the electronic version. There was a separate section within the electronic survey for
paper version submissions. The same survey was used to honor the IRB consent, and
demographic questions were required for all participants. After completing the exercise
and submission, the individual participants were asked to place the disassembled paper
study back into the envelope and pass it forward to another K-12 stakeholder to extend the
test set.

The second format consisted of an electronic survey. The survey software, Qualtrics,
was used to create and administer the surveys. The electronic version of this study was
aimed at reaching as many participants as possible, as well as collecting data from a variety
of different regions and climates., The survey was shared to all relevant personal contacts of
the author as well as advertised on a number of social media platforms including LinkedIn,
Facebook, Instagram, and Reddit.

The electronic version of this study also asked participants to rank each card based
on its level of impact as well as its affordability. Due to limited survey platform flexibility,
participants were not asked to sort the cards on a quadrant chart via dragging and dropping;
instead, they were asked to select the ranking of the cards on a scale of low, medium, and
high for both impact and affordability (Figure 2). For the purposes of the card rankings,
only the front of each card as well as the research summary that is listed on the back of the
cards, was displayed. Participants could opt out of ranking a card if they felt there would
be no level of positive impact.

Figure 2. Electronic Study Survey Question on Plants in the Classroom [27].

Given these three levels of positive impact and affordability to choose from, a 3 × 3 matrix
for card ranking was defined. Each box was assigned a score on a scale of −4 to +4. A score
of +4 denotes a ranking of “High Impact and Affordable”, while a score of −4 represents
“Low Impact and Expensive”. Additionally, it was decided that since affordability is very
important to public schools, a strategy that is deemed to be “Medium Impact and Afford-
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able” would score higher than a strategy that was “High Impact and Expensive”. The same
scoring applied to “Low Impact and Affordable” vs. “Medium Impact and Expensive”
strategies (Figure 3).

Figure 3. Scoring legend based on impact and cost for the card sorting study.

The average score for each biophilic action card is the value that was used to derive
the statistical analysis in the results. Since the electronic version of the survey limited the
ranking choices to a 3 × 3 matrix and the paper version was based on the quadrant chart, a
3 × 3 grid was manually overlayed on the images of the completed paper versions to make
the paper and electronic results comparable in terms of the scoring.

The results of the card sorting exercise (both paper and electronic versions) were
analyzed using Qualtrics, Microsoft Excel, R Studio, and Tableau. Descriptive statistics
were utilized to understand key findings in the data. Statistical analysis was used to
support the findings of the descriptive statistics using one-way ANOVA paired with
Tukey’s Procedure as a follow-up for unplanned corrections in the statistical analysis.

3. Results

3.1. A Taxonomy of Biophilic Retrofit Interventions in Cards

The taxonomy created in this study was strongly influenced by Terrapin Bright Green’s
14 Patterns of Biophilia as well as Stephen Kellert’s 6 Biophilic Design Elements. These
strategies were identified to be both significant and feasible in a school setting through
a comprehensive literature review. The final taxonomy consists of 42 biophilic retrofit
strategies spread across seven categories (Figure 4). The seven categories are grouped
into two parts, namely Visual Connection to Nature and Multisensory Connection to
Nature. Within Visual Connection to Nature, there are three strategy sets as follows: Indoor
Greenery, Views, and Biophilic Finishes. For Multisensory Connection to Nature, there are
four factors, namely Natural Light, Nature’s Sound, Taste, and Touch, Nature Interaction
and Engagement, and Spatial Biophilic Strategies.

Based on this taxonomy, 42 cards were created with one card for each strategy
(Figure 5). Each of the cards provided a brief summary of the strategy and a visual illustra-
tion of the strategy in practice on the front of the card, and the benefits of implementing
the strategy based on a literature review, as well as a matrix of how the strategy aligned
with the national standards and certifications on the back of the card (Figure 6). The
standards and certifications included in the scope of the cards were LEED, WELL, CHPS
(Collaborative for High Performing Schools), and LBC v4.0 (Living Building Challenge
version 4.0).
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Figure 4. The taxonomy of the 42 biophilic retrofit interventions.

Figure 5. Full card set [12,13,15,18,19,24–47].
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Figure 6. Creating Outdoor Spaces Indoors card front and back [20].

3.2. Testing Stakeholder Perception of the Biophilic Taxonomy

In order to evaluate the card set as a toolkit, a card sorting study was conducted in
the spring of 2022. This study investigated the value of the 42 different biophilic retrofit
strategies for K-12 students and faculty from the perspective of stakeholders, including
teachers, school boards, school administrators, and parents, who ranked the strategies
based on level of positive impact and affordability.

The card sorting study collected a total of 74 responses from the K-12 school commu-
nity stakeholders. Of these 74 respondents, 78.4% were teachers and school administrators.
Additionally, 54.8% of respondents were 45 years or older and 73.6% of all respondents were
female. The online survey also collected responses from 13 of 50 states, which included at
least one respondent from all the main geographical regions of the United States.

Each category was analyzed and the average score of each category was identified
capturing the benefits of both impact and affordability (Table 1). The scores ranged from
−4 to 4. Based on this, Interaction and Engagement, as a category, scored the highest with
an average score of 1.67. As a category, Biophilic Finishes scored the lowest at −0.85. It
should be noted that there were different numbers of cards in each category, with some
ranked more impactful and affordable than others.

Table 1. Average biophilic category scores.

Category Average Score

Interaction and Engagement 1.6695
Light 1.5154

Spatial 1.1231
Views 1.0307

Indoor Greenery 0.8565
Sound, Taste, and Touch 0.6613

Biophilic Finishes −0.8528

While not every participant identified all 42 biophilic retrofit strategies in the card
set as having any positive impact, all strategies had at least 77% of participants agree that
there was some level of perceived positive impact on student and faculty outcomes. This is
aligned with the current published research that appears on the back of the cards.

In addition to the overall category scoring analysis, subsets in each of the seven
categories were separately analyzed to identify the strategies per category that were deemed
the most impactful by the participants of this study. The cards within each category were
compared to each other using statistical analysis based on the average scores of each card
derived from the scoring approach which merges perceived level of impact and affordability
as previously described (Figure 3).

In the Indoor Greenery category, plants in the classroom were identified to be the most
impactful and affordable strategy for student and teacher outcomes at 95.9%, as compared
to green walls at 37.5% (p = 0.00).
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In the Views category, five of the eight strategies were identified to have a significant
perceived impact on impact and affordability—clear glass windows, washed windows,
landscape views from the classroom, wildlife habitats, and shading devices enabling views
(p = 0.0002). Of these five, clear glass windows scored the highest with 75.3% of participants
identifying it as having a high level of impact, and 98.6% deeming clear glass windows as
having at least some level of positive impact on student and teacher outcomes.

Among the eight strategies in the Biophilic Finishes category, wooden furniture was
identified to be the most impactful and affordable strategy for student and teacher outcomes
(p = 0.017). In general, Biophilic Finishes had the most strategies being perceived by survey
respondents as both low impact and expensive (−4). However, wooden furniture was
perceived to be significantly more impactful and affordable than the other seven strategies
with 47.8% of participants who identified the strategy as having a high impact level.

Of the four strategies in the Light category, both sunlight and circadian daylight
were identified to have significant impact and affordability as compared to light shelves
and electric circadian lighting (p = 0.00). Based on the results of the survey, 100% of all
participants felt that sunlight would certainly have a positive impact on students and
teachers, from low to high. This was the only strategy of the 42 strategies in the taxonomy
that all 74 participants universally agreed would have positive impact.

Of the eight strategies in the Natural Sound, Taste, and Touch category, four were
identified to have a significant positive impact and affordability—fragrant flowers and
herbs, natural ventilation in the classroom, water feature outdoors, and sounds of nature
from outside (p = 0.00). Of these four, fragrant flowers and herbs scored the highest with
55.7% of participants ranking the strategy as high impact.

Of the four strategies in the Interaction and Engagement category, both nature edu-
cational content and animals in the classroom were identified to have significant impact
and affordability (p = 0.00). Of these two, nature educational content scored the highest
with 48.5% of participants who ranked the strategy identifying it as a both high impact and
affordable (+4).

Lastly, in the Spatial category, five of the eight strategies were identified to have
significant impact and affordability—classroom opening to outdoors, opening to outdoor
play space, outdoor landscape for teaching, partial refuge, and outdoor eating spaces
(p = 0.00). Of these five, classrooms opening to the outdoors scored the highest with 83.3%
of participants ranking the strategy as high impact, although only 12.5% felt it was both
high impact and affordable.

In addition to the strategy ranking, the survey also asked stakeholders about additional
biophilic retrofit strategies that were not included in the taxonomy and card set, that could
be potentially added into the taxonomy. These strategies have yet to be reviewed and
researched, but included:

• Natural patterns for air diffusers;
• Improving window area and view factors;
• Outdoor community gardens;
• Messy outdoor classrooms;
• Skylights;
• Dynamic light patterns (e.g., filtered/shaded skylights, programmable light systems);
• Material and tactile experience of nature.

The last analysis completed for this stakeholder perception study was an overall anal-
ysis on the entire taxonomy to identify which strategies US K-12 schools might prioritize
based on the combined level of positive impact and affordability. A total of 74 K-12 school
stakeholders identified eight strategies with the highest impact and affordability—Sunlight,
Nature Educational Content, Circadian Daylight, Fragrant Flowers and Herbs, Outdoor
Eating Spaces, Clear Glass Windows in the Classroom, Washed Windows in the Classroom,
and Plants in the Classroom—as compared to 34 other biophilic retrofit design strategies
(p = 0.037).
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4. Discussion

In light of the severe underfunding of K-12 schools, decision makers must pinpoint
cost-effective yet impactful design solutions for current school structures. Extensive aca-
demic research has demonstrated that biophilic design strategies offer both quantitative
and qualitative advantages for human health and performance. This research project re-
veals that there exist numerous affordable retrofit strategies to introduce biophilic design
into existing schools. It is crucial to involve the community stakeholders in K-12 schools in
the decision-making process to ensure the creation of quality learning environments that
foster the wellbeing and success of students and teachers.

Based on the results of the survey, these eight strategies could be prioritized for K-12
school retrofit planning and designs in order to affordably create more beautiful and im-
pactful spaces for students and teachers—Sunlight, Nature Educational Content, Circadian
Daylight, Fragrant Flowers and Herbs, Outdoor Eating Spaces, Clear Glass Windows in the
Classroom, Washed Windows in the Classroom, and Plants in the Classroom. However, it
should be noted that this prioritization assumes that windows are a given in an existing
classroom, which is not always the case. Four of these eight strategies rely on access to a
window in the classroom (Sunlight, Circadian Daylight, Clear Windows in the Classroom,
and Washed Windows in the Classroom). This underscores the significance of windows in
K-12 classrooms and provides additional justification for banning windowless classrooms
in the future.

Within the full set of 42 biophilic retrofit strategies, there are certain strategies that
may not be entirely compatible, such as pairing “refuge” or “mystery” with “prospect” (see
cards in the Supplementary Material), or pairing shading devices with views, circadian
daylight, or sunlight. However, the eight strategies deemed most impactful and affordable,
as defined by the community stakeholders, could be incorporated together since they are
not inherently conflicting.

The purpose of the 42 retrofit action cards was to help stakeholders make informed
decisions about which strategies would be the most appropriate for their existing K-12
school. It was important for decision makers and K-12 school stakeholders to meet and
discuss potential opportunities and limitations for each of the 42 strategies relative to
their school.

This study was undertaken during the height of the COVID-19 pandemic and neces-
sitated both physical and electronic engagement to increase the number of community
stakeholders. Future studies would improve the online interface to enable nuanced location
of the cards on the quadrant grid to match the paper version. The paper version of the
survey facilitated greater dialogue and exchange, and a greater comparative shuffling of
strategies—an altogether deeper level of engagement in the exploration of biophilic retrofits
for their school.

5. Conclusions

The importance of high-quality school learning environments for the development and
wellbeing of children cannot be overstated. Many K-12 schools, particularly public schools
in the US, face significant funding challenges that impact the quality of their facilities.
Given the substantial amount of time students spend within these environments, it is
critical to address these deficiencies through strategic design and retrofitting efforts that
enhance both student and teacher performance.

Biophilic design, which leverages the human affinity for nature, offers a compelling
approach to improving school environments. This study has highlighted the substantial
benefits of biophilic design in educational settings, supported by a robust body of literature
that links a series of biophilic retrofit design strategies to improved cognitive function,
reduced stress, better engagement, and overall enhanced academic performance.

Through the development of a taxonomy of 42 biophilic retrofit strategies and a
subsequent user perception study, the most impactful and affordable strategies for K-12
schools were identified. These include sunlight, nature educational content, circadian
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daylight, fragrant flowers and herbs, outdoor eating spaces, clear glass windows, washed
windows, and plants in the classroom. These strategies were consistently rated highly
for impact and affordability by community stakeholders, indicating their feasibility and
effectiveness in enhancing school environments.

It is essential for decision makers to prioritize these biophilic strategies in retrofit
planning to create healthier, more productive learning spaces. While certain strategies
may not be universally applicable due to existing infrastructure limitations, this taxonomy
provides a flexible toolkit on biophilic retrofit strategies that can be adapted to the specific
needs and constraints of individual schools. Engaging school community stakeholders
in this process ensures that the selected strategies align with the unique educational and
environmental goals of each institution.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/architecture4020024/s1, Figure S1: Printable card set.
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Abstract: The correlation between health and well-being, outdoor activity, and the natural envi-
ronment in learning environments has been recognised by pioneers like Samuel Wilderspin and
modern theorists like Maria Montessori, who have underscored the importance of integrating nature
into school designs to foster connections between students, teachers, and the community, thereby
promoting physical, social, and mental well-being. However, for schools in hot–humid climatic
regions in densely populated cities of Southeast Asia, reduced time spent in nature due to adverse
climatic conditions has led to an increasingly inactive lifestyle, impacting children’s health and
well-being. Overpopulation in major cities, such as those in Southeast Asia, further exacerbates
this challenge, leading to a scarcity of land and the rise of high-rise buildings, including vertical
schools. This article explores the evolving learning environment for children, emphasising the critical
correlation between well-being, nature, and school settings. It evaluates case studies of best practices
in learning environment design, focusing on how architecture can support pedagogical goals. The
analysis identifies spaces that affect well-being, termed mediated spaces, and recommends guidelines
for such spaces tailored to vertical schools in hot–humid climates. The methodology includes a
literature review of learning theories, the integration of learning environments with nature, and
biophilic design. This review forms the basis for developing adaptable design guidelines tailored
to hot–humid climates. Additionally, case study analyses of exemplary schools are conducted to
identify mediated spaces that enhance well-being and adapt these findings to vertical school designs.

Keywords: learning environment; vertical school; mediated spaces; natural exposure; biophilic;
health and well-being; social interactions; outdoor activities; pedagogy; informal learning

1. Introduction

The idea of integrating schools with nature and community is not a new phenomenon.
There is no doubt that the discovery of childhood dates back to the 13th century, and its
development can be tracked in the history of art in the 15th and 16th centuries. However,
from the end of the 16th century and throughout the 17th century, its development became
more evident [1] (p. 47). By the late 18th century, the concept of the child was firmly
established, and childhood discovery space was formalised as an “institution” [1] (p. 334).
This institution was seen as a “walled garden” in which small and weak children were
protected from “the harshness of the world outside until they became strong and clever
enough to cope with it” [2] (pp. 8–9). In the early 19th century, the educational garden
concept commenced with kindergartens established by Friedrich Froebel, the German edu-
cator who invented the kindergarten, emphasising the importance of integrating children’s
spaces with the natural environment [3] (p. 200).

Nevertheless, nowadays, children spend less time in natural settings than was normal
in the past as a consequence of urban competition for space, which is creating more high-
rise buildings, including new typological models for schools [4] (p. 4) [5]. Traditional

Architecture 2024, 4, 613–638. https://doi.org/10.3390/architecture4030032 https://www.mdpi.com/journal/architecture



Architecture 2024, 4

school typologies, which have been constructed in a horizontal, scattered manner, are
intended to provide a space for learning and development and a balance between mental
and physical developmental activities. However, as the city’s population expands, the
land becomes scarce, and developing a comfortable learning environment becomes more
challenging as schools become vertically planned. A growing population, urban sprawl,
densification strategies, and digital integration are indicators of time spent in and out of
natural environments, which undeniably impact children’s health and well-being. Given
the close correlation between time spent in nature and better community well-being, it is of
concern that people spend more than 80% of their time in buildings deprived of nature’s
opportunities. As a result, one of the necessary elements for encouraging progressive
thinking in educating children is to create a functioning and supportive physical learning
infrastructure in vertical buildings [5,6] (p. 13).

Furthermore, bringing the outside in and naturalising play spaces could lead to
connection to the greater community and landscape beyond the school gate, providing
unlimited exploration and discovery opportunities. Moreover, having less activity has also
been cited as one of the reasons for child obesity and obesity-related diseases like diabetes
in the future. Obesity in children rose to about 20% in 2004 from about 4% in the 1960s [7]
(pp. 75, 78, 97).

The lack of socialisation has been argued as another source of mental health effects.
According to a document by the government of Australia, the risk of mental illness can
be reduced by having people to talk to, rely on, and make new connections through
hobbies or social groups [8]. In addition, the importance of social interactions could
be seen in Dewey’s philosophy of “schools as social institutions” and “education as a
process of living”. However, nowadays, many of our schools are disconnected from their
communities due to commuting time on long highways, limited hours, and inflexible
spaces, and they miss out on becoming part of a social ecosystem that can enrich both
students and communities [7] (pp. 108–109).

According to World Bank statistics, of the 7.4 billion people making up the world’s
population, 4 billion live in urban areas, a numerical figure that is expected to increase
significantly to 6 billion by 2045. Accommodating this massive number of people requires,
in turn, more innovative design strategies for cities [9] (p. 3).

The emergence of vertical schools of four or more storeys in height in Australia’s capital
cities dates back to 1976 with the eight-storey St Andrew’s Cathedral School in Sydney [10]
(p. 86). While “vertical schools are a relatively recent phenomenon in Australia, developed
in response to changing demographics within the centres of our capital cities” [11] (p. 29),
the construction of vertical schools is more common and has a long history in Europe, Asia,
and America [10] (p. 86).

Swinburn argues that, although vertical schools that are usually between 4 to 17 storeys
high are a new trend in densely populated cities, there is still a lack of adequate policies
and regulations to propose a set of appropriate design strategies to apply to them [10]
(p. 86) [12] (p. 20). Similarly, Bogle Architects noted in relation to their recent vertical
school project in Singapore in 2017, the Early Learning Village, that there was no “rule
book” for constructing a project of this typology. As a result, it can be seen that the majority
of such projects have relied on fundamental principles, guesswork or intuition, or the study
of precedents, analysing the advantages and disadvantages of previous attempts to design
a vertical school [13].

The above gaps in knowledge are even more challenging when it comes to the appli-
cation of vertical building within densely populated cities of Southeast Asian countries
in hot–humid climates. In such hot–humid climates, the impact of climatic limitations
may result in children’s activity being restricted because of the lack of activity spaces in a
vertical building. In recent decades, for schools in hot–humid climatic regions, reduced
time spent in nature and outdoor activities due to the pathogenic effects of exposure to such
climatic conditions and, as a consequence, an increasingly inactive lifestyle are factors that
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have posed significant consequences for children’s physical, social, and cognitive health
and well-being [4] (p. 4).

Following the above statements, this research proposes a set of design guidelines for
designing “active spaces” in primary-level vertical schools in hot–humid climatic regions.
These active spaces are termed “mediated spaces” in this research. They include semi-
open spaces like sheltered rooftops, patios, internal courtyards, and terraces, as well as
transitional spaces such as corridors, foyers, lobbies, atriums, and staircases [14] (p. 150).
Mediated spaces as interaction spaces to integrate indoor and outdoor environments in
vertical schools can improve adjacent spaces’ experiential quality, create an interactive
and physical environment, increase people’s perception of comfort, and, consequently,
improve children’s well-being. These mediated spaces may be understood as what David
Leatherbarrow has termed “dwelling” equipment - spaces that interact with human subjects
to engender a sense of place formation. They constitute a significant differentiation of
vertical schools from typical horizontal schools by creating the required natural, interactive,
and physical spaces in a vertical arrangement [15] (p. 119). So, the main question that this
article addresses is as follows: how can spaces mediate interaction between natural spaces
and children’s physical activity?

2. Learning and Pedagogy

2.1. What Is Learning?

Learning has been defined as “a process that leads to change, which occurs as a
result of experience, and increases the potential for improved performance and future
learning” [16] (p. 3). This definition underscores several crucial aspects of learning. Firstly,
it highlights that learning is a process rather than a fixed outcome. Secondly, it stresses
that learning entails changes in knowledge, beliefs, behaviours, and attitudes. Lastly, it
emphasises that learning is not imposed upon students but is rather a direct outcome of
how they perceive and react to their experiences. It is a direct consequence of how students
interpret and respond to their experiences [16] (p. 3).

Raffi Cavoukian, a Canadian troubadour and the founder of “Child Honouring”,
an integrated philosophy linking person, culture, and planet, argues that children can
learn from anything they are immersed in, not just from what they are being taught at
that moment [7] (p. 30). However, without basic needs being met, learning cannot begin.
According to Abraham Maslow, one of the founders of humanistic psychology, “people
were guided by their needs, and as soon as one need was satisfied, they would move
on to the next” [7] (p. 34). In his “Hierarchy of Needs” ladder, he outlines five stages
of human development, which are shown in Figure 1. These stages begin with primary
physiological and safety needs, followed by belonging/love and self-esteem, and end with
self-actualisation. A lack of these requirements can hamper a child’s performance at home,
school, and in adulthood [7] (pp. 34–35).
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Figure 1. Maslow’s Hierarchy of Needs ladder. Source: [7] (p. 34).

2.2. Children’s Developmental Aspects

In this section, several theoretical perspectives of seminal educationalists, including
Dewey, Montessori, Piaget, Malaguzzi, and Vygotsky, that emphasise different aspects of a
child’s development are discussed.

Dewey’s perspective that “children learn by experience or learning by doing” empha-
sises the physical development of children. In her last book, The Absorbent Mind, Maria
Montessori similarly argues that “mental development must be connected with movement
and be dependent on it. It is vital that educational theory and practice should be informed
by that idea” [17] (p. 26).

Piaget, in his “cognitive development theory”, classifies these developmental stages
of a child’s brain according to age. Children begin to think in an increasingly complex
pattern between the ages of two and seven. They begin to understand concepts such as
symbols and time and then understand their individual emotions at the age of seven to
eleven when they reach the concrete operational stage [17] (p. 17). In addition, Montessori
argues that “cognitive development involves kinaesthetic movement, both fine motor and
gross motor” [17] (p. 28). These developing kinaesthetic skills are influenced and assisted
by appropriate learning environments. Malaguzzi argues, for example, that for cognitive
development, “by designing the spaces that create a pleasant learning environment for the
child, space itself can become a third teacher for the students” [17] (p. 30).

Human interactions are fundamental to social development as the child experiences
them over time [17] (p. 23). In Vygotsky’s child development theory, the fundamental role
of social interaction in the development of cognition is stressed [18] (p. 131). Dewey also
talks about the social dimension of learning: “I believe that school is primarily a social
education. I believe that education, therefore, is a process of living and not a preparation
for future living” [7] (p. 108). The emphasis on the social dimension of learning has
implications for the physical learning environment [19] (p. 117).

According to the mentioned theoretical perspectives, children’s development could be
categorised into three main aspects, namely, physical development (playing and exercis-
ing), cognitive development (learning), and social development (forming and sustaining
relationships), as illustrated in Figure 2.
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Figure 2. Different aspects of a child’s development. Source: author.

2.3. From Traditional to Innovative Pedagogy

In pedagogical environments, there are two main approaches to learning. Traditional
learning relies on teacher-centred methods such as lectures, with students primarily listen-
ing and taking notes. In contrast, active learning relies on student-centred techniques to
engage students and make them active participants in their education. This often involves
teamwork in cooperative learning settings. Cooperative learning is also a subset of active
learning, emphasising collaborative tasks within small groups of two to five students,
where each student is individually responsible for both their own and the group’s learn-
ing. While traditional lecture formats are criticised for promoting student passivity and
struggling to keep up with the evolving information landscape, active and cooperative
learning are associated with various benefits, including improved student attitudes, higher
academic achievement, enhanced comprehension, retention, transference of learning, and
the development of advanced thinking skills [20] (pp. 10–11).

School buildings have been categorised according to different aspects and aims of the
design. In one example, Kim Dovey and Kenn Fisher demonstrated a definition of spaces
required in modern school design (based on constructivist pedagogies) in a systematic
review of 59 award-winning international school designs in 2014. As can be seen from
Table 1, Dovey and Fisher have classified the different spatial types found within the
learning clusters into six primary categories. A traditional classroom is the starting point
but is further extended to what is called the “commons”, “streetspace”, “meeting”, “fixed
function”, and “outdoor learning”. However, meeting areas and fixed functions can be
integrated into commons, streetspaces, and classrooms or separated [21] (pp. 43, 46, 48).

Finally, they grouped their findings into five genres of learning space design, which
they described as a “five-part typology” [22] (p. 11). Even though not all plans can be
neatly classified into the five types of clusters above, Dovey and Fisher suggest that this can
be a helpful framework for analysing the range of spatial experiments that are taking place
to meet changing pedagogy needs [21] (pp. 52–54). Figure 3 shows the adapted content of
Dovey and Fisher in an ILETC survey by Professor Wesley Imms [22] (p. 12).
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Table 1. Typology of learning spaces by Dovey and Fisher. Source: [21] (p. 48).

Spaces Definitions

Classrooms A traditional closed learning space of about 40–60 sqm for 20–30 students. If learning spaces are fully
closable with flexible walls, then they are classified as classrooms.

Commons
A learning space greater than about 40 sqm that cannot be fully closed into 25 student classrooms (or

smaller) and is not the major access route to any other commons or classroom, hence protecting it from
major through traffic.

Streetspace An open learning space about 3 m in width (allowing activity + circulation) that cannot be closed into
classrooms and is exposed to major through traffic as the primary access space to other learning spaces.

Meeting area A small learning area of less than 40 sqm accommodating groups of 5 to 20. While such spaces may house
seminars, the key criterion is that they cannot house a traditional class size.

Fixed function Any learning space fitted for specialised use such as “Arts”, “Science”, “IT”, “Computers”, “Wet Area”,
“Music”, “Drama”, and “Resources”.

Outdoor learning Any outdoor area defined on the plan as an integral part of the learning cluster, generally labelled
“outdoor learning”, “outdoor room”, or “learning court”. Simple access to the outdoors does not qualify.

Figure 3. Dovey and Fisher’s learning spaces typologies. Source: [22] (p. 12).

These learning space typologies demonstrate how different pedagogies and educa-
tional methods affect architecture and space and range from the traditional classroom to
various degrees of convertibility to completely open plans [22] (pp. 52–54):

• Type A: Traditional closed classrooms entered by a corridor or access space without
direct access to other teaching spaces and openability between classrooms.

• Type B: Traditional classrooms with breakout space. Streetspace has been introduced
into the teaching/learning cluster, while the classrooms have remained intact without
any commons.

• Type C: Traditional classrooms with flexible walls and breakout space. “Convertible
classrooms” are introduced here as learning clusters where flexible walls allow two
or more traditional classrooms (and possibly adjacent meeting rooms and wet areas)
to be combined into a single common. By using such an approach, a wide range of
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pedagogies can be employed while maintaining the reversibility of the traditional
classroom.

• Type D: Open plan with the ability for separate classrooms. This type of “convertible
streetspace” is used as it includes plans that open classroom clusters to the street and
each other, creating a more extensive common.

• Type E: Open plan with some adjoining spaces. This type is characterised by “dedi-
cated commons”, where a protected “commons” serves as the spatial core of a learning
cluster because it cannot be transformed into closed classrooms without extensive
renovations [22] (pp. 52–54).

These typologies trigger the concept of spaces having more than one function, thus
making them flexible, and groups of one genre being nested within another, which will be
discussed later at the end of this article.

3. Learning Environment and Nature

3.1. Children’s Problems in Today’s Learning Environment

There is substantial evidence that outdoor play promotes physical, social, and mental
well-being. Organ growth and muscle building are among the physical well-being benefits
of outdoor play. Exploring children’s local neighbourhoods and learning the rules of
everyday life are the social well-being benefits of outdoor play. Improving children’s
emotional and academic development are the mental well-being advantages of outdoor
play [23] (p. 6).

However, as seen in the last few decades, reduced time spent in nature and outdoor
activities, along with an increasingly inactive lifestyle and indoor, sedentary, recreational
activities, may have significant consequences for children’s physical, social, and cognitive
health and well-being. As a result, inactive lifestyles can influence physical health, increas-
ing the risk of obesity and affecting children’s cognitive performance and relationships [4]
(p. 4) [24] (pp. 24, 26).

Richard Louv, the author of Last Child in the Woods, coined the term “nature-deficit
disorder” to describe the lack of free-ranging children’s discovery of “wildlands” in towns.
He also explained possible adverse effects on human well-being and social cohesion as
children move indoors and away from direct interaction with the natural environment [25]
(p. 433). Indeed, according to the book School Facilities: America’s Schools Not Designed or
Equipped for the 21st Century, educators and students spend a great deal of time indoors (85%
to 90% mostly at home and at school), while indoor pollution, such as cleaning supplies,
air fresheners, and personal care products, is usually much higher than the amount of
pollution outdoors, sometimes by as much as ten or even a hundred times [7] (p. 27).

In addition, it should be noted that nowadays, vertical schools present specific chal-
lenges associated with children’s connection to the outdoors, and due to living in an urban
environment, these connections are severely restricted for the students [17] (p. 4). So, to
avoid all the above issues of children in today’s vertical schools, more outdoor interaction
opportunities should be considered. This study seeks to propose typologies for ways of
providing nature interaction in high-rise schools.

3.2. Background of Integrating Education, Nature, and Community

The beneficial effects of the interaction of students with the natural environment
have been long recognised. Samuel Wilderspin (1792–1866), an English educator, and
David Stow (1793–1854), a Scottish educator, both established education systems supported
through school building laws and recognised the need for an outdoor playground area [26]
(pp. 539–540). The context at this time was, of course, the industrial revolution, water-borne
diseases caused by overcrowding, and uncontrolled atmospheric pollution. In the twentieth
century, John Dewey also introduced an evolutionary philosophy based on the idea that
“children learn by experience” [17] (p. 26). He argued that “the school is primarily a social
institution” and that “education. . . is a process of living and not a preparation for future
living”. To achieve this, he argued that interaction with open-space environments should
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be considered a priority in designing learning environments for children. The eminent
Italian educational theorist, Maria Montessori, advocated that mental growth must be
related to and based upon movement. She also noted an almost mathematical correlation
between the child’s environment, activity, and development [7] (pp. 80–81, 97, 108).

The importance of educational theory cannot be overstated, as it also impacts design
theories. For example, the Austrian–American modernist architect Richard Neutra, an
advocate for the health benefits of exposure to the sun and fresh air, argued that schools
must interact with the existing site. In his buildings, he attempted to integrate both
the visual and physical elements of nature [27] (p. 21). Similarly, Loris Malaguzzi’s
Reggio Emilia concept proposed that “by designing the spaces that create a pleasant
learning environment for the child, space itself can become a third teacher for the students”.
Malaguzzi contended that “space becomes a learning tool for the children [17] (p. 30).

According to David Suzuki, an award-winning scientist, environmentalist, and broad-
caster, one of the most critical things today’s children need is “reconnection with nature”,
as we live in a world that is mainly made by humans with a few plants and pets around
us. Plants, trees, flowers, water, animals, and insects together form elements of children’s
perceptions of nature [7] (pp. 96, 140). Louv also believes that the lack of contact with
nature in childhood diminishes senses, and such disassociation from nature exacerbates
attention difficulties [24] (p. 25). As schools are the last opportunity for children to interact
with nature, the term “schoolyard greening” has emerged to explain how natural habitat
restoration is being implemented in school environments. Planting trees and creating
vegetable gardens are some examples of bringing nature back to the school. As part of
nature-based learning, children also get the chance to learn about nature and discover who
they are as a part of nature [24] (p. 26).

3.3. Vertical School as a Learning Environment Type

All the above school examples were less than four levels, mainly being one or two-level
buildings, and all mediated between classrooms and larger contexts, either the natural
setting or more socially interactive spaces, like Louis Kahn’s ideas of buildings as commu-
nities and of nesting cells (of classrooms, for example) within larger collective units. So, the
question is this: how can you create such mediations and nesting within the context of a
vertical school?

One possibility that comes to mind is based upon the retail precept that customers
do not want to change levels more than once. So, you could have three levels clustering
together, but the vertical circulation system connects up all the clusters. Each cluster could
perhaps accommodate a couple of year groups, consisting of a developmental stage. By the
end of this article, this concept will be expanded; meanwhile, let us start by defining what
differentiates vertical school from horizontal school and how it emerged.

Regarding the management of movement and circulation/building morphology and
form in an urban environment, which implies the height of a building, schools can also be
categorised into horizontal and vertical typologies. Both vertical and horizontal schools
have their merits and are used in various educational settings worldwide; however, vertical
schools are often built to meet the needs of urbanisation, densification, and sustainable
development [28] (pp. 6, 11–12).

Schools are typically built in suburban areas, spread over long distances, and one
or two storeys in height, with children usually walking long distances between wings or
around courtyards. The land is used extensively in these settings, and the ecosystem is
significantly impacted [29] (p. 40). Significantly, the idea of the school as a demonstration
of sustainability has only recently been attempted. In the past, the landscape was used for
sports, privacy, or a minimal amount of beautification—that is to say, in a functional or
decorative manner but rarely as an ecological demonstration.

As urban densification is inextricably connected to today’s lifestyles, a more widespread
engagement with the idea of vertical school (VS) is now required in many urban areas [30]
(p. 181). A vertical school typically occupies urban infill areas, has a small footprint,
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and relies on stairs and lifts for circulation. The smaller floor plates allow access to light
and the exterior, while visual connections between floors encourage interaction between
occupants [29] (p. 40). A vertical school is designed as a learning environment for all
teaching, management, and leisure activities. It is contained in one or two buildings, is 4 to
as many as 17 floors high, with elevated outdoor areas replacing the traditional greenfield
surrounds [10] (p. 86). A vertical school saves space and takes up less land, so more
land can be used for developing other ventures. It enables students to be closer to the
resources they need for their future careers, as they can be located in high-population cen-
tres. Proximity to the urban core leads to more intimate relationships with local businesses,
creates more opportunities, and occupies less space, thereby helping with overcrowding by
increasing the density of infrastructure [6] (pp. 14, 16–17). It can also allow the school to
contribute amenities to the local district through greater use of its resources (landscape,
halls, library, etc.). Multi-storey schools, however, require innovative architectural and
pedagogical approaches to ensure direct access to nature and green areas. The prevalent
problems in every vertical school are the lack of natural playgrounds and schoolyards,
outdoor workouts, and physical activity spaces [30] (pp. 181, 183). Figure 4 illustrates the
various layers and contexts in which learning occurs, encompassing a diverse range of
environments. Vertical schools are therefore considered a subsection of this broader layer.

Figure 4. Different layers of learning environments. Source: author.

While vertical schools have a well-established international history and are becoming
more prevalent locally, there is a notable scarcity of evidence-based research concerning
these institutions. The lack of scholarly literature has led to a significant volume of discus-
sions and opinions about vertical schools. Some of this commentary is critical of vertical
schools, expressing concerns about students’ well-being due to limited access to nature
and physical activity opportunities. Conversely, other discussions praise these schools for
their potential to spearhead educational reform or view them as a vital response to urban
densification [28] (p. 6).

3.4. Biophilic Design

The concept of resilience has emerged as an essential urban aspiration and as a parallel
concept to sustainability (sometimes replacing it). Sustainability has become an increasingly
important goal and frame of reference for cities over the last two decades. Sustainability is
understood as an integrated framework for guiding city development and helping cities
accomplish many tasks at the same time, such as reducing ecological footprints and resource
demands, deepening connections to place and landscape, and enhancing liveability and
quality of life while expanding economic opportunities for the least privileged, among
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other things. Resilience is a term with many meanings, but at its core, it refers to the ability
to adapt and respond to shocks in a positive manner; it comes from the Latin “resiliere”,
which means to jump back or rebound. Godschalk defines a resilient city as one that can
overcome severe shocks without suffering immediate chaos or permanent damage. In
order to be resilient, a community must adapt to dynamic social and ecological conditions
in a way that optimises quality of life, long-term ecological productivity, and public and
personal health as a whole [31] (pp. 3331–3332).

In order to maintain resilient design and health and well-being in schools, one ap-
proach is considered in this section—the use of biophilic design. The term “biophilia” was
used for the first time by Edward Wilson in his article “Biophilia” in 1979 [32] (p. 43). He
described biophilia as “the innate tendency to focus on life and lifelike processes” [32]
(p. 1). Newman defined biophilia literally as “love for our living systems” [33] (p. 47).
According to the concept of biophilic design, excellent design must embrace nature and
natural components at the building, site, city, and regional levels [31] (p. 3328). Biophilic
design involves building with natural materials, natural light, vegetation, natural views,
and other natural elements. This can improve indoor air quality and positively impact
students’ learning, including indoor planting and green walls [34] (pp. 8, 22).

Beatley and Newman have argued, on the basis of evidence, that biophilic cities or
biophilic urbanism will enhance or increase urban resilience: “The movement in the direction
of making cities greener, more natural, more biophilic, will also help to make them more
resilient” [31] (pp. 3331, 3333). Newman describes the benefits of biophilic design in cities.
In addition to cooling the city (especially with the increase in urban heat island and climate
change), the rain is slowed down as it does in a forest, which reduces stormwater surges. Other
benefits include reducing energy consumption in buildings due to the mantle of insulation
from plant life and improving biodiversity and health [33] (p. 47).

Table 2 summarises the elements of biophilic city designs at different scales by Beatley
and Newman [31] (p. 3330). Building, block, and street scales are the focus areas of this
research study.

Table 2. Beatley and Newman’s elements of biophilic city design at various scales. Source: [31] (p. 3330).

Scales Biophilic Design Elements

Building

Green rooftops
Sky gardens and green atria

Rooftop garden
Green walls

Daylit interior spaces

Block
Green courtyards

Clustered housing around green areas
Native species yards and spaces

Street

Green streets
Urban trees

Low impact development (LID)
Vegetated swales and skinny streets

Edible landscaping
High degree of permeability

Neighbourhood

Stream daylighting, stream restoration
Urban forests
Ecology parks

Community gardens
Neighbourhood parks/pocket parks
Greening grey fields and brownfields
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Table 2. Cont.

Scales Biophilic Design Elements

Community

Urban creeks and riparian areas
Urban ecological networks

Green schools
City tree canopy

Community forest/community orchards
Greening utility corridors

Region

River systems/floodplains
Riparian systems

Regional greenspace systems
Greening major transport corridors

Biophilic design objectives focus on incorporating nature and natural elements into
the built environment with the objective of enhancing well-being and the connection of
occupants with nature. As biophilic objectives are related to health and well-being in built
environments, they also pertain to the earlier discussion in this section.

4. Definition of Mediated Spaces

This section focuses on finding different types of mediated spaces and their application
in learning spaces. Physical activities and interaction with the natural environment in
vertical schools with limited land can occur in mediated or in-between spaces. Mediated
spaces are defined as spaces where interaction between indoor and outdoor environments
happens [35] (p. 32). In terms of pedagogy, mediated spaces can be defined as spaces where
we can shift from formal learning to informal learning. This informal learning can take
place in settings including semi-open spaces like patios, internal courtyards, semi-closed
rooftops, and terraces, as well as transition spaces like corridors, foyers, lobbies, atria, and
staircases. These mediated spaces facilitate knowledge sharing and peer-to-peer learning
in the form of “chance encounters and social interactions”. Moreover, learning in informal
settings like corridors, breezeways, and circulation zones and expanding mediated spaces
outdoors can enhance learning ability and well-being and build relationships in education
settings [5].

Transitional spaces, as a subcategory of mediated spaces, are characterised as both
buffer spaces and physical relations between outdoor and indoor environments. The
design of these spaces is considered very important by architects for aesthetic reasons
and emergency purposes, such as providing escape routes in the event of a fire, apart
from being practical as circulatory routes into and throughout the building. These would
have advantages for inhabitants going in and out of places, reducing thermal shocks and
shifting comfort expectations. On the other hand, transitional spaces will typically require
substantially higher construction facilities for comfort cooling and thus have higher energy
usage. The proportion of such areas in various buildings can range from 10% to 40% of
the total volume [36] (pp. 815–816). The energy consumption may be comparable with the
energy use in all other occupied building areas. Three times the electricity per unit area
is used in these transitional spaces relative to the buildings’ interior [37] (p. 633). So, the
concept of comfort in a transitional space is very different from that of a well-regulated, air-
conditioned workplace. Although the occupant’s interaction with the thermal environment
may be temporary, it may be proposed that broader-than-normal variations in thermal
conditions should be studied. It may also be derived from current comfort standards that
occupants can accommodate a broader spectrum of comfort in such circumstances [36]
(p. 816).

Additionally, to define a mediated space, we should first determine the difference
between outdoor and indoor spaces. Nicol and others define a number of factors that
separate outdoor spaces from inside spaces [38] (pp. 1–2):
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• Less human regulation than indoors: This would make the room less of a property of
the person or community, and, consequently, their rights to change it are reduced.

• Varying climatic conditions: The seasonal weather conditions are higher outside than
in, although this may be due to clothing or wind speed.

• Diversity of space: This is a function that will help people stay relaxed, offering relief
from the sun and wind.

• Variety of use: For certain people, open areas are their workplace; for some, they are
connected to recreation; and for others, they are a way of going from one indoor space
to another. The multiple criteria and preferences will plan out the ideal environment
differently.

• Wider comfort tolerance: The amount of discomfort currently calculated in outdoor
environments is much lower than that projected for indoor spaces. This difference
indicates that people could be more accepting of environments outdoors.

• Previous experience of space: While most people indoors have a clear sense of what
to expect thermally, prior experience of the environment is less helpful in an outdoor
space because the weather is continually changing, and that experience might be
unusual [38] (pp. 1–2).

In Figure 5, four categories of criteria are introduced to understand and analyse
mediated spaces in case studies discussed in the next section. These mediated space design
criteria include community interactions, physical education activities, natural exposure,
and outdoor/indoor informal learning. The hypothesis in this section is that, by using
these criteria in mediated space design, well-being outcomes will be improved for children.
These categories are the benchmarks that answer the following question: how can spaces
mediate interaction between natural spaces and children’s physical activity?

Figure 5. Categories for analysing and determining mediated spaces in case studies. Source: author.

5. Analysis of Mediated Spaces in Schools

In this section, six different case studies are evaluated concerning the identification
of mediated spaces introduced in Section 4. The main criteria for identifying mediated
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spaces include community interactions, physical education activities, natural exposure, and
outdoor/indoor informal learning. The reason behind choosing the following case studies
is that each case study has a specific pedagogical model and related architectural concepts
to exemplify the mediated space definition in this research. These case studies have also
been chosen as they are well known for their best practices in learning environments in
terms of using architecture to achieve pedagogical aspects by leading architects in the field
of designing learning environments, such as Neutra and Hertzberger. Although this article
focuses on vertical schools, there is another significant rationale for selecting a horizontal
school case for this section, in addition to pedagogical reasons. As mentioned earlier, the
absence of an established “rule book” for constructing vertical school projects leads to
relying on horizontal practices and analysing the advantages and disadvantages of these
designs [13]. The intention of analysing these case studies is to find mediated spaces in
successful horizontal schools in various climates in order to adapt them in vertical schools
in hot–humid climates using biophilic strategy considerations.

These case studies are as follows:

• Antonio Sant’ Elia Kindergarten—Como, Italy—Giuseppe Terragni: 1937;
• Emerson Junior High School—Los Angeles, USA—Richard Neutra: 1938;
• UCLA Lab School—Los Angeles, USA—Neutra and Alexander: 1959;
• Montessori Primary School—Delft, Netherlands—Herman Hertzberger: 1960;
• Boarding School—Morella, Spain—Carme Pinós and Enric Miralles: 1994;
• Hellerup School—Copenhagen, Denmark—Arkitema: 2002.

Below, a summary of the research method is first presented. Then, some indicative
floor plans of these case studies, along with an analysis of the interconnectivity of spaces,
are included to assist in making connections between the types of spaces identified as
mediated spaces. Following that, a brief summary is presented regarding what spaces
could be considered as mediated spaces and what architectural elements have been used in
mediated spaces for the above case studies according to the space syntax analysis.

Space syntax analysis is used to evaluate these case studies further. In this section, a
summary of the theory and purpose of space syntax methodology and its components is
first set out. Then, the selected approach is utilised for case study analysis.

The space syntax analysis developed by Hillier and his colleagues in 1976 [39]
(p. 248) has grown into a worldwide community of researchers, practitioners, and consul-
tants exploring a diverse array of phenomena. Its applications span beyond architecture
and urban planning and include interdisciplinary contributions to fields like archaeology,
history, sociology, management, neuroscience, and biology, among others [39] (pp. 248–249).
In terms of architectural and urban design aspects, it has emerged as the most influential
technique for studying street networks in relation to pedestrian movement. This method fo-
cuses on the configuration of spaces in buildings and towns, emphasising the arrangement
and assembly of urban elements to create interconnected networks of connectivity [40]
(p. 509). The central assumption of the space syntax theory is that space gains significance
through the interconnection of its various components, forming a complex spatial system
that people inhabit and navigate. By viewing space as a network of interconnected parts,
such as rooms and corridors, the approach facilitates the measurement of a room or a
corridor’s importance in the entire system, like a building. The theory predicts usage
frequency based on spatial centrality; highly integrated spaces see more activity, while
more isolated spaces tend to be quieter [39] (p. 249).

Space syntax analysis is not a singular method but rather a cluster of approaches to
analysing spatial relations—mainly gamma, isovist, and axial analyses (Figure 6). The three
approaches to space syntax vary in both methodology and scale of application. Gamma
analysis is predominantly confined to architectural scales, isovist analysis encompasses urban
design scales as well, and axial analysis is applicable across all scales [40] (pp. 509, 512).
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Figure 6. Different approaches in space syntax: (a) gamma; (b) isovist; (c) axial analysis. Source: [40] (p. 510).

“Gamma analysis” predominantly entails creating a diagrammatic map that illustrates
the relationships between spatial segments within building interiors. In this approach,
rooms and spaces are conceptualised as cells, with the building entry serving as a foun-
dational point. In the context of gamma analysis, there is often a pursuit to recognise the
morphogenic patterns or genotypes inherent in spatial structures that contribute to the
creation of space in typical building types. The analysis of the depth and shallowness of
spatial structures can provide insights into how buildings facilitate relationships between
those within and outside the space [40] (pp. 508–510).

“Isovist mapping” is a technique used in space syntax to analyse the horizontal visual
field from a specific point in space, representing the area visible without obstruction from
walls or buildings. Essentially, it explores the visual experience of a given location and
determines the scope of the visual field influenced by architectural and urban design
elements. This includes considerations such as the impact of vehicles, trees, street signage,
and furniture at short distances, as well as factors like topography, light, and air quality
at longer distances. In practical terms, isovist mapping unveils locations with the most
expansive visual fields, shedding light on how architecture influences privacy and shapes
the perception of a visitor’s gaze. The resulting isovist map quantifies the extent to which
the broader spatial structure can be observed from a singular vantage point. It is important
to note that while isovist extends through transparent boundaries, the technique does not
measure physical access, as these visual fields cannot be physically traversed [40] (p. 511).

“Axial analysis” is a topological method that prioritises interconnectivity over distance
considerations. This approach builds upon the concept of lines of sight by determining
the minimum number of straight axes required to navigate through the network of public
spaces. Each axis is treated as a singular element in the spatial network, irrespective of its
length, and is assigned a single integration value. The axes with the highest integration are
those that necessitate the fewest axial turns to connect with all other axes in the network [40]
(p. 511).

According to what has been mentioned, as gamma analysis is largely limited to
architectural scales and could represent the level of connectivity with all other cells within
that building, this research focuses on gamma analysis. In this research, this method is
used to evaluate the interconnectivity of spaces to see which spaces could be considered
mediated spaces in the building. In addition, by constructing a convex map using space
syntax, this research conducts a spatial configuration for two nearby classrooms and their
adjacent public/outdoor spaces on one floor of each school.

As shown in the second column of Table 3, the “convex map” column, the relationship
between two classrooms and their adjacent public/outdoor spaces from each case study
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is considered for the convex map analysis. Classrooms are identified with red colour,
and the remaining areas are coloured dark blue. In Hellerup School, informal learning is
taking place everywhere, including the central stairs, as the community/social interaction
space connects all levels vertically with several sitting and nook areas surrounding it. It
is interesting to note that in Hellerup School, with its open-plan typology, each indoor
space can be regarded as a mediated space. This plan typology not only creates an informal
learning space for children but also provides constant physical activities in the central
Hellerup stairs, social interaction in the stair tread, and visual interaction in the void. The
only category that is not considered in this school is the direct interaction of indoor spaces
with nature and outdoors, which is completely located outside of the building and only
used for formal breaks.

As can be seen from the third column of Table 3, the space syntax column, analysis
often starts with each classroom point, which serves as the foundational point for spatial
mapping. From this point, the connections to other spaces are traced, which are shown by
red nodes. In addition, the number of circuits at each node demonstrates which spaces are
likely to see higher levels of activity and which are more isolated. Highly integrated spaces
are expected to be busier, while isolated spaces are quieter. The aim is to identify patterns
that reveal how spaces are configured to facilitate movement, interaction, and accessibility.
This is crucial for identifying mediated spaces that enhance learning and well-being.

For example, the gamma analysis map for Hellerup School reveals a highly integrated
atrium that connects directly to most individual learning spaces and communal areas,
indicating it is a central hub of activity. In Emerson Junior High School, the analysis
shows a series of classrooms leading to multiple outdoor courtyards, suggesting easy
access to natural spaces, which are crucial for student well-being. The map for UCLA Lab
School highlights a deep spatial structure with multiple layers of spaces from the main
entrance to classrooms, indicating various communal spaces but potential challenges in
wayfinding and accessibility to nature. Boarding School highlights the connectivity of
indoor spaces but notes the lack of direct access to outdoor spaces. Montessori Primary
School demonstrates direct access to outdoor spaces from classrooms. In Antonio Sant’Elia
Kindergarten, classroom access to indoor and outdoor spaces indicates integration and
interaction potential.

Connecting classrooms to an outdoor space can be seen in all traditional classroom
typologies, including Montessori Primary School, Emerson Junior High School, UCLA Lab
School, and Antonio Sant’ Elia Kindergarten. This outdoor learning space is sometimes
exclusively used by one classroom but sometimes a common space between at least two
classrooms, as can be seen at UCLA Lab School or Emerson Junior High School. Although
two classes are connected directly to create a more interactive space for a larger group of
students in Boarding School, there is no direct access to outdoor spaces in this case study.
The classrooms of Montessori Primary School, Emerson Junior High School, UCLA Lab
School, and Antonio Sant’ Elia Kindergarten provide a direct connection to nature and
outdoor space.

In most case studies, a hierarchy from indoor to outdoor spaces can be seen. Indoor
spaces are mostly integrated into outdoor spaces through sheltered spaces like a terrace,
porch, or staircase. The outdoor mediated spaces in this case study include sheltered
porches and terraces, stairs, and internal courtyards, which are commonly used as informal
learning spaces and for community interactions while providing natural exposure and
scope for physical activity for the users. On the other hand, the rest of the mediated spaces
include central staircases, students’ communal kitchens, halls, and corridors. The shape
of the corridors in most case studies is linear, while in Hellerup School, Boarding School,
and Montessori Primary School, corridors are merged into a central hall space and create a
rectangular shape.
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The fourth column of Table 3, the mediated space relationship diagram column,
is dedicated to the bubble diagram relationships between mediated spaces (indoor or
outdoor), two adjacent classrooms, and open spaces of the six case studies. In each diagram,
the hierarchy of indoor mediated spaces, outdoor mediated spaces, and open spaces
according to two adjacent classrooms is illustrated. Except for Hellerup School, which is
entirely an open-plan school without standard traditional classrooms, all other schools
have typical classrooms. Only Boarding School classrooms have no direct access to outdoor
mediated spaces, while in other case studies, classrooms have direct access to both indoor
and outdoor mediated spaces.

On the other hand, in all case studies, open space access is located at the far end of
the diagram compared to the position of classrooms. In Hellerup School, indoor mediated
spaces are connected to the open space without the existence of outdoor mediated spaces.
In Boarding School and UCLA Lab School, classroom access to the open spaces is through
outdoor mediated spaces. In contrast, in Montessori Primary School, Emerson Junior
High School, and Antonio Sant’ Elia Kindergarten, classrooms have access to open spaces
through both outdoor and indoor mediated spaces.

In all the school case studies, except Hellerup School, which is an open-plan school
and does not include classrooms at all, and Boarding School, classrooms are located at the
centre of the hierarchy diagrams, and open spaces are at the end of each hierarchy diagram.
Access to the open spaces in Montessori Primary School, Emerson Junior High School,
and Antonio Sant’ Elia Kindergarten is from two directions, which promotes natural and
outdoor interaction in schools.

The following parameters are the authors’ attempt to construct an analytical method
and system of criteria for identifying and designing mediated spaces in vertical schools. As
can be seen from Table 4, the case studies cover nearly all required criteria for designing
mediated spaces (three to four categories) with various architectural elements and spaces.
Among the architectural elements of mediated spaces are the areas of stairs, nook areas,
common learning spaces, internal courtyards/gardens, lobbies, communal kitchens, ter-
races, and corridors. It is interesting to note that Hellerup School, the case study with
open-plan typology, does not have a distinct border between formal and informal learning
spaces, and the majority of its spaces can be considered mediated spaces. Although com-
munity interaction, physical activity, and informal learning spaces are considered in this
case study, a lack of direct interaction between learning spaces and the natural environment
can be seen. However, Antonio Sant’ Elia Kindergarten provides both internal and external
courtyard spaces that connect indoor spaces to the surrounding natural environments. As
can be seen from the table, except for the open-plan Hellerup School, other case studies
include traditional classrooms. However, traditional school plan typologies can have direct
natural exposure within the school building.

Table 4. Spaces and architectural elements demonstrating mediated space design criteria. Source: author.

Case Studies Criteria Elements and Spaces

Antonio Sant’ Elia Kindergarten
Como, Italy—1937
Giuseppe Terragni

Community/social interaction Lobby
Corridor

Internal courtyard
Outdoor courtyard

Garden
Veranda with canopy
Transparent façade

Natural exposure

Outdoor/indoor informal learning
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Table 4. Cont.

Case Studies Criteria Elements and Spaces

Emerson Junior High School
Los Angeles, USA—1938

Richard Neutra

Community/social interaction Garden
Courtyard
Corridor

Lobby
Auditorium

Sliding glass doors/walls
Transparent façade

Trees
Outdoor classroom

Physical education activity

Natural exposure

Outdoor/indoor informal learning

UCLA Lab School
Los Angeles, USA—1959

Richard Neutra and Robert Alexander

Community/social interaction

Children’s garden
Common learning space

Terrace
Porch

Stairs/bridge
Corridor

Outdoor courtyard
Trees
Lawn

Transparent façade
Sliding window walls

In-between spaces like porch and patio

Physical education activity

Natural exposure

Outdoor/indoor informal learning

Montessori Primary School
Delft, Netherlands—1960

Herman Hertzberger

Community/social interaction
Terrace

Corridor
library with chimney
Communal kitchen

Non-enclosed outdoor courtyard/street
space

Children’s garden
Direct access to outside from the

classroom terrace
Transparent large façade

Window seating area

Physical education activity

Natural exposure

Outdoor/indoor informal learning

Boarding School
Morella, Spain—1994

Enric Miralles and Carme Pinós

Community/social interaction

Stairs
Hall/lobby

Terrace
Corridor

Patio
Openable apertures/pivot doors

Outdoor courtyard
Game court

Transparent façade/window walls

Physical education activity

Outdoor/indoor informal learning

Hellerup School
Copenhagen, Denmark—2002

Arkitema Architects

Community/social interaction
Atrium

Hellerup stairs
Outdoor courtyard

Gymnasium
Nook spaces like balconies and bridges

Physical education activity

Outdoor/indoor informal learning
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It is argued that these case studies have been chosen because they demonstrate peda-
gogical and socialising design principles as well as mediated relationships with the natural
world. However, for these principles to be applied in a hot–humid climate and high-rise
context, considering biophilic principles like the use of natural elements of green features
in these spaces, they would need to be adapted in the following ways:

• Vertical gardens and green walls: Horizontal pedestrian-orientated gardens can be
adapted into vertical gardens and green walls with low-maintenance plants, creating
opportunities for natural exposure and informal learning in vertical schools.

• Sky terraces and rooftops: Outdoor courtyards and play areas can be transformed into
sky terraces and rooftops, providing space for outdoor activities and sports.

• Bridges and ramps: Traditional courtyards can become habitable link bridges and
ramps, maintaining connectivity and providing additional space for movement and
social interaction.

• Climbing spaces: Adventure spaces in horizontal schools can be converted into climb-
ing spaces in vertical schools, promoting physical activity.

• Internally enclosed courtyards: Non-enclosed outdoor courtyards or street spaces
in horizontal schools can be adapted into internally enclosed courtyards connecting
multiple levels, utilising staircases or slides for movement.

These adaptations ensure that vertical schools can maintain or even enhance the
functionality and benefits of spaces traditionally found in horizontal schools.

6. Results: Well-Being Benchmarks/Criteria of Mediated Space Design

In this section, the elements required for designing mediated spaces that result in
maintaining well-being are presented. These criteria are extracted from the definition of
mediated spaces in Section 4, Figure 5. Then, the corresponding elements and spaces
needed to achieve such criteria in design are presented in the design guidelines columns.
These are extracted from the analysis of the case studies of successful learning environments
with mediated space design in Section 5 and the biophilic design principles in Section 3.4.

As presented in Table 5, the following section explains each criterion for the design
guidelines:

• Criterion 1—Flexible Seating: Provide flexible seating arrangements for students’ so-
cial interaction, including studying together, eating, and mingling with other students
from higher levels.

• Criterion 2—Vibrant Space: Provide gallery spaces and wall hangings to create a more
vibrant space for socialising.

• Criterion 3—Visual Interaction: Provide transparency, visual, and natural interaction
by creating views over voids, skylight/roof windows, and glass facades/walls/doors
into the semi-outdoor or outdoor spaces.

• Criterion 4—Greening Strategies: Use of indoor plants, small gardening boxes, grass
in semi-outdoor spaces and trees, vegetable gardens, and green walls in outdoor
mediated or semi-outdoor conservatory spaces.

• Criterion 5—Extendable Spaces: Extend spaces outside by incorporating pivoting
doors/windows and sliding glass walls/windows, i.e., provide capacity for spaces to
adapt to variations in climatic conditions.

• Criterion 6—Personal Spaces: Create personal spaces for students while still remaining
under the supervision of school staff.

• Criterion 7—Shading Solutions: Increase the extent of shading using cool surface
materials, planting trees with dense canopies, turf wicking, and establishing green
roofs and walls.

• Criterion 8—Natural Interaction: Provide interaction with nature both visually and by
using natural materials like wood and elements like rocks, sand, and fire inside and
outside the building.
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Table 5. General design guidelines for mediated spaces. Source: author.

Mediated Spaces

Design

Guidelines/
Criteria

1
Flexible
Seating

2
Vibrant
Space

3
Visual

Interaction

4
Greening
Strategies

5
Extendable

Spaces

6
Personal
Spaces

7
Shading

Solutions

8
Natural

Interaction

Lobby � � � � � � NA 1 �

Atrium � � � � � NA � �

Corridor � � � � � � NA �

Sky bridges � � � � NA NA NA �

Library � NA � � � � NA �

Plaza � � � NA � NA NA �

Multi-purpose hall NA � � NA � NA NA �

Auditorium NA NA � NA � NA NA �

Communal kitchen � NA � NA NA NA NA �

Canteen � NA � � � � NA �

Lunchroom � NA � � � � NA �

Staircases with void NA � � � NA NA NA �

Hellerup stairs NA � � � � � NA �

Multi-purpose hall NA NA � NA NA NA NA �

Sheltered amphitheatre NA NA � � � NA � �

Window seat/nook area NA NA � � NA � NA �

Wildflower garden NA NA NA � NA NA � �

Edible/food garden NA NA NA � NA NA � �

Science/pollinator garden NA NA NA � NA NA � �

Roof/sky garden � NA � � NA � � �

Pond NA NA NA NA NA NA � �

Sandpit NA NA NA NA NA NA � �

Nature Trail � NA NA � NA NA � �

Walkway path � NA NA � NA NA � �
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Table 5. Cont.

Mediated Spaces

Design

Guidelines/
Criteria

1
Flexible
Seating

2
Vibrant
Space

3
Visual

Interaction

4
Greening
Strategies

5
Extendable

Spaces

6
Personal
Spaces

7
Shading

Solutions

8
Natural

Interaction

Natural terrain � NA NA � NA NA � �

Grassy berm � NA NA � NA NA � �

Lawn � NA NA � NA NA � �

Outdoor classroom � � � � � � � �

Common learning space � � � � � � � �

Internal courtyard � NA � � � � � �

Internal play area � NA � � � � � �

Terrace � NA � � � � � �

Balcony � NA � � � � � �

Veranda with canopy � NA � � � � � �

Pool � NA NA NA NA NA NA �

Gym � NA � NA NA NA � �

Climbing wall NA NA � NA NA NA � �

Incline mound space NA NA � NA NA NA � �

Outdoor courtyard � NA � � � � � �

External play space � NA � � � � � �

Rooftop play ground � NA � � NA � � �

Grass sport pitches � NA NA � NA NA � �

Hard game court � NA NA � NA NA � �

Running tracks NA NA NA � NA NA � �

Community/social interactions . Natural exposure . Outdoor/indoor informal learning . Physical

education activities . 1 NA: not applicable.

7. Conclusions

This article has explored the dynamic relationship between educational theory, en-
vironmental design, and the integration of nature in educational spaces, focusing on the
concept of mediated spaces. It has discussed the transformative nature of learning and
emphasised the importance of meeting students’ basic needs. Theoretical perspectives from
educationalists such as Dewey, Montessori, Piaget, Malaguzzi, and Vygotsky offer insights
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into various dimensions of children’s development, emphasising the role of experience,
movement, social interaction, and the environment in cognitive and social growth. The
analysis covered various educational theories and pedagogical approaches, contrasting
traditional methods with student-centred learning. In addition, by incorporating natural
elements, daylight, and vegetation into building design, biophilic approaches can fos-
ter connections with nature, improve air quality, and support cognitive and emotional
well-being.

The emergence of vertical schools presents both challenges and opportunities, partic-
ularly regarding access to nature and outdoor spaces. Therefore, mediated spaces were
proposed as an alternative solution to enhance well-being and resilience in vertical school
environments. Mediated spaces serve as critical interfaces between indoor and outdoor
environments, facilitating informal learning, physical activity, and social interaction.

The study has evaluated six case studies, each representing a distinct pedagogical
model and architectural approach, serving as exemplars of successful learning environ-
ments. Space syntax analysis was employed to evaluate the interconnectivity of spaces
within school buildings, emphasising the importance of spatial configuration in promoting
engagement and movement. Common themes across the case studies included the integra-
tion of classrooms with outdoor spaces, central staircases as hubs for social interaction, and
the incorporation of natural elements.

The findings have led to the proposal of design guidelines aimed at creating holistic,
adaptive educational environments that support diverse learning needs and promote well-
being. Overall, the synthesis of learning theory and environmental design underscores
the significance of architectural design in shaping educational experiences and fostering
student development.
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