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Abstract: Global health emergencies such as Covid-19 have highlighted the importance of access to
nature and open spaces in our cities for social, physical, and mental health. However, there continues
to be a disconnect between our need for nature and our daily lived experience. Recent research
indicates that our connectedness and relationship with nature, and in particular biophilic design,
may be key for improving both health and quality of life. Rather than relying on abstract universal
ideas of “nature”, using evidence-based biophilic design and policy at a building, neighborhood,
and city scale, to link our daily lives with biodiversity, may encourage sense of place and make
environmental action more meaningful. Then, improving our natural capital in the urban built
environment might help address the current climate and disease crisis, as well as improving our
physical and mental health. Drawing from emerging research and innovative practice, the paper
describes key research and design paradigms that influence the way we understand the benefits of
nature for different environments, including the workplace, neighborhood, and city, and explains
where biophilic design theory sits in this field. Examples from recent research carried out in London
and Chicago are provided, aiming at demonstrating what kind of research can be functional to what
context, followed by a detailed analysis of its application supporting both human and ecological
health. The study concludes indicating key policy and design lessons learned around regenerative
design and biophilia as well as new directions for action, particularly with regard to climate change,
sense of place, and well-being.

Keywords: biophilia; greening cities; health and well-being; nature-based solutions; urban design;

urban green infrastructure

1. Introduction

Improved environmental and human health outcomes have long been associated with
the integration of nature into our urban form [1-3]. Pandemics such as Covid-19 have
highlighted again the importance of access to nature and open spaces in our cities for our
social, physical, and mental health [4]. People living in neighborhoods with worse air
pollution—which also often lacks greenspace—have been shown to have a higher death
rate from Covid-19 [5]. Access to urban nature has also been shown to be influential
in stress reduction and socialization [6,7], with urban parks receiving attention on the
benefits of nature as urbanites seek out safer outdoor space in which to work, socialize, and
play [8]. This renewed attention is supported by a trend in urban planning and design that
is trying to provide opportunities to connect urbanites with nature through community-
based ecosystem services projects, regenerative and biophilic design interventions, and
residential greenspace, all of which have been linked to increased well-being, concentration,
socialization, sense of place, and a connection with nature [9].

However, there continues to be a disconnect between our need for nature, our daily
lived experience, and sustainable behavior. This is a missed opportunity given that a
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recent systematic research [6,7] has suggested that our connectedness and relationship with
nature, and in particular our experience of biophilic design, may be key for improving
both sustainability and our quality of life. However, though there is over forty years of
research on the benefit of access to nature for human and climate health, there is still
confusion in the sustainability and design fields on exactly what types of nature can lead
to which types of benefit, and for whom. This confusion is partly rooted in a failure
to understand how to interpret and apply research on nature and health to different
design and policy interventions at different scales [10]. Specifically, issues arise from a
disconnection between biophilic design principles, urban planning interventions, and
specific health and well-being outcomes, as well as from a lack of integration between
different disciplines. This confusion has real implications as buildings, cities, and regions
attempt to align regenerative design goals with human health ones but often lack the tools
and knowledge to do so, which can result in a lack of evidence to support the effectiveness
of these interventions.

The identification of these issues has led to the research objectives of this paper.
Specifically, this paper aims to (a) give researchers, designers, and urban planners a better
understanding of the types of research on the benefits of nature, particularly studies
following an adaptive or utilitarian paradigm, (b) compare this research to the most well-
known application of these principles, i.e., biophilic design; (c) evaluate how real-world
case studies in London and Chicago have used (or not used) this research and design
foundation for positive human and ecological outcomes, and (d) provide detailed analysis
of where biophilic design is working well and highlight new directions and opportunities
that can help to address current shortfalls. Drawing from established and emerging theories
and innovative practice, this contribution evaluates key research and design paradigms
that influence the way we understand the benefits of nature, and then uses this foundation
to assess the effectiveness of three applied case studies according to different pathways, and
at different scales: the workplace, the neighborhood, and the city. The paper finally reflects
on key policy and design lessons learned about regenerative design and biophilia and how
these can be leveraged for a better connection with nature and a sense of place, which
may make environmental action more meaningful. The study is structured as follows:
Section 2 explains the methodology; Section 3 presents the conceptual framework, in which
the theoretical and practical interrelations between regenerative design and biophilia are
highlighted; Section 4 introduces and develops the London and Chicago case studies;
Section 5 elaborates results and their discussion; and Section 6 presents the conclusions.

2. Methods

In order to achieve the objectives mentioned, the work has adopted a mixed-qualitative
methodology that has been structured developing a combination of critical literature review
and field research. A critical, in-depth review of the theoretical paradigms, underlying the
most influential scientific programs on nature and health, was undertaken with the goal
to understand how the paradigms influenced the kind of study that comes out of these
research programs, the goals of this investigation, as well as how and why this research
has been influential in policy circles, highlighting limitations and new directions. A more
extensive analysis, from which this review is based, can be found in [11], as well as in [6,7],
two systematic reviews (Cochrane style) on green and blue open spaces and mental health,
developed by a multidisciplinary expert working group, led by one of the authors, under
the Horizon 2020-funded programme EKLIPSE.

In the second phase, the research designed the protocol for the development of the
case studies [12,13] and applied it to two different cities. The case study was selected as
the method to undertake this part of the work as it allows investigating the phenomenon
under study, in relation with its urban context, using different sources of evidence. Field
research was conducted focusing on the analysis on cities that have already demonstrated
good capacity to integrate biophilic design at multiple scales, i.e., cities with good potential
to innovate and with more financial, technical, and institutional capacity and experience
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in running regenerative architecture and urban projects. The objective was to understand
the level of integration of biophilic design, the theoretical foundation, and the policy, and
implementation process for this, as well as drivers and limitations. The selection of cities
was based on the following criteria: (1) focusing on two cities for different biophilic design
scales, i.e., workplace, neighborhood, city; (2) sufficient secondary sources to develop
the analysis; (3) availability to conduct interviews to designers, public servants, and/or
other stakeholders. The cities selected for the development of the case studies were finally
London and Chicago.

For London, field research was developed by the authors also within the wider scope
of working group activities of the COST (Cooperation in Science and technology) Action
“RESTORE Rethinking Sustainability Towards a Regenerative Economy”, in the period
2017-2020.

For Chicago, key stakeholder interviews and media and policy analysis were con-
ducted, in the period 2016-2019, as part of a larger project on Chicago’s urban greening,
climate change, and resilience initiatives. The Resilient Corridors project emerged as a pilot
in 2019 from the City of Chicago.

3. Theoretical Frameworks on Health and Nature
3.1. Adaptive and Utility Paradigms

The link between access to nature and human health benefits is supported evidence
accumulated over the last 40 years [14-18]. This has been of interest to designers who
include access to nature for its diverse benefits, such as in the workplace [19], and city
planners who are interested in the socio-cultural benefits of green infrastructure for human
health and well-being [20,21]. Although the evidence points to clear benefits between access
to nature and human health outcomes, there remains a lack of alignment between this large
body of research and the type of evidence that convinces stakeholders that adding nature
will reap tangible and trackable benefits for their unique project [11]. This misalignment is
partly due to the types of research—and the paradigms that support them—that undergird
the vast majority of findings that have gotten the attention of policy makers and building
owners. Furthermore, these types of research tend not to align with the more holistic
approach of designers using a biophilic framework [11,22].

Comparing research on nature is complicated by the wide variety of types and mea-
sures used, which can complicate the establishment of robust results between them [23].
The most influential research programs in the last forty years have been based on adaptive
or utility paradigms. The adaptive paradigm is based on the assumption that evolution,
or biological survival, motivates physiological and psychological responses to the experi-
enced environment, and that some environments are better suited to human health and
well-being than others. There are two research programs that have emerged out of an
adaptive paradigm that have garnered the most attention and subsequent research. The
first focuses on restorative environments that help with the restoration of attention or to
improve cognition, notably Stephen and Rachel Kaplan’s Attention Restoration Theory
(ART) [2,24]. The second focuses on the ability of restorative environments to support stress
recovery and positive mood, notably Roger Ulrich’s Psychophysiological Stress Reduction
Theory (PSR) [25].

The original ART research argued that nature possesses four attributes necessary to
hold our attention involuntarily and be experienced as restorative: fascination, mystery,
coherence, and the feeling of being away, and this research has been heavily tested in
subsequent studies [24,26,27]. A key component of research testing ART has looked at
aesthetic preferences for different types of nature. These studies argue that some types
of nature are more favorable to restoration than other types of nature, and that nature
overall is more restorative than urban environments [10,17,24,28]. Research testing the
PSR theory also uses an evolutionary biology theory but tends to focus on the affective or
emotional aspects of this relationship. At its core, evolutionary biology argues that because
we evolved in nature, we tend to feel connected with things that remind us of nature; this
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attitude is called biophilia (translated as a love of nature) [25,29]. This love of nature has
begun to be studied for its potential to link to our connectedness to nature, which has been
shown to improve health and well-being outcomes as well as sustainability behaviors and
belief in climate change [30-35]. While the utility paradigm also draws on the idea that our
natural environment is connected with our well-being, it focuses on the role that nature
plays as a quality of an environment to satisfy current personal or interpersonal needs.
These are often measured by known benefits of access to nature, such as increased levels of
physical activity, restorative experiences, or social cohesion, interaction, and safety [36-38].

3.2. Understanding Nature-Health Research through the Adaptive and Ultility Paradigms

The adaptive and utility theories underlie the vast majority of research linking access
to nature and improved physiological and mental health and well-being. Some researchers
have continued to develop these theories and have proposed that these relationships
can be viewed as a series of pathways that have formed the basis of multiple research
streams: (1) stress reduction, (2) physical activity, (3) social cohesion, and (4) air quality [15].
Understanding the key types of research on the benefits of nature and the aim of these
research streams can help designers and planners determine which research is relevant to
their project goals.

Stress reduction has traditionally received the most empirical and theoretical attention.
Research looking at stress reduction has tended to follow the ART and PSR restoration
theories outlined above. These two theories rely mostly on the visual and aesthetic qualities
of nature, and they link to the assumed characteristics of nature seen in evolutionary and
related biophilia (or biophobia—fear of nature) theory [25,39]. While the variety of contexts
for this research supports the strength of the research, it has been harder to evaluate their
application at a building scale given the high number of variables involved.

Physical activity has been gaining attention and follows the utility paradigm. As
opposed to sedentary behavior, outdoor physical activity has been shown to have positive
effects on mental health, showing for example better outcomes in green areas than indoor,
or non-green urban areas [40]. However, the results have been unclear in cross-sectional
and/or epidemiological studies at the neighborhood scale [41], showing the difficulty
of applying lab-based studies to real-world situations. Real-world situations have other
explanatory variables that may influence health outcomes. Furthermore, lab-based studies
do not always take into account other factors such as green space characteristics, loca-
tion, and other influences, or mediators, on behavior or preferences. Studies have found
that multiple factors over and above the amount of greenspace—including quality and
accessibility—determine urban greenspace use and physical activity [42—-44].

The third pathway looks at how access to nature is linked to improvements in social
interactions (at the individual level) and social cohesion (at the neighborhood level) and
varies in its research paradigms—ranging from utilitarian, which focuses on characteristics
of parks that influence desired uses, to the design of parks, which influences social cohe-
sion [45]. Although the link between social interaction and mental health has been firmly
established [46], the link between social interactions, social cohesion, and green space has
received less research attention than the first two pathways.

The research linking air pollution, nature, and health has equally received less at-
tention. While the link between air pollution and negative effects on physical health and
mortality has been long established [47], newer studies have also linked air pollution with
negative impacts on mental health [48], and cognitive performance [49]. Some researchers
have gone further and proposed that air pollution, together with traffic-related sounds, can
put a constraint on the restorative potential of an environment as a whole [50]. This holistic
approach is important for understanding negative environmental influences or ecosystem
disservices. This last pathway can be one of the most easily integrated into regional-
level planning and regenerative policies and can be a good way to balance synergies and
trade-offs at this scale.
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Lastly, the concept of Topophilia [51] has received renewed interest recently among
planners, designers, and academics in Europe, who see the focus on personal identity
and meaningful attachment with place and landscapes as a powerful design tool for re-
connecting urbanites with local nature and thus inspiring sustainable behavior. While in
theory, place attachment can be used to inform a regenerative approach to urban and re-
gional planning, it has not been used much in application to date due to its more theoretical
and qualitative approach and the lack of alignment with design and planning practice.

While there has been some qualitative research conducted in the adaptive and utility
paradigms, the vast majority of this research follows a psychometric research approach,
which aims to generalize relationships through quantifiable measures [52,53]. The psy-
chometric approach aligns well with the kind of data promoted by urban planning and
green building researchers and has created a vast amount of data on the benefits of ac-
cess to nature (outlined below). It has also been very influential in public policy [54,55]
and has provided much of the support for adding nature into buildings, neighborhoods,
and cities to date. However, the type of linear and somewhat mechanistic approach to
nature and health in psychometric research does not always align well with the more
holistic, design-thinking approach seen in biophilic design and green infrastructure work
to support human health. There has also been some criticism from social scientists that
research based in the adaptive paradigm tend to not address the larger context of place
and that the underlying evolutionary paradigm—i.e., that love of nature is innate—can
hide cultural, socio-economic, and power differences that can influence the success of
urban nature interventions and the equitable access to nature. The utilitarian paradigm has
also been criticized for its limited understanding of the socio-economic and socio-cultural
factors influencing access to nature, the reduction of environmental values to utility, and
the general lack of acknowledgement of the symbolic aspect of nature [56]. In short, while
research following the adaptive and utility paradigms have provided strong evidence
to support the health goals of biophilic design, biophilia’s focus on sense of place, lived
experience, and holistic design-thinking may be more aligned with some of the relational
and sense of place work on the human relationship to nature that rarely gets cited [57-59]
outside of academia.

3.3. Research to Practice: Design Theory, Research, and Application

One of the most commonly understood “popular” urban greening and design ap-
proaches is biophilia. Popularized by the biologist E. O. Wilson’s biophilia hypothesis,
which prompted the modern biophilic design movement, biophilia is defined as the “[ ... ]
innate emotional affiliation of human beings to other living organisms. ‘Innate’ means
hereditary and hence part of ultimate human nature” [22] (p. 31). Kellert and Wilson
operationalized this concept to the built environment [39], and it was further developed in
Kellert’s proposed attributes for biophilic design [60], where he introduced key dimensions,
elements, and attributes of biophilic design. As two main dimensions, the author identified
organic/naturalistic and place-based/vernacular. Organic dimension refers to “shapes and
forms in the built environment that directly, indirectly, or symbolically reflect the inherent
human affinity for nature” [60] (p. 5). Vernacular dimension refers to “buildings and
landscapes that connect to the culture and ecology of a locality or geographic area” [60]
(p. 6). Further classifications refer to six main elements, which then break out into more
than 70 biophilic design attributes. These attributes can be as simple and straightforward
as the presence of water, air, sunlight, plants, animals, as well as more articulated, such
as sensory variability, information richness, exploration and discovery, or geographic,
historic, ecological, and cultural connection to place. Importantly, biophilic designers need
to understand that the environment can be an atmosphere, a process, an experience.

There have been some further revisions to Kellert’s work, an example of which is
Terrapin Bright Green’s 14 Patterns of Biophilic Design—Improving Health and Well-
Being in the Built Environment. This report [61] defines 14 patterns of biophilic design
organized into Nature in the Space, Natural Analogues, and Nature of the Space Patterns.
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Another is the Biophilic Interior Design Matrix [62], which adopts and adapts Kellert’s
work to operationalize it for interior environments, in order to provide tangible and clearer
guidance for designers.

3.4. Experimental Biophilic Design Approaches

In addition to more traditional biophilic design, alternative approaches strive to
explore biophilic principles, ideas, and attributes in more experimental, even esoteric ways,
trying to grasp the essence of human experience of space and model it in line with biophilic
principles. Design, and architecture in particular, has been called a hybrid discipline,
relying and building upon different elements within science, technology, and art [63].
This is in direct conflict with many of the quantitative and linear approaches favored by
many researchers. Not all qualities of architectural space can be quantifiable and not all
qualities of our experience of space can be translated into rational language. The process of
developing space for designers and architects is that of an artist providing experience and
hopefully emotional attachment.

One of the foremost thinkers in experimental biophilic design is Juhani Pallasmaa, who
explores the art of building, elements of architectural experience, and meaningful spaces
that stimulate people and provide existential encounters. Key components of his work
include the experience of architecture through mental and physical frameworks which
shape our identity, attachment, and sense of place. He argues that the mental component
of experience has been widely neglected “in the field of architecture ... where scientific
criteria or methods have mainly been applied in its technical, physical and material aspects,
whereas the mental realm has been left to individual artistic intuition” [63] (p. 4). He
hopes for neuroscience to provide a deeper understanding of the mental implications and
impacts of “the art of building”. Pallasmaa also argues that our architectural experience
is multi-sensory, and we experience architecture with our physical, emotional, mental,
and social bodies, and that environments have the potential to stimulate our imagination
and identity. Pallasmaa argues that the architectural attributes of hierarchies, information
richness, order and complexity, affection and attachment, attraction and beauty, reverence,
and spirituality [60], are all attributes that are also in biophilic design, and that they should
be studied following an artistic and scientific approach.

Some of the limitations of the adaptive and utilitarian approaches to nature-human
research may be addressed by Pallasmaa’s suggestion of a biological historicity approach.
This approach blends sense of place and biological and historical aspects of the place.
For example, sense of place as an attribute does not rely only on biological, geographical,
or natural features of the place but also on its historical layers, site-specific social devel-
opments, and cultural layers embedded in its core. These include historic and cultural
connections to place, the integration of culture and ecology, age, change, and the patina of
time [60]. Biophilic design addresses some of the gaps in adaptive and utilitarian research
by acknowledging these social and cultural dimensions of places. Pallasmaa calls this
a bio-psychological heritage, which—he argues—particularly influences the qualities of
refuge and prospect, which are key factors in the evolutionary approach to the benefits of
access to nature for humans [63]. Pallasmaa also connects biophilic attributes such as fear
and awe [60] to the pleasure principle, which understands our experience of space through
the dichotomy of pleasures and displeasures that drive our behavior and perception of
space. Combined, these experiential approaches to the experience of space and design have
the potential to create a more embodied and place-based understanding of the impact of
biophilic design and access to nature on our health well-being and sense of place, which
may help foster better nature-human connections, attachment, and a sustainable ethos.
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4. Mainstreaming Biophilic Design: Research, Design, and Practice

How cities can build resilience has become a major undertaking and priority. It
requires cities to address a variety of pressing global and local challenges through multi-
functional strategies, including climate change, community health, economic downturns,
and political uncertainty.

The integration of evidence-based research and design on nature and health has
already proved to be successful toward these long-term goals, but it requires a gen-
uine acknowledgement and a deep understanding of how it can be applied at different
scales. This is particularly true when attempting to align, in policy and practice, building-
level, neighborhood-level, or city-level initiatives with community resiliency or climate
change measures.

As a reminder, a taxonomy of biophilic elements can be identified at three main levels
(Table 1).

Table 1. Taxonomy of biophilic elements. Adapted from [64].

Scale of Biophilic Design =~ Forms of Biophilic Elements Taxonomy of Biophilic

Elements
Green roofs, green walls, Green roofs, green walls, shade
<1 s shade trees, vegetation, and trees, vegetation, and natural
Building scale natural elements inside and elements inside and around the
around the building building

Many installations,
small-medium in size,

Street trees, pocket parks, restoration possible, high

District and neighborhood orchards and community

scales . technical and technological
gardens, business parks . .
requirements, public and
private properties
Few installations, large in size,
Citv scale City parks, urban forests, restoration possible, high
ty urban agriculture, waterfronts technical and technological

requirements, public land

The selected case studies demonstrate the application of research and design practices
on the benefits of nature in cities and will be followed by a discussion of limitations and
suggested next steps. The first two use biophilic design, while the third uses a more
socio-ecological approach to the benefits of nature. In order to support the relevance of a
multiscale design investigation and related knowledge transfer from research to practice
and policy, the implementation of “informed” biophilic design is illustrated in the following
sections describing a research study conducted in the City of London, which is focused
on biophilic implementation at different scales. The emphasis is on the value of biophilic
design principles for people and the lived environment in application at multiple scales for
regenerative design and community resilience.

By 2041, the population of London is forecasted to reach 10.3 million people, which
is an increase of 1.2 million people when compared with 2019 [65]. London is also one of
the greenest cities in the world [66]. All across London, a network of Royal Parks, pocket
gardens, planted roofs, rain gardens, living walls, urban forests, community gardens, and
street trees are greening the city, making its public spaces accessible, colorful, and vibrant
places to visit, live, and work.

This nature is a vital part of the complex organism of the city bringing benefits right
into the places where people work and live. Moreover, as London’s population grows, and
its neighborhoods experience more development, that will be more important than ever.

4.1. Building-Scale Applications: Living Lab at the Shard, London

With the growing research and interest focused on biophilic design, it is interesting to
look at buildings specifically designed and constructed as a model to highlight the biophilic
indoor attributes.
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DaeWha Kang Design has created an experimental work environment on the 12th
floor of the Shard, in London, that has the express purpose of measuring the impact of
biophilic design on worker wellness and productivity.

Working in collaboration with Mitie (the client) and Dr. Marcella Ucci (head of the
MSc in Health, Wellbeing and Sustainable Buildings at the University College of London),
the designers have designed a pilot study to measure the impact on employees through a
detailed post-occupancy evaluation.

Biophilia, as said, refers to human beings’ innate need for a connection with nature.
Human physiology is wired to seek qualities of light, view, material, and other factors
common in the natural world. This project comprises two spaces designed according to
those principles: a “Living Lab” that functions as an immersive work environment, and
two “Regeneration Pods” that provide short-term rest and meditation functions for the
Mitie employees.

The Living Lab is fully immersive, with rich and intricate patterns, natural materials,
and interactive dynamic lighting. The room gains privacy through bamboo screens that
wrap onto the ceiling above. The floor, desks, and task lights are also formed from different
shades and textures of bamboo, providing an organic language for the entire space. The
lighting in the room is circadian and linked to an astronomical clock—cool blue in the
morning, brilliant white in the afternoon, and fire-like orange as the day winds down. The
light softly breathes, very subtly shifting intensity in an almost imperceptible way, giving
additional dynamism to the experience.

In the study, Mitie employees worked at these desks for four weeks at a time, answer-
ing daily surveys about their comfort, satisfaction, and emotional response (Figure 1).

Figure 1. Post-occupancy evaluation at the Shard Living Lab in London. Photo by Kyungsub Shin,
with graphics by DaeWha Kang Design. Courtesy DaeWha Kang Design.

Then, they spent four weeks working in a control area on the same floor with similar
environmental conditions but without biophilic design, and their responses were compared
between the two spaces.

While studies have established the positive impact of daylight, natural materials, and
a direct visual connection with nature, aesthetic design also has a strong impact. The
bamboo screens strike a balance between the regular rhythm of structural ribs and the
variation and playfulness of discrete leaves that maintain a sense of transparency and
intricacy in the space. The leaves catch natural light but also diffuse embedded lighting
within the screen itself.

While the Living Lab creates a sense of enveloping enclosure toward the rest of the
office, it opens up toward the facade, providing long vistas and a strong connection to the
sky. The Shard has a high-tech aesthetic of glass and metal, and the warm bamboo palette
of the Living Lab establishes a strong counterpoint to that material language.
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Mitie is one of the leading outsourcing and facilities management companies in the
UK, and they have created a new “Connected Workspace” initiative that incorporates
sensor technology, big data, and machine learning to revolutionize the way their portfolio
of buildings is managed and maintained. The Living Lab was commissioned as part of the
health, wellness, and user-experience aspect of Connected Workspace.

Following biophilic principles, the desks are originally crafted from natural bamboo
and incorporate living plants directly into their workspace, and not only relevant tech-
nology. From a scientific point of view, achieving a meaningful experimental study on
the users requires adapting for confounding environmental factors between the lab space
and the control space, while on-desk sensors detect air quality, light levels, temperature,
and humidity. An access card reader identifies the users and allows them to activate the
task lights and charging strips, while an under-desk sensor records when they are actively
working at the desk. All of these data are collected in Mitie’s data lake and can be correlated
with the survey results.

Direct access to living nature is also shown to have a host of benefits, and planters are
organically integrated directly into the desks together with the task lights [67].

In the second section, the “Regeneration Pods” are once again constructed from bam-
boo, following Mitie’s mental health and wellness initiative, providing a tech-free space
for meditative moments within the workday. Similar to the “Living Lab”, the bamboo
construction provides a sense of shelter, while workers access the views outside. The routed
featherlike panels slot into the seventeen identical spines, with minimal cross support.
Upholstered seating is fitted within the spines, also with circadian LED lighting. Envi-
ronmental sensors—monitoring light, movement, humidity, and temperature—were also
integrated into the structures, making this an ambitious technical build for the architects
and team and a good example of research-based design (Figure 2).

5\

Figure 2. The “Regeneration Pods” provide a sense of shelter while workers access the views outside.
Photo by Tom Donald for Aldworth James & Bond. Courtesy DaeWha Kang Design.

4.2. Scale Jumping: District- and City-Level Applications of Integrated Design and Research

Looking next to the city scale, the translation of biophilic design interventions for
human health and well-being, inspired and informed by research paradigmes, is also found
in the larger City of London.

Working together, the Mayor, Natural England, major landowners, and the wider
business community, represented by Business Improvement Districts (BIDs), have recog-
nized the increasing importance of biophilic planning and design principles (Table 2) for
future-proofing the capital.
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Table 2. Attributes of biophilic design. Adapted from [68].

Direct Experience of Experience of Space and

Indirect Experience of Nature

Nature Place
Images of Nature
Natural Materials
Light Natural Colors Prospect and
Water Simulated Natural Refuge
Vegetation Light and Air Organized Complexity
Animals Naturalistic Shapes Integration of Parts to Wholes
Weather Conditions and Forms Transitional Spaces
Natural Landscape Evoking Nature Mobility and Wayfinding
and Ecosystems Information Richness Cultural and Ecological
Fire Age, Change, and Attachment to place

Patina of Time
Natural Geometries Biomimicry

4.3. Urban Park-Scale Applications: Queen Elizabeth Olympic Park

The Queen Elizabeth Olympic Park is one of the largest urban parks (102 ha) created
in Western Europe for more than 150 years, which was designed by LDA Design in con-
junction with Hargreaves Associates (2012), to enrich and preserve the local environment
by restoring wetland habitats and planting native species of plants.

Its environmental features include the restoration of the River Lea, in the northern
section of the park, the habitat-creation strategy, and the park’s connection with its hin-
terland ecosystem. The landscape is dominated by native trees and flowering meadows
of designed plant communities (Figure 3). “Flowing schemes are not arbitrary but have
carefully thought-out shapes running through them: S-curves, lines of grasses, successive
waves of plants, rising up through the season, anchor plants with satellites and fuzzy edges
between one habitat and another” [69] (p. 24). Sensory and spatial variability, information
richness, and natural shapes and forms encourage exploration, fostering sense of place and
the human-nature relationship. Other elements and attributes of biophilic design include a
lighting scheme designed by Speirs + Major, integrating natural light and shadows with
filtered, diffused, or reflected light, all emphasizing spatial variability and harmony.

Figure 3. The European Garden at Queen Elizabeth Olympic Park, a distillation of the “meadow
aesthetic”: a visually dramatic, highly designed, and enhanced evocation of a wildflower meadow
(Nigel Dunnett and Sarah Price). Photo by Maria Beatrice Andreucci.
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4.4. District-Scale Applications: Greenwich Millennium Village

Greenwich Millennium Village (GMV) is a mixed-tenure modern development on
an urban village model, which is located on the Greenwich Peninsula, in Greenwich,
in southeast London, and it is part of the Millennium Communities Programme, under
English Partnerships. GMV was originally designed by visionary architect Ralph Erskine
as part of the regeneration of the whole brownfield site of East Greenwich Gas Works. The
whole district landscape considers wildlife in the design of the soft estate around the built
forms, through choice of species and inclusion of artificial refuges, in appropriate locations
and numbers.

In particular, the Ecology Park is an exemplar of biophilic and biodiverse design,
providing a significant boost to the value of the GMV in terms of exploration/discovery,
affection/attachment, security /protection, and attraction/beauty. An Ecology Park Centre
manages biodiverse areas of Southern Park as well as new habitats associated with future
developments (Figure 4).

\(\‘n\\ "

Figure 4. The biophilic features of the Greenwich Peninsula Ecology Park has been playing an
important role in the area’s regeneration and community life since its creation in 2002. Photo by
Maria Beatrice Andreucci.

Greenwich Peninsula and GMYV offer to residents and visitors alike multiple connec-
tions to place—i.e., historic (Maritime Greenwich heritage site), geographical (the Prime
Meridian of the world, Greenwich Mean Time, and the Observatory), cultural (colleges
and universities, artworks, museums, etc.), and ecological (Ecology Park)—fostering place-
based relationships.

4.5. Neighborhood-Scale Applications: The Barbican

The Barbican is Europe’s largest arts and conference complex, and it also includes a
significant residential community. It is a noted example of uncompromising modernist
architecture, built mostly in the 1970s. The original design aimed to create a self-contained
“urban village”, with the residential and public spaces separated completely from vehicle
traffic. Most of the landscape elements, including the water bodies, are “podium land-
scapes” or “landscapes above structure”: roof gardens and green roofs, with car parks, the
arts complex, and recreational facilities beneath [69]. In 2013, following re-waterproofing
of the roof gardens, the opportunity arose for completely new plantings to be installed. The
new design takes a radically different approach. The concept for The Barbican plantings
is to create continuous and successive waves of color over long periods of time through
orchestrating a series of dramatic color washes over the entire site, from spring through
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to late autumn, and then to finish off the year with a textural array of seeds heads, plant
structures, and foliage. Although the plantings are very diverse, at any one time, there
are only two or three plant species that create the main flowering display. However, these
species are repeated over the whole area, creating maximum impact. Planting in layers
allows for one set of plants growing up and through the preceding set of plants, leading to
a continuous succession. Naturalistic swathes of perennials and grasses are framed and
contained within clumps, groupings, and scatterings of multi-stemmed trees and shrubs to
give solidity and a three-dimensional framework throughout the year [69].

There is no precise planting plan for most of the species, but the proportion of each
species in a mixture is carefully considered, and the plants are placed within the planting
areas according to a set of rules and instructions aiming at replicating natural patterns and
processes. Plants that are adapted to extreme dry conditions often have gray or silvery
leaves (Figure 5), and there is a natural unity to plantings that comes from bringing plants
together from similar habitats [69].

Figure 5. The “shrub steppe” plantings at the Barbican combine mixes of perennials and grasses
to the steppe plantings, with additional low-density shrubs and multi-stemmed trees, to create
multi-layered plantings with year-round structure and interest. Photo by Maria Beatrice Andreucci.

4.6. Community-Scale Applications: Mudchute Park and Farm at the Isle of Dogs

The Mudchute Park and Farm was established by the local island community. Orig-
inally, it was a piece of derelict land created during the last century from the spoil of
construction from dredging Millwall Dock. For decades, Mudchute environmental fea-
tures, natural patterns, and processes remained untouched. However, in 1974, the site was
earmarked by the Greater London Council for the construction of a high-rise estate. The
resulting public campaign against these plans reflected the affection that local people, and
those working on the island, felt for the Mudchute. Their success secured it as the “People’s
Park” for the area. In 1977, the Mudchute Association was formed to preserve and develop
the area. Farm animals and horses were introduced, trees and plants were planted by
generous volunteers and corporate teams, and the educational benefits of the area were
also recognized. Local schools are encouraged to use the project to study the natural world
on their doorsteps (Figure 6). Since the establishment of the association, the Mudchute
has steadily built a reputation for providing place-based relationship and direct nature
experience through a variety of educational and leisure activities, on a London-wide basis.
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Figure 6. School children are encouraged to experience the “biophilia effect” at Mudchute Garden
and Farm. Photo by Maria Beatrice Andreucci.

4.7. Exploring Multi-Sensory Experiences through Experimental Biophilic Design: Olafur Eliasson
at Tate Modern

Attempts to humanize architecture through the exploration of issues such as multi-
sensory experiences and human perception, physical and psychological boundaries, the
role of imagination and empathy in space, and the pleasure principle can provide very
effective experiences of biophilic design in space.

One example is the practice and work of Olafur Eliasson, a Dutch-Islandic artist who
is fusing many disciplines into his explorations of the human-nature-built environment
nexus. Similar to many researchers who explore sense of place [70], he is concerned with
phenomenological experiences. Eliasson is an artist, but he could also be called an architect,
as many of his works are immersive environments with ephemeral spatial qualities that
question perception, trigger the senses, and create a feeling of temporary community
between people experiencing the environment (Figure 7).

Figure 7. (left) “Moss Wall” (1994), (middle) “Regenfenster” (1999), (right) “Your Blind Passenger”
(2010), artworks by Olafur Eliasson, exhibited at “In Real Life” exhibition, Tate Modern, 2019. Photos
by Jelena Brajkovié.
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Of relevance for biophilic design, his work contains many biophilic principles and
attributes, such as affection and attachment, attraction and beauty, and reverence and
spirituality. His spaces also include transitional spaces, a dynamic balance and tension, and
generally, almost all attributes outlined by Kellert in his principles of biophilic design [60].

4.8. Linking Resilience with Social Justice and Economic Revitalization: Learning from Chicago

Similar to many cities, Chicago faces environmental challenges linked to climate
change, such as increasingly hot summers and flooding from heavy rain and older stormwa-
ter systems [71]. After the heatwave of 1995, in which over 700 people died, many of them
low-income and people of color [72], Chicago has undertaken a series of initiatives to
increase the environmental and ecological resilience of the city. While some of these
initiatives—such as the beautification of key boulevards with seasonal flowers—were
more focused on economic neighborhood revitalization than ecological goals, many of the
initiatives combined urban greening with ecological resilience. Key initiatives include their
Building Green Matrix (now called Sustainability Development Matrix), which required
nature-based design choices for projects in select neighborhoods, extensive use of TIF
(tax incremental financing) at the district scale to incentivize sustainability, and urban
revitalization projects in both high-profile (Figure 8) and disadvantaged neighborhoods,
greening alleyways (Figure 9) that replaced pavement with permeable pavement, and their
signature green roof program, supported by their Sustainability Matrix, which led them to
be North American leaders in green roof implementation for over a decade [71,73,74].

These initiatives have been supported by larger policy plans, such as their 2015 Climate
Change Action Agenda, their stormwater management plans [75,76], and their nomination
as one of Rockefeller’s 100 Resilient Cities, and subsequent resilience plan [11,73,77,78].
These policy plans regularly cite evidence of benefits of nature from research programs,
which tend to use an adaptive and utilitarian paradigm. However, concerns about equity
have meant that they have needed to also address social and economic aspects of urban
nature. Chicago has also implemented a vacant lot revitalization and neighborhood
stabilization plan, as well as a creative re-use of an abandoned elevated railway into a linear
park, thus supporting active transportation that connects lower-income neighborhoods, in
the west of the city, with wealthier neighborhoods, closer to the lake, in the east [79-82].

Figure 8. Crown Fountain, an interactive work of public art and video sculpture featured in Chicago’s
Millennium Park, in the Loop community area. Designed by Catalan artist Jaume Plensa, it features
themes of dualism, light, and water. Photo by Maria Beatrice Andreucci.
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Figure 9. Resilient Corridor stormwater street-level feature, Chicago. Photo by Michael Berkshire.

Despite the leadership of a neighborhood association, the involvement of a non-profit
who did extensive stakeholder engagement, the inclusion of equity goals and artist’s work,
and the provision of a safe bikeway for active transportation, along a busy corridor, there
have still been complaints that the project has spurred gentrification and is potentially
displacing some of the more vulnerable residents in the eastern end of the 606 trail [83,84].
While this has been challenged by some groups involved in the project, who have claimed
that such a large investment is an easy target for larger-scale gentrification forces, it is still a
good example of the challenges of implementation for cities wishing to balance ecological,
social, and economic goals in urban greening projects. It is also a good example of the need
to include social and economic values into any discussion about ecological or regenerative
urban initiatives.

The City of Chicago is a good example of a new hybrid approach to urban greening
and is well aware of these challenges. For some of these projects, city administrators have
deliberately framed them as urban stabilization projects, instead of environmental projects
in economically distressed neighborhoods and have worked hard to ensure that their
work on resilience, and the resulting Resilient Chicago plan, define resilience as inclusive
and incorporate economic and social resilience into any environmental agenda [73,85].
One of the most innovative urban greening projects to come out of Chicago recently
balances ecological, social, and biophilic goals. It is an instructive case study on how to use
stakeholder engagement and collaboration to fill some of the gaps outlined above, which
are typical in nature-health research approaches, from adaptive and utilitarian paradigms.

In 2015, after Hurricane Sandy, there was a significant amount of funding available to
municipalities to address resilience and adaptation for extreme weather events. The City of
Chicago began to examine which areas in the city had a combination of the most vulnerable
populations and extreme weather, looking at sociodemographic data, health data, street
and basement flooding, and urban heat island areas, finding that many disadvantaged
neighborhoods, in the south and west of the city, suffered from extreme weather events as
well as health and economic disadvantages. Learning from their experience in previous
urban greening and environmental projects, they held a series of meeting organized by
a local non-governmental organization (NGO) to discuss where the biggest issues were
with the communities. They applied for funding for using green infrastructure, such
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as stormwater management, bioswales, green roofs, etc. as a strategy to address both
vulnerability and extreme weather issues with the funding. While their application in that
round was unsuccessful, in 2017, there was another found of disaster relief money called
the Community Development Block Grant (CDBG), which they repurposed the project for,
and they were successful. The City argued for using city-owned vacant land and turning
them into storm water management landscapes, similar to what the City of Philadelphia
had been doing [86,87].

The project builds on a 2008 stormwater ordinance that requires projects to keep half an
inch of rainwater on site or increase the permeability of the site by 15%—thereby reducing
both volume and rate of stormwater flow, which aligns with their Sustainability Matrix,
which awards points for exceeding the stormwater ordinance requirements [87]. The project
uses traditional green infrastructure strategies, such as permeable pavement, bioswales,
and rain gardens, in combination with large underground storage and filtering strategies
to drain stormwater from surrounding streets and alleys into these new landscapes, thus
getting water out of people’s basements. There are multiple linked parcels of land in
the project, including three corridors, ten distinct projects, and 23 formerly city-owned
vacant parcels, but the one with the strongest biophilic attributes is the parcel on 16th street
(Figure 9). Of particular interest for the implementation of ecological, biophilic, and equity
goals is the collaborative and ecological approach taken by the City. The City worked very
closely with community groups, whom the City had previous experience working with,
and who had the ability to help manage the projects. The City provided the community
groups with a list of possible plants but let the community groups chose the plants and
trees, and they collaborated extensively on the goals and design of the projects. The final
project combines a nursery, green roof on an affordable housing project, and a runnel
between the street and sidewalk, where the runoff will drain. The runnel blends big rock
outcroppings in a serpentine pattern that crosses over the runnel so that children going to
school can walk on the outcroppings and cross the runnel, mimicking a forest creek. The
combination of interacting water features, community engagement, and native plantings is
a good example of blending biophilic design with ecological and community-benefit goals.

The City collaborated with local neighborhood groups on a maintenance and stew-
ardship plan, which is often a weak point with urban greening projects, and even hired
locally for the installation [11]. They estimate that the entire Resilient Corridors project will
provide over half a million gallons of storage of rainwater, lowering the level of water in
the combined sewer area by 0.2 to 8.2 inches, and reducing the risk of basement flooding of
almost 600 buildings in the area [87]. The project won an American Society of Landscape
Architects (ASLA) award in 2018 [88]. While research on the outcomes of the project is
ongoing, initial responses from the community have been very positive, with one resident
commenting that she “couldn’t believe they were doing this for them, that they listened to
them, that they are getting exactly what they wanted, and that it is beautiful” [87] (p. 87).

5. Discussion
5.1. Understanding the Application of Research to Practice

The review of the two key paradigms underlying most research programs on nature
and human health highlighted the strengths and limitations of these initiatives, emphasiz-
ing their easy transfer to policy, due to their psychometric methods, but also their tendency
to miss socio-cultural and power dynamics of place. The conducted study also pointed to
the disconnect between the design and lived experience of place goals of biophilic design
and research programs used in policy as well as new directions in somatic experience of
place that can be used to connect urbanites to biophilic design.

The case studies exemplified the translation of research to practice, and the use of a
diversity of evidence in real-world contexts. The City of London case study represents
a good example of what kind of research can be applied to which context, supported by
several applications at different scales. The translation of research to practice at a building
scale could benefit from a critical analysis of which studies can be applied to the workplace
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and why, combined with an attention to biophilic design principles and a sense of place.
At a larger scale, urban parks, wetlands, and community gardens in London’s initiatives
can help achieve ambitious goals to green and re-wild the city for people and nature. These
implementations represent “an acknowledgement to how vitally urban lives are bound up
with and enriched by nature” [89]. The City of Chicago Resilient Cities project is equally
an innovative example of bridging research and practice while envisioning a more resilient
and just neighborhood through green infrastructure and biophilic design principles. It
blends known research on the benefits of access to nature and lived experience of place
with active and adaptive collaboration with community partners, so that the new “place”
is both ecologically and socially important to the community while addressing real climate
change and economic vulnerabilities.

The discussion below draws on the insights of the different research paradigms,
design practices, and case studies, aiming to provide key lessons learned that designers
and planners can apply to their practice.

5.1.1. Benefits of Nature in the Workplace

One of the outcomes of great interest to business and industry is the potential improve-
ment in human performance from access to nature in the workplace. However, biophilic
design, which translates research to practice, has been criticized for not linking specific
studies to specific design outcomes. One way to do this is to examine which studies address
the desired outcomes and then analyze if they can be applied to the context of the design
intervention. Multiple studies have shown improved task performance from access to
nature, which is measured often through cognitive tests and proxies for productivity. These
studies have been criticized, in turn, for not replicating the actual day-to-day tasks of office
workers, and there has been limited research done in situ for office workers.

However, the benefits of improved task performance from better concentration are
supported by multiple studies in nature [90,91]. These studies should not be used alone to
prove increased performance from biophilic design interventions, due to limitations in how
performance is measured, its applicability to different types of work and workplaces, and
a lack of research specifically looking at nature, performance, and the workplace. However,
if studies showing improved concentration from access to nature at multiple scales are
combined with other performance measures, at an individual and organizational level, such
as absenteeism, or commercial output—such as at the Living Lab at the London Shard—
they can provide a reasonable indication that design interventions that increase access to
nature for workers will likely lead to improved cognitive function and performance in
the workplace.

5.1.2. Biophilic Design and Mental Health

Getting out of buildings, into natural green space, walking, or forest bathing, has
long been recognized as beneficial and a prescribed option for general practitioners. Even
observing the ordered complexity of fractals, which are self-similar scales found within
nature, can reduce stress [92]. This is a key relief that is especially needed during Covid-19.

Covid-19 has highlighted the role of nature in mental health and socialization [6,7].
We have been forced to slow down and pay attention to nearby nature and value the role it
can play in our mental health and well-being. Urban parks, or the lack thereof, are making
headlines for their role in nurturing quarantined people’s mental and physical health [3].
Throughout the lockdown, governments, regional and city officials have recognized the
importance of space, from country parks, to city parks, urban green spaces, as vital for
physical and mental well-being.

The (re)discovery of the joy and refuge of nature, specifically local nature on doorsteps
and in backyard gardens, has led to newfound delight in fractal minutiae around us and a
slowing down of the pace of urban life. This slowed pace—at the core of neighborhood
projects such as The Barbican and GMYV, in London—may be key to mainstreaming the
restorative benefits of nature.
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5.1.3. Biophilic Design and Connectedness to Nature: A Tool for Environmental
Behavior Change

This review proposes biophilic design as a possible framework or pathway to con-
necting humans with nature through design that encourages sensory contact, emotion,
meaning, beauty, and compassion, and which builds on the biophilic elements from Kellert.
This is aligned with calls to improve human-—nature relationships as a way to address
our climate crisis and ecological separation [93], as well as research that has shown that
connectedness with nature is linked to pro-environmental behavior [32]. However, research
has also found that some elements of the human-—nature relationship are not covered by
biophilic design and follow a more dominion-utility framework [94], or values [95]. The
research of Lumber, Richardson, and Sheffield [96] found that four of Kellert’s [39] values of
biophilia were unrelated to nature connectedness. These were fear of nature [97], dominion
over nature [98], the utilitarian use of nature [99], and a purely scientific relationship [31].
These types of relationship are often emphasized within capitalistic societies and can be
seen as essential pathways for human survival and progress that, unchecked, have led
to nature’s decline [100-103]. For transformative change, there is clearly an urgent need
for a new relationship with nature, yet these negative types of relationship with nature
still dominate [103]. Addressing these underlying values and perceptions will be essential
to creating effective biophilic design interventions as well as fostering a connection with
nature [104].

5.1.4. Connecting Biophilic Design with Environmental Justice, Health, and
Climate Change

At a global scale, climate change has been described as: “[ ... ] the most serious threat
to global economic, social, and environmental stability in recorded history [ ... ] with
many [ ... ] prevalent human diseases linked to climate fluctuations” [105].

Authors [106] have argued that it is our destruction of natural habitats that helped the
current Covid-19 pandemic and that we can expect more zoonotic-originated diseases in
the future: “There is a single species that is responsible for the Covid-19 pandemic—us.
As with the climate and biodiversity crises, recent pandemics are a direct consequence of
human activity.” [106].

In figuring out how to address future global emergencies, such as climate change and
Covid-19, our relationship with nature, and in particular biophilic design, may be key for
improving sustainable behavior and, ultimately, our well-being. Rather than relying on
abstract universal ideas of nature to encourage sustainable behavior, using design and
policy at a building, neighborhood, and city scale to connect our daily lives with nature
may encourage connection, improve our health and well-being, and make action feel more
meaningful. Then, improving sustainable behavior might help address the current climate
and disease crisis. While inaction and business as usual has plagued climate change
policies, Covid-19 has exposed the connection between climate change and infectious
disease, with those who have been exposed to air pollution dying at a higher rate [5]. This
direct and personal connection between climate change and health may prove to be more
effective in shifting policy and practice around climate change.

From a health perspective, this may require a shift from risk reduction and the treat-
ment of illnesses to biophilic research and practice that embraces salutogenic thinking, i.e.,
the medical concept [107] that encourages a focus on factors that improve and support
human health and well-being, rather than on factors that reduce illness [108]. With the
health and well-being of humans intrinsically linked to the health and well-being of the
planetary ecosystems, the combination of biophilic and salutogenic design approaches may
provide a more holistic framework to link ecosystem, human, and non-human dimensions.
Considering that, at a building scale, research attention has tended to focus on threats to
health, a more holistic way of thinking would also be useful to foster health-promoting
environments [109].
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5.1.5. Looking Forward: Engaging with Nature and Fostering a
Systems-Thinking Approach

Engaging with nature necessitates a mindset focused on developing the capacity and
capability for systems evolution. It is not about a sustainability that maintains what it
is—or is attempting to restore something to what it was by only reducing impacts. Rather,
it is about creating systems (places, buildings, communities, organizations) that have
the capacity to evolve and regenerate toward states of health that thrive over time. The
understanding of our position on the planet has a crucial role in building the awareness for
regenerative sustainability.

On a larger scale, an emerging trend is the Bio-Leadership, i.e., a concept of an ecosys-
tem made of people and projects transforming leadership by working with nature [110].
Within the design and policy world, the concept switches from a mechanistic perspective
(where the world is seen to function as a machine), to a natural fluid approach. This
framework has been used to describe the hoped-for next era of our relationship with the
environment. This new way of envisioning the nature-human relationship in design and
policy aims to nurture a co-evolving mutuality [111] and may provide hope for both a
more equitable and regenerative future. If combined with work on equitable access to
nature, along with evidence on the benefits of access to nature at multiple scales, this
large-scale application of biophilic principles can play a part in restoring both human and
ecological health.

6. Conclusions

Humans’ disconnection with nature has already negatively impacted mental and
physical health. Buildings today are often designed, constructed, and operated apart
from nature, rather than as a part of nature. Over the last thirty years (since Brundtlandt,
1987) [112], sustainability in design and construction has been a core element in the built
environment, and yet climate and biodiversity indicators have worsened, while the impact
of building design and practice on health conditions is increasingly researched but still
remains opaque. Evidence from the last forty years has shown that contact with nature in
general can improve human health, but there are gaps in the application at different scales
and a lack of understanding of which research to apply to which situation.

Conversely, biophilic design is growing in popularity, but it still suffers from a lack
of specificity on research outcomes and variables. There is a tendency for it is to be
dismissed from many design circles as “nice to have but dispensable” versus an effective
intervention to improve health and performance. The research on nature and health to
date supports many of the biophilic design attributes outlined above; however, in practice,
biophilic design is often limited to a few variables, which limits its application in design
practice. Furthermore, there is still much that is not known about the potential benefits
of biophilic design interventions, individually and as a whole. This gap has not been
overcome by the confusion of green design interventions in green buildings and green
infrastructure over the last few decades, which may or may not have had any link to
evidence-based or biophilic design. It is also complicated by the differing underlying
paradigms in nature and health research and design: research that examines nature as a
linear input with an expected outcome does not align well with the more philosophical
sense of place and lived experience goals of biophilic design. Drawing on some experiences
developed in experimental biophilic design, it may help to bridge some of the gaps in
traditional nature-health research and address the nuances and complexities of the holistic
lived experience, as connected to nature or biophilic design projects. Connecting to sense
of place, historicity, and embodied experience in biophilic design may soften some of
the criticisms of the adaptive and utilitarian approaches to nature-health research while
creating design solutions that work for real people in real contexts.

Lastly, there is still a need to provide a synthesis with respect to the available knowl-
edge about the relationship between nature design and policy interventions, natural sys-
tems, and health. This seems to be confirmed by the growing demand from policy makers.
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For instance, in the “Urban green spaces: brief for action”, which was published recently,
the World Health Organization [113] emphasized the need for a change in urban health
initiatives with a strong focus on the creation, promotion, and maintenance of green spaces,
with an explicit call for expert advice. How this expertise is developed is a current gap in
both education and practice.

The discussion above argues that understanding the strengths and limitations of the
most influential research on health and nature can help it support and align with biophilic
design at multiple scales. This knowledge can result in a more effective and holistic
understanding of how nature can be incorporated into our buildings, neighborhoods, and
cities. Critically combining research on health and nature with biophilic design principles
may also provide a more holistic and just approach to connecting us with nature and
encouraging sustainable behavior. This can further support regenerative policy and action.
As we look to life with and after Covid-19, the shape of the future built environment
remains unknown, but it provides an opportunity for re-evaluation and new insights about
our human, natural, and built environment relationships.
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