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Chapter 1 )
Introduction Check for

Abstract Architectural education has openly embraced environmentally sustain-
able design (ESD) in studios. Differing from convention design studios, they use
green design frameworks to guide the design, as well as showcase sustainability.
These frameworks are developed based on green building certification schemes,
used extensively in the industry. In most cases, these industry certification schemes
are introduced to students as tools that form an integral part of the design process. In
current practice, sustainable design solutions focus on energy and resource conser-
vation, using new technologies and scientific advances that address environmental
sustainability issues through the improvement of building performance. In contrast,
biophilic design (BD) focuses on designing for human sensory experiences. It is
grounded in strategies that bring humans closer to nature, fostering the concept of
biophilia: a psychological orientation of humans with a desire to connect to nature
and environment. However, the design approaches of BD and ESD are very different,
and currently, BD principles are rarely used in ESD studios. This book attempts to
bridge these two design approaches, proposing an innovative educational approach
for incorporating BD in ESD studios. The ultimate aim is to empower students to
develop BD frameworks that can bridge the gap between sensory experiences and
sustainable building performance.

1.1 Background

Buildings have a significant impact on the environment (Dib & Adamo-Villani,
2014), consuming 40% of natural resources globally (Ness & Xing, 2017). To
mitigate the negative impact of buildings, the architectural response has been to
direct design toward more sustainable outcomes. This approach is distinguished
from conventional design techniques by the explicit use of predetermined sustain-
ability targets. Various Green Building Rating Tools (GBRTs) have been developed
and used extensively for this purpose (Yudelson, 2008).

Existing rating tools vary in terms of their objectives, criteria, and methods for
certifying building designs (Gou & Xie, 2017; Xue et al., 2019); however, they are
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all based on the same principle: providing a list of criteria for evaluating building
performance (Yeang & Spector, 2011). Currently, GBRTSs primarily focus on building
design’s technical aspects, such as construction materials and consumption of energy,
but often fall short to support a holistic approach to design (Xue et al., 2019). As a
result, sustainable buildings often feature a highly sophisticated technical expression
but lack human-nature connectedness (Kayihan et al., 2018; Kellert, 2016).

Biophilia is an inherent human affinity to nature (Wilson, 1984). Biophilic design
aims to support this innate human tendency by designing buildings that support
human-nature connectedness (Kellert, 2008). Research indicates that this connect-
edness with nature can improve psychological wellbeing, nurture positive emotions,
and elevate pro-environmental behaviour (Wijesooriya & Brambilla, 2020; Wilson,
1984). The technical expression of contemporary sustainable buildings has more
potential to disconnect occupants from nature rather than foster biophilia; biophilic
design, therefore, is a critical missing link in contemporary ESD. In the last two
decades, biophilic design has been popularised extensively by Kellert (2008), Kellert
and Calabrese (2015) and others. Browning et al.’s (2014) book “14 patterns of
biophilic design” has contributed significantly to the emergence of design frame-
works for BD, and the consequent recognition from the industry that modern sustain-
able buildings lack human—nature connectedness. The industry responded with the
addition of awarding credits for biophilic design in certain building certification
schemes, such as LEED and BREEAM (BRE, 2013; USGBC, 2013).

Green building technology and ESD have become fundamental parts of architec-
tural education (Lee & Huang, 2011), leading to the emergence of unique pedagogical
practices, known as sustainable design studios (De Gaulmyn & Dupre, 2019). While
sustainable design studios share some features with conventional design studios,
they have several distinct characteristics, such as engaging deeply with the notion
of sustainability, dealing with multi-faceted and complex problems of sustainable
design, adopting an interdisciplinary approach to design, drawing extensively on
research when making design decisions, using a set of predetermined criteria for
assessing the sustainable performance of buildings and asking students to provide
evidence that their building design achieves these criteria (Wijesooriya et al., 2020).
To fulfil all these requirements, sustainable design studios use design frameworks
similar to those developed by the industry, often using various GBRTs, such as LEED
(Dib & Adamo-Villani, 2014) or STAR (Drapella-Hermansdorfer, 2018).

Nevertheless, ESD educational settings are constrained by the lack of focus on
the human experience. The need to enhance sustainable architectural design prac-
tices to nurture human-nature connectedness demands attention to the use of BD in
ESD studios. However, the literature provides very few examples of how BD can
systematically be incorporated into architectural education. A recent review shows
that even in instances where design studios focused on BD, the key objective was the
sensory experience of design, overlooking sustainability and missing the opportunity
to integrate the two aspects (Wijesooriya & Brambilla, 2020).

Further, contrary to the abundance of ESD frameworks, only a handful of BD
frameworks are found in the literature. The majority of these frameworks, such as
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those developed by Kellert (2008) and Browning et al. (2014), emphasise quali-
tative sensory experiences associated with human-nature connectedness. However,
they rarely relate the sensory aspects of biophilic design to quantifiable measures of
sustainable building performance. For this reason, these frameworks are inadequate
for teaching students sustainable biophilic design in ESD studios, where students
learn to assess the sustainability of their designs using a set of criteria similar to those
found in the building industry (Wijesooriya et al., 2020). There is a crucial need to
facilitate students’ capabilities to create and use BD frameworks that are compatible
with ESD and support both qualitative and quantitative design responses.

Addressing this need, the authors have conducted an educational design research
study in an ESD studio during which they developed and investigated an educational
innovation for teaching BD (Wijesooriya et al., 2020). This educational innovation
focuses on empowering students to develop their BD frameworks compatible with
the ESD or adapt existing BD frameworks for ESD studio projects. As a part of this
work, authors, in a previous study, have developed an educational design approach
for systematically designing and researching educational innovations in ESD studios
(Wijesooriya et al., 2020). This approach is based on a Reflective Action Conjecture
Map (RACOM), introduced briefly in the next section.

1.2 A Reflective Action Conjecture Map for Educational
Design

Schon’s (1987) work on reflective action is highly influential in architectural educa-
tional research. However, reflective action does not detail the components of an
educational design and how they are interrelated. Sandoval (2014), recognizing that
this is also true in educational design research in general, proposed a conjecture map
to address this gap. Combining these two approaches, the reflective action model
based on Schon’s (1987) work and the conjecture mapping approach for educational
design research developed by Sandoval (2014), it is possible to derive a Reflec-
tive Action Conjecture Map (RACOM): a generic model for supporting educational
design that has been primarily developed for ESD studios (Wijesooriya et al., 2020)
(Fig. 1.1).

The RACOM illustrated in Fig. 1.1 has five main components adapted from the
conjecture map proposed by Sandoval (2014). The high-level conjecture is the crit-
ical assumption made on how to support students’ learning to grasp and practice
sustainable design approach, i.e. sustainable biophilic design. This conjecture is
usually identified in response to a particular encountered educational challenge (e.g.,
fostering biophilia in ESD). What is recognised as the embodiment in this map is
the collection of all the educational design elements included in educational inno-
vation to support the students, such as lectures, materials, and tools. The mediating
processes are the different activities that students complete to achieve the learning
outcomes, which are the objectives the educators set up in the education innovation.
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KEY SUSTAINABLE
DESIGN APPROACH
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Fig. 1.1 Reflective Action Conjecture Map (RACOM) adapted from Wijesooriya et al. (2020)

Depending on each learning outcome, the mediating processes may vary. Sometimes
one mediating process will help students to achieve multiple learning outcomes.
Sandoval’s conjecture map proposes that artefacts constructed by students and the
observable interactions among students can be used to identify and assess these
learning processes and outcomes.

This RACOM can be used and adapted based on the type of conjecture under
examination. There are two main types of conjectures: theoretical conjectures and
design conjectures. The main difference is that theoretical conjectures focus on how
people learn, whereas design conjectures focus on how to teach within the educational
innovation.

Theoretical conjectures are assumptions made by educators regarding the type of
learning required to achieve the desired learning outcome. These are generally based
on educational theories on learning. For example, if the educator expects a student to
develop procedural knowledge, learning by doing would be an appropriate theoretical
approach. Hence, the theoretical conjecture is that when students learn by doing the
work, they can develop procedural knowledge. These learning theories usually point
out the type of educational design elements that can be embodied in educational
innovation.

Design conjectures, instead, are ideas that assist the educator in selecting concrete
embodiments that support students’ learning and engagement in the mediating
processes. For example, if the student needs basic knowledge on a sustainable design
approach, the educator may assume that a lecture will support the student learning
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of this knowledge. Hence, the lecture is the embodiment, and the assumption that
direct teaching is a suitable approach is a design conjecture. If the student is asked to
write a summary of the lecture, this summary is an artefact educator can use to assess
the mediating process. And if the educator initiates a discussion and asks students to
participate, then the mediating process can be observed with the student behaviour
and responses. Design conjectures can be grounded on educational theory or can be
identified by exploring relevant empirical studies.

There is a close relationship between the theoretical and design conjectures, and
for this reason the RACOM model has included both as one component. For example,
while developing the RACOM for BD, evaluative judgement was identified as a
theory that guided the theoretical conjectures. When building further on this theory,
self-assessment, peer-assessment and feedback were identified as possible embodi-
ments to effectively support development of the evaluative judgment. Therefore, the
evaluative judgement also contributed to the design conjectures.

The ideas about the relationships between the high-level conjecture, embodiments,
mediating processes and learning outcomes are adapted from the conjecture mapping
(Sandoval, 2014). In the RACOM, Sandoval’s (2014) proposed the linear map is
integrated with the reflective action model—plan, act, evaluate, and reflect—based
on Schon (1987) that closely depicts the typical design activity facilitated by the
teachers in the design studio. This integrated model showcases the components of a
conjecture mapping and the cyclic process of a reflective action model in between
the components.

Nevertheless, RACOM is a generic model for educational design in ESD studios. It
could be applied not only for BD but for teaching other sustainable design approaches.
In this case, each model’s component requires a systematic exploration when devel-
oping a specific RACOM for teaching other sustainable design approaches. In our
case, a comprehensive study was conducted to explore the key challenges and char-
acteristics within ESD studios to derive a high-level conjecture for educational inno-
vation. Further, the current research literature on ESD studios was reviewed, and
embodiments used within the reported studies were identified to select the most
appropriate educational design elements for the RACOM developed for BD. Simi-
larly, learning theories and underpinning theory of design practices were identified
to support the premise of using theoretical and design conjectures in the RACOM
for BD. The same literature review was used to identify typical learning outcomes in
ESD studios and the student artefacts associated with the mediating processes. The
themes derived out of the extensive literature survey on ESD studios (Wijesooriya
etal., 2022) are presented in Fig. 1.2, with an extended version given as Appendix A.

While conducting an extensive literature survey on design studio projects, only a
few studies explored biophilic design and none of them was on ESD studios. Hence
the themes given in Fig. 1.2 are from ESD studios in general and can be helpful when
developing a RACOM for any sustainable design approach. The RACOM for BD
framework development process is discussed in detail in Chap. 2.
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Fig. 1.2 Pedagogical framework for ESD studio adapted from Wijesooriya et al. (2022)

This book illustrates the RACOM development process and reflects upon the
results of this educational innovation, providing a useful guide for educators inter-
ested in systematically developing education innovations and implementing BD
within ESD studios.

1.3 Navigating the Book

This book presents a guide for educators, and it assists them in incorporating BD
in ESD studios. Simultaneously, it also offers a guide for students for developing
and adopting BD frameworks. Therefore, the structure of the book reflects this dual
purpose. Figure 1.3 shows this structure and the links between different chapters.
This chapter describes the background, the need for this book, its structure and
how readers could navigate it. Chapter 2 describes the proposed educational design
approach. Chapters 3—6 present the practical guides for incorporating BD in ESD.
These chapters can be used by students who want to learn how to develop and adopt
BD frameworks. Chapter 7 discusses implications for practice when implementing
this design approach in studios. It also provides directions for further development
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and research of pedagogical innovations for ESD studios. More detailed outlines of
each chapter are provided in the next section.

Educators may refer to this guidebook either to teach students BD in an ESD
studio or develop a RACOM for another sustainable design approach. To teach BD
within an ESD studio using the proposed RACOM for BD framework, educators
could read through the RACOM development process outlined in Chap. 2 and then
use the three guides provided within Chaps. 3—-5 and the exemplar in Chap. 6 for
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developing and implementing their educational innovation into their own studio. By
reading Chap. 7, educators can get some insights on arranging tasks within the studio,
discursive practices, and assessment of learning outcomes. Educators interested in
BD and looking for research can refer to further study directions in Chap. 7.

Students who want to develop a BD framework may start from Chap. 3 and
then move to 4 and 5. Chapter 3 guides to establish a sustainability perception or
“sustainability manifesto” that focuses on BD principles. It also includes a definition
of nature that guides the criteria categorisation in Chap. 4, which presents a systematic
technique to develop a BD framework. Chapter 5 guides on the use of the design
framework and identifying the design thinking process. Chapter 6 has an exemplar
of a sustainable design project that showcases the use of a BD framework.

1.4 Chapter Outlines

Chapter 1: Introduction

This chapter introduced the background while highlighting the need for this book.
It also briefly outlined the educational innovation and educational design approach
undertaken by the authors to integrate BD within an ESD studio. This chapter includes
a brief outline of the components of the generic model used for the educational
intervention.

Chapter 2: Developing an educational innovation to teach biophilic design

This chapter demonstrates the development process of the RACOM for BD,
accounting for the lessons learnt during the implementation and iterative refinement
of this framework in a sustainable studio. The high-level conjecture discusses the
critical challenges identified to support students developing and using a BD frame-
work within an ESD studio. Theoretical and design conjectures explain fundamental
learning and design practice theories concerning the use of design frameworks within
ESD studio. Each learning outcome is elaborated with the mediating processes and
the educational design’s embodiments to support those processes.

Chapter 3: Student Guide 1: How to develop a nature-centric perception for a
sustainable built environment

Chapter 3 guides students in developing a perception of the sustainable built environ-
ment that encompasses biophilia. The chapter presents how sustainability is perceived
across its three dimensions—human-centric, nature-centric and built-centric—within
a sustainable design. The discussion demonstrates how BD falls within the nature-
centric perception, encouraging a focus on that dimension to bring BD into a typical
ESD design. Highlighting the global environmental movement’s concerns, theoret-
ical ideas around deep ecology and ecological thought, the chapter argues that nature
is the pivotal point in sustainability. This chapter can be used by educators as an
embodiment in their unit of study.
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Chapter 4: Student Guide 2: How to develop a biophilic design framework

This chapter presents a technique to develop BD frameworks. It initially discusses the
main difference between ESD and BD approaches to design. Then, it overviews the
techniques for BD framework development, drawing upon the analysis of different
biophilic design frameworks currently in use. It proposes the process bridging tech-
nique to generate BD criteria compatible with ESD approach, and it demonstrates its
use with examples. This chapter is grounded on the common categorisation presented
in Chap. 3. This guide is for students also provides clear instructions to synthesise
the developed BD framework into a tool for self-assessment of their BD.

Chapter 5: Student Guide 3: How to record and model your Biophilic design thinking

This chapter provides a practical guide for students, and it can be used by educators
as a component of their unit of study development. It outlines how students can
use their BD framework within the design thinking process by showcasing some
typical models currently adopted by students. The various design activities required
to use the design framework in the ESD project are then illustrated and explained in
detail. Further, this chapter provides instructions and suggestions on how to record
the biophilic design thinking process.

Chapter 6: Exemplar: Biophilic design framework development and its use

This chapter provides an example that illustrates how to use the process bridging
technique, presented in Chap. 4, to develop a BD framework and synthesise the
derived BD criteria into the self-assessment guide. It further demonstrates the use of
a biophilic design thinking model that was introduced in Chap. 5, to design a building
and assess it using the self-assessment protocol.

Chapter T: Implications for practice and future research

This chapter discusses some of the practical challenges educators may encounter
while implementing this guide. The use of task structures, discursive practice, and
assessment artefacts are discussed, with insights from the authors’ experience in
conducting educational innovations within ESD studios. Directions for the future
research and development are given by highlighting areas for educators to conduct
research.

Chapter 8: Conclusions

Conclusions chapter summarises the key features of the educational design with brief
outlines of each Student guide. A reflective account is given on the experiences from
the studio with potential future uses of the guide.
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Chapter 2 ®
Developing an Educational Innovation skl
for Biophilic Design

Abstract Teaching students to practice biophilic design (BD) in an environmentally
sustainable design (ESD) studio may enhance human—nature connectedness in their
future design outcomes. However, integrating BD within ESD requires the develop-
ment of a framework that is compatible with both approaches. Hence, a systematic
teaching approach is critical to guide students in developing such a design frame-
work. Reflective Action Conjecture Map (RACOM), an educational design approach
for the ESD studio is developed that can guide educational designs to teach different
sustainable design approaches. An educational innovation based on RACOM that
facilitates students to develop BD frameworks is presented demonstrating the devel-
opment process. This educational innovation aims to support students in overcoming
three challenges: (1) shifting the sustainability view to derive common categorisa-
tions for criteria, (2) a systematic method to bridge ESD and BD, and (3) integrating
the BD framework into the design thinking process. Three embodied educational
design elements, namely, sustainability manifesto, success matrix and reflective port-
folio are identified could support students to develop and use BD frameworks in
sustainable designs.

2.1 Introduction

The previous chapter introduced a generic Reflective Action Conjecture Map
(RACOM), an educational design approach for the ESD studio. Building on that
approach, this chapter demonstrates how a RACOM for BD was systematically devel-
oped to support students in the development of a BD framework within a typical ESD
studio. The RACOM for BD frameworks is presented first (see Fig. 2.1) followed by
detailed descriptions of each component.

High-level conjecture is outlined by showcasing how a unique characteristic of
the ESD studio and the identified challenges were used in the process. The three
challenges are discussed pointing out the current debate on ESD studio education.
A further mind-mapping exercise is shown (see Fig. 2.2) where the pedagogical
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Fig. 2.1 A reflective action conjecture map for biophilic design frameworks

ideas that could potentially assist in overcoming the challenges are given. There-
after the theoretical and design conjectures are outlined showcasing how they link
embodiments, design artefacts and learning outcomes (see Fig. 2.3).

Each of the design artefact is detailed with a conjecture map showing how it can
support to achieve learning outcomes through mediating learning processes. Finally,
the develop process is shown in steps allowing the educators to replicate the same
process for distinct purposes.

This chapter is intended for educators where the developed RACOM for BD
frameworks can be directly adapted in a sustainable design studio.
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Fig. 2.2 Mind map deriving the high-level conjecture

2.2 A Reflective Action Conjecture Map for Biophilic
Design

A Reflective Action Conjecture Map (RACOM) is an educational design approach
that can be used in an environmentally sustainable design studio. RACOM can
support educators in developing an educational innovation to teach various sustain-
able design approaches, such as energy-efficient design, passive solar design and
biophilic design.

The development process for one such educational innovation is described in this
chapter, and the RACOM development process for BD is described in Sect. 2.5.
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Using the abovementioned process, a RACOM for BD (Wijesooriya et al., 2020)
was developed and implemented in an ESD studio. After evaluating the student
responses and reflecting on the authors’ experience in conducting the studio, the
model was refined and further developed (Fig. 2.1).

As Fig. 2.1 illustrates, the RACOM for BD is focused on the BD framework
development. This RACOM is a comprehensive model that includes all the peda-
gogical ideas that support students in developing BD frameworks and using them
in a sustainable design studio. Educators can use the model by adapting its specific
elements to suit their design studio project.

The high-level conjecture for BD framework development is discussed below to
show how the different pedagogical ideas are connected to the key challenges. The
theoretical and design conjectures are presented, highlighting their relevance in devel-
oping educational innovation. Mediating processes, learning outcomes and embodied
educational design elements demonstrate themes used in developing educational
innovation.

2.3 High-Level Conjecture

Identifying the high-level conjecture will shape other components in this educational
innovation and require careful attention. This starts with looking at both the ESD
studio’s characteristics and the sustainable design approach that should be introduced.
The previous chapter highlighted that developing a BD framework compatible with
the ESD approach is the key strategy in bridging BD and ESD. Three challenges
faced in developing a BD framework are identified thereafter and explored in detail
in this section: (1) shifting the sustainability view to derive common categorisations
for criteria, (2) a systematic method to bridge ESD and BD, and (3) integrating
the BD framework into the design thinking process. Further, the support required
to overcome these challenges in terms of learning theory and educational design
elements are also outlined.

2.3.1 Shifting the Perception of Sustainability to Bridge
Environmentally Sustainable Design and Biophilic
Design

It is evident that an educational approach to facilitate BD requires developing a BD
framework compatible with current ESD practice, however, the difference in the
criteria used in BD and ESD frameworks contributes highly to their incompatibility.
BD criteria focus on sensory place-making, while ESD criteria focus on building
performance. These two categorisations of criteria for assessing designs make the
integration of BD and ESD frameworks challenging.
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Current green building rating tools (GBRTs), commonly employed as design
frameworks in ESD, categorise criteria into the following groups: energy, water effi-
ciency, resource use, site management and air quality (Building Research Establish-
ment, 2013; U.S. Green Building Council, 2013). They also include aspects around
the management of sites and construction, the engagement of professionals and inno-
vation. These categories are focused on building performance. Each criterion is linked
to concrete, quantifiable indicators that are used for awarding credits during certifi-
cation. This provides transparency, and the design strategies can be easily replicated
and adapted for other buildings.

In contrast, the available BD frameworks reference natural elements—such as the
use of natural processes, nature in space, nature in place, direct experience of nature,
the indirect experience of nature and evolved human—nature relationships (Browning
etal., 2014; Kellert, 2008; Kellert & Calabrese, 2015)—to categorise criteria. These
categories are focused on sensory place-making aspects and their criteria are highly
qualitative and not easily measurable. Therefore, it is harder to provide firm evidence
showing how well a particular criterion has been achieved. Further, BD is experienced
as sensory stimuli, which, unlike ESD, is not always directly sensed or visible.

In short, sustainable design focuses on a building’s technical characteristics,
whereas BD focuses on sensory, spatial qualities. There is an epistemological gap
between these two approaches: not only in their pragmatic application but also in
the associated fundamental perception of sustainability. This gap is reflected in both
education and practice. Creating a common categorisation for criteria that combines
BD and ESD is a challenge. Adopting a new way of thinking about sustainability
and the sustainable design can overcome this challenge.

A student’s own perception of a sustainability is a critical factor for practising
ESD. For example, Donovan (2018) emphasised the importance of students’ crit-
ical reflections and active engagement for finding sustainable architecture theory
relatable to their design practice. Further, Karol and Mackintosh (2011) stated that
students’ philosophical and personal positions on the principles and application of
sustainability need to be developed if sustainable design is to become an integral part
of their design practice. Luley (2020) noted that sustainability should begin from a
philosophical, ethical and social perspective.

The perception of a sustainable built environment depends on how a person
perceives the relationship between the built environment, nature and humans. Three
orientations in a triangular relationship are identified by investigating how students
develop their sustainability perception within the ESD studio: the built-centric
view, the human-centric view and the nature-centric view. The built-centric view
approaches sustainable design in terms of bringing benefits to building performance
by merely mitigating environmental impacts. The human-centric approach focuses
on achieving human comfort. The nature-centric view is premised on the built and
the human being encompassed by nature and supports common criteria applicable to
both BD and ESD. In promoting the adaption of BD within the current sustainable
studio, a student’s understanding of their orientation is a starting point for triggering
their thought processes and developing their philosophy. This new way of thinking
is further discussed in Chap. 3.
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This type of learning wherein changes to students’ attitudes are expected, falls
into transformational learning (Munro & Grierson, 2018). Typical educational design
elements that support transformational learning are the use of self-directed learning
materials, lectures, participatory design and learning by doing. Research has revealed
that hands-on experience, along with knowledge, can improve the transformation of
thinking (Dabaieh et al., 2017). For recording a student’s transformational learning
process, critical reflections play a significant role (Berg et al., 2014).

2.3.2 Embracing a Systematic Technique to Generate
Criteria for a Biophilic Design Framework Compatible
with an Environmentally Sustainable Design Approach

To generate criteria that integrate BD and ESD and then use those criteria to develop
a framework that guides student self-assessment is not so simple. In a situation where
this integrated framework provides quality and standard for design, students should
assess the BD framework’s compatibility with the ESD approach and use it as a self-
assessment guide. Nurturing this ability to judge their own work has been identified as
‘evaluative judgement’ in educational design (Goodyear & Markauskaite, 2019; Tai
etal., 2018). Pedagogical design ideas that support evaluative judgement include self-
assessment, the use of rubrics, peer assessment, feedback and the use of exemplars
(Tai et al., 2018).

An exploration of the current literature reveals that the process for developing
design frameworks has not been adequately discussed. This issue is not specific to
BD—it applies to ESD as well. There is a lack of both theory and robust accounts of
practice. One can only analyse current frameworks and speculate about the techniques
that were applied during their development. For example, an analysis of literature
regarding the 14 patterns of BD (Browning et al., 2014) showed that this BD frame-
work was developed by drawing upon an extensive review of the literature about the
benefits of BD and synthesising these into a few criteria. How these criteria were
generated has not been described, but careful consideration reveals the inspiration
from the previous framework by Kellert (2008).

The only available guidebook where the method for developing the BD frame-
work is clearly outlined is recommended for use with the Living Building Challenge
and is published by the International Living Future Institute (2018). It proposes an
interdisciplinary ideation process, whereby different stakeholders come together to
create a comprehensive BD framework.

In an education setting, interdisciplinary learning is frequently seen in ESD
studios. This type of learning can assist the development of the framework but has its
limitations in a design studio. For example, the key pedagogical design that supports
interdisciplinary learning is role-playing. However, in a studio context, students may
not have the adequate professional expertise to generate ideas by assuming another
disciplinary or professional role.
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In an educational setting, where a design framework is the critical design arte-
fact that supports student learning, a more systematic and replicable technique is
suggested. The design framework is also an assessment artefact and the systematic
technique for framework development provides a foundation for transparent assess-
ment of learning outcomes. This framework development activity involves students
learning by way of constructing artefacts, through which students are also expected
to develop a procedural knowledge of using a systematic technique.

Design studios predominantly nurture students’ learning by having them construct
design artefacts through their design projects. An embodied educational element that
explains the step-by-step technique could support students in overcoming the chal-
lenge of developing procedural knowledge. For example, Dib and Adamo-Villani
(2014) used serious computer games to support the development of students’ skills
in designing with a GBRT. They highlighted the importance of interactive learning
materials that teach students procedural knowledge. The process-bridging technique
(PBT) detailed in Chap. 4 is an embodied educational element developed to serve this
purpose. The PBT supports students in generating criteria for their BD frameworks,
and the guide in Chap. 4 provides further assistance in using these criteria, including
instructions for synthesising them into a self-assessment tool. The theory around
learning and educational design elements underpinning this approach is further
discussed in Sect. 2.3.

2.3.3 Embedding Biophilic Design Frameworks
in the Design Thinking Process

Designing in the studio encourages students to adopt a systematic design thinking
process. According to Braha and Reich (2003), the design process is charac-
terised by being a cyclic and exploratory endeavour and is generally depicted as a
model. Although several design thinking models have been proposed, most of them
share four broad phases: information collection, analysis, synthesis and evaluation
(Lawson, 2005). The development of a design framework that supports sustainable
design should be incorporated into these models for design thinking. The conven-
tional design thinking models allow for information gathering and research, but
they are more focused on studying similar buildings and finding inspiration. This
typical design thinking may not consider supplying evidence for design decisions as
a prominent need.

Consequently, there has been a growing awareness that, in the ESD context,
design thinking approaches should suit the demands of ESD (Berg et al., 2014).
For example, Karol and Mackintosh (2011) pointed out that, to grapple with the
complexity of sustainable thinking, students need to be aware of their own learning
and transformation. Further, this design thinking process should facilitate the rigour
of the ESD process while also embracing BD’s creative principles. It is also impor-
tant to remember that the ESD approach requires showing evidence of sustainability
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achievement, which therefore demands an evidence-based design approach. Gener-
ally, in ESD studio projects, students are exposed to simulation software, which they
use to model their design solutions and provide evidence supporting the design’s
sustainability. Therefore, these simulation software training programs are embod-
iments of educational design elements. Teaching students the required technical
knowledge is crucial in the ESD approach and is integrated into design studios in
certain ways (Altomonte et al., 2014) that are further explained in Sect. 2.3.3.

The typical design thinking process adapted by students may change with the
addition of a design framework and other tasks related to ESD approach. The teaching
within the studio should showcase students to understand the differences in design
thinking process and model their own process rather than supply them with a new
model. This demonstration will allow the students to individualise and develop their
design thinking process, enabling them to use a similar process flexibly in their future
design work. Further, students should be given opportunity to develop their own
individualised design thinking that could nurture evaluative judgement. Arrangement
of studio tasks in a certain way can promote a specific design process (Berg et al.,
2014). This pedagogical idea is discussed in Chap. 7.

Finally, critical reflections are used to report on a student’s design thinking process.
Bergetal. (2014) reported on a study that attempted to map students’ design thinking
in a sustainable design project. In the study, the studio was structured around regular
discussions aimed at supporting the design process. Students’ critical reflections on
the design process were a significant design artefact used in the study to model design
thinking.

2.3.4 Mind-Mapping the High-Level Conjecture

While trying to understand the challenges faced in developing a BD framework
compatible with the ESD approach, various pedagogical design ideas that could
support overcoming these challenges were identified through an extensive literature
review. A mind map was used to synthesise these ideas and derive a detailed high-level
conjecture (Fig. 2.2).

As illustrated in Fig. 2.2, the pedagogical ideas include themes for both theoretical
and design conjectures. The aim was to gather as many pedagogical ideas for deriving
the high-level conjecture as possible. This made it possible to include a range of
pedagogical ideas into the RACOM for BD frameworks, allowing it to be used in
different situations.

Important theoretical ideas around the proposed strategy to overcome the chal-
lenges were highlighted in the above discussion. These included transformational
learning, evaluative judgement, learning by constructing artefacts, developing proce-
dural knowledge through practice, design thinking and reflective practice. How these
ideas shape educational innovation is further discussed in the next section.
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2.4 Theoretical and Design Conjectures

After identifying the challenges, theoretical assumptions were made regarding the
type of learning required to support students and the educational design that may
suit the desired learning. Before detailing the theoretical and design conjectures, an
attempt was made to briefly connect the underpinning theories to the entire design
process envisaged in this educational innovation.

Students learn develop BD frameworks and design sustainable buildings by
constructing various artefacts. The term ‘artefacts’ or ‘design artefacts’ is used to
refer to multiple objects that are created as part of the learning process, including a
BD framework, building design and self-assessment report. Some of these artefacts
are used to assess student learning outcomes. In such instances, they are referred to as
‘assessment artefacts’ (Markauskaite & Goodyear, 2017). Therefore, the key design
conjecture is that a student’s learning process is mediated by constructing various
design artefacts.

Identification of pedagogical ideas to support students’ construction of various
artefacts influences all the educational design elements embodied in the educational
innovation. Close investigation of the challenges in developing a BD framework
revealed three distinct design artefacts students should construct: (1) an artefact
that reflects the student’s sustainability perception, (2) an artefact that demonstrates
the BD framework and (3) an artefact that illustrates the student’s use of the BD
framework in their design thinking process. Each of these artefacts relates to different
types of learning and embodied educational design elements.

The key theoretical assumption is that a student’s developed BD framework will
guide them to assess their sustainable building design, thereby facilitating their eval-
uative judgement. Evaluative judgement refers to the capability to judge the quality
of one’s own work and is particularly important in professional work and learning
(Goodyear & Markauskaite, 2019; Sadler, 1989). It is expected that the construction
of a BD framework and its use in the design thinking process, result in a sustainable
and biophilic building design and students’ capacity to make sound decisions about
BD in future. This is the key theoretical conjecture. Further exploring evaluative
judgement as a learning outcome, Tai et al. (2018) proposed five educational design
elements that support evaluative judgement: self-assessment, rubric, peer assessment,
feedback and the use of exemplars. Thus, the evaluative judgement also influences
the selection of educational design elements. Figure 2.3 shows how theoretical and
design conjectures are associated with design artefacts and learning outcomes.

The central ideas embedded in Fig. 2.3 are learning by constructing artefacts and
evaluative judgement; they guide the key theoretical and design conjectures. The
developed BD framework needs to be integrated into the design thinking process for
students to generate an ESD outcome that also embraces BD principles. This takes
the discussion towards design thinking that, again, underpins both theoretical and
design conjectures. The underlying theoretical assumption is that students require
design thinking to integrate the BD framework into the design. Structure of the design
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studio tasks encourages students to follow a particular design thinking process, and
this can be supported by appropriately arranging studio tasks.

There are numerous design thinking process models available, and reflective prac-
tice model (Schon, 1987) is widely used within architectural design studio pedago-
gies. Particularly in the ESD approach, a design outcome is a reflective response
to a design framework. Reflective practice also makes thinking more visible; and
students’ critical reflections help teachers get insight into both change in students’
perception and design thinking process. Therefore, design thinking, and reflective
practice can be combined together into reflective design practice in the ESD studio.

Interdisciplinary learning, transformational learning and support for procedural
knowledge also surfaced in the previous section. These are learning processes that
are considered when deciding on educational design elements to support students in
constructing design artefacts.

The key ideas that underpin theoretical and design conjectures—constructing
design artefacts, evaluative judgement, design thinking and reflective practice—are
briefly explained below.

2.4.1 Learning by Constructing Artefacts

Learning in the design studio is primarily focused on students constructing a design.
Bertelsen (2000) stressed that a new epistemological understanding for design-led
pragmatic learning is required. He further discussed how design is mediated by
design artefacts, which he believes are crucial for understanding design-oriented
epistemology.

With multiple design artefacts constructed within a design project, their different
relationships with the design activity and the types of knowledge involved in their
construction must be clarified. Bertelsen (2000) used an example from computer
software development and defined three relationship between the design artefact and
the design activity: construction, cooperation and conception. Construction is the
productive relationship between the designing subject and the object of design that
includes artefacts directly representing part of the final outcome. Cooperation is the
representational relationship between subjects involved in the design. This includes
artefacts made to communicate with team members of different disciplines cooper-
ating with each other. Conception is the dialectical relationship between the designing
subjects and the historically developing activity. This refers to artefacts developed
based on a concept or model that is used in the design discipline. Bertelsen (2000)
further stated that design artefacts, in most cases, mediate all three relationships.

In an ESD, a BD framework also mediates all three kinds of relationships. For
example, a BD framework has a constructive relationship with the design because it
represents an essential design artefact. The framework also has a cooperative rela-
tion because it represents different ESD aspects—such as energy, water and indoor
air quality—that require varied disciplinary expertise and is, consequently, a design
artefact that mediates cooperation among disciplinary and professional experts and
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stakeholders. Finally, the BD framework also has a conceptual relationship because
it mediates the conceptualisation of different ESD approaches already in use and
students’ perception of BD: in a design studio, students working in a group bring
their own personal ESD knowledge into the BD framework. Thus, the design frame-
work is a design artefact that mediates all three relationships in the design project:
construction, cooperation and conception. These multiple relationships position
design frameworks as crucial learning and assessment artefacts.

Further exploring assessment artefacts, Markauskaite and Goodyear (2017)
pointed out three types of assessment artefacts often used in professional learning:
cultural, conceptual and epistemic. Cultural artefacts are generally developed and
used for day-to-day professional practice, such as design proposals, drawings and
documentation of concrete building designs in architecture. Conceptual artefacts are
products of deliberative knowledge work aimed at constructing explicit articulated
professional knowledge for professional judgements and practice. Some examples
include developed design syntaxes and success matrixes used in the ESD approach.
Such artefacts may contain knowledge to address specific problems in professional
practice. However, these artefacts can usually be applied to varied situations to
solve problems arising out of similar circumstances. Finally, epistemic artefacts link
conceptual and cultural aspects of professional knowledge. They embody principled
practical knowledge (Bereiter & Scardamalia, 2014) that enables practitioners to
create customised context-specific solutions. Typical examples are design pattern
books, design guidelines and other practical professional artefacts that enable prac-
titioners to make design decisions while accounting for the unique challenges and
multiple constraints that are encountered. Students’ work in developing, adapting
and applying BD frameworks for their own designs and then reflecting on their
work involves an ensemble of conceptual, cultural and epistemic artefacts. Such
complex artefacts facilitate students’ development of professional knowledge that
can be adapted to varied situations in their practice (Markauskaite & Goodyear,
2017; Markauskaite & Patton, 2019).

2.4.2 Evaluative Judgement

A student’s BD framework is a crucial design and assessment artefact. As such, it
can play a critical role in developing students’ evaluative judgement, particularly
their ability to judge the quality of their own work (Goodyear & Markauskaite,
2019; Sadler, 1989). Evaluative judgement is increasingly recognised as a learning
outcome in higher education (Sadler, 1989; Tai et al., 2018) and crucial to preparing
students for professional careers (Goodyear & Markauskaite, 2019). This ability also
helps students become independent from their teachers (Tai et al., 2018) as it does not
merely support the students to succeed in one particular course but also contributes to
developing lifelong professional skills (Boud & Soler, 2016). Therefore, assessments
that involve evaluative judgement, as Boud (2010) described, meet ‘the needs of
the present and prepare students to meet their own future learning needs’ (p. 151).
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Tai et al. (2018) suggest five types of pedagogical designs that support evaluative
judgement: self-assessment, peer review, feedback, rubrics and exemplars. However,
they note that evaluative judgement has not been extensively researched or theorised
within higher education studies.

There have been, some studies in architectural design premised on nurturing a
student’s evaluative judgement, even though the researchers did not explicitly use
the term evaluative judgement. For example, Hengrasmee and Chansomsak (2016)
described a study that developed activities within the design studio to develop self-
awareness, self-evaluation and self-criticism. They conducted a series of workshops
wherein students could bring their ESD project, identify a problem and improve it
through the workshop. Each workshop covered an aspect of ESD, such as energy
efficiency or water management. The study suggested that one of the key assumptions
of the educational design was that a student’s ability to judge sustainability in their
work was crucial for transforming their professional practices towards sustainability.
Therefore, focusing on evaluative judgement is pertinent in ESD studios.

There are two integral components in developing evaluative judgement: under-
standing work quality and applying standards to one’s own and others’ work (Tai
etal., 2016). In the case of the ESD studio, students’” work in creating and using their
design frameworks involves both components. A framework’s development requires
an understanding of various industry GBRTs, technical standards and benchmarks
for sustainability criteria. Additionally, the use of the framework to develop design
solutions inevitably involves applying standards for judging one’s work quality.

Evaluative judgement is specific to a context and a domain (Tai et al., 2018).
Therefore, to scaffold learning to nurture evaluative judgement, it is necessary to
consider the interactive relations between students, tutors, educators and evolving
industry standards while, at the same time, having students produce professional
design work.

2.4.3 Design Thinking and Reflective Practice

Razzouk and Shute (2012) defined design thinking as ‘an analytical and creative
process that engages a person in opportunities to experiment, create and prototype
models, gather feedback, and redesign’ (p. 330). Design thinking is crucial in contexts
with complex problems, such as the current environmental and sustainability chal-
lenges (Fry, 2009). The literature provides several models of the design thinking
process, but there are concerns regarding their suitability for the level of complexity
required by the ESD (Berg et al., 2014).

By closely investigating the design process in ESD, it is possible to notice similar-
ities between the fundamental activities of the ESD and those typical in the conven-
tional design: a creative and technological response to a certain problem—that is,
reflection-in-action. Schon (1987) argued that reflection-in-action is the main way
to develop the knowledge needed for professional practice. Studio teaching involves
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coaching students to reflect, in action, on complex design problems and learning-
by-doing activities. Education within design studios has undergone various phases
and the reflective practice model has emerged as dominant in conventional design
studios. ESD studios share similar structural arrangements as conventional studios
but also have two main distinguishing features.

First, the demands for technical knowledge tend to be much higher in ESD
studios than in conventional studios. Therefore, teaching and learning activities
ranges from lectures on sustainability principles to learning to use simulation soft-
ware in computing labs. These teaching and learning activities can be structured
and integrated with the studio activities in different ways. For example, Altomonte
et al. (2014) identified five models for this integration: parallel, partially integrated,
fully integrated, iterative and elective. In a parallel model, technical units are offered
parallel to the studio, but these subjects are not connected to each other. In the
partially integrated model, some of the technical knowledge is integrated into the
studio and others run parallel. In the fully integrated model, all technical knowl-
edge is embedded into the studio. In the iterative model, technical knowledge is
provided when needed, depending on the briefs. Finally, in the elective model, tech-
nical units are offered as optional electives that students may choose according to
their preferences or requirements.

Second, design frameworks play a distinct role in reflection. Schon (1983)
described the studio as a practicum that can be:

reflective in two senses: it is intended to help students become proficient in a kind of
reflection-in-action, and when it works well, it involves a dialogue of coach and student
that takes the form of reciprocal reflection-in-action. (p. Xii)

In ESD studios, the design framework sets the parameters for a sustainable
response and inevitably shapes the reflection-in-action. In some ways, the framework
plays the role of the ‘coach’, particularly when industry frameworks are used or when
frameworks provide guidelines and strategies for achieving the desired outcome.

2.5 The Proposed Educational Design: Learning Outcomes,
Mediating Processes and Embodiments

The educational innovation project proposed in this book aims at empowering
students to autonomously develop a BD framework integrated within the more tradi-
tional ESD approach. It opted for a fully integrated model, where technical knowl-
edge is embedded within the studio, and structured to focus on a success matrix
that provides an artefact for both the tutor and the student to relate to and guide the
self-assessment.

Identifying the learning outcomes, mediating processes and embodied educational
design elements was an iterative process that required moving back and forth. The
three artefacts that later mediate biophilic and sustainable building design are also
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Fig. 2.4 Assessment artefacts and their associations with mediating processes and embodiments

used as assessment artefacts. Figure 2.4 shows the assessment artefacts and their
relationships to mediating processes and embodiments.

As illustrated in Fig. 2.4, few mediating processes are reflected in the three
assessment artefacts (sustainability manifesto, success matrix and reflective design
portfolio).

Embodiments include following materials as guides: (i) guidelines and references
to elaborate a sustainability manifesto, (ii) a systematic technique to develop a BD
framework as a self-assessment tool, (iii) guidelines for the application of a sustain-
able and biophilic design thinking model and (iv) an exemplar showing the step-
by-step process. Each guide supports students in transiting through the mediating
processes and achieving learning outcomes by constructing an artefact. The guides
are written as ready-to-use tools for students. The underlying idea is that educators
can embed the BD teaching approach described in this book within their teaching
practice by scaffolding student progression using the guides in the studio.

The three guides to the assessment artefacts are outlined in the remainder of this
chapter; Chaps. 3-5 present the guides themselves. Chapter 6 presents the exemplar.
Other embodiments are discussed as practical implications in Chap. 7.
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Within the following subsections, specific conjecture maps for each of the three
assessment artefacts are given, and a discussion is provided as to how embodied
educational design elements support students in constructing assessment artefacts.
Learning outcomes, and theoretical and design conjectures, are also included in these
detailed conjecture maps of each assessment artefact.

2.5.1 Development of a Sustainability Manifesto

As outlined in Sect. 2.3.1, shifting the perception of sustainability is a challenge
within ESD studios when BD approaches are integrated. A task that asks students to
develop a sustainability manifesto responds to this challenge.

A sustainability manifesto helps students reflect on their perception of a sustain-
able built environment by rethinking the relationships between the human, the built
and nature. Producing this artefact also mediates the development of the BD frame-
work. Figure 2.5 shows the association between theoretical and design conjectures
of the assessment artefact with the learning outcomes and embodiments.

As illustrated in Fig. 2.5, two mediating learning processes are required to
complete this assessment artefact. First, the students need to understand the relation-
ship among—human, built and nature and how those interrelations assign different
interpretations to the sustainable built environment. Second, students should shift
their perception towards a nature-centric sustainable built environment. The assump-
tion is that students with a nature-centric perception could produce sustainable
designs with higher biophilic quality. The evaluation of the sustainability manifesto
should demonstrate the achievement of two learning outcomes: (1) a perception of
sustainability that encompasses BD within ESD, and (2) the ability to generate BD
criteria compatible with the ESD approach. A practical guidance for students is given
in Guide 1 (Chap. 3) and illustrated in the Exemplar (Chap. 6).

2.5.2 Development of a Biophilic Design Framework Within
the Success Matrix

The term ‘success matrix’ is here used to identify the design framework that guides
students’ sustainable designs, traditionally employed in ESD studios. Students should
be given the flexibility to develop their own success matrix, including design criteria,
performance and evaluation rules, with the intent to give them an occasion and a tool
to reflect upon their achievement of sustainability in the final design. Three medi-
ating learning processes are required to successfully develop this artefact. Figure 2.6
illustrates how embodiments and learning outcomes are related to the design and
theoretical conjectures.
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There are three mediating learning processes necessary to construct this artefact.
First, students need understand how design frameworks are used in ESD. A brief
analysis of the current industry GBRTs and BD frameworks is included in Guide 2
(Chap. 4) that could be used to support this learning process.

Second, students are expected to learn a systematic technique to generate BD
criteria compatible with the ESD approach. Guide 2 provides specific instructions
on bridging the two approaches and generating compatible criteria. Peer assessment
is an embodiment that can support students in this task through critical evaluation
and discussion.

Third, students can use the generated BD criteria as:

— Integrated part of the success matrix, included as a separate category,

— Integrated into the success matrix where BD criteria are scattered across
categories,

— BD framework is taken as the success matrix and further developed as a self-
assessment tool to evaluate the biophilic response.



28 2 Developing an Educational Innovation for Biophilic Design

THEORETICAL CONJECTURES LEARNING OUTCOMES
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Guide 2 has instructions for the three approaches. Itis suggested that the criteria are
used as a self-assessment tool so that it will support nurturing evaluative judgement.
By going through the exemplar provided in Chap. 6, students will learn the application
of all three mediating learning processes.

Two learning outcomes are demonstrated by this assessment artefact: (1) the
ability to generate BD criteria compatible with the ESD approach and (2) the ability
to synthesise the generated BD criteria into a framework that can be used as a self-
assessment tool.
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2.5.3 Use of the Biophilic Design Framework in the Design
Thinking Process and Reflecting

Once a BD framework is constructed, students use this framework in the design
thinking process. A reflective design portfolio can be used as the key assessment
artefact to demonstrate their design thinking process. In addition to be developed
as a design portfolio it should include reflections on their design journey through
the project. Four mediating learning processes are involved in the construction this
artefact (Fig. 2.7).
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The first mediating learning process is understanding how design frameworks are
used in the ESD approach. The second one requires students to understand their
design thinking process and how to integrate the BD framework into that process. It
introduces five design thinking models that students can use to explore and identify
their own design process. The arrangements of studio tasks and peer assessments are
also included as embodiments to support this mediating learning process.

The third mediating process engages students in the design of a biophilic and
sustainable building, and provision of evidence of the achievement of sustainability.
Within an ESD students are required to support their claim on sustainability with
evidence-based design practice. Weekly technical knowledge teaching embedded in
the studio will prepare the students for this.

The fourth mediating learning process is students’ critical reflection on the design
thinking process. Peer assessment—whereby students can critically look at how
others are modelling their process—is also crucial for this mediating learning process.
The purpose of Guide 3 (Chap. 5) is to support the students with above tasks.

The exemplar given in Chap. 6 shows a specific design thinking process that
resulted in a sustainable design with high biophilic quality and also shows how to
work through all the mediating learning processes discussed above.

By constructing this artefact, students can achieve two learning outcomes: (1) the
ability to use the BD framework in the design thinking process and (2) the ability to
articulate the design thinking process through critical reflection.

2.6 Reflective Action Conjecture Map Development Process

Figure 2.8 provides an outline of how the RACOM for BD frameworks was developed
in this proposed educational innovation.

Step 1: The process started with deriving the high-level conjecture and identified
key challenges in developing a BD framework, as well as the pedagogical ideas that
can support overcoming these challenges. A mind map was created to derive the
high-level conjecture with the supporting pedagogical ideas (Fig. 2.2).

Step 2: Then, pedagogical ideas were investigated in relation to the design artefacts
that mediate the development of a BD framework. By doing this, the theoretical and
design conjectures for educational innovation were identified (Fig. 2.3).

Step 3: Consequently, the assessment artefacts and mediating learning processes
for each of those artefacts and the embodiments that could support the students in
the learning processes were identified (Fig. 2.4). This step was an iterative process,
comprising four sub-steps aimed at assisting in the generation of the themes of a
RACOM for BD frameworks.

Clearly, mediating learning processes are agile. They depend on the design brief
of the project and the context. Identifying the mediating learning processes assist
in linking between the learning outcomes and embodiments through theoretical and
design conjectures. The alignment of the learning outcomes, assessment artefacts,
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Fig. 2.8 Development of a reflective action conjecture map for biophilic design frameworks

mediating processes and embodiments is an iterative process that requires moving
back and forth between these components.

2.7 Concluding Remarks

This chapter outlined the development of the educational design innovation for BD
frameworks based upon RACOM, a systematic approach to develop educational inno-
vations for sustainable design studios. Authors have implemented a similar RACOM
for BD where the insights from it’s evaluation and the reflections were taken into
consideration whilst developing this version.

The RACOM developed for BD included three design artefacts that are also assess-
ment artefacts, providing materials to support students in successfully transitioning
and achieving learning outcomes. Each design artefact corresponds to mediating
learning processes linking learning outcomes with necessary embodiments. These
mediating learning processes were expanded connecting the theoretical and design
conjectures providing educators with an ability to adapt them in similar situations.
How these assessment artefacts could be evaluated is discussed in Chap. 7.
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This guidebook includes three guides and the exemplar as the materials within the
embodiments detailed out in following chapters. Each Student Guide was developed
to support an identified challenge where the exemplar demonstrated the use of the
introduced design approach. They are presented in a way that can be directed used in
the studio to suit the learning outcomes used in the proposed educational innovation.
Educators will need to adapt the given learning outcomes to their contexts, along with
potential assessment artefacts and other components. The implications educators may
face in implementation and embodiments other than materials are given in Chap. 7.
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Chapter 3 M)
Student Guide 1—How to Develop festie
a Nature-Centric Sustainability

Manifesto

Abstract A foremost challenge in developing a biophilic design (BD) framework
is uncovering a perception of sustainability that appreciates nature and fosters
biophilia in the built environment. The sustainable built environment can be under-
stood through the relationships among three dimensions: the human, the built and
nature. Depending on the dimension in focus, the perception can drastically differ.
This chapter provides a few directions for developing a nature-centric perception.
Ecological thought and deep ecology are presented as the bases of the nature-centric
perception. This perception has two functions in developing the BD framework: (i)
it allows us to understand and interpret buildings and nature as two parts of the same
metaphysical entity; (ii) it provides an opportunity for categorising the criteria found
in current environmentally sustainable design and BD practices using a classifica-
tion common to both approaches. One example of a common classification—based
on defining nature as elements of earth, air, water, energy and habitat is elaborated,
reflecting a verbal expression of the sustainability manifesto.

3.1 Introduction

This is a guide to support you in developing a sustainability manifesto. A sustain-
ability manifesto is your own personal interpretation of sustainability, which will
inform how you approach your design. This interpretation can be expressed through
speech, a diagram, a video, an act or any other representation you deem appropriate
and relevant.

This chapter presents a comprehensive framework that can guide you in building
your manifesto through understanding the relationships between the human, the built
and nature. We demonstrate, through one example, how we interpret sustainability;
this can be taken as source of inspiration or even adapted for your manifesto. This
example shows a sustainability manifesto that interprets building as an extension of
the natural setting. We interpret both the built and nature as comprising the same
elements of earth, air, water, energy and habitat. These elements provide a common
categorisation for both an ESD and BD approaches.
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3.2 The Relationship Between Human, Built and Nature
in the Perception of Sustainability

Sustainability is an ambiguous notion with diverse interpretations. In architecture,
when we refer to a sustainable built environment, we usually mean a system that
comprises three dimensions: the human, the built and nature. The evolution of a
sustainability perception can be understood by the interrelationships among these
dimensions (Fig. 3.1).

This triangular relationship between the dimensions can be understood through
the built-centric, human-centric or nature-centric lens. Built-centric approach means
that a primary objective of design is to bring benefits to the built environment, the
human-centric approach attempts to bring benefits to humans, and the nature-centric
approach brings benefits to nature. These dimensions are interrelated. The two-way
relationships between nature and the human target the psychological wellbeing of
building occupants; between human and built, physical comfort; and between the
built and nature, minimising environmental impacts, which shifts attention from
building occupants to the environment.

The resulting six relationships reflect various design approaches, which have
different implications for sustainability. For ease of reference, we have termed these
relationships as follows: built-to-express, built-to-mitigate, human-built-comfort,
human-nature-wellbeing, nature-for-wellbeing and nature-to-mitigate.

Fig. 3.1 Interrelationships
among the human, the built
and nature in sustainability
perception

Human-centric i Built-centric

Human-built-comfort
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3.2.1 Built-Centric Design Approach

The relationships built-to-express and built-to-mitigate are part of the built-centric
approach, in which design is focused on the built object. These are building-dominant
views that maximise the benefits to the built program. When referring to the built-
centric design approach in regard to the human, the built-to-express relation usually
indicates a design approach with very little, if any, consideration for environmental
impacts. For instance, classical architecture focuses on perfecting the shapes and
forms of the building expression while providing a comfortable space for human
activities. The same trend can be partially observed in modern buildings, which are
intended to be functional and comfortable spaces for the occupants.

By contrast, a built-centric approach directed towards nature focuses on mitigating
design impacts on the environment. This is the built-fo-mitigate relation, which can
be identified as the starting point of modern sustainability practice. In this approach,
buildings are designed to mitigate environmental impacts, but they often overlook the
implications on human psychological wellbeing. This dominates current ESD prac-
tice, in which sophisticated technology merely achieves mitigation targets. Research
has shown that a building may achieve its sustainability and energy targets but fall
behind in supporting healthy human—nature connectedness (Kellert, 2008). This is a
different building expression, displayed in many technically advanced buildings and
reflecting a new expression in modern buildings.

It must be noted that there exist exceptions in sustainable practices that can reflect
other types of relationships. This is the case of architectures that draw upon vernac-
ular practices, which demonstrate both built-centric and nature-centric sustainable
practices.

3.2.2 Human-Centric Approach

In the human-centric approach, human-built-comfort—that is, the relationship
between human and the built—reflects unique human-centred design within ESD
practice and, in some instances, within conventional design. This approach estab-
lished itself in opposition to the building-as-machine movement by supporting and
appreciating human behaviour and thereby generating architecture that maximises
comfort. The difference between this and built-fo-express is that, even though both
focus on comfort, the human-built-comfort approach is not dominated by building
expression. Rather, forms are generated to support user comfort.

Another aspect of this design movement has focused on human behaviour—both
individually and collectively—and has been advocated by scholars such as Alexander
(1977) and Bill Hillier and Hanson (1989). However, buildings responding to human
behaviour are also focused on psychological comfort, going beyond mere physical
comfort. This highlights the fact that, when considering different design approaches,
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there are some relations with overlapping boundaries, and it is always up to you to
reinterpret them to suit your view.

Within ESD practice, some GBRTs such as the WELL Building Standard are
focused on physiological comfort, providing strong examples of a human-built-
comfort approach.

The current BD practice is a human-centric towards nature that can be deduced as
being a human-nature-wellbeing approach. This approach is based on the numerous
benefits that nature can bring to humans (Wijesooriya & Brambilla, 2021); designs
following this approach attempt to harness these potential benefits and make them
an integral part of the conceptual phase of the design process. The BD approach
developed by Xue et al. (2019), for example, claims to improve human performance
in terms of enhancing productivity, cognition and creativity by incorporating nature
into buildings.

This approach can be observed in the growing design trend of using natural
elements in isolation—often within sophisticated interiors—as distinctive BD
features. The Changi international airport in Singapore (Fig. 3.2) is the perfect
case: featuring a giant indoor waterfall, it has been depicted in many forums as
a successful BD. In this example, nature is used and re-created for the sole benefit of
human psychological wellbeing, paying less attention to sustainability—that is, the
environmental impact of such design elements. Therefore, this design brings benefits
to humans and is focused on psychological wellbeing; consequently, it is a perfect
example of the human-nature-wellbeing approach.

3.2.3 Nature-Centric Design Approach

The nature-for-wellbeing and nature-to-mitigate relationships belong to the nature-
centric approach.

Nature-to-mitigate approaches—that is, nature-centric approaches towards the
built—focus on the mitigation of environmental impact. Buildings designed through
this lens bring benefits to nature while achieving building performance targets. Recent
GBRTs, such as the Living Building Challenge (International Living Future Institute
[ILFI], 2016), promote this holistic approach to architecture. Even in earlier ESD
practice, you may come across building designs that have these characteristics. For
example, Kandalama Hotel in Sri Lanka—by Geoffrey Bawa, a pioneer in modern
regionalism architecture—is designed with a nature-centric approach (Fig. 3.3). It is
the first LEED-rated hotel and also has a focus on mitigating environmental impact.

Paramit Factory, Malaysia designed by Design Unit Sdn. Bhd. is another example
that demonstrates Nature-to-mitigate relationship within nature-centric approach.
This building is a BD example practiced in an industrial architectural project
showcasing the potential for varied building types. The building lies within an
industrial zone with a recreated forest earning the name ‘factory in the forest’
(Fig. 3.4). In this project the factory building design has included sustainability
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Fig. 3.3 Kandalama Hotel, Sri Lanka, by Geoffrey Bawa. Source Authors
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Fig. 3.4 Paramit factory, Malaysia designed by Design Unit Sdn. Bhd. Photo credit Lin Ho
photography

initiatives with passive strategies and sophisticated climate controls allowing it to
mitigate environmental impacts.

Nature-for-wellbeing—a nature-centric approach towards the human dimen-
sion—is identifiable with designs that bring benefits to nature while optimising
human psychological wellbeing. This is the case with vernacular architecture—which
is designed to minimise the effects on the natural environment—or with modern
buildings that focus on minimising the destruction of nature, integrating existing
landscape into the design.

An example from Mexico that demonstrate Nature-for-wellbeing in the nature-
centric approach is IK LAB Gallery designed by Jorge Eduardo Neira Sterkel. The
design uses organic forms and shapes blending with surrounding natural environment
with greater potential to enhance HNC. Figure 3.5 a similar project from Malaysia
that includes a meditation centre designed by Inchscape Sdn Bhd. Unlike the previous
example of Kandalama Hotel, that focuses on mitigation of environmental impact
through verified sustainability performance this design emphasises on connection to
nature at every possible opportunity.

The selection of the dominant approach is a personal choice. A sustainability
manifesto can integrate more than one approach, or, conversely, it can be focused
solely on one aspect. There is no right or wrong choice; however, if your intention
is to develop a BD framework compatible with ESD criteria, you should explore the
nature-centric approach.
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Fig. 3.5 Meditation centre, Malaysia by Inchscape Sdn Bhd. Photo credit Lin Ho photography

3.2.4 Identifying the Built-Centric, Human-Centric
and Nature-Centric Design Approaches

Table 3.1 summarises the six relationships so that you can easily refer to them and
understand the differences.

You may have also come across numerous approaches that are practised in
sustainable design, such as climate-responsive design (Hyde, 2000), passive design
(Belmonte etal., 2021), bioclimatic design (Watson, 2020), low-carbon design (Pan &
Pan, 2021), and water-sensitive design (Fogarty et al., 2021), to name a few. All of
these approaches can be categorised within the six abovementioned relationships by
investigating the concepts and targets at the core of each approach. By analysing
different approaches, you can learn how to recognise the relationships between the
human, the built and nature, which characterise current ESD practices. The following
section presents a decision-making tree (Fig. 3.6) that can be used to identify these
relationships.

To use the decision tree, follow these steps:

e Step 1—Identify the focal point of the design. Refer to the explanation above
and ascertain the primary objective of the design. How is the design approach
perceived?

e Step 2—Think about the potential outcome of the design and the target criteria
that are used to judge whether it is successful.
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Table 3.1 Six human—nature—built relationships for a sustainability manifesto

Relation Approach Focus Description

Built-to-express Built-centric | Comfort Conventional highly
expressive building
designs

Built-to Mitigate Built-centric | Environmental impact | The current
environmentally

sustainable designs,
which focus on
mitigating environmental
impact using
sophisticated technology

Human-built- comfort Human-centric | Comfort Building designs
maximising the human
comfort for physical and
behavioural found within
both conventional and
environmentally
sustainable design
practice

Human-nature-wellbeing | Human-centric | Psychological wellbeing | The current biophilic
design practice, which
focuses on improving
psychological wellbeing
by using natural elements
within the building

Nature for-wellbeing Nature-centric | Psychological wellbeing | Development within
biophilic design that
aims to bring benefits to
nature while enhancing
psychological wellbeing
through human—nature
connectedness

Nature-to-mitigate Nature-centric | Environmental impact | Designs that are
sustainable and biophilic,
where natural processes
can be used to achieve
building performance

e Step 3—Now, look into the area that will most benefit from the design. This step
is crucial to reaffirm the originally identified perception in step 1.

Now, let us delve into an example and analyse the climate-responsive design
approach (Fig. 3.7).

Climate responsive design is an approach where ‘building from and structure
moderates the climate for human good and wellbeing’” (Hyde, 2000, p. 3), thus
attempt to expose the senses of the user to the climatic variations. The first impres-
sion may lead you to think that this approach is nature-centric, since it seems to be
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Fig. 3.6 Decision tree for identifying the dimensional interrelations in sustainable designs. Note
Numbers refer to (1) built-to-express, (2) built-to-mitigate, (3) human-built-comfort, (4) human-
nature-wellbeing, (5) nature-for-wellbeing and (6) nature-to-mitigate

dealing with climate. If this is the case, we will then ask the question of whether it
is more focused towards mitigating environmental impacts or towards psycholog-
ical wellbeing. Generally, climate-responsive design is focused on designing for a
particular climate; hence, our interpretation shifts towards one of a focus on miti-
gating environmental impacts. It is important to remember that this is a personal
interpretation and may differ from one person to another. One might even argue that
climate-responsive design is, in fact, more focused on comfort. Selecting ‘nature-
centric’, and ‘mitigation of environmental impacts’ as the focus, we are directed
towards Relationship 6 (nature-to-mitigate). At this point, we have to double-check
the relationship.
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STEP: 1 design approach, which STEP: 1 design approach, which
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ITERATION 1 ITERATION 2

Fig. 3.7 Use of the decision tree to identify the dimensional interrelations for climate-responsive
design. Note Numbers refer to (2) built-to-mitigate and (6) nature-to-mitigate

To do so, we might need to look at some examples (i.e., relevant case studies
of developments following the design approach) and refer to the current debates on
design. This step confirms that climate-responsive design seems to be more focused
on using climatic conditions to achieve human physical comfort, reflecting a focus
typical of Relationship 2 (built-to-mitigate). This is a typical ESD approach, which
have lesser emphasis on psychological wellbeing.

Your conclusion may differ. Indeed, this analysis depends on your interpretation.
We highly encourage you to try this decision tree as a group activity, wherein different
interpretations can be elucidated, compared, and critically examined.

By completing this exercise, you will be able to understand what relationship
is placed at the core of any sustainable approach, while building foundation and
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confidence for making informed choices. You will also notice that this exercise will
progressively clarify what is important to you as a sustainable designer.

3.3 Biophilic Design: How to Develop Your Nature-Centric
View

Approaching design with a nature-centric perception and developing a sustainability
manifesto is a crucial step for constructing a BD framework compatible with an
ESD approach. Applying a nature-centric approach is fundamental for identifying a
common classification for both ESD and BD.

However, once you have clarified your own approach to sustainable design, you
might find that it is not nature-centric. If this is the case, you may need spend
some time exploring and understanding the biophilic view. Contemporary ecolog-
ical thought argues that human and the built can be considered parts of the same
metaphysical entity; hence, the built can be considered an extension of the natural
setting.

In the following sections, we will provide you with some ideas, principles and
evidence that support the nature-centric view. In particular, we will explain in detail
how ESD and BD are two faces of the same coin: the first is focused on sustainability
as mitigation of environmental impacts; the second, on its human emotional affinity.
Further, we will present advanced notions of ecological thought (Morton, 2010)
and deep ecology (Devall & Sessions, 1985), which are grounded on the idea that
everything is interconnected through nature.

3.3.1 Understanding Nature Within a Global Environmental
Movement

The effects of human actions on the environment are no longer negligible. Visible,
catastrophic consequences have aroused a desire to protect nature in all its forms,
resulting in a global environmental movement (Mol, 2000). The roots of the modern
environmental movements date back to the Middle Ages (Istiadji et al., 2018). There
are some key milestones in organised environmentalism: McCormick (1991) has
argued that the Age of Discovery, Romanticism and Darwinism heavily influenced
the rise of protectionists, wilderness preservationists and resource conservationists.
The rise of the movement is apparent from the mid-nineteenth century, but revolu-
tionary actions are visible only after 1945, with drastic momentum after the 1960s
(McCormick, 1991).

Examining some of the key contributions that shaped the directions of the global
environmental movement, it is apparent that the human relationship with nature
is the pivotal point. The Age of Discovery is represented by advances in natural
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history that played a crucial role in exposing how human activities exploit nature.
The foundations for modern botany and zoology were laid during this time, when
being a naturalist and exploring natural sciences was quite popular during Victorian
era. Studies into natural sciences awakened interest in studying, documenting and
collecting specimens of nature. This new knowledge led people to explore and study
nature from different viewpoints.

One viewpoint was Romanticism. The Natural History of Selborne, by Gilbert
White (1788), was one of the texts advocating for people to restore the peaceful
connection with nature as a way to appreciate its beauty. This text influenced many
others to study natural history from a romantic viewpoint, focusing on beauty and
emotional solace rather than scientific merit. While appreciating the beauty of nature,
poets and painters bewailed the changes made to nature through agriculture. For
example, Wordsworth (1882) claimed that agriculture violated the rights of nature,
while Gilpin (1794) noted the shocking encroachments on the elegance of the natural
landscape. In either case, nature was clearly the focus of concern.

The other viewpoint was to explore nature on scientific grounds. First naturalists
emerged out of these scientific explorations of natural world. Their role was as
scientific explorers, and their interests were in expanding the collection of animal and
plant specimens through exotic expedition. The height of the exploration era was the
rise of Darwinism, which drastically shaped environmentalism. At this time, Western
thinking was premised on the belief that humans were superior to other species, and
work by Darwin—with the subsequent publication of the On the Origin of Species
(1852)—shattered this common belief. Darwin provided evidence for naturalists to
realise that humans are evolved, much like any other species in nature, and it was by
their own choice that humans have distance themselves from nature. This not only
challenged the Western school of thought but also contributed immensely to the latter
expansion of the environmental movement, which revealed that human dominance
was leading to the unethical destruction of nature (Erdos, 2019).

Both Romanticism and Darwinism shaped the fundamental understanding of
nature, and responses were broadly identified as either conservationist or protec-
tionist. The conservationist approach aimed to conserve wilderness and natural land-
scapes. The establishment of nature reserves and parks was part of this response. The
protectionist approach aimed to mitigate human impact and protect both animals
and landscape. Both approaches had a common goal of raising environmental
consciousness and constructing a healthy relationship with nature.

The environmental movement kept growing across the globe while expanding
its focus. A Sand Country Almanac (1949), by Aldo Leopard, directed focus on
ethical consciousness to protect nature. Conservation ethics is based on human
intrinsic moral obligation to protect nature. This viewpoint also contained ideas
around environmental justice that encompassed debate around equal participation
in environmental policy, equal access to nature and justice for non-human environ-
mental entities (Palmer et al., 2014). Thus, conservation ethics became embedded in
the environmental movement (Rolston, 2012).
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Drastic changes to legislation were seen after the 1960s. Seminal texts by Rachel
Carson contributed immensely to strong policy frameworks for environmental protec-
tion. The Sea Around Us (1950), The Edge of the Sea (1955) and Silent Spring
(1952) all presented vivid narratives of how people disturb the ecological equilib-
rium in nature in the name of development. These stories, with scientific evidence,
reminded people of the origin of the environmental movement, the beauty of the
natural environment and the tragedy of its loss.

The need for sustainable development was a broader response that attempts to
encompass the many facets of the rising global environmental movement. This was
evident from the United Nations Sustainable Development Goals, introduced in 2015,
in which all social, environmental and economic aspects were incorporated into a
very broad framework.

The response from the built environment focused on mitigating environmental
impacts by introducing the new approach of ESD. ESD, from its inception, had
more focus on policy and technological interventions than on the human—nature
relationship. However, current ESD practice has a greater emphasis on nature and
nurturing for healthy human—nature relationships (Africa et al., 2019).

It is clear that, throughout the rise and expansion of the global environmental
movement, nature has held a focal position. Even though ESD originally focused
on merely mitigating environmental impacts, there is currently a transition towards
an approach that has enhanced human—nature connectedness. Thus, a nature-centric
approach is crucial for shifting ESD to respond to the need for enhanced human—
nature connectedness in the design outcome.

3.3.2 The Interconnected Mesh: Interplay of the Human,
Nature and the Built

While literature on global environmental concerns presented in Sect. 3.3 above has
emphasised the central position of nature in the global environmental movement,
another crucial school of thought has evolved around the idea that all living entities
are interconnected. This idea broadens the definition of what constitutes nature. This
phenomenon was widely discussed in deep ecology and ecological thought (Morton,
2010), and highlights the criticality of achieving long-lasting sustainability.

The notion of the interconnectivity of all living things had its foundation in
Eastern thinking. Erdos (2019) argued that Eastern philosophy has a high emphasis on
enduring a close relationship with nature. Henning (2002) drew similarities between
Buddhist philosophy and deep ecology. Buddhist philosophy was built upon this
notion of interconnectivity to convince people to be more passionate towards nature.
As Hennings (2002) pointed out:

Buddhism views people as a part of nature. If the environment is destroyed or degraded,
people cannot survive or have a quality life. By abusing the environment, people abuse
themselves and their descendants as well as future generations of all life. (p. 9)
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By contrast, early Western thinking placed humans above other living beings,
which, in return, may have led to the exploitation of natural resources (Erdos, 2019).
The idea of interconnectivity first appeared in Western thinking only after the rise of
Darwinism. Darwin planted the seeds of the idea that all living beings are intercon-
nected, and that human evolution was equal to any other species, which shattered the
idea of human dominance over other species.

The idea of deep ecology was brought into the global environmental movement
through the work of Norwegian philosopher and mountaineer Professor Arne Ness.
He argued that there were two types of environmentalism (Naess, 1973), which were
not compatible: the long-range deep ecology movement and the shallow ecology
movement. He distinguished these two types by the level of inquiry. Deep ecology
argues deeply into the purposes and values of environmental issues, breaking them
down to their fundamentals, such as exploring the deeply rooted relationship between
human and nature. Shallow ecology merely questioned at the surface level such as
taking actions against pollution and resource depletion. Even though the term ‘deep
ecology’ was coined in early 1970s, Rachel Carson’s work with Silent Spring (1952)
is recognised as the turning point that ‘ushered in what appropriately can be called
the Age of Ecology’ (Sessions, 1987, p. 105).

Sessions (1987) conducted a comprehensive review of the deep ecology move-
ment, pointing out its ideological nature and argued that:

many environmental historians, ecophilosophers, and anthropologists now agree that primal
societies throughout the world practiced a spiritual ‘ecological’ way of life in which every-
thing was to be respected in its own right. This ‘ecocentric’ religious approach accounts for
their cultural success for thousands of years and can provide modern humans with historical
models for the human/nature relationship. (p. 107)

By assigning spiritual connotations to ecological views, Sessions (1987) also
distinguished between the Eastern and Western religious philosophies and pointed
out how Eastern religions were premised on the interconnectivity of all entities.

Snyder (2004) further expands this view by emphasising the need for nature to be
considered from an ethical point of view, arguing that:

a huge number of contemporary people we can no longer think that the fate of humanity
and that of the natural world are independent of each other. A society that treats its natural
surroundings in a harsh and exploitative way will do much ‘other’ people. Nature and human
ethics are not unconnected expansion of ecological consciousness translates into a deeper
un interconnectedness in both nature and history, and a far more grasp of cause-and-effect.
(p- 21)

Snyder (2004) also stressed differences in the Western and Eastern philosophical
debates in acknowledging the mutual connectivity of humans and nature. Snyder
(2004) argued that, to establish this connection, we need to understand that ‘I am
part of your surroundings just as you are part of mine’ where ‘this sort of mutuality is
acknowledged in Buddhist philosophy, and highly developed in ecological thought’
(p. 23).

Deep ecology seemed to have its roots in Buddhist philosophy and that the idea
of interconnectivity was been further explored with varying interpretations. Morton
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(2010) used the term ‘mesh’ to represent the interconnectedness of all living and non-
living things. In the mesh, he placed the built as an extension of the environment,
arguing that:

all the life forms are the mesh, and so are all dead ones, as are their habitats, which are also
made up of living and non-living beings. We know even more now about how life forms have
shaped Earth. We drive around using crushed dinosaur parts. Iron is mostly a by-product of
bacterial metabolism. So is oxygen. Mountains can be made of shells and fossilised bacteria.

(p. 29)

He specifically used the term ‘ecological thought’ to describe this way of thinking
about an interconnected metaphysical world wherein we can consider the built as a
part of nature itself.

The arguments around deep ecology and ecological thought support the idea
that nature is a connecting factor in the world in which we live. Thus, shifting our
sustainability perceptions towards a nature-centric approach will assist us to consider
the built as an entity within nature and both are made from same elements. This means
that the built is not a separate entity but rather an extension of nature. If nature is built
with elements, then so is the human, and so is the building. Therefore, any definition
we use for nature or natural things can be equally applied to the built or to humans.

3.4 Biophilic Thought: A Nature-Centric Sustainability
Manifesto

We have argued that shifting the perception of sustainability towards a nature-centric
view is also to accept that things are interrelated, that nature is the pivotal point, and
that we can, therefore, define both nature and the built using common aspects.

With this biophilic thought, we developed our own sustainability manifesto.
Drawing on the literature presented above, we used the elemental view of nature: that
nature is a composition of earth, air, water and fire. This philosophical, elemental
view of nature is common in both Eastern (Hardy, 1853; Kalupahana, 1976; Upham,
1829) and Western (Adler, 1952; Glacken, 1970) traditional cultures. Earth, air,
water and fire are commonly used as grounding elements of the environment—or
nature—bearing both physical and cultural meanings.

Buddhist philosophy provides an early revelation that matter is made of four
elements: prutav-dhatu (earth), vayu-dahthu (air), apa-dhatu (water) and theja-dhatu
(fire) (Karunadasa, 2020). In Hinduism, these elements are commonly termed pancha
boota with an additional fifth element of space (Singh, 1992). The Chinese concept
of fengshui similarly views earth, air, water and fire as elements of existence. In the
practice of fengshui, functions of household are orientated to designated directions of
the four elements (Parkes, 2003). The objective of this is to harmonise the elements
and thereby attract universal energy for wealth and prosperity.

Mortimer Adler (1952) identified the elemental view as one of the hundred great
ideas of Western thought. Traditionally, ancient Greek geography used the natural
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elements as guides to understand and interpret the environment and space (Glacken,
1970). They identified the elements of fire in the sun, air in the sky, earth in moun-
tainous landscape and water in the sea. This view is reflected in Greek mythology,
poetry and literature (Hesiod, 1973) as well as in Greek philosophy (Macauley, 2010).

However, with industrialisation and technological advances, this perception also
took a shift. Hegel, in the Philosophy of Nature (1970), explained how science,
with the advances of chemistry, deduced all materials into elementary chemical
compounds, and the four elements were neglected. Hegel (1970) stated that ‘the
concept of the four elements, which has been commonplace since the time of Empe-
docles, had been rejected as puerile fantasy’ (p. 34) and that ‘no educated person is
now permitted, under any circumstances, to mention (it)” (p. 34). It is highly likely
that this vision influenced the ESD approach as well, which is focused on techno-
logical solutions to mitigate environmental impacts, rather than building expression
for depicting cultural meanings, values or enhancing human—nature relationships.

By contrast, the elemental view underlines the importance of sensory experience
as a means to bring humans closer to nature. Macauley (2010) explored the use of the
four elements under elemental philosophy and argued that further inquiry into the
four elements not only enriches philosophical debate but also actively contributes to
environmental activism. Macauley (2010) believed that understanding nature through
these elements serves two purposes: First, it supports a sensory experience, wherein
physical entities touch the senses—for example, the earth beneath our feet, feeling a
breeze on our face or touching a body of water. Establishing these sensory links makes
it easier to understand nature and enhance human—nature connectedness based on a
set of achievable and tangible targets. Second, this ‘re-rooting’ of nature as elements
gives an understanding of the use of natural elements and processes within build-
ings for everyday use as a ‘domestication of elements’ rather than a ‘domination of
nature’. For instance, water is domesticated through fountains, ponds and reservoirs,
while fire, in the form of hearth, brings warmth to an interior space, lighting and
electricity (Macauley, 2010). This conscious domestication helps us to appreciate
the consumption of elements extracted from nature, rather than positioning them as
scientific or chemical compounds.

Foster (2002), among many others who have advocated for the use of the four
elements to perceive nature in overcoming the environmental crisis (Callicott et al.,
2014; Light, 1995; Sallis, 2012), has argued that an elemental view could lead to a
stronger environmental virtue ethics.

With this definition, we could create criteria in BD and ESD using the four
elements of earth, air, water and fire. To use these elements for both nature and
the built, we also needed to amend the terms in ways familiar to sustainable design.
We used earth, air and water as they were, but changed fire to energy. This change
facilitated a more sensible interpretation of current ESD criteria given under energy.
We added another element, habitat, which reflects the inclusion of flora and fauna
into the built environment, currently promoted in both BD and ESD. Thus, biophilic
thought defines “‘buildings as extensions of a natural setting and as made of
earth, air, water, energy and habitat”. We further elaborated our biophilic thought
by assigning definitions to each element:
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e FEarth is the materiality of the building that brings it into existence with colours
and textures.

e Air is the space that is trapped within the building to allow for ventilation and air
quality performance and which contributes to the sense of space and light.

e FEnergy is the power of the building that brings warmth, comfort and light into the
building; the visual attributes of daylight; and the perceived heat in the building.
Water is the fluidity within the building, serving aesthetic and utilitarian purposes.

® Habitat is the living forms in and around the building that interact with humans,
including flora and fauna that connects the inside with the outside.

These definitions allow ESD criteria and BD criteria to be mapped onto the five
elemental categories. These categories can not only be used to create comprehensive
design principles that encompass both ESD and BD criteria, but they are also the
expression of our sustainability manifesto. For us, sustainable design is the bridge
between the built and nature; it represents the fundamental connection between
performance, emotions and wellbeing. The built without nature is a mere construc-
tion; the built is an extension of nature, and both are composed of earth, air, water,
energy and habitat. Architecture is the interconnected mesh that allows us to design
truly sustainable buildings, allowing for a nourishing coexistence of the built, nature
and the human.

Now you have seen how we built our manifesto by drawing upon the literature
on ecology and sustainability; however, this manifesto is our interpretation of the
concepts, principles and ideas. You can try to build your own manifesto by responding
to these questions:

e What is the fundamental role of architecture for you? Why do we design?
e What is sustainability? How can you define it in fewer than 100 words?

In responding to these questions, try to think about what you have read and the
different connecting relations illustrated in Fig. 3.1. It is important that you try to
contextualise the manifesto within the framework. If you do this, it will be possible
to develop a design framework based on your manifesto.

The written definition of biophilic thought above is an example of a sustainability
manifesto given in verbal expression. You can also use a diagram to communicate
your sustainability manifesto, as shown in Fig. 3.8.

3.5 Concluding Remarks

In this chapter, we have seen the fundamental interrelations between the built, nature
and the human. We identified a method for analysing current ESD frameworks and
identifying their fundamental relations. The literature on the human-centric approach
development can guide us towards the creation of a sustainability manifesto grounded
in the elemental view, wherein humans, buildings and nature are part of the same
entity and interconnected in a unique mesh. Starting from this exercise, it is possible
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Fig. 3.8 Diagrammatic presentation of biophilic thought

to develop a personal manifesto, responding to these pressing questions: What is
sustainability? What is the role of architecture?

Within sustainable studio, this represents a first step towards an informed approach
to design. In the next chapters, we will provide evidence for the next steps that must
be undertaken to integrate BD into ESD studios: Student Guide 2 (how to develop a
BD framework) and Student Guide 3 (how to report and model your BD thinking),
which contains an exemplar showing how to apply the framework to develop a design
proposition.
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Chapter 4 ®
Student Guide 2—How to Develop festie
a Biophilic Design Framework

Abstract A biophilic design (BD) framework is a crucial component for using
BD principles within an environmentally sustainable design (ESD) approach. One
key challenge in developing a BD framework compatible with an ESD approach is
the lack of systematic techniques with clear instructions to generate the criteria.
To address this need, the process-bridging technique—a systematic method for
developing biophilic criteria—is outlined in this chapter. The proposed system uses
natural processes to bridge between biophilic and building performance criteria. The
five elements—earth, air, water, energy and habitat—proposed in previous chapter
are used to categorise the criteria. The process-bridging technique supports you in
systematically generating biophilic criteria compatible with ESD approach We illus-
trate how a place criteria for BD and a performance criteria for ESD are generated
using current BD and ESD frameworks respectively. These biophilic criteria can
be used as a basis to develop and elaborate strategies for the architectural concept,
geometrical model and building components and systems to be employed in the
design. These, in turn, can then be integrated into your ESD framework, which
we have termed as the ‘success matrix’. There are two ways to integrate: (i) you
can include them as a specific category in the matrix, hence your BD framework
will become a sub-section of the overarching ESD framework, or (ii) they become
the leading design targets in the matrix. We will give you some examples of each.
Either way, you can synthesise the generated biophilic criteria, design strategies and
building components into a self-assessment tool.

4.1 Introduction

This guide outlines a systematic method for developing a BD framework that you
can use to enhance your biophilic response within an ESD project. To describe the
development process, we use a number of specialised terms that we summarised in
Table 4.1.
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Table 4.1 Definition of process-bridging technique terms

Term

Definition

Design framework

A design framework is a set of predetermined criteria that
outlines what you want to achieve in your building design.
In the practice of environmentally sustainable design, green
building rating tools are used for this purpose; they set the
criteria you aim to achieve through your design. Some
examples are Green Star certification and Leadership in
Energy and Environmental Design (LEED) certification

Biophilic design (BD) framework

When a design framework is developed to practise biophilic
design, we call it a biophilic design framework. The /4
Patterns of Biophilic Design developed by Browning et al.
(2014) is an example

Success matrix

A success matrix is a design framework used within a studio
design project. Similar to a design framework, you can
include a set of predetermined criteria that you intend to
achieve within your sustainable design

Category

These are the high-level categories, covering different
aspects, presented in a design framework. For example, the
Leadership in Energy and Environmental Design standards
comprise eight categories: site management, energy, water
efficiency, air quality, materials and resources, innovation
and regional priority

Criteria

Criteria are given under each category. They are aspects of
what is to be achieved within the category. For example,
under the ‘water efficiency’ category, ‘reduction of potable
water use’ is a criterion

Place criteria

Place criteria consist of a list of criteria that support
biophilic design and contribute to sensory place-making
aspects of a design. They include criteria given in the current
biophilic design frameworks found in industry practice

Performance criteria

Performance criteria consist of list of criteria that support
building performance. They include criteria generally found
in green building rating tools currently used in industry
practice

Natural process inventory

A natural process inventory is a list of natural processes that
can be used to achieve certain building performance. This is
generated by reviewing current academic literature and
building case studies

Process

‘Process’ is short for ‘natural process’ within the natural
process inventory

Biophilic criteria

Biophilic criteria is a list of criteria that is generated through
the proposed technique. The criteria in this list contribute
towards place-making and sustainable performance of a
building

(continued)
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Table 4.1 (continued)

Term Definition

Design strategy A design strategy outlines how a certain criterion can be
achieved through design. For example, if ‘use of natural
elements to reduce heat gain is a criterion’, then ‘use of
vegetation to reduce heat gain’ and ‘use of water features to
reduce heat gain’ are two design strategies

Building components A building component is used to adopt a design strategy in
the building. For example, if the ‘use of vegetation to reduce
heat gain’ is a design strategy, then ‘vegetated vertical
window shading’ is a building component

Implementation steps Implementation steps are further instructions given in a
design framework to realise the design strategies or building
components. For example, if ‘vegetated vertical window
shading’ is the building component, then ‘calculate the
dimensions of shading device’ and ‘use a simulation model
to calculate the reduction through window’ are
implementation steps

Figure 4.1 shows the structure of a typical BD framework. It is based on our pilot
of BD framework development (Wijesooriya et al., 2021) and an extensive literature
review of academic and industry references (Wijesooriya et al., 2022).

As illustrated in Fig. 4.1, categories are at highest level. Under each category is
a list of biophilic criteria. Each criterion can be further detailed in terms of design
strategies, which can each be achieved in the building through building components.
Elaborating the biophilic criteria with design strategies and building components

Categories

BIOPHILIC
DESIGN
FRAMEWORK Biophilic criteria
( Design strategies ) ( Design strategies )

Building Building Building Building
components components components components

Fig. 4.1 Structure of a typical biophilic design framework
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is an optional activity that improves the applicability of the BD framework. By
investigating this structure and analysing current frameworks, we can identify the
stages involved in developing a BD framework:

Stage I: deriving categories (Sects. 4.2 and 4.3)

Stage II: generating biophilic criteria compatible with the ESD approach (Sects.
4.2 and 4.3)

Stage III: identifying design strategies (Sect. 4.4)

Stage IV: proposing building components (Sect. 4.4)

Stage V: integrating the biophilic criteria, design strategies and building compo-
nents into the success matrix (Sect. 4.5)

Stage VI: synthesising the BD framework into a self-assessment tool (Sect. 4.5).

The most challenging of these stages is generating biophilic criteria that are
compatible with the ESD approach. We propose the Process Bridging Technique
(PBT) for this purpose, which is more specifically detailed in Sect. 4.2. We have
included an example of BD framework analysis (Wijesooriyaetal.,2022) in Sect. 4.3,
which may assist you understanding the process and generate your own framework.

We used the term ‘success matrix’ to identify the design framework in a studio
setting. These generated biophilic criteria, design strategies and building components
alone will not guide your design; instead, you need to integrate them into your success
matrix. Instructions on how to integrate the BD criteria into your success matrix and
further synthesise the framework as a self-assessment tool are given in Sect. 4.6.

Once the BD framework has been developed, itis necessary to validate its compati-
bility with the ESD approach. This step can be undertaken following the methodology
used by Xue et al. (2019), presented in Sect. 4.5.

4.2 Stage 2—4: Process-Bridging Technique

The use of natural processes in building performance and ESD approaches is
becoming increasingly popular. Identifying natural elements that support the sensory
experience while contributing towards building performance is a strategic bridging
point between ESD and BD. The PBT presented in this chapter is based on this
concept. The PBT we outline here to generate the BD criteria comprises a few steps,
as shown in Fig. 4.2.

As illustrated in Fig. 4.2, PBT requires additional steps expanding on the
previously identified stage II:

Stage I: deriving categories
Stage II: generating biophilic criteria compatible with the ESD approach

II(a) develop the place criteria and performance criteria
II(b) develop a natural process inventory (NPI), meant as a list of natural
processes that can be used for achieving building performance



4.2 Stage 2—4: Process-Bridging Technique 59

( Deriving categories )— S —
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Literature synthesis
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Literature synthesis

Natural Process Inventory l
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( Bridging )
Y
—_— —_— — — Biophilic criteria ]» _— =
Literature synthesis STAGE Il & IV

Disciplinary expertise

/ Interdisciplinary ideation \
Design strategies -

Building components

Fig. 4.2 Process-bridging technique steps

II(c) bridge between the place and performance criteria lists using the items
from the NPI and develop the biophilic criteria.

Stage III: identifying design strategies
Stage IV: proposing building components
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PBT has several stages, and, depending on the need and the scope of the project,
this may differ. The figure provides the technique for development in between the
steps and how these techniques are identified by analysing the exiting BD frameworks
is reported in Sect. 4.2.1, while Sect. 4.3 provides a step-by-step guide to apply the
PBT.

4.2.1 Techniques Used in the Stages of Biophilic Design
Framework Development

To develop a systematic method for deriving BD frameworks it is important to refer
to previous examples and applications. In literature, there are only a limited amount
of BD frameworks that can be used at building level. All of them are outlined in
following Table 4.2.

If we analyse each of these BD frameworks, we can notice that there are several
common stages of BD. These stages include deriving categories, generating criteria,
identifying design strategies, proposing building components and outlining imple-
mentation steps. Not all BD frameworks include all these stages, as these frame-
works vary in terms on their aims, targets and expected outputs. However, it is
possible to define four techniques common to BD frameworks at each stage: (1)
literature synthesis, (2) framework synthesis, (3) interdisciplinary ideation and (4)

Table 4.2 Currently available biophilic design frameworks

Framework Description

Kellert (2008) the earliest design framework from Stephen Kellert (2008),
which focused on the qualitative design principles of BD

Kellert and Calabrese (2015) | A shortened version of Kellert’s design framework, based on the
spatial experiences within a building, introduced as a guide for
practical use of BD

Browning et al. (2014) The 14 Patterns of Biophilic Design provides a framework with
14 BD criteria, that can guide a BD design. The framework is
detailed with references supporting each criteria

Abdelaal (2019) A framework particularly developed for a biophilic campus by
Abdelaal (2019)

Xue et al. (2019) A framework by Xue et al. (2019) as an attempt to bridge the
current ESD approach and BD principles

Wijesooriya et al. (2020) A BD framework that focused on water, previously developed by
the present authors

ILFI (2018) The BD guide by the International Living Furniture Institute,

developed to support the Living Building Challenge, remarkably
the only guide found that provided instructions on developing a
BD framework
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expert knowledge. These are useful techniques that you may want to explore to
develop your own framework.

Literature synthesis refers to the review of current literature to develop themes for
a particular stage. Similarly, framework synthesis uses existing design frameworks
to develop themes. When the development of the themes is a communal effort of a
professional interdisciplinary team, it is refer to as interdisciplinary ideation, while,
if the development is based on the internal expertise of the development team, it is
referred to as expert knowledge. Table 4.3 summarises the use of each technique at
different stages across the seven BD frameworks analysed.

We further summarised Table 4.2 to understand which techniques are more
commonly used at each stage for each of the framework (Table 4.4).

According to Table 4.2, literature synthesis is the basis of most of the frameworks,
except from the guide by ILFI (2018), which uses interdisciplinary ideation. Table
4.4 reveals that literature synthesis and framework synthesis are more predominant
during the development process. Expert knowledge, although not a technique per se,
can contribute when the framework is novel by building on the existing expert knowl-
edge base. Table 4.5 summarises which of these techniques we used to construct the
BD framework presented in this book.

4.3 Step-By-Step Use of the Process-Bridging Technique

This section presents a step-by-step guide to PBT. We start by deriving categories that
can be applied to both an ESD and BD approach (Stage I). We use the nature-centric
sustainability manifesto developed in Chap. 3, which defines the built and nature as
comprising five elements: earth, air, energy, water and habitat. The following are
the definitions given in Chap. 3 under ‘Biophilic Thought’ (Table 4.6).

These five elements are used as the main categories for both place and performance
criteria lists. For each category, place criteria and performance criteria are required
to bridge them and to derive a biophilic criteria. An NPI is developed to associate
place criteria with performance criteria.

4.3.1 Developing the Place Criteria

In developing the place criteria (Stage 1I(a)), we suggest you use the framework
synthesis and to take inspirations form the existing BD frameworks already in use.
These frameworks are primarily qualitative, and, in many instances, some criteria
found in them will fall into multiple categories. For example, consider three frame-
works: Kellert (2008), Kellert and Calabrese (2015) and Browning et al. (2014). For
clarity, we use only one category, earth. If you refer to these frameworks and you
select the criteria used for earth, you will generate a list that contains the criteria
presented in Table 4.7.
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Table 4.4 Summary of techniques used during framework development stages

63

Stage Literature Framework Interdisciplinary Expert
synthesis synthesis ideation knowledge

Deriving categories | v/ 4 v

Generating criteria | v/ v v

Identifying design | v/ v 4

strategies

Proposing building | v v v

components

Outlining v v

implementation

steps

Table 4.5 Techniques used for the development of biophilic design framework at different stages

Stage

Adopted technique

Deriving categories

Literature synthesis

Developing place criteria and performance

criteria

Framework synthesis

Deriving a natural process inventory

Literature synthesis

Bridging to derive a biophilic criteria

Expert knowledge

Identifying design strategies

Literature synthesis, expert knowledge,

interdisciplinary ideation

Proposing building components

Literature synthesis, expert knowledge,

interdisciplinary ideation

Synthesising framework as a self-assessment tool

Expert knowledge

Table 4.6 Categories and definition of biophilic thought

Category | Definition

Earth Earth is the materiality of the building that brings it into existence with colours and
textures

Air Air is the space that is trapped within the building to allow for ventilation and air
quality performance and which contributes to the sense of space and light

Energy Energy is the power of the building that brings warmth, comfort and light into the
building; the visual attributes of daylight; and the perceived heat in the building

Water Water is the fluidity within the building, serving aesthetic and utilitarian purposes

Habitat Habitat is the living forms in and around the building that interact with humans,
including flora and fauna that connects the inside with the outside
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Table 4.7 Place criteria for earth

Earth place criteria sections Earth place criteria themes

Natural material selection Material connection with nature
Natural material use
Biomimicry

Information richness
Age, change and patina of time
Growth and efflorescence

Place-making with earth resources Visual connection with natural materials
Non-visual connection with natural materials
Materials for non-rhythmic sensory stimuli
Connection with natural systems
Prospect/refuge

Mystery

Risk/peril

Composition of material variability Sensory variability

Complexity and order in material variability

Biomorphic forms and patterns
Fractals in natural materials

This list is referred to as place criteria because, it is generated using BD frame-
works focused on sensory attributes that contributes towards a sensory place experi-
ence within a building. The list is divided into 3 sections: natural material selection,
place-making with earth resources and composition of material variability. Each
section has themes for earth related place criteria.

4.3.2 Developing the Performance Criteria

Similar to place criteria list, it is recommended to use the framework synthesis
technique for deriving the performance criteria. In this case, you can refer to common
GBRTSs that you might already be familiar with. In our example, we used four rating
schemes detailed in Table 4.8.

Remembering that we are considering the category earth, the GBRTs are anal-
ysed to identify those criteria that can be related to our focus. In LEED, ‘materials
and resources’ provide most of the criteria for earth, but some are extracted from
the ‘indoor air quality’ and ‘regional priority’ categories. In BREEAM, ‘materials’
provides the majority of criteria, with a few from ‘waste’ category. Therefore, it is
crucial to carefully go through the whole framework in selecting criteria items for
each category.

Table 4.9 shows the list of earth criteria generated synthesising above four GBRTs.
In this case, the list is called performance criteria because all criteria are generally
quantifiable and commonly found in evidence-based design approaches.
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Table 4.8 Details of selected green building rating tools
GBRT Version used Buildings certified | Year
LEED BD + C V4 LEED v4 Reference Guide More than 94,000 | 2013
for Building Design and
Construction
BREEAM International NC 2016 | BREEAM International New | 566,727 2016
Construction 2016 Technical
Manual
WBS V2.1 WELL Building Standard v2 | 1,166 2018
Pilot
LBC V3.1 Living Building Challenge 3.1 | 386 2016

Note GBRT = green building rating tools; LEED = Leadership in Energy and Environmental
Design; BREEAM = Building Research Establishment Environmental Assessment Method; NC =

New Construction; WBS = WELL Building Standard; LBC = Living Building Challenge

Table 4.9 Performance criteria list for earth

Earth performance criteria sections

Earth performance criteria themes

Material selection

Low-emitting materials
Regional priority

Material efficiency

Exterior materials and structures
Responsible sourcing of construction products
Designing for durability and resilience

Rapidly renewable materials

‘Waste management

Net-positive waste

Construction and demolition waste management
Operational waste management
Waste free safe and healthy surroundings

Impact management

Site remediation
Avoiding pesticide use

Building life-cycle impact reduction
Hazardous material abatement
Enhanced material precaution and transparency

Hazardous material reduction
Volatile compound reduction
Long-term emission control
Building life-cycle assessment

The performance criteria is directly associated with the materiality of the building
and will not require design strategies to understand its implications. Again, with the
long list, the criteria are categorised under three headings: material selection, impact
management and waste management.
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Table 4.10 Natural process inventory for earth-related processes

Associated place category | Natural process Associated performance
category
Earth Earth walls for enhanced thermal | Energy (enhanced thermal
performance performance)
Earth Sand filters for water purification | Water
Earth Clay as a thermal insulation Energy (enhanced thermal

performance); Earth
(low-emitting materials; building
life-cycle impact reduction)

Earth Timber as a material for carbon | Air (carbon offset)
offset
Earth Timber as a rapidly renewable Earth
material
Earth Earth as a low-embodied energy | Earth
material
Habitat Flora for air purification Air/Earth (short-term emission
control; long-term emission
control)
Habitat Flora for air quality enhancement | Air/Earth
Earth Waste composting Earth/Habitat

4.3.3 Deriving the Natural Process Inventory

Once the place and performance criteria lists have been derived, an NPI can be used
to bridge the two. You can derive the NPI by selecting natural processes of preference
from the literature. Unique biophilic criteria can be generated depending on the items
included into the NPI. This step requires expertise in principles of building science,
passive design and approaches for bioclimatic design. Your teacher will provide you
with the references and resources necessary for this.! Table 4.10 shows an example
of NPI derived using research on natural processes.

The list in Table 4.10 contains items associated with earth either in place and/or
performance. For example, ‘sand filters for water purification’ has visible elements of
sand that would mean it falls under earth in the place criteria, whereas its performance
of enhancing water quality means it is in the water category. The associations between
the two types of criteria under place and performance using NPI items depends on the
user’s interpretation, with an opportunity to individualise the final biophilic criteria
list. This is further discussed in the next section.

! For educators: Please not that this step is highly customizable based on the overarching curriculum
of your School. It is recommended that the studio will integrated the necessary knowledge to
undertake this step with one of the modality described in Sect. 2.3.3.
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4.3.4 Bridging to Derive Criteria List Items

With two criteria lists and the NPI compiled, bridging these list items generates
the biophilic criteria list. Bridging is a unique step introduced in the PBT that also
supports individualisation of your biophilic criteria list, depending on what items are
included in the NPI and how the biophilic criteria items are written. Your expertise
and personal preferences will shape which natural processes are selected and how
they are associated with place and performance criteria. While writing the biophilic
criteria descriptions, the proposed design strategies and elements allow for another
level of individualisation that can reflect your architectural style and gusto.

Bridging can be done in three ways: (1) place pathway, (2) performance pathway
and (3) process pathway. ‘Process’ is a shorter term used in this context to refer to
NPI items. As the terms indicate, each path is identified based on where the bridging
starts and its direction for association with other criteria items. Each pathway is
shown below with examples using the generated lists.

4.3.4.1 Place Pathway

Place pathway bridging starts from place criteria. It is then associated with process,
which is in turn is associated with performance (Fig. 4.3).

In this pathway, place criteria can be associated with multiple processes, as they
contain abstract concepts that focus on the sensory experience in the built environ-
ment. Since the NPI items are specifically written for natural processes that contribute
to building performance, the association with performance will give at least one link.
This one link can lead to multiple performance items (Fig. 4.4) since one natural

PLACE PROCESS PERFORMANCE
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Fig. 4.3 Place pathway
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Fig. 4.4 Place pathway bridging for ‘fractals in natural materials’

process can be used to achieve many building performances. Figure 4.4 demonstrates
one example of a typical place pathway bridging.

As illustrated in Fig. 4.4 ‘fractals in natural materials’, from the place criteria list,
is associated with ‘earth walls for enhanced thermal performance’, ‘clay as a thermal
insulation’, ‘timber as a material for carbon offset” and ‘timber as a rapidly renewable
material’ within the NPI. To associate this further with performance criteria, ‘clay as
a thermal insulation’, as an example, can be associated with ‘low-emitting materials’
and ‘building life-cycle impact reduction’ from the performance criteria list for
earth. Earth category mainly focuses on materials and the knowledge around the shift
towards circular use of resources emphasised in concepts such as cradle-to-cradle,
circular economy, circular construction processes are crucial. In this example use of
clay support the cradle-to-cradle approach where clay is biodegradable material that
can be disposed back to nature with no environmental consequences.

However, the direct implication of ‘enhanced thermal performance’ can be
assumed to be in such a list derived for energy. This is quite a common phenomenon
when the place pathway is used.

The biophilic criteria item for ‘enhanced thermal performance’ can, as an
example, be written as ‘use of natural materials in fractals for enhanced thermal
performance’. By using the generic term ‘natural materials’ rather than the more
specific term ‘clay’ in the criteria, there is more opportunity during design stages to
respond with multiple design strategies.
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The place pathway is recommended when place-making aspects are in focus
and the design is required to improve upon its building performance without
compromising on the BD considerations.

4.3.4.2 Performance Pathway

The performance pathway starts the association from an item within the perfor-
mance criteria list. With some performance items including management aspects,
it is difficult to associate with any natural processes. Due to this, there can be some
items in the performance list without a link to a natural process. This can result in
a performance criterion not contributing to the overall BD approach in the design.
The potential associations are illustrated in Fig. 4.5.

This pathway can result in one of three potential associations: a performance can
be linked to both process and place, process only or have no links at all. An example
is given in Fig. 4.6 to demonstrate this.

The performance item ‘long-term emission control’ is associated with ‘flora for air
purification” and ‘flora for air quality enhancement’. When attempting to associate
these to place criteria, numerous items can be linked due to their abstract level.
It takes disciplinary expertise to determine what aspects should be covered by a
particular NPI item and what should be included in the biophilic criteria list. In this
example, ‘information richness’, ‘age, change and patina of time’ and ‘growth and
efflorescence’ are selected from the place criteria list to associate with ‘flora for air
purification’.

The biophilic criteria items are written as ‘use of flora contributing to information
richness (or ‘age, change and patina of time’ or ‘growth and efflorescence’) for
long-term emission control’.

PLACE PROCESS PERFORMANCE
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Fig. 4.5 Performance pathway
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Fig. 4.6 Performance pathway bridging for ‘long-term emission control’

This pathway is useful when the design is focused on building performance and
there is a need to improve its BD response.

4.3.4.3 Process Pathway

The process pathway starts at the NPI by selecting a natural process and then
associating it with both performance and place, as shown in Fig. 4.7.

This pathway usually results in one of two types of associations: links to both
place and performance, or with a link only to performance. ‘Solar electricity’ from
the NPI is one example of the latter, as there is no visible natural element to associate
with the place criteria list. A pathway is shown in Fig. 4.8 using the generated lists
for earth.

In this example the process item ‘timber as a rapidly renewable material’ is
selected, and the item description itself indicates a performance item within earth:
‘rapidly renewable materials’. Associating the process item with place criteria is
not as direct, since the use of timber in place can link with multiple items; however,
we have selected ‘information richness’, ‘growth and efflorescence’ and ‘fractals in
natural material’. All of these qualities can be achieved by using timber as a material.
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Hence, biophilic criteria can be written as ‘use of natural rapidly renewable mate-
rials contributing to information richness’, ‘use of natural rapidly renewable materials
contributing to growth and efflorescence’ and ‘use of natural rapidly renewable mate-
rials depicting fractals’. Again, this shows that writing biophilic criteria can vary
according to user knowledge, with immense opportunity for original interpretations.

4.3.5 Design Strategies and Building Components

This is an additional step that is used to derive a more elaborated BD framework. A
good example of associating with design strategies (referred to as ‘design consid-
erations’ in the BD framework) and proposing design elements is given in the 14
Patterns of Biophilic Design (Browning et al., 2014). Figure 4.9 shows this step for
‘use of flora contributing to information richness for long-term emission control’.
It is worth differentiating between design strategy and building component at this
point. As shown in this example, a design strategy is an overall idea for achieving a
certain criterion, whereas a building component is an actual feature included in the

Use of flora contributing to
information richness for long =1leladg1[®[e

term emission control CRITERIA

Interior

landscaping Window shading
features with using vegetated
multiple plant decorations

types

DESIGN STRATEGY

ertical green Constructed Green canopy
wall wetland

BUILDING COMPONENT

Fig. 4.9 Design strategies and building components for ‘use of flora contributing to information
richness for long-term emission control’
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building. In this example, ‘interior landscaping features with multiple plant types’ is
abroader-level design strategy, while ‘vertical green wall’ and ‘constructed wetland’
are two building components used to achieve this. Sometimes, one building compo-
nent can be used to satisfy multiple design strategies. Similarly, one design strategy
can guide several building components, as shown in Fig. 4.9.

Expert knowledge, literature synthesis and interdisciplinary ideation can be used
for this step. To use literature synthesis, you can review the current literature, to
find design strategies and building components for each criterion. Alternatively,
you may draw upon your expertise to do this task. If you are working in a group,
you can each assume the different roles of stakeholders involved in the design and
then generate ideas for design strategies and building components from different
disciplinary viewpoints. By doing this, you are using interdisciplinary ideation. This
is an opportunity to explore role-play to support your interdisciplinary learning.

4.4 Synthesising a Biophilic Design Framework

We use the term ‘BD framework’ to identify a guiding framework that includes a
biophilic criteria list, design strategies and building components that can be easily
used for your ESD project. This is similar to an industry GBRT. This section outlines
how the generated themes for the biophilic criteria list, design strategies and building
components can be developed into a BD framework. You can also develop a BD
framework with only biophilic criteria, since the two other themes are follow up
stages of the PBT (Fig. 4.2).

Your generated themes can be integrated into the success matrix as a separate
category; this category will then become your BD framework. Alternatively, you can
use the BD framework itself as the success matrix. We highly recommend that you
use the latter option, since, building performance is already considered in writing
biophilic criteria and is compatible with ESD criteria. You can further synthesise
the BD framework into a self-assessment tool regardless of your integration option.
Both options are discussed below.

4.4.1 Use of BD Themes Within the Success Matrix

With this option, your generated themes are integrated into the success matrix as a
separate category of a criteria. This is very much similar to current ESD practice,
where, in GBRTs, you would find either a separate category for BD or credits that
can be achieved through other existing criteria. For example, the Living Building
Challenge has BD as one of its 20 imperatives (Fig. 4.10). In LEED, there is a
separate credit for BD that can be achieved through other categories.
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Fig. 4.10 Living building challenge’s 20 imperatives. Source Adapted from International Living
Future Institute (2018)

If you are to include your generated BD criteria list into your success matrix, you
can also use either one of these methods. Figure 4.11 shows a sample success matrix
that uses BD as a separate category.

In this example, the success matrix has five categories: site management, energy,
air quality, water efficiency, materials and resources and biophilic quality. The BD
framework only consists of biophilic criteria without design strategies and building
components.
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* Low-emitting materials
* Air quality monitoring

* Interior lighting

+ Daylight into building

* Quality views

4.4.2 Use a Biophilic Design Framework as the Success

Matrix

With this option, you can use the generated themes developed as a BD framework as
your success matrix. This is similar to using a current BD framework, such as the /4
Patterns of Biophilic Design, to guide your design (see Appendix B). The example
given in Table 4.11 illustrates how a BD framework is used as a success matrix with
the earth category. The total BD framework with five categories of earth, air, water,
energy and habitat is given in Appendix C.

As shown in Table 4.11, categories used for PBT are repeated with biophilic
criteria, with elaboration up to design strategies. During the place and performance
criteria development, all the ESD criteria are mapped against the same categories.
Therefore, it is sensible to use the same categorisation used in generating biophilic
criteria for the success matrix.
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Table 4.11 Biophilic design framework used as a success matrix

Category Criteria Design strategy/building components
Earth Exposed natural materials Materials use in natural forms for floors,
walls, doors and windows etc.
Exposed brick work
Natural stone paving
Low embedded energy natural Use of natural materials with low
materials embedded energy such as timber, clay etc.

for floors, cladding and finishes

Rapidly renewable materials Rapidly renewable timber use in its
natural form
Bamboo for cladding and partitions

Recycled natural materials Use of materials recycled with low
technology such as clay

Sustainable finishing of materials Using finishing techniques to retain

restoring natural quality natural colours and textures for diversity
of experience

Use of non-toxic finishing materials

4.4.3 Developing the Biophilic Design Framework
into a Self-Assessment Tool

This step is highly recommended: it will allow you to learn to judge the quality of
your work and which is a necessary skill for using BD within an ESD approach. By
synthesising your BD framework into a self-assessment tool, your success matrix
will automatically become part of this tool. Whether you have BD criteria within the
success matrix, or it is used as the success matrix itself, the method to be used to
synthesise a self-assessment tool is similar.

The use of a design framework as a self-assessment tool is seen consistently
in industry GBRTs. If you carefully investigate LEED, every category has certain
criteria with assigned credit values. GBRT's generally provide design strategies and
indicators to achieve these credits. Using a similar structure, you can convert your
success matrix into a tool that can be used to assess the achievement of your sustain-
able design. You will need to assign credits to each criterion within the categories,
which may result in differing weightings for each category. Figure 4.12 shows three
key GBRTSs and their weightings for each category.

Assigning credits and providing weightings for each category depends on your
perception of sustainability. At this point, you can refer to your sustainability
manifesto to decide which categories should have higher weightings.

The way you have integrated the biophilic criteria list will also lead to one of
two different outcomes. If you used the BD criteria as a separate category, you could
attain a building with higher biophilic quality only if you provide a higher weighting
for the BD category. If you are using a BD framework as the success matrix, your
design outcome will have a higher biophilic quality. In the second option, how you
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assign weightings for each category may determine the focus of your BD response.
Say, for example, you give more weight to water-related categories—your design
may become focused on achieving BD principles using water as an element. Table
4.12 shows a BD framework that is developed to be used as a self-assessment tool
with differing weightings across the categories.

Table 4.12 Biophilic design framework developed as a self-assessment tool

Category

Criteria

Credits

Total for category

% for category (%)

Earth

Exposed natural materials

6

Low embedded energy
natural materials

5

Rapidly renewable
materials

Recycled natural materials

Sustainable finishing of
materials restoring natural
quality

W

24

11

Air

Natural processes for air
quality management

Natural ventilation

Sensory air flow variation

Natural elements for carbon
offset

[O¥]

Low-emitting natural
material

20

Water

Nature for water quality
management

Water for thermal comfort

Enhanced water area

Water saving in landscaping

Water elements for
restoration

W AW

24

11

Energy

Passive solar heating

Circadian lighting design

Sensory thermal variation

Renewable energy use

Natural elements for heat
reduction

(o) Mo N )

26

12

(continued)



4.5 Validating the Biophilic Design Framework 79

Table 4.12 (continued)
Category | Criteria Credits | Total for category | % for category (%)

Habitat Restore natural habitat 6 27 13

Restorative natural habitats

Bio-diversity

Experience direct nature

W | N W

Inter-species connectivity

4.5 Validating the Biophilic Design Framework

An important step in the process is the validation of the developed BD framework in
terms of its compatibility with ESD criteria. For this step, you can use the method
proposed by Xue et al. (2019). This method is simple, and it provides clarity by
visualising the results. The key objective of the validation is to assess the success of
the developed biophilic criteria in achieving the building performance anticipated by
the selected GBRT. Each criterion in the GBRT has a credit-awarding points assigned
to it. By using a design strategy within the building design, the credit point will be
awarded to the criteria. Hence, the method is simply to find how many credits can
be achieved in a certain criterion by using the design strategies in response to the
developed biophilic criteria.

As an example, select LEED as the GBRT and provide all the performance criteria
items from LEED and which are categorised into earth (Table 4.13). The credits
assigned to the LEED items are shown in the second column, ‘LEED credits’. Once
the biophilic criteria are derived, an evaluation is performed to ascertain how much
credits can be gained by using this biophilic criteria, and the credit value is given
under the third column, ‘biophilic criteria potential credits’.

After the credits are assigned, a radial diagram is generated to compare and
visualise the achievement (Fig. 4.13).

The radial diagram in Fig. 4.13 illustrates how generated biophilic criteria can be
used to achieve the credits in LEED credit-awarding systems. Further conclusions
can be drawn by totalling the credits from LEED and finding what percentage can

Table 4.13 Comparison of LEED credits and potential achievement through biophilic criteria

Performance items from LEED LEED credits Biophilic criteria potential credits
Building life-cycle impact reduction |2 2

Construction and demolition waste 2 1

management

Low-emitting materials 1 2

Regional priority 1 1

Building product declarations 2 0

Note LEED = Leadership in Energy and Environmental Design
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LEED credits Biophilic criteria potential credits

Building Life-Cycle
Impact Reduction

2
1.5
! Construction and
Building Product u
declarations Demolition Waste
05 Management
0
Low-Emitting

Regional priority Materials

Fig. 4.13 LEED credits achievement through Biophilic criteria. Note LEED = Leadership in
Energy and Environmental Design

be achieved using the biophilic criteria—in this example, the result is 75%. The
same validation and analysis can be repeated for each GBRT using this process.
When multiple GBRTSs are used, the analysis can also indicate which GBRT is
more supportive towards developing a BD framework for enhanced human—nature
connectedness.

4.6 Concluding Remarks

This chapter provided a methodology for developing a BD framework. The strategic
step in this is generating the biophilic criteria using PBT. We showed how to develop a
place criteria list, a performance criteria list and the NPI required for this technique.
You will need a sustainability manifesto to generate these lists so that you have the
same categories in the place, performance and process lists.

You need to integrate the criteria into your success matrix, a design framework
used in sustainable design studio. We showed how to synthesise the biophilic criteria
as a BD framework, with additional instructions for using it as a self-assessment tool.
You can also use the validation method if you are working with a standard GBRT.
You may have to refer to Student Guide 1 (how to develop sustainability manifesto)
to start with the PBT, and Student Guide 3 (how to model your BD thinking process)
to understand how the BD framework is used in your design thinking process.
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Chapter 5 M)
Student Guide 3—How to Model Your festie
Biophilic Design Thinking Process

Abstract Sustainable studios are pivotal courses in today’s architecture education.
Their unique characteristic is the use of a design framework to guide the design
process, grounded in design thinking. This chapter discusses the fundamental ideas
behind the design thinking process while elaborating five models used by students
to integrate biophilic design frameworks into an environmentally sustainable design
studio. These models are the (1) biophilic category model, (2) biophilic overlay
model, (3) biophilic criteria model, (4) biophilic process model and (5) biophilic
conceptual model. Further instructions are given for articulating and modelling the
design thinking process.

5.1 Introduction

When you are enrolled in a design studio, you are asked to provide a design solution
to a problem that varies depending on the specific brief. To do so, you usually
follow a certain process. The terms ‘design process’ and ‘design method’ have been
interchangeably used to identify this process, though in recent times the term ‘design
thinking’ is more frequently used. They all refer to a systematic way of developing a
design, with activities along different phases. Design thinking processes are usually
depicted using diagrams.

Additionally, in ESD studios you are usually required to demonstrate that your
project responds to specific criteria, benchmarked against a specific framework. So
to say, now that you have developed your own BD framework, you should be able to
integrate it into your design thinking process. The aim of this guide is to assist you
in understanding how you can undertake this important step by illustrating five main
models to use the ‘success matrix’ as an integrated part of your design thinking.

This guide includes a board discussion about design thinking models and their
development in the context of sustainable design to facilitate your understanding on
what is a design thinking model. You may recognize your own approach to design
and realise that you may have used a similar process knowingly or unknowingly in
your previous projects.
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This guide also includes instructions on how to record the design thinking process
using areflective diary, design sketches, models and critical reflections. We encourage
you to consciously use a design thinking process and to record it properly, this will
support you in controlling your design activities and return to an earlier step if you
need to refine the design.

5.2 Design Thinking Process and Models

The term ‘design thinking’ was initially used in business studies to promote innova-
tion and referring more generally to ‘the cognitive activities that designers employ in
operating the design process to generate ideas, solve problems, and make decisions’
(Ghonim, 2016, p. 553). However, it quickly became popular in architecture. There
are three main typologies that may be of interest for you: (1) design thinking models
commonly used in design disciplines, (2) architectural design thinking process
models and (3) sustainable design thinking models.

In the context of design thinking, you should note that there is a distinction between
the process and the model. All the activities that take place during design is a process,
and when you synthesise them into a replicable diagrammatic presentation, you will
have a model. If you adopt a specific process, once you developed the related model
you will be able to use this model again in the future.

5.2.1 Design Thinking Models

The notion of design thinking was introduced by Lawson (1980), with further devel-
opments by Cross (1982) and Schon (1983). However, with the wide popularity of
design thinking across disciplines, numerous design thinking models have been later
introduced.

A first approach was based on the fundamental idea of divergent and convergent
thinking as an integrated part of the design thinking. Alexander (1964) and many other
design researchers have emphasised this dual mode in the design process (Fig. 5.1).

As illustrated in Fig. 5.1, divergent thinking breaks the design problem into parts,
usually denominated by the term ‘analysis’, while convergent thinking reassembles
the parts into a new solution and is usually termed ‘synthesis’. These two parts
are employed to respond to the rational problem- and solution-finding exercise that
characterize the design process.

This problem—solution pursuit can be presented as two relations: as a linear process
(Brigs & Havlick, 1976; Pena & Parshall, 2012) or as an iterative process (Rittel &
Webber, 1973; Schon, 1983). Figure 5.2 shows both processes.

Analysis—synthesis and problem—solution are the basis of all successive formu-
lations of the design thinking process, with the further additions of communication
(Archer, 1965; Cross, 2001; Thornley, 1963), evaluation (Koberg & Bagnall, 1972;
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Analysis Synthesis

Input output

Breaking Reassembling
into in new way
parts

Fig. 5.1 Divergent/convergent model of design thinking based on Alexander (1964)

Fig. 5.2 Linear versus

iterative problem—solution
processes PROBLEM 4’ SOLUTION

Linear

C PROBLEM
SOLUTION D

Iteratlve

Nigel Cross, 2000) and implementation (Koberg & Bagnall, 1972; IDEO, 2004),
depending on the context of use.

The first-generation models considered the design process as a rational, linear
process for optimising decisions (Plowright, 2014), which was then expanded from
analysis to synthesis and into the seven-phase model by Koberg and Bagnall (1972),
as shown in Fig. 5.3.

An extended version of the divergent—convergent approach was presented by
Banathy (1996), as shown in Fig. 5.4.

However, these linear problem-solving models have a common weakness: their
lack of consideration of users (Plowright, 2014). An alternative model, proposed by
Schon (1983), focuses on the practice of design by the designer. This model is called
reflection-in-action and it is based on iterative cycles (Fig. 5.5).

Based on the idea of iterative cycles, Archer (1965) introduced a model that is
versatile enough to be applied within varied disciplines. This is the first model to
include communication while reflecting iterative loops (Fig. 5.6).
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Fig. 5.3 Design thinking model by Koberg and Bagnall (1972)
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Fig. 5.4 Double diamond design thinking model by Banathy (1996)

Fig. 5.5
Reflection-in-action design
thinking model, based on
Schon (1983)

EVALUATE )<}

5.2.2 Architectural Design Thinking Process Models

Architecture, and the architectural process, usually requires complex models that
incorporate additional steps in an attempt to reflect the balance of rationality and
creativity required for architectural solutions (Todoroff et al., 2021).
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Fig. 5.6 Three-phased detailed design thinking model, by Archer (1965). Source Adapted from
Dubberly (2004)

One of the earliest models for architectural design education, developed by
Thornley (1963), and adopted by the Royal Institute of British Architects (Fig. 5.7),
is the basis of the RIBA Plan of Work, which accounts for traditional steps and actions
found in industry practice.

When we look specifically at a studio setting, the model described by Akpinar
et al. (2015) demonstrates the complexity of activities taking place within the studio
(Fig. 5.8), and it expands upon the previous iterative design thinking models while
addressing the specificities of the architectural process.

This model reflects an iterative design process with numerous activities identified
within a design studio. As you may already understand, a very important part in
developing a design thinking approach is the activities and their relationships to each

( Assimilation }—y(General studD—»GevelopmenD—;

Fig. 5.7 Architectural design thinking processes. Source Adapted from Royal Institute of British
Architects (1965)
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Fig. 5.8 Design thinking model for architectural design studio. Source Adapted from Akpinar et al.
(2015)

other. Studies by Goldschmidt (1994) and Ahmed et al. (2003) provide a good set of
activities you may come across in design studio. Main activities include:

e Studying the brief
e Planning the design process
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Collecting information

Looking at examples

Consulting with others

Thinking solutions and sketching
Analysing and comparing alternatives
Evaluating interim and final proposals
Preparing the final presentation

89

The list of activities in given above is not exhaustive, but it can guide your design

thinking process.

5.2.3 Sustainable Design Thinking Models

Now, when looking at sustainable design processes, it is clear that something is
missing from the picture in the above-mentioned models. Indeed, they all refer to
the development of a product, which can be also an architectural object, overlooking
the impact on sustainability during production and use of the product.

Hoolohan and Browne (2020) have proposed a design thinking model structured
as a toolkit that can be used for intervention planning (Fig. 5.9).

You may notice that the steps in this model are quite different from those presented
in the previous sections. Specifically, the step ‘influence mapping’ has been included

Fig. 5.9 Sustainable design
thinking model for
intervention planning.
Source Adapted from
Hoolohan and Browne
(2020)

Problem scoping )
Change points )
Recognising diversitD
Influence mapping
Reframing )
( Ideas into action)
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Fig. 5.10 Scenario-based feedback loop design thinking model, by Liiley (2020)

to reflect the planning activity for influencing user behaviour, that is important in the
use of the product.

Liiley (2020) believes that we need to look at the architectural design process
from a new perspective to integrate sustainability and has proposed a detailed model
premised on scenario-based design loops, as shown in Fig. 5.10.

This model includes unique activities, but you can recognize a generic analysis—
synthesis typology. The different scenarios for sustainable design are categorised into
short-term, mid-term and long-term to anticipate future changes. This is unique step
that will also account for user behaviour and building operation. However, this model
includes activities in realistic design situation and long-term planning, limiting the
use for studio settings pertaining to building design.

A design thinking framework developed by Berg et al. (2014) is better suited for
studios. It provides the associations among design considerations (Fig. 5.11) used
by students in developing a lamp using reused materials.

Figure 5.11 represents design thinking in a complex systems diagram. This use
“systems thinking” a diagrammatic way to showcase show how different elements
are connected to each other. The use of systems thinking has its merits for resolving
sustainability issues, which have a complicated, multifaceted nature. This diagram
is closer to a mind map that reflects the thinking behind design and could be used in
modelling design thinking.

5.3 Types of Biophilic Design Thinking Models

The models presented in previous sections constitute a good starting point to under-
stand design thinking, however, they need further modification to be adapted for
specific ESD studio requirements. ESD studios demand additional activities such as
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Fig. 5.11 Design thinking mind map for sustainable design. Source Adapted from Berg et al. (2014)

developing a sustainability manifesto, developing a design framework and providing
evidence for sustainability achievement, to be undertaken by students.

Depending on how you integrated and synthetised the biophilic criteria within
your success matrix, the design process and the design thinking process that you
may undertook will vary. What we present in following sections are five design
thinking models that differ by when the biophilic criteria is integrated into the design
process. We developed these models using empirical data from students adapting BD
within sustainable architecture design studio.

Table 5.1 shows the phases common to all models.

5.3.1 Biophilic Category Model

This design thinking model is more common where biophilic criteria are synthesised
into a separate category. Across the design thinking process, the BD criteria and
other ESD are designed separately. The BD response is initiated in early design
stages (Fig. 5.12) and could be integrated well into the design.

The developed biophilic category within the success matrix can have criteria either
to achieve building performance or to contribute to the sensory place-making of the
design. Depending on the number of biophilic criteria used for building performance,
compatibility with the ESD approach may differ. An important aspect in this model
is that the evaluation is distinct for the BD response. The weighting assigned in the
success matrix can influence the biophilic quality achieved in the overall design.
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Table 5.1 Descriptions of phases in biophilic design thinking models

Phase Description

Information gathering Environmentally sustainable design would require a
high volume of data, including a systematic search to
find similar environmental solutions, sustainable
materials, case studies, design guidelines and any other
relevant information

Sustainability manifesto development | Developing a sustainability manifesto that
communicates the sustainability perception adopted for

the design

Success matrix development Developing a success matrix that includes biophilic
criteria

Evidence supplying Use of simulation software or computations to

demonstrate the achievement of sustainability criteria
identified in the success matrix. This may also require
research into environmental solutions, material
properties and performance

Site and context analysis Both site and context are analysed using climatic data,
demographic data and other social and environmental
aspects that can shape the building program

Conceptualisation Building is conceptualised, representing both
architectural and environment responses

Design strategies Design strategies are developed to suit the criteria in
the success matrix

Building components Building components are designed to suit the design
strategies

Design synthesis Synthesising all relevant and customised design
strategies along with building components into a design
proposal

Evaluation Evaluation of the design using the success matrix if

developed as a self-assessment tool. In the absence of a
self-assessment tool, the design is evaluated by
justifying the design decisions and supplying evidence

Critical reflection Critically reflecting on design process phases and
returning if there is a need for amendments

5.3.2 Biophilic Overlay Model

In the biophilic layover model, a typical ESD design is completed and then an overlay
of BD strategies is included to improve its biophilic response. The generated BD
criteria are scattered across the success matrix or possibly not explicitly mentioned
during every phase. The design thinking process only brings in concerns around
enhancing biophilic quality in latter stages of the design (Fig. 5.13).

This design thinking model can be adapted even without generating biophilic
criteria during success matrix development. Since this model contemplates the BD
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Fig. 5.12 Biophilic category design thinking model

response during the design strategy or building component phases, the potential to
use natural biophilic elements for building performance is limited. Further, the use
of BD strategies could conflict with the ESD approach, reducing compatibility. This
can still potentially improve biophilic quality with a strong layover of BD responses.
However, if the success matrix is developed as a self-assessment tool, this may not
contain assessment criteria for BD, necessitating a specific justification for the BD
strategies used in the design.



94 5 Student Guide 3—How to Model Your Biophilic Design ...

Sustalnablllty manifesto

developmem
Information Site and
gathering - » context

Success matrix development

= Design strategies i

i I
L-- --J

¥ ¥

[— Building components

Biophilic

overlay

e = =)
—-—--—J

Evidence Design
supplying synthesis

s Evaluation

Critical reflection

Fig. 5.13 Biophilic overlay design thinking model

5.3.3 Biophilic Criteria Model

This design thinking model has concise biophilic criteria highly compatible with the
ESD approach. However, the placing of biophilic criteria is within a typical ESD-
focused success matrix. Each category in the success matrix will include biophilic
criteria that can be used to achieve building performance. The BD response is initiated
at the early design stages and considered throughout the design thinking process
(Fig. 5.14).
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Fig. 5.14 Biophilic criteria design thinking model

If you synthesised your biophilic criteria into a BD framework and use it as the
success matrix, this design thinking model is the most appropriate to be used. If the
biophilic criteria is being explicitly generated to achieve building performance, using
the process-bridging technique, BD response will have high compatibility with the
ESD approach. The assessment of the BD response is not distinct, since the criteria
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are within ESD categories, yet design strategies will be supported with solid evidence.
Overall, the design can achieve a high BD quality with BD design considerations
brought in at early design stages.

5.3.4 Biophilic Process Model

This is an interesting design thinking model, wherein BD responses are brought
into the design to achieve building performance through natural processes. Biophilic
criteria are not explicitly observed in the success matrix, similarly to a typical ESD
framework. However, when identifying design strategies for sustainability criteria,
natural processes are given priority, thus enhancing the BD response. Adoption of
BD is found only during the design strategy phase (Fig. 5.15).

This model requires extensive research on how natural processes are used for
building performance, rather than a specific set of biophilic criteria. Using this model,
you can achieve high BD compatibility with the ESD approach. However, you will not
have a distinct assessment of biophilic quality through your success matrix. Indeed,
this design thinking model does not highlight the sensory place-making response by
using visible elements. Therefore, even if you used natural processes, your biophilic
quality may not be high.

5.3.5 Biophilic Conceptual Model

This design thinking model presents a process that adopts a biophilic concept for the
overall design. This model is based on a BD framework that is used as the success
matrix. This concept is more of a metaphorical representation of the building that
connects all the ideas and decisions. Plowright’s (2014) concept-based architecture
is the most dominant way to generate architecture. The concept may be present in
abstraction from the inception of the design, which will also guide success matrix
development. The influence of the overarching concept is visible across the process
(Fig. 5.16).

In most instances, for biophilic conceptual model, you would generate biophilic
criteria, synthesised into a BD framework, and use the framework as your success
matrix. If you generate biophilic criteria using the PBT we introduced in the previous
guide, you can achieve high compatibility with the ESD approach. However, with a
biophilic concept, you can also have a BD response with high BD quality focused
on sensory place-making aspects of the design. Evaluation is highly focused on
biophilic quality, and you may have to make extra effort to supply evidence for
building performance achievement.
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Fig. 5.15 Biophilic process design thinking model

97



98 5 Student Guide 3—How to Model Your Biophilic Design ...

Sustainability manifesto
development

Information Site and
gathering context

Biophiic
Conceptualisation

Success matrix development

Design strategies
]
[— Building components

Evidence Design g
e o Evaluation

supplying synthesis

Critical reflection

Fig. 5.16 Biophilic conceptual design thinking model

5.4 Recording and Modelling Your Design Thinking
Process

To create your own personalized and tailored design thinking process, you need to
report the design activities undertaken. Recording your design thinking as you move
across different phases, detailing the sequence of activities and rationale for decisions,
is crucial for you to analyse, implement, and reproduce your design thinking process.
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You would be familiar with final design presentation or development portfolio, where
you are usually asked to report your design development. However, this document
often represents one specific design solution and not always systematically connect
one studio to another. Therefore, they may not suffice to comprehensively record the
process of design thinking.

There are reporting methods that help designers successfully detect, document
and reflect upon their design thinking process. These methods are:

— Reflective design diary
— Design development sketches and working models
— Critical reflections

You can use one of these techniques or a combination of the three, depending on
what suits better your own learning journey.

5.4.1 Reflective Design Diary

The use of design journals and diaries is quite common in design education. They can
be used to record your daily design activities, either as written notes or as sketches.
The diary should not just report the development of your design, but also your own
reflections upon the process: e.g. Why did you take a specific decision? What are the
drivers, barriers, enablers and their impact on the design? This will assist you in two
ways. First, you revisit your earlier design decisions when you make a new entry,
allowing you to improve your design process by reflecting on the rationale and the
impact of the decision. Second, your reflections will assist you in identifying where
you are in regard to the design process, which, ultimately, will allow you to iterate
in between phases more efficiently.

Traditionally, designers have been using physical notebooks and sketchpads as
diaries, but now digital media also becomes commonly used for diaries and record
keeping. You may create your own way of doing this, or use digital portfolio or diary
in your learning management system, if it has such record keeping functions.

Some tips to remember in making entries:

Always date your entry
This is like individual brainstorming—just record your thoughts; this is not about
correct or wrong thinking
Use diagrams—they help you to organise your thoughts—then reflect
You can record insights you gain from research
You can use mind-mapping and concept maps to organise information from
research

e Use the diary to also record feedback you get from your tutors, and include your
reflections.



100 5 Student Guide 3—How to Model Your Biophilic Design ...

5.4.2 Design Development Sketches and Working Models

This is the conventional practice in the design studio, whereby you construct artefacts
in the learning process. We use sketches and working models to show design devel-
opment. In an ESD studio, you may find yourself exploring a high number of design
options and development processes as response to specific environmental needs and
impacts mitigation. If you use simulation modelling, the various iterations will also
be part of your design development.

This technique requires, however, further elaboration to define the design thinking
model. Starting from your sketches and models you will need to analyse and
synthetise them at a later stage.

Some tips to remember in recording with sketches and models:

e Dating your models makes it easier to sequence the design development

e After going through the design development phase, you may have to analyse the
process and sketch the development process

® You can have a separate development process for simulation models

e Try to use same scale for all the models

e If models are in different scales, use photographs.

5.4.3 Critical Reflections

The ability to critically reflect on the design process is an essential skill for a design
student. This differs from the reflective diary in that it means systematically reflecting
on important aspects rather than upon your routine design activities. In a sense,
this technique uses a complementary approach to the reflective diary: if we use the
reflective method describe by Bain et al. (1999), there are four main steps, that are
reporting, relating, reasoning and reconstructing. ‘Reporting’ means describing the
activity that you intend to reflect upon. In ‘relating’, you connect the activity to your
design process phase. In ‘reasoning’, you will think through why you conducted an
activity a particular way. Finally, in ‘reconstructing’, you consider the future use of
the activity and whether and how you will repeat it. It is easier to reflect by using
guiding questions to prompt your thinking and write the reflection by answering
those questions.

The following example gives you some guiding questions that you can use to
reflect on the BD in your design thinking process.

Main question: Where do I fit BD into my design thinking process?

e Reporting: At what point did I use BD principles in my design thinking process?
Was it during conceptualisation? Or did I bring them in during design devel-
opment? Or did I just add them in my model to make things better? Is my
whole design generated around human—nature connectedness and the use of BD
principles?
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e Relating: Did I use a design thinking process at all? Was BD part of my whole
design thinking process? Did I consciously use it? Did I think about the implica-
tions of BD and incorporate it as an integral component into my design thinking
process?

e Reasoning: Did I have enough information on BD to include it in my design
thinking process? Did I think it had a value? Was it in my philosophy to have
a design thinking process focused on nature? Did I have the skills or tools to
incorporate BD into my thinking process? What was difficult in adopting BD
within my design thinking process?

e Reconstructing: Will I be consistently using BD in my design thinking process?
How can I overcome the difficulties in adopting BD for my design thinking
process? What learning support I need to understand the implications of BD
within the design thinking process?

While using this method, you may not have to answer all the questions as part of
one reflection, but they can give you options to suit your line of thinking. Critical
reflections are generally presented in written form.

5.4.4 Modelling the Process

Once that you recorded and reflected on your design thinking process used, you
can derive your design thinking model. For the analysis of your recorded data, you
can use mind maps, systems diagrams or concept maps to organise design activ-
ities and design thinking. Starting from scratch and developing a design thinking
model is a time-consuming task, and we recommend you select an existing design
thinking model and map your activities onto it. In Sect. 5.2, we provided design
thinking models that are either used across design disciplines, or specifically devel-
oped for architectural design or found in sustainable design. The BD thinking models
discussed in Sect. 5.3 are tailored for ESD studios, and you can directly adapt them.

You can use the following steps to model your design thinking, assuming that you
have selected an applicable model from the five given models.

Step 1: Select an appropriate design thinking model

Step 2: Define each phase and activity with your understanding

Step 3: Identify activities and thinking, using your recorded data for each phase

Step 4: If there are activities that do not fall within any phase, map them onto the

design thinking model as new phases or activities

e Step 5: Check whether links to each phase and iterative activities are correctly
recorded

e Step 6: Include additional links and feedback loops that you used

e Step 7: Revisit your critical reflections and check whether phases, activities, links
and iterative loops are all presented in the model

e Step 8: Redraw the design thinking model while optimising diagrammatic

presentation for visual clarity and simplicity.
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5.5 Concluding Remarks

This chapter provided guidance on how to engage in the design thinking process in
your sustainable design when a BD framework is used. We outlined five models:
sometimes, you may have a unique process and model, other times it will be a
combination of more. Examining the functioning of the five BD thinking models
provides a framework for understanding the design process within an ESD studio,
the key activities and when they take place. We also found that use of the biophilic
conceptual design thinking model will result in designs with high biophilic quality;
the exemplar shown in the next chapter uses this biophilic concept model. We also
provided instructions for recording and modelling your design thinking.
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Chapter 6 ®
Exemplar—Development and Use =t
of a Biophilic Design Framework

Abstract This chapter demonstrates the development of a biophilic design (BD)
framework and success matrix, as well as how these are adapted in a design thinking
process. This example presents a BD framework that uses different weightings for
different criteria items, and it also shows how the framework is used as a self-
assessment tool. Its compatibility with standard sustainable design framework is
benchmarked against four common green building rating tools. Finally, the BD
framework is used to develop BD responses detailed in a building design propo-
sition. The aim of this chapter is to provide a practical example of how biophilic
sustainable design is achieved through the use of a BD framework and biophilic
conceptual design thinking (DT) process.

6.1 Response to Design Brief

The design object is a resort hotel in the tourist zone of Bentota, Sri Lanka. This area is
well-recognized as a pioneering tourism hub characterized by the presence of several
internationally known unique architectures. Bentota hosts eminent buildings of the
internationally recognized architect Geoffrey Bawa, whose life-long commitment
to promoting sustainability in the built environment shaped the whole approach to
design of this region.

The tourism industry was hit hardly by the pandemic in 2020-2021, and many
financial incentives were handed out to help investors survive. Projects required a
sustainable approach for financial survival while also envisaging and meeting the
expectations of future tourists.

The design brief required to design a resort hotel that could:

— Identify a new paradigm for sustainable design.

— Reduce its footprint to maximum 30% of the plot area.

— Represent an outstanding example of the modern regionalism style.
— Adhere to the local building code and standard.

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022 105
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Design thinking
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thinking

Fig. 6.1 Identified activities for designing

The project attempts to embrace and reflect the qualitative expression of the rela-
tionship between the Country and the sea, through the development of an innovative
salt spa. This concept is highly focused on a natural element and its relationships with
human well-being, and it was the key factor that influenced all the design decisions.
Considering that the natural element is at the centre of the design, the most appro-
priate design thinking model is the biophilic conceptual model. Following Fig. 6.1
shows the design steps identified for the design process at the beginning.

6.2 Sustainability Manifesto Development

The first step is the development of the sustainability manifesto underpinning
the overarching approach to the design. In this case, the biophilic thought is the
fundamental concept that underpins the manifesto. Hence, we interpret buildings
as an extension of the natural setting, comprising earth, air, water, energy and
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EARTH AIR

Materiality of the Space inside the
building using rich building ventilated
colours and textures with natural air
o flowing freely in and
out of the building

ENERGY WATER

Fluidity within the
building providing a
sensory experience §
enhancing aesthetics
and facilitating
essential needs |

Power that brings
warmth, comfort and
light into the building
embracing the natural

cycles and systems

HABITAT

Living forms in and
around building
connecting human
to nature directly

_and indirectly

Fig. 6.2 Sustainability manifesto for “saltery” project

habitat. Figure 6.2 illustrates the definitions and the graphical presentation of the
sustainability manifesto.

6.3 Context, Site and Climatic Analysis

6.3.1 Context Analysis

Bentota is located at the centre of a busy suburban social life with the lush green
and waterfront tourism resort within very close proximity, which gives significant
character to the place. The close centres of attraction are handful of world-class
hotels, the popularity of water sports, Ayurveda healing therapies, the popularity of
coconut toddy production and turtle conservation hatcheries. The colonial influence
was apparent with its location being in the route to the south from the capital Colombo
city. The area has a rich ethnic mix with cultural diversity and many traditional
vocations.
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Bawa Garden—the house and garden of renowned architect Geoffrey Bawa and
his brother, landscape architect Bevis Bawa—is also located in the vicinity of Bentota,
adding immense contemporary architectural value to the context.

Bentota is also easily accessible through the southern costal rail line, Galle road
and the Southern Expressway. However, Bentota has only a small railway station
and most trains stop at Aluthgama, 2.5 km north of Bentota, which is then reached
through Galle road. Further, access to the Southern Expressway through Welipenna
interchange from Bentota is only 10 km away, and helicopters flying shuttle services
on a charter basis are also available.

Figure 6.3 illustrates the context analysis.

6.3.2 Site Analysis

The site is within the Sri Lanka Tourism Development Authority Bentota tourism
resort, and it measures approximately 64 acres.

The site is well connected to transport infrastructure, with one designated access
path to the land. The site is located in a strategic location, with close proximity to
local attractions.

The main characteristic of the site is the lush vegetation that dominate its area,
typically tropical coastal trees, such as mangroves and coconut trees. Moist, sandy soil
is found across the land. A first analysis suggested to reduce further the total building
footprint to 20% of the terrain, allowing to retain the original natural landscape of
the site. The monsoon nature of this Country, however, asked for the introduction of
additional landscaping to guarantee the adequate drainage during the rain period.

The site is placed between two bodies of water, providing a variety of natural
views. Different design iterations intentionally explored how the building could
capture this variety and maximise its potential.

Figure 6.4 illustrates the Site Analysis.

6.3.3 Climatic Analysis

Bentota, 13 m above sea level, has a tropical climate with significant rainfall
throughout the year, even in the driest month. In a year, the rainfall is around 3,141 mm
(123.7 inch).

The average annual temperature is 28.8 °C (80.3 °F), with maximum temperatures
of 36 °C and minimum of 25.4 °C. Being a tropical climate, Bentota does not show
four different seasons and the temperature results pretty stable across the year with
high humidity levels.
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Context Analysis

“The rest house at Bentota, situated within a little park, deeply
shaded by lofty Tamarind trees on the point of the beach
where the river forms its junction with the sea, is one of the
coolest and most agreeable in Ceylon."Sir James Emerson
Tennent elaborated about Bentota in his book,Ceylon, An
Account of the Island(1859),

Location of the southern coastal city of
Bentota lying between Galle (56Km)
and Colombo (65Km) gradually
positioned as a major tourism resort of
Sri Lanka. Bentota is administratively
situated in the Galle district of the
Southern province of Sri Lanka and
situated on the southern bank of the
Bentota River mouth, at an elevation of
3 metres (9.8 ft) above the sea level.

Location of a busy sub urban social fabric with the lush
green and waterfront tourism resort withn a very close
approximate is making a significant character to Bentota.
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world-class hotels, " b

Ayurveda healing
( Natural beauty therapies, coconut toddy ‘

production, turtle
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CNature and economy are collectively adding I
special character to this I
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C Salinity in variation
Bawa Garden, the house
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(See breeze and views Architect Geoffrey Bawa
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T contemporary architectural
value to the context.

Fig. 6.3 Context analysis. Adapted from PAIGE Consultants
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Site is situated within the Sri Lanka tourism Development
_ authority Bentota tourism resort well known for world
leading tourism destinations surrounding the site.

The site is located between two
water bodies of different nature. The
river side is a typical mangrove
ecosystem and the beach side is
sandy coastal environment.Design
will be zoned to cater each of these
ambiances realised through
architecture and strengthened with
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. - -

The character of the vegetation is
typically tropical coastal trees
dominated by mangroves and

coconut trees. A moist sandy soli is

found across the land

Biophilic op unities

Salty experiences )
Since both development

are utilising the centre of
Two eco systems

the site we utilised the
two edges and only

having the chalets in the :
e Sandy soft soil )
River end mangroves )
With the two water bodies
on either side,the Seaside mangroves )
riverside sports centre
and restaurant will get
river views The Gloomy with vegetal.ioD
positioning of the pool on
the first floor will get view ;
of the sea that is not Nature views )

available at ground level.

Site zoning plan

Two senses of breeze )

Fig. 6.4 Site analysis. Adapted from PAIGE Consultants
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The sun path diagram for the site shows a high solar angle with almost half a
day of sunlight. Understanding the sun is essential to establish effective bioclimatic
strategies. The zinging followed the sun angle, with the chalets located to the side,
where there is less sun exposure, while the suites in the south-west corner shade the
remainder of the building, including the pool lounge.

Figure 6.5 illustrates the Climatic Analysis.

6.4 Design Intent: “All About Salt”

The site is located between two bodies of water, both with varying degrees of
salinity. The breeze that lightly flows through the vegetation is salty as well. This
natural setting inspired the conceptualisation of a building within which to appre-
ciate this inherent sensory experience. The plot coverage is kept to a minimum by
having a linear form, which also allows for the natural environment to penetrate
into the building. The proposed ‘saltery’ focuses on being close to nature—with its
consistent interaction with outside—and its closeness to nature supports a biophilic
and sustainable design approach. Figure 6.6 shows the conceptual imagery and its
development.

6.5 Success Matrix

Following the previous guides, we:

I. Developed a place criteria and a performance criteria
II. Developed a NPI for each category
III. Adapted the PBT to synthetise a BD framework

IV. Employed the framework directly as a success matrix

Tables 6.1, 6.2, 6.3, 6.4, and 6.5 show extracts from the place, performance and
process list for each natural element that we identified as fundamental in our mani-
festo. The complete lists are given in Appendix D. For bridging place and perfor-
mance, we used the process pathway. Figures 6.7,6.8,6.9,6.10, and 6.11 demonstrate
the place criteria, performance criteria and associated natural processes for one
criteria generation in each category. The associations found between place, perfor-
mance and process assisted us to write biophilic criteria for each of the elemental
category.

Once the biophilic criteria were generated we did not develop this framework with
design strategies and building components. Therefore, synthesised these BD criteria
into a design framework that was used as the success matrix. Figure 6.12 illustrates
the success matrix developed as a biophilic design framework for self-assessment.

We termed success matrix developed for this project as Biophilic House Guide
allowing it to be used for other projects. The biophilia criteria we generated were not
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Fig. 6.5 Climatic analysis. Adapted from PAIGE Consultants
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Fig. 6.6 Conceptual imagery

..All about salt..

Appreciating salt in solid and fluidity depicted
through elements of earth and water represented
in the environment though form, function and

Table 6.1 Place, performance and process lists for earth

space.

Place criteria

Natural processes

Performance criteria

Natural material selection
Biomimicry

Information richness
through material variability
Place making with earth
resources

Prospect/refuge
Composition of material
variability

Sensory variability
Complexity and order in
material variability
Fractals using natural
materials

Earth walls for enhanced
thermal performance
Sand filters for water
purification

Clay as a thermal insulation
Timber as a material for
carbon offset

Timber as a rapidly
renewable material
Earth as a low embodied
energy material

Responsible sourcing of
construction products
Designing for durability and
resilience

Rapidly renewable materials
Low-emitting materials
Building life-cycle impact
reduction

Net positive waste
Hazardous material
abatement

Site remediation

Reduced pesticide use
Volatile compound reduction
Long-term emission control

elaborated with design strategies or building components resulting in more general
criteria. Due to these broader descriptions, the criteria are applicable in a range
of design situations. Therefore, the BD framework is reusable for other projects.
However, in this BD framework more weight is given to earth and water categories
since the concept has more emphasis to embrace salt and its earthly properties through
the building.
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Table 6.2 Place, performance and process lists for air
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Place criteria

Natural processes

Performance criteria

* Presence of natural air

* Inside outside space
connections

* Non-visual connection with
space

¢ Connection with natural air

systems

Prospect/refuge

* Composition of spatial

variability

Sensory experience

Complexity and order in

spatial variability

* Air for power generations

* Natural air for ventilation

* Flora as carbon storage

* Flora for air purification

* Flora for air quality
enhancement

* Timber as a material for
carbon offset

Air quality management
Healthy interior
environment

Enhanced indoor air quality
strategies

Low-emitting materials
Minimization

Air filtration

Active VOC control
Humidity control
Ventilation

Ventilation effectiveness
Enhanced ventilation
Operable windows

Table 6.3 Place, performance and process lists for water

Place criteria

Natural processes

Performance criteria

* Water elements

* Information richness

* Fractals depicting water

* Biomimicry with water

¢ Place making with water

* Non-visual connection with
water

¢ Connection with water
systems and elements

* Mystery

Composition of water

variability

¢ Sensory variability

Complexity and order in

water elements

Sensory comfort

* Solar water heating

* Solar water purification

* Moisture in air for water
generation

* Water for power generation

* Water for thermal
performance

* Rain water collection for
water use

* Flora as a water purifier

Water quality

Water contaminants
Legionella control
Enhanced water quality
Water quality consistency
Water use

Net positive water
Drinking water promotion
Moisture management
Handwashing

Onsite non-potable water
reuse

Water leak detection
Water efficient equipment
Flood and surface water
management

6.6 Design Synthesis

The success matrix prompted the development of different design strategies identified
as potential enablers of the performance required. An initial phase of case studies
analysis and in-depth research allowed us to design, identify and propose several
options in terms of building components, passive strategies, materials and functional
systems for the building that could aid in the achievement of our targets.
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Table 6.4 Place, performance and process lists for energy
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Place criteria

Natural processes

Performance criteria

» Exposed sunlight

¢ Dynamic and diffuse light
 Light pools

¢ Warm light

 Light as shape and form
Inside outside connecting
Visual connection in light
and energy

* Connection with natural
energy systems
Prospect/refuge

* Composition

Fractals of light and energy
Complexity and order in
light and energy

Solar space heating

Solar water heating

Solar water purification
Solar energy

Solar lighting

Moisture in air for water
generation

Water for power generation
Water for thermal
performance

Plant shading for heat gain
reduction

Clay as a thermal insulation

Heat island reduction
Enhanced thermal
performance

Individual thermal control
Thermal comfort monitoring
Light exposure and
education

Circadian lighting design
Glare control

Enhanced daylight access
Visual balance

Electric light quality
Lighting occupant control
and visual comfort

Low carbon design

Energy efficient equipment
Optimize energy
performance

Table 6.5 Place, performance and process lists for habitat

Place criteria

Natural process inventory

Performance criteria

» Facade greening

» Habitats and eco systems

* Age, change and patina of
time

Botanical and animal motifs
¢ Tree and columnar support
Shells and tubular forms
Complexity and order in
natural elements

Affection and attachment
Attraction and beauty

* Sensory variability

Visual and non-visual
connection with nature

* Flora as a water purifier

* Flora for heat gain reduction

¢ Flora for shading

* Flora as carbon storage

* Flora for air purification

* Flora for air quality
enhancement

» Habitat promotion

 Restore habitat

» Habitat exchange

* Quality views

» Urban agriculture

* Food production

* Biophilic environment

» Enhanced access to
nature

* Health and wellbeing

 Restorative opportunities

* Restorative spaces

* Sleep support
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PLACE PROCESS PERFORMANCE
Building life-cycle
impact reduction
Rapidly renewable
2% materials

Recycled and
reused materials

Earth as a low
embodied energy
material

—{ Sensory variability }-s—

Low embodied energy
recycled and reused materials with ErEE
sensory variability

Low embodied energy
rapidly renewable materials with B
sensory variability
BIOPHILIC

CRITERIA ow embodied energy materia
with sensory variability for
life-cycle impact reduction

Fig. 6.7 Sample biophilic criteria for earth category

PLACE PROCESS PERFORMANCE

Healthy interior
environment
Natural air for
ventilation

Complexity &

Enhanced
ventilation

r

Enhanced indoor air
quality strategies

Natural airflow variability
through sensory experience for
enhanced indoor air quality

Natural airflow variability
through sensory experience for
healthy interior environment and ==
enhanced ventilation

BIOPHILIC
CRITERIA

Natural airflow variability
through sensory experience with
mystery, complexity and order

Fig. 6.8 Sample biophilic criteria for air category
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PLACE PROCESS PERFORMANCE

s D

Moisture
management
Drinking water

promotion

Enhanced water
quality

J

Visual connection
with water

Sensory comfort

Water for enhanced
thermal performance

Visual water elements for
thermal performance supporting
enhanced water quality

Visual water elements for
thermal performance while
promoting drinking water

BIOPHILIC
CRITERIA

Visual water elements for
thermal performance
throughpsychological thermal
sensation with moisture control

Fig. 6.9 Sample biophilic criteria for water category

The matching of design strategies and building components was a cyclic process
that provided us with numerous design options.

Design synthesis focused on developing an architectural design to suit the context,
climate and site while trying to optimise the use of most appropriate design options.
The following figures show the basic design scheme in conceptual level plans,
section and elevations, 3D images, which communicate the architectural quality of
the building, and ESD section to summarise all the features (Figs. 6.13, 6.14, 6.15,
6.16, 6.17, and 6.18).

6.7 Evaluation

The last step comprised the evaluation of the design using ESD and BD criteria
to assess the overall quality of the design against the success matrix. For this step,
we have used the self-assessment tool and provided a final rating for the scheme.
Figure 6.19 illustrates the assessment on the tool.
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PLACE PROCESS PERFORMANCE
Enhanced thermal
performance
Dynamic & diffuse
i Plant shading for heat Optimize energy
gain reduction ™\ performance

Inside outside

connection Heat island
reduction

Exposed natural elements for
heat island reduction

Exposed natural elements to

optimize energy performance

BIOPHILIC

CRITERIA Plant shading for heat gain

S reduction with diffused light while S
connecting inside and outside

Fig. 6.10 Sample biophilic criteria for energy category

As the figure depicts the overall score is in platinum standard with 86% overall
point value. The water has performed high in the tool accounting for 91% of achieve-
ment. The earth being the dominant category in the design got 90% of available
credits. Energy has less performance in comparison by achieving 73% of allocated
credit points.

6.8 Ciritical Refection and Design Thinking Model

As final step, a critical reflection enabled us to record our process and capture the
lessons learned in this project. This will help us to approach other projects with more
awareness and the knowledge gained to come to fruition in the future. This reflection
is based on the Student Guide 3 given in Chap. 5. Following Table 6.6 summarises
our responses.
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PLACE PROCESS PERFORMANCE
p " =
Sensory variability Health and
wellbeing
e Flora for air purification
M Restorative
Connection with opportunities
natural elements
and systems
J

Restorative habitats for
enhanced human performance by
connecting with natural elements
and systems

u Restorative habitat inclusion for -
refreshing nature views
BIOPHILIC

CRITERIA

Habitat inclusion for health
= and wellbeing supporting sensory B
variability

Fig. 6.11 Sample biophilic criteria for habitat category

6.9 Concluding Remarks

This exemplar showcased the use of the guides in an actual design project. Even
though it is presented as a linear process, we were constantly moving back and forth
across each phase. In this exemplar, we started with the sustainability manifesto early
in the design. This also assisted us to gather relevant information and integrate our
ideas around sustainability into research phase. You may notice that the conceptual-
isation has a significant influence on the design decisions. We used the concept from
layout planning to detail of specific elements.

We used process bridging technique outlined for the success matrix development
in Chap. 4 using the place pathway. This resulted in a matrix that has a focus on
achieving sensory place making characteristics and comparatively weak in building
performance. The least score achieved by force category is due to the selection
of place pathway. We were able to critically reflect on the process and model our
DT process slightly differing that the biophilic conceptual DT model. You may also
generate your own DT model depending on the design brief, sustainability manifesto,
success matrix and conceptualisation.
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Biophilic House Guide
Habitat criteria I 24%
Energy criteria L 15%
Water criteria I - 23%
Air criteria [ ] 18%
Earth criteria [ 20%

0 5 10 15 20 25 30

Inter species connectivity IIEEE————— 4
Restorative habitat inclusion IEEEEEEEEEE————— 5
Habitat representation for sensory experience I 8
Restore natural habitats beyond improved building... I 7
Exposed solar based technology mmmmmmmmm 2
Exposed passive solar heating IEEESS——— 3
Exposed natural elements for heat gain reduction I 4
Day lighting for sensory experience I 6
Water saving strategies with visual connectivity IS 5
Visual water elements for thermal performance EEEEEEE——————" 4
Water for power generation providing sensory experience IIIII——" 3
Exposed water purification with natural processes IEEEEEEEEEES— 5
Natural water elements IR 6
Air for power generation with visual connectivity =~ @ 3
Natural ventilation = 5
Airflow variability through sensory experience s S . 7
Nature-based air quality management s 3
Dissemination of material knowledge on lifecycle... HEEE—— 5
Exposed material finishes and massing for enhanced... IIEE——————S 3
Low embodied energy materials with sensory variability T 4
Exposed natural materials for sensory variability I 8

Fig. 6.12 Success matrix: Biophilic House Guide
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Layout design

Opportunities to connect with The layout uti the linearity of the s
nature across the layout design with with the massing concentrated on few place:
water, earth ,vegetation and breeze and a scattered composition that provides the
sense that you are in a large green area with
and isolation.

Experiencing varied
vegetation across the
site

Salty breeze changing
from one to another

Water in different forms

GROUND FLOOR

Fig. 6.13 Layout design. Adapted from PAIGE Consultants
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Layout design

Upper floors are also designed to
enhance the scattered composition.

Sea wing comprised of two upper floors
with an infinity pool overlooking the
Indian Ocean on the first floor level.

The pool lounge and the common
bar area allow for exposure into sun
and sea at higher level.

SECOND FLOOR

Only individual suites with views over ocean
are located on the second floor. They are
designed with smaller plunge pool that
connects the rom space to water at the
higher level.

The infinity pool connects this level
with the seamless Indian Ocean
The landscaping is done with
mangroves, grass and sand
Floors reminds the sea with sand and
timber decking

Timber louvered structure adds
greenery and shade

Fig. 6.14 Layout design—upper floors. Adapted from PAIGE Consultants



6.9 Concluding Remarks

The timber Second floor
framed green glazing
cover blends provides the
the building lightweights
with natural transparency to
landscape the built form

The design is blended with
modern regionalism
character pioneered by
Geoffrey Bawa with few of
his iconic hotels within the
area.

Building reflects a tropical
minimalistic quality where
the central path is the main
spatial progression axis
connecting two different
ambiances at each end.

The design also provides

fluency in vertical spatial

experience where overall

design will have a darker
ground floor and increase of
lighting levels as it moves up.

The materiality Traditional roof
for the building forms responds
provides o
neutral hues
2 vernacular
‘:::;:’; f:n’:: architecture in
bleached timer. theiregion

A\

123

Fig. 6.15 Building expression. Adapted from PAIGE Consultants
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The shallow

The smaller The main

Views to the infini
river side from [::ndhzr;ll.l:d plunge pools infinity pool -I;:ﬁs";ﬁo?:g ?n‘t}g[
pool lounge (::Ioele 9 on upper floor connects the the lobby and
and upper floor represeng o suites connects spaces around reception with a
s s the space with with li]e ocean sheet fall

ocean views

system

Fig. 6.16 Connecting with water experiences. Adapted from PAIGE Consultants
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Chalets

Two chalets are
offered with individual
access through the
connecting path. They
provide connectivity to
natural habitat and
recreated wetland eco
systems. They are
more rustic in their
architectural character
responding to the
vernacular traiditon.

Biophilia into lived space

Suites

Three suites with
breath-taking views of
the Indian ocean and a
negative effect plunge

pool to connect with
the vast waterbody in
view. They also have a

distance view to the

river wing. Lighter
natural hues light up
the space with

experience of day and
night through glazed
facades.

Connects with
watercConnects with water

Spatial variability in sunlight
Access and view to habitat

Natural finishes and materials

Neutral colours

Deluxe

Deluxe rooms are
compacted with the
direct access to the
ground floor garden

spaces that can enjoy

the vegetation. Closer

1o the salt spa and with
natural stone finishes

with textures surfaces.

Can enjoy the shaded

Fig. 6.17 Accommodation design. Adapted from PAIGE Consultants
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Saltery rating - 86%
Biophilic House Guide

Habitat criteria | 21/38% I ]
Energy criteria | 11/73% ] ]
Water criteria | 21/91% I ]
Air criteria | 15/83% I ]
Earth criteria T R/O00A ]
0 5 10 15 20 25 30

Inter species connectivity NS ]

Restorative habitat inclusion

o

o

Habitat representation for sensory experience

Restore natural habitats beyond improved...

|
|
|
Exposed solar based technology TITT ]
Exposed passive solar heating I ]
Exposed natural elements for heat gainreduction [C—_—3 T ]

Day lighting for sensory experience [ (o] ]

Water saving strategies with visual connectivity NN |
Visual water elements for thermal performance I
Water for power generation providing sensory... I |
Exposed water purification with natural processes I
Natural water elements |
——

Air for power generation with visual connectivity

Natural ventilation | g ]

Airflow variability through sensory experience | 7 |

Nature-based air quality management [
Dissemination of material knowledge on... NN |
Exposed material finishes and massing for... IS
Low embodied energy materials with sensory... I
iy A

Exposed natural materials for sensory variability

Fig. 6.19 Design evaluation using the Biophilic House Guide rating tool
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Background Context, site and

research R climatic analysis

Sustainability manifesto

development
Sustainability success 5
matrix

Developing self-assessment tool

3 1 Design development

Identifying Detailing

design = building

strategies ~ | components
Y

Sustainability evaluation

Simulation Modelling
Self-assessment

Design thinking reflection

Fig. 6.20 Biophilic conceptual design thinking model used in the “saltery” project



Chapter 7 )
Implications for Educational Practice =t
and Research

Abstract Facilitating students to practice environmentally sustainable design is
crucial for preparing architectural professionals who meet the contemporary envi-
ronmental challenges. Integrating biophilic design (BD), an approach that harnesses
the benefits of nature on human health and wellbeing, into sustainability practice can
result in a holistic design solution. An educational innovation for BD developed upon
reflective action conjecture mapping (RACOM) approach comprised of embodied
educational design elements under tools and materials, task structures and discur-
sive practices. This chapter outline how task structures and discursive practices can
be used to facilitate students to adapt BD in a sustainable studio. Areas for further
investigation are given by highlighting five future research areas.

7.1 Introduction

In Chap. 2, a detailed account of the development of an educational innovation is
presented, followed by three design guides for students (Chaps. 3, 4, and 5). Chapter 6
presented an exemplar showcasing the use of the student guides. Finally, this chapter
presents embodied educational design elements that can be used by educator to design
a sustainable design studio based upon the principles explained in the previous chap-
ters. These elements are: (1) arrangement of studio tasks, (2) weekly task structures,
(3) peer assessment, and (4) weekly discussion forum. These elements have been
designed and proposed based upon a critical reflection and iteration of a two-year
project where the methodology to develop BD framework has been integrated into an
ESD studio. How to assess the learning outcomes are briefly discussed with indicators
and measurements. The chapter further discusses assessment and highlights practical
implications that are useful for educators wanting to adapt the presented educational
design. These task structures and discursive practices are presented as a general guide
that can be adapted for scaffolding learning in the design studio. By reflecting on
the development and implementation of this educational innovation, theoretical and
empirical knowledge and application gaps are identified to direct future research and
strengthening the use of BD in environmentally sustainable design studios.

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022 131
N. Wijesooriya et al., A Biophilic Design Guide to Environmentally Sustainable

Design Studios, SpringerBriefs in Education,

https://doi.org/10.1007/978-981-19-4428-4_7
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7.2 Embodied Educational Design Elements

The RACOM for BD frameworks given in Fig. 2.1 included several embodied
design elements. Following Fig. 7.1 illustrates the pedagogical ideas given under
embodiments within Fig. 2.1 categorised into tools and materials, task structures and
discursive practices.

The guides (Chaps. 3, 4, and 5) for students and the exemplar (Chap. 6) are
presented in previous chapters, while the simulation software is integrated as support
for the students to evaluate the building performance and assess their design choices’
implications. The task structures include arrangement of the design studio tasks,
weekly task structures, peer assessments and weekly feedback.

The studio can be structured to facilitate the adoption of a design thinking model,
support students in developing and integrating the design framework into the design

| 1

Guide 1: How to develop a sustainability manifesto
1 1

; [Guu:!e 2: How to develop a biophilic design framework ]

Gwde 3:How to record model and biophilic design thlnkmg J

' [ Exemp!ar:Blophlllc design framework development and use J
1 1

Simulation software ]
L

[ 1

[ | Arrangement of studio tasks ] Multidisciplinary

- - lectures
[ Weekly technical sessions ]—> i

Tools and materials

Tutoring

sessions
Self assessment J Simulation
software training
Peer assessments J Weekly
reflections
Weekly feedback J

Weekly discussion forum

Discursive
practices

Fig. 7.1 Detailed embodied design elements
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process and facilitate the development of their evaluative judgement. To this end, the
weekly tasks should include weekly multidisciplinary lectures, regular and consultant
tutoring sessions, simulation software tutorials and reflective diary entries.

The lectures discuss ESD from different disciplinary perspectives (e.g., passive
solar design, biophilic design) and support interdisciplinary learning through peer
interactions. Lectures are then complemented by tutorials and consulting sessions
to help students gain expertise knowledge in specific domains, such as life cycle
analysis and water sensitive design. The studio incorporates peer assessment as a
learning methodology to strengthen the students’ ability to judge others” work as
well as their own. A weekly discussion forum supports the discursive practice to
encourage dialogue around ESD.

These elements are discussed in following sections.

7.2.1 Arrangement of Design Studio Tasks

The structure of the studio reflects a fully integrated model where technical knowl-
edge is embedded into the studio (Altomonte et al., 2014) through task structures.
The studio structure suggested in this chapter is based on a 13-week semester, and it
includes three different assessments. All the studio activities included are focused on
guiding students to develop a BD framework. Table 7.2 shows the activities across
the 13-week studio program.

The studio is organized in five phases, each targeting a specific development of
students learning. Each week is given focus on an ESD aspect with weekly tutorial
sessions supporting students to complete.

The first phase guides students in the development of their sustainability mani-
festo. During this stage, the tutoring sessions focus on introducing different ESD
approaches and explaining their underlying conceptualisations of sustainability.
Students are also required to conduct autonomous research to build a holistic view
of the design issues at hand such as responding to climate, ecological impact etc.
Students are encouraged to develop an initial ideation for a success matrix along with
the manifesto, however some students may have fully developed success matrixes
at this stage. For this reason, it is important to remind that the first assessment arte-
fact is the manifesto, regardless from the development stage of the matrix. This first
assignment is suggested to be 10% of the total final mark.

The second phase begins after the manifesto with students developing their success
matrix. This matrix is required to have enough details, criteria, evaluation measures
and description to be used as a self-assessment tool. The weight of this assessment
artefact is 20% on the total mark.

Phase 1 and phase 2 are individual tasks, however, the design exercise that starts
in phase 2 is proposed as a group task. Groups are required to discuss the matrix
of each member and synthetize their discussion and reflections in a coherent group
matrix that could capture the group standpoint on the sustainability debate. This task
has revealed to be essential in building the students’ confidence and understanding of
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sustainability as a holistic concept. The third phase concentrates on the development
of the conceptual design and it concludes with a peer assessment, where groups
discuss and critique each other conceptual design in regard to the matrix, prompting
discussion and reflection upon priorities and strategies to achieve sustainability.

The successive phase is the development and finalization of the design to be
presented to an external jury. The presentation ca be associated to 55% of the final
mark. The feedback received in this phase and their implementation into the design
guide students to the final phase of the studio: the reflective portfolio development.

Throughout the course, students are encouraged to keep a weekly reflection diary,
which constituted the basis for the final assignment. This final phase is again indi-
vidual, and each student is required to prepare a portfolio based on their design
development process and weekly reflections. The scope is to correlate design and
reflective practice to increase the students awareness about the iterative nature of the
process and the importance of an informed design development. The arrangement
of the studio tasks will enable students to follow the suggested design process while
simultaneously creating opportunities for individualisation.

7.2.2 Weekly Task Structures

These phases are similar to those in a typical design thinking process and are
complemented by weekly tasks that support students learning and development.

Weekly multidisciplinary lectures will cover different ESD aspects such as
daylighting, energy efficiency, bioclimatic design and life-cycle analysis. Given the
highly specialized nature of the contents, they might require professional or academic
experts on the topic. Clearly, considering that the focus of the studio is bridging BD
and ESD, one specific lecture on biophilic design should explain the development
of BD frameworks, biophilic thought and the use of design thinking in par with the
guides.

The weekly topic is also used to frame the weekly discussion, which is recom-
mended to be facilitated and guided from the educator by posting specific questions
on the online discussion forum to spur the conversation. The discussion can be
prompted after the lecture, to consolidate learning, or few days before the lecture, to
force students starting to think about the topic and create a fertile basis for a deeper
understanding of the topic.

This studio is designed as a fully integrated model, hence lectures are not only
focused on the design brief given to the students but, rather, provide a general
overview of the topic, focusing on students’ ability to use the knowledge and skills in
varied design projects. The regular tutors will support the students on completing their
assessments whilst introducing the three guides to adopt BD. Specialized consultants
on the various topics, such as life-cycle analysis, BD and energy simulation, can inte-
grate the design development while replicating a real-life scenario where architects
work in collaboration with project consultants.
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The simulation software sessions aim at providing students with a practical tool for
generating the evidence needed to guide their ESD decisions. These sessions include
practical lab training as well as studio-based tutoring opportunities to demonstrate
and apply the knowledge to the specific project.

All these activities are integrated by a weekly reflective practice. Students are
required to record their reflections weekly to increase their awareness about their
own design thinking process. Guide 3 includes instructions on writing reflections
and using reflective practice as an integral part of the design process. It is found that
students will, most of the time, be not familiar with this practice, requiring more
guidance and support. Tutors should encourage students in undertaking this activity
by engaging in the reflection and providing regular constructive feedback on the
diary entries. To increase the level of participation in this activity, a small 5% of the
final mark can be accounted for (see Table 7.1).

7.2.3 Peer Assessment

Both feedback and peer assessment have been found to be crucial educational design
elements that nurture evaluative judgement (Tai et al., 2018). The peer assessment
could be conducted through the course learning management system, where students
provide detailed commentary on the peers’ designs. Students’ peer feedback could
be scaffolded using a form or template (Table 7.2).

7.2.4 Weekly Discussion Forum

To develop students’ skills to engage in professional dialogue and reflective practice,
students could be asked to discuss ESD aspects and practices in an online forum.
On par with the weekly lecture, a few questions can be posted to prompt student
responses and trigger a thought process. Table 7.3 outlines some typical questions
that can be included into weekly themes.

Weekly discussions prior to the lectures can assist students to engage with the
topics by relating their prior knowledge and personal experience to the principle of
sustainable design. The discussions can also help students in initiating a reflective
process and allow students to resolve their fundamental questions, such as what
sustainability is and how it relates to the built environment.

The success of the discussion can be measured by the interaction between students,
hence it is important to facilitate this process. When the studio is conducted for
master’s level students with a mix of backgrounds and experience, this will nurture
interdisciplinary learning.
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Table 7.2 Structured peer assessment template
Assessment criteria Total mark | Given mark | Comments
Sustainability manifesto
Understanding of sustainability concepts 15
Interpretation of sustainable design 15
Appropriateness of identified sustainable design 10
approach
Explaining the positioning the sustainable perception 30
within nature-centric, built-centric, human-centric focus
Expressing the sustainability manifesto (verbal or 15
graphical)
Research and referencing 15
Success matrix
Categorization to suit biophilic design approach 10
Biophilic criteria generation 15
Compatibility of biophilic criteria with ESD approach | 20
Synthesis of the criteria 25
Clarity of instructions given to identify design strategies | 10
while developing as a self-assessment tool
Justification of assigning credits for each criteria while | 10
developing the self-assessment tool
Clarity of representing self-assessment tool 10
Biophilic design thinking model
Clarity of design thinking process 10
Understanding the use of biophilic design framework 25
within the design thinking process
Justification of position within design thinking process |25
where biophilic design response is applied
Graphical expression of the biophilic design thinking 15
model
Clarity and depth of critical reflections on the biophilic |25

design thinking process

* Authors during their implementation found that peer assessment comments are detailed but require
structured comments on achieving learning outcome whilst preparing their assessment artefacts

7.3 Assessment of Learning Outcomes

The RACOM discussed in Chap. 2 (See Fig. 2.1) includes five learning outcomes that
could demonstrate the students’ ability to use BD. Table 7.4 reports some indicators
that can be incorporated into the assignment rubric to evaluate the achievement of
the specific learning outcomes and the student’s ability in using BD. However, to
assess the overall quality of the BD response, it is possible to use the biophilic quality
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Table 7.3 Weekly questions to spur the discussion

Theme

Questions

Introduction to sustainable design

What does sustainable design mean to you?
Can you provide an example of an outstanding sustainable
design and explain what make it so?

Energy efficient design

Energy conservation, efficiency or curtailment?
‘What would be the dominant energy supply source in the
future?

Bio climatic design

What lessons can we learn from natural systems to design
our buildings?

Can you find an example of vernacular architecture based on
bioclimatic principles and an example of contemporary
architecture that uses the same?

Passive solar design

Have you ever experienced the benefits of passive solar
gains? How?

Water sensitive design

Can you think about a case study that has a particular
approach to water (conserve, regenerate, harvest)?

Biophilic design

Have you ever experienced biophilia: where you had a desire
to connect with nature? Why and what benefits do you
personally find in connecting with nature?

What are the natural processes that can be used for
enhancing the building performance? Which can contribute
towards the visual experience as well?

Design thinking

Do you have a unique design thinking process? Is it
appropriate for biophilic and sustainable design?

Daylighting design

Why do we need daylight in buildings and how can be used
to enhance performances or the architectural expression?

Lifecycle analysis

How do you take decisions for use of sustainable materials
in the building? Do you look for durability or rapid
regeneration?

Low carbon design

Does biophilic and sustainable design promote low carbon
living?

matrix (BQM), a systematic way to assess the use of BD in an architectural design
during early design stage (Wijesooriya et al., 2022). BQM consists of 10 criteria,
each rated on a 7-point scale for 10 qualifiers. An example is shown in Table 7.5.
The average rating is to be taken as the overall mark, e.g. 54 in the example (Table
7.5). This mark can give an indication of the success of the educational innovation.

7.4 Directions for Future Development and Research

BD is a trending research area within sustainable design, however a significant
research gap is found in the BD education (Wijesooriya & Brambilla, 2021). During
the development and implementation of a RACOM for BD frameworks, a few
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Table 7.4 Summary of indicators for evaluating BD learning outcomes for each student
Learning outcomes Assessment Indicators Method of
artefacts measuring/evaluating
Ability to transform | Sustainability Extent of using Rating on a 7-point
the sustainability manifesto nature-centric scale for using

perception to
encompass biophilic
design and
environmentally
sustainable design

perception within the
sustainability manifesto

nature-centric
perception

Ability to generate
biophilic design
criteria compatible
with the

Success matrix

Percentage of biophilic
criteria compatible with
the environmentally
sustainable design

Counting the number of
BD criteria compatible
with the ESD approach
included into the

environmentally approach included into | success matrix and

sustainable design the success matrix calculating its

approach percentage against the
total criteria

Ability to use the Success matrix Clarity of the tool to Rating on a 7-point

generated biophilic identify design scale for clarity of the

design criteria as a
self-assessment tool

strategies in response to
biophilic criteria

tool in terms of
instructions given to
identify design
strategies, credits for
each criterion and
graphical expression

Ability to use the
biophilic design
framework in the
design thinking
process

Reflective design
portfolio

Positioning of biophilic
design response within
the design thinking
process

Modelling the design
thinking model to
identify the DT model

Ability to articulate
the biophilic design
thinking process using
critical reflections

Reflective design
portfolio

Reflections referring to
biophilic design within
the design thinking
process

Thematic analysis of
BD reflections

specific areas identified as potential enablers of the application of BD within an
ESD approach are found to require further research: BD thinking models, evalu-
ation of learning processes and outcomes, evaluating architectural expression, the
use of interdisciplinary learning and place-based learning. These aspects are briefly

discussed below.

7.4.1 Validating Biophilic Design Thinking Models

Looking into the different design thinking models, it is clear that there is a significant
gap in studies on sustainable DT models adaptable for design studios. The five models
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presented in this book require further validation by both theoretical and empirical
applications. Previous studies relied on interviews with students and class observa-
tions to model specific DT models. For example, Berg et al. (2014) uses students’
critical reflections, whilst Akpinar et al. (2015) used students’ design artefacts.

7.4.2 Evaluation of Learning Processes and Qutcomes

Table 7.3 presented the assessments and indicators for each learning outcome within
the BD educational design. These indicators can be used by the educators to assess
the impact of the educational innovation. More research is required to test, refine
and strengthen the robustness of these assessment methods. Further, new tools can
be developed for formative evaluation and students’ self-assessment. Such tools
could assist students to self-assess and reflect on their BD perspective. Some of such
assessment tools have been already proposed, but not yet fully validated. For example,
authors proposed the biophilic quality matrix to assess the biophilic response in
student design, however it must be noted that it requires further testing and validation.

7.4.3 Interdisciplinary Learning

Interdisciplinary learning is crucial for ESD education. Multidisciplinary teamwork
is common in professional ESD projects, but the same can be challenging in educa-
tional settings. A potential embodied educational design element to overcome this
issue could be the role-play identified during mind mapping of pedagogical ideas
(see Fig. 2.2). However, it needs to be carefully considered. For example, the Living
Building Challenge BD guide (ILFIL, 2018) suggests introducing the roles of an ecol-
ogist or a historian, but this means that students would require to prepare and learn
about the different roles that are usually far from architecture. While this could be
useful, it could be also time consuming. This area offers a great potential for further
research, where a new RACOM could even be developed to support the interdisci-
plinary learning. The discussion forums can also support interdisciplinary learning,
provided that they also bring in practitioners from industry or students from other
disciplines. Studies by Badurdeen et al. (2013) and Becerik-Gerber et al. (2011)
provide inspiration for similar studies.

7.4.4 Evaluating the Architectural Expression and Meaning

Particularly since BD is premised on elevating emotional contact with nature, eval-
uating the architectural expressions within sustainable design. However, the final
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success is usually assessed through post-occupancy evaluation process. A design
proposal can be evaluated to certain extent by using virtual reality or augmented
reality to ascertain the emotional impact, as shown by Berg et al. (2014). However,
further research is necessary to link the visual-only experience to the atmosphere
and biophilic quality of spaces.

7.4.5 Place-Based Learning

The recent increase of green campuses and living labs assigns place-based learning
a prominent position in ESD education. The RACOM has an emphasis on nurturing
evaluative judgement, where exemplars are a fundamental part. Since BD is iden-
tified as a sensory design approach, experiencing a building in its final form could
immensely assist students in understanding its quality and standard. This can be an
interesting addition to the RACOM, opening the door for further research aimed at
understanding the students’ response and the impacts on their design. Specifically,
inspiring architectures can guide students in developing deeper understanding of
sustainability. Examples are given by Janda and von Meier (2004), who use two
green buildings in a university campus to provide evidence of sustainability, Massek
(2017), who used a living lab in Barcelona to teach sustainability, and Barnes (2012),
who focuses on library buildings used as education tools. Despite these examples,
further evidence on the impacts of place-based teaching success are still lacking.

7.5 Concluding Remarks

This chapter discussed the implementation of the proposed BD education innovation
in a studio setting. The identified critical areas are: selecting educational design
embodiments, arrangement of the studio tasks, and assessment of learning outcomes.
The chapter included a 13-week studio program with a guidance for assessment. The
indictors given in Table 7.4 can be amended to suit the studio circumstances and type
of data collected. Briefly outlined biophilic quality matrix could become a useful
tool to assess biophilic quality during early design stages. This chapter provides a
useful model than can be implemented and adapted to different studios, based on the
duration and student’s preparation. The RACOM for BD introduced in the Chap. 2 is
a new approach for educational design demanding further exploration and therefore
this chapter also outlined areas for future development and research.
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Chapter 8 M)
Conclusions Chock for

Abstract There were multiple benefits biophilic design (BD) could bring into built
environment. Particularly within environmentally sustainable design dominated by
the use of sophisticated and advance technology BD was identified as an approach
that could enhance human-nature connectedness (HNC). BD has a focus and human
health and well-being with a sensory design approach. Even though the need BD in
ESD practice and education were advocated the difference between how these two
design approaches are practiced have limited the wide use of BD. This guidebook
aimed to outline a systematic education design innovation development that facilitate
both educators and students working within ESD studios to adapt BD to elevate HNC.

The guidebook outlined an approach for educational design in ESD studio that inte-
grated reflective action research model and conjecture mapping. Using this reflective
action conjecture mapping (RACOM) an educational innovation was developed to
facilitate student to adapt BD in ESD studio. The RACOM develop starts with a
high-level-conjecture that identified three key challenges: (1) Shifting the percep-
tion of sustainability to bridge environmentally sustainable design and biophilic
design, (2) Embracing a systematic technique to generate criteria for a biophilic
design framework compatible with an environmentally sustainable design approach,
(3) Embedding biophilic design frameworks in the design thinking process.
Considering these challenges and the unique use of design frameworks within
ESD studio the high-level conjecture was derived as ‘Adapting BD within ESD
approach requires developing BD frameworks compatible with ESD and integrating
them into design thinking process’. The educational design development identified
three design artefacts student are required to construct to overcome the challenges
and successfully develop a BD framework. They are: (1) an artefact that reflects the
student’s sustainability perception, (2) an artefact that demonstrates the BD frame-
work and (3) an artefact that illustrates the student’s use of the BD framework in their
design thinking process. Each of these artefacts was further elaborated by developing
a conjecture map. During this exercise mediating learning processes were identified
that required completing prior to achieving the learning outcomes (Fig. 2.4). The
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mediating learning processes were expanded connecting the theoretical and design
conjectures providing educators with an ability to adapt them in similar situations.
The RACOM developed for BD included three guides and the exemplar as the
materials within the embodiments corresponding to the three design artefacts sustain-
ability manifesto, success matrix and reflective portfolio. Each Student Guide support
to construct a design artefact that could overcome challenges where the exemplar
demonstrated the use of the introduced design approach. While transitioning through
these mediating learning processes it was expected to achieve the learning outcomes:

(1) Ability to transform the perception of sustainability that encompasses BD within
ESD

(2) Ability to generate BD criteria compatible with the ESD approach

(3) Ability to synthesise the generated BD criteria into a framework that can be
used as a self-assessment tool

(4) Ability to use the BD framework in the design thinking process

(5) Ability to articulate the design thinking process through critical reflection.

This educational innovation focused on three assessment artefacts, providing
materials to support students in successfully transitioning and achieving above given
learning outcomes. However, educators likely will need to adapt these learning
outcomes to their contexts, along with potential assessment artefacts and other
components.

Chapter 3 outlined how to develop a sustainability manifesto for a sustainable
building design. The Fig. 3.1 showcased a classification of various sustainable design
approaches based on interrelations between the three dimensions of built, nature and
human. Six interrelationships were identified as follows: built-to-express, built-to-
mitigate, human-built-comfort, human-nature-wellbeing, nature-for-wellbeing and
nature-to-mitigate. The decision tree given in Fig. 3.4 provided a way to iden-
tify these varied ESD approaches that could assist to develop an individualised
design approach. The example sustainability manifesto Biophilic thought given in
a written and diagrammatic presentation will inspire students to develop their own
individualised perception on sustainability.

The systematic methodology outlined in Chap. 4, can guide to develop a BD
framework to use BD in a ESD studio project. The six-staged methodology included
the process bridging technique (PBT) to develop the biophilic criteria that is the
crucial aspect in the methodology. The PBT allow opportunity for individualization
with place, performance and process pathways for bridging. Instructions on identi-
fying design strategies and proposing building components could elaborate the BD
framework. Proposed synthesis methods provide guidance on integrating the BD
framework within the success matrix and using it as a self-assessment tool.

Design thinking (DT) process within the architectural design studio setting is
complex and Chap. 5 provided directions to understand this process from three
aspects; generic DT, sustainable DT and architectural DT. However, considering
the focus of the guide on using BD within ESD studio, the instructions given are
useful to adapt a BD framework in a sustainable design studio. Five DT models
presented based on student work can guide to develop an individualised DT process
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for a biophilic and sustainable building design. These DT models are: (1) biophilic
category model, (2) biophilic criteria model, (3) biophilic layover model, (4) biophilic
process model and (5) biophilic conceptual model.

Chapter 6 demonstrated the use of the guides to develop a sustainability mani-
festo, BD framework and adapting a DT process. The design process was initiated
with the project theme based on a biophilic element. The design intent to appreciate
salt and develop a project around this natural element connected all the other design
activities. Designing was started with background studies and developed a sustain-
ability manifesto. Thereafter a comprehensive success matrix was developed termed
Biophilic house guide. Design strategies were identified and building components
were developed to suit the building and functions. Once the design was fully devel-
oped simulations were used to evaluate the building performance. Developed rating
tool was used to evaluate the sustainability achieved in a BD approach. Finally, a
reflection on the design process and modelling of the biophilic conceptual DT model
was showcased.

Chapter 7 provided guidance for educators with a detailed the embodiments, that
included weekly arrangement of the studio, peer assessment and weekly discussion
forums. A proposed guide was given to assess the design artefacts where educators
can adapt them for their own circumstances. The directions for further research
highlighted the areas for improvements with future work.

The educational design innovation presented in this book is primarily intended
for master’s level students, based on a 13-week semester. Identifying the assessment
artefacts, learning outcomes and suitable ways for evaluating is a cyclic process that
requires alignment to match the objectives of the educational innovation.



Appendix A

Themes Identified from Environmentally
Sustainable Design (ESD) Studio Education
Projects for Reflective Action Conjecture
Map (RACOM) Components

Component

Themes

Key challenges

Achieving the balance between aesthetics and technology in the design
Guiding students to develop a sustainable world view

Guiding students to develop a design framework

Complexity of sustainability concepts and design approaches
Incorporating design frameworks into design thinking

Finding appropriate information from a large volume of knowledge

Characteristics
of ESD studio

Uses design frameworks

Requires students to provide evidence that their designs achieve sustainability
Includes significant research component

Deals with complex design problems

Draws on learning by doing

Uses critical reflections

Focuses on one or more sustainable design approach

Transformation of student worldview in expected

Learning
theories

Learning by doing

Self-directed learning

Experiential learning, Place-based learning

Transformational learning

Problem-based learning

Project-based learning, Case-based learning Empathy-based learning
Interdisciplinary learning

Theories of
design practice

Design thinking
Reflective practice
Evaluative judgement
Participatory design
Evidence-based design

(continued)
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(continued)

Component

Themes

Embodiments

Guides to develop design frameworks

Self-assessment tasks

Simulation software, Computer serious games, Online resources
Theory lectures, Workshops, Research tasks

Field visits, Case studies, Living labs

Stakeholder participation Roleplay tasks

Peer assessment tasks, Feedback, Discussion forums

Student
artefacts

Sustainable design frameworks
Self-assessment reports
Research reports

Design portfolios

Design proposals, Prototypes
Reflections, Concept maps

Learning
outcomes

Problem-solving skills

Self-awareness

Evaluative judgement

Knowledge of sustainability principles
Procedural knowledge

Sustainable design thinking

Critical reflection

Sustainability perception transformation




Appendix B
Biophilic Design Framework Used as a Success
Matrix Adapted from Browning et al. (2014)

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022 153
N. Wijesooriya et al., A Biophilic Design Guide to Environmentally Sustainable

Design Studios, SpringerBriefs in Education,

https://doi.org/10.1007/978-981-19-4428-4


https://doi.org/10.1007/978-981-19-4428-4

Appendix B: Biophilic Design Framework Used as a Success Matrix Adapted ...

154

(panunuod)

sy10 Jue[d pases[a1 A[[esrueyoou
S[eAIO)UT dqeIorpaldun Je PojSEspeoIq SPUNos AInjeu

awn
10 JuowoAowW YIm d3ueyd Jey) 31| pajddep Jo smopeys
Q0BJINS B UO IAJEM JO SUOTIOIPY

$97031q 10 1Y31|

YIIM U)SI[S JO SAOW Jey) S[BLISJBW UAAIOS 10 JLIqe] Amoj[ig

ued arnynonioy 1o adeospue|

Kue jsowIfe YIIm USAOMIUT 9q ued A30)ens [[nwmns JIUYIAYI-uou y

nuns [exnjeu Sunoidop uonenIs sAFLIIAI] 1BY) UONUIAIANUI Uy

QINJEU YIIM UOT)OSUUO)) [ENSIA-UOU

10 [ensIA JO Jey) 0} Ie[IUls 9q ABW UOTUIAIIUI AU} ‘SISBD WIS U]

T2k 9y} JO owIn UIAIS Aue

18 INJ00 UBD $AOUDLIAAXS AIOSUDS OIUYIAYI-UOU JB) INSUD [[IM ‘PUNOI-TEIL
QA1D9JJ0 ST Jey) A50)ens © 0S ‘[eUOSEas dIe dInjeu ul [nuins AUejA

.

.

nups £10suos
STWYIAYI-UON ¢

Arerde 99qAuoH

sjod/srewitue pajeansowio

syuerd o[qrpe Surpnjour ‘SuruapreS/aImmonioq

sanienb [ejoe1y YHIm orsnw

QInyeay 19)em 9[qIssadoe A[redrsAyd 1o/pue [qIpny
SAINIX9)

[ELISJEW [RINJBU DTWIW JBY) SI[1)XA)/SOLIqe] paInixa) A[ySTH
s110 juerd [eInjeu pases[al A[[edTueydou

SpPUNOS 2INJeU JO suone[nwis [eNsig

sosuodsax yjreay aanisod [enusjod ozrwurxew o) A[snosue)nwIs
PaouaiIadxa 9q 0] SUONIAUUOD [BNSIA-UOU PUB [BNSIA J0J USISA

syoedur oy

QouRYUD UBD SAem o[dnnuw ur paoudLIadxd 9q ued Jey) UONUIAIIUL J[SUIS Y
weidoid uSisop oy Jo s10adse IOYI0 YIIM SUOTIOOUUOD [ENSIA-UOU 9)eISAU]
wn © Je ur 0z—§

10J JuowaSeSua A[rep smo[[e Jey) Aem e Yons ul pue ‘suonedo] s[dnnu

10 QUO WOIJ PIssAOOL A[ISLd 9 ULD Jey) SUOIIOUUOI [BNSIA-UOU 0] USISA
SPUNOS UBQIN J9AO SPUNOS INJBU AZNLIOLJ

.

amyeu
[IM UOTIO0UU0D
[ensIA-uou ‘g

sadeospue| pausisop A[ySTH
SQUQ0s aInjeu Sunordop oopia
SQuoos aInyeu Sunordop yIomury

PANUWI] 98 0} SMIIA JO AINJBU [BAI M Uoneudsdidor

‘wnipaw [)IS1p B Aq pajenud)je 9q AW AINjeU [BI SUIMIIA JO SIYOUdq YL,
payrut

st 90eds a1oym saoeds 10 ‘suonuarIul Arerodwd) 10J Juead[r A[rernonsed
PUE “9A1LI0)SAI 9q UBD INJBU JO SIOUB)SUL [[BUWIS UIAD 0) SUOTIOIUUOD [BNSIA
uonisod pojeas B Ul UM SSOOJ. [ensIA Yy Jurpaduwir proae

pue saur] MIIA paxsop proydn 0y s3urystuing pue synoAey eneds uSisoq
Kep xod utw z—¢

1s9[ 18 10J pRoudLIxdxe 2q ued Jey) uonoduUod [ensiA  1oddns 01 uSisag
doeds

uda13 03 Aywurxoad ur are yey) sontunlIoddo 9S10I0Xd 9[qBUD 10 9ZNLIOLJ

.

.

[[eM US3ID) o Kmuenb 10 vore “0eaI0r I0A0 AJISIOAIPOIQ AZNLIOLI] o amjeu
wnienbe ‘puod 10Y] « QInjeu s uondouuod | suroped ooeds
Io1em JO APOq B JO MOJJ [BOTUBUDJIA |  OU JOAO QINJEU PJR[NIWIIS PUE ‘QINJEU PAJR[NWIS JOAO AINJBU [T AZNLIOL] e [ensIA °| Q) ur aInjeN
sjuouodwoo/san)edy Jurping $9139)e1)S/UOTJBIIPISUOD UTISI BLIOIID K1039eD)




155

Appendix B: Biophilic Design Framework Used as a Success Matrix Adapted ...

(panunuod)

uonisodwod Ay ur Joyem ym Axagew

Q0BJINS JAYJOUE UO (PIJB[NWIS JO [BAI) JSJEM JO SUONIIPIY
weans pajonmsuo)

ureyunoq

wnuenby o

[1eJ 19)eMm PIONNSU0)

[Tem JoTepy

Qouarradxa o1y1ydoiq Y3 03 ANqLIUOd

A1qissod pue ‘uonerodead y3noIy) Ssof 1ojem SZIWIUTU [[IM BOIR dBJINS
Iorem pasodxa ay) Surziwurw pue ‘saoejns opaqre Y1y Suisn ‘1orem oy}
Surpeys ‘101eM 0) SS900€ N[ YIIm sojewrt[o ur Afrernonred ‘A[Sutreds posn
9q P[NOYS oNs St PUB QAISUUI ASIOUS pUL JJeM 9q UBD SAINJLIJ ITBA\
ssouayeridordde oouanpjur

Kew Kyrwrxord os ‘Ayirenb o1snode 9seAIddp 10 S[OAQ] Aypruuny joedwur
JIOJWODSIP JBAIO PINOD SAINJLIJ Jajem 20udNqIng ySiy ‘ownjoa ySIg
Koueuge)s 10

JUSWIAOW J[qeIdIPAId ISA0 JUAWRAOUI Jojem Sunenony A[[eInjeu 9znLuold
wono

[BIOL2UAQ SO Y} JAIYOE 0) OUALIAAX? Iajem AIOSUSS-N[NW & 9ZNLIOLJ

oM
Jo Qoussald 'S

UONEB[NUAA $S010 pue A[iqerado mopuip
JUSUIBAT} MOPUIM puE SUIZe[S MOPUIA

JUSWIUOIIAUD JIY) JO SUOHIPUOD [BULIdY) PIAIodIad

1oy) Ajipour pue jdepe A[Isea 0) S19Sn MO[[e ey} saInjedy ut Surudisoq
Suneay pue SutuonIpuOd Itk J0J spuewop ASIoUd

Qonpai djoy os[e Aeur )1 )10Jwod [ewsdyy jo uondoorad s o1doad suapeoiq
jey) Aem e ur poyudwordwr st AJ[IeLIBA MOYIIR PUB [RULIOY) USYA\

qwiry pue aoeds 10A0

Anpiqerrea

S[OIUOD SWIASAS o Anpiqetrea 2inqunsip djay [[14 UONEISAUDJ I0/PUB UONB[IIUA [BITURYIIUW MOpITR
A3orens AIOAT[Op DVAH e« | ‘SunydijAep ‘s[eriojew ojul SUONIPUOD [BULIY) PUB MOJJITE JO uoneiodiodu] 2 [BULIDY,
syuouodwoo/sarmeay Surpying $913911)S/UONIRISPISUO0D USISO(] BLINID K103912D)
(panunuood)



Appendix B: Biophilic Design Framework Used as a Success Matrix Adapted ...

156

(panunuod)
(poom (391p/3Un009 [RUOSEAS ‘SuUopILS A)UNWWOod
‘dzuo1q ‘19ddod ‘ou0)s 1oyIea[) sferRreW Jo puned [BINJRU o | ‘swerSoid 9Im[nonioy {WNNOLLIND [RUONEONP dAnRISAuI 3+9) A[1op[e oy
Q0UATIOAU0D

[e100s pue 93eI0)S IAJEMUIRT [RUOSEAS 10] S[[om dalg
QImonnsejul 1)em Jo aansodxo

(uonejodoa Surromoy

‘sa3pay ‘Arerde 9agAauoy ‘asnoypiiq “3-9) syenqey AJIPIIA
S9[0Kd

[ewInIp Yim uonisuen jey) swalsks SunysiAep parenwig

pue ‘sjuaned ‘uaIp[Iyd 10J A[[eroadsa ‘sonmuniioddo aanoerdur 1oy uSisaq
SSOUQIBME JO [JAQ] PIISAP AU} JAIYOR 0) ATeSSI0AU 24 [[IM

SUOTJBULIO) PUB| PUE SAINONLS SO10e) uSisop aa1suodsar jo uonerodioour
Q) ‘sased 1ay)0 uf "yoroidde 9A109139 1500 ISOW puk ISATSLD Y)Y

9q [[IM SW)SAS [eInjeu SUnNSIXd 0) $sA008 [ensiA Surpiaoid ‘sased dwos uj
SIUQAQ urel o) puodsar jey)

uSisop odeospue] oy ojur Juounjean; pue axnyded Ioyemurel Jo uoneISAUL

SWoISAS
[eInjeu ym
uorodUUo)) */

JyStu Je JySI] ON[q SOZIWIUIW pue ‘Aep

o Surmp 311 Aym seonpoid yey) SunySiy Sutun) mojo)
WB1u 18 JySI[ an[q JO JOr|

pue Aep oyj Sunmnp JYSI| AIYM) 90UI9JI INO[OD UBIPEIILD)
S[O1U0D SUTWWIP JISN [BUOSIdG

Sunysiy Juooy

Suny3iy [euosiod pue ysey,

sjuounean mopuim Suraresaid Jysi Aeq

SuI[Ieo pue s[iem uo Sunysi| ASnIp JUAqUY

awn jo spotrad papulxa 10y

Adnooo opdoad oty saoeds ur juentodur Ajjeroadsa oq [[1m Sunysi ueIpedIr)
pauriofrod a1e SANIATOR UONUNIE PAJOAIIP M sdoeds Joj areridordde

9q jou Aew ‘sysenuod ySiy pue uonenouad JYSIuns JoaIIp ‘sIn0j0d Suiueyo

uonnqLUSIP JYSIT o | JUSWIAOW PAUTLISNS YIIM SE YONS ‘SUONIPU0d SunySI oruwreukp A[[eonsei( «
QoueuIWN[[] « sooeds 100pIN0O 31| 9snyIIp
$901n0s YSI[ OIS are[3 mo[ [dnnw « puE JoOpul U2aM)2q uonisuen; djoy ued suonipuod Junysi oIueuAd e 29 otweukq ‘9
syuouodwoo/sarmeay Surpying $913911)S/UONIRISPISUO0D USISO(] BLINID K103912D)
(panunuood)



157

Appendix B: Biophilic Design Framework Used as a Success Matrix Adapted ...

(panunuoo)

sa3puq ‘syredjoo]
WIOJ IM)IUIN,] o
[eLId1eW 9pR3e,] o
(swreaq 1oquur) AABIY) SWISAS [BINJONNS o
(QU01S ‘POOM) UOTIONIISUOD [[BAN
UoNIUNJ/ULIO ]
suoai3 Afrernonred ‘oyored Inojoo [eINjeU o
JI0MAUOIS YIOMPOOA\ o
(sd01191UN0Y “IO0UDA) SAJBJINS JOLIU] o
(O[109 “sasseIS PoLIp ‘UBYEI ‘00qUIBQ $SAINIXI) [ISSOJ
aU0)S (IOYILI SUIRIT POOM [RINJBU) SPBRUW S[IBIAP JUIOIY o
1009

[eruowLIadXa PAIOPISU0D 9 PINOYS ANANRAIO IOPUITUS 0} INO[OD U0
2ouapuadap 0§ ‘SJUSWUOIIAUS e[ PI[[OIUOD UI PAJONPUOD UIAQ A[)SOW ALY
U313 INOJ0d 3} JO jorduil AY) UO SAIPNIS OYNUIIOS “TIAIMOY SIUSWUOIAUD

QATIRAID Qoueyue d[oy Aewr uda1s 1070 9y} Jo sedoueisur Sunerodioouy
9[qrssod 1oAduaYM paLvyald oIv dINBU [BAI WOLJ S[RLISTRW PIssdoold
A[[RWITUTW OS “OT)YIUAS PUB [BI UIMIIQ DUIJJIP Y} [[3} ued s103dadar
upwINy 9SNLIIq SUOTBLIBA J1JOYIUAS J9A0 PALIdJaId dIe S[BLISJBW [BY
INOJ0J IO [BLISJRUL SUO AU JO SONRI YSIY JOA0 PIPUSUILLIODAI

st suoneorjdde pue s[eLIajew JO AJ[IGRLIEA JO 92I39D B ‘UIOA dIES

ay) Uy “(dJr[NUWNS SNSISA 310)sAI 0 “°§'3) 2ords Ay} JO UOOUNY PIPUIUL
uo paseq payroads oq pINoYs INO[0d PUE [BLISJEW ([EINJBU) B JO Sannuens)

.

amjeu
[IIM UONOOUU0D
[eHORIN *6

wioj Aem[ey pue Aemyled o
Sul ‘SOA[QYS JYSI] ILIJ :S[TBIOP MOPUIAN o
WIoJ AImIuIng o
s91es ‘Furouoj ‘s1aystueq ‘sSulrey o
(Surqreo 10 TEM) Surpoued onSNOOY
woy Suipyng o
(s99m oy
padeys suwn(od *§9) Wo)sAs [eINoNns oY) JO JUSWITULITY o
UON)IUNJ/ULIO ]
21n)x9) J0 9[A)s Jured ‘[BOIP [[EA\
KIuoseur ‘YI0MPOOAN «
S[TeIop AAIMIUIN, o
sarmd[nos Surpue)s-oa1j pue SUOLB[EISU] o
[1EJOP [BAARI MOPUIM ‘USISOP UOI[[NW
9INJX9) ‘INO[0J SSB[3 ‘SSUIP[NOW pue WILL) :S[TBJOP MOPUIAN o

$s9001d uS1S9p oY) ur A[IES PIdNpONUI I8
A9 UM JATIORJJ ISOD 2IOUI q [[14 SUOUIAIAUI JAISUSYIWOD AIOIN «

UBIW USP[OL) IO SILIAS \ﬁmomxg [ensIA 0) pe9[ Aewr ey wEOS&Q pue SWIOJ JO ISNISAO Y} PIOAY o mEuS@m
100BUO0QL,] UO paseq suStsap rodedem Godred ‘sotiqeq amsodxa Jo Aouanbaij pue AISIOAIP 10)eaIS 10] (SIYJOS PUL SMOPUIM suroyped 29 suiIof sanSoreue
1039 | Immuinj {[rem pue oue[d Joop “3-9) suorsuawip Jo soue[d ¢ 10 g uo A[ddy . oydioworg g [eaneN
syuouodwoo/sarmeay Surpying $913911)S/UONIRISPISUO0D USISO(] BLINID K103912D)
(panunuood)



Appendix B: Biophilic Design Framework Used as a Success Matrix Adapted ...

158

(panunuood)

SMO 90IN0SAY
SMO[ OUJeI) PUB UBLISIPOJ
puS uequn ‘uerd adeospuef ‘uefd 100[ «
aurkys Suipjing
Ayorerary mopuim pue [oIpueds ‘Opedeq
S[elIojeW 9pede, o
SUIQ)SAS [BOTURYOIW PIsOdXd e
U0)I[AYSOX/2INIoNI)s pasodxa o
UONOUNJ/ULIO]
wns £10)1pny
sooueigery q10 juefd xadwo) «
juowode[d pue A)oLIEA UOOA[AS JUB[] o
[TB1Op [BOASI MOPUIM ‘USTSOp UOI[[NUI
2IN)X9) ‘INOJ0D SSEB[T ‘STUIP[NOW puUL WILL S[TBIOP MOPUIA o
INOJUOD PUE INIXI) [CLIJEW o
uSisop jodies pue rodedresy
1003

QuI[AYs ueqin Sunsixa Yy jo Ayrenb [ejoeay oy

uo Jordwr $31 JUNOOSE OJur e} prnoys uSisep adesspuef 10 Suip[ing mau v
JsaajuIsIp pue Apiqelorpaid ojopdwos ur Jnsax

PINOS USISOP U S[LIRIJ JO UONRZI[IIN-IOPUN JO JOUBPIOAY 'SSIIS 9INPAI pue
ysLnou o} :osuodsal papuojul oY) SULIIUNOD ‘T3] USAD JO LIOJWOISIP [[1ISUT
PINOD SUOISUSWIP [B30eIJ-YSIY 0} AINsodXa PopuIXa I0/pUE JO ASN-IAQ
SL1-¢1

= ( ‘Sunyeads A[peoiq) onjel [BUOISUAWIP 9SURI-PIW B YI)IM SALIWOIT
ursn 19pIsuod ‘pajeaId Juraq st uJIsop [e1oel) e I ‘osed ym suoneorjdde
Suruuerd pue uSIsop ‘[eINOAIYdIE 10J SUSISAp [e1oeI} oonpoid ued suonouny
JLIIOWO093 pue [edNEWAYIeW Jo swypLod[e ay) Jursn A3o[ouydo9) rendwo)
SUOTBII OM) 0) PATUI] USSP

& uey) [npoedwi 10w 9q [[IM 1Y) JO SUONEIAN Y)IM SAINONNS [BIOBL]
SOIYOIBIANY

PUE SILIOWOT [LIRIJ [BIARI R sawyods Suruueld 19sew pue adesspue]
pue ‘suolssaIdxa [eIn)oaIydIe ‘UONOJ[IS [BLIJLW PUE YIOM)IE IZNLIOL] o

.

.

19pI0 29
Axardwo) 01

syuouodwos/sammeay Surpying

$0130)e1)S/UOTRIOPISUOD USISA(]

BLIONID

K1039e)

(panunuood)



159

Appendix B: Biophilic Design Framework Used as a Success Matrix Adapted ...

(panunuood)

uonelIqey uewny

JO 9OUIPIAD 10 IdJeM JO SAIPOQ ‘S peys JUIPN[OUT SMIIA
soue[d pajeadro

suerd 1ooyy uadp

sSuIpue[ 9seoIIe)s ‘SY[emIed ‘saruod[eq

s[erojewt juoredsuer],

Sdanjedj uowruio))

(suonnred
doejdyzom anbedo ‘sapey) soyour g > s1ysioy uonnieq
(wr 9) 109J 0 < SPSUL[ [B90]

Qouarradxe oy} Jo Aouanbaij 1o 9z1s oy uey) Juelrodwr orow oq

114 93nJoy pue 192dso1d uaam1aq oue[eq ) pue Aenb mara o) ujQ
uonIpuod 109dsold Yy oURYUD [[IM 81—

PoreAQ[Q saoeds Joujur Jo JojowLad ‘quasaid ore s3ur[roo Y31y Uy
uonIpuod 309dsoid [enp € wI0J Ued S[[em [[omIIe)s sse[d

JorIo)ur pue apedey sse[s yim 1ojowtrad Surpping je sjfemire)s Suneso|
(o19451q ® uo ‘Surpuess ‘Sumrs ofIym *39) paousrradxa Jsow ST

Qoeds ay) moy pue urerrd) uo puadop [[im suoneyrw] JyS1ay parrejaxd ‘opms3
Je[IWIs € 9sn p[noys sa3pay Jo uorejd3oA A103s1opun "aoeds B SS0IOB MIIA 0}
suednooo pajeas Surmoq(e o[y s1oLeq [eneds apraoid [im ,zi 01 SIYSY
uonnted Suniury ‘SIOLUEQ [eNSIA SUTAOWAI AQ 90UdLIddXa Ay doURYUD

0] pagerdAd] oq ued sontedoid [eneds ‘yidop judroyyns sey doeds € uoym
{(w ) 199 00T Arqeroyaxd ‘(wr 9) 3097 07 < JO SyISuQ[ [e00] Surpraoig
Mma1A 19adsoid oy Jo ssauydLI-uonBULIOJUL

oy djoy [[1m uone)Iqey Jo AJIANOR UBWINY JO 9OUPIA PUE ‘1ojem Jo Apoq
‘WoISAs009 ayI[-euueAes pauue[d 1o Jurisixe ue punole 1o Pim Suruisoq
suoneunsap

10 sqny| AJATIOR ‘SBISIA JOOPINO IO JOOPUI 0} $S399. [ensiA aziundo

.

.

suzoped aoeds

snquny enedg d[oy [[1m SUOIIEISYIOM PUE SIOPLLIOD ‘UOTIEISAUL) ‘SuIp[Iing SUNULI) « 10adsord 11 | oy Jo aamyeN
syuouodwoo/sarmeay Surpying $913911)S/UONIRISPISUO0D USISO(] BLINID K103912D)
(panunuood)



Appendix B: Biophilic Design Framework Used as a Success Matrix Adapted ...

160

(panunuood)

ssouy31Iq 10 arnyeradwo) Inojod JYSI| PILIBA JO PAIOMOT]
Kdoued 10 Sueyroao 9yjos 10 SuI[1ed paromor 1o doig
suonned 10 SU2AIOS ‘Spul|q ‘Sapeys

(enbedo-rwos 10) Judonisuen 1o d[qelsnipe ‘ojqerodo
sy[se) 0AnTu30d xo[dwos 1o ‘Furpear

‘UOTIBXB[AI “ISI ‘UOTIR)IPAW ‘UOT)OII JI0J PIAISSI saoedg
Koearrd rensia

pue yoaads 10 ‘uonodoid ajewr[o/Iayeom yiim sadeds .
S3INJBIJ UOWIWO))

(sasnoy 221 ‘saoyjo jeAlld ‘s[rem + ¢ PIm

swool Junoouw ‘spod Surdos[s/ouoydoral/Surpear)
JUSW[BAOUOD 239[dW0I 10 18U :23NJaI AAISUIXD

(sayo10d 10 sAemd[em PAISAOD ‘SIPEIIE ‘S

Adoues ‘soqoze3 ‘spaq Adoued ‘sjeas mopuim Aeq ‘Suneas
J100q ‘s3j00u FUIPLAT) PAIGAOD SIPIS [BISADS :93NJaI [enIed
(SI[[o0) PBAYIAO

‘Ireyd yoeq-ys1y) uonssjoid [rews :23nja1 renpout
sanquyy [eneds

Qoeds 93nja1 € se AJIfeuonouny uapeoliq [[Im s[onuod Sunysi

198N pue sooeds juode(pe woly PP pinoys sadeds 9FnJo1 ur S[oAd] YSTT
JUSWI[BIOUOD JO d150p

pue ‘suonipuod Junysi| ‘suorsuawrp [eneds SULIIIP YSnoIy) jow oq U)jo
ued YoIym ‘spaau JurAIeA ssaIppe ued odeds a3njoI Jo pury ouo uey) 9Iouwt
Surpraoad ‘sad£) L1anoe opdnnur 1o suonerndod 1981e] 103 SuTUSISOP USYA\
QATIOAR

UQ)JO 2JB SAIMIONIS AYI[-OUIUBZZIUI PUB SIAOD[B QAIRIITIA JO SUIPULISIAILY
OWO2INO PAIISAP Y} JAJIYIE 0) KIBSSIIU q ABUWI [RIUSIAIIP d1ISLIP

Q10w B ‘(399] 1<) sSurreo ySiy Aprenonted yym sadeds Joopur 10 J00pInQ
ouqey papuadsns

J0 ‘Surpoued [eonsnose 1o Jur[reo-doip € ‘Jyjos B 1] SIuSWIen Y3nosy)
POAQIYOE U)JO ST Pue ‘SUI[IA UTRW AY) MO[dq SAYIUI 7—8] A[orewrxoxdde
0} 9jenba Aew s1y) ‘sjySroy Sur[roo prepuess yIm sadeds 10 "SUONIPUOD
SuI190 paromo] Aq paziraloeIeyd Afensn are sodeds a3njor J0opuJ

.

.

a3nyoy Tl

syuouodwos/sammeay Surpying

$0130)e1)S/UOTRIOPISUOD USISA(]

BLIONID

K1039e)

(panunuood)



161

Appendix B: Biophilic Design Framework Used as a Success Matrix Adapted ...

(panunuood)

S[ELIoJRUI JUAIN[SURL], o

MO PUB WO o

UOTB[[BISUI JO YIOMIIY o

JUSWAAOW 10 ANANDY o

JUAOS «

UOTRIQIA IO PUNOS o

MOpeYS pue Y31 «

$9IN)BIJ UOWUIO))

syyed Surpuipy o

$93pa SuraIn) [eoaar A[fenied Jey) SMOpPUIM 00Q-B-39d e

Qo1nos a[qndedrodwr ue woiy uoneMWINS AI0JPNY o
$a3pa om A[qerojaid

paInosqo s 302[qns 820§ Ay} JO TP AUO ISBI[ 1Y e

p1oy jo mdap (43 00T <) YSTY 03 (3F 0T <) WNIPIW AIL SMTA o

sanquyy [eneds

(p1ey jo ydop jo Surmodsqo 03 spes s3unueld Jo YImoISIoAo “39)
uonIpuod 3s1IdINS B 0JUT PIA[OAR I SB )1 9PRISIP ISIMIAYIO 10 ‘UONIPUOD
K19sAw oy 9oueyud Aewl A3y} Se paIOJIUOW 9q P[NOYS SAFUBYD ASAY ], "W}
JOA0 $OMSLIJoRIRYD d3ueyd 0) Sutod A[peroadxa are (syjed Surpuim ym
suopIeS douruIUIEW MO “S'9) SUONIPUOD A1)sAW PaA[oAd A[eorueSIQ
103519

sueaw A[[eo1d£y 19)sey 9o3lqns oy Jo 9zis ay) pue ainade ay) Jo 9zIs oyl
yjoq douanyur [[im doeds & ySnoiy) Sunisuen are s1asn yorym je paads oy,
Ie9j 10 osudins pajeroarddeun

[nsut p[nod pay jo yidop mojreys 10 smopeys yrep apiaoid jey so13)ens
Qouonadxd A191SAW 9Y) 9OUBYUD UBD SMOPRYS pue dpeys dijewel(

ooeds © ySnouiy) ordoad Suimerp

Ul SI0UI0O dIeys UeY) 9AIIJJQ AIOW AJe [BIAX A[MO[S 1By} s3pa SuIAIn)) «

K19SKIN “€1

syuouodwos/sammeay Surpying

$0130)e1)S/UOTRIOPISUOD USISA(]

BLIONID

K1039e)

(panunuood)



Appendix B: Biophilic Design Framework Used as a Success Matrix Adapted ...

162

sayeus 1o s1opids jo AyderSojoyd pazis-oyr
s[ewiue

K101epad 10 A1erde 99gAouoy oAnoE Ue 0) AJTWIXOI]
IoeMm U3NOIY) 10 19A0 ‘Iopun Sulssed

querd ooy 1o Jurrer juaredsuel],

Anaeis Sunsay

10 3urAjop 2q 03 paArad1ad are Jeyp) $199[qo Jo saouaLIRdXd o
Kouaredsuen Sur[roo -03-100 YPIm opede]

sa8po Ayuyuy

SIOAQ[IIUED [BINIONIYDIIY

N[emied 1o Kuodfeq yim wniye JYSey-o[qno «
$3IN)EIJ UOWUIO))

[SI9AQ1 901

Kaxd—103EpaId .

st Jo douarradxa ay) Sumrurrad
[0S S[IYM WLIRY WOI) Iosn ay) J09jo1d jsnwr £)ajes Jo JUSW[Q Y,
$s2001d u3Isop

I91BM o | o1 Jo soseyd onewoyods pue uSisop 1doouod se A[1ed se pajerodioour uoym
AnaeiDy o | Juowa[dwir 0) 9IS 9q [[IM SUONIPUOd [eneds uo A[a1 jey) sarSojens uSisa( «
SIYSIOH sooe[d 10 sdnois 1asn [[e 10j gerrdordde oq jou
sanqry [eneds | [[1s yons se pue Aeiaqrep a3mb A[rensn are SuonuoAIUI USISOP [LIOJ/STY o [adpsry 1
syuouodwoo/sarmeay Surpying $913911)S/UONIRISPISUO0D USISO(] BLINID K103912D)
(panunuood)



Appendix C
Biophilic Design Framework Used as a Success

Matrix

Category Criteria Design strategy/building components
Earth Exposed natural materials Materials use in natural forms for floors,
walls, doors and windows etc.
Exposed brick work
Natural stone paving
Low embedded energy natural Use of natural materials with low embedded
materials energy such as timber, clay etc. for floors,
cladding and finishes
Rapidly renewable materials Rapidly renewable timber use in its natural
form
Bamboo for cladding and partitions
Recycled natural materials Use of materials recycled with low
technology such as clay
Sustainable finishing of materials Using finishing techniques to retain natural
restoring natural quality colours and textures for diversity of
experience
Use of non-toxic finishing materials
Air Natural processes for air quality Plants for air purification
management Direct sunlight to avoid stagnant spaces
Natural ventilation Openable windows
Access to outside space
Access to fresh air
Sensory air flow variation Use of fragrances
Plants responding to natural breeze
Natural elements for carbon Plants for carbon offset
emission offset Material use for carbon offset
Low-emitting natural material Use of materials with low volatile organic
compounding
(continued)
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(continued)

Category Criteria Design strategy/building components

Water Natural processes for water quality | Constructed wetland
management Exposed slow sand filters
Solar water purification elements

Water for thermal comfort Walls, water features, waterfalls

Enhanced water area Water elements in landscaping
Visual connection to landscaping

Water saving in landscaping Low maintenance plants and trees
Hydroponics
Wetlands

Water elements for restoration Water elements used in indoor and outdoor
Use of water sound as a sensory experience
Water for psychological comfort
Opportunities to touch safe water

Energy Passive solar heating Solar for water heating

Solar for space heating using glazed area
Thermal mass for space heating with natural
materials

Circadian lighting design Sensory experience of retina of time

Sensory thermal variation Glazed areas
Access to sun-lit spaces

Renewable energy use Use of solar power with visual connection
Use of wind power with visual experience

Natural elements for heat reduction | Green walls
Green roofs
Plant for shading
Water facades
Water roofs

Habitat Restore natural habitat Reduces building footprint
Natural landscaping
Indigenous plants
Recreating habitat inside

Restorative natural habitats Direct access and visual connections

Bio-diversity Plant diversity through green walls
Indigenous plants

Conserve species

Mini-forests

Experience direct nature Provide visual connections
Access to outside
Access to water features

Inter-species connectivity Animal friendly spaces

Animal abodes

Animal representations using patterns, forms
and textures

Aquaponics




Appendix D

Place, Performance and Process Lists for Earth,
Air, Water, Energy and Habitat Categories

Place, performance and process lists for Earth

Place criteria Natural processes Performance criteria

Natural material selection ¢ Earth walls for enhanced ¢ Material selection

Material connection with
nature

Natural material use
Biomimicry

Information richness
through material variability
Materials to reflect age,
change and patina of time
Place making with earth
resources

Visual and non-visual
connection with natural
materials

Materials for non-rhythmic
sensory stimuli
Prospect/refuge

Mystery

Composition of material
variability

Sensory variability
Complexity & order in
material variability
Biomorphic Forms &
Patterns

Fractals using natural
materials

thermal performance

Sand filters for water
purification

Clay as a thermal insulation
Timber as a material for
carbon offset

Timber as a rapidly
renewable material

Earth as a low embodied
energy material

Regional priority

Recycled and reused
materials

Enhanced material
precaution and transparency
Responsible sourcing of
construction products
Designing for durability and
resilience

Rapidly renewable materials
Impact management
Low-Emitting Materials
Building life-cycle impact
reduction

Net Positive Waste
Hazardous Material
Abatement

Site remediation

Reduced pesticide use
Hazardous material
reduction

Cleaning products and
protocol

Volatile compound reduction
Long-term emission control
Building life cycle
assessment (LCA)
Environmental product
declarations (EPD)
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Place criteria

Natural processes

Performance criteria

* Presence of natural air
Spaciousness

Inside outside space
connections

Place making with air
Visual connection with
natural space

Non-visual connection with
space

Connection with natural air
systems

Prospect/refuge

Mystery in air through the
building

Composition of spatial
variability

Sensory experience
Spatial harmony

Space as shape and form
Complexity & order in
spatial variability

 Air for power generations

* Natural air for ventilation

* Flora as carbon storage

* Flora for Air purification

* Flora for air quality
enhancement

* Timber as a material for
carbon offset

* Air quality management
 Healthy interior environment
* Enhanced indoor air quality
strategies

Low-emitting materials
Air quality monitoring and
awareness

¢ Impact management
Pollution infiltration
management

* Combustion Minimization
Air Filtration

Active VOC Control
Microbe and Mold Control
Tobacco Prevention and
Cessation

Humidity Control
Ventilation

Ventilation Effectiveness
Enhanced Ventilation
Operable Windows

Place, performance and process lists for Water

Place criteria

Natural processes

Performance criteria

* Water elements

¢ Information richness
Fractals depicting water
Biomimicry with water

Age, change and patina of
time

Place making with water
Visual connection with water
Non-visual connection with
water

Connection with water
systems and elements
Mystery

Composition of water
variability

Sensory variability
Complexity & order in water
elements

Sensory comfort

 Solar water heating

* Solar water purification

* Moisture in air for water
generation

* Water for power generation

* Water for thermal
performance

» Rain water collection for
water use

* Flora as a water purifier

* Water Quality

* Water contaminants

* Legionella control

* Enhanced water quality

* Water quality consistency
* Water use

Net positive water
Drinking water promotion
Moisture management

* Handwashing

Onsite non-potable water
reuse

* Water consumption

¢ Water monitoring

Water leak detection
Water efficient equipment
Flood and surface water
management
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Place criteria

Natural processes

Performance criteria

» Exposed sunlight

* Natural light

 Light and shadow
Reflected light

Dynamic & diffuse light
Light pools

Warm light

Light as shape and form
Inside outside connecting
Place making

Visual connection in light
and energy

non-visual connection in
energy

Connection with natural
energy systems
Prospect/refuge

Mystery

Risk/peril

Composition

Fractals of light and energy
Complexity & order in light
& energy

* Solar space heating

Solar water heating

Solar water purification
Solar energy

Solar lighting

Moisture in air for water
generation

Water for power generation
Water for thermal
performance

Plant shading for heat gain
reduction

Clay as a thermal insulation

¢ Thermal Performance

* Heat island reduction

* Enhanced thermal
performance

¢ Thermal zoning

Individual thermal control

* Thermal comfort monitoring

Lighting

Reduction of night time light

pollution

Light exposure and

education

Circadian lighting design

Glare control

Enhanced daylight access

Visual balance

Electric light quality

Lighting occupant control

and visual comfort

Total energy use

Net positive energy

Renewable energy

Reduction of energy use

* Low carbon design

Energy efficient equipment

Optimize energy

performance
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Place criteria

Natural process inventory

Performance criteria

* Facade greening

» Habitats and eco systems

» Landscape defining building
form

Landscape ecology
Information richness

* Age, change and patina of
time

Botanical and animal motifs
Tree and columnar support
Shells and tubular forms
Arches vaults domes
Avoiding straight lines
Simulation of natural features
Fractals

Complexity & order in
natural elements

Affection and attachment
Attraction and beauty
Prospect/refuge

Exploration and discovery

* Sensory variability

Visual and non-visual
connection with nature

* Mystery

* Flora as a water purifier

* Flora for heat gain reduction

¢ Flora for shading

* Flora as carbon storage

* Flora for Air purification

* Flora for air quality
enhancement

* Habitat promotion
 Restore habitat

* Habitat Exchange

* Open space

* Places of respite

¢ Quality Views

» Urban Agriculture
Food Production
Biophilic environment
Access to Nature
Enhanced Access to
Nature

Health and wellbeing
Mental health support
Stress support
Restorative opportunities
Restorative spaces
Sleep support
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