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ABSTRACT

By estimating certain features of the built environment, we can predict positive healing effects that
spaces and structures may have on users. This can be estimated before something is built. Anticipating
people’s eventual response to a new building or urban space is a radically new tool that links design
to public health. Nothing like this is performed in current practice, however, which makes no attempt
to quantify assessments of future healing effects. The proposed “biophilic healing index B” —a
number from 0 to 20— permits us to quickly evaluate those factors responsible for improved human
health as a result of the environmental geometry. The biophilic healing index is also very useful for
repair, since it identifies which aspects of an existing building or space could be improved by
renovation. Different portions of a structure could have widely different biophilic healing indices.
Ten factors constitute the biophilic healing index, and identify different ways in which nature affects
our body in an intrinsic yet subconscious manner. We expect healing responses from long-term
physical experience of regions with a high value of the biophilic healing index. Existing data support
this quantitative approach to designing healing environments. Experiments are proposed to explore
the mechanisms responsible for the biophilic effect.

Keywords: architecture, design, biophilia, biophilic design, complexity, fractals, salutogenesis,
healing environments, neuroscience, design intent, wellbeing
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INTRODUCTION: BIOPHILIA AND ITS EFFECTS ON PEOPLE

Biophilia denotes the human response to living things and to very special “biophilic” geometries in
our environment. While biophilia was discussed by Erich Fromm (1973) and Edward O. Wilson
(1984), its specific application to shaping the built environment is due to Stephen R. Kellert (Kellert
& Wilson, 1995). Biophilia’s positive effects come from two distinct sources:

(i) Close proximity and visual contact with plants, animals, and other people.

(if) Positive response to artificial creations that follow geometrical rules for the structure of
organisms.

People’s neurological reactions to biophilic environments have a positive physiological effect,
measurable by medical sensors such as heart rate, skin temperature and conductivity, adrenaline level,
pupil size, etc. The primary literature presenting the experimental evidence is cited below, and in
(Joye, 2007a; Kellert, 2018; Kellert, Heerwagen, & Mador, 2008; Ryan & Browning, 2018).

Claims for the health advantages of biophilia rest upon a variety of measurements. Exposure to a
biophilic environment helps speed up post-operative healing, as documented in the classic
experiments of Roger Ulrich (Ulrich, 1984). Patients’ recovery times were compared for those whose
hospital room faced a blank wall, versus those who had an immediate view of trees. Visual contact
with nature showed a significant improvement in healing for the latter group (Kellert, Heerwagen, &
Mador, 2008; Mehaffy & Salingaros, 2015). After an embarrassing delay of several decades, these
findings have finally triggered the implementation of biophilic design guidelines for hospitals (Ryan
& Browning, 2018; Totaforti, 2018).

The rapidly growing topics of “healing environments” and ‘“salutogenesis” are developing without
reference to biophilia, even though the basic effects are the same (Salingaros, 2015). Healing
environments are reviewed from the point of view of the health-care profession in (Huisman, Morales,
van Hoof, & Kort, 2012; Iyendo & Alibaba, 2014; Rakel, Sakallaris, & Jonas, 2018; von Lindern,
Lymeus, & Hartig, 2016). Investigations of healing environments tend to include a broader range of
factors than biophilia does (such as pathogens, pollutants, and toxins), which makes causal analysis
more problematic. We instead wish to focus strictly upon those effects due to the geometry and surfaces.
In addition, health-care professionals are easily diverted from biophilic effects intrinsic in the built
environment. Hence, they often accept architects’ designs having very poor biophilic properties without
question, and this point is what the present paper tries to clear up. Due to this misunderstanding, new
hospitals that claim to reduce stress and anxiety may actually be increasing them.

Long-term effects of biophilic design impact human health. Existing results reveal that our immune
mechanism is reinforced and our stress level is reduced in biophilic environments. More research is
needed to establish the evidential basis for this effect; data suggest that our body is healed through
direct exposure to natural environments (Frumkin, 2008; Frumkin et al., 2017; Joye & van den Berg,
2011; Ryan & Browning, 2018; Velarde, Fry, & Tveit, 2009). For example, a positive correlation
exists between cortisol hormone levels and the close, direct experience of nature (Ward-Thompson
et al., 2012); physical activity in green places shows a measurable positive mood and increase of self-
esteem (Barton & Pretty, 2010); the overall health of those who live near forests and green spaces is
statistically better (Beyer, Kaltenbach, Szabo, Bogar, Nieto, & Malecki, 2014; Engemann et al., 2019;
Li, Kobayashi, & Kawada, 2008); there is a significant correlation between living near forests and
healthy brain structure (Kiihn ef al., 2017) and improved mental health (Bratman et al., 2019; Preuss
et al.,2019); and more evidence of the health benefits of closeness to green spaces (Brethour, Watson,
Sparling, Bucknell, & Moore, 2007; Dravigne, Waliczek, Lineberger, & Zajicek, 2008).
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The reasons behind biophilia’s healing effects remain a mystery, however. This paper (consistent
with a few other authors) argues that the complex geometry of the environment is responsible for the
biophilic effect, but it has to be a special type of complexity. New buildings and urban spaces that
employ biophilic design promise a major health factor for their users. This approach lends itself to
immediate practical applications. A more intense type of healing environment everywhere is possible
today, and accomplishing this does not rely exclusively upon proximity to plants.

Yet, despite the enormous implications for human wellbeing, design typologies continue to be based on
abstract images that are neutral in their biophilic impact, or worse, explicitly anti-biophilic (Salingaros,
2015). A radical change in design intentionality would discard present-day architectural formalisms to
adopt a completely new method of healthy design (Buchanan, 2012). This is imperative for the world’s
health. In promoting a major reorientation in architectural culture, it is useful to have a simple numerical
measure for biophilia that architects can easily compute and apply, and that is provided here.

QUANTIFYING BIOPHILIA BY ESTIMATING THE “BIOPHILIC INDEX” OF A
BUILDING

Trying to quantify biophilic effects makes the assessment of architectural projects more objective.
We ought to be able to predict the healing effects of specific environments before they are built,
which will save an enormous amount of resources. This robust scientific approach contrasts with the
usual assessments of architects based on dubious aesthetics. Ten factors responsible for biophilia
estimate the biophilic content of any physical setting. These factors are described and justified in the
next section, and discussed in detail in (Salingaros, 2015). They are very easy to estimate using the
descriptions given later. The whole point of the paper is to back up the following conjecture:

Conjecture: “The Biophilic Index correlates directly with long-term healing effects of the
built environment.”

The present discussion is intended to spark interest for more experimentation to support the conjecture
on healing effects (but direct verification is left to future publications). A confluence of results from
neurology, physiology, and environmental psychology justifies the simple quantitative model
presented here. The biophilic index is immediately understandable to the general public, representing
an important environmental component that affects our health. This biophilic influence on human
wellbeing was important historically, and still is in traditional cultures, but was neglected after the
rise of industrialism.

Table 1: Ten components of the biophilic index B

. Sunlight: preferably from several directions.

. Color: variety and combinations of hues.

. Gravity: balance and equilibrium about the vertical axis.

. Fractals: things occurring on nested scales.

. Curves: on small, medium, and large scales.

. Detail: meant to attract the eye.

. Water: to be both heard and seen.

. Life: living plants, animals, and other people.

. Representations-of-nature: naturalistic ornament, realistic paintings, reliefs, and figurative
sculptures — including face-like structures.

10. Organized-complexity: intricate yet coherent designs — and extends to symmetries of

abstract face-like structures.
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The proposed model adds these ten biophilic criteria together into a single number. Instead of
merely counting the number of biophilic factors present in a building or urban space, a simple
numerical estimate permits a more accurate result. In fact, this method was developed earlier to
measure organized complexity as the analogy of “Life” in a building (Salingaros, 2006). We can
estimate an integer value from 0 to 2 for the intensity and presence of every one of the ten biophilic
qualities as follows.

Estimates: { none = 0, some = 1, a large amount =2 }.

Definition: “Biophilic index B” = Light + Color + Gravity + Fractals + Curves + Detail +
Water + Life + Representations-of-nature + Organized-complexity.

Range: 0 < B <20.

Summing the estimates for the ten individual qualities gives the “biophilic index B”, which is a number
ranging from O to 20. This metric is useful in assessing the biophilic content of different buildings. We
can compare buildings in distinct architectural styles, from different periods and locations, and in
different shapes and sizes (independently of the usual stylistic concerns, which play no role in this
model). The biophilic index works for different locations within a single building, and to compare
interior with exterior spaces, open with closed spaces, etc. The index thus enables us to measure the
biophilic —hence healing— impact of very different buildings in a relatively objective manner.

We do not normally expect any single building to have a maximum score of the biophilic index, B =
20, although some of the best-loved historical buildings could approach it (Salingaros, 2006). An
architect can aim for a high value of B in his/her design, as allowed by the budget and practical
constraints. There are various distinct ways to increase the biophilic index, as noted in the ten factors.
Buildings created according to different styles will incorporate healing effects in their own individual
manner, by emphasizing one or more of the biophilic criteria. Knowing how to achieve this is key to
hospital design and long-term health in living and work environments.

HOW DO WE DESIGN BIOPHILIC BUILDINGS AND ENVIRONMENTS?

Rules for biophilic design are straightforward to implement once we understand the dual origins of
this basic effect. First, human beings require intimate contact with nature and with other living beings.
This part of biophilia is directly and intuitively understood as the healing influence of nature (Kellert,
2018; Kellert, Heerwagen, & Mador, 2008). While such effects are rooted in traditional medicine in
all societies, important new experimental measurements are rapidly accumulating on the healing
properties of natural environments (Bratman et al., 2019; Greven, 2017). Second, but more abstract,
is to represent a special “biophilic” geometry in the artificial built environment. The intended effect
duplicates the positive healing feedback that a user experiences from living matter. Designers create
shapes that trigger the same sensation as biological forms, but without necessarily mimicking them.

The biophilic index represents a quantitative formulation of biophilic design. Similar but distinct
checklists of biophilic criteria have been proposed by Stephen Kellert (Kellert, 2018), the Terrapin
Bright Green group (Browning, Ryan, & Clancy, 2014; Ryan, Browning, Clancy, Andrews, &
Kallianpurkar, 2014), and the present author (Salingaros, 2015). The pluralism of those lists indicates
that different researchers are converging on the subject from slightly different directions, which is to
be expected for a discipline that is still evolving. A useful checklist taken from a booklet used in
courses for architecture students (Salingaros, 2015) will be further supplemented, below.



JBU #1/19 17

First checklist of biophilic design criteria.

1. Sunlight — natural light on two sides of a room (Alexander, Ishikawa, Silverstein, Jacobson,
Fiksdahl-King, & Angel, 1977). Our eyes focus better and we can use our stereo vision to see three-
dimensional depth (Read, 2015). Circadian rhythms and vitamin D production need sunlight to function
(Hasegawa & Arita, 2013; Holick, 2019; Remi, 2015). Sunlight also has direct therapeutic qualities
(Edelstein & Macagno, 2012; Walch et al., 2005).

2. Color — comes from both the hue of transmitted light, and pigments on surfaces. Many bright
or intense colors affect our mood positively (Jacobs & Hustmyer, 1974; Kardan et al., 2015; Kurt
& Osueke, 2014), whereas gray and dark brown are associated with depression and remind us of
putrification, illness, and death (Carruthers, Morris, Tarrier, & Whorwell, 2010; Osmond, 1966;
Salingaros, 2003).

3. Gravity — buildings need to reinforce the vertical axis and not appear about to fall down on
our head. The balance mechanism of our inner ear checks for the horizontal and vertical, and
triggers nausea and vomiting whenever those reference axes are violated (Chin, 2018; Gallagher
& Ferre, 2018).

4. Fractals — forms that are subdivided in a regular manner going all the way down in scales.
This is evident in all traditional architectures, which rely upon rich borders, frames, moldings,
ornament, and the use of natural materials with ordered textures (Joye, 2006; 2007b; Salingaros,
2012; Taylor, 2006). People refuse to look at empty, non-fractal shapes and surfaces (Sussman,
& Ward, 2017), since minimalism triggers emotional discomfort (Leach, 2016; Salingaros, 2003;
van den Berg, Joye, & Koole, 2016).

5. Curves — balanced curves in a building’s structure act independently, or together with bringing
the curves of plants up close to and into buildings. Our eye and brain have specific curvature sensors,
thus we instinctively seek curves all around us (Bar & Neta, 2006; Berman et al., 2014; Dazkir &
Read, 2011; Gémez-Puerto, Munar, & Nadal, 2016).

6. Detail — meaningful and obvious details in our immediate surroundings. The eye was designed to
look for and interpret details that are essential for our survival (Ramamurthy & Lakshminarayanan,
2015; Salingaros, 2003). We “read” intentions in the details of an animal or human face (Leopold &
Rhodes, 2010). That is why we respond positively to the details in natural materials such as wood,
travertine limestone, colored marble, etc. (Rice, Kozak, Meitner, & Cohen, 2006; Sakuragawa,
Miyazaki, Kaneko, & Makita, 2005).

7. Water — seeing and hearing water helps to calm us (Nichols, 2015; Wheeler, White, Stahl-
Timmins, & Depledge, 2012; White et al., 2010). Probably an ancestral effect from our evolution, it
is used extensively in Islamic architecture to promote psychological wellbeing.

8. Life — lots of plants, non-threatening animals, and other people near us. Built structures blend
with plants by having green courtyards, many interior mini-gardens as small as one square meter, and
buildings with a meandering footprint that semi-encloses and protects outside trees so we can see
them closely through windows (Barton & Pretty, 2010; Greven, 2017; Takano, Nakamura, &
Watanabe, 2002; Ward-Thompson et al., 2012).

Biophilic design is not a list of rigid rules, but rather a set of mechanisms that allow an infinite
number of design solutions within the ten biophilic constraints. There is tremendous freedom in
designing with biophilia while respecting the above basic guidelines. The specifics of each project



JBU #1/19 18

are left up to the imagination and creativity of the individual architect, and in how he/she interprets
and implements the above factors.

TWO ARTIFICIAL BIOPHILIC CRITERIA

The list is completed by considering two additional biophilic qualities having specifically human
origins. They are more complex than the first eight biophilic factors, which are called “low-level
visual features” by some researchers. (For this reason, we can refer to the two new components as
“higher-level visual features”). These factors estimate representations of nature that we connect to:
the first is explicit, and the second implicit. Visual representations of animals, people, and plants have
a long history in human evolution, playing a defining role for the artistic and religious heritage of
particular group cultures. Humans have also mimicked the mathematical properties of natural
structures in their more abstract art forms, at least prior to the 20" Century (Salingaros, 2019). These
qualities relate to the type of visual complexity the human brain requires for navigating the world.

Additional criteria for biophilic design

9. Representations-of-nature — a category that includes realistic depictions of plants, animals, and
people either as photographs, paintings, or sculptures. While not part of architectural tectonics, all of
these contribute to biophilia in a major way.

10. Organized-complexity — purposeful complication that is also accompanied by a high degree of
organization (Alexander, 2001; Salingaros, 2006; 2018). Abstract architectural ornament in the
Islamic world exemplifies this effect. There are two opposite states that diminish this factor: either
empty simplicity, or disorganization.

Since the early days of humanity, a realistic depiction of plants, animals, and people was inseparable
from other aspects of architecture. That practice was indeed automatic before interior decoration
split away from architecture, with architects left to practice only tectonics. Experiments show that
images of nature have healing effects similar to direct exposure to nature (Brown, Barton, &
Gladwell, 2013; Tse, Ng, Chung, & Wong, 2002; Yin, Zhu, MacNaughton, Allen, & Spengler,
2018). Throughout history, domestic, religious, and civic architectures represented living forms as
images that were integral to the wall surfaces. Representation does not refer only to portable
paintings put up on a wall (even though those do play a significant role), but to frescoes, mosaics,
and sculptural reliefs forming a permanent part of the building. Traditional buildings the world over
have their interiors ornamented with organic motifs.

The Representations-of-nature component of the biophilic index is straightforward to measure, yet
the iconoclastic turn that Art took in the 20" Century towards abstraction complicates the present
situation. For several decades, it is uncommon to see sponsored representational art featuring animals,
people, and plants. Therefore, architects will have to resurrect an artistic interest that is all but dead
in the “official” world of art, although it is paradoxically central in advertising and commercial art.
Also, realistic depictions have always been a vibrant expression of folk art in the form of unofficial
murals. People are viscerally attracted to Representations-of-nature.

One promising entry into experiments to verify this component has already been achieved by
discovering the innate attraction of faces. Recent neuroscience experiments reveal that mammalian
brains devote considerable resources to recognizing faces in general, and known faces in particular
(Chang & Tsao, 2017). This is an essential advantage for the survival of our species, and therefore
we seek faces and figures — other people, strangers and acquaintances, as well as faces represented
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in and on our buildings. Eye-tracking devices show that people look for other human figures in a
landscape before focusing on any particular architectural or structural feature (Sussman & Ward,
2017). Empty, minimalist “design” components preferred by present-day architectural culture do not
draw the eye at all—they might as well not be there!

The bilateral symmetries of an animal or human face can be reflected in an entire building to draw
attention to it. People respond positively when the abstract geometry of a face is represented in a
building’s structure (Sussman & Ward, 2017). Contained in the two additional biophilic factors
Representations-of-nature and Organized-complexity is how closely a building entrance or fagade
resembles some stylized giant animal face, with characteristic vertical symmetry axis, and
symmetrically distributed focal points roughly corresponding to mouth, eyes, ears, etc. (Salingaros,
2017). We feel a kind of deep kinship to such a building, much more than to a building with an
abstract design that eschews facial symmetries.

While these last two biophilic factors can be identified in almost all traditional and vernacular
architectures, with modern times we come to a schism. A strong desire to erase biophilic properties
drives the surface appearances of the minimalist design style (Buchanan, 2012; Salingaros, 2006;
2015; 2018). Just as with similarly intolerant iconoclastic movements throughout history, 20C
architectural culture (starting with Bauhaus modernism) became intolerant of historic design
practices (Curl, 2018). Industrial minimalism also erased the abstract, mathematically rich
ornamentation responsible for Organized-complexity that is a central feature of all varieties of
Islamic architecture (Salingaros, 2006; 2019).

Non-representational ornament represents a distinct approach to encoding biophilia in artifacts and
buildings. The goal is to (subconsciously) mimic the complex geometry of natural forms through
abstract designs. For example, the symmetrical alignment of windows in a wall could reflect the
multiple subsymmetries defined by those windows. Linking different scales, the internal symmetries
of traditional windows reflect larger scaling symmetries present in the building, which might be
scaled-up motifs from ornament. Traditional design methods mimic the fractal geometry of natural
forms. Moreover, symmetry breaking by adding variety on smaller scales prevents information
collapse; i.e. information cannot be compressed below the threshold.

Organized-complexity is fundamental in understanding human responses to architectural form
and environments. Our mind seeks meaningful information around us. Because this topic is
misunderstood and not even well-defined, little useful research has been done. Using measures
of organized complexity from Christopher Alexander (Alexander, 2001) and the present author
(Salingaros 2006; 2014; 2018), experiments find a marked preference for Organized-complexity
(Coburn et al., 2019). The brain is set up to process complex images that are neither random (with
too much uncorrelated information), nor simplistic (informationally trivial). A threshold degree
of ordered complexity establishes a physiological reference, and departures either way generate
emotional discomfort.

The present author reported earlier that Organized-complexity is responsible for enhanced animal
brain development in “enriched environments”; hence one can assume that the same effect probably
occurs in humans (Mehaffy & Salingaros, 2012). Independent support for Organized-complexity
comes from data on the healthy brain development of children living near green spaces (Kiihn et al.,
2017). Those researchers found a strong correlation for people living near forests (high degree of
Organized-complexity), but only a weak correlation with urban green areas, which tend to contain
lawn, or isolated bushes and trees (low degree of Organized-complexity). This result was surprising,
considering that many studies have linked positive health effects with urban green, but is explained
because of the increased complexity of green that is more than just flat lawn.
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These last two (higher-level) biophilic factors Representations-of-nature and Organized-
complexity overlap somewhat with (low-level) previous ones: Color, Fractals, Curves, and Detail.
It’s not essential to have an irreducible set of biophilic qualities, but only a useful checklist that
architects can use for improving their designs before implementation. The above ten criteria cover
what is important to a designer and architectural practitioner interested in biophilia. There exist
distinct biophilic descriptors proposed by others, mentioned below, and perhaps there are additional
mechanisms that we are as yet unaware of.

BIOPHILIC DESIGN WAS INSTINCTIVE IN THE PAST

It turns out that traditional architectures throughout history were driven by biophilia. Two separate
sets of design tools combine to achieve this effect:

(a) Make real nature intimately accessible.
(b) Build by using lessons from the geometry of nature.

There are definite and important advantages to this approach of shaping the built environment. Yet a
determining though subconscious motivation for healthy design is not new but timeless. A major
effort at understanding healing environments was undertaken by Christopher Alexander and his
associates, first in documenting “design patterns” (Alexander, Ishikawa, Silverstein, Jacobson,
Fiksdahl-King, & Angel, 1977), then in uncovering the geometrical principles behind those patterns
(Alexander, 2001). Newly-documented patterns are published recently (Mehaffy, Kryazheva, Rudd,
& Salingaros, 2019). Socio-geometric patterns repeat throughout millennia of human building
activity, and are found in every traditional culture around the world. Those discovered design
solutions represent invariants that help support human health.

Patterns anticipate and support biophilic design by using nature as a source of mental and physical
nourishment. Design patterns predate the introduction of biophilia into architecture, and there
exists an intimate connection between them (Salingaros & Masden, 2008). While not all design
patterns relate to biophilia, many of the critical ones do. Human beings crave environments with
a high biophilic index, as evidenced in traditional built environments. Unfortunately, at the time
when design patterns were initially introduced, dominant architectural culture dismissed them as
some personal preference. They certainly are preferred: when the design intention is to create a
healing environment.

Here, I wish to establish the precedent set by patterns in documenting design solutions that were re-
discovered during the more recent developments of biophilic design. For those readers unfamiliar
with patterns, I am providing my own summary of each pattern mentioned (Alexander et al., 1977).
All of the components of the Biophilic Index can be correlated with patterns, as described below.

For example, the component Sunlight of the biophilic index comes from three Alexandrian patterns:

PATTERN 107 WINGS OF LIGHT. Rather than having a compact building whose interior needs to
be artificially lit, design the footprint so that the building consists of fairly narrow wings. In this way,
every wing will receive sunlight generously.

PATTERN 128 INDOOR SUNLIGHT. Take advantage of sunlight, which in the Northern
Hemisphere requires a predominantly Southern exposure. A building that optimizes for this will have
to be elongated in an East-West direction.
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PATTERN 159 LIGHT ON TWO SIDES OF EVERY ROOM. Natural light coming from two
separate directions satisfies a fundamental psychological need. Try to design the most useful rooms
with this feature.

In the same way, the component Color comes from this pattern:

PATTERN 250 WARM COLORS. A warm light in a room (as far as color temperature) is the
combined effect of outside sunlight, artificial light, and interior color surfaces. Perceiving the ambient
light as warm has positive psychological consequences.

The biophilic component Water is related to the three patterns:

PATTERN 25 ACCESS TO WATER. The land-water interface should not be treated industrially, or
left derelict, but instead developed to promote easy and positive psychological contact.

PATTERN 64 POOLS AND STREAMS. Instead of automatically covering up open water and
streams, create permanent structures and paths alongside them, and bridges to cross over them. Where
there is no water, create a fountain.

PATTERN 71 STILL WATER. Shape one side of a local pond so that it provides access for stepping
into. Where possible, and conditions permitting, provide an open swimming pool to the community.

The biophilic component Organized-complexity relates to the following pattern.

PATTERN 249 ORNAMENT. Ornament serves an important connective function between
architectural components. Correctly used, ornament will join the edges of two elements into one
larger whole, rather than having pieces come up to one another abruptly.

... and so on.

Many societies naturally mix greenery and water with the built urban fabric for a very successful
biophilic effect. Traditional buildings of all kinds emphasize the vertical axis and avoid unbalanced
diagonals — this choice is instinctive, and it took a concerted effort to suppress sensory feedback
before architects could design unbalanced and twisted buildings. Such forms still alarm the public
(and will continue to do so), despite bogus explanations. The physiological need for a vertical
reference discredits prize-winning buildings that produce anxiety and vertigo. This criticism has
triggered a huge public controversy: but not for jeopardizing human health. Instead, critics are
themselves attacked for daring to question dominant design fashions (Buchanan, 2015; Mehaffy &
Salingaros, 2015; 2018; Silber, 2007).

To get an idea of how our own biology directs the shape of what we build, look at the majority of
built structures on the Earth, which are in fact erected without architects (Alexander, 1979). Owner-
built settlements rely upon the builders’ own intuition in optimizing their psychological experience,
and are to a very large extent biophilic. Those self-built forms result from using the body’s instinctive
reactions to make design judgments at each stage of the process. Biophilia drives unselfconscious
design. Such informal buildings historically evolved into the more formalized typologies that we find
in every traditional form language (but contradict current design fashions).

Traditional landscape architects intuitively know many of the biophilic design rules: after all, they
work primarily with plants. But they seldom get to influence the urban design plan or the building’s
footprint, being given responsibility only for the garden. The built environment would greatly
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improve by giving landscape architects greater design responsibility over the architecture as well.
Working together with contemporary classical architects, landscape architects have created perfectly
biophilic buildings and urban spaces (usually without calling them as such, since the term is only now
being adopted by design professionals).

People like buildings or not because they judge them according to their own visceral responses,
and not by applying formal criteria as architects invariably do. In the great disconnect from
evolved traditions that resulted in International Modernism (Buchanan, 2012; Curl, 2018;
Salingaros, 2006), many biophilic design rules, which were understood but unwritten, were
discarded. The major positive development, however —an almost obsessive emphasis on glass
curtain walls— promotes the biophilic factor of Sunlight. Modernist architects recognized its
health benefits (Yuko, 2018). The best-loved among early modernist buildings turn out to rely
upon satisfying some of the criteria for biophilia, i.e. detail in natural materials, some color, pools
of water, views onto nature, etc. (Salingaros, 2015). Biophilic design works to improve a project,
even within a strictly modernist style. Nevertheless, the formal intentionality of modernist design
is incompatible with the other biophilic factors.

The framework for healing environments presented in this essay, which is supported by massive
experimental and observational evidence, defines an old-fashioned picture for architecture and
design. Not for reasons of nostalgia, but because our ancestors intuitively reached the same
conclusions that today took concerted research efforts. Components of healing environments include
structures on the human scale (the opposite of inhumanly-scaled giant buildings); the use of natural
materials possessing fine-grained organic structure visible to the eye; and, most important of all, the
ornamental traditions common to all cultures. Biophilia contradicts two standard building typologies:
sterile industrial glass and steel skyscrapers, and minimalist concrete surfaces.

BIOPHILIC MEASURES USED BY OTHER AUTHORS

An architect interested in implementing biophilia in his/her design today faces some minor confusion,
because different authors propose slightly different sets of metrics. The intent is the same, yet, since
the discipline is still evolving, there is no uniform consensus. The table below might help to offset
any confusion. Open-source descriptors used by Kellert (Kellert, 2018) and the Terrapin Bright Green
group (Browning, Ryan, & Clancy, 2014) are compared to the ones described here. Sometimes, two
or more qualities are combined in order to find the equivalent class proposed by the other authors.

Table 2: Equivalent biophilic metrics.

Kellert Terrapin Salingaros
Light Dynamic and diffuse light Sunlight
Color — Color
Natural geometries + Biomorphic forms and Fractals + Curves + Detail
Shapes and forms + patterns
Information richness
Water Presence of water Water
Plants + Animals Visual connection with Life
nature + Nonvisual
connection with nature
Images — Representations-of-nature
Organized complexity Complexity and order Organized-complexity
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Kellert proposes a list of 25 qualities, whereas Terrapin lists 14. Those authors do not suggest
combining the measures in a quantitative manner for reference. There is an advantage in the model
presented here that sums up ten biophilic qualities to obtain a single number for the biophilic index.
It is worth noting that Paul Downton and his collaborators felt the need for Representations-of-
nature while using the Terrapin biophilic metrics, and introduced an additional equivalent metric as
“Virtual Connection with Nature” (Downton, Jones, Zeunert, Roos, 2017).

One can correlate the above authors’ further descriptors (not listed here) to find direct or indirect
correspondences. Those are not included in this paper because they are better identified as non-
biophilic design patterns (in this author’s opinion). Spatial design patterns definitely lead to improved
wellbeing, but are not directly related to biological structure. The present approach prefers to separate
biological structures from notions of spatiality described by large-scale geometries (handled by
design patterns). Among such descriptors are “Prospect” and “Refuge” (combined together by
Kellert, but listed separately by Terrapin). The Alexandrian pattern 114 HIERARCHY OF OPEN
SPACE contains these two effects (Salingaros, 2015).

Berto and Barbiero (working with other colleagues) have registered what they call the “Biophilic
Quality Index” at Societa Italiana Autori ed Editori (SIAE) in Rome (Berto & Barbiero, 2014;
Berto, Barbiero, Pasini, & Unema, 2017; Berto, Barbiero, Barbiero, & Senes, 2018). Apparently,
their index is quantitative, just like the biophilic index introduced in this paper. Because of the
proprietary nature of their model, however, there is little public information available. Neither
the general public, nor interested researchers can work with an index that is kept a trade secret.
The few published details of their model indicate that the number of factors is considerably larger
than the 10 used for the present model.

HEALTHIER ARCHITECTURE IS POSSIBLE THROUGH BIOPHILIA

A building that achieves intimate contact with nature triggers positive emotions from close interaction
of the user with plants (Brethour, Watson, Sparling, Bucknell, & Moore, 2007; Dravigne, Waliczek,
Lineberger, & Zajicek, 2008). More and more contemporary buildings pay attention to including more
green; yet anxiety-inducing industrial forms, materials, and typologies remain firmly in place as the
current architectural paradigm. Plants satisfy only one part of biophilia that depends upon proximity to
nature, but could obscure the need for healing geometries in the fabric of the building itself.

For example, some contemporary architects build anti-biophilic industrial/mechanical buildings
set in a garden, hence the result is schizophrenic. Superficially the plants are biophilic, but the
built structures are not. Ingrained unnatural architectural styles override biophilia, and so they
mix positive with negative biophilic factors. This approach confuses not only the public, but also
other researchers in biophilia. Failing to distinguish between the opposite geometries of anxiety-
inducing and healing elements, buildings with contradictory qualities are unfortunately mistaken
as “good” examples.

Traditional and vernacular architectures generate fractal, ordered, and ornamented buildings. Pre-
industrial design subdivided forms to define Fractals and Organized-complexity, and employed
Color variety, ordered Detail, ornament, Curves, and Sunlight (Salingaros, 2006; van den Berg,
Joye, & Koole, 2016). Incorporating Organized-complexity into a structure results in old-fashioned
ornamented facades, entrances, and interiors. Those satisfy several of the criteria for biophilia,
creating positive salutogenic effects. Yet without plants and mini-gardens enclosed or semi-enclosed
by the building, or views to nature, the biophilic effect remains incomplete.



JBU #1/19 24

Implementing biophilia exclusively with inert materials, therefore, can only go so far. The biophilic
quality of new buildings does not depend primarily upon materials, but upon a special type of
Organized-complexity in their structure, as well as real connections to nature. Traditional architects
can already do much of that—all they need is a good traditional landscape architect to work with.
Biophilic buildings relax formal design to embrace nature intimately.

Traditional architecture is replete with design solutions that rely upon the successful and sustainable
use of green. Those are documented in three Alexandrian design patterns (Alexander et al., 1977):

PATTERN 118 ROOF GARDEN. Design a building so that there is place for a roof garden on
different storeys. Guarantee easy access to the garden from that level.

PATTERN 174 TRELLISED WALK. A garden path with a trellis over it and plants growing on it
creates a special healing environment. Additionally, this typology serves to define a useful semi-
permeable vertical boundary for an area of the garden.

PATTERN 246 CLIMBING PLANTS. Allow and encourage climbing plants to grow vertically on a
sunny exterior wall.

The problem, however, occurs when architects promote biophilic design mainly through images of
far-fetched schemes of urban greening. Among interesting biophilic experiments are some typologies
that look good, but are both resource-expensive and far too expensive to maintain economically in
the long term. These include green roofs, vertical gardens on a wall, and trees growing in the balconies
of high-rises. It now seems that those ideas have limited application, with proven successes being
highly climate-specific (namely, in regions of the world with sustained high rainfall). Otherwise, such
typologies can become another extremely costly, high-maintenance, high-tech gimmick to sell a
project. We see them nowadays in the renderings for competition entries, but most of those are not
sufficiently thought out to guarantee sustainability (Mehaffy & Salingaros, 2015).

The key considerations for these attractive biophilic elements of design are that they should be
adaptive, low-maintenance, and low-tech. If plants can be encouraged to grow up a wall or on a roof,
then that creates a positive and useful feature (Downton, 2009; 2016). This design development
conceives the human built environment as an integral part of the natural ecosystem. Genuinely natural
schemes presuppose that the climatic conditions are appropriate. Yet contemporary architectural
culture often promotes the opposite: a brutal industrial imposition of “techno-green” schemes favored
by supporting industries of global real-estate speculation, together with the construction and structural
engineering industries. Alarmingly, this is what we see illustrated in many references to biophilia in
the glossy architecture magazines.

BIOPHILIA AND NEUROSCIENCE

Evaluating responses to architectural environments through neuroscience is creating an important
new discipline (Mehaffy & Salingaros, 2018; Robinson & Pallasmaa, 2015; Ruggles, 2017;
Salingaros, 2017; Sussman & Hollander, 2015; Sussman & Ward, 2017). Neuroscience confirms
preferences for special geometrical structures in our environment, which were derived much earlier
using information optimization, organizational principles, and from mathematical arguments
anchoring biophilia (Salingaros, 2006; 2012; 2014). Evolution adapted our body to recognize and
seek specific patterns and structures essential for our health and wellbeing; therefore, our normal
neural responses instinctively privilege those specific mathematical patterns.
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Neuroscientists who have turned to studying people’s responses to environments seek the same goals
as in this paper: “[to] predict what this influence [is] in the early stages of design and before the
structure is built” (Edelstein & Macagno, 2012). Architectural practice could then be changed
dramatically so it leads more purposefully to improved human health. As originally argued by Ary
Goldberger (Goldberger, 1996), what we create reflects the structure of our brain (see also Mikiten,
Salingaros, & Yu, 2006)). But this is only true for unselfconscious creation, which relies upon direct
human feeling and feedback. Architects learn to consciously break away from the instinctive human
need for biophilic geometries. Working according to the directives of contemporary architectural
culture, they are taught to ignore their own body’s intuitive responses, and to instead impose abstract
formal criteria for design (Salingaros, 2017). It is known, though rarely publicized, that architects and
laypersons have almost diametrically opposite architectural preferences (Brown & Gifford, 2001;
Gifford, Hine, Muller-Clemm, & Shaw, 2002; Wilson, 1996).

Measuring our physiological state and cerebral responses ought to show either healing or fight-or-
flight responses to objects, spaces, and environments. An unforeseen complication occurs, however,
because architects have been conditioned through their training to privilege forms that generate
anxiety (Salingaros, 2017; Sussman & Chen, 2017). They have therefore numbed and suppressed
their innate biophilic preferences. This statement generates protests from the profession, but is
supported by observations (Salingaros, 2006). It is essential for any future experiments on biophilia
to identify the neurological responses of common people to environments as a baseline, and only then
to test the contradictory responses from trained architects.

Many famous buildings that dominant architectural culture supposes to be paradigmatic positive
examples elicit, in fact, strongly negative responses (Salingaros, 2017). But whenever experimental
results supporting biophilia threaten to invalidate architectural icons, cognitive dissonance forces
architects to ignore the data, or to interpret it in a biased manner. Their reactions to proposed
neuroscience experiments are split into two: (i) disinterest in discovering what influences the human
experience; and (ii) adopting selected results only if those prop up accepted architectural icons.
Architects judge according to learned aesthetics superimposed onto their visceral responses, and
already “know” the “correct” finding before an experiment is even set up.

This controversial point must be addressed; otherwise neurological research into human responses is
destined for failure. A lot of research funding has already been wasted in trials that give ambiguous
and confusing results. The reason is obvious. Professional designers simply cannot accept that they
have been practicing anti-biophilic design, and have been misleading students and others in that
choice. The health consequences for generations of users are immense. Cross-disciplinary teams
investigating responses to the environment tend to include both neuroscientists and architects, but the
latter inject their historical and stylistic prejudices into the design of the experiment. The
neuroscientists naively trust the architects’ opinion on what is a ‘good’ building, and could even
accept some ‘iconic’ building as a reference for calibrating the experiment. Confirmation bias
consequently invalidates all those efforts.

SUGGESTIONS FOR EXPERIMENTAL VERIFICATION

First, a simple general experiment is made possible by having available the quantitative biophilic
index defined here. We can measure long-term health effects of buildings and places with different
biophilic indices on their users, keeping in mind that this is still only one of many influences. The
choice of specific physiological measurements is best left up to health-care professionals who should
run the experiments. Data will show whether healthier environments have higher biophilic index, as
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many of us believe based upon the existing evidence. Accumulated findings should reinforce the
health benefits of biophilic design.

Second, we would like to evaluate the possible relative weighting of each of the ten biophilic factors
discussed in this paper. As presented now in the simplest hypothesis, they contribute equally to the
biophilic effect, which was chosen as a working assumption. Architects interested in applying this
model to their projects immediately ask: “which are the most important components of the biophilic
index, so that I can neglect the others?”” As yet, we have no way of knowing whether some factors
might have more impact on our health than others. Any difference, if such exists, ought to be
straightforward to measure by isolating each individual biophilic effect. Then, if desired, a weighted
re-definition of the biophilic index B could be introduced later to reflect those findings.

This second set of experiments could resolve the question of what is the actual basis for the biophilic
effect. This fundamental question yet remains unresolved. Some researchers associate the healing
effect only with direct exposure to nature. (Yet this still does not explain the actual mechanism.) For
them, imitations and representations of nature are secondary, and are conjectured to be only weakly
effective in inducing the biophilic effect. Others, including this author, attribute comparable weight
to natural environments and to artificial environments that contain the appropriate biophilic
geometries. In this latter approach, mathematical complexity rather than some mysterious vitalistic
force holds the explanatory key to biophilia.

Lately, many experimental groups are joining the broad research effort into questions about
salutogenic environments. However, without an epistemological basis for addressing the problem,
those results tend to be interpreted in a confusing manner. The related topics of aesthetics, affective
benefits, attention restoration, beauty, cognitive preferences, mental and physical health, stress
reduction, etc. tend to overlap and become jumbled. In the absence of a simple and practical model
—such as the one presented here— collected data is not always presented in the best format for
understanding how the human body reacts to its environment. Hopefully, we will soon see greater
clarity in both theory and the interpretation of experiments.

CONCLUSION

Biophilic design promises a better built environment; one more adapted to a sustainable human future.
Since biophilia is an essential part of human biology, building according to its principles
automatically guarantees a more “natural” result. Doing this satisfies part of what is required for
sustainability, in two ways. (i) The built structures are conceived as extensions of our biology and
our ecosystem. (if) We feel healthier in them, and therefore we will be more motivated to preserve
them against wear and tear and replacement. Biophilic design, therefore, presents an alternative and
complementary component to resilience and sustainability of the human habitat.

The ten biophilic qualities discussed in detail here represent strong interconnections among many
different aspects and scales of the human-experienced environment. Those all affect us emotionally
and physiologically. Biophilic design thus raises our consciousness up to a larger encompassing scale.
Biophilia merges the building with its immediate surroundings: paying attention to context, position,
orientation, main approach, paths, connection to urban fabric, etc. Forward-thinking people have been
urging the design professions to adopt a broader systems approach as a prerequisite for solving
problems in resilience and sustainability. We now have such an opportunity through biophilia.

In particular, biophilic design teaches us to think in terms of systems. By recognizing a variety of
complex and dynamic factors, the principles of biophilic design define a systems approach to the
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built environment. This follows from considering the multiple interacting variables that affect
human health and psychology: the system is composed of human users interacting with the surfaces
and volumes of a building. By contrast, architectural practice has for the past several decades
emphasized design based upon formal abstractions, and neglected human responses to built forms
(Mehaffy & Salingaros, 2015; 2018; Salingaros, 2006; 2012; 2017; 2018). Its “system” is strictly
limited to the tectonic structure.

REFERENCES
Alexander, C. (1979). The timeless way of building. New York: Oxford University Press.

Alexander, C. (2001). The nature of order, Book 1: The phenomenon of life. Berkeley: Center for
Environmental Structure.

Alexander, C., Ishikawa, S., Silverstein, M., Jacobson, M., Fiksdahl-King, I., & Angel, S. (1977). A
pattern language. New York: Oxford University Press.

Bar, M., & Neta, M. (2006). Humans prefer curved visual objects. Psychological Science, 17, 645—
648. doi.org/10.1111/.1467-9280.2006.01759.x

Barton, J., & Pretty, J. N. (2010). What is the best dose of nature and green exercise for improving
mental health? A multi-study analysis. Environmental Science and Technology, 44, No. 10, 3947-
3955. doi.org/10.1021/es903183r

Berman, M. G., Hout, M., Kardan, O., Hunter, M., Yourganov, G., Henderson, J., Hanayik, T.,
Karimi, H., & Jonides, J. (2014). The perception of naturalness correlates with low-level visual
features of environmental scenes. Plos One, December 22. doi.org/10.1371/journal.pone.0114572

Berto, R., & Barbiero, G. (2017). The biophilic quality index: A tool to improve a building from
“green” to restorative. Visions for Sustainability, 8, 38-45. doi.org/10.13135/2384-8677/2333

Berto, R., Barbiero, G., Barbiero, P., & Senes, G. (2018). An individual’s connection to nature can
affect perceived restorativeness of natural environments. Some observations about biophilia.
Behavioral Sciences, 8, 34. doi.org/10.3390/bs8030034

Berto, R., Barbiero, G., Pasini, M., & Unema, P. (2014). Biophilic design triggers fascination and
enhances psychological restoration in the urban environment. Journal of Biourbanism, 3(1&2), 27—
34. https://journalofbiourbanism.files.wordpress.com/2016/01/jbu5.pdf

Beyer, K., Kaltenbach, A., Szabo, A., Bogar, S., Nieto, J., & Malecki, K. (2014). Exposure to
neighborhood green space and mental health: Evidence from the survey of the health of Wisconsin.
International Journal of Environmental Research and Public Health, 11(3), 3453-3472.
doi.org/10.3390/ijerph110303453

Bratman, G. N., Anderson, C., Berman, M. G., Cochran, B., de Vries, S., Flanders, J., ... & Daily,
G. (2019). Nature and mental health: An ecosystem service perspective. Science Advances, 5(7),
July. doi: 10.1126/sciadv.aax0903

Brethour, C., Watson, G., Sparling, B., Bucknell, D., & Moore, T. (2007). Literature review of
documented health and environmental benefits derived from ornamental horticulture products.



JBU #1/19 28

Guelph: George Morris Centre. https://www.agrireseau.net/horticulturearbresdenoel/documents/
Reports_Ornamentals_Health_Benefits.pdf

Brown, D. K., Barton, J. L., & Gladwell, V. F. (2013). Viewing nature scenes positively affects
recovery of autonomic function following acute-mental stress. Environmental Science &
Technology, 47, No. 11, 5562-5569. doi.org/10.1021/es305019p

Brown, G., & Gifford, R. (2001). Architects predict lay evaluations of large contemporary
buildings: Whose conceptual properties? Journal of Environmental Psychology, 21(1), 93-99.

Browning, W. D., Ryan, C. O., & Clancy, J. O. (2014). 14 patterns of biophilic design: improving
health and well-being in the built environment. New York: Terrapin Bright Green LLC.
https://www terrapinbrightgreen.com/reports/14-patterns/

Buchanan, P. (2012). The big rethink part 7: Place and aliveness — Pattern, play and the planet.
Architectural Review, 24 July. https://www.architectural-review.com/essays/campaigns/the-big-
rethink/the-big-rethink-part-7-place-and-aliveness-pattern-play-and-the-planet/8633314.article

Buchanan, P. (2015). Empty gestures: Starchitecture’s swan song. Architectural Review, 27
February. https://www.architectural-review.com/essays/viewpoints/empty-gestures-starchitectures-
swan-song/8679010.article

Carruthers, H. R., Morris, J., Tarrier, N., & Whorwell, P. J. (2010). The Manchester color
wheel: Development of a novel way of identifying color choice and its validation in healthy,
anxious and depressed individuals. BMC Medical Research Methodology, 10(12).
doi.org/10.1186/1471-2288-10-12

Chang, L., & Tsao, D. Y. (2017). The code for facial identity in the primate brain. Cell, 169(6),
1013-1028. doi.org/10.1016/j.cell.2017.05.011

Chin, S. (2018). Visual vertigo: Vertigo of oculomotor origin. Medical Hypotheses, 116, 84-95.
doi.org/10.1016/j.mehy.2018.04.025

Coburn, A., Kardan, O., Kotabe, H., Steinberg, J., Hout, M., Robbins, A., MacDonald, J., Hayn-
Leichsenring, G., & Berman, M. G. (2019). Psychological responses to natural patterns in
architecture. Journal of Environmental Psychology, 62, 133—-145.
https://doi.org/10.1016/j.jenvp.2019.02.007

Curl, J. S. (2018). Making Dystopia: The strange rise and survival of architectural barbarism.
Oxford: Oxford University Press.

Dazkir, S., & Read, M. A. (2011). Furniture forms and their influence on our emotional responses
toward interior environments. Environment and Behavior, 44(5), 722-732.
doi.org/10.1177/0013916511402063

Downton, P. F. (2009). Ecopolis: Architecture and cities for a changing climate. Heidelberg:
Springer Netherlands.

Downton, P. (2016). “Green roofs and walls”, in Your home: Australia’s guide to environmentally
sustainable homes, (Ed. C. McGee). 5" edition. Canberra: Department of Industry, Innovation and
Science, 299-307. http://www.yourhome.gov.au/materials/green-roofs-and-walls



JBU #1/19 29

Downton, P., Jones, D., Zeunert, J., & Roos, P. (2017). Biophilic design applications: Putting
theory and patterns into built environment practice. KnE Engineering — The international
conference on design and technology, 59—65. doi.org/10.18502/keg.v2i2.596

Dravigne, A., Waliczek, T. M., Lineberger, R. D., & Zajicek J. M. (2008). The effect of live plants
and window views of green spaces on employee perceptions of job satisfaction. HortScience
(American Society for Horticultural Science), 43(1), 183-187.
doi.org/10.21273/HORTSC1.43.1.183

Edelstein, E. A., & Macagno, E. (2012). Form follows function: Bridging neuroscience and architecture,
in S. Rassia & P. Pardalos (Eds.). Sustainable environmental design in architecture: Impacts on health.
New York: Springer, 27—41. doi.org/10.1007/978-1-4419-0745-5_3

Engemann, K., Bécker-Pedersen, C., Arge, L., Tsirogiannis, C., Bo-Mortensen, P., & Svenning, J.
C. (2019). Residential green space in childhood is associated with lower risk of psychiatric
disorders from adolescence into adulthood. Proceedings of the National Academy of Sciences,
published ahead of print February 25, 2019. doi.org/10.1073/pnas.1807504116

Fromm, E. (1973). The anatomy of human destructiveness. New York: Holt, Rinehart and Winston.

Frumkin, H. (2008). Nature contact and human health: building the evidence base. In S. R. Kellert,
J. H. Heerwagen, & M. L. Mador (Eds.). Biophilic design. The theory, science and practice of
bringing buildings to life. Hoboken: Wiley, 107-118.

Frumkin, H., Bratman, G., Breslow, S., Cochran, B., Kahn, P. H., Lawler, J., Levin, P., Tandon, P.,
Varanasi, U., Wolf, K., & Wood, S. (2017). Nature contact and human health: A research agenda.
Environmental Health Perspectives, 125(7): 075001. doi.org/10.1289/EHP1663.

Gallagher, M., & Ferre, E. R. (2018). The aesthetics of verticality: A gravitational contribution to
aesthetic preference. Quarterly Journal of Experimental Psychology, 71(12), 2655-2664.
doi.org/10.1177/1747021817751353

Gifford, R., Hine, D. W., Muller-Clemm, W., & Shaw, K. (2002). Why architects and laypersons
judge buildings differently: Cognitive properties and physical bases. Journal of Architectural and
Planning Research, 19(2), 131-148.

Goldberger, A. L. (1996). Fractals and the birth of Gothic. Molecular Psychiatry, 1, 99-104.
Goémez-Puerto, G., Munar, E., & Nadal, M. (2016). Preference for curvature: A historical and
conceptual framework. Frontiers in Human Neuroscience, 16 January 2016.

doi.org/10.3389/fnhum.2015.00712

Greven, K. M. (2017). The healing influence of nature. Practical Radiation Oncology, 7(6) 369—
372. doi.org/10.1016/j.prro.2017.04.007

Hasegawa, Y., & Arita, M. (2013). Circadian clocks optimally adapt to sunlight for reliable
synchronization. Journal of the Royal Society Interface, 11:20131018.

Holick, M. F. (2016). Biological effects of sunlight, ultraviolet radiation, visible light, infrared
radiation and vitamin D for health. Anticancer Research, 36(3), 1345-1356.



JBU #1/19 30

Huisman, E. C., Morales, E., van Hoof, J., & Kort, H. S. (2012). Healing environment: A review of
the impact of physical environmental factors on users. Building and Environment, 58, 70-80.
https://core.ac.uk/download/pdf/82518574.pdf

Iyendo, T.O., & Alibaba, H. Z. (2014). Enhancing the hospital healing environment through art and
day-lighting for user’s therapeutic process. International Journal of Arts and Commerce, 3(9), 101—
119. https://www.researchgate.net/publication/306394295

Jacobs, K. W., & Hustmyer, F. G. (1974). Effects of four psychological primary colors on GSR,
heart rate and respiration rate. Perceptual and Motor Skills, 38, 763—66.
doi.org/10.2466/pms.1974.38.3.763

Joye, Y. (2006). An interdisciplinary argument for natural morphologies in architectural design.
Environment and Planning B, 33(2), 239-252. doi.org/10.1068/b31194

Joye, Y. (2007a). Architectural lessons from environmental psychology: The case of biophilic
architecture. Review of General Psychology, 11(4), 305-328. doi.org/10.1037/1089-2680.11.4.305

Joye, Y. (2007b). Fractal architecture could be good for you. Nexus Network Journal, 9(2), 311-
320. https://link.springer.com/content/pdf/10.1007/s00004-007-0045-y.pdf

Joye, Y., & van den Berg, A. (2011). Is love for green in our genes? A critical analysis of
evolutionary assumptions in restorative environments research. Urban Forestry & Urban Greening,
10(4), 261-268. doi.org/10.1016/j.ufug.2011.07.004

Kardan, O., Demiralp, E., Hout, M., Hunter, M., Karimi, H., Hanayik, T., Yourganov, G., Jonides,
J., & Berman, M. G. (2015). Is the preference of natural versus man-made scenes driven by bottom-
up processing of the visual features of nature? Frontiers in Psychology, 6:471. doi:
10.3389/fpsyg.2015.00471

Kellert, S. R. (2018). Nature by design. New Haven: Yale University Press.

Kellert, S. R., Heerwagen, J. H., & Mador, M. L. (Eds.). (2008). Biophilic design. The theory,
science and practice of bringing buildings to life. Hoboken: Wiley.

Kellert, S. R., & Wilson, E. O. (Eds.). (2013). The biophilia hypothesis. Washington: Island Press.

Kiihn, S., Diizel, S., Eibich, P., Krekel, C., Wiistemann, H., Kolbe, J., Martensson, J., Goebel, J.,
Gallinat, J., Wagner, G., & Lindenberger, U. (2017). In search of features that constitute an
“enriched environment” in humans: Associations between geographical properties and brain
structure. Scientific Reports, 7: 11920. doi.org/10.1038/s41598-017-12046-7

Kurt, S., & Osueke, K. K. (2014). The effects of color on the moods of college students. SAGE
Open, 4(1). doi.org/10.1177/2158244014525423

Leach, J. (2016) Psychological factors in exceptional, extreme and torturous environments. Extreme
Physiology & Medicine, 5(7). doi.org/10.1186/s13728-016-0048-y

Leopold, D. A., & Rhodes, G. (2010). A comparative view of face perception. Journal of
Comparative Psychology, 124(3), 233-251. doi.org/10.1037/a0019460



JBU #1/19 31

Li, Q., Kobayashi, M., & Kawada, T. (2008). Relationships between percentage of forest coverage
and standardized mortality ratios (SMR) of cancers in all prefectures in Japan. The Open Public
Health Journal, 1(1), 1-7. https://benthamopen.com/contents/pdf/TOPHJ/TOPHIJ-1-1.pdf

Mehaffy, M. W., Kryazheva, Y., Rudd, A., & Salingaros, N. A. (2019) A new pattern language for
growing regions: Places, networks, processes. Portland: Sustasis Press and Stockholm: Centre for
the Future of Places KTH Royal Institute of Technology, in press.

Mehaffy, M. W., & Salingaros, N. A. (2012). Science for designers: Intelligence and the
information environment. Metropolis, 25 February 2012.
https://www.metropolismag.com/uncategorized/science-for-designers-intelligence-and-the-
information-environment/

Mehaffy, M. W., & Salingaros, N. A. (2015). Design for a living planet: Settlement, science, and
the human future. Portland: Sustasis Press. doi.org/10.1007/s00004-999-0009-5

Mehaffy, M. W., & Salingaros, N. A. (2018). The neuroscience of architecture: The good, the bad,
and the beautiful. Traditional Building Magazine, 19 February 2018.
https://www.traditionalbuilding.com/opinions/the-neuroscience-of-architecture

Mikiten, T. M., Salingaros, N. A., & Yu, H.-S. (2000). Pavements as embodiments of meaning for a
fractal mind. Nexus Network Journal, 2, 63-74.

Nichols, W. J. (2015). Blue mind: The surprising science that shows how being near, in, on, or
under water can make you happier, healthier, more connected, and better at what you do. New
York: Back Bay Books/Hachette.

Osmond, D. H. (1966). Some psychiatric aspects of design. Who designs America? New York:
Anchor Books.

Preuss, M., Nieuwenhuijsen, M., Marquez, S., Cirach, M., Dadvand, P., Triguero-Mas, ... &
Zijlema, W. (2019). Low childhood nature exposure is associated with worse mental health in
adulthood. International Journal of Environmental Research and Public Health, 16(10), 1809.
doi.org/10.3390/ijerph16101809

Rakel, D., Sakallaris, B. R., & Jonas, W. (2018). Creating optimal healing environments. In D.
Rakel (Ed.), Integrative Medicine, 4" Edition, Amsterdam: Elsevier, 12—19. doi.org/10.1016/B978-
0-323-35868-2.00002-5

Ramamurthy, M., & Lakshminarayanan, V. (2015). Human vision and perception. In R. Karlicek,
C.-C. Sun, G. Zissis, & R. Ma (Eds.). Handbook of advanced lighting technology. Cham: Springer
International. doi.org/10.1007/978-3-319-00295-8_46-1

Read, J. C. A. (2015). What is stereoscopic vision good for? In N. S. Holliman, A. J. Woods, G. E.
Favalora, & T. Kawai (Eds.). Proceedings 9391. SPIE/IS&T electronic imaging, 8—12 February
2015: Stereoscopic displays and applications XX V1. doi.org/10.1117/12.2184988

Remi, J. (2015). Humans entrain to sunlight — Impact of social jet lag on disease and implications
for critical illness. Current Pharmaceutical Design, 21(24), 3431-3437. doi.org/ 10.2174/13816128
21666150706110228



JBU #1/19 32

Rice, J., Kozak, R., Meitner, M., & Cohen, D. (2006). Appearance wood products and
psychological well-being. Wood and Fiber Science, 38(4), 644—659. https://pdfs.semanticscholar.
org/2015/aa11035830e4f066518789b0d 1cf7ab4ac52.pdf

Robinson, S., & Pallasmaa, J. (Eds.). (2015). Mind in architecture: Neuroscience, embodiment, and
the future of design. Cambridge: MIT Press.

Ruggles, D. H. (2018). Beauty, neuroscience, and architecture: Timeless patterns and their impact
on our well-being. Denver: Fibonacci Press.

Ryan, C. O., & Browning, W. D. (2018). Biophilic design. In R. A. Meyers (Ed.). Encyclopedia of
sustainability, science and technology. New York: Springer, 1-44. doi.org/10.1007/978-1-4939-
2493-6_1034-1

Ryan, C. O., Browning, W. D., Clancy, J. O., Andrews, S. L., & Kallianpurkar, N. B. (2014).
Biophilic design patterns: Emerging nature-based parameters for health and well-being in the built
environment. Archnet-1JAR: International Journal of Architectural Research, 8(2), 62-76.
http://archnet-ijar.net/index.php/IJAR/article/view/436

Sakuragawa, S., Miyazaki, Y., Kaneko, T., & Makita, T. (2005). Influence of wood wall panels on
physiological and psychological responses. Journal of Wood Science, 51(2), 136—-140.
doi.org/10.1007/s10086-004-0643-1

Salingaros, N. A. (2003). The sensory value of ornament. Communication & Cognition, 36(3-4),
331-351. Reprinted in Salingaros, N. A. (2006, 2014). A theory of architecture. Portland: Sustasis
Press, 84—-104.

Salingaros, N. A. (2006, 2014). A theory of architecture. Portland: Sustasis Press.

Salingaros, N. A. (2012). Fractal art and architecture reduce physiological stress. Journal of
Biourbanism, 2(2), 11-28. https://journalofbiourbanism.files.wordpress.com/2013/09/jbu-ii-2012-
2_nikos-a-salingaros.pdf. Reprinted in Salingaros, N. A. (2013). Unified architectural theory.
Portland: Sustasis Press, 170-190.

Salingaros, N. A. (2014). Complexity in architecture and design. Oz Journal, 36, 18-25.
http://newprairiepress.org/cgi/viewcontent.cgi?article=1527 &context=0z

Salingaros, N. A. (2015). Biophilia and healing environments. New York: Terrapin Bright Green
LLC and Amherst: Levellers Press. https://www.terrapinbrightgreen.com/wp-
content/uploads/2015/10/Biophilia-Healing-Environments-Salingaros-p.pdf

Salingaros, N. A. (2017). How neuroscience can generate a healthier architecture. Conscious Cities
Journal, 3. https://www.ccities.org/neuroscience-can-generate-healthier-architecture/

Salingaros, N. A. (2018). Adaptive versus random complexity. New Design Ideas, 2(2), 51-61.
http://jomardpublishing.com/UploadFiles/Files/journals/NDI/V2N2/SalingarosN.pdf

Salingaros, N. A. (2019). How mathematics will save the built world! Common Edge, 28 January
2019. https://commonedge.org/how-mathematics-will-save-the-built-world/



JBU #1/19 33

Salingaros, N. A., & Masden, K. G. (2008). Neuroscience, the natural environment, and building
design. In S. R. Kellert, J. H. Heerwagen, & M. L. Mador (Eds.). Biophilic design: The theory,
science and practice of bringing buildings to life. Hoboken: Wiley, 59-83.

Silber, J. (2007). Architecture of the absurd. New York: Quantuck Lane Press.

Sussman, A., & Chen, K. (2017). The mental disorders that gave us modern architecture. Common
Edge, 22 August 2017. http://commonedge.org/the-mental-disorders-that-gave-us-modern-
architecture/

Sussman, A., & Hollander, J. B. (2015). Cognitive architecture. New York: Routledge.

Sussman, A., & Ward, J. M. (2017). Game-changing eye-tracking studies reveal how we actually
see architecture. Common Edge, 27 November 2017. http://commonedge.org/game-changing-eye-
tracking-studies-reveal-how-we-actually-see-architecture/

Takano, T., Nakamura, K., & Watanabe, M. (2002). Urban residential environments and senior
citizens’ longevity in megacity areas: the importance of walkable green spaces. Journal of
Epidemiology & Community Health, 56(12), 913-918. doi.org/10.1136/jech.56.12.913

Taylor, R. P. (2006). Reduction of physiological stress using fractal art and architecture. Leonardo,
39(3), 245-251. doi.org/10.1162/leon.2006.39.3.245

Totaforti, S. (2018). Applying the benefits of biophilic theory to hospital design. City, Territory and
Architecture, 5(1). doi.org/10.1186/s40410-018-0077-5

Tse, M. M., Ng, J. K., Chung, J. W., & Wong, T. K. (2002). The effect of visual stimuli on pain
threshold and tolerance. Journal of Clinical Nursing, 11(4), 462—469. doi.org/10.1046/j.1365-
2702.2002.00608.x

van den Berg, A., Joye, J., & Koole, S. (2016). Why viewing nature is more fascinating and
restorative than viewing buildings: A closer look at perceived complexity. Urban Forestry & Urban
Greening, 20, 397-401. doi: 10.1016/j.ufug.2016.10.011

von Lindern, E., Lymeus, F., & Hartig, T. (2016). The restorative environment: A complementary
concept for salutogenesis studies. In M. B. Mittelmark, S. Sagy, M. Eriksson, G. F. Bauer, J. M.
Pelikan, B. Lindstrom, & G. Arild Espnes (Eds.). The handbook of salutogenesis. Cham: Springer,
181-195. doi.org/10.1007/978-3-319-04600-6_19

Walch, J. M., Rabin, B. S., Day, R., Williams, J. N., Choi, K., & Kang, J. D. (2005). The effect of
sunlight on post-operative analgesic medication usage: A prospective study of patients undergoing
spinal surgery. Psychosomatic Medicine, 67(1), 156—163. doi.org/10.1097/01.psy.0000149258.42508.70

Ward-Thompson, C., Roeb, J., Aspinall, P., Mitchell, R., Clowd, A., & Miller, D. (2012). More
green space is linked to less stress in deprived communities: Evidence from salivary cortisol
patterns. Landscape and Urban Planning, 105(3), 221-229.
doi.org/10.1016/j.landurbplan.2011.12.015

Ulrich, R. S. (1984). View through a window may influence recovery from surgery. Science, 224,
420. doi.org/10.1126/science.6143402



JBU #1/19 34

Velarde, M. D., Fry, G., & Tveit, M. (2007). Health effects of viewing landscapes — Landscape
types in environmental psychology. Urban Forestry & Urban Greening, 6(4), 199-212.
doi.org/10.1016/j.ufug.2007.07.001

Wheeler, B.W., White, M., Stahl-Timmins, W., & Depledge, M. H. (2012). Does living by the
coast improve health and wellbeing? Health & Place, 18(5), 1198-1201.
doi.org/10.1016/j.healthplace.2012.06.015

White, M., Smith, A., Humphryes, K., Pahl, S., Snelling, D., & Depledge, M. (2010). Blue space:
The importance of water for preference, affect, and restorativeness ratings of natural and built
scenes. Journal of Environmental Psychology, 30(4), 482—493. doi.org/10.1016/].jenvp.2010.04.004

Wilson, E. O. (1984). Biophilia. Cambridge: Harvard University Press.

Wilson, M. A. (1996). The socialization of architectural preference. Journal of Environmental
Psychology, 16(1), 33—44. doi.org/10.1006/jevp.1996.0003

Yin, J., Zhu, S., MacNaughton, P., Allen, J., & Spengler, J. (2018). Physiological and cognitive
performance of exposure to biophilic indoor environment. Building and Environment, 132, 255—
262. doi.org/10.1016/j.buildenv.2018.01.006

Yuko, E. (2018) How the tuberculosis epidemic influenced modernist architecture. CityLab, 30
October. https://www.citylab.com/design/2018/10/how-tuberculosis-epidemic-influenced-
modernist-architecture/573868/



