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Abstract. Affective ecology is the branch of ecology that deals with the cog-
nitive and emotional relationships that humanity and Gaia establish between
themselves. In the last ten years, affective ecology has engaged above all in the
experimental verification of the biophilia hypothesis and in defining the two
fundamental constructs of biophilia: fascination and affiliation. The definition
of such constructs allows us to estimate more precisely the psychological ef-
fects of biophilia. Fascination for Nature triggers the restoration of cognitive
skills after mental fatigue, while the feeling of affiliation for Nature has a
stress-reducing effect. The experimental outcomes allow us to design an ideal
biophilic environment, able to stimulate fascination and affiliation for Nature.
A biophilic environment is the ideal environment for developing naturalist
intelligence. The future perspectives of affective ecology concern the search for
high biophilic quality environments, which can be both inner environments,
as in the case of Green Mindfulness in ecopsychology, and outer environments
as in the case of Biophilic Design in architecture.

1. Introduction

My love for Nature! is not rational. I am attracted to life. It was obvious to me
to choose Life Sciences at university. The knowledge of biology allowed me to
love Nature even more. However, as a university student I had great difficulty
accepting a science that rejected my love for Nature. This rejection by the main-
stream aroused in me a desire to integrate my emotional side into science. This
is how affective ecology was born.

It was not an easy path. But on my journey, I met many other scientists "on
the road", including reseatchers from the L-TER Network (Long-Term Ecolog-
ical Research Network) who reflect on topics and goals of science and explore
new ways of doing research and communicating ecology. The questions posed
by researchers of the L-TER Network are at the basis of research in affective

! In this article T will use the word “Nature” with a capital “N” to indicate the biosphere and
abiotic matrices (soil, air, water) where it thrives. In addition to being a gesture of respect towards
an entity that transcends us as human beings, this will avoid confusion with "nature" (with the
lowercase "n") understood as the intrinsic quality of a certain creature or a certain phenomenon.
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ecology. Can we integrate science with other forms of description of the world?
Are we aware of the role that emotions play in building bonds with Nature? The
meeting at Feudozzo, Italy (12-16 September 2019) organized by the Italy L-TER
Network was a moment of reflection on the last ten years of research. It provided
a stimulus to look for new ways of doing science that consider emotions that
Nature gives us, respecting the tradition that goes from Darwin (1872) to the
present day (Longo, 2014).

2. Affective ecology ten years ago

Affective ecology is ten years old. The first time I spoke publicly about “affective
ecology” was at the workshop «I linguaggi della sostenibilita. Il museo scientifico
per un dialogo nuovo con, dentro e a proposito della Natura»?, which took place
from 24 to 27 February 2011 at the Civic Museum of Zoology in Rome and at
Villa Adriana (Tivoli, Rome). For ten years I have dedicated myself to this branch
of ecology, which deals with the emotional bond that ties up humanity to Nature
(Barbiero, 2017). I have studied (Colucci-Gray et al., 2006), undertaken research
(Barbiero, 2009), conducted experimental tests (Barbiero 2011; 2014) and sug-
gested hypothesis (Barbiero and Berto, 2021). After ten years, perhaps the time
has come to take stock of the situation, starting from the two scientific hypoth-
eses on which the affective ecology is founded: the Gaia hypothesis and the bi-
ophilia hypothesis. Over the span of ten years these two hypotheses have
evolved, enriched with data, their explanatory power has been clarified and con-
nected to other theories and models, such as the Stress Recovery Theory (Ulrich,
1991) the Attention Restoration Theory (Kaplan, 1995) and naturalistic intelli-
gence in Multiple Intelligence Theory (Gardner, 1999).

2.1 The Gaia bypothesis

Gaia is the system of living organisms (biosphere) interacting with air (atmos-
phere), water (hydrosphere) and soil (pedosphere). Gaia is the biosphere and the
matrices in which it thrives (Volk, 1997, pp. 99-124) that evolve over time (Love-
lock, 1988). Although Gaia and Nature are often used interchangeably, Gaia does
not coincide with Nature. Nature emerges from the coupling of the metabolism
of living organisms with the outer environment, which continually reshapes the
habitability conditions of Gaia (Lenton, Dutreuil and Latour, 2020). Nature is
Gaia at a certain time in the history of life on the planet. Nature belongs to Gaia

2 “Sustainability languages. The scientific museum for a new dialogue with, within and about Na-
ture”
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as a frame belongs to a film. The history of Gaia is full of events that reduced
the size of the biosphere. In the Phanerozoic alone, there are at least five major
mass extinction events - not surprisingly called transitions - from which Gaia has
always recovered, even if the Nature of that era has completely disappeared. This
distinction helps us to understand that Homo sapiens can modify the environment
and harm Nature as we know it, but it cannot harm Gaia. For example, Gaia has
not always been hospitable to acrobic organisms. Gaia today (Nature during Ce-
nozoic) is hospitable to respirators, but originally (Nature during Archean) was
not. In the future, Gaia may no longer be hospitable to aerobic organisms. Gaia
is Gaia. Nature is the epiphany of Gaia at a certain moment in her evolutionary
history.

Life on Earth has been flourishing continuously and seamlessly for 3,800
million years. Since liquid water is essential for life, we can deduce that in all this
time the planet's mean surface temperature has always remained between 0° C
and 100° C, which, at a surface pressute of about 1 bar, has allowed the presence
of liquid water (Schwartzman, 1999). And this happened in a situation of pro-
gressive increase in the radiant power of the Sun (Watson and Lovelock, 1983).
Geophysiology, literally the 'Gaia physiology', was born from this simple empir-
ical datum. The experience gained by this young science has been essential in
evaluating the possibility of life in exoplanets, that is, the planets that orbit out-
side the solar system and about which today we can have information with the
aid of new telescopes (Schwieterman, 2018).

A frequent mistake is to think of Gaia as a living organism like us. Gaia is a
living organism, but su/ generis. In fact, living organisms are thermodynamically
open systems, that is, they are crossed by energy flows and are characterized by
exchanges of matter. Gaia, on the other hand, is a thermodynamically c/osed sys-
tem and is crossed by energy flows (mainly the Sun) but cannot exchange matter
with the sutrounding environment. This forces Gaia's creatures to continuously
recycle matter and this characteristic of Gaia has become a part of the great de-
bate on sustainability (Volk, 1997). In the long term, only a system able to use
the energy flows that cross the planet (renewable energy sources) and recirculat-
ing matter (recyclable materials) is sustainable, thus influencing many techno-
industrial fields (Schlesinger and Bernhardt, 2013).

We still do not know many details on how Gaia works. However, we know
the main laws that determine its general functioning (Kump, Kasting, and Crane,
2011). The study of Gaia and its laws proposes once again the theme of contem-
plation of Mother Earth, a powerful archetype able to inspire human behaviour
(Liu et al., 2019). Perhaps today we no longer need to anthropomorphize Gaia in
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Mother Earth. Perhaps today contemplation of it is enough, as in the case of the
Apollo 8 astronauts who in December 1968 took the first photograph of the
Earth from space (Figure 1).

Figure 1. The first photograph of the Earth with a view from space taken by the
Apollo 8 crew (Frank Borman, James Lovell and William Anders) in December 1968.

The beauty of this blue jewel, immersed in dark and cold space, is now an
icon of our era, whose psychic function for many is no different from the one
that traditional icons have for Orthodox Christian monks. For some scientists,
Gaia's iconic function continues to be a problem. For others it is becoming a
resource for psychological (Fellows, 2019) and spiritual (Christie, 2013) research,
on a track already traced by ecopsychology (Roszak, Gomes, and Kanner, 1995)
and by the ecology of mind (Bateson, 1972). To me Gaia has been a profound
and primitive psychological experience (Barbiero, Gasparotti, and Baruzzi, 2015).
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In the same way as ten years ago, I continue to think that Gaia is a resource for
biophilia and the development of naturalist intelligence (Barbiero, 2011).

2.2. The Biophilia hypothesis

Biophilia is our emotional bond with life. Biophilia is the combination of two
Greek words: love (philia) for life (bio). It was coined twice, independently, by the
German psychologist Erich Fromm (1964) and the American biologist Edward
O. Wilson (1984). Fromm uses the term biophilia to describe the psychological ori-
entation to be attracted to all that is alive and vital (Fromm, 1964). Wilson uses
the term biophilia to describe the evolutionarily adaptive trait of being attracted to
what is alive and vital (Wilson, 1984). Biophilia is innate, but it is not instinctive.
Being innate, biophilia is the manifestation of a genomic structure that has over-
come the screening of natural selection and can therefore be studied from an
evolutionary (phylogenetic) perspective. However, not being instinctive, bi-
ophilia must be stimulated in order to develop its full potential and can therefore
be studied from a psycho-pedagogical (ontogenetic) perspective. The two per-
spectives, phylogenetic and ontogenetic, complement each other and offer a the-
oretical horizon for the experimental verification of the biophilia hypothesis
(Barbiero and Berto, 2021).

3. Theoretical biophilia

Biophilia is an innate predisposition to learn from the living world. In other
wortds, we are genetically predisposed to interaction with Nature. Predispositions
to learn are very important for Homo sapiens. Babies are extraordinarily inept at
birth and spend a very long inculturation phase, during which they learn the nec-
essary behaviours to survive. Being quick and effective in learning confers an
evolutionary advantage, which is still rewarded in school systems all over the
wortld. We can consider biophilia a construct of the human temperament that
contributes, together with character, to form personality. Temperament repre-
sents a series of innate aspects of personality, derived directly from our evolu-
tionary history and not mediated by culture (Cloninger, Svrakic, and Przybeck,
1993). Although some researchers show resistance to fully understanding the
evolutionary heritage of biophilia (Joye and van den Berg, 2011; Patuano, 2020).
But an honest analysis cannot leave out the reconstruction of human evolution-
ary history. Studying biophilia in its phylogenetic (evolutionary) traits will help us
better understand biophilia in its ontogenetic (psychological) traits.
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3.1 Biophilia phylogeny

Biophilia has been defined as “our innate tendency to focus upon life and life-
like forms and, in some instances, to affiliate with them emotionally” (Wilson
2002, p. 132). According to E.O. Wilson, “biophilia is not a single instinct but a
complex of learning rules that can be teased apart and analyzed individually. The
feelings molded by the learning rules fall along several emotional spectra: from
attraction to aversion, from awe to indifference, from peacefulness to fear-driven
anxiety” (Wilson, 1993, p. 31). Attraction to Nature is biophilia, aversion to Na-
ture is biophobia (Ulrich, 1993). Over the course of evolution, humanity has had
to face the hostile forces of wild Nature. The rules of learning biophilia and bio-
phobia are rooted in the genetic heritage of our species in relation to their con-
tribution to improving human efficiency in the search for resources and shelter.
Wild environments trigger two basic types of physiological reaction: (1) the
‘fight-or-flight' response, which results in hyperactivity of one of the two
branches of the autonomic nervous system, usually an over-stimulation of the
sympathetic nervous system (Shimuzu and Okabe, 2007), which is related to the
concept of biophobia (Ulrich, 1993); and (2) the ‘test-and-digest' response, which
manifests itself as the cooperation of the two branches of the autonomic nervous
system, with a prevalent influence of the parasympathetic nervous system. The
balance of the two branches of the autonomic nervous system ensures a better
long-term resilience of the individual (Harvard Medical School, 2018).

Biophilia evolved in the Palacolithic era. For about 95% of our evolutionary
history, humans have survived by adopting the hunter-gatherer lifestyle. Human
beings have thus perfected a set of adaptive responses to different wild environ-
ments - mainly the savannah (Otrians and Heerwagen, 1992) - aimed at recogniz-
ing the quality of an environment in terms of resources and shelters. Some envi-
ronmental preferences are based on innate learning rules derived from the strug-
gle for the survival of our ancestors and today they form the primary and deepest
core of our biophilia (Berto et al., 2015). After the invention of agriculture and
breeding about 14,000 years ago (Arranz-Otaegui, et al. 2018), most of the human
population became progressively sedentary (Tattersal, 2008, pp. 125-164). Shel-
ters became increasingly permanent, and the first villages were formed (Dia-
mond, 1997). Farmers were forced to protect their crops and farm animals from
predators present in wildlife, including other humans (Spinney, 2020). The food
supplies accumulated in the village could tempt attackers and this led to the need
to protect the villages (Spinney, 2021). Neolithic farmers began to distinguish
between rural (good) and wild (bad) Nature. The male archetype also changed.
To highlight their fitness, young males were increasingly driven to abandon the
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'hunter' lifestyle, to take on that of the 'warriot' (Gimbutas, 1989). In the Neo-
lithic petiod, which covers approximately 5% of humanity's evolutionary history,
biophilia was partially adapted to new cultural demands. An example is proxe-
mics. In the Paleolithic period, the bands of Homo sapiens were numerically few,
and encounters outside one’s clan were rare and sporadic. During the Neolithic
period, village life needed a level of socialization that required hitherto unknown
physical proximity, to which we are still not fully adapted (Larsen et al., 2019).
This could explain, for example, why many people look for outdoor spaces in
Nature where human presence is rare.

Finally, only in the last 250 years - a period irrelevant from an evolutionary
point of view: less than 0.2% of the evolutionary history of humanity - humans
have developed their inclination to transform the environment permanently and
irreversibly (Crutzen, 20006). During this period, urban agglomerations gradually
become larger and more densely populated. Compared to the wild Nature in
which humans evolved, the countries and cities now inhabited by 55% of the
wortld population (Wotldbank, 2019) are characterized by an increase in popula-
tion density and a decrease in green spaces (Beatley, 2011). Since biophilia is a
predisposition to learn, if natural stimuli are lacking, this tends to atrophy (Wil-
son, 1993; Clements, 2004).

The biological evolution of humanity took place in the wilderness. Our ge-
netic predisposition to quickly recognize environments rich in resources and suit-
able for survival, has favoured the psychological preference for such environ-
ments, which are perceived as "restorative" (Barbiero, 2011; Barbiero, 2014). Hu-
mans may have learned that resource-rich environments are reassuring (biophilic)
and can help restore from mental fatigue more than others (Berto, 2014). Fur-
thermore, restoring attention in shorter time spans may have conferred some
evolutionary advantage (Kaplan, R. and Kaplan S., 1989, p. 181). From this point
of view, the perceived restoration capacity, understood as the (measurable) ability
of people to focus on the restorative characteristics of the environment, could
be one of the innate learning rules of biophilia (Wilson, 1993). Although the first
break of the Neolithic and above all the second break of the Industrial Revolu-
tion had a strong influence on inculturation processes, the predisposition to learn
from Nature has probably remained the same. But the kind of Nature from which
to learn has changed. There are many indications that wilderness has remained
in depths of the human psyche (Pinkola Estés, 1992).
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3.2 Biophilia ontogeny

E.O. Wilson (2002, p.132) identifies two conditions/constructs that are neces-
sary for biophilia recognition. The first condition is that life has the power to
shift the focus (fascination). The second condition is that, in certain circumstances,
an emotional bond is created with a life form (affiliation).

Before going into the merits of the experimental verification of the con-
structs of love for life (biophilia), it is necessary to clarify that life (the /f) does
not coincide with Nature (L7f¢). In the first case, life is the class of property that
is common to all living things. Nature (L) is life p/us the abiotic environment in
which it thrives. Nature emerges from the coupling of the metabolism of living
organisms with the outer environment, which continually reshapes the habitabil-
ity conditions of Gaia (Lenton, Dutreuil and Latour, 2020). Gaia's living condi-
tions vary over time. In the Archean, for example, Gaia's Nature was totally un-
suitable for the life of plants and animals. It took billions of years before the
coupling of the metabolism of living organisms with the outer environment man-
aged to create a Nature where plants and animals could thrive.

Life can thrive in totally artificial environments, such as a zoo or a labora-
tory. However, the psychic effects are very different. Environmental psychology
distinguishes three types of contact: direct, indirect, and symbolic. The direct con-
tact with Nature is the encounter with animals and plants in their natural habitat.
The indirect contact with Nature is the encounter with animals and plants in arti-
ficial environments (farms, zoos, botanical gardens). The symbolic contact with
Nature is the virtual encounter with animals and plants (books, documentaries,
videos, audio). In ecological terms, it can be said that /f corresponds to a bio-
logical community, Nature (Life) to an ecosystem. 1t is therefore possible to reformu-
late Wilson's definition, in this way: “biophilia is our innate tendency to focus
upon Nature and in some instances to affiliate with some of its components
emotionally”.

This leads to an important question which can only be mentioned here: is
there also a geophilia alongside bigphilia? There is no doubt that the abiotic com-
ponents (for example: the mountain, the sea, the river, the lake) or the atmos-
pheric events (for example: the clear sky, the clouds, the rain) influence our mood
and our psychic state. However, we still do not know whether the cognitive ef-
fects of biophilia can also be extended to geophilia (Elena Ferrero, personal com-
munication). The hypothesis should certainly be taken into account, considering
that historically there are testimonies - such as those of Hildegard of Bingen
(Newmann, 1987), of Francis of Assisi (Stratman, 1982; Barbiero, 2016) and, in
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more modern times, of Gary Snyder (Chowka, 1977) - attesting that the clear
distinction between ‘living” and ‘non-living’ is artificial. In any case, the abiotic
environment is also important for another reason. It seems that the same living
creature can arouse different emotions if contemplated while it is in its natural
abiotic environment or in an artificial environment and the more the artificial
environment approaches that of the natural habitat, the more our emotion be-
comes powerful (Powell and Bullock, 2014).

A careful analysis of the biophilia ontogeny leads to two important consid-
erations. The first consideration is that if Nature exerts its fascination power over
the human being, then Nature is active in this relationship, while the human be-
ing is passive. Since Nature is an epiphany of Gaia, then Gaia is an active agent
on the human psyche. Gaia's metaphor as Mother Earth thus takes on a signifi-
cant psychological meaning, considering that the Great Mother is considered a
fundamental archetype in analytical psychology (Neumann, 2015). The second
consideration is that biophilia is innate but not instinctive. It should therefore be
stimulated and educated. From an educational psychology point of view, bi-
ophilia represents a psychic potential that can be enhanced so that it contributes
to the flowering of different forms of intelligence, inter alia naturalist intelligence
(Gardner, 1999, pages 48-52). Correlating the stages of cognitive development
(Santrock, 2008, pp. 211-216) with the stages of environmental knowledge (Barb-
iero and Berto, 2016, p. 67) and the latter with the values associated with Nature
(Kellert, 2002; Barbiero and Berto, 2016, p. 79) gains importance.

4. Experimental biophilia

In 2011 it was clear that if the biophilia hypothesis had ever had any chance of
becoming a reliable theory, then experimental research could very usefully focus
on the two constructs prefigured by Wilson (2002): focus upon and affiliation. For-
tunately, environmental psychology had already identified the two biophilia con-
structs. The construct “focus upon” is called fascination and is defined as the “in-
voluntary attention triggered by Nature” (Berto, 2005). The construct of “affili-
ation” has been defined as the connectedness to Nature, sometimes called relatedness
to Nature (Nisbet, Zelenski, and Murphy, 2009), understood as the “individual
emotional experience with Nature” (Mayer and Frantz, 2004). The important
(and decisive) fact for our experimental verification is that both fascnation and
connectedness to Nature are constructs measurable with appropriate psychometric
scales, the "Perceived Restoration Scale' (PRS; Hartig et al., 1996) and the ‘Con-
nectedness to Nature Scale' (CNS, Mayer, and Frantz, 2004), respectively. From
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here on ’fascination' will be used to indicate the involuntary attention triggered
by Nature and ‘affiliation' to indicate the connectedness to Nature (Table 1).

Bigphilia Environmental Psychology Pgsychometric scales
Focus Fascination PRS - Perceived Restorativeness Scale
upon (Hartig et al. 1990)

CNS - Connectedness to Nature Scale

Affiliation  Connectedness to Nature (Mayer and Frantz, 2004)

Table 1. Comparison between the biophilic constructs proposed by E.O. Wilson
(2002, p.132) and the corresponding constructs identified in environmental psychol-
ogy, with the related psychometric scales. The name chosen for each construct in
this article is in bold.

4.1 Fascination, and the Attention Restoration Theory

Stephen and Rachel Kaplan devoted their scientific career to studying the mech-
anisms of restoration of direct and sustained attention after mental fatigue. They
identified four constructs that promote the restoration of direct and sustained
attention: 1) being away; 2) fascination; 3) extent, 4) compatibility (Kaplan, 1995). Par-
ticularly interesting for my studies was the second construct: fascination. Fascina-
tion triggers involuntary attention, an effortless form of attention, and allows
direct attention to restore. In a series of experimental tests, Berto and I measured
the time spans of restoration of the direct and sustained attention of the children
after a mental effort in different environments and situations. We found that
children, if they were left free to play in the woods, had shorter attention resto-
ration times than children left free to play in the school yard. Furthermore, we
also found that children perceived the restorative qualities of an environment and
preferred more restorative environments (Berto, et al., 2015b). This series of ex-
perimental observations allowed us to define it as the Standard of Etroubles, from
the name of the small village in the Valle d’Aosta (Italy) where the outdoor ob-
servations were conducted (Barbiero and Berto, 2016, pp. 196-200). The Standard
of Etroubles establishes a ranking in the restorative power of environments. In
general, after mental effort, a restorative process is more effective in a natural
environment (woods) than in an artificial environment (classroom). With the
same environment (classroom), a restorative process is more effective if the child
can use “mindful silence” (Berto and Barbiero, 2014). Subsequent experimental
observations then confirmed the Standard of Etroubles, noting how Nature
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exercises a restorative fascination of cognitive faculties (Kuo, Browning, and
Penner, 2018; Chang et al., 2020) and that fascination is closely related to envi-
ronmental preferences (Wang et al. 2019).

4.2 Affiliation, and the Stress Recovery Theory

The second construct of biophilia is affiliation (Wilson, 2002, p. 132). Defining
the feeling of affiliation is difficult. The root of the feeling of affiliation seems to
originate in “our capacity to experience empathy with other creatures and re-
spond to their concerns as our own” (Goodenough 1998, p. 127). In the first
instance, affiliation could correspond to the ability of creating an emotional bond
with life. Affiliation could be the equivalent of the construct “connectedness to
Nature” (Mayer and Frantz, 2004). In this case, the sense of unity of the word
'affiliation' would reveal all the psychic potential of the relationship between Hu-
man and Gaia. The etymological origin of the word ‘affiliation’ is interesting. It
detives from the Latin ad filius and indicates a process of adoption. 'Affiliation’
literally means "feeling like a son". Therefore, thinking of a parent becomes nat-
ural. In this case Mother Earth (Gaia) or more likely a limited epiphany thereof.
However, affiliation is not automatic. While fascination is a passive and involun-
tary phenomenon, affiliation requires a willingness to desire a relationship with
another non-human creature. Humans like establishing an emotional relationship
with a pet because this type of affiliation reduces stress. In his famous Why Zebras
Don't Get the Uleers Robert Sapolsky summarized the crucial psychological varia-
bles that modulate the intensity of psychological stressors in primates: (1) out-
bursts of frustration; (2) social support; (3) predictability; (4) control (Sapolsky,
2004, pp. 234-248). Interestingly, a pet is an excellent modulator of all four psy-
chological stressors. Under certain conditions Nature (r#7a/ Nature) can offer
help reduce stress. It is therefore reasonable to assume that a higher connected-
ness to Nature tends to favour faster recovery from stress, as Roger Ulrich has
empirically pointed out. Initially, Ulrich showed that simple eye contact with Na-
ture had the effect of speeding up recovery from a state of stress (Ulrich, 1984).
Ulrich later extended this observation to other sensory functions in his Stress
Recovery Theory (Ulrich, 1983; Ulrich et al. 1991).

4.3 Fascination is a 'state', Affiliation is a "trait’

In the experimental observations that led us to the Standard of Etronbles, we re-
peatedly found that fascination - measured as the restorative capacity perceived by
children - increased during a day spent in a wooded environment. The feeling of
affiliation, however - measured as a connectedness to Nature - remained
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unchanged (Berto, Pasini and Barbiero, 2015). This seems reasonable because
fascination is a relatively immediate response to a natural environment. Kuo,
Browning, and Penner (2018) offer a demonstration which, in a series of experi-
mental observations, managed to trigger a restorative process, evocatively de-
tined as “refuelling students in flight”. This suggests that fascination is a ‘state’ that
vaties in relation to the characteristics of the environment, to its restorative qual-
ities (Purcell et al., 2001; Berto, 2007). .Affiliation instead seems to be a ‘trait” of
the temperament: one feels connected to Nature regardless of the environment
where we are (Mayer and Frantz, 2004). Affiliation can vary, but requires more
time, a frequent and direct exposure with Nature (Berto et al., 2018) and a specific
educational project aimed at building naturalist intelligence (Meyer, 1997; Nolen,
2003).

5. Building a Naturalist intelligence

Biophilia is a predisposition to learn based on the constructs of fascination and
affiliation. Rapid and effective learning offers an evolutionary advantage, and it
is therefore probable that fascination and affiliation have consolidated over time
as a psychobiological potential of naturalist intelligence.

5.1 The ‘environmental concerned’ personality

Howard Gardner defined naturalist intelligence as the ability of “recognizing
flora and fauna, making other consequent distinctions in the natural world and
using this ability productively” (Gardner, 1995). Gardner originally identified
seven intelligences in his Multiple Intelligence Theory (1983). Only fifteen years
later he recognized, and subsequently integrated, naturalist intelligence into his
theory (Gardner, 1999). Naturalist intelligence seems easy to understand intui-
tively. However, it is a rather complex construct. Although it consists of the abil-
ity of processing information and spreading environmental knowledge without
including any emotional capacity (Gardner and Moran, 2006), Gardner admits
that naturalist intelligence is an expression of “what Wilson has termed «bi-
ophilia»”. According to Gardner “the naturalist intelligence comfortable in the
world of organisms and may well possess the talent of caring for, taming, or
interacting subtly with various living creatures” (Gardner 1999, p. 49). The ability
to “care for” and to “interact subtly” are manifestations of an affective and emo-
tional connectedness to Nature and correspond to Wilson's affiliation. Basically,
naturalist intelligence feeds the affiliation which, in turn, strengthens the desire
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to know Nature and prepares for new experiences, in a virtuous experience-re-
flection-experience circuit (Kahn, 1997; Gill, 2014; Adams and Savahl, 2017; Till-
mann et al., 2018). Gardner points out that “biologists' biographies routinely doc-
ument an early fascination with plants and animals” (Gardner, 1999, p. 50, my ital-
ics). Although no evidence is available in the literature for a relationship between
attention restoration and naturalist intelligence, biologists’ biographies show that
an “eatly fascination” (fundamental for restoration) is crucial for the develop-
ment of naturalist intelligence. Finally, Gardner notes that the biographies of fa-
mous naturalists - such as, for example, Rachel Carson (1962) or E.O. Wilson
(1994) - show that a mature naturalist intelligence tends to be sensitive to envi-
ronmental conservation by strengthening the individual's pro-environmental be-
haviour.

Berto and I proposed a model that correlated affiliation (measured with
“connectedness to Nature”), fascination (measured as “perceived restoration”),
environmental knowledge and commitment to the environment. The model was
designed to highlight how pro-environmental behaviour could be influenced by
the cognitive and affective constructs of biophilia (Berto and Barbiero, 2017a).
Below we propose a review of that model (Figure 2) in which environmental
knowledge is replaced by naturalistic intelligence and fascination is also proposed
as a motivator for pro-environmental behaviour.

Fascination \

Naturalistic Environmental Pro-Environmental
Intelligence Concern Behavior

Affiliation /

Figure 2. Model that relates the two constructs of biophilia (in green) — fascination
and affiliation — and naturalist intelligence, environmental concern, and pro-environ-
mental behaviour (Barbiero and Berto, 2018).
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5.2 The biophilic gualities of the environment

Cultivating intelligence always requires an appropriate environment. This is es-
pecially true for naturalist intelligence, which needs a natural environment stim-
ulating biophilia. It is therefore important to identify the qualities that stimulate
biophilia. The term “biophilic qualities” refers to the set of physical, aesthetic,
and functional characteristics of an environment which are perceived as restora-
tive. We know that the restorative power of an environment corresponds to fas-
cination, one of the fundamental constructs of biophilia. To this end, Berto and
I have developed an instrument, Bigphilic Quality Index (BQL, Berto and Barbiero,
2017b), to synthetically measure the characteristics of an environment according
to the restorative factors described in Attention Restoration Theory (Kaplan,
1995). When we tried to investigate whether there was a correlation between fas-
cination and affiliation, we discovered that the correlation did exist and it was
mediated by the “biophilic quality” of the environment. We compared four dif-
ferent natural parks to which were assigned two levels of “biophilic quality” (high
ot low) based on two factors: the distance from the subject's residence (being away)
and the restorative potential (fascination) evaluated with the Recreation Opportunity
Spectrum, a quality assessment system for natural parks (Clark and Stankey, 1979).
We evaluated the affiliation with Nature (with the CNS) and the fascination (with
the PRS) of each visitor to each park. The study showed that when the environ-
ment is characterized by a low biophilic quality (for example, an urban natural
park) and the visitor has a low level of affiliation with Nature, then the environ-
ment is perceived as highly restorative. On the contrary, when the visitor has a
high level of affiliation with Nature, then the environment characterized by a low
biophilic quality is perceived as not very restorative. Only when the environment
is characterized by a high biophilic quality (for example, a wild natural park),
subjects with a high level of affiliation with Nature can fully perceive the restor-
ative potential of the wild environment. The subject with high affiliation seems
to have a greater ability to discern restorative environments. Feeling strongly
connected with Nature (affiliation) makes you more sensitive to the restorative
power (fascination) of an environment and allows you to recognize environments
with the best biophilic qualities. A more efficient ability to recognize the most
restorative environments could represent an important evolutionary advantage.
This experimental observation further reinforces the idea of the evolutionary
origin of biophilia.
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5.3 Which Nature?

Being in Nature makes you feel good (White et al. 2019). But Nature is not the
same everywhere. Some types of Nature seem to stimulate biophilia better than
others and are preferred. Other types of Nature seem to stimulate biophobia and
are avoided. In general, people seem to be more fascinated by the type of Nature
that corresponds to their feeling of affiliation. As a first approximation it can be
observed that people with a strong feeling of affiliation are more easily fascinated
by wild Nature, while those with a more modest feeling of affiliation tend to
prefer rural Nature (Berto et al. 2018). Since rural Nature is usually characterized
by a higher population density than wild Nature, it is possible to propose a clas-
sification of Nature based on the population density of the areas covered by our

studies (Table 2).

Density Examples
Type of Nature o\ tants/Km?) (inhabitants/Km?)
Al 1 .
Urban More than 500 osta (1,587.7)

Pont-Saint-Martin (539.0)

Saint Vincent (222,8)

Rural From 500 to 10 Ftroubles (12.5)
S Rhémes-Saint-Georges (4.7)
- 1 2
Seni-ild From 100 Gressoney-La-Trinité (4.5)
Wilderness Less than 2 Valsavarenche (1.2)

Rhémes-Notre-Dame (0.9)

Table 2. Classification of Nature based on the population densities of different admin-
istrative units. The examples in the last column on the right refer to some settlements
in the Valle d’Aosta, Italy.

A first research track could verify if people with high affiliation with Nature
really tend to prefer wild Nature, while people with lower affiliation tend to pre-
fer rural Nature. If the observation is confirmed, then we can ask ourselves: why
does an affiliation with higher Nature correspond to a desire for a wilder Nature?
The answer may once again be evolutionary. Affiliation is a ‘trait’ of the tempet-
ament that has evolved and was successful in the Palaeolithic, when only wild
Nature existed. However, the human evolutionary experience with Nature had
two breaking moments: the Palaeolithic-Neolithic passage and the Neolithic-Ut-
ban passage. An adaptation that has been successful in the relationship with wild
Nature may no longer be as effective when the prevailing environment is rural.
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The biophilic trait may have entered an adaptation and exaptation cycle (Gould
and Vrba, 1982) to develop new forms of adaptation and promote its better use
based on the demands of the new Neolithic lifestyle. Indeed, when rural Nature
appears, wild Nature becomes an ‘enemy’, to be removed and rejected. Affiliate
feelings are therefore reserved only for pets. An example is our ambiguous rela-
tionship with the species Canis lupus. Wolf is the wild version of C. /upus and it
was the only known form in the Palaeolithic. The Palacolithic Human feared the
wolf and admired it, so much so that he made it his own archetype. A Neolithic
Human continued to fear the wolf, but rejected it, while protecting the dog, the
rural variant of C. /upus, because it was useful for his new lifestyle.

Palacolithic humans lived in small nomadic communities in large areas, pop-
ulation density was low, and encounters were rare. Neolithic humans lived in
stable villages in narrower areas, where population density was higher, and en-
counters were more frequent. The affiliation with wild Nature could be a tem-
perament trait with a pleiotropic effect on the perception of a restorative envi-
ronment and on the perception of the population density of a certain area. For
example, the usual landscape for a Palaeolithic human being was devoid of visible
centres of human aggregation. It is therefore presumable that restorative envi-
ronment was perceived without such centres. For a Neolithic human being, on
the other hand, landscape was characterized by visible centres of human aggre-
gation, which in fact served as a landmark and which often constituted the final
goal of a transfer. Therefore, the restorative environment was presumably per-
ceived with such centres.

The pleiotropic effect appears more evident in the passage from Neolithic
to Urban, from countryside to city. In an urban environment, usual landscape is
apparently devoid of Nature. Nature is almost invisible and cannot support re-
storative processes. Lifestyle changes, naturalist intelligence is no longer neces-
sary, and the feeling of affiliation fades further way, without ever becoming com-
pletely extinct. If this hypothesis is correct, three fundamental phylogenetic ex-
periences can be identified (Table 3): Palacolithic, Neolithic and Urban. To
which three types of affiliation with Nature, respectively the paleo-type, the neo-
type, and the urban-type, correspond.
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Phylogenetlc Type of privi- Characteristics of the type of affiliation

experience leged Nature
Connectedness to wild Natute. Circadian thythm of life. So-

Palaeolithic Wild ber lifestyle and essential nutrition. Preference (and fear) for
plants and wild animals.
Connectedness to rural Nature. Seasonal thythm of life. Nat-

Neolithic Rural ural lifestyle and organic nutrition. Preference (and no fear)
for plants and pets.
Disconnection from Nature. Urban life rhythm. Chemical
Urban Invisible and circus lifestyle (Galtung, 1984) and feeding with industri-

ally manipulated food. No preference for plants or animals.

Table 3. Phylogenetic experiences of affiliation, type of privileged Nature and fundamen-
tal characteristics of affiliation of the corresponding psychological type. See text for de-
tails.

The paleo-type corresponds to the Palacolithic human being who knew only
wild Nature. He needed to oppose Nature's hostile forces. He was afraid of Na-
ture and in his daily search for resources he prepared himself for fight-or-flight.
However, in everyday life these stressful situations happened rather rarely. Still
today, hunter-gatherer communities spend no more than 2-3 hours a day re-
searching and preparing food (Sahlins, 2017). Our ancestors therefore had long
moments of rest-and-digest, which lead instead to enjoying Nature and the feel-
ing of affiliation (Moreton, Arena, and Tiliopoulos, 2019). Probably rest-and-di-
gest immersed in wild Nature constitutes the phylogenetically oldest nucleus of
our biophilia.

The neo-type corresponds to the Neolithic human being, who distinguished
rural Nature from wild Nature. The wild Nature that obliges fight-or-flight is
removed and circumscribed, favouring instead rural Nature, where growing and
breeding in a protected environment was possible. Although it takes a lot of time
and work, growing plants and rearing pets can be seen as a kind of attempt to
prolong the rest-and-digest.

Finally, the wrban-type is the human being who lives in the cities, where even
rural Nature is removed, and where the presence of animals only for affective
support is allowed, especially dogs and cats. Nature becomes ‘invisible’ to the
naked eye. Nature is always present as microorganisms, but this Nature can ap-
parently be ignored, unless it becomes particulatly aggressive.

All three phylogenetic experiences of affiliation are probably present and
settled in each human being. However, since affiliation is a ‘trait” of the temper-
ament, it is possible to hypothesize a prevalent experience that gives rise to a
specific relationship with Nature. If this hypothesis is correct, then each type of
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affiliation corresponds to a prevalent behaviour, which refers to the type of evo-
lutionary experience. Let us take nutrition, for example. In the Palaeolithic, hu-
mans had a very sober lifestyle compated to today's standards, with a very frugal
type of diet and we can assume that the paleo-type continued to prefer this type
of feeding. In the Neolithic, the lifestyle became more lavish. The abundance of
food and the continuity of supplies allowed to take greater care of the food. Thus,
food traditions were born. Such traditions today are structured in ‘natural’ feed-
ing patterns (organic, macrobiotic, vegan, etc.), which we can assume are those
favoured by the neo-type. In an urban environment, contact with Nature is lost,
lifestyle conforms to very intense urban rhythms (Patuano, 2020), which tend to
point towards what Johan Galtung calls “chemical and circus lifestyle”, where
natural stimuli are replaced by chemical stimuli (lights, sounds, alcohol, drugs) or
by collective circus moments (social or sporting events) which have an anti-stress
function (Galtung, 1984). Diet also suffers from this. So, we can assume that the
urban-type is more willing to accept manipulated or fast/junk food.

6. Future Perspectives: high quality biophilic environments

The Urban lifestyle has attenuated our contact with Nature. Nature continues to
fascinate us (state), but we have loosened the feeling of affiliation (trait) with wild
Nature. Sporadicity of encounters no longer stimulates our biophilia which pre-
disposes us to learn from Nature, and biophilia tends to atrophy. It is foreseeable
that the phenomenon of disconnection from Nature will tend to accentuate. In
2007, the urban population surpassed the rural population for the first time in
human history. Forecasts for 2050 are that 75% of the population will live in the
city (Worldbank, 2019). From a certain point of view this is good news. If human
presence in rural areas decreases, it is foreseeable that wild Nature will tend to
widen its spaces. Larger habitats will increase the chances of survival of wild spe-
cies that are now threatened with extinction. However, people living in the city
will have less and less chance of connecting with Nature. It therefore becomes
important to create an environment as stimulating as possible for our biophilia.
We have seen that fascination has a restorative effect on attention and on the
cognitive system in general and affiliation has a recovery effect on stress and on
the limbic-emotional system in general. The research hypothesis for affective
ecology is therefore to verify if an adequate environment can offer stimuli to
biophilia. Here I propose two research paths, oriented respectively toward the
inner psychic environment (Green Mindfulness) and the outer natural environment

(Biophilic Design).
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6.1 Inner environment: Green Mindfulness in Ecopsychology

Finding a way to stimulate biophilia, even when we cannot immerse ourselves in
Nature as we wish, is necessary to reinforce the emotional bond with Nature. It
can be useful to cultivate a mental attitude that allows us to maintain over time
an znner environment - made up of thoughts and emotions - conducive to the con-
structs of biophilia, fascination and affiliation: an ecological awareness (Barbiero,
2017, pp. 185-209). A promising research track is Green Mindfulness. Mindfulness
is an attitude that is cultivated through a meditation practice developed starting
from the Buddhist experience, oriented toward bringing the subject’s attention
to focus on the present moment in a non-judgmental way. The Buddhist tradition
has developed practices to cultivate moments of awareness (mindful), with the
goal of becoming a stable state of awareness (mindfulness).

Mindfulness appears to have effects on the anatomical-physiological archi-
tecture of the brain (Siegel, 2007), on the areas of the prefrontal cortex and the
insula. Sara Lazar has highlighted that people who practice vijpassana meditation
tend to maintain the thickness of the prefrontal cortex and insula layer almost
intact, while in non-practicing people, the corresponding cerebral cortex layer
thins with age (Lazar et al., 2005; Holzel et al., 2011). It is interesting to note that
the prefrontal cortex has a regulatory function of the attention and emotional
balance, while the insula modulates the activity of the two branches of the auto-
nomic nervous system (Figure 3).

Cortical area Attributed functions

Dorso-lateral ‘ )

prefrontal cortex = Attention, memory, synthesis ability

Ventro-medial ( o) Emotional balance, empathy, intuition,
prefrontal cortex = fear

P Enterocceptive awareness,
Insula ; .
sympathetic/ parasympathetic balance

Figure 3. Relationship between cortical area and presided function.
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Over time, some practices have been standardized as mindfulness-based in-
terventions (MBIs). The standardization of MBIs allows for a more precise com-
parison between experimental observations conducted under different condi-
tions. Specifically, in 1979 Jon Kabat Zinn developed the eight-week intensive
mindfulness meditation training program for stress reduction (Kabat-Zinn et al.,
1986; Kabat Zinn, 2011), known as Mindfulness-Based Stress Reduction (MBSR). Sub-
sequently, Zindel Segal, Mark Williams and John Teasdale developed a variant of
the MBSR for depression prevention (Teasdale et al., 2000; Segal, Williams, and
Teasdale, 2002) called Mindfulness-Based Cognitive Therapy (MBCT). It is interesting
to note that these two standardized systems of MBIs have effects that are at least
partially superimposable with those observed in the stimulation of biophilia (Ta-
ble 4).

Mindfulness-based
interventions

Biophilia

Effects of the biophilic construct
constructs

Fascination Attention Restoration (see ART) Cognitive Therapy (MBCT)

Affiliation Stress Recovery (see SRT) Stress Reduction (MBSR)

Table 4. Superimposition of the effects of biophilia constructs with the effects of
mindfulness-based interventions. Note how the biophilic construct of fascination acts
on a cognitive function (as described by ART, Attention Restoration Theory), exactly
like MBCT. While the biophilic construct of affiliation acts on an emotional function
(as described by SRT, Stress Recovery Theory), exactly like the MBSR.

MBCT has effects on attention capacity (Batink et al., 2013), while MBSR
works reducing stress (Goldin and Gross, 2010; Martin-Asuero and Garcia-
Banda, 2010). A research objective could be to verify whether the MBIs practiced
immersed in Nature are synergistic in their restorative function. MBIs share the
goal of breaking fatiguing mental patterns as described by the Attention Resto-
ration Theory (ART). However, there is a profound difference. The process of
attention restoration in Nature is passive and depends on the restorative quality
of the environment. Mindfulness is active and, at least initially, requires mental

fatigue.

The practice of mindfulness seeks different ways of living places, rather than
looking for different places, Mindfulness practiced in natural environments could
facilitate our relationship with Nature. As early as 2001 Stephen Kaplan, formu-
lating Hypothesis 6, foreshadowed the possibility that meditation practices could
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maintain the benefits of restoration even when high biophilic quality environ-
ments were not accessible (Kaplan, 2001; Clarke, Kotera and McEwan, 2021).
However, it seems possible that at least some form of synergy between mindful-
ness and Nature (Nisbet, Zelenski, and Grandpierre , 2019; Choe, Jorgensen, and
Sheffield, 2020) can contribute to activating pro-environmental behaviour (Det-
inger et al., 2020). If mindfulness reinforces the restorative power of Nature, then
a space for Green Mindfulness opens. Green mindfulness could be a mindfulness
practice characterized by immersion in Nature. A space of connectedness to Na-
ture which supports and reinforces ecological awareness even when it is not pos-
sible to have direct contact with Nature. According to Marcella Danon, “Green
Mindfulness [is an] expansion of one’s individual boundaries towards a broader
sense of sharing with the world and, in particular, with the natural world to which
we belong” (Danon, 2020).

6.2 Outer environment: Biophilic Design in Architecture

An environment stimulating biophilia has restorative and anti-stress effects. Ste-
phen R. Kellert (1943-2016) was the first to realize the importance of biophilia
in architectural design. Kellert worked with E.O. Wilson on the biophilia hypoth-
esis (Kellert and Wilson, 1993), then developed different aspects of biophilia
(Kellert, 1997) before devoting himself to issues related to Bigphilic Design (Kel-
lert, 2006; Kellert, Heerwagen & Mador, 2008). According to Kellert “Biophilic
Design is the deliberate attempt to translate an understanding of the inherent
human affinity to affiliate with natural systems and processes — known as bi-
ophilia — into the design of the built environment” (Kellert, 2008, p. 3). The goal
of biophilic design is to create artificial environments as similar as possible to
natural ones, to ensure the positive effect that Nature has on people's health and
wellbeing.

Over the past three decades, several Biophilic Design models have been
proposed (Kellert, 2008; Browning, Ryan and Clancy, 2014; Sturgeon, 2017, Kel-
lert, 2018; Browning and Ryan, 2020), which have often been implemented in
advanced building certification systems (LBC, 2017; WELL, 2016a, 2016b;
LEED, 2018). Guidelines derived from empirical tests and primary scientific lit-
erature have been proposed to ensure the quality of biophilic design. There are
currently two guidelines for Biophilic Design that are favoured by most experts:
The 14 Patterns of Biophilic Design by Terrapin Bright Green (Browning, Ryan and
Clancy, 2014) and The Biophilic Environment by the International Living Future In-
stitute (ILFI), which has created a guide for designers who want to implement
biophilic design in the building certification protocol Living Building Challenge
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(Sturgeon, 2017). Bettina Bolten and I have compated the patterns of the biophi-
lic design described in the most relevant publications (Kellert, 2008; Browning,
Ryan and Clancy, 2014; Gillis and Gatersleben, 2015; Sturgeon, 2017; Kellert,
2018) and quantified the recurrence, in order to identify the themes and models
that the various authors deem fundamental for Biophilic Design (Bolten and
Barbiero, 2020). The analysis was comparative and weighted. We tried to give a
different weight to the patterns according to the relative importance that each
Author attributed to each model. A ranking of patterns emerged, the first seven
of which are listed in Table 5.

Kellert, Browning et al, Sturgeon, Kellert, Bolten and
2008 2014 2017 2018 Barbiero, 2020
Natural light Dynamic light Natural light Natural light  Light
Prospect and Prospect and Prospect and Prospectand ~ Prospect and
Refuge Refuge Refuge Refuge Protection
Air Airflow variability Air Air Airflow

. . . . Views and vis- . .
Views and vistas ~ Visual connection Views Views

tas

Plants Visual connection Plants Plants Greenery

Curiosity and en- Curiosity and

. Mystery . - Curiosity
ticement ’ enticement
Natural materi- Nature connection Natural mate- . .
. . Materials Natural materials
als with Nature rials

Table 5. Comparison of the most important patterns of Biophilic Design by comparing
the most relevant specific studies: The last column shows my summary proposal
(Bolten and Barbiero, 2020, modified).

The first four patterns — light, prospect® and protection, airflow, views —
concern the “looking for a place to live” issue (Buss, 2016, p. 83-84) and are the
basis of the savannah hypothesis (Orians, 1980; 19806). The next three patterns —
greenery, curiosity, materials — are more related to the “acquisition of food” issue

% The 'prospect’ in architecture indicates the vision of an object on a vertical plane, just like the
'plan' indicates it on a hotizontal plane.
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(Buss, 2016 p. 70-81). Despite their specific differences, the criteria of Biophilic
Design always seem to respond to psychological needs matured during evolution.
For example, by graphing the 14 patterns developed by Terrapin Bright Green
(Browning, Ryan and Clancy, 2014), three clusters with at least four nodes appear
clear (Figure 4). The first cluster, whose perimeter is outlined in green, groups
five interconnected nodes which, except for the "presence of watet', appear to be
linked to the safety of the shelter. The second and third clusters, whose perime-
ters are shown in red, each group four nodes, which appear to be linked to the
search for resources and food issue.

Thermal & Airflow Variability

Connection with Natural Systems
\ Dynamic & Diffuse Light

Non-Rhytmic Sensory Stimuli
Refuge
Non-Visual Connection with Nature

Complexity & Order
Mystery

Visual Connection with Nature
T ce of Water

Biomoarphic Form%m /
Material Cofmection with Nature
Riskl/

Figure 4. 'This image offers a visive impact of the 14 patterns of Biophilic Design
by Terrapin Bright Green (Browning, Clancy, and Ryan, 2014). The graph has been
generated using the Kamada-Kawai force-directed algorithm which models edges as
spring forces between all pairs of vertices (Kamada and Kawai, 1989). In this graph
dimensions of nodes and their connections represent respectively the robustness of
the literature and the connections detected for each pattern by Browning, Clancy, and
Ryan (2014). Colors of nodes: orange nodes represent ‘search for refuge’, blue nodes
represent ‘search for resources and food’. The perimeter of some of the largest
‘cliques’ (a subset of nodes such that every pair of nodes in the clique relates to an
edge in the graph) is highlighted using a different color: green for ‘search for refuge’,
red for ‘search for resources and food’ (graph courtesy provided by Pietro Barbiero).

Prospect

Not surprisingly, the main characteristics of the Biophilic Design follow the
evolutionary adaptation principles developed by our species in the search for a
habitat rich in resources and with reliable shelters. And it is not surprising that
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the top seven places in the ranking are occupied by issues more closely related to
our biology, in particular the sensory apparatus, while cultural patterns (e.g., bio-
mimicry) appear lower down, from the eighth place downwards. Instead, it is
surprising that the theme of sience does not appear explicitly among the biophilic
design models taken into consideration. I believe that silence deserves more at-
tention, also in consideration of the experimental observations that show the im-
portance of mindful silence in the processes of cognitive restoration (Berto and
Barbiero, 2014).

In any case, one of the biggest problems of biophilic design is its empiricism, as
Kellert (2018, p. 111-188) has pointed out. The projects that have been subjected
to an experimental verification plan are very few. Biosphera Project is one among
them. Biosphera Project is a research program managed by the Italian-Swiss com-
pany AktivHaus, in which Berto and I participated as Biophilic Design managers.
Biosphera Project is a unique research program, because it creates prototypes of
housing units that are movable. Being mobile, the housing prototypes so far
made — Biosphera 2.0 and Biosphera Equilibrium — have the advantage of being
able to be inserted in different urban, rural, or wild environments. Since 2016 we
have been collecting numerous experimental indications that have revealed the
importance of Biophilic Design, especially in the anti-stress function (Berto,
Maculan and Barbiero, 2020), and which have contributed to the tealization of
the Biophilic Quality Index (BQI, Berto and Barbiero 2017b). The BQI then
guided us in a building retrofit project of a rural school in Gressoney-La-Trinité
near Monte Rosa in the Western Alps in Italy, where we integrated energy retrofit
with a biophilic environment project (Barbiero et al., 2017). The Gressoney-La-
Trinité school is the first school registered in Europe for the building certification
protocol Living Building Challenge and behind which there is a systematic study of
the effects that a biophilic environment can have in restoration from mental fa-
tigue and recovery from stress, fundamental issues for primary school (Venturella
and Barbiero, 2021).

7. Conclusions

In these last ten years, affective ecology has engaged above all in the experimental
verification of the biophilia hypothesis. The first attempts to describe the phe-
nomenon were the prelude to the experimental observations which led to the
definition of the two fundamental constructs of biophilia: fascination and affili-
ation. An increasingly precise definition of the constructs permitted the use of
psychometric measurement systems that allowed the psychological effects of bi-
ophilia to be estimated with ever greater precision. In this way it has been
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possible to demonstrate that the fascination of Nature triggers the restoration of
cognitive abilities after mental fatigue, while the feeling of affiliation for Nature
has a stress-reducing effect. A biophilic environment is therefore an environment
able to stimulate fascination and affiliation for Nature and constitutes the ideal
environment for developing naturalistic intelligence. In the future it will be pos-
sible to define the characteristics of high biophilic quality environments, which
can be both inner environments, as in the case of Green Mindfulness in ecopsychol-
ogy, and outer environments, as in the case of Biophilic Design in architecture.
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