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When designing buildings, it is essential to consider not

only environmental sustainability, but also sustainability

intended as the compatibility of space with users’

neurophysiological, cognitive, and emotional needs.

In this way, architecture can become a mean towards a

healthier environment, and healthier humans.

Synsēa’s Human Sustainability Report (HSR) performs a

“post-hoc analysis” with the aim of evaluating the qualitative

components of the design, and the way these positively

interact with human requirements; hence, to what extent the

space can be considered sustainable in relation to users’

experience.

Each project is unique, and the variables that are taken into

account greatly vary. Our cluster analysis and variables

selection ranges from large scale factors to small scale

architectural choices. The report focuses on design features

that are studied in neuroscientific research for being the

most influential and interfering with our nervous system and

sensorial responses.
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T H E
M O U N TA I N
R E F U G E  

The Mountain Refuge® is a tiny-house designed by Italian

architects Massimo Gnocchi and Paolo Danesi.

The project acts as a contemporary interpretation of

traditional mountain refuges, bringing in architectural

character and spatial quality.

A space in which human’s essence, a connection with nature

and history can be experienced.

The Mountain Refuge aims to find a balance between

sustainability and design, yet it does not want to become a

design item, nor a technological system.

The Mountain Refuge is modular, so the design could stand

alone as one 24 square-meter space, or include an optional

second module to add 12 square metres of floor space.
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The clusters of analysis can be divided into two main

domains. One large-scale outdoor space, which refers to the

outer environment where The Mountain Refuge is designed

to be placed. The other is intended as the indoor area.
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S Y N S Ē A

O U T D O O R
S PA C E :  
B I O P H I L I A

Biophilia, or the innate attraction to natural living organisms,

has been shown to have positive effects on our nervous

system, as its exposure has been found to decrease stress,

improve mood, and increase cognitive function.

One of the main mechanisms through which exposure to

natural environments affects our nervous system is through

the activation of the parasympathetic nervous system. This is

responsible for regulating the body's "rest and digest"

response, which helps to reduce stress and promote

relaxation. Studies have found that exposure to natural

environments, such as parks or forests, can increase

parasympathetic activity and decrease sympathetic activity,

leading to a reduction in stress.

Exposure to natural environments has also been found to

increase activity in the prefrontal cortex, a region of the brain

involved in cognitive function and decision-making. This

increase in prefrontal cortex activity has been linked to

improvements in attention and working memory.

In addition, presence of biophilic stimuli has been shown to

increase the production of endorphins, neurotransmitters

that promote feelings of pleasure and well-being. This

increase in endorphin production may help to explain the

positive mood effects associated with exposure to natural

environments.
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The Mountain Refuge is conceived to be placed within

various biophilic settings.

The house structure allows it to be compatible with high

altitudes, mountains, hills, forests and lakes.

This freedom of placement implies that the types of nature

surrounding the house can vary, according to its location.
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S Y N S Ē A

O U T D O O R
S PA C E :  
A U D I T O R Y  P O L L U T I O N

Auditory pollution refers to unwanted or excessive noise,

such as traffic noise or loud music, that can have negative

effects on our health and well-being. Exposure to such noise

has been linked to a variety of health problems, including

hypertension, cardiovascular disease, and sleep disturbance.

In contrast, being in nature provides a quiet and peaceful

environment that can have restorative effects on the brain.

Research has shown that even short-term exposure to nature

can have positive effects on cognitive function, such as

improving attention and working memory.

Neuroscientific studies have further demonstrated the

benefits of natural sounds on brain activity. For example,

functional magnetic resonance imaging (fMRI) studies have

shown that exposure to natural sounds activates brain

regions involved in attention and emotion regulation.

Moreover, natural sounds can modulate the activity of the

autonomic nervous system, leading to physiological changes

such as reduced heart rate and increased parasympathetic

activity.
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S Y N S Ē A

E C O L O G I C A L
S PA C E :  
O L FA C O T R Y  S T I M U L I

One aspect of nature that has been studied extensively in

recent years is the olfactory experience of being in the

woods, which can have significant neurophysiological

benefits.

Exposure to natural scents in forest environments can have a

calming effect on the brain and body. For example, one

study found that inhaling the scent of Hinoki cypress, a type

of tree found in Japanese forests, led to a decrease in

sympathetic nervous system activity and an increase in

parasympathetic nervous system activity, which is associated

with relaxation. Another study found that exposure to the

scent of pine trees led to a decrease in cortisol levels, a

hormone associated with stress.

In addition to its calming effects, exposure to natural scents

in the woods may also have cognitive benefits. For example,

exposure to the scent of plants has been found to improve

cognitive performance in tasks related to working memory

and attention. Another study found that exposure to the

scent of cedar wood improved creativity in a word

association task.

The neurophysiological benefits of smelling nature in the

woods may be due to the effects of phytoncides, which are

organic compounds released by trees and plants.

Phytoncides have been shown to have antibacterial and

antifungal properties, and may also have positive effects on

human immune function and stress response.
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S Y N S Ē A

O U T D O O R  S PA C E :  
G R E E N  E X E R C I S E

There is increasing evidence to suggest that engaging in

physical activity in natural environments, or "green exercise",

can lead to enhanced cognitive and emotional benefits

compared to exercising in indoor or urban environments.

This effect has been observed across different age groups

and populations, from children to older adults, and from

healthy individuals to those with mental health conditions.

Research has shown that exposure to natural environments

during exercise can lead to improvements in mood,

attention, and cognitive performance, as well as reduced

levels of stress and anxiety. One proposed mechanism for

these benefits is the restorative effect of nature on the brain,

which can help to reduce mental fatigue and restore

attentional capacity.

In addition, engaging in physical activity in natural

environments can also lead to greater engagement with the

exercise itself, potentially leading to increased levels of

physical activity and greater adherence to exercise programs

over time.

Neuroscientific studies have suggested that exposure to

natural environments during exercise can lead to changes in

brain activity, including increased activation in areas

associated with attention and cognitive control, and reduced

activation in areas associated with rumination and negative

affect. These changes in brain activity are thought to underlie

the observed improvements in cognitive and emotional

functioning.
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S Y N S Ē A

O U T D O O R  S PA C E :  
L A N D S C A P E  V I E W

When compared to viewing urban landscapes or cityscapes,

natural landscapes such as forests, mountains, and bodies of

water, can have numerous neurophysiological benefits.

One study used functional magnetic resonance imaging

(fMRI) to examine brain activity in participants who viewed

natural versus urban landscapes. The results showed that

viewing natural landscapes resulted in increased activity in

the brain regions associated with attentional and emotional

processing, such as the anterior cingulate cortex and the

insula, while viewing urban landscapes resulted in increased

activity in regions associated with stress and anxiety, such as

the amygdala and the hypothalamus.

As previously discussed, spending time in nature can improve

cognitive function, including attention and working memory.

Researchers found that spending just 50 minutes in a natural

setting led to improvements in performance on cognitive

tests compared to spending the same amount of time in an

urban setting.

Equally importantly, viewing natural landscapes can reduce

physiological markers of stress, such as heart rate and cortisol

levels, compared to viewing urban landscapes.
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S Y N S Ē A

O U T D O O R  S PA C E :  
N AT U R A L  L I G H T

Exposure to natural lighting has numerous

neurophysiological benefits, and respecting circadian

rhythms can lead to positive outcomes for health and

wellbeing.

It has been largely studied and proven that natural lighting

can improve mood, alertness, and cognitive function.

Exposure to natural lighting can also help regulate circadian

rhythms, the body's internal biological clock that controls

sleep-wake cycles, hormone production, and other

physiological processes. When the circadian rhythm is

disrupted, it can lead to negative health outcomes, including

sleep disorders, obesity, and depression.

Indeed, studies have also shown that exposure to natural

lighting during the day and reduced exposure to artificial

lighting at night can improve sleep quality and duration. This

is because natural lighting helps regulate the release of

melatonin, a hormone that plays a key role in sleep-wake

cycles. Exposure to artificial lighting at night, particularly from

electronic devices, can disrupt the circadian rhythm and

reduce the release of melatonin, leading to difficulty falling

asleep and poor sleep quality.
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PROSPECT REFUGE THEORY

One of The Mountain Refuge’s

most admirable features is its

large front window in the day

area, allowing a boundless visual

of the natural surroundings whilst

feeling safe and “having your

back covered”.

The Prospect-Refuge Theory

(PRT) proposes that humans have

a preference for environments

that provide both open views

(prospect) and places of safety or

shelter (refuge). This theory has

been applied to urban design

and architecture, and there is

evidence to suggest that

exposure to environments that

adhere to the principles of PRT

can have noticeable positive

effects on the human nervous

system.

The mechanisms are still unclear,

however it may be due to the

fact that humans evolved in

natural environments and

therefore have an innate

preference for environments that

provide both open views and

shelter.
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I N D O O R  S PA C E :  
L AY O U T
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NIGHT AREA

The Mountain Refuge’s night

area is the representaton of the

perfect safe have, thanks to a

perfectly balanced combination

of ceiling height and shape.

Some studies have investigated

the effects of enclosed spaces on

the brain and body, which may

shed some light on why people

find sleeping in such

environments enjoyable.

One theory is that the feeling of

being enclosed and secure may

activate the parasympathetic

nervous system, which is

responsible for the body's "rest

and digest" response. This may

result in a feeling of deep

relaxation and tranquility, making

it easier to fall asleep and stay

asleep throughout the night.

The feeling of safety could also

activate the release of

dopamine, a neurotransmitter

associated with pleasure and

reward, which may enhance

feelings of comfort and well-

being.
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3000 K – WARM WHITE

Warm white light with a colour

temperature of 3000K, as chosen

by The Mountain Refuge, has

been shown to have a positive

impact on the human nervous

system. This is due to the fact

that warm light has a calming

effect on the brain, which can

help reduce stress and anxiety.

The mechanism through which

this occurs is related to the

impact that light has on the

production of certain

neurotransmitters, including

serotonin and melatonin.

Serotonin is a neurotransmitter

that is involved in regulating

mood, appetite, and sleep, and

studies have shown that

exposure to warm white light can

increase the production of

serotonin. Melatonin is a

hormone that is produced by the

pineal gland in response to

darkness, and it is involved in

regulating the sleep-wake cycle.

Warm white light has been

shown to have a less disruptive

effect on melatonin production,

which can help promote better

sleep.

I N D O O R  S PA C E :  
A R T I F I C I A L  L I G H T I N G
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PHOTOVOLTAIC PANELS

The Mountain Refuge is an

energetically self-sufficient space

thanks to the use of photovoltaic

panels. While their primary

benefit is the environmental

impact, there may also be

positive effects on humans’

nervous system.

One potential benefit of PV

panels is their ability to reduce

exposure to electromagnetic

fields (EMFs). Traditional

electricity sources, such as power

lines and electrical devices, emit

EMFs that have been associated

with adverse health effects,

including changes in brain

function and behaviour. By

contrast, PV panels do not emit

significant EMFs, which may have

a positive impact on human

neurophysiology. Moreover,

sunlight exposure stimulates the

production of serotonin, a

neurotransmitter that regulates

mood and behaviour. PV panels

can provide a source of clean,

renewable energy that allows

individuals to harness the power

of the sun without the harmful

effects of UV radiation.

I N D O O R  S PA C E :  
E N E R G Y
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S Y N S Ē A

FLOORING: OAK WOOD

For its indoor area, he Mountain

Refuges offers two shades of oak

wood flooring.

Exposure to this type of wood,

which is rich in volatile organic

compounds, has been shown to

have specific neurophysiological

and cognitive benefits. A study

published in Frontiers in

Psychology found that exposure

to oak wood activated brain

regions associated with positive

emotional processing, such as

the prefrontal cortex and the

anterior cingulate cortex.

Similarly, another study

published in the International

Journal of Environmental

Research and Public Health,

found that exposure to oak

wood resulted in increased

parasympathetic nervous system

activity, which is associated with

relaxation and reduced stress

levels. The study also found

improvements in cognitive

function, including increased

attention and working memory.

I N D O O R  S PA C E :  
M AT E R I A L S
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INTERIOR AND CEILING FINISH:

SPRUCE PLYWOOD

The chosen material for The

Mountain Refuge’s ceiling finish

and indoor features is spruce

plywood, in two different shades.

Spruce wood emits a volatile

organic compound called alpha-

pinene, which has been found to

increase activity in certain areas

of the brain and promote

relaxation and stress reduction.

Exposure to alpha-pinene from

spruce wood can increase activity

in the parasympathetic nervous

system, again leading to

decreased heart rate, reduced

blood pressure, and increased

feelings of calmness and

relaxation. Furthermore,

exposure to spruce wood has

also been associated with

decreased levels of cortisol, a

hormone released in response to

stress. Lower levels of cortisol

have been linked to improved

immune function and reduced

risk of various chronic diseases.

I N D O O R  S PA C E :  
M AT E R I A L S
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The concluding note, which binds all the previously

mentioned qualities of the project, is the elegant approach

to the design of The Mountain Refuge, thus creating not only

a perfectly functional but al so beautiful space.

Neuroaesthetics is the study of the neural basis of aesthetic

experience. Beautiful spaces can have a significant impact on

our nervous system by activating neural networks associated

with pleasure, reward, and positive emotional states. This can

lead to reduced stress levels, improved mood, and increased

cognitive function.

Research in neuroscience has shown that exposure to visually

appealing environments can enhance the release of

dopamine, a neurotransmitter involved in the reward system

of the brain. Dopamine release can promote positive

affective states and improve motivation and learning.

Moreover, aesthetic experiences activates brain regions

associated with emotion, perception, and cognitive

processing, such as the prefrontal cortex, anterior cingulate

cortex, and insula. These regions are involved in attentional

control, decision-making, and memory formation, among

other cognitive functions. Therefore, exposure to beautiful

spaces may also enhance cognitive performance and

productivity.

I N D O O R  S PA C E :  
N E U R O A E S T H E T I C S
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