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Article Info Abstract

Cities are settlements where many people live together and whose population is constantly
Received: 04/07/2022 growing. Due to the rise of urbanization, the number of buildings in the cities has increased
Accepted: 12/09/2022 rapidly. The structures in the cities have been designed quickly and at low cost, often without

considering human emotions and health. It has been observed that most of the people living in
the cities have faced with some physical, mental and spiritual problems resulting from some

Keywords aspects that have been ignored in the buildings or urban planning. In recent years, it has been
Neuroarchitecture, pointed out that human health should also be taken into account when planning cities. The concept
Environment, of neurourbanism emerged when neuroscience, which is an interdisciplinary branch of science,
Urban planning, became the target of urban studies. Neurourbanism gives information about how an urban design
Neurourbanism, consisting of healthy people should be, by measuring and detecting the changes created by
Urban design different urban spaces on the human body. In this study, the design criteria to be considered in a

healthy city are discussed under four main headings: “navigation, nature interaction, embodied
experiences, and environmental stressors and mental health”.

1. INTRODUCTION

Despite having a long history, cities developed slowly until the beginning of the 19" century. During the
industrialization period, that development accelerated, and cities began to grow rapidly [1]. People have
migrated from rural to urban areas with the desire to earn more money, to live in a better-quality place, to
have easier access to education, health and social services. That situation has increased the need for housing
and revealed the importance of planning a city. The population of big cities are still increasing with
immigration [2]. It is predicted that more than half of the world's population will live in cities in 2050 [3] .
It is very important that people's feelings, health and happiness should not be ignored in the design of places
where so many people live.

Since the beginning of human history, our living spaces have affected us on both cognitive and emotional
level. Therefore, the urban life is extremely important for our physical and mental health as well as our
quality of life. Due to the fact that construction costs, functionality and efficient use of space have gained
importance in 20th century; modern cities have more mechanistic design than ever, providing less
opportunity for human-nature interaction [4]. Also in Turkey, aesthetic traditions have left behind in the
same period [5]. The number of monotype, concrete structures that are not given priority to lighting and
ventilation, whose dimensions are not compatible with human dimensions, that are not nature-interactive
have increased rapidly in number [4]. The architectural structures using city-specific natural materials and
providing a sense of “where on earth we are" have now been replaced by modern structures which are
ubiquitous or extremely creative but lacking aesthetic qualities [6]. The inherent beauty of natural elements
used in architecture has been overshadowed by the modern world [6].

In recent years, the flaws of this approach on human life have begun to be understood. The studies have
shown that the risk for developing depression, anxiety and schizophrenia may increase drastically by
moving from rural areas to cities [7]. Not only mental disorders but also cardiovascular diseases have
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become more common with rapid urbanization [8]. So, what makes some cities healthy to live? How should
city life be designed, which makes us be healthier, happier, more peaceful, creative, and productive?
Research from a variety of disciplines agree that neuroscience may offer a new perspective to answer these
guestions. As a multidisciplinary field, neuroscience studies the nervous system which controls our
perception of space, makes possible to find a place and direction, to have emotional reactions and aesthetic
judgments [9]. With the architecture being the target of neuroscience, "neuroarchitecture” was born with
the aim to create environments that can optimize human health and well-being [10,11]. Also in recent years,
the concept of neurourbanism has emerged as the intersection point of neuroarchitecture and urban research
[12,13].Gestalt psychology, environmental psychology, biology, cognitive sciences, experiential
architecture, and urban planning contribute greatly to this interdisciplinary area [10]. In neuroarchitecture
and neurourbanism research, brain imaging and stimulation methods such as electroencephalogram (EEG),
functional magnetic resonance imaging (fMRI) as well as physiological measurements like galvanic skin
response (GSR), heart rate variability (HRV), pupilometer, eye tracking are used [14]. Recently used
augmented reality (AR) and virtual reality (VR) applications also offer promising results on why and how
we are physiologically connected to a place [15]. With all these scientific methods used, neurourbanism
aims to establish the relationship between sensory experience and architectural perception and to create a
healthy urban life [14].
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2. URBAN DESIGN CRITERIA PROPOSED BY NEUROARCHITECTURE

The components of the city are buildings, open spaces such as streets, parks, squares, and people. Cities are
formed when the mentioned spaces come together after the design processes. The designs of the buildings
thus form the architecture of the cities. Neuroarchitecture explores the impact of the design of structures on
people and aims to create environments that can optimize human behavior, health and well-being (Ritchie,
2020). In addition to buildings individually, the design of cities also affects our brain.

This paper highlights some design criteria for a healthy urbanization based on recent research, which have
an impact on the human brain in urban design. These are navigation, nature interaction, embodied
experiences, and environmental stressors and mental health. We can also call these, the criteria of
neurourbanism.

2.1. Navigation

Being able to find our way easily within a city is one of the major criteria that neuroarchitecture give
importance to. We basically use two strategies to orient ourselves in space: egocentric (route based) and
allocentric (map based) (Figure 1) [15]. Parietal, and frontal brain areas are important in egocentric
perception, while occipital and temporal areas are important in allocentric perception [16] (Figure 2, 16).
We take our own body in the center to navigate through in egocentric process. On the other hand, object-
to-object relations matter in the allocentric process [18]. Egocentric people need signs and symbols,
whereas allocentric ones need global compass information [18]. For instance, the blind has egocentric
perception, and they need a route based designed city to live [15]. Thus, the cities should include appropriate
signage and maps, especially for the transport systems where the navigating is complicated, in accordance
with both principles, so that individuals can orient themselves by creating a proper cognitive map and have
a positive urban experience.

TWO COGNITIVE STRATEGIES FOR NAVIGATION
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Figure 1. Egocentric and Allocentric Processes of Navigation [15].



290 Sezgi GIRAY KUCUK, Hande YUCEER | GU J Sci, Part B, 10(3): 287-301 (2022)

Frontal lobe —=

T v}/v

Iy

Temporal lobe i—

Occipital
lobe

Brainstem

Figure 2. The Four Lobes in Each Cerebral Hemisphere [17].

Since spatial cognition and emotion processing mechanisms work closely in the temporal lobe of the brain,
anxiety state may arise in cases of being lost [18]. This phenomenon is called disorientation stress or spatial
unease [18]. Feeling lost and not belonging to a place can be seen as desynchronized brain waves (decreased
theta/alpha ratio) in EEG [19,20). Spaces that have limited information regarding navigation like subway
stations may elicit disorientation stress [18]. Exits and entrances areas well important to feel spatial ease
[18]. Rotational buildings/spaces are also confusing to build cognitive maps, whereas mirror symmetry is
much preferred for orientation (Figure 3) [18]. Aside from these, the use of wide streets in the city will
make it easier to find directions [13]. Therefore, cities should be designed to facilitate navigation.

Infinite rotational symmetry Twofold rotational symmetry Mirror symmetry

Kezar Stadium looking East

& R g ""
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Figure 3. Rotational and Mirror Symmetry Examples [18].

2.2. Nature Interaction

The positive impact of having more greenery in the cities on our mind-body system has been known for
years. Psychology studies have relied on self-reports to understand how nature make people feel [15]. Now
with the help of neuroscientific data, we can understand how having more nature interaction in urban life
benefit us at a biological level. To begin with, the concept of including nature in design became popular
with the Attention Restoration Theory (ART) developed by Stephen Kaplan [21]. He also first used the
term “biophilia” [22]. ART explains that our sensory systems are highly sensitive to the stimuli of living or
life-like forms in nature and that the natural environment is perceived by the bottom-up processes of the
nervous system [21]. ART also draws attention to the healing power of nature elements in design on
emotional and physiological health [22,23].

Biophilic environments often use uneven surfaces and borders, curved walls, dynamic and diffused light
and shadow of varying intensities that mimic nature, lower tone levels (more yellow-green content than
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blue-violet content), and higher variation in color saturation (Figure 4). Minimally processed natural stone
and wood materials are essential elements of biophilic design. Outdoor natural stone elements and nested
fractals are also characteristic of biophilic design. Medium-to-high complexity fractal light patterns are
more aesthetically pleasing than other patterns. Outdoor plants are another recommended biophilic element,
which includes odor and visual components [22] (Figure 5). It was found that the pleasant time spent in the
parks was increased depending on the tree density [19]. Furthermore, it has also been understood that the
quality of the nature elements is important as much as the quantity [24]. Recently, nature in its wild form
is suggested in cities. It seems like spontaneous vegetation is better for mind compared to cultivated
greenery [25]. Wild urban nature can be included not only in parks, but also in roadsides, footpaths, and
other public places (Figure 6) [25]. Besides, green areas can be created on the facades or roofs of buildings.
This will also be a precaution against the increasing temperature due to global warming [26]. As the cities
filled with reinforced concrete buildings, having more natural elements in built environments is a crucial
[22]. In this sense, adaptive urban ecologies might solve the existing problems in our ecosystem [25].
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Figure 5. Outdoor Plants as Biophilic Elements, a) b) Azerbaycan, Bakii Caspian Seaside c) Spain, A
Coruria Square (photos belongs to the author).

In addition, AR and VR studies have shown that the more we are exposed to the nature the more our
autonomic nervous systems show strong relaxation responses [27]. While the cities giving more
opportunities for human-nature interaction reduces stress and anxiety, they also increase brain region
activation for empathy and love [28]. Moreover, it has been shown in many studies that biophilic forms in
architecture are perceived more aesthetically than artificial designs [4,29]. Also in VR studies,
environments containing nature elements were associated with higher HRV values and beneficial brain
wave patterns in EEG compared to cityscapes. fMRI studies also confirms that the reward circuitry in the
brain is also activated when exposed to nature city scenes. That means our nervous system is more
responsive to a “green” city. Therefore, it is certainly better to frequently encounter green spaces, especially
wild ones, in our daily lives to have a meaningful and restorative city experience [25].

A et

Figure 6. Wild Greenary (photo belongs to the author).

2.3. Embodied Experiences

Mindful and bodily interactions with our surrounding is called embodied experiences. Embodied
experiences are critical for a person to create meaning [30]. Diversity of experiences are of utmost
importance for that meaning-creation process. Furthermore, the ultimate way to have diverse urban
experiences is by triggering our senses such as sight, hearing, smell, and touch [25]. For example, the sight
and sound of water evokes feelings of calmness, comfort, and privacy, lowers the stress level and increases
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the sense of belonging to the place [23]. For these reasons, cities near sea, ocean or streams might be
preferrable [23]. Fountains and pools in city squares also serve the same purpose [23] (Figure 7). Scents
are also extremely effective in recalling past life memories and attributing emotional meanings to cities
[28]. Moreover, new attempts try to include the sense of taste in urban design. Edible green infrastructure
projects (Urban Food Street) have been successful so far for multisensory engagement with nature (Figure
8) [31]. Besides, the plants with different color, smell, texture in these green infrastructures may help
individuals have a multisensory interaction with the nature and experience biodiversity [25]. The cities need
more initiatives like this offering an alternative way for the city dwellers to engage nature in their daily
lives.

i Mo

Figure 7. a, b, ¢) Barcelona, Spain d) Azerbaijan, Squares with Pools Sculptures and Greenary (photos
belongs to the author).
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Figure 8. Urban Food Street Project [31].

Vitality is also another evoking factor for us to have diverse experience in an urban area. Recent reports
indicated that human beings show great interest in liveness [32]. Additionally, responding towards the signs
of vitality elevates our mood and keep us away from urban loneliness [33]. One vitality example from urban
life might be public arts. An intriguing study has displayed that city dwellers paused often in front of the
street arts [32] (Figure 9). These artworks make our ‘autopilot’ mode off, change the focus of our attention,
and invites us to think creatively. Another example would be the interactive use of walls, fences, or facades
of the buildings [32]. Rather than seeing these structures as barriers in a city area, attractive looks, and
textures of them can move us away from the monotony of our lives and encourages us to move and explore
[33] (Figure 10). In addition, an increase in the number of neurons in the brain has been detected with the
discovery of new and different elements in a city [19,20]. Designing an enriched environment with different
textured objects are quite beneficial for the development of children, too [34]. Thus, an effective city tour
may be the one in which we feel the sun and wind on our skin, the texture of the ground and the walls, to
hear the sounds near and far, smell the flowers around, see the aesthetic buildings along the way and
checking the eye-catching street arts.

Figure 9. Street Arts in a Square of Spain (photo belongs to the author).
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Figure 10. Different Textured Facades, Spain-Barcelona Streets (photos belongs to the author).

2.4. Environmental Stressors and Mental Health

In order to build conscious and healthy cities, we must mitigate the environmental stressors such as noise,
light, and air pollution [15]. First, noise pollution is a situation that threatens our cognitive health. Decreased
productivity in working area [35], headaches and high stress reaction in children are observed due to
excessive noise [36]. Also, individuals with autism spectrum disorder (ASD) who are highly sensitive to
sound are the ones who suffer the most from sound pollution. They may develop panic and distress [37].
Construction areas and transport systems should be managed in a way to avoid noise pollution. Second,
light pollution is the over illumination in the cities (Figure 11). Street and building lightning may disturb
circadian rhythm of the city residents and result in sleep disorders, depression, and anxiety disorders
[15,38]. Third, air pollution may be the most threatening stressor for city dwellers. Air quality is also the
most important criteria of neuroarchitecture [4]. Exposure to air pollutants such as lead, solvents, pesticides,
and some building materials can lead to serious neurological and cognitive impairments. Improper air
quality can cause anxiety, depression and concentration problems in children and adults [39]. Therefore,
clean air must be provided by expanding greenery in cities and improving the quality of signages and quality
of roads to avoid traffic-related air pollutants [15]. Moreover, policymakers and urban planners must
carefully manage all these environmental stressors to maximize mental health of city dwellers. In addition
to environmental stressors, social stress caused by not being together socially is also a threat to our mental
health. For this, spaces that encourage social cohesion should be created, and planning should be done to
offer people places where they can improve themselves [13].
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Figure 11. Light and Noise, as Environmental Stressors, Istanbul (photo belongs to the author).

3. FUTURE DIRECTIONS

Further neuroarchitecture findings to be obtained with the help of new technologies will provide insight in
order to design better cities. Especially, mobile EEG systems to measure “stress street score” [40], and
artificial intelligence applications to estimate how people have an embodied experience of the built
environment seem promising [15]. Besides, neuroarchitecture may provide us with a deeper understanding
of how non-typical brains such as people with ASD and dementia experience the urban life [19]. Therefore,
cities should be designed in a more inclusive way. The collaboration of architects, urban planners and
neuroscientists will be immensely needed in the near future.

4. CONCLUSION

All in all, attention should be paid to the design criteria suggested by neuroscience in the urban planning.
According to these criteria, those living in a healthy city should be able to find their way easily. For this, it
is important that the city has a mirror-symmetrical plan and wide streets with proper directional signs on
them, The presence of urban areas to support social unity will increase socialization in the city. The cities
located in the seaside may enable people to benefit from the calming power of water. In addition, the
inclusion of other biophilic elements such as wild green spaces and pools as well as the use of plants with
different scents, colors, and textures as in urban parks and agricultural areas has a great importance in city
design. The squares and streets covered with creative sculptures and street arts stimulating different senses
of urban dwellers should also be preferred.

The architecture of the cities has an important role in the cognitive effect of the city on people. The buildings
should not be monotonous and should have an architecture that activates people's emotions with the use of
different forms, colors and materials in design and facades. In addition, the buildings should be insulated
in such a way that the noise of the city is not let in. The use of natural materials such as natural stone and
wood in buildings and the construction of buildings with green facades and roofs should be encouraged. In
summary, there are many topics in urban design to be enriched with the new discoveries in the field of
neuroscience.

The cities we live in can shape our brain and behavior. Hence, designing healthy, conscious, and sustainable
cities is a huge global challenge in our rapidly populated world. In this sense, the aim of the
neuroarchitecture and neurourbanism disciplines are to create a positive urban experience. What is more,
well-enriched cities with lots of vitality elements in it are shown to affect our brain regulation,
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neuroplasticity, and behavior. Thus, designing a neuro-diverse city experience is extremely important for
our physical and mental health.

Neurourbanism criteria, which are known to have an impact on people's mental health through urban studies
of neuroscience, can be summarized as navigation, interaction with nature, embodied experiences and
environmental factors. Cities designed by paying attention to these, should be designed to facilitate
navigation, interact with nature, offer opportunities that activate our five senses (flowers of various colors
and scents, enable street art performances, etc.), be far from environmental factors such as noise, air, and
light pollution. Paying attention to the proposed neurourbanism criteria will lead to the formation of healthy
societies with mentally healthier individuals.
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