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ABSTRACT 

As architects and neuroscientists work together to develop the field of Neuroscience 

applied to Architectural Design it becomes necessary to understand how 

neurophysiological responses are elicited in the human body in response to the 

multisensorial experiences provided by an architectural setting, and how can this be 

calibrated so architects can be able to create designs that respond to specific intentions 

looking for said biological responses. 

The central question of this work is to understand if the neurophysiological responses 

on a space can be modulated, or changed, by the responses generated by the 

immediately precedent space.  

The scope of this body of work is to design a space and an experiment that would allow 

us to respond and validate said question. The actual run of the experiment would be the 

upcoming step on future research, it is not present on this Thesis.  

To accomplish our intention, we concentrated our efforts on understanding the 

neurophysiological responses in a Plaza where it has been detected a strong feeling of 

exposition on the external area (Space #1), and then a highly contrasting Feeling of 

Protection on the subsequent internal Arcade (Space #2). 

We wonder if by changing the Atmosphere on Space #1, bringing architectural elements 

that could be related to the Essence of Protection, we would alter the experience on 

Space #2, and if its Feeling of Protection would be rated differently. 

In order to determine how to modify the Space #1, and what architectural elements 

should we include, we have taken a holistic phenomenological approach, in which we 
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set the Main Essence and Sub-Essences that we would like to create, and run a Risk 

and Protective Factor Analysis, which has allowed us to determine any flaws in the 

architectural experience, and what elements we could include to improve it in the 

direction of the intended Essences. 

For the purpose of answering our main question, we have designed an experiment for 

100 participants, under the hypothesis that peopleôs feelings and physiological 

responses to the essence of Protection in one space can be manipulated by changing 

the Atmosphere (size/enclosedness/field-of-view etc.) of the previous space. The 

changes would be related to lower levels of stress, and more levels of relaxation on the 

transition from Space #1 to Space #2, and a different rate of the Feeling of Protection in 

Space #2. 

 

The Control Condition will be a model created in virtual reality emulating the current real 

conditions of the space, while the Experimental Condition would also be a virtual reality 

model in which Space #1 has been modified to have a more Protective Atmosphere than 

in Control Condition, with the expectation to alter the perception of Space #2 which is 

not being modified at all. 

The results and conclusions of this Thesis are relevant in the context of providing 

methodologies to develop a recently created field, the results of the experimental 

process suggested would provide specific insights on the neurophysiological responses 

of a space that feels more or less Protective, and how this sensation can be influenced 

by immediate previously visited/contiguous spaces. 
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GLOSSARY 

Arcade (Architecture) 

In architecture, a series of arches carried by columns or piers, a passageway between 

arches and a solid wall, or a covered walkway that provides access to adjacent shops. 

An arcade that supports a wall, a roof, or an entablature gains enough strength from 

lateral thrusts that each individual arch exerts against the next to carry tremendous 

weight loads and to stretch for great distances. 

Ancient aqueducts show an early use of the arcade. Later Roman builders used the 

pattern to construct large wall surfaces: the Colosseum, with 80 arcaded openings on 

each of its three stories, is one of the finest examples of this architectural form. 

(Retrieved from: https://www.britannica.com/technology/arcade) 

 

Biophilia hypothesis 

Idea that humans possess an innate tendency to seek connections with nature and other 

forms of life. The term biophilia was used by German-born American psychoanalyst 

Erich Fromm in The Anatomy of Human Destructiveness (1973), which described 

biophilia as ñthe passionate love of life and of all that is alive.ò The term was later used 

by American biologist Edward O. Wilson in his work Biophilia (1984), which proposed 

that the tendency of humans to focus on and to affiliate with nature and other life-forms 

has, in part, a genetic basis. 

(Retrieved from: https://www.britannica.com/science/biophilia-hypothesis) 

 

 

https://www.britannica.com/technology/arcade
https://www.britannica.com/science/biophilia-hypothesis


 
  

11 
 

Biophilic Design 

The practice of connecting people and nature within our built environments and 

communities. Biophilic Design Principles are generally organized into three categories: 

nature in the space, nature of the space, and natural analogues. 

(Retrieved from: https://living-future.org/biophilic-design-overview/) 

 

Cluster (Architecture) 

Refers to a development in which homes are situated in groupings relatively close 

together, while larger areas of open space within the development form a buffer with 

adjacent land uses.  Often this is accomplished through small individual lots, with the 

remainder of the land becoming common ground. 

(Retrieved from: https://www.useful-community-development.org/cluster-housing.html) 

 

Concrete 

In construction, structural material consisting of a hard, chemically inert particulate 

substance, known as aggregate (usually sand and gravel), that is bonded together by 

cement and water.  

(Retrieved from: https://www.britannica.com/technology/concrete-building-material) 

 

Crescendo 

A gradual increase in loudness, or the moment when a noise or piece of music is at its 

loudest. Itôs also understood as an increase in excitement, danger, or action. 

(Retrieved from: https://dictionary.cambridge.org/us/dictionary/english/crescendo) 

https://living-future.org/biophilic-design-overview/
https://www.useful-community-development.org/cluster-housing.html
https://www.britannica.com/technology/concrete-building-material
https://dictionary.cambridge.org/us/dictionary/english/crescendo
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Glass Fiber Reinforced Concrete (GFRC) 

Type of concrete made by combining a mixture of fine sand, cement, polymer (usually 

an acrylic polymer), water, other admixtures and alkali-resistant (AR) glass fibers. Some 

of the benefits of GFRC are the Ability to Construct Lightweight Panels and the High 

Compressive, Flexural and Tensile Strength. (Retrieved from: 

https://concretecountertopinstitute.com/free-training/introduction-to-gfrc-glass-fiber-

reinforced-concrete/) 

 

Green Spaces 

Land that is partly or completely covered with grass, trees, shrubs, or other vegetation. 

Green spaces include parks, community gardens, and cemeteries. 

(Retrieved from: https://www3.epa.gov/region1/eco/uep/openspace.html) 

 

Hardscape 

Hardscape construction ï otherwise known as hardscaping ï is one of the two main 

types of landscaping and includes all the non-living elements of landscape. Hardscape 

construction can include any type of decorative or practical addition to landscaping, 

including Brick patios,  Concrete patios, Flagstone patios, Gravel pathways, Stone 

walkways, Metal fences, Wooden arbors, gazebos and pergolas, Water features such 

as ponds and fountains. 

(Retrieved from: https://www.realtylandscaping.com/what-is-hardscape-construction) 

 

Landmarks (Architecture) 

A building or place that is easily recognized, especially one that can be used to judge 

https://concretecountertopinstitute.com/free-training/introduction-to-gfrc-glass-fiber-reinforced-concrete/
https://concretecountertopinstitute.com/free-training/introduction-to-gfrc-glass-fiber-reinforced-concrete/
https://www3.epa.gov/region1/eco/uep/openspace.html
https://www.realtylandscaping.com/what-is-hardscape-construction
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where a person is. A landmark is also a building or other structure that is considered 

especially important as an example of its type. 

(https://dictionary.cambridge.org/us/dictionary/english/landmark) 

 

Landscape (Architecture) 

Landscape architecture involves the planning, design, management, and nurturing of 

the built and natural environments. 

(Retrieved from: https://www.asla.org/aboutlandscapearchitecture.aspx) 

 

Mental Health 

Mental health includes a personôs emotional, psychological, and social well-being. It 

affects how people think, feel, and act. It also helps determine how people handle stress, 

relate to others, and make choices. Mental health is important at every stage of life, from 

childhood and adolescence through adulthood. 

(Retrieved from: https://www.mentalhealth.gov/basics/what-is-mental-health) 

 

Monolith 

A single great stone often in the form of an obelisk, column, large statue. 

(Retrieved from: https://www.merriam-webster.com/dictionary/monolith) 

 

Neuroarchitecture 

The study of the relationship between health and the management of spaces through 

the contributions made by the neurosciences. That is to say, studies the relationship 

https://dictionary.cambridge.org/us/dictionary/english/landmark
https://www.asla.org/aboutlandscapearchitecture.aspx
https://www.mentalhealth.gov/basics/what-is-mental-health
https://www.merriam-webster.com/dictionary/monolith
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between brain processes and architectural environments and their impact on the 

emotional and physical health of people. 

(Retrieved from: https://www.igi-global.com/dictionary/learning-goes-mobile/52509) 

 

Oxytocin 

A hormone produced by the hypothalamus and secreted by the pituitary gland. This 

important hormone plays a crucial role in the childbirth process and also helps with male 

reproduction. 

In women, oxytocin is responsible for signaling contractions of the womb during labor. 

The hormone stimulates the uterine muscles to contract, so labor begins. It also 

increases the production of prostaglandins, which move labor along and increases the 

contractions even more. Because of this effect, synthetic oxytocin (pitocin) is sometimes 

used to induce a woman to start labor if she cannot start naturally, or it can be given to 

make contractions stronger if a woman's labor is slowing. 

(Retrieved from: https://www.hormone.org/your-health-and-hormones/glands-and-

hormones-a-to-z/hormones/oxytocin). 

 

Plaza (Architecture) 

A paved public space for citizens to gather for civic, religious, or commercial reasons. 

Plazas often have significant buildings surrounding them such as courthouses, city halls, 

churches, performing arts centers, and markets. 

(Retrieved from: https://tclf.org/category/designed-landscape-types/plaza) 

 

 

https://www.igi-global.com/dictionary/learning-goes-mobile/52509
https://www.hormone.org/your-health-and-hormones/glands-and-hormones-a-to-z/hormones/oxytocin
https://www.hormone.org/your-health-and-hormones/glands-and-hormones-a-to-z/hormones/oxytocin
https://tclf.org/category/designed-landscape-types/plaza
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Porch (Architecture) 

Porch, roofed structure, usually open at the sides, projecting from the face of a building 

and used to protect the entrance. It is also known in the United States as a veranda. 

(Retrieved from: https://www.britannica.com/technology/porch ) 

 

Portico (Architecture) 

Colonnaded porch or entrance to a structure, or a covered walkway supported by 

regularly spaced columns. Porticoes formed the entrances to ancient Greek temples. 

(Retrieved from: https://www.britannica.com/technology/portico-architecture) 

 

Savannah Porticoes: Resembling Tree tunnel 

A tree tunnel is a road, lane or track where the trees on each side form a more or less 

continuous canopy overhead, giving the effect of a tunnel. 

(Retrieved from: https://www.definitions.net/definition/Tree%20tunnel) 

 

Socio-Petal 

Describing environmental conditions that promote social interaction, such as circular 

seating arrangements and a comfortable ambient room temperature. 

(Retrieved from: https://dictionary.apa.org/sociopetal) 

 

Streetscape 

Urban roadway design and conditions as they impact street users and nearby residents. 

Streetscaping recognizes that streets are places where people engage in various 

https://www.britannica.com/technology/porch
https://www.britannica.com/technology/portico-architecture
https://www.definitions.net/definition/Tree%20tunnel
https://dictionary.apa.org/sociopetal
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activities, including but not limited to motor vehicle travel. 

(Retrieved from: https://www.vtpi.org/tdm/tdm122.html) 

 

Stucco 

An exterior finish for masonry or frame walls, usually composed of cement, sand, and 

hydrated lime mixed with water and laid on wet. 

(Retrieved from: https://www.dictionary.com/browse/stucco) 

 

Water feature (Architecture) 

Artificial pond or waterfall, usually in a garden. 

(Retrieved from: https://www.collinsdictionary.com/us/dictionary/english/water-feature) 

 

Wayfinding (Neuroscience) 

The cognitive and corporeal process and experience of locating, following or discovering 

a route through and to a given space (Symonds et al, 2017). 

 

Wood Deck (Architecture) 

A deck is essentially an outdoor floor supported by a frame, posts, and footings secured 

in the ground; assembled in stages; and built from the ground up. (Retrieved from: 

https://www.woodmagazine.com/woodworking-plans/outdoor/terminology-of-decks) 

 

https://www.vtpi.org/tdm/tdm122.html
https://www.dictionary.com/browse/stucco
https://www.collinsdictionary.com/us/dictionary/english/water-feature
https://www.woodmagazine.com/woodworking-plans/outdoor/terminology-of-decks
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1. INTRODUCTION 

ñHumans and their physical environments form an inseparable pairò1.  And this relation 

between environment and individual happens not only in a cognitive way, but also in an 

emotional or even instinctive way2.  Without even noticing, response to build 

environments are governed by multiple neural mechanisms manifested in emotions, 

sensations, movements, behaviors, and thoughts mostly unconsciously driven3. 

Therefore, even though people might be affected by it, they will not be aware of that.  

Neuroscience applied to architectural design can bring benefits to the users of buildings 

and cities. The combination of neuroscience and architecture can be a great tool to help 

decipher some aspects of the relation between brain and space.   

Two important questions can now guide acquisition of data: What are the 

neurophysiological responses in the human body in response to the 

multisensorial experiences provided by an architectural setting?, and how can 

this be calibrated so architects can create designs that respond to specific 

intentions in terms of said biological responses?. 

Spaces generate expectations, which are powerful tools to change behavior, even if 

spaces not necessarily affect everyone the same way. The brain may be hardwired to 

present some innate behaviors, but it is also shaped by the culture and experiences 

individuals have during their lives. This means that architects must always consider their 

target public when designing a building. For example, the use of a porch around the 

building was a local indicator of power in some civilizations of ancient times like in Rome, 

 
1 Meagher BR. Ecologizing Social Psychology: The Physical Environment as a Necessary 
Constituent of Social Processes. Pers Soc Psychol Rev 2020;24:3-23. 
2 De Paiva A. Neuroscience for Architecture: How Building Design Can Influence Behaviors and 
Performance. Journal of Civil Engineering and Architecture 2018;12 
3 Rock D. Your Brain at Work. New York: Harper; 2009. 
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but not in Memphis and the Pyramids of Gyza4. 

One of the challenges for the field is to determine how specific elements in architecture 

can elicit or modulate certain behaviour or bodily or emotional response.  To experience 

a place is a multisensorial experience:  subjects are exposed to several stimuli at the 

same time, which make it difficult to isolate elements and correlate them to a specific 

response.  

To experience a building goes beyond the senses, it has to do with a much deeper 

process of identification, by which Norberg-Schulz means ñto become ófriendsô with a 

particular environmentò5.  In turn, human identification with a place presupposes that the 

places have ñcharacter,ò that is, attributes which distinguish each place from any other 

and lend to it its unique ñpresenceò or ñgenius lociò6. This is the ñessenceò of the space, 

equivalent to Heideggerôs concept of ñdwellingò, which may be understood as an active 

process of  engagement between the human and space,78. 

To search for and describe the essence of the space involves the phenomenological 

method, which in short implies to identify phenomena through how they are perceived 

by the actors in a situation6.  Very frequently, the aim of phenomenological research, is 

to use idiosyncratic descriptions of the phenomenon -experience- as stepstones from 

which to discover underlying commonalities that mark the essential core of the 

phenomenon9.  

Perhaps to incorporate both, the measurable physical parameters of the built 

 
4 Dehbozorgi M. Recognition of the Elements of Power in Architecture. Urban and Regional 
Planning 2016;1:97-104. 
5 Norberg-Schulz C. Genius loci. Paesaggio, ambiente, architettura, Electa, Milano. Milano: 
Electa; 1992. 
6 Abel C. Architecture as Identity, I: The Essence of Architecture.  Semiotics 1980. Boston, MA: 
Springer; 1982. 
7 Heidegger M. Building dwelling thinking. Poetry, language, thought 1971;154:1-26. 
8 Robinson S. Nesting: body, dwelling, mind. Richmond, CA: William Stout Publishers; 2011. 
9 Seamon D. Phenomenology, place, environment, and architecture: A review of the literature. 
Phenomenology Online 2000;36:1-29. 
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environment and personal feelings10, the term ñatmosphereò is commonly used to 

referred to the experience of architectonic space. An atmosphere is never exclusively a 

perceptual phenomenon, nor solely an objective thing óout thereô, as an environment or 

milieu, in fact atmospheres are always located in-between experiences and 

environments11.  The properties of an atmosphere are captured in the intersection of the 

objective and the subjective12.  

On this thesis work we focus our efforts on understanding the neurophysiological 

responses and changes between 2 different types of spaces, specifically in a 

Plaza. 

The primary goal was to study how an atmosphere can be manipulated in order to 

create different responses on the subsequent space and the perception of its 

essence be enhanced. 

We will characterize neurophysiological responses in a Space (Arcade) that is preceded 

by two different spaces (Plaza and transition).    

Specifically, we address the following questions: 

1. What are the physiological responses elicited by the transition between two spaces, i.e. 

an external Plaza and an internal building (Arcade)? 

2. Are the transitions between clusters creating the expected bodily feelings for which they 

were designed?  

 
10 Canepa E, Scelsi, V., Fassio, A., Avanzino, L., Lagravinese, G., & Chiorri, C. Atmospheres: 
Feeling architecture by emotions. Ambiances. Journal of Sensory Environment, Architecture 
and Urban Space 2019;5. 
11 Bille M, Bjerregaard, P., & Sørensen, T. F. . Staging atmospheres: Materiality, culture, and 
the texture of the in-between. Emotion, space and society 2015;15:31-8. 
12 Böhme G. Atmosphere as an aesthetic concept. Daidalos 1998; 68 112-5. 
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3. Can these physiological responses be related to Sense of Place and Feeling of 

Protection? 

4. Can changing the atmosphere on a space determine the response on the subsequent 

space? (Narrative)We have designed an experimental protocol under the hypothesis 

that peopleôs feelings, physiological responses and Feeling of Protection in one space 

can be manipulated by changing the Atmosphere (size/enclosedness/field-of-view) of 

the preceding space.   

We have selected a Plaza in which we have detected a strong change of physiological 

responses throughout the transition from the external area, which is the Plaza (Space 

#1) into the internal building, which is the Arcade (Space #2); we have identified through 

empirical observation that the interior current conditions might be perceived as more 

Protective than the external areas. through an architectural analysis of Risk and 

Protective Factors. 

In order to understand which elements could be the cause of such difference, and how 

we could implement changes in that preceding space, we implemented in the External 

Plaza (Space #1), an architectural risk assessment conceptualized as a risk 

management process that identifies flaws in an architectural experience and determines 

risks to physical and mental health and/or negative emotions that result from those flaws, 

this is a process known as Risk and Protective Factors Analysis. 

Through the process of architectural risk assessment, flaws are found that expose 

assets to risk, risks are prioritized based on their impact to the well-being, mitigations 

for those risks are developed and implemented, and the spaces are reassessed to 

determine the efficacy of the mitigations and creating a more protective atmosphere in 

the external space but enhancing the sense of place and protective atmosphere in the 
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Arcade. 

Said analysis also pointed towards what architectural changes could be implemented to 

create a more protective atmosphere as a whole on the external setting. 

Finally, this work also looks forward to understanding those changes on perceptions and 

neurophysiological responses correlated with the Feeling of Protection and seeks to find 

an answer to the question if that those feelings correspond to the architectural setting 

by itself, or if they can be manipulated through a more or less Protective space preceding 

and contiguous to the one being studied. 

The design created to mitigate the Risk Factors takes into consideration an interplay of 

architectural elements that together attempt to create a more Protective Atmosphere. 

Above questions become relevant in the context of developing applications of 

neuroscience to architectural design, providing specific insights on the 

neurophysiological responses of a space that feels more and less Protective, and how 

this sensation can be influenced by immediate previously visited/contiguous 

spaces. 

We hope that our studies can provide evidence to architects and designers interested in 

creating more conscious designs of protective rather than threatening atmospheres.  
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2. THEORETICAL FRAMEWORK  

2.1. Definition of the Problem 

We began our inquiry focused in the mechanisms of action of architectural 

atmospheric perception, as summarized by Pallasmaa13: A multi-sensory experience.  

Afterwards, we explored the evidence generated -using neuroscience´s tools- of how 

humans can internalize and give meaning to architectural atmospheres, intellectually 

and emotionally. Finally, we wanted to intentionally shape the experience of, and 

emotional response to, a Plaza by staging its preceding transitional space and 

characterize the perceptions and subjacent neurophysiological responses.   

2.2. Background 

Neuroscience can provide the architectural design process with a renovated lens to 

study and improve the human experience in the built environment.  And although 

application of neuroscience´s tools to inform architects and designers is an emerging 

field, the notion is hardly new.  James Gibson coined the term óaffordanceô to refer to 

the opportunities for action or what the environment óprovides or furnishesô14.   Evan 

Thompson and Francisco Varela highlighted the dynamic intertwining of the individual 

and environment when they say: ¨The nervous system, the body and the environment 

are highly structured dynamical systems, coupled to each other on multiple levelsò15.  

More recently, a significant pool of academics advocate for neuroscientific education 

 
13 Pallasmaa J. Space, place and atmosphere. Emotion and peripherical perception in 
architectural experience. Lebenswelt: Aesthetics and Philosophy of Experience 2014;0:230-45. 
14 Gibson J. The ecological approach to vision perception. Hillsdale, NJ: Lawrence Eribaum 
Associates; 1979. 
15 Thompson E, Varela FJ. Radical embodiment: neural dynamics and consciousness. Trends 
Cogn Sci 2001;5:418-25. 
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for architects, including Harry Francis Mallgrave16 17, Juhani Pallasma18 and Davide 

Ruzzon19 who also advocates for the education of architectural design for 

neuroscientists.  

2.2.1. Essence and Atmosphere  

Because the terms essence and atmosphere may have multiple meanings, we will briefly 

discuss them. Modern philosophers interpret Aristotle´s definition of essential properties 

as those without which the individual would cease to exist20.  In Husserlian philosophy, 

the essence -or structure of essential meanings- illuminates the characteristics of the 

phenomenon without which it would not be that phenomenon21 22.  For Norberg-Schulz, 

focused on architectural essence, the ñessenceò of the space, equivalent to Heideggerôs 

concept of ñdwellingò, which may be understood as an active process of engagement 

between the human and space23 24.  Norberg-Schulz refers that to experience a building 

goes beyond the senses, it has to do with a much deeper process of identification, by 

which means ñto become ófriendsô with a particular environmentò25.  In turn, human 

identification with a place presupposes that the places have ñcharacter,ò that is, 

 
16 Mallgrave HF. Architecture and Embodiment: The Implications of the New Sciences and 
Humanities for Design. Abingdon: Routledge; 2013. 
17 Mallgrave HF. From Object to Experience: The New Culture of Architectural Design. London: 
Bloomsbury Academic.; 2018. 
18 Pallasmaa J. Towards a Neuroscience of Architecture. In: Tidwell P, ed. Architecture and 
Neuroscience. Espoo: Tapio Wirkkala-Rut Bryk Foundation; 2013:5-22. 
19 Gallese V, Ruzzon D. Tuned Architecture: Harmony, Experience and Architecture. Padova: 
Overview Editore; 2016. 
20 Kung J. Aristotle on Essence and Explanation. Philosophical Studies: An International Journal 
for Philosophy in the Analytic Tradition 1977; 31(6):361-83. 
21 Husserl E. Cartesian Meditations. Springer; 1977. 
22 Husserl E. Ideas pertaining to a pure phenomenology and to a phenomenological philosophy. 
. London, UK: Kluwer Academic Publication.; 1998/1913. 
23 Heidegger M. Building dwelling thinking. Poetry, language, thought 1971;154:1-26. 
24 Robinson S. Nesting: body, dwelling, mind. Richmond, CA: William Stout Publishers; 2011. 
25 Norberg-Schulz C. Genius loci. Paesaggio, ambiente, architettura, Electa, Milano. Milano: 
Electa; 1992. 
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attributes which distinguish each place from any other and lend to it its unique ñpresenceò 

or ñgenius lociò26.  

Merleau-Ponty argues that ñphenomenology is the study of essencesôô and that 

essences belong to the world that is óóalready thereôô27.  Consequently, essences are not 

something that we as researchers explicitly add to the research28. 

Searching for the essence, that most invariant structure of meanings for an actual 

context, different meanings emerge after diving below the surface.  In other words, the 

essence is constituted by meanings or constituents.  In this thesis work for example, we 

talk about the essence of protection of the pack, constituted by sub-essences or 

constituents such as discovery, bonding and recharge.   The pattern of constituents, and 

the similarities and differences between them, characterize the essence29.  

Perhaps to incorporate both, the measurable physical parameters of the built 

environment and personal feelings30, the term ñatmosphereò is commonly used to 

referred to the experience of architectonic space. An atmosphere is never exclusively a 

perceptual phenomenon, nor solely an objective thing óout thereô, as an environment or 

milieu, in fact atmospheres are always located in-between experiences and 

environments31.  The properties of an atmosphere are captured in the intersection of the 

objective and the subjective32.  Pallasma states that an atmospheric perception also 

 
26 Abel C. Architecture as Identity, I: The Essence of Architecture.  Semiotics 1980. Boston, MA: 
Springer; 1982. 
27 Merleau-Ponty M. Phenomenology of perception. London UK: Routledge; 1995/1945. 
28 Dahlberg K. The essence of essences / the search for meaning structures in 
phenomenological analysis of lifeworld phenomena. International Journal of Qualitative Studies 
on Health and Well-being 2006;1:11-9. 
29 Dahlberg K. The essence of essences / the search for meaning structures in 
phenomenological analysis of lifeworld phenomena. International Journal of Qualitative Studies 
on Health and Well-being 2006;1:11-9. 
30 Canepa E, Scelsi, V., Fassio, A., Avanzino, L., Lagravinese, G., & Chiorri, C. Atmospheres: 
Feeling architecture by emotions. Ambiances. Journal of Sensory Environment, Architecture 
and Urban Space 2019;5. 
31 Bille M, Bjerregaard, P., & Sørensen, T. F. . Staging atmospheres: Materiality, culture, and 
the texture of the in-between. Emotion, space and society 2015;15:31-8. 
32 Böhme G. Atmosphere as an aesthetic concept. Daidalos 1998; 68 112-5. 
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involves judgements beyond the five Aristotelian senses, such as sensations of 

orientation, gravity, balance, stability, motion, duration, continuity, scale and 

illumination33.  Conscious and unconscious perceptions are modulated by the dimension 

of time and duration, previous exposures, and imagination (expectations).   

2.2.2. Manipulating the architectural experience  

Atmospheres circumscribe or fill the space we inhabit, and they are important as they 

may define moments for individuals as well as for human collectives.  Given that a single 

space needs to have two different uses and in consequence two different atmospheres, 

for example, cozy and other that promotes discovery, manipulating atmospheres 

respond to modern needs.  Because these manipulations affect the way people 

experience the world, there could be social and political implications beyond the realm 

of the individual, that seem to be understudied.  ñArchitects and designers intentionally 

shape the experience of, and emotional response to, a place through the material 

environment, seeking with various degrees of success to affect people's moods and 

guide their behavior for aesthetic, artistic, utilitarian or commercial reasonsò34.   

The effect of an atmosphere in a person may implicate different domains of the 

personhood.  However it is clear that the effect is produced neither by the materialities 

nor by the inner world alone  but it is produced through their interaction35.  Also because 

of the complex nature of atmospheres, most people may not be able to clearly and 

concisely articulate how the place feels like.   Neuroscience may provide ñvisibleò and 

objective measures about the effect of modifying atmospheres.  This is why surveys and 

interviews based on individualôs impressions are not enough to find out usersô 

 
33 Pallasmaa J. Space, place and atmosphere. Emotion and peripherical perception in 
architectural experience. Lebenswelt: Aesthetics and Philosophy of Experience 2014;0:230-45. 
34 Bille M, Bjerregaard, P., & Sørensen, T. F. . Staging atmospheres: Materiality, culture, and 
the texture of the in-between. Emotion, space and society 2015;15:31-8. 
35 Navaro-Yashin Y. The Make-Believe Space: Affective Geography in a Postwar Polity. 
Durham, NC: Duke University Press; 2012. 
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experiences. The impacts that happen in a subconscious level may not be revealed in a 

survey answer. But with brain scans like PET (positron emission tomography) and fMRI 

(functional magnetic resonance imaging), and even electroencephalography (EEG), it is 

possible to see more clearly the brainôs reaction to each stimulus received by the 

environment and to understand in detail how behavior is affected. 

To manipulate the atmosphere, it is necessary to consider changes in the material 

environment as well as in the embodied experience.  The architect needs to consider 

the spatial qualities of the elements perceived such as color, light, sound, natural 

elements, shapes, textures, smells, cinematics, and juxtaposition of these elements.   

 

2.2.3. Spatial transitions and atmospheres  

The sequence of spaces, each with their own essence and atmosphere makes places 

and cities interesting.  Whether strolling through the city or walking in a plaza, contrast 

between the atmosphere of spaces is more stimulating than experiencing monotony, 

independent of the valence of the stimuli36.  Transitions presuppose serial vision, and 

serial vision has greater influence on the user37.  In fact, Appleton proposes that 

successive spaces of highly contrasting character are spaces of óstrong prospectô, 

followed by spaces of óstrong refugeô38 39. 

Several characteristics have been studied that contribute to an enhanced response to 

successive spaces.  Differences in geometric proportions in space40, space perceive as 

 
36 Cullen R. Townscape. London UK: Thames and Hudson; 1962. 
37 Appleton J. The experience of landscape. Chichester: Wiley; 1975. 
38 Appleton J. The experience of landscape. Chichester: Wiley; 1975. 
39 Kalogianni D, Coyne, R. Virtual reality and EEG data: Understanding spatial transitions. In: 
Karandinou A, ed. Data, Architecture and the Experience of Place. New York, NY: Routledge; 
2019. 
40 Smith KH. Introducing Architectural Theory: Debating a Discipline. Abigdon: Routledge; 2012. 
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enclosed vs. open due to the combination of height and the distance between the viewer 

and the space41, and that engagement increases as they enter a novel environment42. 

2.2.4. Neurophysiological responses to atmospheres  

ñThe design of a physical place influences the mental state of the people in that space. 

That shapes their attitudes and behaviorò43.  There are two phenomena well studied in 

perception: context effects and priming effects44:  

Context effect is the change in human response caused by changes in the environment 

(the external context) of the target stimulus, e.g., the change in light/darkness. 

Conscious anticipation and unconscious conditioning represent two of the main 

mechanisms through which the context may produce a perceptual effect. In the first 

case, expectation and anticipation have sometimes been shown to induce a strong 

effect in visual perception, and in fact almost like a placebo effect, a real clinical 

improvement. In the second case, contextual cues (e.g., taste and smell of a drink, color 

and shape of a lobby) may act as a conditioned stimulus that, after repeated 

associations with an unconditioned stimulus (the atmosphere in a different room) are 

capable alone of inducing a physiological, intellectual or emotional response.  Today we 

know that in each of these conditions different mechanisms are at play45. 

Priming effect is the change in human response to a target task caused by changes in 

the subjectsô preliminary setting (i.e., their internal state), e.g., the change in the 

 
41 Spreiregen PD. Urban design, the architecture of towns and cities.: McGraw-Hill Book 
Company, Inc; 1965. 
42 Kalogianni D, Coyne, R. Virtual reality and EEG data: Understanding spatial transitions. In: 
Karandinou A, ed. Data, Architecture and the Experience of Place. New York, NY: Routledge; 
2019. 
43 Augustin S. Place Advantage: Applied Psychology for Interior Architecture. Hoboken, N.J.: 
Wiley; 2009. 
44 Kokinov BN. The context-sensitive cognitive architecture DUAL.  Proceedings of the Sixteenth 
Annual Conference of the Cognitive Science Society (pp 502-507) Routledge; 2019: Routledge. 
p. 502-7. 
45 Benedetti F. Placebo effects. 3rd ed. Oxford: Oxford University Press; 2020. 
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expectations after experiencing a section of the building.  Anchoring effects, on the other 

hand, describe the phenomenon that a previous stimulus provides a frame of reference, 

that is, an anchor.  Priming is based on neural pre-activation, that means similar stimuli 

are recognized more easily, because their neural correlates are already ówarmed upô. 

Anchoring is (presumably) based on priming and describes the mere effect that 

judgments might be biased, or óanchoredô, towards a preceding stimulus46.   

In a traditional motor-related priming task (S1-S2 paradigm), it is held that the processes 

necessary to interact with the upcoming event occur between the preparatory stimulus 

(S1) and the imperative stimulus (S2).  It is presumed that neurobiological mechanisms 

that associate a complex mental activity to different functions of the body47 and that are 

different for contextual and primming effects. In summary, when we act, we are 

changing the perceived environment according to a set of expectations that depend on 

our body and the environment48.  

2.2.5. Selection of neurophysiological measures 

We are visually dominant creatures49 50 51, as proportionally, far more of our brains 

process visual stimuli than any of our other senses52. the pathways in which the 

architectural features have a neural imprint in the individual, usually begin with the eye.  

 
46 Valdez AC, Ziefle M, Sedlmair M. Priming and Anchoring Effects in Visualization. IEEE Trans 
Vis Comput Graph 2018;24:584-94. 
47 Frisaldi E, Shaibani A, Benedetti F. Understanding the mechanisms of placebo and nocebo 
effects. Swiss Med Wkly 2020;150: w20340. 
48 Djebbara Z, Fich LB, Gramann K. The brain dynamics of architectural affordances during 
transition. Sci Rep 2021;11:2796. 
49 Hutmacher F. Why is there so much more research on vision than on any other sensory 
modality?. . Frontiers in psychology, 2019;10:2246. 
50 Levin MD. Modernity and the hegemony of vision. Berkeley: University of California Press; 
1993. 
51 Posner MI, Nissen MJ, Klein RM. Visual dominance: an information-processing account of its 
origins and significance. Psychol Rev 1976;83:157-71. 
52 Gallace A, Ngo, M. K., Sulaitis, J., & Spence, C. Multisensory presence in virtual reality: 
Possibilities & limitations. In: G. Ghinea FA, & S. Gulliver ed. Multiple sensorial media advances 
and applications: New developments in MulSeMedia. Hershey2012:1-40. 
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The retina captures information from the environment and sends them to the brain even 

when individuals are not directly looking anywhere. It works like this for all senses.  

Stimulus (light) properties are important for the visual perception of our external 

environment, are color, brightness, color and brightness contrasts (for form perception 

and visual acuity), visual field representation, binocular fusion and depth perception. The 

phototransduction process converts light energy into photoreceptor membrane potential 

changes that produce a chemical signal (the release of glutamate), which results in 

membrane potential changes in the postsynaptic bipolar and horizontal cells. The 

information from the eye is carried by the axons of the retinal ganglion cells, they form 

the optic nerve later.  The stimulus features extracted by the retinal neurons (color, 

brightness contrast, movement) are kept segregated in separate ñinformation channelsò 

and processed in parallel by different cells at all levels of the visual system and 

information is distributed in cortical neurons in the occipital, parietal and temporal lobes. 

The perception of a coherent visual image is recomposed out of these fragments of 

information by the simultaneous activation of large areas of cortex.  

There are regional differences in visual perception: the central visual field is color-

sensitive, has high acuity vision and operates at high levels of illumination (i.e., operates 

with the photopic, light-adapted subsystem). In contrast, the visual field periphery is 

more sensitive at low levels of illumination, is relatively color insensitive and has poor 

visual acuity (i.e., operates with the scotopic, dark-adapted, subsystem).  

Another advantage of many cognitive-neuroscience methods is their very high temporal 

and spatial resolution. More precisely, EEG takes measures in the range of milliseconds. 

Thus, if we are interested in the temporal aspects of expert performance, then time-
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sensitive EEG is a very suited method, especially if measured in parallel with 

pupillometry53 and eye tracking54. 

2.2.6. Kinematics of we feel comfortable  

 
When we can see details and the face of the people 55: 

Å Social field of vision: spaces of size of stadiums (100 meters). 

Å Emotional field of vision: size of theaters (25-35 meters). 

Å Personal public space: 12-foot public zone (street performance circle) 

Speeds at which we walk56 

Å Quarter-mile/5 min, half mile/10 min walk circles 

Å Ideal storefront bay (15-20 feet) correlates with our walk and blink rates  

Å Perception: useful, safe, comfortable (good edges and spatial definition) and 

interesting (signs of humanity and continuity). 

Navigation 

Å Cognitive map (a mental picture).  The environment suggest distinctions and relations 

among the various physical parts of the place and the user organizes them in a 

personally meaningful way. 

Different components  

Å Paths, edges districts (sections), nodes, landmarks57 

 
53 Szulewski A, Gegenfurtner A, Howes DW, Sivilotti MLA, van Merrienboer JJG. Measuring 
physician cognitive load: validity evidence for a physiologic and a psychometric tool. Adv Health 
Sci Educ Theory Pract 2017;22:951-68. 
54 Duchowski AT. Eye Tracking Methodology. 3rd ed: Springer International Publishing; 2017. 
55 Gehl J. Cities for People. Island Press: 2010.  
56 Speck J. Walkable City: How Downtown Can Save America, One Step at a Time. Farrar, 
Straus & Giroux; 2012. 
57 Lynch K. The image of the City. MIT Press; 1960  
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Human Behavior in Public Spaces58 

Å Tendency to stop and chat in the midst of the most active pedestrian traffic paths. 

Å Tendency to sit where they can face others walking by (see-and-be-seen). 

Å Triangulation: external stimuli prompts strangers to talk to each other as if they know 

each other 

Å People tend to station themselves near fixed objects such a stature or flagpole. 

Å Tendency to sit in well-defined edge locations such as steps, walls, ledges. 

(Thigmotaxis) 

Å People rarely choose the undefined middle of a large space. 

Leveraging the visual influence of movement 

Serial vision59: 

Å Closed vistas 

Å Deflection 

Å Narrowing 

Å Projection/recession 

2.2.7. Making Place Meaningful 

The five POET (Place-Orienting Experiencing Techniques)60 modes are:  

Å Retrospective techniques casting back/remembering place: drawing on 

autobiographical memories of place. 

Å Immersive techniques being present/encountering place: using direct encounters with 

place. 

 
58 Whyte WH, The Social life of Urban Places, 1980. 
59 White WH, The Social life of Urban Places, 1980. 
60 Mundell M. Crafting óLiteracy Sense of Placeô: The Generative works of Literacy Place-
Making. Journal of the Association for the Study of Australian Literature 2018:18(1). 
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Å Collaborative techniques (taking stock/socializing place: using shared or cultural 

understandings of place. 

Å Vicarious techniques feeling for characters/empathizing place: imaginatively inhabiting 

a fictional being. 

Å Nebulous techniques (esoteric or mysterious approaches, i.e., Dream content sublime 

and genius loci.) 

 

Figure  1. The POET Model: A process-based model of literary place-making 
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3. DEVELOPMENT OF THE HYPOTHESIS 

3.1. Main purpose  

Our experiment attempts to test if the strong ñcalmò and ñsafeò perception of the inside 

(Space #2) changes if we change the outside (Space #1), so we base on current state 

of art to change the atmosphere outside and create a ñsaferò or ñcalmerò atmosphere. 

 

3.2. Questions 

1. What are the physiological responses on the transition between 2 spaces, being an 

external Plaza and an internal building?. 

2. Are the transitions between clusters creating the expected bodily feelings for which they 

were designed?.  

3. Can theses physiological responses be related to Sense of Place and Feeling of 

Protection? 

4. Can changing the atmosphere on a space determine the response on the subsequent 

space? (Narrative). 

 

3.3. Hypothesis Development  

Å The essence of our approach is to test if peopleôs feelings and physiological responses 

on a space can be affected by the previous space and the architectural characteristics 

of the transition between them. 

Å Physiological responses, measured by sensors, can be used to differentiate markedly 

different ñpsychologicalò states but they are not capable of reading minds.  

Å Several levels of analysis are needed, and we intend to use multilevel analyses. 
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3.4. Hypothesis  

Peopleôs feelings and physiological responses to the essence of Protection in one space 

can be manipulated by changing the Atmosphere (size/enclosedness/field-of-view etc.) 

of the previous space. 

 

4. EXPERIMENTAL PROTOCOL DESIGN 

4.1. Experiment Description 

4.1.1. Control condition  

A model created in virtual reality emulating the current real conditions of the Plaza: 

Original Atmospheres of Space #1 (open plaza) and Space #2 (arcade) and evaluate 

the physiological responses and the sense of Protection on Space #2.  

 

A model created in virtual reality emulating the current real conditions of the space, while 

the Experimental Condition would also be  

 

4.1.2. Experimental Condition  

A virtual reality model in which Space #1 has been modified to have a more Protective 

Atmosphere than in Control Condition and evaluate if Space #2 is perceived as 

protective as in the control condition (or less, or more).  
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4.1.3. Dependent Variable (experimentally manipulated) 

Space #1 will be manipulated: In control condition would be less protective, or as is. In 

Experimental Condition would be more protective, with risk factors mitigated. 

 

4.1.4 Independent Variable (Outcome being measured) 

Space #2 will not be manipulated. Feeling of Protection in Space #2 will be measured. 

 

4.1.5. Predicted Outcome 

If Space #1 is less protective then Space #2, then Space #2 will be evaluated as more 

protective, and conversely if Space #1 is more protective than in control conditions, then 

Space #2 will be evaluated as less protective. 

We expect changes on the expected bodily feelings. Such changes are related to lower 

levels of stress, and more levels of relaxation, and so increase the imageability of the 

place. 

 

4.1.6. What elements would be used to create a Stronger Protective Atmosphere? 

Those analyzed and indicated on the chapter 5.1. corresponding to the architectural 

analysis, including the one for risk and protective factors. 

 

4.1.7. Participants  

Within-Subjects Design: Same group of participants will experiment both conditions. Half 

of them starting with control condition and half of them starting with experimental 

condition. Subjects will be 50 to 65 years old, 50% men and 50% women. 
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The participants are staff or faculty of the at the University of Texas Rio Grande Valley 

who volunteer to take part in our research. This research will not examine gender 

differences, and both male and female were involved.  IRB approval from the 

University will be obtained and all subjects will sign appropriate informed consent.  

 

4.1.8. Experiment 

Participants will follow a protocol throughout the experiments, and participants will be 

stationary, seated.  

a.- We first will describe the procedure and technology that will be used.  

b.-Participants will be seated and individually rigged up with the Oculus Rift head-

mounted device virtual reality, a portable EMOTIV EPOC EEG, earphones, and will be 

instructed how to attach the IntelliSense Patch in the chest (Individuals with hair in the 

chest will have to shave the spot where the patch will be attached). 

c.-All participants will be exposed prior to the experiments to a commercial demo VR 

environment to familiarize them with the VR technology and the first-person navigation 

experience.  

d.-Calibration of the technical settings of the Oculus for each individual.  

e.-All subjects will be exposed to two successive spaces (S1-first space and S2-second 

space).  They will be randomly assigned to begin the experiment either to the Control or 

Experimental S1.  In the second set of experiments, they will be presented with exactly 

the same successive spaces but will be expose to the other condition (Control or 

Experimental S1) that they did not experience in the first set.     
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d.-The space will be presented following a natural navigation approaching S1 and then 

continuing to S2.  The speed of navigation will be predetermined and the same for all 

subjects.   

 

4.1.9. Fly through of both conditions 

 

Control Condition: https://youtu.be/WBJZNFbrwlM 

 

Experimental Condition: https://youtu.be/q9ViDovyiI8 

 

Figure  2. QR Code to Fly Through 
video on youtube of Control Condition. 

Figure  3. QR Code to Fly Through 
video on youtube of Experimental 

Condition. 

https://youtu.be/WBJZNFbrwlM
https://youtu.be/q9ViDovyiI8
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4.1.10. Comparison of 2 Images between Control and Experimental Condition 

See the full sequence of 14 images on Section 9, Appendix 1 

 Control Condition Experimental Condition 

3 

  

4 

  

Figure  4. Comparison of Control and Experimental Condition on Scenes 3 and 4S 
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4.2. Neurophysiological assessment    

When considering different methods to study the structure and function of the brain, it is important to 

point out that neuroscience is a very broad field that includes a variety of disciplines and different 

technologies. The methods that will be used in this work are basically developed for a better 

understanding of cognitive neuroscience61 given its focus on the neural mechanisms that underlie 

human cognition, behavior and emotion.  

Sometimes, psychophysiological measures, such as skin conductance, heart rate or eye-movement 

data, are also denoted as neuroscience methods. Although these methods tap into the nervous 

system, they are not direct measures of brain structure or function, but we will consider them here.   

 

These are the set of parameters that would help us measure the physiological responses related to 

the Feeling of Protection:  

¶ Electroencephalogram (EEG),  

¶ Eye Tracking 

¶ Autonomic System Responses Monitoring 

¶ Virtual Reality 

We would also rate the Feeling of protection of Space 1 and 2 in both conditions. 

 

4.2.1 Electroencephalogram 

Neurons communicate through electrical signals transmitted along axons and dendrites. When 

populations of neurons that are oriented in parallel are synchronously active, their electrical signals 

can be measured with electrodes placed on the scalp. Electroencephalography (EEG) records and 

amplifies these electrical signals over time.  When we perceive a picture, particular populations of 

 
61 Ward J. The student's guide to cognitive neuroscience. New York, NY: Psychology Press; 2020. 



 
  

40 
 

neurons in our brain respond to this picture.  This response is measurable as a change in voltage at 

the calp before, while and after seeing the picture. If we average the recorded EEG signal across 

many trials, random brain activity that is unrelated to the neural processing of the picture is cancelled 

out. The relevant (stimulus-related) signal is preserved and called the óevent-related potentialô (ERP). 

EEG measures have a high temporal resolution and are ótherefore time-sensitive.  Thus, EEG can 

be especially used to investigate temporal patterns of brain activity.  However, EEG has a relatively 

low spatial resolution meaning that he localization of the EEG signal source (i.e., the location of the 

specific neuronal populations evoking the electrical brain activity) cannot be ascertained with high 

precision. 

 

4.2.2. Eye Tracking  

Eye-trackers are devices that measure eye movement, which reflects the visual attention and gaze 

patterns of users62. Eye movement and gaze patterns have been related to attention and cognition, 

which are quantifiable links to the subjectsô brain activities63 . As a result, by measuring the visual 

stimuli and the subjectsô eye movement, one could gain insights to the subjectsô search patterns, 

attention, and most importantly, the causal relationship of the visual stimuli (i.e., the architectural 

design features) and the human emotions. 

Eye-tracking data were acquired with the Pupil Core headset for mobile eye tracking (Pupil Labs 

GmbH). Pupil movements were captured with a frequency of about 200 Hz (accuracy 0.6°), allowing 

the calculation of the pupilôs position per time point within a normalized two-dimensional reference 

frame of 192 pixels by 192 pixels (video of the eye). Data were recorded with the Pupil Capture 

application (v1.11) and exported with Pupil Player (v1.11). 

 

 
62 Dzeng RJ, Lin, C. T., & Fang, Y. C. Using eye-tracker to compare search patterns between experienced 
and novice workers for site hazard identification. Safety science 2016;82:56-67. 
63 Suurenbroeek F, Spanjar, G. Exploring eye-tracking technology: Assessing How the Design of Densified 
Built Environments Can Promote Inhabitants' Well-Being. In: Hollander JB, Sussman, A., ed. Urban 
Experience and Design. New York, NY: Routledge; 2021. 
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4.2.3. Autonomic System Responses Monitoring 

This approach, although rather generic, allows to record bodily variations based on emotional 

stimulation using relatively simple use of sensors.  Such responses include the recording of 

parameters related with the human vascular system (blood volume pulse, heart rate), participantsô 

reaction times to startle reflexes, variation in skin and body temperature, and variation in the skin 

conductance (SC) of light electric current. The latter measure directly correlates with autonomic 

sudomotor nerve activation, and is therefore an indirect measure of palm sweating, in turn related 

with the increase in the arousal of a subject. SC is arguably the most used physiological parameter 

to investigate participantsô emotional activation 64,65. 

Unobtrusive wearables and other high-quality remote sensors provide detailed objective biometric 

data, collected directly from people in the context of their daily lives. Researchers 66 67 developed a 

wearable chest patch that can record heart rate (HR), HR variability (HRV) and respiratory rate, 

available at https://biointellisense.com. The patch can also monitor activities such as step count, 

walking/running, and postures. The hardware consists of two parts: the wearable patch, and the 

reusable electronics. The adhesive patch contains a single-lead, bipolar hydrogel disc covered 

electrocardiogram (ECG) electrodes.  This multi-sensor data acquisition module containing five types 

of sensors for ï temperature, EEG, pulse pletismography (PPG), sound (microphone) and motion 

(accelerometer) can measure body temperature, HR and HRV SpO2, coughing, blood pressure and 

respiratory rate, gate analysis including walking speed, body position.  

 

 
64 Lang PJ. Emotionôs response patterns: The brain and the autonomic nervous system. . Emotion Review 
2014;6:93-9. 
65 Wettstein A, Kühne, F., Tschacher, W., & La Marca, R. . Ambulatory assessment of psychological and 
physiological stress on workdays and free days among teachers. A preliminary study. . Frontiers in 
neuroscience 2020;14:112. 
66 Chan AM, Selvaraj N, Ferdosi N, Narasimhan R. Wireless patch sensor for remote monitoring of heart rate, 
respiration, activity, and falls. Annu Int Conf IEEE Eng Med Biol Soc. 2013;2013:6115-8. 
67 Chan AM, Ferdosi N, Narasimhan R. Ambulatory respiratory rate detection using ECG and a triaxial 
accelerometer. Annu Int Conf IEEE Eng Med Biol Soc. 2013;2013:4058-61. 
 



 
  

42 
 

 

Figure  5. Sensor Patch from IntelliSense 

 

 

 

 

Figure  6. Autonomic System Response Monitoring Parameters 
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Figure  7. Complete participant monitoring system. 

 

4.2.4. Virtual Reality 

Virtual reality (VR) is a term used to encompass any computer-generated experience that induces a 

sense of presence ï the feeling of being transported to and inhabiting a place different from oneôs 

immediate surrounding 68 69, i.e.  that VR replaces the userôs perception of the surrounding 

environment with a virtual environment using head-mounted displays, glasses or multi-display 

setups. 

 

 

 
68 McCreery MP, Schrader, P. G., Krach, S. K., and Boone, R. . A sense of self: the role of presence in virtual 
environments. . Comput Hum Behav 2013;29:1635ï40. 
69 Steuer J. Defining virtual reality: dimensions determining telepresence. . J Commun 1992;42:73-93. 
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Figure  8. Subject wearing virtual reality, eye tracking, EEG and neurophysiological monitoring equipment. 

 

4.3. Surveys 

A questionnaire was developed to obtained sociodemographic data including date of birth, city of 

residence, sex, gender, educational level, description of any medical condition trough a self-report 

medical history including intake of medications. 

A questionnaire was developed to quantify the general levels of sense of protection of participants in 

the two spaces. A 5-point Likert scale was used in the questionnaire to codify the responses, which, 

despite its limitations, is a very effective way for response codification70. The questionnaire will be 

pilot-tested by six experts (4 from industry and two from academia) to ensure the clarity of the 

questions and the structure and logic of the questionnaire.  

 

 

 
70 Willits FK, Theodori, G. L., & Luloff, A. E. . Another look at Likert scales. Journal of Rural Social Sciences 
2016;31:6. 
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4.4 . Statistical Analysis  

Neurophysiological measures were analyzed using repeated-measures analyses of variance 

(ANOVAs). The Greenhouse-Geisser correction was applied for the violation of the sphericity 

assumption in ANOVA (uncorrected degrees of freedom are reported with correctedp-values and 

epsilon values (Ů)), and multiple comparisons were corrected with the Bonferroni method when 

appropriate.  

To test for the effect size of our experimental conditions and compare it with those in the previous 

studies, we analyzed the total score of measurements in two ways. First, we computed the effect 

size as a percentage using the method described in Simonsohn et al71. Second, we measured the 

effect size with Cohenôs d (Cohenôs dav, see: Lakens, D. (2013). Calculating and reporting effect 

sizes to facilitate cumulative science: a practical primer for tests and ANOVAs. Front Psychol. 2013; 

4: 863., which is a commonly used metric in psychological research.  Based in the proportion of the 

peaks of Beta waves of the EEG, for a desired power of 0.90 and a Type I error rate of 0.01, we 

estimated that we would need 100 participants to detect a mean difference of 20% between 

control and experimental conditions. Sample size analysis was conducted using GLIMMPSE, 

housed at SampleSizeShop.org. 

4.4.1. Electroencephalography 

The EEG recordings (using Emotiv system EPOC) will be analyzed through the use of the programs 

of the Emotiv Suite which allowed the EEG activities to be specifically analyzed into frequency band 

widths Beta, Alpha, Theta, Delta. The EEG system uses a validated signal detection algorithms to 

detect the EEG signal. Once analyzed, the Emotiv 3D Brain application was used to represent and 

visualize the different brainwave frequencies; and spatial location of the activities in relation to the 

recording sensors on a real time basis during each following a calibration of the base point 

 
71 Simonsohn U, Simmons, JP, and Nelson LD. Anchoring is Not a False-Positive: Maniadis, Tufano, and 

List's (2014) 'Failure-to-Replicate' is Actually Entirely Consistent with the Original. 2014.  
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adequate for each participant in order to produce a dynamic neural map of each of the EEG figures 

as the participant moved through S1 and S2.    

4.4.2. Eye-Tracking 

The magnitude of eye movements will be quantified using the distance of pupil movement within the 

reference frame by  where ȹx and ȹyare the distances of pupil movement in x and y 

dimensions. 

To classify eye movements per time point as saccades or fixations, we will apply the Cluster Fix 

toolbox for MATLAB, which detects fixations and saccades on the basis of a k-means cluster analysis 

of distance, velocity, acceleration and angular velocity of eye movements72. Fixation and saccade 

prevalence were defined as the percentage of time when fixations/saccades could be observed, 

relative to the total duration of the experiment. 

 

4.4.3. Neurophysiological data 

ECG data were converted by Equivital software into an R R value (interbeat interval) and an 

associated level for tis conversion (0-100%).  Outcome from the accelerometer will be set at three 

movement levels still, moving slowly and moving fast. SC will be use in its raw form.  HRV was 

obtained by taking the variance of the R R interval for the whole session. 

Each experimental session will be repeated 3 times, before switching to the other experimental 

session (Control vs. experimental or otherwise). E 

 

4.4.4. Within-subject analysis 

The within-subject analysis selects and compares a number of observations from a single participant. 

This analysis provides insight into the unfolding of events in the four-time series: entering the Plaza 

but not yet at S1, S1, transition S1-S2 and S2.  For this analysis we will use R software (R 

 
72 Konig SD, Buffalo EA. A nonparametric method for detecting fixations and saccades using cluster analysis: 
removing the need for arbitrary thresholds. J Neurosci Methods 2014;227:121-31. 
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Development Core Team, 2016) because of the flexibility to write special algorithms that are going to 

be needed. Events will be defined as periods (10s long).  Events will be identified by going 

through the entire time series and comparing the average recording of a 10 s section with the 

preceding 30 s.  This will result in the identification of many overlapping events using the different 

physiological signals.  

 

4.4.5. Between subjects analysis  

Graphs and inferential statistics of the graphs will be obtained from applying linear models to the 

data.  P is the probability thar there is no link between the variables beyond chance. R2 is the 

correlation coefficient and the score for the Shapiro-Wilk tests for normality of the residuals.   

 

4.4.6. Multisensory experience analysis  

Two approaches will be implemented:   

1. With the aim to assess the interplay of the physiological responses to a single set of stimuli 

(specific transition), we will weight each of the reactions and generate a sum (one dimensional 

outcome), through multiple linear-regression type approach.   

2. With the aim of allowing ñsituated interpretative approachò we will  contrast the qualitative 

differences of the physiological response (as Pallasma suggested when talking about the 

senses).    

 

4.5. Description of the Design Process 

Public spaces are the mandatory setting of the development of a society, and a valuable opportunity 

to incite its evolution. 

 

The initial step of our process was to decide what would be the primary goal of our Design, what 

would be the overall essence that would cover the entire project that would also respond to true 
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human biological needs, from our ancestors to nowadays, while helping the society keep moving 

forward. 

 

We wondered what could be lacking in so many public spaces that if present, would represent an 

additional value to this perspective. This is how we realized that many public spaces, said 

commercial, cultural and social are very well conceived for their specific function, but maybe not as 

much to make us feel Protected? Safe? As part of a Pack that in 2020 demonstrated that we could 

stop the world to work together for the survival of our species. 

 

Major retailers, cultural and touristic complex got economically wounded in 2020, many of us were in 

lockdown for months, what if the places of the New Normal changed their atmospheres to make us 

feel more protected and as part of a whole, this is why our Main Essence is the Protection of the 

Pack. 

 

We got to this realization by starting to wonder how Protected we felt on public spaces of our daily 

lives and started to notice the presence or the lack of this Feeling of Protection in many places. This 

led us to discover a high contrast on a passage between an Open Plaza and an Arcade in Lake 

Buena Vista, Orlando, Florida, and we wondered if that Feeling corresponded to the internal space 

itself or if by increasing that Feeling of Protection on the immediately preceding space (which felt 

categorically exposed), it would somehow be affected. 

 

Afterwards, we regarded for the main components of Protection and the sub-components that would 

bring to life said Essence, the Neurophenomenological Knot described by the Tuned approach73, 

was the way to understand how a Phenomenological Essence could be linked to the Human Activity, 

and then be related to Awaited Emotions, and Sensorimotor Metaphors, which are linked to 

 
73 Ruzzon D. Neuroscience Applied to Architectural Design, Tuned Architecture Publication, 2021. 
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neurophysiological responses allow us to stablish measurable parameters to understand the relation 

between human responses and the space.  

 

We analyzed the phenomenological essence in the perspective to nurture our Main intent Feeling of 

Protection, its core would lay on ease of the creation of a cognitive map and the engaging power of 

a narrative to affect our attitudes, beliefs and behaviors74, while noticing that bonding, discovery and 

recharge were necessary parts to strengthen the pack, as better described on the Architectural 

analysis section. 

 

Subsequently, the Risk and Protective factors Analysis75,  was key to enrich the approach. As a 

doctor who diagnoses and then recommend, our role as architects might be related to detect potential 

risks we can work with, and think how those specific factors could be mitigated with architectural 

proposal. 

 

We went one step beyond and did a deep analysis linking the detected risk factors to the essences, 

passing through the possible architectural interventions in the middle of the way. We also analyzed 

the space in terms of each individual risk factor, to locate potential spaces for specific actions. Said 

process has allowed us to determine any flaws in the architectural experience, and what elements 

we could include to improve it in the direction of the intended Essences. 

 

We ended up our procedure setting a contrast between the possible architectural interventions 

coming from the previous process with those elements described by Martinez-Soto et al76, in regard 

to the Restorative Qualities of a Space, and then decided what elements to design and how to 

place them on site. 

 
74 Zak PJ. Why inspiring stories make us react: The Neuroscience of Narrative. Cerebrum; 2015. 
75 Prologis Parklife. The Psychology of workplace, a Human Centric approach. Prologis: 2020. 
76 Martínez-Soto J, de la Fuente Suárez LA, & Ruiz-Correa S. Exploring the Links Between Biophilic and 
Restorative Qualities of Exterior and Interior Spaces in Leon, Guanajuato, Mexico. Front. Psychol.; 2021: 
12:717116.  
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5. ARCHITECTURAL PROJECT 

5.1 Architectural Analysis 

The primary goal of our design is to create an intervention at the External Area of the Plaza (Space 

#1), where, as a Refuge, the Main Essence is the Protection of the Pack. 

This overall Essence would be the most important Feeling to achieve with the architectural 

intervention, while also nurtured by sub essences arose by gestures on elements of the architecture 

that would contribute to build said Feeling of Protection. 

 

 

Figure  9. Essence and Sub-Essences of the Project 

One of the qualities that the environment can possess to make us feel less exposed and start eliciting 

the Essence of Protection is to allow us more control of our possibilities of exploration. A way to do 

so is by easing the process of creating a mental picture of the layout of oneôs physical environment, 
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also identified as a cognitive map77. Understanding our location, our potentialities for navigation, and 

providing to our brain an environment easy to understand and to recall might help to reduce levels of 

anxiety and stress.  

 

Moreover, as a human condition, to feel safe we first need to trust. We know that oxytocin is present 

in our brain when one is trusted, and motivates reciprocation78, This oxytocin response signals that 

someone else can be safe and familiar79 This molecule that can motivate people to connect and 

engage in cooperative behaviors has also been released during compelling narratives80, having the 

power to affect our beliefs and behaviors, this is why we design to immerse subjects on a narrative 

that elicits emotional states making the whole experience feel safer and easy to remember.  

 

We lay our efforts to create a memorable narrative where architecture actually conveys a message 

of a story that feels greater than ourselves, this could be a way to help build such cognitive map, and 

the center to stimulate the Essence of Protection, along with the sub-components described above.  

 

The Essence of Bonding is one of the most important in terms to achieve Protection, it is the one 

that allows us to connect, feel as part of a community and protected by the Pack. Bonding is essential 

for our survival, it is connected to our roots and to our core, as described by Robinson81 it is present 

and intensified between mother and baby right after birth, so the human infants can complete their 

exterogestation82 and survive. 

 

On another hand, Boredom has been described as a mismatch between an individualôs needed 

intellectual arousal and the availability of external stimulation with, ñthe aversive experience of 

 
77 Tolman EC. Cognitive maps in rats and men. Psychol Rev. 1948;55:189ï208. 
78 Zak PJ, Kurzban R, Matzner WT. The neurobiology of trust. Ann N Y Acad Sci. 2004 Dec;1032:224-7. 
79 Carte CS & Keverne EB. The Neurobiology of social affiliation and pair bonding. Hormones, Brain and 
Behavior 2002; 1:299-337. 
80 Zak PJ. Why inspiring stories make us react: The neuroscience of Narrative. Cerebrum; 2015. 
81 Tidwell P, (ed.), Pallasmaa J, Mallgrave H, Robinson S, Gallese V. Architecture and Empathy. Helsinki: 
Tapio Wirkkala Rut Bryk Foundation, 2015.  
82 Montagu A. Touching: The Human Significance of the skin. NY: Columbia University Press; 1971. 
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wanting, but being unable, to engage in satisfying activityò83 , the opportunity to encounter something 

that shows novelty and usefulness on a context, as Runco and Jaeger84 described creativity, is an 

opportunity to counterbalance such potential Risk Factor, then, as humans we tend to seek for such 

experiences where we can explore, so an environment that protects us and provide this basic need 

should be able to also accommodate elements with this Essence of Discovery.  

 

Burn out and fatigue are also states of emotional pressure that represent a threat to our brain and 

when sustained, to our survival. Numerous research has shown the positive association between 

biophilic design elements, stress reduction, and consistently better recovery responses85, the chance 

to provide a space with this features, would also act as a protective space that attempts to eliminate 

those stressors and enhance the experience with restorative effects, this process is what for this work 

we have linked with the Essence of Recharge, in a way that stressors could be wiped out while the 

environment help to bring back a feeling of restauration.  

 

In order to produce a space that can answer the questions in our experimental protocol we selected 

a space where on the current situation and from an empiric point of view gives the initial feeling of 

providing a major Feeling of Protection on the internal Arcade (Space #2) with shops than at the 

external Plaza (Space #1) that we plan to intervene. 

 

This building is located in Lake Buena Vista, Florida, and is one of the most iconic areas in town that 

provides outdoor/indoor experiences to the local and tourist community for eating, walking and 

shopping. 

 

 
83 Eastwood, J. D., Frischen, A., Fenske, M. J., & Smilek, D. (2012). The Unengaged Mind: Defining Boredom 

in Terms of Attention. Perspectives on Psychological Science, 7(5), 482ï495.  
84 Runco, MA, and Jaeger, GJ. The Standard Definition of Creativity. Creativity Research Journal 2012; 

24:1, 92-96.  
85 Yin J, Yuan J, Arfaei N, Catalano P, Allen JG, Spengler J. Effects of biophilic indoor environment on stress 
and anxiety recovery: A between-subjects experiment in virtual reality. Environment international. 2020, 136.  
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Figure  10. Site location from Google Earth. 

 

Current Situation provides a perceived major Feeling of Protection inside the Arcade: 

 

Figure  11. Scheme of Space #1, Space #2 and their overlap. 
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External Plaza, identified as Space #1: 

 

Figure  12. External Plaza Space #1 

Internal Arcade, identified as Space #2: 

 

Figure  13. Internal Arcade Space #2. 
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To cover the holistic approach that allow us to respond our primary question and create a space of 

Protection, we also rely on the Neurophenomenological Knot described in the Tuned approach86, 

which describes the connection between the Phenomenological Essence, Human Activity, Awaited 

Emotions, and Sensorimotor Metaphor, which is the one that when linked to neurophysiological 

responses allow us to stablish measurable parameters to understand the relation between human 

responses and the space. 

 

Based on this approach, we have connected our essences to expected bodily feelings in the following 

way: 

 

 

Figure  14. Link between Essences, Kinematic and Expected Bodily Feelings. 

To create a Protective space, we base our election of architectural elements and interventions on a 

Risk and Protective Factors Analysis87, in which each one of the essences proposed play an 

important role being linked to a Protective response that mitigates the stressors or Risk Factors. 

 

 

 

 

 

 
86 Ruzzon D. Neuroscience Applied to Architectural Design, Tuned Publication, 2021. 
87 Prologis, The Psychology of workplace, a Human Centric approach, 2020. 
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First, we detect what are the workable factors we can work with: 

 

Table 1. Factors we can work with in the space. 

 

Risk and Protective Factors Analysis: 

We start detecting the risk elements that could be part of the current situation, this creates a 

diagnostic of the current situation, afterwards we decide the actions to mitigate those stressors on 

the space that can be related to the essences that we want to create. 

 

 

Table 2. Risk and Protective Factors Analysis 
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Risk and Protective Factors linked with essences from an architectural point of view: 

 

 

Table 3. Risk and Protective Factors Analysis linked to Essences 

 

How can we bring those essences to life and convert them into Protective 

factors to create a space with more Feeling of Protection? 

Through the creation of a narrative in architecture  

where protective elements interplay. 

 

This means that our proposal should include: 

- Socio-petal configurations that can incentive sharing and connections and creates Bonding. 

- Elements that include a historical or cultural dimension that creates Sense of Community, Sense 

of Place and therefore Bonding. 

- Landmarks that facilitate the creation of a cognitive map, lowering anxiety levels and fostering states 

that can be related to calm and Protection. 

- Spaces that promote a balanced sensorial stimulation through the discovery of new affordances, 

so they can foster Discovery. 
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- Balance of Natural light/shadow and balanced lighting in general in an equalized way to promote 

Recharge. 

- Water elements that can balance sensorial stimulation to foster Recharge. 

The narrative of a place contains a dialogue of consciousness paired with the experience and 

knowledge supporting the memory. These narratives change how we view and interact with places 

and people.88 

 

The following figures describe the links we have stablished to move from the identified Risk Factor, 

and how we can convert them into Protective Factors to mitigate them, all the way through the 

inspirational architectural elements that could serve that mitigation purpose, and their connections 

with the essences and the expected bodily feeling we attempt to create on the space with such 

elements: 

 

 

 

Figure  15. Link From Risk Factor Isolation to Expected Bodily Feeling Warmth 

 
 
 
 
 

 
88Fisher, W. The Narrative Paradigm: in the Beginning, Journal of Communication, 34(1); 1984. 



 
  

59 
 

 

 

Figure  16. Link From Risk Factor Anonymity to Expected Bodily Feeling Warmth 

 

 

Figure  17. Link From Risk Factor Hard Wayfinding to Expected Bodily Feeling Warmth 
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Figure  18. Link From Risk Factor Boredom to Expected Bodily Feeling Astonishment 

 

Figure  19. Link From Risk Factor Darkness to Expected Bodily Feeling Welfare 

 

Figure  20. Link From Risk Factor Sensorial Overload and Deprivation to Expected Bodily Feeling Welfare 
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Summary of detected Risk Factors at the Plaza: 

 

Å Isolation / Lack of Contact: Walk Speed on this area seems faster than inside. The space does 

not promote encounter among people, rather a fast-paced walk. Unless at one on the restaurants, 

there are few places to seat  

Å Anonymity / Lack of Identity: The only recognizable elements are some stores, there is nothing 

stablishing meaningful connections in a cultural or historic where visitors can see their identity 

represented. 

Å Boredom: Patterns repetition might lead to boredom. 

Å Hard Wayfinding: similarities of textures, symmetry and lack of imageability might lead to hard 

wayfinding. 

Å Darkness/Exposition to Sunlight: During the day there is extreme sunlight exposition in the area, 

during the night lighting is mostly inside the stores and restaurants, nothing emphasizing the public-

open space. 

Å Sensorial Overload and Deprivation: We just detect hard-built artificial elements, there could be 

more biophilic elements that could provide better balanced stimulation. 
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Where are those detected Risk Factors in the Plaza?: 

 

On the figures below we describe the analysis done at the actual place (Space #1) in respect to 

each one of the Risk Factors mentioned. 

 

Figure  21. Analysis at the Plaza for Isolation / Lack of Contact.

 

Figure  22. Analysis at the Plaza for Anonymity / Lack of Identity 
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Figure  23. Analysis at the Plaza for Boredom. 

 

Figure  24. Analysis at the Plaza for Hard Wayfinding. 
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Figure  25. Analysis at the Plaza for Darkness / Exposition of Sunlight. 

 

Figure  26. Analysis at the Plaza for Sensorial Overload and Deprivation. 
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Restorative Qualities of a Space: 

Additionally, to select the architectural elements to be designed with the intention to mitigate risk 

factors, we also studied the features of a restorative space described by Martinez-Soto et al89, 

which include:  

¶ Green Spaces 

¶ Residential and non-residential streetscapes 

¶ Blue Spaces 

¶ Cultural and Historic Places 

¶ The presence of landmarks in urban spaces facilitates wayfinding 

¶ Non- Visual modalities such as the sense of hearing and smell. 

 

5.2. Architectural Interventions 

As a result of this extensive analysis, we have decided to create a proposal based on 3 key elements, 

which we describe below, along with the purpose each one of them will provide as a mitigator of 

stressors or risk factors. 

 

Set of Urban Furniture on strategic locations: 

Å Promoting interaction and Sociopetal Activity 

Å Organic Shapes, biophilic materials and patterns and 

elements. 

Å New and useful affordances, creative. 

Å Provide Lighting for guidance 

Å Water features that provide stimulation. 

 
89 Martínez-Soto J, de la Fuente Suárez LA, & Ruiz-Correa S. Exploring the Links Between Biophilic and 
Restorative Qualities of Exterior and Interior Spaces in Leon, Guanajuato, Mexico. Front. Psychol.; 2021: 
12:717116.  

Figure  27. Set of Urban Furniture, 
Conceptual Idea. 
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Å Changes of textures on the floor. 

 

Savannah Porticoes: 

Å Serve as landmarks with cultural meaning. 

Å Allow an immersive experience and creates a memorable 

narrative with a sign/message that connects the monoliths 

ñWe belong togetherò. 

Å Control of sunlight/shades for sensorial balance. 

Å Lighted Up water elements that provide stimulation and 

guidance. 

 

Trees and landscaping: 

Å Control of sunlight/shades for sensorial balance 

Å Changes of textures on the floor.  

Å Floor Interventions. 

 

 

     

 

 

 

 

 

 

 

 

 

 

Figure  29. Oak Tree Lined Road, Savannah, 
Georgia, USA 

Figure  28 Savannah Porticoes, Conceptual 
Idea 
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Individual Elements Designed: 

 

Figure  30. Representation of 3 main elements on the Architectural Intervention. 

 

5.3. On-Site Placement of Architectural Elements 

The total length of the Plaza is about 75 long x 17m wide. The intervention will cover an extension of 

28m long. 

 

 

Figure  31. View of Plaza in Google Earth 
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As we aim to create a ñProtectiveò atmosphere on the plaza, similar to the interior of the space, the 

architectural elements will be implanted to be perceived gradually from the external area towards the 

entrance of the Arcade, creating a Narrative with a Crescendo effect: 

 

 

Figure  32. Idea to Create a "Protective" Atmosphere at the Plaza 

Narratives are made of multiple memories based on experiences, big or small, that help provide 

pieces of information used to create a whole image or narrative. They are created and influenced by 

the experiences we have within the natural and built environment. 90  

 

To build our narrative, we create 3 different levels of intensity of the architectural intervention along 

the path. We started by bringing architectural elements from the interior of the building to the outside, 

such as the floor textures, while architectural elements of the proposal get closer in distance and 

increase the density of their presence, so the viewer can relate to this short and past experience 

when they arrive to Space #2. 

 
90 Finlayson, M. A., & Corman, S. R. The Military Interest in Narrative. International Journal of Language Data 
Processing; 2013; 1-2: 173-91. 
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Figure  33. Sequence of progressive appearance of Architectural Elements. 

 

Level 1:  

  

Planes to be intervened are horizontal floor and vertical - lateral with a short presence of the first 

elements to appear which would be the 2 monoliths that correspond to the representation of the 

Savannah Porticoes. 

 

Such monoliths, will include an intervention on the floor, bringing to the outside the floor brick textures 

of the inside as the first gesture to create an initial approach to the Arcade Building. 
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Additionally, their vertical presence intends to create a 

very short sensation of passage, or enclosure, that 

opens again immediately after. 

 

Together, its vertical plane and floor level connect 

through the presence of one restorative element, water, 

not only visible but also graspable and activating hearing 

receptors. 

 

On the monoliths, the neutrality of the white color would 

also play a role counterbalancing the presence of the so 

many colors present along the path, the texture is 

thought to be rough, created with White Textured Stucco, emulating a wave pattern intended to create 

remembrance of fractal patterns as biophilic elements,  

 

Instead of roots of a tree, the monoliths have water features as the base above which they rise their 

verticality. 

 

 

 

 

 

Image  . Sketch with Idea for Level 1. Figure  34. Sketch with Idea for Level 1. 

Figure 37. Internal Floor Texture. Figure  35. White Textured Stucco Figure 36. Water Features. 
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Level 2:  

 

Again, the main planes to be intervened are horizontal floor and vertical-lateral, but this time with 

a longer presence of the elements involved as passersby walk. 

 

 Additionally on the left side starts to appear on an asymmetric way to provide ease to build a cognitive 

map, an intervention of the horizontal top plane, by adding new trees and shadows to the transit. 

 

 

Figure  36. Sketch with Idea for Level 2 

The density of the added architectural elements, become higher on this level; new materials on the 

floor, such as wood, and new affordances appear on the first set of urban furniture on the right. 

 

The set is designed with the intention to create a multi sensorial experience that involves visual, 

hearing and smell stimuli. 
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The design has as main intention create encounters between people, and desire to explore. The 

presence of curves attempts to distinguish their presence from the rest of the context, as if they were 

small nests where passersby can take a rest accompanied by nature that protects their back while 

they are invited to see each other and one position that allows to have visual control over the corridor. 

 

The benches attempt to raise from the floor with materials like wood and metal, while water runs 

underneath as its path create auditive stimuli. The surface that protects the back will replicate the 

texture on the monoliths described above, and include a variety of species of vegetation with different 

scents like lavender flowers. Next to the benches, there are bumps created with organic shapes that 

allow room for seating and exploring, they would be made on a fiberglass reinforced concrete with 

smooth finishing for durability and comfortability. 

 

 

 

 

 

 

 

 

 

 

 

Figure  37. Wood and Metal 
Materials 

Figure 41. White Textured Stucco Figure 40. Glass Fiber Reinforced 
Concrete 

Figure 42. Lavender Flowers. 
Figure  38. Water Features. Figure 43. Water Run 
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Level 3:  

 

Closer to the entrance of the Arcade, the 3 main architectural planes will be intervened, horizontal 

floor, vertical-lateral, and horizontal top. 

 

Elements will shorten the distances among them, increasing the perceived density of their presence. 

 

 

Figure  39. Sketch with Idea for Level 3. 

The monoliths appear again and connect through  a signage in wood that conveys a message directly 

designed to increase the imageability of the place and to serve as Landmark for orientation. The 

message We belong together has been specially designed to immerse the user in the Narrative that 

would provoke emotional states and make them feel as part of a greater whole. This is how we 

attempt to bring to life the Protective Factor ñEase of creation of cognitive map through a narrativeò. 

 

The intervention on the floor again replicates on Space #2 (exterior) the predominant floor textures 

of Space #1 (interior), while also including a second set of Urban Furniture that provides to their users 
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total control of the view above the entire passage, which has been well linked to restorative qualities 

of a space. 

 

The biggest impact is created by the shadows of the trees which look forward to balancing the sunlight 

exposition adding direct protection on this entryway. The suggested trees would provide a much 

wider top than existing palm trees, being the second as strongest stimulus that acts on the top 

horizontal plane on this 3rd level. 

 

As a valuable additional outcome, these progressive additions of architectural elements will provide 

a smoother change of the scale of perception from the outside towards the interior of the space. 

 

 

Floorplan of Experimental Condition (Proposal) and Control Condition (Original) 

 

 

Figure  40. Experimental Condition (Architectural Proposal for Space #1) 
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Figure  41. Control Condition (Original Architecture on Space #1) 
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Elements applied on the space (Experimental Condition) 

Intervention on horizontal floor and vertical lateral plane with the Introduction of Savannah Porticoes. Predominant surfaces: Bricks, White Textured Stucco 

and Water.  

Figure  42. View #2. Visualization of Level 1 
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Elements applied on the space (Experimental Condition) 

Intervention on horizontal floor and vertical lateral plane with the Introduction of Set of Urban Furniture. Predominant surfaces: Wood, Metal, Vegetation, 

Textured Stucco and Water 

Figure  43. View #4. Visualization of Level 2 
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Elements applied on the space (Experimental Condition) 

Intervention on Horizontal Floor, vertical lateral and Horizontal Top plane with the repetition of Savannah Porticoes, reinforcing their presence with a 

message, Set of Urban Furniture. And Trees. 

Figure  44. View #6. Visualization of Level 2 to 3. 
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Elements applied on the space (Experimental Condition) 

 

Increased density of the architectural elements of the proposal. Extension of the internal floor on the exterior. 

Figure  45. View #8. Visualization of Level 3 
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Elements applied on the space (Experimental Condition) 

Closing of the Passage, shorten distance between architectural elements on 3 planes, floor, lateral and top 

Figure  47. View #11. Visualization of Level 3 Figure  46. View #8. Visualization of Level 3 
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6. EXPECTED FINDINGS AND DISCUSSION 

This section presents the expected outcomes addressing neural correlates of experiencing changing 

atmospheres in a transition of successive spaces in a plaza.  First, we summarize the expected 

findings of EEG research. Second, addressed the other, we review other expected 

neurophysiological findings. And finally, in a special section, we zoom in on the relatively new field of 

cognitive-neuroscience research applied to architecture. 

6.1. Neurophysiological measures 

This research is focused on the momentary experience of the built environment as it manifests in the 

human neural system91. We expect a build-up in the emotional intensity leading towards the in-

between S1-S2 spaces, and in the S2 the intensity is expected to diminish.    

We expect to observe that in the moment of the stepping into the border (edge) between S1 and S2, 

there will be a short and intense peak of the Beta frequency. There is little understanding as to the 

individual origin of EEG brain activities, most literature suggests that the EEG is the sum of all 

combined neural processes of the brain. However, limited literature has suggested that alpha activity 

is related to processes involving attentive processing whilst beta activities reflect activities involving 

cognitive processing of the brain.  It is possible also, that at the beginning of the experiment, and in 

some instances in a few other key-moments of their navigation through S1, where they thought 

and perhaps inquired with curiosity what was ahead intense brief peaks of Beta activities will be 

observed. We expect that these peaks will diminish in the second and third run of the experiment.    

When a participant comes across other people, we expect that this will show o as an intense cognitive 

function with the Beta increased, and in most cases, this will associate with a transient increase 

of the theta/alpha range activities. Such Increases in theta/alpha range activities have been reported 

to be associated with cognitive and memory performance.   

 
91 Azzazy S, Ghaffarianhoseini, A., GhaffarianHoseini, A., Naismith, N. & Doborjeh, Z. . A critical review on the 
impact of built environment on usersô measured brain activity. Architectural Science Review 2021; 64:319-35. 
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Regarding the other measurements, we expect that HR variability might increase, but perhaps not 

the overall level, this probably might be related to the movements of the individual in the chair.  We 

do not expect changes in temperature or breathing rate.   We do expect an increase in the sense of 

protection in S2.   

6.2. Caveats  

No method comes without limitations. Powerful and elegant as cognitive neuroscience may appear, 

its methodology also includes different costs that can compromise the available evidence.  Caveats 

include the temporal and spatial resolution, ecological validity, a reductive bias, and limited 

implications for educational practice.  First, and perhaps surprisingly, the extreme sensitivity of EEG 

measures, positive on one side, introduces of course a number of limitations to the experimental 

setup. For example, in EEG research, already the slightest motions like a blink or moving the nostrils 

creates severe data artifacts. Research projects thus often lose a considerable amount of data 

because participants had not been motionless enough while their neural activity was recorded 92,93. 

This is particularly detrimental if we consider the financial costs of data collection and if we consider 

that cognitive neuroscience often works with small sample sizes.  To cover for this data loss, even 

higher and stricter experimental controls are developed, implemented, and employed.  The fact that 

EEG is so sensitive to small motions causing artefacts means that the ecological validity is easily 

compromised: the sensitivity to motion restricts the possibilities for ecologically valid experiments.  

Cognitive neuroscience  is  interested  in  the  neural  correlates  of  behavior,  cognition, and  

emotion94.   

Epistemologically, from a neuroscience perspective, reactions to perception of environment tends to 

be reduced to changes in electrical activity or blood flow. While this can render fascinating findings, 

other important ingredients of architectural experience could be ignored. Certainly, all research is 

 
92 Ansari D, De Smedt, B., & Grabner, R. Neuroeducation - a critical overview of an emerging field. 
Neuroethihcs 2012;5:106-17. 
93 De Smedt B. Advances in the Use of Neuroscience Methods in Research on Learning and Instruction. 
Frontline Learning Research 2014;2:7-14. 
94 Ward J. The student's guide to cognitive neuroscience. New York, NY: Psychology Press; 2020. 
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reductionist95.  One must make decisions what to measure because we simply cannot account for all 

relevant aspects in a single study, and this prioritization process is driven by the merit of the scientific 

question and feasibility.  Focusing on neural levels does not imply that we uncover the neurobiological 

basis of how atmospheres affect the human and modify behaviors.  We know that the social context 

within which the individual is situated, the previous experiences with architectural typologies, 

personality, level of cognitive performance will influence in the processing of atmospheres. In 

describing this reductive bias, Lehtinen96 notes: ñBecause of the impressive technical development 

of brain research during the last two decades (...) many neuroscientists have quite a strong tendency 

towards downwards reductionism. This reductionism stems from the idea that research registering 

brain processes with complex technical tools finally opens up a real scientific approach to learning 

research.ò  

Among the strengths of this study is the combination of approaches in mixed-method or multi-method 

designs that allow for the triangulation of units of analyses, which can inform a theory of impact of 

architectural transitions that encompasses different analytic levels beyond what is evident from  single  

method  approaches  like  EEG.  

 

7. CONCLUSIONS  

As a final resolution of this Thesis, we have realized how the intention to create Feeling of Protection 

could serve as a compass in the right direction for the recently created field of Neuroscience Applied 

to Architectural Design. 

 

 
95 Lehtinen E. Learning of complex competences: On the need to coordinate multiple theoretical perspectives. 
In: A. Koskensalo JS, A. Huguet & R. de Cillia, ed. Language: Competencies ï Contact ï Change. Berlin: LIT 
Verlag; 2012:13-27. 
96 Lehtinen E. Learning of complex competences: On the need to coordinate multiple theoretical perspectives. 
In: A. Koskensalo JS, A. Huguet & R. de Cillia, ed. Language: Competencies ï Contact ï Change. Berlin: LIT 
Verlag; 2012:13-27. 
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The possibilities of exploration on the perception of Atmospheres have opened up widely for us, when 

wondering about the influence of immediately preceding spaces in the perception of one said 

Atmosphere.  

 

The results of the experimental process suggested would provide specific insights on the 

neurophysiological responses of a space that feels more or less Protective, and how this sensation 

can be influenced by immediate previously visited/contiguous spaces, which we considered would 

be a significant contribution to the understanding of our perception of spaces. 

 

Additionally, the design of our experiment, the theoretical basis and the architectural design process 

proposed could serve as a methodology for upcoming researchers and designers. 

 

For the field of Architecture, it is also useful to understand a new way to approach the design of 

architectural transitions and to provide a smoother change of scale from the exterior to the interior of 

a building.  

 

8. PERSPECTIVES 

The benefits of applying cognitive-neuroscience methods in research on architectural design relate 

to the extension of behavioral research, high temporal and spatial sensitivity, and high levels of 

control. We elaborate on each of these benefits in turn. First, cognitive neuroscience affords different 

units and levels of analysis; these, in turn, make visible some of the neural correlates underlying 

cognitive processes that would not be accessible with behavioral measures97. Framing this 

triangulation, Stern and Schneider98 introduced the metaphor of a digital road map: with cognitive 

 
97 Ansari D, De Smedt, B., & Grabner, R. Neuroeducation -a critical overview of an emerging field. 
Neuroethics 2012;5:105-17. 
98 Stern E, & Schneider, M. A digital road map analogy of the relationship between neuroscience and 
educational research. . The International Journal on Mathematics Education 2010;42:511-4. 
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neuroscience, researchers can zoom in to the neural levels of cognition and perception and examine 

processes inside the human brain. 

 

The generalizable inferences that could be obtained with the implementation of the experimental 

design can inform researchers when developing and testing theories of impact of built environment 

on the human mind and nervous system. Neuroscientific findings thus have the potential to inform 

neuroarchitectural research in two ways. First, they can be used to test the predictive validity of 

existing models and theories, for example on how restorative spaces influence wellbeing99,100.  

Second, they can be used to develop novel theories to account for differences in reactions to 

architectural design revealed by methods of cognitive-neurosciences; differences that would have 

remained unobservable with behavioral methods alone. Finally, it is possible that new targets for 

medications for diseases such as epilepsy or neurodegeneration are found.   

 

It seems logical to envision that there will be a triangulation among neuroscientists, architects and 

designers and those that specializing in the study of architecture and the nervous system. Each one 

will have agency as political actors and ñdefendò  their methods  against  the  influences of concurrent  

academic  realms101 so it will be an  interesting observation to  see  if  and  to  what  extent  expertise 

researchers  will  (continue  to) embrace methodological  triangulations  and combine cognitive  

neurosciences with other method approaches in their studies for the purpose of theory development 

and evidence-based architectural design. 

 

 
99 Thwaites K, Helleur E., & Simkims I.M. Restorative urban open space: Exploring the spatial configuration of 
human emotional fulfilment in urban open space. Landscape Research 2005;30:525-47. 
100 Abdelaal MS, & Soebarto, V. Biophilia and Salutogenesis as restorative design approaches in healthcare 
architecture. Architectural science review 2019;62:195-205. 
101 Al Lily AE, Foland, J., Stoloff, D., Gogus, A., Deniz Erguvan, I., Tomé Awshar, M., Tondeur, J., Hammond, 
M., Venter, I. M., Jerry, P., Vlachopoulos, D., Oni, A., Liu, Y., Badosek, R., López de la Madrid, M. C., 
Mazzoni, E., Lee, H., Kinley, K., Kalz, M., ... Schrader, P. G. . Academic domains as political battlegrounds: A 
global enquiry by 99 academics in the fields of education and technology. . Information Development 
2017;33:270-88. 
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Do we expect that studies from neuroscience applied to architectural design would be directly 

applicable and informative for re-designing environments?  We think that even though we need to 

work hard in this direction, it is necessary deemphasize the hopes that many practitioners have when 

they read that finally, once we understand the brain, we understand how we can design a building. 

óHow will I be able to apply this knowledge?ô architects may argue.  There is, in our view, no reason 

to expect that neuroscience research, will determine directly how architectural design should take 

place. Thus, cognitive or applied neuroscience to architectural design may have a very limited impact 

on design practices right away. Does this mean we should not conduct this kind of research? Certainly 

not, but we should, perhaps, rethink how to convey the importance of the research and the 

expectations about what neuroscience can do to improve our built environment.  

 

Not less important is that medical professionals and biomedical researchers need to be informed of 

the processes of architectural design.  This is considered a significant research shortage since the 

interference and input of medical professionals on the development process of the built environment 

is minimal102. With this ever-expanding understanding of how and why humans react to environmental 

stimuli in built spaces, findings in neuro-architecture will increasingly inform design strategies and 

decisions, but also hopefully, therapeutic decisions to individuals with specific brain disorders in which 

perception is altered.  A better understanding also will provide foundation knowledge as how the 

essential relationship between our inner self and the surroundings that underlies our behaviour103. 

Neuro-architectural studies architecture in terms of the effect of the built environment on the human brain: 

What is it about a designed space that affects the human brain and how might understanding the response 

of the brain lead us to improvements in architecture in the future104 

 
102 Azzazy S, Ghaffarianhoseini, A., GhaffarianHoseini, A., Naismith, N. & Doborjeh, Z. . A critical review on 
the impact of built environment on usersô measured brain activity. Architectural Science Review 2021; 319-35. 
103 Proulx MJ, Todorov OS, Taylor Aiken A, and de Sousa AA. Where, am I? Who am I? The Relation 
Between Spatial Cognition Social Cognition and Individual Differences in the Built Environment. Front. 
Psychol.2016:7:64.  
104 Dougherty BO, and M. A. Arbib. The Evolution of Neuroscience for Architecture: Introducing the Special 
Issue. Intelligent Buildings International 2013;5:4-9. 
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9. APPENDIX  

A1 Comparison of sequence of 14 Images between Control and Experimental Condition. 
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