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We spend approximately 90% of our time within a built environment, whether it is in our homes, offices, schools, city parks, or public
spaces. This bears significance, as we are equally shaped by both our genetic makeup as well as our environment, which brings into
question of how we experience space, and in turn how these experiences impact our behaviour. To gain a greater understanding of
these impacts, neuroscience seeks to root out the principles of biological mechanisms involved in consciousness, spatial navigation and
environmental stressors. However, the use of these principles is not discussed extensively within the curriculum of undergraduate or
graduate architecture programs in North America. This paper aims to highlight that such information is critical to the advancement of
evidence-based design by acknowledging the role of conscious awareness within space. An observable shift in the design community in
collaborative neuroscience research can be seen in multi-sensory and virtual reality labs being constructed into design firms within North
America. This review stipulates that architecture students should be prepared for the changes in quantifiable research and perceptual data
collection coming to their field by examining the importance of neuroscience research in perception and consciousness. Architecture
students who can interpret scientific research will not only have the advantage of a greater understanding of the human condition within

space, but they will also be able to evolve the standard of design.

INTRODUCTION

Architects have long sought to inspire creativity, ingenuity, wor-
ship, community and awe using the tools at their disposal. Homo
faber, “Man the Maker”, crafts his environment, thereby control-
ling his fate. As a result of human ingenuity, we now spend over
90% of our time within a built environment crafted to suit our
needs (Janda & Janda, 2017). Design is inspired by societal re-
form and scientific exploration expressed as an art form in itself.
If architecture is an expression of creativity as a mean to reflect on
the human condition, one might argue that such a reflection can
also be found within neuroscientific exploration of the mind. As
we come to understand the biological mechanisms of perception,
consciousness and their residual impacts on mental and physical
health, there is question of how our environment might in turn af-
fect those mechanisms.

Perception of space relies upon conscious awareness: the abil-
ity to receive and comprehend exterior and interior stimuli through
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the use of the Global Workspace Theory. A good example of the in-
terjection of neuroscience and architecture can be found in spatial
navigation research. Scientific authors are capable of identifying
floor patterns that are most and least useful to way-finding. Studies
have also found that computer game and virtual reality architects
may play an integral role in retaining memory and attention in el-
derly populations (Optale et al., 2010). Architectural students can
benefit from a greater understanding of the impact of environmen-
tal stressors on biological mechanisms. Chronic stress response is
one of the most pressing design problems as it may increase the
risk of psychobiological disorders such as immune deficiencies, ir-
ritable bowel syndrome, depression, and anxiety (Hammen, 2015).

Neuroscience research permits an objective review of the us-
ability and mental health impacts of space. “An informed archi-
tect could use this research as a means for evidence-based design
(EBD), a concept which seeks to ratify design standards of the built
environment by incorporating research from multiple disciplines
into the design process.” However, of the 113 post-secondary ar-
chitecture institutions in North America, only the New School of
San Diego offers students a certification program, which applies
neuroscience principles to evidence-based practice (“Certificate
in Neuroscience for Architecture” 2017). Although EBD is cur-
rently taught in many programs geared towards renewable/sustain-
able/green buildings, a truly multidisciplinary approach to EBD
involves neuroscientific, psychological and economic research to
guide design, a method commonly used in healthcare facilities to-
day (Ulrich, Zimring, & Zhu, 2008).

Students in architecture are entering a field which is now ex-
ploring ways to make use of neurobiological data analysis involv-
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ing environmental stimuli to achieve EBD. This review stipulates
that architecture students will benefit from a greater understanding
of conscious perception towards health-centric design. This will
also allow them to collaborate with multisensory and virtual real-
ity labs along with other cutting edge design firms and academic
institutions merging neuroscience research into design.

Neurological Influences of the Environment on Health
Consciousness is perhaps the most important existential question
that has yet to be solved. It is described in a number of ways in
relation to philosophical, psychological, and neuroscientific in-
terpretation. It is broadly defined as “the mind”, the perceptual
awareness of external and internal stimuli, which influence cog-
nitive activity (Searle, 2000). Consciousness is often considered
separate from other neurological mechanisms that humans share
due to its qualitative and subjective nature. The majority of con-
sciousness research has been conducted on the verbal and behav-
ioural assessment of participants. These findings can be question-
able as we all experience our environment, our personalities, and
our memories differently thereby increasing the chance of error
in experimental findings. However, consciousness is an entirely
biological phenomenon and subjective ontology challenges, but
does not prevent an objective scientific research. The breadth of
this field touches upon multisensory interpretation, memory recall,
attention and various cognitive mechanisms; however, this section
will focus on the conscious effects of our environment on way-
finding and stress.

Through the use of electroencephalography (EEG) and
functional magnetic resonance imaging (fMRI), neuroscientists
attempt to identify the neuronal pathways, which produce the
conscious experience. The Global Workspace Theory (GWT) is
widely accepted in the scientific community to be representative
of conscious and unconscious processes (Prakash et al., 2008). It
is similar to the concept of working memory in that GWT proposes
experience to be momentary and subjective. Multisensory stimuli
(conscious) are initially interpreted by various cognitive processes
(unconscious), which is referred to as the “receiving process”. This
information can then be used to produce a movement, emotion, or
behaviour. GWT lends itself quite readily to computational mod-
eling and can distinguish the brain regions impacted by competi-
tion of sensory modalities (e.g., a video and its audio being out of

sync).

Way-Finding and Spatial Awareness

There are a multitude of research initiatives involving the brain
and behaviour within the environment. Way-finding will be used
as a practical example to showcase the power of design as a psy-
chobiological influencer on behaviour and health. Way-finding is
the neurophysiological experience of self while navigating the
environment. This biological mechanism allows us to locate our-
selves within space by taking in information from visual and audi-
tory cues while simultaneously utilizing stored spatial memories.
The environmental cues paired with spatial memory then allow for
a decision to be made via limb movement and body axis direction

(Macagno, 2014). Way-finding is a particularly relevant tool in
design as spatial alignment efficiency can either aid navigation or
cause confusion and unease within the built environment.

Way-finding can be categorized by the activation of neuro-
nal pathways that create a cognitive mapping system. Nobel Prize
laureate John O’Keefe and Lynn Nadel researched hippocampal
cell signalling in rats. They found that specific groups of neurons,
termed “place cells”, fired when rats either tasked with location
recall or object recall (O’Keefe & Nadel, 1978). The authors
stipulated that place representations within the hippocampus were
activated together depending on the physical and perceived dis-
tances between places. Later on these findings formed the basis
of the theory of “grid cells”, place-modulated cells in the presu-
biculum and hippocampus which fire in a crystal-like fashion in
conjunction with head-direction neurons (Boccara et al., 2010).
The discovery of hippocampal involvement of place cells and grid
cells has offered a fascinating insight on the way we understand
geometric boundaries, spatial memory and directional movement.
These findings may be especially significant to architects when
considering the effects of floor misalignment on the perception of
our environment. Designers may also take advantage of research
involving the deterioration of the aging hippocampus which im-
pacts spatial memory in the geriatric population.

One of the ways that a building is considered a success is
in the functional ease of navigation. There is a positive correla-
tion between the perceived figural complexity of space and how
the actual space reflects that perception (Weisman, 1981). If
misaligned, the spatial structure of the built environment can be
known to cause cognitive dissonance with way-finding. A study
performed in 2004 by Werner and Schindler studied this effect
via the use of a computer program simulating various aligned,
misaligned, connected and disconnected floor plans (Figure 1).
Fifty-six participants familiarized themselves with a digital in-
terface and an assigned floor plan. They were then instructed to
find five target objects within the span of five minutes (Werner &
Schindler, 2004). The authors found that misalignment to a central
reference frame reduced the speed of accuracy in finding objects
by 25% as compared to aligned floor plans. When participants
were asked to point in the direction they believed an object might
be according to a specific floor plan their pointing error was on
average greater for misaligned than aligned floor plans (Werner &
Schindler, 2004). These findings represent an exciting example of
how neuroscience can interject itself into architectural education.
The orientation of a floor plan can directly impact the usability
and positive experience within space, this information can help
disseminate patterns of design that are more efficient, thereby re-
ducing spatial dissonance.

Finding our position within space is directly impacted by
our ability to recall the layout and landmarks of our environment,
and this ability deteriorates significantly with age. From approxi-
mately 50 years onwards, MRI scans reveal a decline in white
matter volume, reaching up to 26% in reduction at 90 years old
(Gunning-Dixon, Brickman, Cheng, & Alexopoulos, 2009). This
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Figure 1. 16 floor plans, the top two rows are connected (at 0° and
45°), the two rows at the bottom are disconnected floor plans (at 0°
and 45°) (Werner & Schindler, 2004). Findings suggest that aligned
floorplans reduce effort to establish spatial navigation.

cell loss is detrimental to hippocampal functioning, the principle
region responsible for spatial memory in regards to navigation and
orientation. However, research suggests that enriched environ-
ments have positive neurological benefits for the geriatric com-
munity. Researchers took a novel approach of using virtual reality
(VR) to determine the possible effects on cognition and memory
(Optale et al., 2010). The participants, a median age of 80 years old,
were placed in either a VR memory training experimental group or
control group for 6 months. The VR training involved simulated
visuo-auditory environments and focused on way-finding scenes.
The authors found that participants treated with VR memory train-
ing had better long term memory and cognitive functioning than
the control group which they theorized may have been caused by
a boost in attention capabilities. Way-finding and memory training
using virtual reality environments designed using perception based
learning programs can be used to reinvigorate spatial memory re-
call.

How we design our built environment influences the ways that
we behave within that environment. There should be an education-
al focus on tested principles in way-finding to promote evidence-
based design. Using research, we can disseminate the floor plans
that generate the greatest positive response to navigation within
space. When considering aging populations architects can assist
virtual reality programmers in creating enriched environments that
can improve spatial memory.

Impact of Environmental Stressors on Health

The stressors within our environment can shape our health. This is
particularly true of how chronic stress can cause immune deficien-
cies and increase susceptibility to psychobiological disorders. The
hypothalamic-pituitary-adrenal (HPA) axis is the pathway which
mediates stress response. As a survival tactic, HPA axis activation

causes physiological changes such as disruption of the digestive
system, vasodilation and the release of adrenaline. The HPA axis
secretes glucocorticoid cortisol, an anti-inflammatory response
hormone, to suppress inflammatory cytokine production. This can
be accomplished by inhibiting pro-inflammatory gene promoters,
blocking in cell cascades effects, and antagonizing protein-protein
interactions which mediate cytokine production (Slavich & Irwin,
2014). Under chronic stress circumstances we can observe a glu-
cocorticoid resistance, as immune cells become less sensitive to
anti-inflammatory mechanisms, causing an inability to properly
regulate rising cytokine levels (Schleimer, 1993). Inflammation
also causes an up regulation of enteroendocrine cells which pro-
duce serotonin, permeating the sympathetic response of the HPA
axis (Spiller et al., 2000). Therefore, chronic stress can cause im-
mune response irregularities, which can in turn increase suscep-
tibility to common viral attacks and functional disorders, and di-
minish our capacity to mitigate future stress responses.

The immune system is the body’s first line of defense against
viral, pathogenic and bacterial infections. This is accomplished by
first detecting the agent, and then sending neural and endocrine
signals to the brain. These signals up regulate the creation of in-
flammatory response cytokines IL-6, IL-1, and TNF-a to the af-
fected area in an effort to contain the infection (Slavich & Irwin,
2014). Genetic predispositions towards inflammation and stress
response inhibition combined with the impact of environmental
stressors have been connected to an increased risk to functional
disorders such as irritable bowel syndrome (IBS) (Drossman, Ca-
milleri, Mayer, & Whitehead, 2002). It is estimated that approxi-
mately 10-25% of the population is affected at some point but only
30% of those suffering from IBS are likely to seek out treatment
(Drossman et al., 2002). Overexposure of proinflammatory cyto-
kines and cortisol may also increase susceptibility to heightened
states of anxiety and depression. Furthermore, deregulation of the
HPA axis can impact synaptic plasticity as well as dopaminergic
and serotonin output within the striatal areas, the amygdala, and
the hippocampus (Hammen, 2015).

Furthermore, maladaptive stress response can be transmitted
through transgenerational epigenetic modification. In rodent and
primate models, we can observe prevalence in genetic expression
instigated by stress response across multiple generations (Franklin
etal., 2010). Studies have shown that unpredictable home environ-
ments in rats can reduce SHT 1A receptor expression in the dorsal
raphe nucleus in descendants (Franklin et al., 2010). This change
in receptor expression is akin to the pathogenesis seen in antisocial
behaviours and personality disorders (Gudsnuk & Champagne,
2012). Vulnerability to stress induced psychobiological disorders
is perhaps the most urgent health contingency that neuroscience
research can address in the greater development of evidence-based
design architecture.

EVIDENCE-BASED DESIGN
Evidence-based design (EBD) involves the use of clinical research
in the design concept of the built environment to improve health,
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productivity, and economic outcomes. It is a relatively new ap-
proach as it prioritizes objective and quantifiable results. EBD
utilizes mounting research from neuroscience, environmental
psychology, architecture, and behavioural economics to produce
a framework of desired outcomes from our buildings. This sec-
tion will review the process of EBD in addition to the architecture
curriculums integrating of neuroscience and architecture. Further-
more, there will be an observation of the benefit of EBD in the
design of health care facilities.

EBD and Neuroscience

There are a multitude of comparisons in the way science and de-
sign curriculums measure feasibility of findings and outcomes.
Scientific concepts must be grounded within specific methods in-
trinsic to their validity. Publication of findings is critical to the
advancement of research as it allows for objective review. The ar-
chitectural approach differs as the interpretation of design is often
subjective when considering the cultural and artistic ramifications
of a structural landmark. Design is often led by trend or form, a
novel build is often praised for its avant-garde design and empha-
sis on function can be perceived as a detriment to creativity. How-
ever, neuroscience research involving perceptual stimuli and its
impacts on behaviour and health can be used to improve the cur-
rent practice. As in scientific exploration, architecture may see its
greatest advancements once design research is integral from build-
ing conception to measured impact and publication of findings.

A truly progressive curriculum expands onto scientific dia-
logue, which seeks to validate how to best enhance the human ex-
perience and eliminate the designs that are not beneficial. Students
must understand the components which are conducive to those hu-
man experiences in order to conduct an evidence-based practice of
responsible design. One post-secondary curriculum which stands
out amongst others in terms of neuroscience and architecture in-
tegration is the New School of Architecture in San Diego. This is
the first educational institution in the world to offer a certificate
program in Neuroscience for Architecture (“Certificate in Neuro-
science for Architecture” 2017). The courses focus on four arcas
that involve evidence based design practice. Students learn about
environmental psychology, which is the quantifiable relationship
between environment and behaviour. There is also an overview
of the neurological components responsible for sensory and cog-
nitive responses, which permit human experience within space.
Students have access to neuroscience seminars focus on how to
best improve health care facilities, educational, spiritual, and cor-
porate environments using neuroscience principles. The integra-
tion of these concepts is further solidified with studio time geared
towards applying these principles towards the built environment.

This program was developed by fellow of AIA and founder
of the Academy of Neuroscience for Architecture (ANFA) John
Eberhard, along with Dr. Eve Edelstein, PhD in Neuroscience and
MA in Architecture. Both have extensive backgrounds in research
and practical application of neuroscience within the built environ-
ment. Eberhard is the author of such behavioural neuroscience and

architecture books such as “Inquiry by Design”(with John Zeisel,
2006), “Architecture and the Brain” (2007), and “Brain Land-
scape” (2008). His involvement in promoting neuroscience based
EBD led to the creation of ANFA, a nexus of both fields in collab-
oration and research. Dr. Edelstein is the world’s first PhD Neuro-
scientist with a master in Architecture. She has contributed to over
43 scientific papers involving the impact of the environment on
the body and brain. As a faculty member of the New School, Dr.
Edelstein is educating architecture students on the concept of the
built environment as a psychobiological influencer on behaviour
and health. She is also the founder of Innovative Design Science,
which is a design firm that specializes in implementing neurosci-
ence research, virtual reality mock-ups, on-site design studies, as
well as pre- and post-occupancy evaluations of the build. Students
in San Diego are privileged to take part in a new approach towards
architectural education, as they will come to understand the ben-
efits of neuroscience and EBD in creating better buildings for its
occupants.

The Role of EBD in Healthcare

EBD is most commonly used in the design of healthcare facili-
ties. This may be due to the higher risks associated with hospitals
which demand informed design to minimize loss. The concept of
EBD first emerged in the 1960s as American and British health
care providers measured the impact of spatial alignment and way-
finding of floor layouts on staff productivity (Clipson & Johnson,
1987). Today, its method has been widely adopted by health care
providers across North America. Notably, the US military Health
System has constructed over 70 hospitals totalling $6 billion
dollars in construction (Ulrich, Zimring, & Zhu, 2008). EBD in
healthcare focuses primarily on four components: mental health
improvement for patients and staff, patient recovery, staff produc-
tivity, and the use of evidence-based metrics.

The Center for Health and Design has provided a universal
list of guidelines to perform EBD in healthcare facilities. The first
step involves a literature review of neurological, psychological,
architectural and economic research in relation to the problems
the project is attempting to solve. Financial operations also need
to be considered in association to multi-year investment returns
and cost-effectiveness of design options. SWOT analysis is used
as a decision-making tool in the placement of technical and safety
healthcare features. Furthermore, the design team is heavily in-
volved with patients and staff in regards to surveys, simulations,
and pre- and post-occupancy evaluations. The goal of this method
is to acquire as much information as possible in regards to healing
environments to guide the construction of the facility.

The impact of EBD in healthcare is that of a measureable im-
provement in health outcomes, which leads to a reduced chance
of infection and medical error, thereby reducing the length and
cost of a patient’s stay. Researchers performed a meta-analysis
of healthcare facility layouts and patient recovery time (Ulrich et
al., 2008). The findings suggested that single patient rooms re-
duced the chance of infection, allowed for better communication
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with staff, and length of stay (Ulrich et al., 2008). The Agency
for Healthcare Research and Quality (AHRQ) is currently lead-
ing the way in EBD by lobbying for the health and economic re-
search in hospital design. The center advocated the use of EBD
as a means to reduce avoidable incidences by using single patient
room layouts, acuity-adaptable rooms and accessible nursing sta-
tions (Shoemaker & Kazley, 2010). The AHRQ also mentioned
that too often there are no clear, measurable or expected outcomes
for large design projects. Although EBD demonstrates these fea-
tures readily, it is not widely adopted throughout the field of de-
sign (Shoemaker & Kazley, 2010). These concepts are beneficial
to more than just the healthcare community as the use of EBD
can transfer over to all building types and occupancy groups to
improve living standards.

An understanding of scientific analysis impacts the ability
for designers to implement the important research of perceptual
awareness, behavioral interaction and consciousness into the con-
ception of various structures. Educating architecture students in
neuroscience allows for an EBD approach to be implemented in
all areas of design. If students are more experienced with research
and foster a greater awareness of the use of measurable impacts on
health, they will be equipped with the knowledge to push design
standards forward.

CONCLUSION

The future of architectural design will depend upon the advance-
ment of evidence-based design and the inclusion neuroscientific
research regarding the human experience within space. Studies
involving consciousness and the Global Workplace Theory can be
used to teach design students about neural correlates which permit
conscious awareness (Mallgrave, 2010). A fitting example of neu-
roscience in architecture is found in the research involving spatial
navigation and way-finding. The alignment of floor plans and their
feasibility can be monitored and designed to permit the greatest
ease in locating one’s self within a build environment. The aging
population may also be presented with virtual reality experiences
designed by computer game architects to improve memory and at-
tention capacity (Optale et al., 2010). Neuroscience research may
also be used to study the effect of environmental stressors on men-
tal health. Students, receiving an overview of chronic HPA axis
activation and its role in psychobiological disorders such as IBS,
depression, anxiety and transgenerational modifications, have a
responsibility to minimize the impact of stress in our daily lives
through responsible design. Should students be more aware of the
influence of design on the health mechanisms that allow conscious
interpretation to take place, they would be more capable to partici-
pate in evidence-based design practices.

There is only one architectural program in North America
which offers a Certificate in Neuroscience for Architecture; it is
offered at the New School of San Diego. Students come into con-
tact with the benefits of EBD with courses on environment and
behavior, an overview of the conscious response within space,

neuroscience seminars, as well as studio time dedicated to the
merger of both disciplines (“Certificate in Neuroscience for Ar-
chitecture” 2017). EBD is currently taught in many Architectural
programs, but the course work only relates to the use of energy
efficiency research to increase sustainability rather than neurobio-
logical research to enhance perceptual experience. However, the
application of neuroscience principles in EBD is widely accepted
in one area of architecture today, healthcare facilities. The multi-
disciplinary approach involves extensive background research,
patient and staft health, and economic feasibility by implementing
design standards that will reduce the length and cost of a patient’s
stay. The methods used in the design of healthcare facilities and
their measurable outcomes can be applied to any building type.
Designers working specifically within EBD using neuroscience
research demonstrate that the methods can be taught in architec-
tural programs to promote responsible design.

The limitations of the present research involve the subjective
nature of the conscious experience. The greatest challenge to the
application of neuroscience as a tool in EBD involves its accep-
tance within the architectural community. Neuroscience and EBD
are generally found within healthcare design as the planning, fi-
nancial, and life risk implications are extensive. The design pro-
cess is much greater and more time consuming than other builds
on average. However, students stand to benefit from scientific in-
corporation within design, if only to have a better understanding
of the impact of their work.

The future directions of the merger of these two fields involve
the use of interactive labs funded by governmental agencies and
architecture firms in collaboration with academic institutions.
Public access to design research will improve social welfare by
eliminating the design standards that are not conducive to occu-
pant health and wellbeing. Architecture firms will need to look at
the impact of their builds and become accountable for their health
impacts. This may be accomplished by performing post-hoc anal-
yses, animal and human lab research, retrieving foot traffic sensor
data, satisfaction surveys and virtual reality prototyping. Before,
we could look at architecture as a balance between form and func-
tion, which mostly based on what we feel rather than what we can
prove as the science was not present. Allowing design to go on
without accountable measures of perceptual adaptation when they
are now becoming available through research negates advance-
ment within the field and students should be ready for the changes
to come in their profession.
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