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Background: Architectural space has many effects on human mental and physical health. From a
cognitive perspective, some effects are self-conscious and visible in behavior, while some are hidden
and their understanding requires meticulous analysis. The range of effects is from positive to
negative. Many studies have been conducted in the field of environmental psychology, but due to the
use of traditional methods, they failed to provide an answer to explain how architectural space affects
the brain. Today, with the emergence of the new trend of neuroscience, the way of this effect has
been clarified.

Aims: The current research was carried out with the aim of identifying the cognitive effects of
architectural space on brain activities based on neuroscience and sought to clarify the different levels
of short-term and long-term effects of architectural space on the brain.

Methods: The current research has achieved the purpose of the study through qualitative approach
and a descriptive-analytical research method, using the review of existing sources and studies, and
has specifically addressed the effects of architecture on cognition and brain activities. The study
period was between January 1st. 2010 and December 22nd. 2020. The following databases were used:
Science Citation Index Expanded, Social Sciences Citation Index, Arts, and Humanities Citation
Index, and Emerging Sources Citation Index.

Results: The results of the research indicate that the architectural space can be categorized in three
different levels in terms of the importance of the effects from simple to complex. At low level,
architectural space affects metabolic settings, basic and immune responses; at middle level, it affects
orientation and stress; and at high level, emotion, memory and attention are affected by architectural
space.

Conclusion: It seems that the current research field is a step in the direction of clarifying the effects
of architecture for the researchers of environmental psychological fields and opens a clear path to
achieve a healthy space in this field.
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Introduction

Human beings have strong interactions with the built
environment (Horayangkura, 2012; Lang, 1987) and
they give many unconscious responses to the built
environment (Rock, 2009). Architectural space
affects users on different levels. This interaction is
proposed as an architecture-individual relationship
which can change people; people can also change
spaces and shape the individual-architecture
relationship. Therefore, this relationship is a two-way
path (de Paiva and Jedon, 2019). In addition,
according to Gage (2003), "Changes in the built
environment can change human brain; therefore,
environmental planning and designs change our
living space, our brains, and our behavior."

Recent scientific evidence claims that the brain and
nervous system point to the multisensory nature of
users' architectural experience. Pertinent experiments
in this field have revealed that architectural
perception has fundamental mental and emotional
values that are embodied in biological nature
(Vartanian et al., 2013, 2015; Wiesmann and Ishai,
2011; Kirk et al, 2009). Architects and
environmental psychologists have long been aware of
the importance of the impact of architectural space on
human beings (Rock, 2009). The history of research
about the interaction of the built environment with
humans dates back to the decline of modernism
(Lang, 1987, Rapoport, 1977).

At that time, traditional techniques such as
observation and questionnaires were used. Although
researchers can directly ask people about their
opinions and feelings in the architectural space, the
ability to process information consciously is less than
1% of the ability to process unconsciously
(Eagleman, 2011). Most stimuli affect the
subconscious level, though. Therefore, using
traditional techniques based on self-awareness are
incomplete. However, with the advancement of
technology, modern sciences such as neuroscience
have provided a new field for the development of
environmental research in cooperation with architects
(Eberhard, 2007, Robinson and Pallasmaa, 2015,
Zeisel, 2006).
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"Neuroarchitecture” uses modern tools and
techniques to quantitatively measure human
responses to the environment. The researchers have
discovered the reason for human responses to the
environment; they have also managed to measure
physical changes in the body, physiological changes
such as the activation of certain areas of the brain,
changes in the level of hormones and blood
circulation under the surface of the skin which occurs
as a result of the interaction between the brain and the
built environment. The impact of the built
environment is not the same for everyone; personality
traits and social characteristics affect people as well.
However, the architectural space plays an important
role in changing human behavior and emotions.

The amount of effects depends on the presence time
in the built environment and sometimes it affects the
person unconsciously, which causes physical and
mental diseases in the long run. Therefore, the hidden
and profound impact of architecture on humans
cannot be ignored, and the necessity of research in
this field should not be neglected.

Method

The current research seeks to clarify the effects of
architectural space on human brain. It is noteworthy
to realize that the way people adapt to their physical
environment is different in terms of genetics,
memories, cultural and personal experiences,
frequency and length of exposure to the environment.
Moreover, type of activity is different in each space.
As aresult, due to diverse variables affecting humans,
it is difficult to study the effects of the built space (Di
Payavar and Jadoun, 2019). However, among all the
influential variables, the presence time in the
architectural space is the simplest and the most
controllable variable to check and measure.
Therefore, in the current study, the time spent in the
architectural space has been studied as a variable for
measuring the effects of the architectural space on the
brain. Changes can be divided into short-term or long-
term based on the time of occupying a space and the
duration of the effects.

The word "exposure™ was emphasized in the
architectural space because physical space is a
stimulus that people can be exposed to. Exposure to
architectural space can be active, or passive, like
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learning at schools. When people are exposed
(actively or passively) to a stimulus or set of stimuli,
they can be affected by them. Therefore, the word
"effect” was emphasized to examine the long-term or
short-term effects in the research.

In the research process, the screened information only
examines the architectural space. The basics related
to urban, geographical and social studies were
removed. In order to collect information based on the
stated principles, previous literature review and
findings were used through a qualitative approach,
based on the descriptive-analytical method. In the
research process, information was interpreted and
analyzed via a logical reasoning strategy, and the
results were presented in the form of specific
categories of effects, and the duration of people's
presence in the architectural space.

The study focused on English resources and the
period of review was between January 1st. 2010 and
December 1st. 2020 studying the last two decades.
First, the search was started from the Web of Science
database and the following indexes: Science Citation
Index Expanded, Social Sciences Citation Index, Arts
and Humanities citation Index, and Emerging Sources
Citation Index. Two electronic databases of ProQuest
and Scopus were also examined as valid directories
for publishing empirical studies. The search was later
conducted in two Elsevier databases including
EMBASE and Science Direct. In addition, Google
Scholar and Researchgate websites were used for
manual review. The sources of the selected articles
were also reviewed to ensure a comprehensive study.
In addition to searching relevant articles, pertinent
books or chapters referring to this field have been
used as well. But conference articles, papers, reports
and dissertations were removed from the course of
study.

Results

Organisms respond to environmental changes in the
short term in order to maximize the use of resources
and minimize damages to cellular infrastructure
(Brooks et al., 2010). Therefore, environment has
many effects on humans which could have a quick
response or require a long time of occupation and a
complex interaction with the space. Immediate effects
occur as a quick reaction to architectural stimuli; in
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this case, there is no need for physical interaction with
the environment, and only understanding the space
through the five senses (sight, hearing, smell, and
touch) is sufficient to evoke immediate effects. The
effects of the architectural space depend on the
person's presence in it. With short-term presence,
short-term effects are formed in the brain, which
sometimes disappear when leaving the space, and
sometimes remain permanent. If one is exposed to a
space for a long time, the long-term effects in the
brain might seriously harm the person.

The effects of architectural space on the brain can be
revealed at different levels. At high levels, it affects
excitement, attention and memory. Emotion is one of
the main parameters affecting mental health
(Williams et al., 1988). Internal data influence
behavior (Wells and Mathews, 1994). The following
architectural components affect emotions: form and
geometry (Banaei et al., 2017), ceiling height and the
degree of spaciousness (Vartanian et al., 2013, 2015),
furniture and arrangement style (Vecchiato, Tieri, et
al.,, 2015a, 2015b), materials and texture of the
interior space (Zhang et al., 2017; Tsunetsugu et al.,
2005), connection with nature in the interior space
(Yin et al., 2019) and architectural space design
details (Djebbara et al., 2019).

Attention and memory are also very important in
educational places which are highly influenced by
architecture. Components such as wall color (Duyan
and U nver, 2016; Llinares et al., 2021b), lighting
and sound (Marchand et al., 2014), temperature
(Xiong et al., 2018), classroom width (Linares et al.,
2021a) and dimensions of the passing spaces
(Djebbara et al., 2019) affect attention. Memory is
also affected by the components of classroom color
(Beato and Di’ez, 2011), temperature (Xiong et al.,
2018) and ceiling height (Meyers-Levy and Rui,
2007). Architectural space affects orientation
(Leonards et al., 2015) and stress at middle levels.
Stress is under the influence of light components
(Partonen et al., 2000; Yamada et al., 1995), color
(Martin, 1991; Demarco and Clarke, 2001),
temperature (Lenzuni et al., 2009) and naturalism
(Hansmann and Hug, 2007; Elsadek et al., 2019;
Tyrvéinen et al., 2014). Moreover, at lower levels,
architectural space affects basic immune responses
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(Salingaros, 2015) and metabolic adjustments (de
Paiva and Jedon, 2019).

Conclusion

The results revealed that the architectural space has
short-term and long-term effects on human brain
based on the period of presence. These effects are
influential at different low levels of metabolic
settings, middle levels of basic responses and
immunity, and high levels of emotion, attention and
memory. Due to their high complexity, the high levels
can even change the mood. Being exposed to an
architectural space for a long time can have
fundamental effects on people. All previous findings
related to architectural spaces and their interaction
with human brain proves the importance of
architectural design in changing human brain and
behavior.

Poor and monotonous designs can lead to various
consequences such as boredom and lack of physical
activities which can lead to mood and anxiety
disorders and deterioration of cognitive functions in
the long run. On the contrary, architectural
environments that provide cognitive and physical
stimuli can help prevent many physical and mental
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diseases, avoid stress, and strengthen learning
processes and memory. Due to the significance of the
subject, Neuroarchitecture is drastically expanding
and through neuroscience, it is able to identify the
cognitive effects of architectural space on the brain
which in turn builds the future of architecture.
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12 thalamus

13, hypothalamus

14, pituitary gland

15, hippocampus

16, amygdala

7 basal ganglia

18, amygdala

19, emotional-perceptual
20 motivation system
21 insula
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1, January 1st. 2010 and December 22nd. 2020
2 forebrain

3 midbrain

4 hindbrain

5. cerebral cortex
6. subcortical

7 frontal

8 parietal

®. temporal

10, occipital

1 limbic
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13, medial prefrontal cortex
14, occipital lobes

15, Parietal lobes

16, Temporal lobes

17_ orbitofrontal cortex

18 subcallosal cingulate gyrus
19 temporal lobes

20, parietal lobes

21 occipital

2 frontal

23, insular

24 parietal cortex
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. ventral visual stream
. occipital

. middle temporal gyri
. visuo-spatial

. fusiform gyrus

. precuneus

. cerebral cortex

. hippocampus

. thalamus

10, parahippocampal
11 hypothalamus

12 nucleus accumbens
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°. middle frontal gyrus (MFG)
19 visuospatial

' fronto-parietal network

2, left precuneus

3, left middle frontal gyrus

4. left middle temporal gyrus

3. right superior temporal gyrus
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. anterior cingulate cortex (ACC)
. frontopolar cortex (FPC)

. superior frontal gyrus (SFG)

. globus pallidus (GP)

. Precuneus (PN)

. Parahippocampus (PH)

. middle occipital gyrus (MOG)

. precuneus
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4, psychological
5. neurophysiological
6, theta frontal midline
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I, outside the comfort zone (OCZ)
2, Thermoneutral
3. cool
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I, rational processing
2, optimal colour temperature lighting
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4. hypothalamicepituitary axis
3. glucocorticoids
6, cortisol
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