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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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3 midbrain

4 hindbrain

5. cerebral cortex
6. subcortical
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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
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. thalamus
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1 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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!, outside the comfort zone (OCZ2)
2, Thermoneutral
3. cool
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4. hypothalamicepituitary axis
3. glucocorticoids
6, cortisol

\AQY

O 5 ) s 40 487 ol Solalllan )3 baay b5 o 55208
sl 0l Ol b bty 55 Jases il o8 s L (184Y)
Sl Ll Sl (b ) gl A8 0 Ol 4
P 33 S HE sl als ol pes a1y Gy el b L3 e
5 el 5 48 o Il 1) 0Ll ' S LaslJly (e s (Znh
Wlosls olas sdaze Sldllas das o S2alS 1) oLl (S5s g 50 —
Fo oV S ga 5 Oleiln) o sl 2alS Eol canbs 53 oo Ol o
Gl STy 5 (YOVF Ol 5 s, Y14 0L 5 STl
w5 0L 5 5 0 5L ialS Al (siie (SS5 5 s Ll
5 2 91980 (OIS 35 o dies Jo S )lgs S5m0 5 i S e
KACALERIPCOUSPINE PRL RPN

P LT

(Lad (53558 Ol pe b plif aber 51 (55lame o> (sLib o1 b
N IS 5 blgr p Nl5 o Slwls g s 5 lasled 5 6L
Calis g o6 S sk b l6 S 6 slers glas sl
O s a8 b dal g (o5 55 ol cdBlS oL (50l 5 Lb
Y10 OLSan 5 53,b5) 355 o0 L Sl 5 255 p oS
Sl oloms sLds (b dsol 5 o bbb 5 Shler
313 Cenl 35 o see (slaliab o

ool 9 (o Sl

Lol 31 il (sla fanll oS 5 lageals ¢ S 58 Jams 4 o O
Gl Sl 5 5 oml s s bl 53 (5 ST (ST S1
W.L;J\}S@sla?uéu;jwj\d;ﬂJéjjbq.x)bwbl)
e (031 DL 3l ey g 313 ey Ll (ST e [ !
3o o2l (VA0 s L) L o BT OT SV I (55l
FE NS ke oS 3 s s etalina! Wb s 218 53 Ol L
O 5 05 DL (el mla a8 el b 3B 5 e s
> 28 0T (e s e Gk 55 Bl 8 e SHlas

335 2 O a3 o L2y

!, parasympathetic
2, Biophilia
3. Limbic system

""TV'-‘T”“L'TT\:‘P”“‘ AL T BALY LAl W




VFeY Y4 o les oYY o9 g@:’-t&.}b‘) r}l&ﬂ\l’m J

DL 5 Sloj 45

e
| l odomy Q‘j\
N1V s ! :
| |
| |
| S s e o |
S Sl sk : |
I
| |
: bl ‘_thcw\: o=! 6@?‘.{} |
S ol e |f‘>| :
| |
: &J}:\:ﬁ Slalas I oslw C)‘_}?‘
S S— I

o Sl g (5ilone Glad OS5I ICh

5 150 )15 e g pdiOlanl 4 bs e slaadl L (a5 A,
039 % e &S 313 Ol Slasl pgle )3 Slallas YoV Ol Sn
3 8des 5 ol Sl b b T (sl 5 5 (omae sla ke
o) 5 a5 ae BT P OLSan 5 0l S 60 Y e d syla D) sls
L 5 a8 o laliad Coenl Lol ool OT Sl ks 5 OVLE 5 ooy andllas
022050 b 55 e 53 T Soacily S 51 50 5 e Jlail 075 87

s O 565, 05) 5,5 15
AS (o Gl 5 Sl okl adlllae 55 DUl 55y p fslse )
wﬁ);a.\..i@.&«C}kbﬁaiqla?u&);‘af&uuiyéj);;ww
(s ollanil ¢ gdn ol ol 03,87 i e 3L 4S5l DL (s g
o Soib Lid oy 4 & S o s 5315 LS55 s e
ok b Jases 434S SUleo (Yoo O 5651, 0 5,5
2 e b s e Culs 5 ojIl (0 53 (Sl S S
bdf\éqo‘}?\AOT.))‘jﬁ?ﬂ)b‘dlﬂd)%.&}‘)d)w‘)éﬁfﬂi
5 SKls55a,) Lals OLE 55 she Ay b bad e el 5 SN
SUls e Ol s Oliails codd 28 lases OO, (V447 (s
o3 S oy p 55 1y Ky 8 8 13 B )3 s glaliab 55 oS,
o 5 s slalas 15 &S Sl Jse jhe 45 LUl 4 g Oldeiils
3 5n BB e 4 Cad (Sl mmls 5 CB1s 055 Rl sy
aom ol (Y0 Y O 5 dases) Sl 030 OS5 o 26 slaliab 4o
S5 sl 5 ho 6 pd lanl 5 sogy 0 IS8T (ol 53l 8 S 51 O

el oo OT T S

0358 Sy Frn p Solone LS DS ok Oy s 4 a5
Ol ST Wl )i 5T e Vib 55 ST 5 ey
5 93 IS 5l oy pen ) posdle AL ails Ol (s AL
g3 38 31 (6 S s 5 S5 i 0 el s
sgai 534S boles I e 1k, g e S Jaos
Ll oo Solone SLad 53 e b oS ) g (ol 0k 03l ilad ¥
(oo ol S i b 28 31K 0Ll e s o lis Ol )
Lo LB A8 0 6585 p 53,8 o JSC 0Ll S Soe il
bl 1 p b Sl Sl Ll s ol 53 55,6 5L
G ST S el e 53 conl RPN RPN
Glad e ol S Sl Y S s sk plss e 513 55 Wl e
s e Ol ) Ghe ol (g lane

Soloro SLad o o 30 Doy Ol I (Y

3 B SIS S g GYsk e sl g e ety )
3B ol 81 Y smmn iy Bl il ooy DL & s 5 aa
(5 5 Bl e L ls arlie SaeS e by o g SV 5b aglge o
3555 24 e b 3,8 0 ) se IS 0T 53 adle & L7 Jome
5o 0 il 5 o 4 Aitr ol L sad ol 0 oo plasl ) 58 OT
):Qb:._'d:@\L&Q;MJ&@Y}EQM‘SMC}!ML;LA&{JM
gl e

Bed e 5y e GYsb Ol el Ll o Leowe &S sl o)
s dyop S 5 Ogely Slile by b ol sl o sbOLs

YADO




DL 5 Sloj 45

Wle M ko p0lsy WM 4 Vol s g s BB b
2 W15 e e Gble (Y00 (sl 5 plaial S) iz 5 35 58l
i S e Sley OV @ Ml dats S5 ks 51 a8 (ool 3
ol ) 2l e Izt s (Y0 L 5 559) 110K
Sl cCamax plesil 5 Coner r51,: Wle G inl Jalge a5
23 b Gy S 5 SH5 S dibo 5 dgn ST elez!
Ll gty 55 sl g

Slicas 5 bl el s Gl BT (golene sl
outuwéu\)pj,”@«fuﬁ&@wo};@t}
S Ol gl @date IOk (B b L ST LI L
Slas s odoms U ool Sdadil ol SISV IS 55 00,557 dal =
W o 1)) Lol 5 Il Jaes drs 53

. hippocampus

. cortex

. psychotic disorders
. schizophrenia

o o 9

\ALF

533,008 o 3155 e a5 Solens (Sl 5> Dke Ly
5 (b g5 W5) T55s5 0 s | mateds) s £
ab i o 510 g n 0355 o SV 55 i) T 55k
5 A8 el en) B8 e JF e S Ce
O 33 53505 S ol Slods w5 ld &b g nlS pon o(J1KaT
SR 48Tl (g e Sl ) (VARF (5 S5 5,) bl e BT
(ool sl slad sl s Sl dbsl- sladuT B s g
AL S s e oS o et i slalad 3 b 1S
Sl gbls 5 ¢Sk sl Wl Dte SV b 5 e 53 8 5
B 05 VAV ¢ (Sudy uls 5 CaS sl) dikdu 35 1) (2 Uib (6 30
(Yoo OSes

Sl e O 4 oS (g lene sl 3T o e Jalse 5 s SO
(S 3 il e el Ol g 3D a3 53 sl o il 03,108 e
Ol Sa) ol ol or ¥ she 25 57 CalS gen CUIT T Ol i
L b e ob S Loy 53L 53 Oladl (5,8 513 L Al 5 e Lalizs (Y4 VY
ol b s il Cales G b 4y 1) ok &S ) el - o (ke
8,8 o oI a5 LISl B Js
S go e ol Jul g5 0 itd Sa GV 5b TS 4 el
Slaslei 5 6li 5 o gast o o L gl LS (s 5 LI
3L Sl g 0 o Lt ager ol (5 29U 4 ESGST ) b
al a2ls 0 &S 55 ozl £ s

Oho 55 s Slalme 55 (Golame ldd o dle £ 5050
Ll g e cokd o glakise OV, wid] Gl AS
93 45 (63l Bl AS slul G 5 Ghe 5y e D SV Ol
o) blie 53 48T 651l 4 s IS jsb S o S5 s
OLHSar 5 o) L0562k Sla e SISt (S o S5

@S oy (6 ,ed Galeses 55 a5 (6ol Bl iCS 5 men 4 (Y0

!, neuroplasticity

2, neurogenesis

3, rewiring

4, plastic alterations
5. amygdala

""TV'-‘T”“L'TT\:‘P”“‘ AL T BALY LAl W




OLar 5 Sloj 4 gms g o Sl (olems las o ls Ol 1 Calides  glow Julos

&
@

i
¥

o Lol p (g lere Glad D oligs I FILY s

VFOY (Y4 6l oY o5 ¢ itily ) g sle dlone




;

L3l (VU sh ol S 1 bl 5 a5 Ol a5l VY
3 Olalrl 5 3l s Sl i 3§ (S oy 5 4 Sllos
il 3 i KIS L (K& il 5 bl 5 4 55
el sl adls adge 55 opl p ade 1 oleme glas BT byl
4 5B (gilems gld (ol podle b dals S5 S sl
5 b Ky G olene sadlie G b 3l o il el
Col ol s1b L ogilans glis pomen Sl ol SCalb

VAOA

o SBC 5 (8 laxo S Sekwaidy SIF1 F JCE

S 5 domid 9 S
lad old DI Cadies sk gluls Oua b 51 ey
Gerpr A el Clael psle (la s Dlast Sleslinul L jas s (g 5lene
@ e ) Ly 0Ll sae 108 31 (g lema (slaadl 3o candllan oy
Sk ol S 3y guim Sloj 85L elul (6 lens glas 457 515 O
el e gl 53 STl S e 0Ll e Skt
Tl 5 oAl 5 (bl e Sl o S e Sl e

iy 29 CEerm = <600 L 0 0o AL e\ ]




VFeY Y4 o les oYY o9 gs:;l;.:.;lﬂ c-_,l:«Alsuz J

d‘)‘g’“&ﬁ@"‘)“'}"“

Te152) S (o0d Sl (gleme (Sl & i (o 5 (61 (6 e 85
VY O

bl coles! C)l.c b Way o oleme Olalllas &b iy 549 b
S e il Slasl ple byl 516,80 03 (ol sdous
Slaosls Jdows 5 a5ad (opl s ode syls s bl (ali.:a 33
3 SuSE ) el G, Al b ((SSSnid ae
g 3 558 psle (il slawst ) plesl 5 (Y244 O
e Lajls g (Yoo c:)&ﬁ) LS o oless 1y 8 5l gsg‘:‘fi
oo andlls S 5 S e glasy Oliimee (65 80n b 5 O Ky
]

Ok & Slans 5 las! pole Lsm B ysgdous plod 55 L
3y shble — ld e 1) (oleme b S o 6SST laes &2
23 Ll r §sdsm ol AP OLen 5 LwWL) s 15 hags
adases ;3L (Y08 (8 5 ) Oyl 55 4 B0k Lo (5 1,8
365 5) a8 S8 OIS Al JlBl e s S AT
Gri5 ) 6 8en (8 Gladame )3 copl p ogdle (Y4 IA O1Ken
3sb ol (Y008 (pkalE) das o el 1) Kas 5 o3 S
Ul (5 o (6,106 LOT 53 48 (BT L STyl Llod 1 Lao e
plesl Eel Ol gwy 53 b 5 (VP O 5 (Jshl) sl adls
Pl gsbsn ol (VA il 5 (603 358 0 (M2 & 25 (i
SR e i ses b s ol gt de) s cgolens
05153 YN O 5 L) 3405 Olsl 5 8 elazt glacanT
YA 0L

Sl slaoly I (S ols lasl ple SIS e syl
ol (6 et 3 sl 1258 g talyT 5 (leT 4 glies 5 (g 5lers
S Sllas 0586 (b I bsile o by 1y (Solers 50T &S
pld gy bl 5 s g Do 4 abe) ol 5o
2 Soleme (glad i Sl s gh e slgtin odd H5 e (Slaly s gdoes
Iy 6ab) 0l olusl a5 5 5SKn slaliad wile sla g )18 55 Sllen
badge K3 53,8 515 5ids andles 5y50 kS o G pow OT o
Iy Llodss andllas OS5 &S a gl slal b 5 &K )5 Al (6 lane

k;.ijj)‘)l:—w{4{@\#)56&@):‘)w;ﬂ‘tyyli@)ﬂw)ﬂ

Slebs Sl 55 joml ok 50 i 55 Ghler 0> s
L e gla ol s SN Gl 5 isu0ls s Sute e ke
e 03 e GV b Sy g Olail STl 358 e jae A L
Sl 1 el ocdls dal s OT L daes SIS0, S 15 (olens sl
D55 5 e oD Sulgi 53 5 Il e sl ol il Eote S
S o 315 Ol (o ST (il e Sl 31 ST 5555
OLad Ol 520 b OT Jolss 5 (6 lane slalias 4 bgs o (glaazily el
s ok |y 5l g e Ll e 05l 4 B (g hlame (1 b ST ins e
e Gladely & e Wiy SHIES ) Cans glap b
e 5 o Ol s ladely (pls b S Cllad GlaB b LS
0335k (ks gl Sles 04d S 5 ksl 5 il S 4
Sy (S s o5ld beS e oS (glens gba o ¢ filis
(5155 5 Sl S5l 31 6okt 31 (8 SRy 4 A3l 55 n hins o
4 S S8 bl 5 (5,0l Sl T3 Sy g e el ) Sl
Wl 28l 55 Slalllae des ol f b 30 ol 5 S50 B
Sl 0l Gre  solone SIS dn 55 Slalllae Glacd iy s s b
2 AT il o Sege 3 (S ls s 0T 3550 3 iliie
L odhe (g lans (slias Ol 1 edlie (g1 el 3131 55 Olgy sla S5
O oty s (8o b kile (6 K05 (slaadl o 4y (S5 (glaadl 5o
Sl S g5 g Eobe ol ayls (S 55 Lab Sl eslizel Slabs o
conl posdhe it ¢SS BB Sldlas 43 5 L1851 55 Las
S SISt A 53,8 Oy g s Sy g 4 L (Solens &y
hlar) S 3T Lab b L il Son sl o L

(Y14
DTS 1 o el s p o it S S35 3550 05 Koo Ay
grise p oo (Y DL 5 (S ol I8 S Lab S
eI ) Sl Slny 55 5 (glo s s Catl 3l 35 Jases 3 (Cnaied
Al oy Jase Sllas 53 a5 AST pioman (Y4IA
Sphor Solers (SLad 4 ps Db (S ST Lol g odd s
Sl J 3 ol (Y OLSen 5 e T (O S

J:bw@.uu:@)\}j_ﬁt’gﬁbyduui})rw S oless

YABA




Qb&o&jdb)‘uw

VAP

oode |y a5 E3e s Sl {jYW.Ma)\} B9 5 588 03yl
b s 15 andllas 3) 50 e sl 4 Mae Olley (10 (25507 (5Ld
Glad (S o JSCie Hlara 1 O T o I i a5 457 Ol slaws o (51
331305 el s gl 53 5 IS ol 255 oal p lie
D3 S e ) ) 5 (sl ple 5 (5 olans 8T Ll o
iy slaos g 5> ST 01 Kn s dom 5 5) g0 45 Lol dal 5 s

3,8 1 Solese s

S Sl

b Jsl s 55 (5557 Al 5l o nitens dlie pl 105 5 BT Jgol S (59 5
Slalel (6,5 IS 55 558 St Las IS slaadljo 255 e Ol
4 (B I g polns (Solons 1535 30 6 500) Dlasl o3l 516,800 b Sl
5 3Tl o) (ool slrdass S5 BT 5 lll,o Olge 75 QBT sl
Golorn o3 8 5568 dil o Jlbg 4l 3 S5 Wbt 5 gl e S5 BT o)l
el 9l 3 dgiie Aol oDl 35T oKl

Al e Sl Cole O 5 (658> By B s s opl i b (0l
@l 4 5 sl o 5 6 557> Al Sl dlie ) 1O Ny g8 51 & B 8
ool ok | il oty 5 ol ok 55 0)5lhe 5 g 5 33 ok 5

3La5 4 8 o as onl g 55 45 L5 gn g3kl o O iy 51 @0 BLS
5l oy il

S 5 S e cal Oslie 5 Leaaly Al ) dko s oy 1 19508 g K5

255

vsepg"{)(ﬂm-.c:gac(ﬁ AL T BALY LAl W




VFeY Y4 o les oYY o9 “_;.,'-L;:J\,J r_,l:«‘\lsu J

Q‘J&o&jdb)‘hw

References

Andreassi, J.L. (2001). Psychophysiology: human
behavior and physiological response (4th ed.).
Psychophysiology, 40 (D), 89-91.

https://doi:10.4324/9780203880340

ANFA. (2005). Neuroscience & The Architecture of
Spiritual Spaces. ANFA, Columbus, OH, USA.
https://anfarch.org

ANFA. (2003). History of ANFA. ANFA, Accessed
7/2018. http://anfarch.org/about- 2/history

Auvray, M., & Spence, C. (2008). The multisensory
perception of flavor. Consciousness and Cognition,
17, 1016-1031.
https://doi:10.1016/j.concog.2007.06.005

Babiloni, F., Cherubino, P., Graziani, I., Trettel, A.,
Bagordo, G.M., Cundari, C., Borghini, G., Arico,
P., Maglione, A.G., & Vecchiato, G. (2014). The
great beauty: A by neuroelectric imaging during the
observation of the real Michelangelo’s Moses
sculpture. In Proceedings of the 36th Annual
International Conference of the IEEE Engineering
in Medicine and Biology Society, Chicago, IL, USA,
26-30 August 2014; IEEE: Piscataway, NJ, USA,
6965-6968.
https://doi:10.1109/EMBC.2014.6945230

Banaei, M., Ahmadi, A., Gramann, K., & Hatami, J.,
(2019). Emotional evaluation of architectural
interior forms based on personality differences
using virtual reality. Frontiers of Architectural
Research, 9(1). 138-147.
https://doi.10.1016/j.foar.2019.07.005

Banaei, M., Yazdanfar, A., Hatami, J., & Gramann, K.
(2017). Walking through architectural spaces: The
impact of interior forms on human brain dynamics.
Frontiers in  Human  Neuroscience, 11.
https://doi.10.3389/fnhum.2017.00477

Barrett, P., Sharma, M., & Zeisel, J. (2019). Optimal
spaces for those living with dementia: Principles
and evidence. Build. Building Research and
Information, 47 (4, 1-13.
https://doi.10.1080/09613218.2018.1489473

Barrett, L.F., Bliss-Moreau, E., Duncan, S.L., Rauch, S.L.,
& Wright, C.I. (2007). The amygdala and the
experience of affect. Social Cognitive and Affective
Neuroscience, 2 (2), 73-83.
https://doi.10.1093/scan/nsl042

Beato, M.S., & Dri’ez, E. (2011). False recognition
production indexes in Spanish for 60 DRM lists
with three critical words. Behavior Research

Methods, 43 (2), 499-507.
https://doi.10.3758/s13428-010-0045-9

Benedetti, F., Colombo, C., Barbini, B., Campori, E., &
Smeraldi, E. (2001). Morning sunlight reduces
length of hospitalization in bipolar depression.
Journal of Affective Disorders, 62, 221-223.
https://doi.10.1016/s0165-0327(00)00149-x

Beyer, K.M., Kaltenbach, A., Szabo, A., Bogar, S., Nieto,
FJ., & Malecki, K.M. (2014). Exposure to
neighborhood green space and mental health:
Evidence from the survey of the health of
Wisconsin. International Journal of Environmental
Research and Public Health, 11 (3), 3453-3472.
https://d0i.10.3390/ijerph110303453

Bonnet, L., Comte, A., Tatul, L., Millot, J.L., Moulin, T.,
& de Bustos, E.M. (2015). The role of the amygdala
in the perception of positive emotions: an “intensity
detector”. Frontiers in Behavioral Neuroscience, 9,
1-12. https://d0i.10.3389/fnbeh.2015.00178

Boucsein, W. (2012). Electrodermal Activity. 2nd ed.;
Springer Science & Business Media: Newbury
Park, NY, USA; London, UK; New Dehli, India.
https://doi.10.1007/978-1-4614-1126-0

Brooks, A.N., Turkarslan, S., Beer, K.D., Lo, F.Y., &
Baliga, N.S. (2010). Adaptation of cells to new
environments. Wiley Interdisciplinary Reviews:
Systems Biology and Medicine, 3 (5), 544-561.
https://doi.10.1002/wsbm.136

Bruce, V., Green, P.R., & Georgeson, M.A. (2003). Visual
Perception: Physiology, Psychology and Ecology.
Psychology Press: New York, NY, USA.
https://doi.10.4324/9780203427248

Cela-Conde, C.J., Agnati, L., Huston, J.P., Mora, F., &
Nadal, M. (2011). The neural foundations of
aesthetic appreciation. Progress in Neurobiology,
94, 39-48.
https://doi.10.1016/j.pneurobio.2011.03.003

Chiamulera, C., Elisa, F., Giulia, B., Stefano, F.,
Francesco, T., Bogdan, M., Thomas, Z., & Sandra,
B. (2017). Virtual Reality for Neuroarchitecture:
Cue Reactivity in Built Spaces. Frontiers in
Psychology, 8 (FEB): 1-5.
https://d0i.10.3389/fpsyg.2017.00185

Costa, V.D., Lang, P.J., Sabatinelli, D., Versace, F., &
Bradley, M.M. (2010). Emotional imagery:
assessing pleasure and arousal in the brain’s reward
circuitry. Human Brain Mapping, 31, 1446-1457.
https://doi.10.1002/hbm.20948

De Paiva, A, & Jedon, R. (2019). Short- and long-term
effects of architecture on the brain: Toward
theoretical formalization. Frontiers of Architectural

AN



https://doi:10.4324/9780203880340
http://anfarch.org/about-%202/history/
http://dx.doi.org/10.1016/j.foar.2019.07.005
https://psycnet.apa.org/doi/10.3389/fnhum.2017.00477
https://doi.org/10.3390%2Fijerph110303453
https://doi.org/10.3389%2Ffnbeh.2015.00178
http://dx.doi.org/10.1007/978-1-4614-1126-0
https://doi.org/10.4324/9780203427248
https://doi.org/10.1002%2Fhbm.20948

Q‘J&o&jdb)‘hw

Research, 8(4), 1-8.
https://doi.10.1016/j.foar.2019.07.004

Demarco. A., & Clarke. N. (2001). An interview with
Alison Demarco and Nichol Clarke: light and colour

therapy explained. Complement Ther Nurs
Midwifery, 95: 103-7.
https://doi.10.1054/ctnm.2000.0508

Dirican, A.C., & Goktirk, M. (2011).

Psychophysiological measures of human cognitive
states applied in human computer interaction.
Procedia Computer Science, 3, 1361-1367.
https://d0i.10.1016/j.procs.2011.01.016

Djebbara, Z., Fich, L.B., Petrini, L., & Gramann, K.
(2019). Sensorimotor brain dynamics reflect
architectural affordances. Proceedings of the
National Academy of Sciences of the United States
of America, 116 (29), 14769-14778.

https://doi.10.1073/pnas.1900648116

Duchowski, A. (2003). Eye tracking Methodology: Theory
and Practice. Springer Science & Business Media,
London, UK. https://doi.10.1007/978-1-84628-609-
4

Duyan, F., & U'nver, R. (2016). A research on the effect
of classroom wall colours on student’s attention.
AjZ ITU JOURNAL OF THE FACULTY OF
ARCHITECTURE, 13 (2), 73-78.
https://doi.10.5505/itujfa.2016.57441

Dzebic, V., Perdue, J.S., & Ellard, C.G. (2013). The
influence of visual perception on responses towards
real-world environments and application towards
design. Intelligent Buildings International, 5, 29—
47. https://doi.10.1080/17508975.2013.807766

Eberhard, J. P. (2009a). Applying Neuroscience to
Architecture.  Neuron, 62 (6):  753-756.
https://doi.10.1016/j.neuron.2009.06.001

Eberhard, J. P. (2009b). Brain Landscape: The
Coexistence of Neuroscience and Architecture.
Oxford: Oxford University Press.
https://d0i.10.1093/acprof:0s0/9780195331721.001
.0001

Elbaiuomy, E., Hegazy, I., & Sheta, S. (2018). The impact
of architectural spaces’ geometric forms and
construction materials on the users’ brainwaves and
consciousness status. International Journal of Low-
Carbon Technologies, 13 (2), 43-51.
https://doi.10.1093/ijlct/ctx018

Elsadek, M., Liu, B., Lian, Z., & Xie, J. (2019). The
influence of urban roadside trees and their physical
environment on stress relief measures: A field
experiment in Shanghai. Urban Forestry & Urban

\AZY

Greening, 42, 51-60.
https://doi.10.1016/j.ufug.2019.05.007

Eun Cho, M., & Kim, M.J. (2017). Measurement of user
emotion and experience in interaction with space. J.
Asian Architect. Journal of Asian Architecture and
Building Engineering, 16, 99-106.
https://d0i.10.3130/jaabe.16.99

Ezzat Ahmed, D., & Kamel, S. (2021). Exploring the
contribution of neuroarchitecture in learning
environments design “a review”. International
Journal of Architectural Engineering and Urban
Research, 4, 102-119.
https://doi.10.22068/ijaup.31.4.664

Damasio, A. (2003). Feelings of Emotion and the Self.
Annals of the New York Academy of Sciences,
1001(2), 253-261.
https://doi.org/10.1196/annals.1279.014

Gage, F. (2003). AIA 2003 National Conference. San
Diego, California.
http://info.aia.org/aiarchitect/thisweek03/tw0509/c
onvention2003.asp

Goldstein, R.N. (2006). Architectural design and the
collaborative research environment. Cell, 127, 243
246. https://doi.10.1016/j.cell.2006.10.007

Grabenhorst, F., & Rolls, E.T. (2011). Value, pleasure and
choice in the ventral prefrontal cortex. Trends in
Cognitive Sciences, 15, 56-67.
https://doi.10.1016/j.tics.2010.12.004

Hansmann, R. Hug, S.M. & Seeland. (2007). Restoration
and stress relief through physical activities in forests
and parks. Urban Forestry & Urban Greening, 6,
213-225. https://d0i.10.1016/j.ufug.2007.08.004

Horayangkura, V. (2012). Incorporating environment-
behavior knowledge into the design process: an
elusive challenge for architects in the 21st century.
Procedia - Social and Behavioral Science, 50, 30-
41. https://doi.10.1016/j.sbspro.2012.08.013

Jacobs, J. (2002). The Death and Life of Great American
Cities. Random House.
https://www.buurtwijs.nl/sites/default/files/buurtwi
js/bestanden/jane_jacobs_the death_and_life_of g
reat_american.pdf

Kaplan, S. (1995). The restorative benefits of nature:
Toward an integrative framework. Journal of
Environmental ~ Psychology, 15, 169-182.
https://doi.10.1016/0272-4944(95)90001-2

Karakas, T., & Yildiz, D. (2020). Exploring the influence
of the built environment on human experience
through a neuroscience approach: a systematic
review. Frontiers of Architectural Research, 9,
236-247. https://doi.10.1016/j.foar.2019.10.005

".‘TV‘T{'}(Qm'.‘P’c{(‘ AL T BALY LAl W



http://dx.doi.org/10.1016/j.foar.2019.07.004
http://dx.doi.org/10.1016/j.procs.2011.01.016
http://dx.doi.org/10.1007/978-1-84628-609-4
http://dx.doi.org/10.1007/978-1-84628-609-4
http://dx.doi.org/10.5505/itujfa.2016.57441
http://dx.doi.org/10.1080/17508975.2013.807766
http://dx.doi.org/10.1093/acprof:oso/9780195331721.001.0001
http://dx.doi.org/10.1093/acprof:oso/9780195331721.001.0001
http://dx.doi.org/10.1093/ijlct/ctx018
http://dx.doi.org/10.1016/j.ufug.2019.05.007
http://dx.doi.org/10.3130/jaabe.16.99
http://dx.doi.org/10.1016/j.ufug.2007.08.004
http://dx.doi.org/10.1016/j.sbspro.2012.08.013
http://dx.doi.org/10.1016/0272-4944(95)90001-2
http://dx.doi.org/10.1016/j.foar.2019.10.005

VFeY Y4 o les oYY o9 L‘Sb'-t&}b‘) r}l:«‘\lm J

Q‘J&o&jdb)‘hw

Kiecolt-Glaser, J. K., McGuire, L., Robles, T. F., &
Glaser, R. (2002). EMOTIONS, morbidity, and
mortality: New perspectives from
psychoneuroimmunology. Annual Review of
Psychology, 53(1), 83.
https://doi.10.1146/annurev.psych.53.100901.1352
17

Kirk, U., Skov, M., Christensen, M.S., & Nygaard, N.
(2009). Brain correlates of aesthetic expertise: a
parametric fMRI study. Brain and Cognition, 69,
306-315. https://doi.10.1016/j.bandc.2008.08.004

Krabbendam, L., & van Os, J. (2005). Schizophrenia and
urbanicity: a major environmental influence -
conditional on genetic risk. Schizophrenia Bulletin,
31 (4), 795-799. https://doi.10.1093/schbul/shi060

Kramer, A.F., Bherer, L., Colcombe, S.J., Dong, W., &
Greenough, W.T. (2004). Environmental influences
on cognitive and brain plasticity during aging.
Journal Gerontol A Biology Science Med Science,
59 (9), 940-957.
https://d0i.10.1093/gerona/59.9.m940

Kriegeskorte, N., Simmons, W.K., Bellgowan, P.S., &
Baker, C.l. (2009). Circular analysis in systems
neuroscience: The dangers of double dipping.
Nature Neuroscience, 12, 535-540.
https://doi.10.1038/nn.2303

Lang, P.J., & Bradley, M.M. (2010). Emotion and the
motivational brain. Biological Psychology, 84 (3),
437-450.
https://d0i.10.1016/j.biopsycho.2009.10.007

Lang, J.T. (1987). Creating Architectural Theory: The
Role of the Behavioral Sciences in Environmental
Design.  Van  Nostrand  Reinhold  Co.
https://www.scirp.org/(S(i43dyn45teexjx455qlt3d2
q))/reference/ReferencesPapers.aspx?ReferencelD
=1226035

Lenzuni, P., Freda, D., & Del Gaudio, M. (2010).
Classification of thermal environments for comfort
assessment. Annals of Occupational Hygiene, 53
(4). 325-332. https://doi.10.1093/annhyg/mep012

Leonards, U., Fennell, J.G., Oliva, G., Drake, A., &
Redmill, D.W. (2015). Treacherous pavements:
paving slab patterns modify intended walking
directions. PL0oS One, 10 (6), e0130034.
https://doi.10.1371/journal.pone.0130034

Llinares, C., Higuera-Trujillo, J.L., Avino’, A. M. i,
Torres, J., & Sentieri, C. (2020a). The influence of
classroom width on attention and memory: virtual-
reality-based task performance and
neurophysiological effects. Building Research &

Information, 49 (M, 813-826.
https://doi.10.1080/09613218.2021.1899798
Llinares, C., Higuera-Trujillo, J.L., & Serra, J. (2020Db).
Cold and warm coloured classrooms. Effects on
students’ attention and memory measured through
psychological and neurophysiological responses.
Building and Environment, 196, 107726.
https://d0i.10.1016/j.buildenv.2021.107726

Liddell, B. J., Brown, K. J., Kemp, A. H., Barton, M. J.,
Das, P., & Peduto, A. (2005). A direct brainstem—
amygdala—cortical ‘alarm’ system for subliminal
signals of fear. Neurolmage, 24(1), 235-243.
https://d0i.10.1016/j.neuroimage.2004.08.016

Lin, W., Chen, Q., Jiang, M., Zhang, X., Liu, Z., Tao, J.,
Wu, L., Xu, S., Kang, Y., & Zeng, Q. (2019). The
effect of green space behaviour and per capita area
in small urban green spaces on psychophysiological
responses. Landscape and Urban Planning, 192,
103637.
https://doi.10.1016/j.landurbplan.2019.103637

Lindquist, K.A., Wager, T.D., Kober, H., Bliss-Moreau,
E., & Barrett, L.F. (2012). The brain basis of
emotion: a meta-analytic review. Behavioral and
Brain Sciences, 35, 121-202.
https://doi.10.1017/S0140525X11000446

Luscher, M., & Scott, L. (1969). The luscher color test.
New York: Random House.
https://kimcampion.com/wp-
content/uploads/2018/02/The-Luscher-Color-
Test.pdf

Lynch, K. (1960). The image of the City MIT Press,
Cambridge. Lynch K. https://mitpress.mit.edu

Mallgrave, H.F. (2013). Architecture and Embodiment the
Implications of the New Sciences and Humanities
for Design. Routledge.
https://www.scirp.org/(S(i43dyn45teexjx455q1t3d2
q))/reference/referencespapers.aspx?referenceid=2
109637

Mallgrave, H.F. (2011). The Architect’s Brain:
Neuroscience, Creativity, and Architecture. Wiley-
Blackwell.
https://www.wiley.com/enie/The+Architect's+Brai
n:+Neuroscience,+Creativity,+and+Architecture-p-
9780470658253

Marchand, G.C., Nardi, N.M., Reynolds, D. &
Pamoukov, S. (2014). The impact of the classroom
built environment on student perceptions and
learning. Journal of Environmental Psychology, 40,
187-197. https://doi.10.1016/j.jenvp.2014.06.009

Martin. CL. (1991). The role of cognition in understanding
gender effects. Advances in Child Development and

YAPY



http://dx.doi.org/10.1146/annurev.psych.53.100901.135217
http://dx.doi.org/10.1146/annurev.psych.53.100901.135217
http://dx.doi.org/10.1038/nn.2303
http://dx.doi.org/10.1016/j.biopsycho.2009.10.007
http://dx.doi.org/10.1093/annhyg/mep012
http://dx.doi.org/10.1371/journal.pone.0130034
http://dx.doi.org/10.1080/09613218.2021.1899798
http://dx.doi.org/10.1016/j.buildenv.2021.107726
http://dx.doi.org/10.1016/j.landurbplan.2019.103637
http://dx.doi.org/10.1016/j.jenvp.2014.06.009

G‘J&’“ﬁﬁdl’“)d"}”’“

Behavior, 23, 113-49. https://doi.10.1016/s0065-
2407(08)60024-5

Marti 'nez-Soto, J., Gonzales-Santos, L., Pasaye, E., &
Barrios, F.A. (2013). Exploration of neural
correlates of restorative environment exposure
through functional magnetic resonance. Intelligent
Buildings International, 5, 10-28.
https://doi.10.1080/17508975.2013.807765

Meyers-Levy, J., & Rui, Z. (2007). The influence of
ceiling height: the effect of priming on the type of
processing that people use. JOURNAL OF
CONSUMER RESEARCH, 34 (2), 174-186.
https://d0i.10.1086/519146

McEwen, B.S. (2013). Brain on stress: how the social
environment gets under the skin. Proceedings of the
National Academy of Sciences, 110 (4), 17180-
17185. https://doi.10.1073/pnas.1121254109

McGaugh, J.L. (2015). Consolidating memories. Annu.
Annual Review of Psychology, 66, 1-24.
https://doi.10.1146/annurev-psych-010814-014954

Min, Y.H., & Lee, S. (2020). Does interior color contrast
enhance spatial memory? Color Research &
Application, 45 (2), 352-361.
https://doi.10.1002/col.22463

Mohammed, A.H., Zhu, S\W., Darmopil, S., Hjerling-
Leffler, J., Ernforns, P., Winblad, B., Diamond,
M.C., Eriksson, P.S., & Bogdanivic, N. (2002).
Environmental enrichment and the brain. Progress
in Brain Research, 138, 109-133.
https://doi.10.1016/S0079-6123(02)38074-9

Mora, F., Segovia, G., & del Arco, A. (2007). Aging,
plasticity and environmental enrichment: structural
changes and neurotransmitter dynamics in several
areas of the brain. Brain Research Reviews, 55, 78-
88. https://doi.10.1016/j.brainresrev.2007.03.011

Murphy, F.C., Nimmo-Smith, I, & Lawrence, A.D.
(2003). Functional neuroanatomy of emotion: a
meta-analysis. Cognition and Affect Behavier
Neuroscience, 3, 207-233.
https://doi.10.3758/CABN.3.3.207

Nasar, J. (1997). New developments in aesthetics for urban
design. Toward the Integration of Theory, Methods,
Research, and  Utilization. = Advances in
environment, behavior, and design, 4. Plenum, New
York, 149-193.
https://link.springer.com/chapter/10.1007/978-1-
A757-4425-5 5

Ohman, A., Flykt,
Evolutionary perspectives,
data, and neuropsychological

A., & Lundgvist, D. (2002).
psychophysiological
mechanisms.

\AP¥

Cognitive  neuroscience of emotion, 296.
https://doi.10.1111/j.0963-7214.2004.0028

O’Keefe, J., & Dostrovsky, J. (1971). The Hippocampus
as a Spatial Map. Preliminary evidence from unit
activity in the feely-moving rat. Brain Research, 34
(1), 171-175. https://doi.10.1016/0006-
8993(71)90358-1

Orchard. SE. (1977). Proceedings of the inter-society color

council technical conference “Instrumental
Colorant  Formulation 1976” Williamsburg,
Virginia Il. Color Research & Application, 2(1), 26-
31 https://d0i.10.1002/j.1520-

6378.1977.tb00109.x

Pallasmaa, J., Mallgrave, H.F., & Arbib, M.A. (2013).
Architecture and Neuroscience. Tapio Wirkkala-
Rut Bryk Foundation: Helsinki, Finland.
https://dokumen.tips/documents/architecture-and-
neuroscience.html

Partonen, T., & Lonngvist, J. (2010). Bright light improves
vitality and alleviates distress in healthy people.
Journal of Affective Disorders, 57(1), 55-61.
https://doi.10.1016/S0165-0327(99)00063-4

Peen, J., Schoevers, R.A., Beekman, A.T., & Dekker, J.
(2010). The current status of urban-rural differences
in psychiatric disorders. Acta Psychiatrica
Scandinavica, 121 (2), 84-93.
https://d0i.10.1111/j.1600-0447.2009.01438.x

Picard, R.W. (2000). Affective Computing. MIT Press:

Cambridge, MA, USA.
https://mitpress.mit.edu/9780262661157/affective-
computing/

Phan, K.L., Wager, T.D., Taylor, S.F., & Liberzon, I.
(2002). Functional neuroanatomy of emotion: a
meta-analysis of emotion activation studies in PET
and fMRI. Neuroimage, 16, 331-348.
https://doi.10.1006/nimg.2002.1087

Radberg, J., & Steffner, L. (2003). Affective appraisals as
indicators of aesthetic qualities in urban places. In:
1st Nordic Symposium on Local Planning in
Change New Possibilities and Roles, Lillehammer,
14-16. https://d0i.10.1177/001391659402600305

Radvansky, G.A., Krawietz, S.A.,, & Tamplin, AK.
(2011). Walking through doorways causes
forgetting: further explorations. Quarterly Journal
of Experimental Psychology, 64 (8), 1632-1645.
https://doi.10.1080/17470218.2011.571267

Rapoport, A. (1977). Human Aspects of Urban Form:
towards a ManEnvironment Approach to Urban
Form and Design. Pergamon Press.
https://doi.10.2307/2066198

".‘TV‘T{'}(Qm'.‘P’c{(‘ AL T BALY LAl W



http://dx.doi.org/10.1080/17508975.2013.807765
http://dx.doi.org/10.1146/annurev-psych-010814-014954
http://dx.doi.org/10.1002/col.22463
http://dx.doi.org/10.1016/S0079-6123(02)38074-9
http://dx.doi.org/10.3758/CABN.3.3.207
https://doi.org/10.1111/j.0963-7214.2004.00288.x
https://doi.org/10.1002/j.1520-6378.1977.tb00109.x
https://doi.org/10.1002/j.1520-6378.1977.tb00109.x
http://dx.doi.org/10.1016/S0165-0327(99)00063-4
http://dx.doi.org/10.1111/j.1600-0447.2009.01438.x
http://dx.doi.org/10.1006/nimg.2002.1087
https://doi.org/10.1177/001391659402600305
http://dx.doi.org/10.1080/17470218.2011.571267

VFeY Y4 o les oYY o9 “_;.,'-L;:J\,J r_,l:«‘\lsu J

Q‘J&o&jdb)‘hw

Robinson, S., & Pallasmaa, J. (2015). Mind in
Architecture: Neuroscience, Embodiment, and the
Future of Design. MIT Press.
https://mitpress.mit.edu/9780262533607/mind-in-
architecture/

Rosenzweig, M.R., & Bennett, E.L. (1996).
Psychobiology of plasticity: effects of training and
experience on brain and behavior. Behavioural
Brain Research, 78 (2), 57-65.
https://doi.10.1016/0166-4328(95)00216-2

Russell, J.A., & Lanius, U.F. (1984). Adaptation level and
the affective appraisal of environments. Journal of
Environmental Psychology, 4, 119-135.
https://doi.10.1016/S0272-4944(84)80029-8

Sabatinelli, D., Fortune, E.E., Li, Q., Siddiqui, A., Krafft,
C., Oliver, W.T., Beck, S., & Jeffries, J. (2011).
Emotional perception: meta-analyses of face and
natural scene processing. Neuroimage, 54, 2524-
2533.
https://d0i.10.1016/j.neuroimage.2010.10.011

Salingaros, N. (2015). Biophilia & healing environments
healthy principles for designing the built world.
Terrapin Bright Green.
https://patterns.architexturez.net/doc/az-cf-193119

Samina. T., Azeemi. Y., & Mohsin Raza. S. (2005). A
critical analysis of chromotherapy and its scientific
evolution. Evidence-Based Complementary and
Alternative Medicine, 2(4), 481-8.
https://doi.10.1093/ecam/neh137

Schwabe, L., Merz, C.J., Walter, B., Vaitl, D., Wolf, &
Stark, R. (2011). Emotional modulation of the
attentional blink: the neural structures involved in
capturing and holding attention. Neuropsychologia,

49, 416-425.
https://doi.10.1016/j.neuropsychologia.2010.12.03
7

Shemesh, A., Talmon, R., Karp, O., Amir, I, Bar, M., &
Grobman, Y. J. (2017). Affective response to
architecture — investigating human reaction to
spaces with different geometry. Architectural
Science Review, 60(2), 116-125.
https://d0i.10.1080/00038628.2016.1266597

Skov, M. (2009). Neuroaesthetic problems: A framework
for neuroaesthetic research. In Neuroaesthetics;
Skov, M., Vartanian, O., Eds.; Baywood
Publishing:  Amityville, NY, USA, 9-26.
https://d0i.10.4324/9781315224091-2

Srikantharajah, J., Ellard, C., & Condia, B. (2018). Place,
peripheral vision, and space perception: A pilot
study in VR. In Proceedings of the 2018 ANFA
Conference; The Academy of Neuroscience for

Architecture: La Jolla, CA, USA, 180-181.
http://anfarch.org/about- 2/history

Sternberg, E.M. (2009). Healing Spaces. Harvard
University Press: London, UK.
https://www.academia.edu/40318072/healing_sp
aces_the science_of place_and_well _being

Sternberg, E.M., & Wilson, M.A. (2006). Neuroscience
and architecture: Seeking Common Ground. Cell,
127 (2), 239-242.
https://doi.10.1016/j.cell.2006.10.012

Sussman, A., & Hollander, J.B. (2021). Cognitive
architecture: Designing for how we respond to the
built environment. Routledge.
https://doi.10.4324/9781315856964

Tsunetsugu, Y., Miyazaki, Y., & Sato, H. (2005). Visual
effects of interior design in actualsize living rooms
on physiological responses. Building and
Environment, 40(10), 1341-1346.
https://d0i.10.1016/j.buildenv.2004.11.026

Turk, M.R., Amr, A., & Al Rawi, O. (2018). A school
designed to improve student’s brain activity using
integrated neuro-architectural design aspects (qeeg-
vr). In Proceedings of the 2018 ANFA Conference;
The Academy of Neuroscience for Architecture: La
Jolla, CA, USA, 146-147.
http://anfarch.org/about- 2/history/

Tyng, C.M., Amin, H.U., Saad, M., & Malik, A.S. (2017).
The influences of emotion on learning and memory.
Frontiers in Psychology, 8, 1454,
https://d0i.10.3389/fpsyg.2017.01454

Tyrvainen, L., Ojala, A., Korpela, K., Lanki, T.
Tsunetsugu, Y., & Kagawa, T. (2014). The
influence of urban green environments on stress
relief measures: A field experiment. Journal of
Environmental Psychology, 38, 1-9.
https://doi.10.1016/j.jenvp.2013.12.005

Ulrich, R.S., Simons, R.F., Losito, B.D., Fiorito, E., Miles,
M.A., & Zelson, M. (1991). Stress recovery during
exposure to natural and urban environments.
Journal of Environmental Psychology, 11, 201-
230. https://doi.10.1016/S0272-4944(05)80184-7

Van Praag, H., Kempermann, G., & Gage, F.H. (2000).
Neural consequence of environmental enrichment.
Nature Reviews Neuroscience. 1 (3), 191-198.
https://doi.10.1038/35044558

Vartanian, O., Navarrete, G., Chatterjee, A., Fich, L.B.,
Gonzalez- Mora, J.L., Leder, H., Modron™o, C.,
Nadal, M., Rostrup, N., & Skov, M. (2015).
Architectural design and the brain: effects of ceiling
height and perceived enclosure on beauty
judgments and approach-avoidance decisions.

A0



https://doi.org/10.1016/0166-4328(95)00216-2
http://dx.doi.org/10.1016/j.neuroimage.2010.10.011
http://dx.doi.org/10.1093/ecam/neh137
http://dx.doi.org/10.1016/j.neuropsychologia.2010.12.037
http://dx.doi.org/10.1016/j.neuropsychologia.2010.12.037
http://dx.doi.org/10.1080/00038628.2016.1266597
http://dx.doi.org/10.4324/9781315224091-2
http://anfarch.org/about-%202/history/
http://dx.doi.org/10.1016/j.cell.2006.10.012
http://dx.doi.org/10.4324/9781315856964
http://dx.doi.org/10.1016/j.buildenv.2004.11.026
http://anfarch.org/about-%202/history/
http://dx.doi.org/10.3389/fpsyg.2017.01454
http://dx.doi.org/10.1016/j.jenvp.2013.12.005
http://dx.doi.org/10.1016/S0272-4944(05)80184-7
http://dx.doi.org/10.1038/35044558

G‘J&’“ﬁﬁdl’“)d"}”’“

Journal of Environmental Psychology, 41, 10-18.
https://www.academia.edu/12954367/Architectural
_design_and_the_brain_Effects_of ceiling_height
_and_perceived_enclosure_on_beauty judgments_
and_approach_avoidance_decisions

Vartanian, O., Navarrete, G., Chatterjee, A., Fich, L. B.,
Leder, H., & Modrofio, C. (2013). Impact of contour
on aesthetic judgments and approach-avoidance
decisions in architecture. Proceedings of the
National Academy of Sciences, 110(Supplement 2),
10446-10453.
https://d0i.10.1073/pnas.1301227110

Vecchiato, G., Jelic, A., Tieri, G., Maglione, A. G., De
Matteis, F., & Babiloni, F. (2015a).
Neurophysiological correlates of embodiment and
motivational factors during the perception of virtual
architectural environments. Cognitive Processing,
16(1), 425-429. https://doi.10.1007/s10339-015-
0725-6

Vecchiato, G., Tieri, G., Jelic, A., De Matteis, F.,
Maglione, A. G., & Babiloni, F. (2015hb).
Electroencephalographic correlates of sensorimotor
integration and embodiment during the appreciation
of virtual architectural environments. Frontiers in
Psychology, 6(26), 1944,
https://d0i.10.3389/fpsyg.2015.01944

Vogels, I.M. (2008). Atmosphere metrics. In: Westerink,
J.H., Ouwerkerk, M., Overbeek, T.J., Pasveer,
W.F., de Ruyter, B.F. (Eds.), Probing Experience:
from Assessment of User Emotions and Behaviour
to Development of Products. Springer, Dordrecht,
25-41. https://doi.10.1007/978-1-4020-6593-4_3

Vuilleumier, P. (2005). How brains beware: neural
mechanisms of emotional attention, Trends. Cognit.
Sci, 12, 585-594.
https://doi.10.1016/j.tics.2005.10.011

Wager, T.D., Phan, K.L., Liberzon, 1., & Taylor, S.F.
(2003). Valence, gender, and lateralization of
functional brain anatomy in emotion: a meta-
analysis of findings from neuroimaging.
Neuroimage, 19, 513-531.
https://d0i.0.1016/S1053-8119(03)00078-8

Wallace-Guy, G., Kripke, D., Jean-Louis, G., Langer, R.,
Elliott, J., & Tuunainen, A. (2002). Evening light
exposure: Implications for sleep and depression.
Journal of the American Geriatrics Society, 50,
738-739. https://doi.10.1046/j.1532-
5415.2002.50171.x

Weiser, M., van Os, J., Reichenberg, A., Rabinowitz, J.,
Nahon, D., Kravitz, E., Lubin, G., Shmushkevitz,
M., Knobler, H.Y., Noy, S., & Davidson, M. (2007).

\VY44

Social and cognitive functioning, urbanicity and
risk for schizophrenia. The British Journal of
Psychiatry, 191, 320-324.
https://doi.10.1192/bjp.bp.106.031328

Wells, A. & Mathews, G. (1994). Attention and Emotion:
A clinical  perspective.  Hove:  Erlbaum.
https://doi.10.4324/9781315784991

Wiesmann, M., & lIshai, A. (2011). Expertise reduces
neural cost but does not modulate repetition
suppression. Cognitive neuroscience, 2, 57-65.
https://doi.10.1080/17588928.2010.525628

Williams, J. M. G., Watts, F. N., Macleod, C., & Mathews,
A. (1988). Cognitive Psychology and Emotional
Disorders. Chichester: Wiley.
https://handoutset.com/wpcontent/uploads/2022/05
/Cognitive-Psychology-and-Emotional-Disorders-
2nd-Edition-J.-Mark-G.Williams-Fraser-N.-Watts-
etc..pdf

Winkielman, P., & Cacioppo, J.T. (2001). Mind at ease
puts a smile on the face: Psychophysiological
evidence that processing facilitation elicits positive
affect. Journal of Personality and Social
Psychology, 81, 989-1000.
https://doi.10.1037//0022-3514.81.6.989

Xiong, L., Huang, X., Li, J., Mao, P., Wang, X., Wang, R.,
& Tang, M. (2018). Impact of indoor physical
environment on learning efficiency in different
types of tasks: a 3 x 4 x 3 full factorial design
analysis. International Journal of Environmental
Research and Public Health, 15 (6), 1256.
https://doi.10.3390/ijerph15061256

Yang, W., & Jeon, J.Y. (2020). Effects of correlated colour
temperature of LED light on visual sensation,
perception, and cognitive performance in a
classroom lighting environment. Sustainability, 12
(10), 4051. https://doi.10.3390/su12104051

Yamada, N., Martin-lverson, M.T., Daimon, K.,
Tsujimoto, T., & Takahashi, S. (1995). Clinical and

chronobiological effects of light therapy on
nonseasonal  affective  disorders.  Biological
Psychiatry, 37:866 —73.

https://jcsm.aasm.org/doi/pdf/10.5664/jcsm.27445

Yin, J., Arfaei, N., MacNaughton, P., Catalano, P.J., Allen,
J.G. & Spengler, J.D. (2019), Effects of biophilic
interventions in office on stress reaction and
cognitive function: A randomized crossover study
in virtual reality, Indoor Air, 29(6), 1028-1039.
https://doi.10.1111/ina.12593

Zeisel, J. (2006). Inquiry by Design:
Environment/Behavior/Neuroscience in

".‘TV‘T{'}(Qm'.‘P’c{(‘ AL T BALY LAl W



http://dx.doi.org/10.1073/pnas.1301227110
http://dx.doi.org/10.1007/s10339-015-0725-6
http://dx.doi.org/10.1007/s10339-015-0725-6
http://dx.doi.org/10.3389/fpsyg.2015.01944
http://dx.doi.org/10.1007/978-1-4020-6593-4_3
http://dx.doi.org/10.1016/j.tics.2005.10.011
http://dx.doi.org/10.1016/S1053-8119(03)00078-8
http://dx.doi.org/10.1046/j.1532-5415.2002.50171.x
http://dx.doi.org/10.1046/j.1532-5415.2002.50171.x
http://dx.doi.org/10.1192/bjp.bp.106.031328
https://doi.org/10.4324/9781315784991
http://dx.doi.org/10.1080/17588928.2010.525628
https://handoutset.com/wp
http://dx.doi.org/10.1037/0022-3514.81.6.989
http://dx.doi.org/10.3390/su12104051
http://dx.doi.org/10.1111/ina.12593

VFeY Y4 o les oYY o9 “_;.,'-L;:J\,J r_,l:«‘\lsu J

Q‘J&o&jdb)‘hw

Architecture, Interiors, Landscape, and Planning.
https://d0i.10.1016/j.jenvp.2007.05.001

Zhang, X., Lian, Z, & Wu, Y. (2017). Human
physiological responses to wooden indoor
environment. Physiology & Behavior, 174, 27-34.
https://doi.10.1016/j.physbeh.2017.02.043

Zheng, W., Ren, S., Zhang, H., Liu, M., Zhang, Q., Chen,
Z., & Wang, Z. (2019). Spatial patterns of decreased
cerebral blood flow and functional connectivity in
multiple system Atrophy (Cerebellar-Type): a
combined arterial spin labeling perfusion and
resting state functional magnetic resonance imaging
study. Frontiers in Neuroscience. 13, 1-9.
https://doi.10.3389/fnins.2019.00777

Zuanon, R., & de Faria, B.A. (2018). Landscape Design
and Neuroscience Cooperation: Contributions to the
Non-Pharmacological Treatment of Alzheimer’s
disease. Lecture Notes in Computer Science, 353—
374. https://d0i.10.1007/978-3-319-91397-1 29

YAZY



http://dx.doi.org/10.1016/j.jenvp.2007.05.001
http://dx.doi.org/10.1016/j.physbeh.2017.02.043
http://dx.doi.org/10.1007/978-3-319-91397-1_29

