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ARTICLE INFO Extended ABSTRACT
Article History: . ACKGROUND AND OBIJECTIVES: Merleau-Ponty’s theory, rooted in the embodied
Received 2022/01/15 nature of human experience, suggests that when humans interact with others or their
Revised 2022/04/22 isurroundings, they utilize their senses to form a coherent whole. This idea extends to
Accepted 2022/08/22 i the theory of multi-sensory perception of the environment by Pallasmaa. Therefore, the
Available Online  2023/12/27 i quality of the environment and the desire of people to be present in it, along with a set
i of other factors, is highly dependent on how it is perceived by humans. The success of
Keywords: gspaces depends on the frequency of use and the sustained presence of people in that
Multisensory Perception i place. In the contemporary era, there is a noticeable decline in the presence of spaces, as
Neuroscience {indicated by various factors listed in recent research. It is necessary to know the criteria
Architecture of the Senses ithat create and promote presence in spaces, a presence that evokes the meaning and

gsense of place, in order to enrich the environment and the continuity of the event on an
{individual and collective scale. In this regard, the current research, relying on the theory of
i multisensory perception in architecture, tried to show that there is a positive relationship
i between the multisensory perception of spaces and their presence. At the same time,
i there is no doubt about the multi-sensory nature of the human perceptual mechanism in
e e oo %the process of interaction with the environment. However, there is not much information
E" . i about the effect of these sensory perceptions, independently or in combination, on the

iuser’s experience of the environment. The few research conducted in this framework
{indicate that the emphasis on the centrality of the sense of sight in the creation of spaces,
mainly leads to the abandonment of other senses and a deficiency in the coherent sensory
i perception of the space, which itself, potentially, shows the possibility of reducing the
i presence of the space for the user.

ETHODS: In this framework, the current research attempts to answer the question

of which sensory stimuli in the environment, whether alone or in combination with
each other, contribute to making the environment more present for those who experience
iit. A test was conducted to quantify the impact of stimulating the senses separately
{and in combination with the pleasantness of the space as an index of its presence. The
i subject group comprised 20 volunteers aged between 20 and 35, exhibiting a symmetrical
igender distribution, and possessing bachelor’s and higher education levels. Volunteers
§:were placed in a singular architectural space, simulated for them through virtual reality
iarrangements. They experienced four sensory stimuli (sight, hearing, smell, touch) both
i separately and in combination. At the same time, the emotional reactions of their brains to
§these stimuli were extracted and recorded in the form of 6 quantitative indicators, which
%include engagement, excitement, focus, interest, relaxation and stress, using the Emotiv
EPOC+ device and in the Emotiv BCI software environment. Also, the level of pleasantness
i of the space for them was also recorded, based on their self-report, in a 5-point Likert
i scale. The resulting data were subjected to qualitative and quantitative analyzes and tests
gin terms of the possible correlation between sensory stimuli and the pleasantness of the
i space.
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Extended ABSTRACT
[

: [CINDINGS: The findings of the research indicate that in indoor spaces, the presence
i of visual stimuli such as light, olfactory stimuli such as the smell of plants, and
i environmental tactile stimuli such as a gentle breeze have an observable effect on
i the pleasantness of the space and will make people more willing to stay in it. On the
i other hand, the research results have confidently demonstrated that auditory stimuli in
gthe interior, particularly those with an unknown source and non-aesthetic sounds, are
i undesirable. However, non-passive vocal stimulation (with sounds of aesthetic quality)
i may have other results. Summarizing the findings makes it clear that in indoor spaces, the
i combination of visual, olfactory and tactile stimuli will increase the pleasantness of the
space with a high degree of certainty. Also, with the aim of increasing the pleasantness
of the space for the user, it is better to control tactile stimulation and minimize auditory
i stimulation - with an unknown source.

ONCLUSION: It is necessary to know the factors that create and increase presence

in spaces, a presence that evokes the meaning and sense of place, the degree of
! prosperity to the environment and continuity in individual and collective characteristics.
In this regard, the current research, relying on the multi-sensory theory in architecture,
 tries to take a positive ratio of spaces and their presence. In general, the research findings
i suggest that enhancing assimilation in bodily perception and experience of space, such
i that spatial perceptions are not monosensory, visibly increases the pleasantness of the
space. This is likely to contribute to the improvement of presence in the spaces.

{ HIGHLIGHTS:

- This research, for the first time and in a focused manner, has examined the relationship
i between the components of multisensory perception and the pleasantness of the space.
- Field research has been done relying on computer technologies in neuroscience and
i virtual reality; The brain states of the user have been analyzed using the Emotiv EPOC+
i device in relation to the sensory stimuli of the environment.

i - The correlation between the parameters recorded by the Emotiv EPOC+ device and the
subjects’ self-reports regarding the pleasantness of the space has been investigated.
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Table 1. The results related to the types of impact of design features on the audience

Type of effect

Feature

Features that can be quickly seen and read by people Spatial openness, the presence of windows and natural light, spatial flexibility

and affect their environmental experiences

in providing privacy and community, the level of artificial light and the color

of the surfaces.

Features that impress the audience

Features that have a more direct impact on people

Restorative, reducing or increasing stress and anxiety, aesthetics and
motivation

Opening towards nature, ease and legibility of access, windows and natural

light, high flexibility in becoming a collective and individual space, and in
general, a higher percentage of open space than closed space.

(Ergan, Shi & Yu, 2018)
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Table 2. Presence parameters based on multisensory perception

Criterion
Physical parameters

Indicator
Color, light, texture
Shape and form

Refrence

Mohammadi and Ayatollahi 2014;
Daneshpur and Charkhchian, 2009

Necessary physical elements
Space dimensions and proportions
Order and organization
Natural environmental elements

Activity parameters

Perceptual (Emotional)
parameters

Special functional definition Interaction and social
behaviors of the audience

Aesthetic features and special visual qualities
Routing, orientation and readability

Mohammadi and Ayatollahi 2014;
Daneshpur and Charkhchian, 2009

Salehinia and Niromand, 2018

Guiding and indicative characteristics
Cultural and social symbols and meanings...

Climatic factors and
environmental comfort

Temperature
Humidity

Yang & Moon, 2019

Pleasant smells (natural and synthetic)
Pleasant sounds and sounds (natural and artificial)
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Fig. 2. Emotiv EPOC+ headset and its 16 sensors
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Fig. 3. How to display the image in front of the glasses
lenses in the VRPlayer (ios) software on the mobile
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Fig. 4. Virtual reality glasses (VR)
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Condition 1-Without stimulation

Condition 4- Visual and olfactory
stimulation test

Condition 7- Visual, olfactory and
tactile stimulation test

Condition 2-Visual stimulation test

Condition 5- Visual and tactile
stimulation test

Condition 8- Visual, auditory and
tactile stimulation test
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Condition 3- Auditory stimulation test

Condition 6- Visual, olfactory and
auditory stimulation test

Condition 9-All Stimulations

Fig. 5. The set of images shown to the subject in the order of presentation and in the form of a slide show
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Fig. 7. Excitement parameter data
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Fig. 8. Focus parameter data
addle

g 3= yoi sl sl o le o A Be , )l

b Slm b Jlre lgi e (223 (6,550
S slacdl 51 S e 0 e S0 e
Febl ol sl GalS Ly il oz po T il
L ameo oo s |y ol aglss imleyl Jobo 5o
oypd ol e asS ey A b oy o Golhe

ol 8 s gbslogs ol - o (L salis it
7 slacdl ol 5l SO e L ccul oo 2l sl
ol 00l Lo ol (gaslol 1o g 00 dwle alE

SRS 5550

OB )18 e 8lge 0 F IS Jlogei am aa g L
(=23 (6 S 10 i (S jre 525 pis) ol
4SS oS o oS |y 23 6,5 )0 ol ygai 4 S
‘09_40) )| as )9_]oul.o.(b ] OQLCLA_wl J_:L‘B LS)_?LA
UM)L_».M A_.:bJ(SoJ )_.‘.c‘ Lx U‘—"‘ ‘A_.:‘(so)))_.u
(SQ,’L_WA Lg)_;)écja_wjooj_.g M_.’l; L_..:)m )‘«)9_.4.»
S o plis S e slacdls slo gl )
i e g )l olbe (Jlo ol Lo
Ode—iigy At Ay i (6,5 0 (i 2gh
Gowdw (godd Joe gluad L od d>lge g S
b 2 a5 aaY g alyid S e S92y rized g
b (658 (o Sy plyie g lejl el
Sy el Lacdl gai 5l i wsloa
S8, Lo Soges] (sdad ¢ log i du dmgi L aS el
lesls lias mod (6,5 )0 paw blod an ol

Fig. 6. Engagement parameter data
ol

Ol s (23 6,5 )0 el SIS

97 ol (Bodos (il Bas a4y L
Cprdy il Gad |y oy o0 a0 a0 o ol
Solds=me 39,8 5 51,3 Lo bogal (sl i S
G—lho o 20 o Lid Lol o gl 0l o 1)
=518 el ol maw ¥ IS8 oy
il golaj Al emdle e (B ne )3 9,3
S50 bl Jlod j0 48 e blen 45 Cl
Sk 1) eedge ml Glasiee i (lgie (el
Sigm B p 50 aTlg e A Sy 4 S
A5 e 55 e b 5 0,5 e b
S8 =l 039 e [T L (599 anligs !
L ol (Kot sataly Jdow o aslol o o o
g Ly ool aad i) o i0ge3] (6 Leblog>
0ol lasl aneY SO o 4SS Slej o 0 ¢ logad



e 30Ul 1§ B 5 203980 39 i 584280 A 33 oy

O3-Y8 wlxio /Y 0 jloss . 1F 6,90 . 1FoY liwo) g il

o !

YU w3 WU+ S I B L R O3 Y PR [ NP

S ot 43sS 0 092 plSd 10 S O jg0 an
oiled plan a5 (S5, poe s a4 Gl >
s<\_»..J‘ ‘Q)‘O S99 Lg)—’u’“'"' w).._w‘ sl oL:_..u )_;5.»4.:
mgead 0,5 adlslaS o 5 lis bl lbaoe sl
25l Jeole i (59,5 mleie Jds an LS v
o 6,0 (i)l g 00gm 4B slacdl> 5l plas
45 Crdg ol o mlad (b gm0 aS |
G o2 4l Bue a S o8l o 3lssl Lo
Sl eedle (Lo 2 4 ST (mdg oS o (ygd
0l oA_SS‘ﬁ.Lml_é)e LS 55— C)LA)'IV’QB‘)H)‘)—%)‘-
] 2o J_:LQ uu).»_w‘ C.E_M.v O R 09—
oY Sy L lea 1o a S cline o ool
S50 —2lpen 10 5 9 oSl A oS el
i w3 ) e S 29l (Vb s (b
L S 2 Gl 4 el 555 LS iz en
a3l i sl Lagy) o oo - lai ay capa s
o= 50 eyl YL e 00 O)le a4 saily
plzoul (6 i sl il csl p3Y (,Sailebold 4
09_~J IDIJU‘)_UH‘)&‘BGOL‘_w (_gLQ:J.A.l.?Uso\.\_MJ

Fig. 11. Stress parameter data
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Fig. 10. Relaxation parameter data
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Table 3. Correlation analysis of engagement parameter and self-reported pleasantness

Engagement
No stimulation
visual stimulation
Visual and
auditory
stimulation
Visual and
olfactory
stimulation

The -0/211
correlation
coefficient

-0/267 -/351 -0/182

Significance -0/432 0/317 -0/183 0/501

amount

Table 4. Correlation analysis of excitement parameter and self-reported pleasantness
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Table 5. Correlation analysis of focus parameter and self-reported pleasantness
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Table 6. Correlation analysis of interest parameter and self-reported pleasantness
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Table 7. Correlation analysis of relaxation parameter and self-reported pleasantness
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Table 8. Correlation analysis of stress parameter and self-reported pleasantness
5 ° ° i) 2
” g _§ Ex8 T2 B, _§28 _-5,5 _8,58 %
o = S & SSE ScE SZE T©>»5& TER=ZE T F=2E <
= £ 23 S5 S8S €83 3555 3S835 2583 g
& = S E 23E 2£E 28E SLS35E SBEE SGHGEE E=
= S ®©5 S o5 S B 8 ©5 8 5 8 5 »
(=] " [%2) (72 (72 (%2} pr (%] pra [72) —
Z S [} o <_E
The -0/299 -0/473 -0/168 -0/298 -0/629 -0/104 0/121 -0/248 -0/577
correlation
coefficient
Significance 0/261 0/064 0/543 0/262 0/009 0/702 0/655 0/354 0/019
amount



e 30Ul 1§ B 5 203980 39 i 584280 A 33 oy

O3-Y8 wlxio /Y 0 jloss . 1F 6,90 . 1FoY liwo) g il

Sy slacdl o e+ 0 ;5 sl s yo
Sz o lo (Gaon S 20 g a5 (il
SIS 580 OloSon 09 2 50 s S 25 9
9 oyl s (1Bl 0 ais¥ Sy e Sy
gy b o8 S A |, Lad ganlies o g
Jla 5 VU 51 (6 b amlin 40 Y S o
g laiglle inagh ;b ga 85 )|, S0 Shoys
Qods, 2015, Tabibian,) cwl ;] o ge <35 dieg s

(2013 & Salehnia and Niromand, 2017

ol Glaimleyl zols Golhe IS 5 ba

il 04 > a5 il Lpbl o b ingh
)_’w )‘) pany H 5 O .:.A H L-;f.. )w—@
b lebl gl el (e SO 0 ladl>
3l e slaS o slawi ,iSTas g J8las ol o
Sl ok s Y oS (Sile b g i S
S sl Jlis 5 b 4 ol Gl o
Glaldl 5 S (6 )0 il i g oin
O3 o ploms a5l pie 5 il (5025
wloduwy o A cde (=78 glacdl> sa g

)l St o a8 el )bl GlaS oe =l nle
0dd (Bl ogllae (LS (e S e a0
S8 ez dw G (Slejes Yol
Sre (E5—dge ol D9 aalsS anl B> ¢
099 S pled 45 Eul (i ol YL 1S
oS5 ol Lo Ll 5 gl 3llan oy i
| s (g S S el gy
S e i3l glyid Sy o Lal oot ol
sloosls oo — slo ey 10 oS e u_:|
T T s
b 3 il s il LSl Y Cepalad
S8l slsan < il oS (el 5 gl §
oot B wuliet Slm (e Lo S e Slass
Gloog2 o Falslae e pdi | Joa o il

9 e siulde 5 Cmgllae o zge ol Calad L
Dg dales Lad o 5 b o, Bale a o

sy 0)lgad o i (00 S 5 LISl 36

Ol Sy, a7 Sl gy g Ll 03
5B 5l e LS adlalei oo 00l ) g—2ge
s 092y (mlin 1 2lyd 339 oly Senio
o] 4y (6 s amlin 4 (QOdS, 2015: 35) el
awls  slalas Lol cle aS sas o)Ll las
e anb Sly ol Ly 5 e las Ly (b5
E9- 4o Ay oid> o (Nikfetrat et al., 2015: 93)
aband  lad (a2 D90 45 ggdge (il g laoo

G5 ol Lagas il by s (oo lars ly o)
(Qods, 2015: 62) 5, .5 o ooy 0 5,55,
O P890 okl as il A s al el
i)l 5 DS (g jlane Jgmazme (55l (s 20
(>l slalad o Lsgass ga—sge sl ol
Nikfetrat et al., 2015:) oL oo (5 5—i Sponl

Shlgbl 5 75508 bl et (Siien (22
=be b S (i e o o el
Loacdl gaa 0 —ae Swued 5 4o
Saprhad Ly o 0929 &j50 50 45 Sl
pbolen 45 8,5 A Gy oon oYl
=S el S Ly aayly (o ol ws (glwosls las
=290 (= wobos ol s sanldes wulay
S el g 5 SL gle imgh Ly (ogwpn 50

‘_;Lm_f)m o—""’ ul—‘) - AS_M,.glj C;Lm_fjm Q‘ 3o
‘_;LQLAE 59 wL:.».?u u‘*—.’.l—*“i u—h@l) o o ng)‘A:,.;_.f;
Yang & Moon,) el sols lois |, 5)l>
3lee 4o 5 SO g L b o i (2021
aS 0,5 aslsl ol doo 56 oL o (Kang, 2019
Do £ o588 Slalgll Gezen (alse

3l 00 pnd Jlas ales o o] s g Lt

u_aLP‘}A u_».ls‘ o)‘s_o.b sC_»L.) LB_SLE.A |)_:) ] 00l
(55l Caly o byl slad Ly Sogesl o, 8
G885 s | > S, gadgl slacdl>
slocdls 83 184 sa > lya S culools
u_:‘\.\...:‘ J—>‘).A 9O (w90 [ U_..«:m_ii H.:).zi

.O)‘\.\_S S9—>9

9 Smite (Ko ;0 pdvedalive gl 0929

30 aS Sl ggdge il Tl Lmosls o ais
o Ly iz 5l L3850 (o S5 205 £ 9—acno
(Ganlbedl L) anliys 10 ol o Lo o
A ol pln aal e bls g ei BB 53U Lalad
45 Shpoi 6B (Sle L pg—wpe )0 (S b
(el g (s059> Gl (gan s - ST L
wWls oo Lalad >hb ga sV, ooz Sl
wileyl 5l ol slmssls ol J—dos 5l s
Gl lgr 5 Cmgllae 0 A S 0g b o caml i

aS ool JLpbl Lae ¢ oge;l ol , 81 Jlie (5],
5 &Ml S 28 S92y« Srge (A D je—o )
oS (b 5l wales Sanligs 9l lao
Slg—ol 3 5 mdlas Ll Sgo LSl el
Tar) aes cews an Sglaie ol (s 00 b

(bibian, 2014: 53

Sl ol o Jl g5y L2d g0, b (o issd
9— auligs ol o (Nikfetrat et al., 2015: 23)
ol , 3l S ,8 L el a s cils jlpbl ol 3
L oyllas 3l el s 008,y sasml, g5 s 5
asle oot b (cxnd slag (ol (95— ogtlash
e mll dm (lySior g (ke Lo jhe
Go— 5l oolaiwl dy a>o8 Lo iz sl o o,
od doed ol 8l aiyLligs g9-bg0 il (5 )Ly, LS
(Tabibian, 2014: 97) e

(sollgs g oyl p el )b Siwoee Jdog jo

—

L |

c

l >

(S -

[y

[ 1]
-

i

[0

I

\p
(73




v,

ERer =

99

1

9

ay
) J
q

N
b )

)

s

O-YR oo /Y o low 1 0599 . 1FoY (ylim ) g 3l

WgilS 5 e (39651 515 o omdino slet

s 3ln gl L 0l aS slalsl 5 pylasls
2l Sl Soe (a3 lily ) S lls sLals]
s L sla gt ol il ails ol jan 4y (6,500
aS oly lid el 5 A 3 yeme g Sk i o SIS
Slid e i g 039 I, 0 08 1 o
Ba &) o s coge ;o (g9 sl o (g Sodas i b

(Kang, 2019; Yang & Moon, 2021

0aS e bolaa o, 5 Labla sl , 510
(=2 (65,0 Loyl b b, Lo Jlod
= e 0,8 OBl L addle ol )by g ails aie
b oad &l s el )l £ s 5l addle ol )l
(S slasiagsy y 5 oad (5,8 ;blis (ganlig>
Sy oolawl o1 51 jas L ole e as
A L (o loe iogh ol a S Lyl
G do golS Sl Al olad sladS e
slalad ol (ol ol o Aol slalas 5l 51,3
Y iz ol dwg o slaes Lo g (o2
(s biom laS o 5l (6,550 glodil Lo cas 3
6_15‘0 6L®La3 ) PR 9 (SJLMQ —‘5_.{[{93 “5»‘9_»._w
bl 053 iolel pn S0 slas )5 L
J=doan ol lgme s bl g,y jitu j0 aS
g s plaml o) yo ol slacyagis
§ S By ay aS (Sl g g el slacyogass
Wl bl Giolesl (sogd ol 05 ainse
uli_o| 9 )l_A.»..C‘ UA_> S0 O 09_«4:‘5‘0 h)l-e’A—AM
latizes Ly Goagsy ol oot glosj polais!
Db aalol g Sy s lel amal> y0 g T e
3O Cemdgasme J—do a4 S Lol i o
wd QT L5 > GlaS oo 30 (6, —F 051l
g douS o adgl Bl om0 a4 S LalS e 5l
3oyl bl STl slo fdow 4y a3lg ;o
Sleiiny aslaxd 5,8 2 oj5—e aghy
aalol o iaogasme el Ay Cpr 0 09 b oo
sloaiagn ¢ EEG pand, oy sleolli_ws Lo
o=l pgas ) (085S slailesl 5 LSS

—wed o
1. Martin Heidegger
2. Gaston Bachelard
3. Maurice Marleau-ponty
4. Christian Norberg-Schulz
5. Juhani Pallasma
6. Kenneth Frampton
7. Alberto Perez-Gomez
8. Steven Holl

J8los l_:boi P AS > S o9l el
5 s=bs (ol o2 Ol (e S 2 iz
S99 (6 ) i o—lgl,8 il ool o8l slasl 4o
slawi a5 el g9dg0 ol 5 lo sl ol sl
Oyl an Ly dbalad o 15 s > Lo 2
Gaulig> i)l cego Loges o maiz =lib
A aals Lalad 6,050 Giolifl s o
TS e %‘mefm 9 o—ire L Cte s
slogulel am S0 slalad glym g 0 G

| 00

G S A g Cexy

o ool ol lie 4y Lalad o Bige o

M‘s ‘L)‘ 90 Xwgr O ygo Ay ULA-M)‘ )9_¢4> 9 uli-@
Sy )ga> (95859, Bl molae ()93 )3 ol
Jslge (sl sla sy 1o 45 Cwl dgpie Lalad
el sl oo 00 o dip ] Gl (GO0 xte
Lalad o jemax goo@olds,l g couSolul sla,lze
Wil G e g L 0uiiS elas oS (5,9
Slag, pelas g laore a aidu 559, Sy
U‘_"‘ ) | 6)51_45 (=20 9 60)_é uul_d,o o
Sylol ga ks s a S5 L bl gt )
Ot A0 s SBls e g )lore (O (i
Loyl 6ymds i ol g Lalas 5l —wsais S0l

5l 8gzg o (ga
&l kr‘o&n)‘ oloss sl e o i
oo )l oola_wl l_' ‘L:ou] 6)_90 LSLQQ.H..SB 9 od—
e @Sl P ole el b I s Emotiv EPOCH+
‘rﬂjjkrﬁsk)_h)lbolﬁa—ué‘l_)‘uma_»u\.\_»u
Lo Lag T (Koo (iomis 5 g Loyl o
6)_350)@‘4' CJ)H )\) s‘erH.u)‘..\.u.\.: 60}9_‘> 6)LAM
§od— Tc‘..\}' 4 S 9 ‘ruo..\p LngS)m )"
9 )L))_"o).éd 6‘)—’ l_.as LS"\*’L""? ub_m “r.....}w.m
Gloddloe 5, 5,5 a0 O 0 0 o o,le a
=YL Lad o jeas g gunlies Lalas Hlj.lo

eSS el ol 5l S iagh glaaisl

3—sle o_iL""’ 6@6)7;» Sg—=>9 ‘o_léb slnalas
9 ULQLS S— A_l.o.> )| c:_’l"y Lgus_f)m ‘)5_5
oo a9 diile aore gAY S e
g bl Ldd ganl g o sppesalin I
S 0Sb 5 je—a> sl ol 8l S Sl cemge

s Ly gy ol o 5l aalss ol o
9 e a—ie 45 Cowlooly i YL el

a—io Lo ojmgas o A3l slad o gl s S >



eee 31 03Ut b LGS (5 iy 390> 53 DAY G4 P W 50 AR H

B3—Y8 Slxio /¥ 0 e - 1F 0,399 . 1F+Y csbimo g s

@‘é)..\ﬁ 3 M& 3

RGP WA u«#)‘)f UKM}: Ja_..uy LTS

&L )l

g5 ol pladl o a4 S as s co el B g
UMV L R HCPEP N W) Dy SRS CORge- WPV UL 7 V-

SN glad il
cule, COPE 3 Jgol ulwlp ) sole 51!
3l s oslew 31 S e sl &g jo g aSles S
Si> 5o adlas jlasl 5l e o B gl
D e ddze a0 50 (6,80 g adlis

Leoles [ Jb obe
ol 0025 5,158 B oin g vy (69,50
OB S 9 Ced gunnn 9 &5 ;Lo

30 peies Hebay Ao e pMel B
Jl—té J)Lm.c aJlas U"’)li—’ﬁuv—“jf ﬁl-?,d‘ J—>|).4
lae 5 Sl gizme plad Codgiunn ply jo b ay g a il

Al oo |y adlie 0 sabasS

References

1. Altman, Irwin, (2012), (translated by Ali Nama-
zian), Environment and Social Behaviors: Sol-
itude, Personal Space, Territory, Congestion,
Tehran: Beheshti University Press. [In Persian]

2. Abu Torabi, Seyedah Zahra & Azimi Hassanaba-
di, Alireza, (2017), Sensory Design in Architec-
ture, Architecture Thought, second year, number
3, pages 112-97. [In Persian]

3. Ahmadinejad, Fershteh, Bandarabad, Alireza,
Piri, Saeed & Modiri, Atosa, (2019), prioritizing
attention to indicators of the sense of place in
Jamaran cultural tourism area using the mod-
el, housing and rural environment, number 172,
pages 91-105. [In Persian]

4. Ali-Tajer, Saeed, Saadati Wagar, Pouria, Bashir
Robati, Mohammad & Heydari, Ahmed, (2019),
the role of spatial configuration in informal set-
tlements (case study: Hasar and Dizj neighbor-
hoods of Hamedan), Urban Studies, number 27,
pages 57-72. [In Persian]

5. Aslanian, Yashar, Zabihi, Hossein, & Rahbari
Manesh, Kamal, (2017), Determining the pri-
ority of senses in the perception of residents of
residential complexes, a case study: residents of
several residential complexes in Zanjan for more
than two years, Architecture and Urban Planing,
number 21, pages 37-23. [In Persian]

6. Bakhtiar Nasrabadi, Ameneh, Bakhtiar Nasraba-
di, Hassan Ali and Bakhtiar Nasrabadi, Ahmad,
(2019), an analysis of populist urban space and
its relationship with citizenship behavior, Ap-
plied Sociology, twenty-second year, serial num-
ber (43), third issue, pages 101-114. [In Persian]

9. EEG: Electroencephalography
10. For more information: www.emotiv.com
11. Gustav Fechner
12. Ernst Heinrich Weber
13. Wilhelm Wundt
14. Andrea de Pavia & Richard Jedon
15. Wonyoung Yang & Hyeun Jun Moon
16. Semiha Ergan, Zhuoya Shi, Xinran Yu
17. Edward T. Hall
18. Meihui Ba & Jian Kang
19. James J. Gibson
20. Angus Campbell
21. Edward Altman
22. Ego
23. Neuron

Bl )l gy (39,5 paal slo by, alex
FMRI: Functional Magnetic Response Imaging
EEG: Electroencephalography
PET: Possition Emission Tomography
MEG: Magnetoencephalograms
ERP: Enterprise Resource Planning
24, Tatsuya Sasaki, Yoritaka Akimoto & Katsuko T.
Nakahira
25. Roman Jasek& Zuzana Koudelkova
26. Tomasz Stach, Natalia Browarska & Aleksandra
Kawala-Janik
27. Mohamed Elsadek, Binyi Liu & zefeng Lian

L goolgils 5l LS YA

7. Ba, Meihui & Kang, Jian, (2019), 4 laboratory
study of the sound-odour interaction in urban
environments, Elsevier,147, January 2019, Pages
314-326.

8. Coburn, A., Vartanian, O., & Chatterjee, A.
(2017). Buildings, Beauty, and the Brain: A
Neuroscience of Architectural Experience. Cam-
bridge, Massachusetts: Journal of Cognitive
Neuroscience, 29(9), 1521-1531.

9. Danesh, Jaber & Tayebi, Amir, (2019), quality
of presence in urban squares with an emphasis
on traditional examples of Iran, Iranian Islamic
City, number 4, pages 71-80. [In Persian]

10. Danshpour, Seyyed Abdulhadi & Charkhchian,
Maryam (2008), public spaces and factors af-
fecting collective life, Bagh-e Nazar, number 7,
pages 19-28. [In Persian]

11. De Pavia, Andrea & Jedon, Richard, (2019),
Short- and long-term effects of architecture on
the brain: Toward theoretical formalization,
Higher Education Press, Frontiers of Architec-
tural Research (2019) 8, 564-571.

12. Elsadek, Mohamed, Liu, Binyi & Lian, zefeng,
(2019), Green fagades: Their contribution to
stress recovery and well-being in highdensity cit-
ies, Elsevier, Urban Forestry & Urban Greening
46 (2019) 126446.

13. Ergan, Semiha, Shi, Zhuoya & Yu, Xinran,
(2018), Towards quantifying human experience
in the built environment: A crowdsourcing based
experiment to identify influential architectural
design features, Elsevier, 20, November 2018,
Pages 51-59.

0"

LI BRaN |

c

];. 3

(S -

[y

[ 1]
b

I"

23

I

\o
(73




& b e =
]~ T (e
A,’i‘\r:"’&\ g

99

~ L o 4
O et (8 e 3l g (§ gl

s

O-YR oo /Y o low 1 0599 . 1FoY (ylim ) g 3l

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

WgilS 5 e (39651 515 o omdino slet

Hafeznia, Mohammadreza, (2016), An Introduc-
tion to Research Methodology in Humanities,
Tehran: Samt Press. [In Persian]

Hall, Edward T. (2013), the hidden dimension,
Tehran: Tehran University Press. [In Persian]
Hagshanas, Sanaz, Mahmoudi Zarandi, Mahnaz
& Khanlou, Nasim, (2019), design of rail trans-
port stations in Tehran city based on the archi-
tecture of senses (case study: Tajrish metro sta-
tions, Valiasr Square and Mehrabad Airport),
Haft Hesar Journal of Environmental Studies,
No. 32, pages 61-70. [In Persian]

Holl, Steven, Pallasmaa, Johani, Perzgomez, Al-
berto, (1395), Questions of perception: phenom-
enology of architecture, Tehran: Fekr-e No Press.
[In Persian]

Koudelkova, Zuzana & Jasek, Roman, (2019),
Capturing Brain Activity During Driving Auto-
mobile, Elsevier, Transportation Research Proce-
dia 40 (2019) 1434-1440.

Lang, Jan (2008), Creating architecture theory:
the role of behavioral sciences in environmental
design, Tehran: Tehran University Press. [In Per-
sian]

Lynch, Kevin, (1851), The image of the city, Teh-
ran: Tehran University Press. [In Persian]
Maarofi, Siamand and Bayzidi, Ghader, (2017),
measuring the continuity of presence in the ur-
ban public space and the factors affecting it
(case example: Mahabad City Family Park), Ge-
ography, Urban and Regional Studies, 8th year,
no. 4, 254-237. [In Persian]

Malgrave, Harry Francis, (2015), The architect’s
brain, Neuroscience, Creativity and Architec-
ture, Tehran: Honar-e Memari Press. [In Persian]
Mansoori, Sima, Faizi, Mohsen, ashayeri, Has-
san, (2017), New Discourse in Architecture;
Based on neuro-psychology, Soffeh, No. 80, pag-
es 25-40. [In Persian]

Norberg Schultz, Christian, (2004), An excerpt
from architecture: meaning and place, Tehran:
Jan-e Jahan Press. [In Persian]

Marleau-ponty, Maurice., (1964). The primacy of
Perception, Illinois: Northwest University Press.
Mohammadi, Mohammad & Ayatollahi, Mo-
hammad Hossein, (2013), effective factors in
improving the sociability of cultural buildings, a
case study of Farshchian Cultural Center of Is-
fahan, Architecture and Urban Planing, No. 15,
pages 79-95. [In Persian]

Relf, Edward (2020), Place and placelessness,
Tehran: Armanshahr Press. [In Persian]
Sasaki, Tatsuya, Akimoto, Yoritaka & T. Naka-
hira, Katsuko, (2018), Pilot considerations of
brain activity detection based on difference of
English words difficulty levels at recognition of
English words, Elsevier, Procedia Computer Sci-
ence 126 (2018) 1046-1053.

Pallasmaa, Johani, (2015), The eyes of skin,
Architecture and Thr Senses, Tehran: Parham
Nagsh Press.

Pallasmaa, Johani, (2012), the thinking hand, of

31.

32.

33.

34.

35.

36.

37.

38.

the existential and embodied wisdom in architec-
ture, Tehran: Parham Nagash Press. [In Persian]
Salehinia, Majid and Niromand Shishvan, Mah-
dieh, (2017), explaining the role of sensory land-
scape components based on the senses in the
quality of environmental sensory perception of
the passage of the new Tabriz citadel, Iranian Is-
lamic City, 8th year, number 31, pages 31-19. [In
Persian]

Shirazi, Mohammadreza, (2012), The architec-
ture of the senses and the subtle phenomenolo-
gy of Johani Pallasmaa, Tehran: Rokhdad-e No
Press. [In Persian]

Samadi, Javad, Sattarzadeh, Dariush & Balilan,
Lida, (2019), Qualitative assessment of sensory
dimensions of space in historical markets from
the perspective of users (case study: Qazvin mar-
ket), Bagh-e Nazar, No. 16 (80), pages 15-30. [In
Persian]

Sohangir, Sara and Nasirsalami, Mohammadreza
(2016), improving the design quality of architec-
tural spaces by using functional mechanisms of
the senses, Urban Management Studies, number
47, pages 493-504. [In Persian]

Stach, Tomasz, Browarska, Natalia & Kawa-
la-Janik, Aleksandra, (2018), Initial Study on Us-
ing Emotiv EPOC+ Neuroheadset as a Control
Device for Picture Script-Based Communica-
tors, Elsevier, IFAC PapersOnLine 51-6 (2018)
180-184.

Torkashvand, Abbas, Ahmadian, Pari & Rashidi,
Babak, (2014), Enhancing accessibility in urban
public spaces based on the theory of placemak-
ing, Proceedings of the First National Confer-
ence on Architecture and Urban Planning, Ta-
briz: Tabriz Islamic Arts University. [In Persian]
Vartanian, O., Navarrete, G., Chatterjee, A.,
Brorson, L., Leder, H., & Modrofio, C. (2013).
Impact of contour on aesthetic judgments and
approach-avoidance decisions in architecture,
Washington, DC: PNAS (Supplement 2) 10446-
10453; first published June 10, 2013; 110.
Yang, Wonyoung & Moon, Hyeun Jun, (2019),
Combined effects of acoustic, thermal, and illu-
mination conditions on the comfort of discrete
senses and overall indoor environment, Elsevier,
Building and Environment, 148 (2019) 623-633.



Y oo
oylods o 1 0598  1FeY liwoyg als

L M

\

R
S 6 bl ey (Y || )
Yy T

of




