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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
gspaces depends on the frequency of use and the sustained presence of people in that
i place. In the contemporary era, there is a noticeable decline in the presence of spaces, as
{indicated by various factors listed in recent research. It is necessary to know the criteria
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,
§there is no doubt about the multi-sensory nature of the human perceptual mechanism in
i the process of interaction with the environment. However, there is not much information
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.

o
d- https://dx.doi.org/10.30475/isau.2023.321713.1838 OPENaAccEss

* This article is derived from the first author's master thesis entitled “Guilan Pandemic Museum Design through harmony of senses”,
supervised by the second author and advised by the third, at University of Guilan.

** Corresponding Author:
Email: khakpour@guilan.ac.ir
Phone: +98(911)3315928



https://orcid.org/0000-0001-7899-4496
https://orcid.org/0000-0001-7854-2801
https://orcid.org/0000-0002-2040-2889

Role of multisensory experience in the presence of spaces using Neuroscience methods

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,
i 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

Features that can be quickly seen and read by people
and affect their environmental experiences

Feature

Spatial openness, the presence of windows and natural light, spatial flexibility
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

Shape and form

Indicator

Color, light, texture

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

Mohammadi and Ayatollahi 2014;
Daneshpur and Charkhchian, 2009

Salehinia and Niromand, 2018

Routing, orientation and readability

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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pode Lo by, wozrla ;o olfws (il jlesliiul
sl ez B i gamlw il colacl
oo jl g3 i mgh ,o oK ee s T Sl
Lo saly o (iSly Jdo ol Emotiv EPOC+
5 05,5 oolaiwl ¢ eSSl 515 (5 lgmiis las 4y

S glomel Gl 3 50 s Glime 45 S0y

G gl o=l 6 B sleasdly plas o

b diz a2 Ol o by sl
prEe oo sy sl O] sanlds
Ol dm sl o a s cul Sl eSS g

el ol a Sl
> b gabwly o (2b )

olsz b o I M B a5 5 bile

g g0 Bl o oyl > slpd 2 5 b
JLsd 3 xe 0y s sl jidy (s sloay o
0S5l e vy Loyl e (gloazen olbls )l g 00,5
sdéalle |, 5 .(Mardomi & Ebrahimi, 2015)
G U ‘ur"‘#’“ ‘_;LQJJ:;AMULMJ)_’.@U“_S‘?
SNt n Oz gl Loty 5l Laee iy
)l oola_wl l_> Lol 0)9)_0‘ ..\_wsn oola_wl ‘U] )_:Lb.:
A Laools ol ioloacl pade jo 1 0g slas,gliws
009 Jlowi g Alys JHB vl uly (oo Ly )9 b
Ol gagzlge plBl o 4y 5 re (b Ol g
el 6)_;.50)‘..\.:‘ 9 s.,\_u ool i J_'lﬁ 5.‘9_320 9
slasSs .(Mansoori, Faizi & Ashayeri, 2017)
S ol X el o elng e jo Slalllas
oobiw B (ras g 215 5 (Sle slais )
(Sl_QL;)"s )| 6)L_~u 9 00— (_g)l..\_?i:l.s “-)‘45—“’6"
Sol8l caes o oy 1) ol 28 g (g L3,
Cdlad ol it L e wiidie bl Loyl 4
2 e sloely JLiil s aemez (59,0 Tlays)s
2 eSSl g,z adg an e dLagyg )9 loe
CA_JL!_‘B U_" sEEG Lngoli:_wé 9 09_...)‘50 )_:do C.‘a_w
Vartanian et)ocS oo o |y s Cwgy (S5 2SI
Lol o Jdos c bl ce s 5 epas a5 (al., 2013
oK ws EEG o yiws o el _ws 4 Lox

ol slaclls 5l S el Emotiv EPOC+
Sl = p0 e ool cmby Jdow 0l



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

S9asme Bae L g el (gamal> sl oo plel o
Ll Sy JrS 5, Sallan ol 31 59,5
Sl g Ve o JBlas Lo (ool 8l ay (Laaisl (o
gails Ly ol IS O azs JBlas L o Jlw YO
WD O pas g e Jdo ol 8l sl sgae
S ol Gla SS9 La il Ly IS Sl sl
Seitsg—el mples 9 ooz 9ld (ol plhy 5 il
F2 Ao (o e j0 050 0 Bis il
30l s B b elesl glad > Ll s, 56 )
a5 g o )lore lgoiils o i 2g% cloaidl
L =8k 5ot Bd s asgel gamsl> 5l
Ga—wd o S g bayaS agh gesdn sy
uwmd‘ﬁdw‘cwu;)_'a;)é)_m\“
=dolas jo b 4y cdisei sasel> (Hafeznia, 2016)
Aol olsalolas gL Baas sl ol 5l
as OB ialesl 5l e F iyl plol o5
Laosls o s b JUXmw adad alox 51 LYo
Sloss colaS A ome 4 g 00 BA> (ya;] 0,
cooly ledl anl el plaesl « imlesl plosl onl
Oylte adoz 5l la by slacosguse Jdoan aS
s 3 Ui S (s meFams L iilogl oLl ol ot
(- 6)—15439“-; ‘u’_léb S g E-Y- 5 Q] ‘al_?d‘
J99—ie (i dgh Sgdsme ey (so3ln 5o iy ol 38l
sla,lnl U i ol plaeil ( 3,k 51wl oo
o plaosl jo cds Dyg,0 g o0 ,pli o, 84y asis
Gslaslely Jolds caaBo e LY. o) 4 2 olm
S ygmo dm Hl58le i a o o Slee 5l lalsl g
Slpools Camo g ol o, Slas vy o lso2
oolaiwl (8l (550 5)lgm0 (5 g 00 0ols u,«._.’LM

NUIIV [P L ES B PR WY

i 9 88 lsaie Hezee el i
33 (Hlsy 5 29y (s Sdy (B RB9s 5
4 yamie able Slwlus o iolejl plail > o
sl el Sl g gl oy ¢ e o8l o
Gl i iagh ol S Falslae Jlee S0

50 0dd S g oty gliad o e iyl )
Srmdlicug) 5 oo Sl odisdiy9e3] a5 >
S8 O ygo sl bl 0>

slad o oo olwl bl o Las WS Y
g Jaa> ‘Qyjj r:qu‘

3G pdenal i glal i a5 gol, 8l Y
ol ol ales 5laasels lis Sl sbbea—wlus
=2y ol s sh] ol g gole pé glocil (=SS

plosl JolB (g 5LsS 6L{003|5—l_3 ag>lge sl jo
B u.“_alf k_,’_QS )‘A_CLA ‘)—’QL‘*" ulf)lj dl)_a 9 00—
ool o) o3lg Fro Ligaan ¥ b iyl ol
Sasaki, Akimoto &) 8,5 &0 (Slg—id e g
F Sl g 15l J0gS ¢ iz (T. Nakahira: 2018
o> S glosl (@lwlid Gl 095 ipgly o
Emotiv EPOC+ o5 _wo 5l eolax ! Ly o Sadl,
e (e S 5 (5 S) i 99 gl (]
Lo LT oo Zlool 0929 pae L 0529 a5 wsls
eSSl lize sloacdled (o |, LS g L
Koudelkova & Jasek,) wilw, o5 a g £l >
ol liws § Tl s 0,0 )5 gatas 10 (2019
S Ole o0 asigSa 4 S asoly loid 045 Gamd o
0 g0 Sdolan ol jlo ol 8l any oS (gl s e s ]
sla sy so39—> ,o (Stach et al., 2018) 5,
5 Sy, b o), sr s T Soldl e by s e
oy abgrme 39w slas sLbled (Sujelg 5
Slamd S g pdBie S gldlol a4 2800
o glod gliles a5 ol lis Laansly o s
b 505 5 4295 O 6% 3)le 5 s Slad
s job 4y aS) LaJT zo—o Lim 38l 30 g ools gy
.b)l.) (5>|)_....u )_ul.a (u_..u‘ LJ'“_'Q‘)—‘ C_la_..u domoul_w
L)l ) ol (S39de 8 5 (Sl Gisll )l Lo
ar"?"“’ w)l_..u GL..A le_ﬂ.i)‘ db_’ U‘ﬁ_’tsc 9 oob
9O (§Og—oE slea K> o BUIPP- T S PXE=1 WV PR |
Elsadek, Liu &) &z 0,4 (5 s sload =,k
G973l 9=y dmge g 035 ol lSle g Il o
Dg oo plzsl T an sSSIL S el Sl tags

Llod ay il o 0l L5 ouds pladil alallae Lo
PPN CESCH g PN NI SR G RPN 5
ol jarli L as — Lad 6,00y 00> ()l
.O)LD Sg—>9 rlLo.o‘ 6‘4\_2.:‘) —09_:4‘59 PUES BV
(ol Slbls )l o8 ol g4 slllas ST
u_:‘)LQ‘Ja‘ = =0 g (5‘4“’["0“—"“’)" (§0ga— 4y LA?A.C
0d—3 oo ploul of 81 g )Lud, ol yallay Ly g g i
basS e L agrlye 10 OB Ws-205905] (5550 lo—sl
Emotiv EPOC+ o, 5l eolawl b ca > —>
QH)T S,y sJ_.ol} TAS 6uoo‘é 9 03— r:l_7u‘
ed S a8 ol (S

ORI 995

Joliss 0l Lsaels ¢ ioagh ! )bl (ganal>

le_b)‘)al 9 uus) )| oolaz_uwl l_' ‘L)“_D5)" U_" ) Laosls

—

L |

c

l >

(S -

[y

[ 1]
-

i

[0

I

\p
(73




99

1

9

ay
) J
q

N
2 9

&)

s

O3-YR Slxio /Y o 5bois . \F 0,50  AFeY (b g il

Wigals § gl 9556 b5 jo (oo sla

00— d_aﬁ)f)_la) L @y)l.a_w ‘JA—’LA)] ral_’>u‘ ‘5‘)_»
Ja_.md_»u_u);d_»LQJ)m‘uTTb)\bd_fu_w\
M;@)‘HWQ)HBOM OQBJ‘J‘
L1 SOl cwl Oy ls wouds (g 5lwanis slas
}_:40 LLQ)‘RQ ‘L.?LE—AA) “.S’Ij C/_‘)U )_01.2.9 l_g cOQLMJ )LEJ‘
S8l sy i 0y9 0 slad aiwe ioll e
Silome Cadly GlaSiSS L g ous Jue 3ds Max
ol o ali 5 (VRPlayerios) Sl SaSTLs
an «(F JSs) oo yo pmled ay Sogesl gl
Job 4 pgatte Sue yau—dg Lo, 84S glases
S0 iz (P SD) soled oo STl ol
So 2 Gl a0 i Ay 5 (bg et
(_ngS):u ;A_.SJ.’ )| J_,al.> 45 slacdl> )\
plal ;5 iegh lawgi ool b (a Lie
)Y9_§ krcy au ‘) w—?Lﬁ)] ‘(’-_‘5‘9 B A el 00l
slacodgame JJoa s a sl cwles, S Jous
0l (g u_>‘ el G —So3lail gogu i
S L Bz Ol S L LS e
EBEG o i 6,5 ojlasl gla oy, jo |m saiily

o |

m“‘\/ TETT
- w =M

-
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Fig. 4. Virtual reality glasses (VR)
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Condition 4- Visual and olfactory
stimulation test

Condition 5- Visual and tactile
stimulation test

Condition 6- Visual, olfactory and
auditory stimulation test

Condition 7- Visual, olfactory and
tactile stimulation test

Condition 8- Visual, auditory and
tactile 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
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Fig. 6. Engagement parameter data
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Fig. 11. Stress parameter data
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Fig. 9. Interest parameter data

ool

AS oy oo A Ve IS g i 3ol
Alln o J).;f,o D4y Pt D yg—0 4O
("'L]a._a.u u._:);YL\ o O"'—"")‘ P —eal Q»._:Lo.)
olii ly (o Hed JulB odai logai g o,ls |, 804 5
Q—I BUPPE 1 CPA K PPN TR S PP Wy~ - Yol | E
‘) u..»._,o‘)] c.‘a__..u (J‘"“)"LJ’“‘"’ f.))‘..) 09..>5 QT ).) d......woy
A s =il ga gl sla o o4l of e 4y
e glolos > ‘uﬂ_:La)] RSP - e 1
039 0a3, 131 (el gloco aile ( ASls slad 4
Al lad ol o Leas dlesl ol as sl 53 4
et Sl g sl el e (60,5 L ais
sz laiules] o, S5ablE 5, Fams g o,k
= ae polee A Sl S e S92 Sy 0
S92y e jlEld) Ol G F A (2l
Sl Gl 5o T e Gty i g 4 S ol
Ba & Kang, 2019;) cul ouis 0305 «y9— 5 SSb
(Yang & Moon, 2021

Relaxation ]

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 -/351 -0/182
correlation

coefficient

-0/267

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

amount

'.l) ) > > 2]
g = See 5.2 So s g
e S S8 2% S PR =
= £ EXE ESF E39 3 =
== S =25 S - = S - =

c = - A = A = =]
= E swsf FEE =T E G
55 2% =% &% 2
2 - S 2 2

> > = > <
-0/122 -0/248 0/4 0/398 -0/096
0/653 0/355 0/124 0/127 0/723

Table 4. Correlation analysis of excitement parameter and self-reported pleasantness

- E
= 1 = = = = =
= — = = Q = >>E
- = == =
3 Z z ZEE ZSE
& ° s =% 5°%
r4 2
>
The -0/121 -0/1 -0/221 -0/102
correlation
coefficient
Significance 0/656 0/712 0/41 0/707
amount

Visual and tactile
stimulation
Visual, olfactory
and auditory
stimulation
Visual, olfactory,
and tactile
stimulation
Visual, olfactory,
and tactile
stimulation
All stimulations

-0/518 0/145 0/515 -0/276 -0/499

0/04 0/592 0/041 0/301 0/049
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Table 5. Correlation analysis of focus parameter and self-reported pleasantness
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° E] 3G >° 3
z 2 z
> £
The -0/045 -0/288 -/102 -/456
correlation
coefficient
Significance 0/87 0/28 0/707 0/076
amount

Table 6. Correlation analysis of interest parameter and self-reported pleasantness
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The 0/404 0/426 -0/07 0/221
correlation
coefficient
Significance 0/12 0/1 0/797 0/41
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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
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