Journal of Iranian Architecture & Urbanism. 13(1): 181-199, Spring & Summer 2022

Journal of Iranian Architecture & Urbanism

(JIAU)
Homepage: https://www.isau.ir/

| ORIGINAL RESEARCH PAPER

Evaluation of human-nature connection system in virtual reality system to propose and reflect
a model for the architectural physical structure *

Seyed Ali Sajadi Zaviyeh * *, Rana Nili 2"

1 M.A. in Architecture, Department of Architecture, Faculty of Technical and Engineering, Parand Branch, Islamic Azad University, Tehran, Iran.
2 Assistant Professor, Department of Architecture, Faculty of Technical and Engineering, Parand Branch, Islamic Azad University, Tehran, Iran.

ARTICLE INFO Extended ABSTRACT
Article History: . ACKGROUND AND OBJECTIVES: Astonishing architectural spaces have been created
Received 2020/03/25 worldwide. As a morphogenic generator, Telepresence is changing the system of
Revised 2020/06/18 i contemporary architecture system. The organizational composition of this action links the
Accepted 2020/08/15 i object to the subject. In this case, elements are perceived as in-between space (space
Available Online  2022/09/22 i between human and system). This study aims to recall the human-nature relationship as
{a determinant connection to fertilize this generation of architecture systems. This study
Keywords: also tends to evaluate the quality and various aspects of this relationship. This study aims
Virtual Reality ito examine the quantity and quality of sense of presence in the digital nature at two
Telepresence {HMD and sense of virtual place levels. The new mechanisms can be entered into these
Sense of virtual place {interactions to enable the modern human to experience another real framework within
Virtual Nature i new architecture loops.

Digital Environment

ETHODS: The extant research was conducted based on two methods. In the first

: part, some criteria were determined to measure the sense of presence in virtual

.................................................... . inature (virtual reality tool assessment). This part of the study was carried out based on
Use your device to scan i bibliographic research by reviewing the associated studies collected from documentary

and read the article online

iresources. In the next step, some indicators were recommended to propose a model for
§this sense in architecture. In the second part, the parameters determined for the sense
i of presence and proposed indicators were evaluated and ranked by participants. The
i statistical population and sample of the study comprised Adrenaline Station in Tehran,
iIran. A questionnaire was used as the research means in this study. To measure the sense
%of presence and immersion tendencies of participants, PQ and ITQ were employed. The
i researcher-made questionnaire of preferences of agents of virtual nature’s sense of place
iwas used to evaluate the design indicators. Finally, data analysis was done through SPSS
:§software to achieve a solution.

INDINGS: According to the obtained findings, criteria of sense of presence in the

H virtual environment included control factors, sensory factors, distraction factors,

Number of References §rea|ism factors, sound, and haptic. Subsequently, creative indicators of architecture
28 i consisted of virtual spatial factors, virtual activities, and virtual semantic links. According

Eto evaluations, data analyses, and PQ tests, the sense of presence in nature via virtual

i reality tools is normal. In this collaboration, haptic sense has been ranked as the most

significant factor, followed by the other factors. Moreover, the test of sense of virtual place

Number of Figures i of nature indicated that digital behaviors of this kind of architecture system obtained a
8 ireasonable score. According to participants’ opinions, virtual spatial factors had the

i highest effect on this structure. Comparative results and findings of the ITQ test indicated

:§that the sense of presence-sense of place in the virtual environment and the immersive

i tendency of individuals were at a normal level in both methods. Hence, these two subjects

Number of Tables iare interconnected. Another report indicated the higher intensity of this correlation
12 i through the sense of virtual place compared to presence through HMD tools. In terms of
demographic findings of participants in this study, there was a similar gender distribution.
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?On the other hand, the tendency of participants in the age range of 25-30 was higher than
i that of others.

ONCLUSION: The present study confronted new experiences. This study was
: Swconducted to evaluate the mental stress of the studied topic on another side of the
i coin (knowledge of sense of presence in virtual nature). Accordingly, a set of virtual
i components were introduced as factors creating digital nature’s sense of place to form a
structure consistent with the demands of modern humans. Although humans see the real
i nature as a constant agent that is an alternative to the same and similar experience far
i from their expectations, interactive levels in the contemporary world consider the digital
i nature as the operator of another aspect of presence to retrieve it besides that event.
gThe obtained results confirmed the designed hypotheses. Accordingly, the participants
i achieved a normal evaluation of a sense of presence in virtual nature throughout HMD
iand a sense of virtual place. According to different evidence, results and observations
i obtained from the HMD system introduced the average quality of instruments collection
i and normality of immersion traits of participants as two factors that influence each other.
%Furthermore, the same feedback was found in the test line of sense of virtual place
i and individuals’ tendencies. These achievements indicated that both of the introduced
methods could be effective in human-nature interaction. Nevertheless, some explanations
i can be provided based on the obtained findings. Firstly, change in new communicational
strategies can serve as solutions in the future since there might be changes in nature and
i relevant issues. Secondly, the sense of a digital place of nature can serve as an alternative
i to the architectural body. Since the variables mentioned above affect each other, they will
i create a strong social relationship between humans and nature. Thirdly, the questionable
point is what other experiences can be incorporated in this context regarding the changing
i natures towards industrialization and digitalization of relationships in the architectural
i loops.

i HIGHLIGHTS:

i - Hypothetical factors for the sense of virtual place: spatial-virtual factors, virtual activity,
and virtual semantic link.

i - Assessment of presence in nature by using PQ, ITQ, and test of sense of virtual place .

i - Normal outputs of sense of presence and sense of place regarding digital nature.
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First test

Measurement of sense of presence

This questionnaire was selected
to assess sense of presence in virtual
reality

Third test

Evaluation of individuals' immersive
(PQ) tendencies (ITQ)
This questionnaire was used to find
personal traits of participants and
comparing results of this test with main

Second test

Audiences' preferences for the
sense of virtual place
This questionnaire was used to
examine the virtual nature in the
architectural body

questionnaires

Parameters of the first test

Sensory factors
Distraction factors
Realism factors

Control factors

Parameters of the third test

Emotionality
Engagement willingness

Mental focus

Parameters of the second test

Virtual-spatial factors
Virtual activities

Virtual semantic links

Desire to play

Sound
Haptic

Self-assessment

Fig.5. Conceptual model of research
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Table 1. Questionnaires details
Questionnaire 1

Presence Witmer & Singer

This questionnaire includes 24 questions, which
measures the sense of presence in the virtual
environment.

Questionnaire 2

Sense of place in the  Authors of the extant paper
virtual environment

This 12-item questionnaire is scored based ona  five-
point Likert scale from very low to very high. This
questionnaire evaluates the sense of place of the digital
nature.

Questionnaire 3

Immersive Tendencies
Questionnaire

This 18-item questionnaire evaluates the immersive
tendencies of individuals.

Witmer & Singer
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Table 2. Criteria of measuring presence in virtual

reality
Criteria
Degree of control
Immediacy of control
Control ———
Anticipation of events
Factors
Mode of control
Physical environment modifiability
Sensory modality
Environmental richness
Multimodal presentation
Sensory Consistency of multimodal
3 Factors onsistency of multimoda
c information
S Degree of movement perception
o Active search
Distract Isolation
Istraction Selective attention
Factors
Interface awareness
Scene realism
Reali Information consistent with
ealism objective world
Factors

Meaningfulness of experience
Separation anxiety/ disorientation
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Table 3. Interaction levels in the sense of virtual place

Interaction levels

Virtual physics (virtual form,
virtual texture, virtual light, etc),
Virtual multiple senses, and so
forth.

Various virtual relations and
activities in the place.

Some elements and signs of place

in digital form, etc.
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Virtual activities

Virtual semantic links
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Table 4. Suggested indicators of sense of place in virtual nature

Virtual-spatial ~ Creating diverse atmospheres, including
factors

body.

1. Computer-based virtual and 3D images of elements existing in nature and designing them in the architecture

2. Virtual voices of nature, such as the virtual voice of birds, virtual sound of sea waves, etc.
3. Touching virtual texture of nature physic, including touching motion of water molecules in form of liquid

crystals, laser, and light on the walls.

4. Sense of virtual smell of nature such as the virtual smell of plants and flowers.

5. Feeling virtual temperature, such as sense of virtual presence in a hot desert or the North Pole, etc.

6. Designing virtual forms of nature that are inspired by natural elements.

7. Creating a free arrangement, and virtual reflection of freedom of movement in nature.

8. Using main colors of nature in the design plan, a virtual-abstract reflection of nature, such as green color, etc.

Virtual activities

Creation of some virtual activities, including

1. Designing some spaces for virtual fishing in nature.

2. Creating spaces for virtual diving in underwater nature.

3. Considering some spaces for virtual walking in a wheat field.

4. Creating spaces for virtual walking in Iranian gardens.

5. Designing some spaces for virtual walking in nature and virtual walking in rural retirement destinations

(RRD *) and the most important natural areas.

Virtual-semantic

Creation of some feelings and senses inside of the space:

links 1. Providing virtual experiences by creating an impression of nature.
2. Creating unique virtual stimulus in some interactive forms, such as virtual rainbow, virtual waterfall, virtual

rain, etc.

3. Using light and aperture to create a virtual atmosphere of jungle nature.

o

L |

1
[I
i
|

\o
(73




99

1

9

ay
) J
q

N
2 9

&)

s

YA =189 Gl /1 6 yhos + 1 8,395 - 1P (il g ket

o Ls g cargl ol (s www

(F Jguz) 5, 04>
(o | 039 ).A—MA.»—’ LQ.)).A A S L&:u)
b‘)_‘)‘ 4_:).70 9 u’_»_..u 05; 5)_».40‘)[) 99 o )9_»A.:> e_isl_D.:
sloel s 6,503l ANOVA (5051 5l solawl L
aS ol s amiw 0 P<e/+0) 503l 5 lolne
G]a_wLalnb)‘..\_; L;)_ula )j_é}d_?)é)éu;i_mdgw
a2 o l,8 )_,.;L: Cod |y jeman e ol 8l a o

Table 5. Demographic findings

Findings Frequency distribution (%)
Sex Female 48
Male 52
Age Younger than 25 23.6
25-30 34.4
30-35 18
35-40 14.4
40-45 7.2
45-50 1.2
Older than 50 1.2
Experience in <5 years 15.6
the context of 5-10 24
virtual reality 10-15 336
15-20 18
20-25 8/8
Education level High school 2.4
Diploma 15.6
Associate degree 27.6
BA 44.8
MA 7.2
Ph.D. 2.4
Job Employee 14.4
Self-employed 35.2
Housekeeper 16.8
Student 27.6
Unemployed 6

Table 6. Independent T-Test of gender

Gender  Abundance Mean Sig
Male 129 4.44
.002
Female 119 4.72 0.00

Table 7. Independent ANOVA test of age and,

experience
Sumof df  Mean F Sig
Squares Square
Between  4.665 6 0.778 1.640 0.137
o Groups
< Within 115229 243  0.474
Groups
Total 119.894 249
@ Between  7.487 4 1.872  4.079 0.003
& Groups
S Within  112.407 245 0.459
2 Groups

Total 119.894 249
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Table 8. Average level of presence in virtual reality

Dependent variable Independent variable 1<mean<7 Sig lower upper

Presence Haptic 4.92 0.000 0.70 1.14

sound 4,75 0.000 0.56 0.94

Self-assessment 4,57 0.000 0.36 0.79

Sensory factors 4,57 0.000 0.38 0.76

Distraction factors 4.61 0.000 0.41 0.81

Control factors 4.44 0.000 0.24 0.65

Realism factors 4.46 0.000 0.28 0.64
Haptic
Sound
Virtual-semantic links Self-assessment
Sensory factors
Virtual activities Distraction factors
Control factors

Virtual-spatial factors
Realism factors
26 27 28 29 3 31 4.2 4.4 4.6 4.8 5

Fig.7. Audiences’ preferences of factors of sense of
place in virtual nature

Fig.6. Measurement of sense of presence in virtual
reality
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Table 9. Coefficient of correlation between variables

Variables () ) 3) 4
1 Virtual-spatial factors 1
Sig 0.000
Virtual activities 0.478 1
Sig 0.000 0.000
3 Virtual-semantic links ~ 0.245 0.230 1
Sig 0.000 0.000 0.000
Sense of virtual place  0.930 0.682 0.503 1
Sig 0.000 0.000 0.000 0.000
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Table 10. Ranking constructive indicators of architecture

5 Subcomponent The beta The beta Sig Mean Below mean
€5 coefficient of coefficient of the value
S8 component subcomponent
Seeing nature landscapes in form of virtual 0.592 0.154 0.000 3.06 2.76
images
Hearing various virtual sounds from nature, 0.184 3.08
such as birds' voices, sea waves, etc.
Touching a virtual texture of nature, such as 0.164 3.16
o touching the motion of water molecules
o
E Sense of virtual smell of nature, such as the 0.180 3.08
= virtual smell of plants and flowers, etc.
=
§ Feeling virtual temperature, such as sense of 0.180 3.11
= virtual presence in a hot desert or the North
g Pole, etc.
S Stimulating the sense of taste in virtual form 0.197 3.19
by serving foods and beverages to note the
presence in nature
Creation of virtual forms of nature 0.186 3.08
Formation of a free environment 0.163 3.02
arrangement (freedom of movement)
. Creating virtual mental activities, such as 0.333 0.558 0.000 2.76 2.43
;E virtual walking in nature (using virtual
= reality tools- 360degree treadmills), virtual
& fishing in nature, etc.
§ Providing social interaction in nature in 0.542 3.09
E virtual forms, such as collective presence for
> entertainment
Creating a mental experience for individuals 0.137 0.590 0.000 2.94 3.09
by evoking a memory of nature
Creating unique virtual stimuli, such as 0.514 2.79

virtual rainbow, and so forth which affects
feelings and behaviors

Virtual-
semantic links
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Table 11. Average level of immersive tendencies in virtual reality

Dependent variable Independent variable 1<mean<7 Sig lower upper

Desire to play 4.47 0.000 0.26 0.68

Immersive Tendencies in Virtual Reality Emotlonafllt_y 439 0.000 0.19 059
Engagement willingness 4.56 0.000 0.38 0.74

Mental focus 4.70 0.000 0.54 0.86
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Engagement willingness

Mental focus
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Fig.8. Measurement of immersive tendencies of
participants

Table 12. Comparison of test results

Indep_endent Dependent variable Test sig
variable value
Presence in nature
: through HMD tool 0599 0.000
Immersive 5 - .
tendencies resence in nature

through the sense of 0.610  0.000
virtual place

Hlazus adal) ol 5l Jlawl Gl o (Sbiee s )lors
3 S g sl adaly sa e licSu ) g 009
Ol b S a3l ama (gaue Sy ‘Q]
L)_" )y 9 K J_»al> ‘0_15)5_'44 el sl
O ol 5 0,8 10 langs 1o e LAl iash,
b ol eSS Lya i o ahed hiigoa b
L agzlse 5 0,0 oS (loms joi> 1o aS el
85 1) Sl Slwlas] oy of

aou] (gilome Cbly yo j9as a5 8,60 40
o— 4‘-9_3.&9.3 U] JJwa J._..olD- ol.._w‘ 2 L)&JLNAJ‘ =
S ol ooy il v Bmind )0 (B )S o plsl
sloml 6l (e el Bl aily o Jalge 0l
Jlizms S dn g)lore 0I5 o s
Le6J—MM)QOABL“uﬁubP>L£)OBJ£A_eéjLzA
9 &3l loacdlas (gilome oI5 Jslge Lzl

198 (39031 3590 50

u_a.d‘j )‘)_s‘ aoJ._AT [GEIWAY) du&)‘d QuLw‘JJ
Sk g Ll LLS )l sl Jo3RB () 55l
Sl e S maw o s o e W09 A cgesme (O
o,Liga |y joam ad aslgie of L 8l (5 9a bbgd > 0 g
by jgma Sl dgize ol 10 050 0 v

0"

LI BRaN |

c

jL 3

(S -

[y

[ 1]
b

I’

23

I

\o
(73




‘A‘h.' Va1 M g
ol | 5% e (G
A}‘\r:"’&\ LD

99

s |l o 4 P
O g (S 3 et gl § (S gl

ol

s

1M 188 Sl /1 0 jlois  A¥ 0599 . 1P bl g sl

o Ls g cargl ol (s www

S5 ISt g5 ol 5l o9t oo e LSl 4 e
o.x_;.ﬂ Bl Glgmed cxd o il alal) o5l
= 0333 Al o (g3l — (o 85 (slmasgarme 4o
agly S L g >ge adg o glatamd g ST i
Sty g Jo (o ol Al o g anle (A8l
093 59, 1y =S slacand g a4 g bs> 4y

S, S Sy

1090 Calild o —

Sl 1 8590 oyl yo e sl 5l 0o S
S dlie an 093 Slwlual oo S 68 5L wslys oo
Goobilen (Jlie flae any 0il oAk 00 95290
BRRPE-C SR W IPUVT S-S PV PYL G R UL 4
ol las slulatols o e odd o b
5,9 ‘_‘)T &l JHM‘_“JMQMJQ S0
a8l oy e Las 50 .asl u_]l> PR Ve
Slwlaa] asilys oo oy s e an Lalal 1065
adgiojlay ol s> 00 Slp 0,8 S
S lwludl 8 SO o g3loe cndly 3,k 5l
A 90 ol o Slwla oyl oyl jo aS 0,1
‘S_J_‘ sl ) sy cel 6,8, pgle yo Jols o]
A A S Sl g a0l a i
@L..Lq.c 05.._..4 ‘d_wu p—a—m—».u} o as WS¢ U‘ ‘;laLu)‘
oms il s Coln b sad aslaies 5 oanyl 0l
o 0ad olpa iy e sl Ll ol o s ls
slaoBlos ul_a.d:u’ il s 1 (g5lome I8
S0 J_als)5_ku U‘ 03— C)_EA 6wa.’>u el
DS 58 s

wy@

1. Presence

2. Telepresence

3. HMD (head mounted display)
4. Virtual Reality

5. Multi-Sensorial

6. Immersion

7. Interaction

8. Autonomy

9. Presence Questionnaire

10. Immersive Tendencies Questionnaire
11. Virtual Environments

12. Fontaine

13. Held & Durlach

14. Canter
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