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ABSTRACT: Virtual reality is one of the key emerging technologies of the 21th century and it has been used in a variety of ways in the
fields of architectural research. Virtual reality is presented as an ideal alternative for studying the interaction between space and humans
because it provides a realistic spacial experience while allowing experimenters to control environmental variables at a low cost easily. It
allowed us to deepen our knowledge of human spatial experience in the built environment. However, existing reviews do not include the
following points: 1) previous review research has been focused on using virtual reality technology in construction and engineering, not
spatial experience, 2) recently, some review researches started to study the interaction between space and humans in the built
environment, however, they do not suggest specific concepts of spatial experience. The present review aims to examine the existing
literature about measuring spatial experience using virtual reality in architectural design. The study conducted a systematic qualitative
review that analyzes and synthesizes the evolving literature regarding design elements, methodology, and usability. The study concludes
with an overall discussion and their potential for providing further directions for future research.
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Table 1, Outcomes extracted from the experimental articles prepared by various authors

Human Immersive Built
Reference B ) Measurement
experience technology environment
: ) Questionnaire
Three dimensional ) )
Paes et al, erception and HMD Depth of the space (three—dimensional
2023 P P P P perception (3DPQ) and
presence
presence (PQ))
Kong et al,, Brightness . ) Light . Questionnaire
2023 erception HMD (iluminance, shape, size, (visual perception)
P P and position) P P
Azarby & Rice, . ) Corridor, enclosure, Questionnaire
20228, 2022p | SPalial perception HMD texture (SPQ)
Analysis of Questionnaire
spatial ) ) Interior space of (visual perception, sense of
elements [Ma et al., 2022) Visual perception HMD illuminance and CCT presence (IPQ)), Landolt C
that affect test performance
fhe sense of Kal i | EEG, ECG, EOG, GSR d
presence alantari et al,, Spatial cognition HMD School classroom ’ ’ T an
and spatial 2021 head acceleration
perception HMD, position . . N Questionnaire
Cha et al, Spatial percention tracking sensors,| Interior office ceiling (spatial perception. readin
2019 P P P Controller for height and type P P .p y 9
o comprehension task, IPQ)
navigation
) ) Floor, texture, light, Questionnaire
Loyola, 2017 | Spatial perception HMD object, furniture (error of visual cue)
Computer ) )
) ) Questionnaire
Paes et al, Spatial percention monitor and Overall room size and (spatial perception question
2017 P P P HMD, mouse for atmosphere P P b a
. (SPQ))
navigation
Jung et al Emotion and Questionnaire
g v ) HMD Biophilic design (PANAS, STAI-s),
2023 brain response
EEG
Latini et al, Productivity and Room wall color and Questionnaire
HMD ) ) ) X
2021 comfort indoor environment (visual sensation vote)
Lipson—Smith | Mood and valence HMD Room color Questionnaire
et al, 2020 (color preference) (mood and preference)
| tigati . .
Banaei et al emo;gszllgs?altzgs for Questionnaire
” ) ) HMD Spatial form (SAM test, semantic emotion,
2020 different personality
: NEO—FFI)
traits
Questionnaire
(VR environment perception,
Human comfort and Underground space pZiilga:ioemnVIangfgt
Analvsi Li et al, 2021 cognitive HMD 9 P perception, physic
ysis of ; room perception, satisfaction),
spatial periormance EEG, VIATOM
elements (heart rate, blood
affect user’s exygenation)
subjective Stress recovery — View quality — stress recovery
emotions i )
Abd—Alhamid posmve and . . .(stree Inducing Task),
negative levels, HMD Window view view preference, PANAS,
et al, 2020 )
arousal and pleasure Heart rate and skin
levels conductance
Chamilothori | Pleasant, interesting, Facade Questionnaire (pleasam.tness),
o ) HMD (geometry and heart rate and skin
et al,, 2019 |and exciting emotion

sunlight pattern)

conductance

Marin—Morales

HMD controllers

Exhibition space and

room size and dimension

et al, 2019 Emotion for navigation contents EEG, ECG
llluminance, color of Questionnaire
Ergan et al,, |Sense of stress and )
2019 anxiety HMD surfaces and open— (stress and anxiety level),
ness, natural daylight EEG, GSR, PPG
) Area windows, Questionnaire of
Franz et al | Emotional ) ) )
) Screen wall openness ratio, emotional experience
2005 experience

(semantic differential)
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Evaluation of Full=scale Cave Layout Interview, questionnaire
Wong et al, design through Automatic Virtual 4 - 9 )
) ) ) (workspace enclosure, |(layout preference, perceived
2023 nteractive Environment storage, rearrangement) erformance evaluation)
performance (CAVE) 9e. 9 P
’ Questionnaire
Analysis of
sp\gtial (8SQ, IPQ, communication,
clements Chung et al, Enjoyment and HMD Exhibition space and enjoyment),
that affect 2024 performance contents behavioral observation by
video recording, and
user intervi
behavior interviews
) ) : Questionnaire
Investigate the video projector ) )
) o (design evaluation, layout
Eloy et al,, |environmental stimulijand 3D glasses, ) !
) \ : ) Environmental sound preference and perceived
2023 influence people's joystick for -
: o performance evaluation),
behavior navigation :
self—report, eye—tracking
Ma et al. 2023| Spatial preference HMD Spatial arrangement and . Quest\onnglre
wall color (visual perception, IPQ)
’ ) ’ Questionnaire
Fajardo et al, Analyzing the HMD Interior spaqe of (attention test, Memory test,
2023 preference color and light ;
Environmental preferences)
! Tseng & Giau ) . HMD Questionnaire
Analysis of ’ ’
spyatial 2022 Spatial cognition VR glasses Layout of apartment (SSQ, SUPQ, spatial cognition)
factors that Lo Questionnaire
affect Spatial cognition and Space form, lighting, (subjective feeling, space
i Li et al,, 2020 P . _g ; HMD greening rate, number of ; : . g,. P
cognitive subjective feeling cople scene area design, physical environment),
ability, peopie, EEG
pre;ere_rnc‘e, Building material
pnysica Zhang et al, selection HMD Interior finishing material Questionnaire
recoxijery 2019 (aesthetic 9 (Visual aesthetic preference)
anda . preference)
aesthetic - .
evaluation Project wide Qgest\onnawe
Pals et al, . ) ) . . (perceived coherence,
Physical restoration cylindrical Natural environment
2014 preference, pleasure, and
screen :
restoration)
Wenger et al, ) - Video prpjec_tor Street layout and
Spatial navigation | and navigation ) ) ) MRI
2012 iconic object
buttons
A 71717t MEshe Ml Xol7F S Alnet SIAREEo] LHE Yot A7 B7t9 20|, =9 B g 8o
deks 01 4 UACHT SIAC, E MEAIY| E718, Hote, 7|8 59 201 4Es At
ORR[ACE, 7hiA0] CIXIR! = BIt EHA0 E8=7| ¢ Ol X3z et itz RO TEMAS| HA(CIXR!
ot SXo= QI7to| 7ty 7t Zels et e et & TAEZAL S|, CIXRRIEA|, CIXR! & HIHHA) oM 2
Ct. Cha et al, (2019)= CIAIR! BI7IHAOIM LEt ALZSXH & Eh= =0l w2t M2afchM Felotich BA, CIXfel & AR
04504 CIXIQN BIIE ol | fIet SMC 2 JReids &&aly| A AT AN 2EE =Mooz TSl 217t
ol 2t BZh8 MEX BURIZS BHGIQICE HVWDS] SRS  ZES BHS e ST 2 Jung et al, (2028)2 Bxb
Theloids 28610 QA MFO| =02t ROl THE AEXL HAS 7HE7I0IM =510 AU BHH=SIRF 7HAEA LY
9| B¢t XS H1oin), AE(EMERS, SHEVE D1ME CIXIE A0 X ALAO Chet ARZXtel A2|X Horatt
7ht SSHIAE(reading comprehension task)E &7 &2 (psychological comfort)2} 2i8l(wellbeing)S ZAIGIRICE At
St SZEX[ZI01 et AMEAT Zeig SEotcth AZut A St B9 SHS flofl HlME=(EEC)2E YMSHo 2ot d=
NS7Hat SYotA| 7HsiaZ 7o ME MY =0|2F F&oll (PANAS)S &&5IRC), Si1Zt =1t 7HAGIA L CIX|
2t AlZAt=E St TE2| QARICHD SIRICE 0] 12 S5l 2 A329 XHeA BF Bxfe] FEMR! U (positive
A A AEXRPE Eofshs CIXRl 270l 2Ud 7HSAo| emotion)0fl Fefs F11, EQt HE(anxiety states)E HAAZI
AHEZ7E O 28E  Qltte AS ISR NOZ ZAEIQCE 0] SIS Saf, SIEHeZ Hofo| HRUH
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