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Verification of virtual reality’s application in architectural design
education and proposing new utilization scenarios
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% Experimental procedure was carried
out continuously without breaks

Vtest room Iest room

VR training room

B1:n=13, B4:n=20

START , . , . END |
lAnswer a questionnaire IWalk to real or VR I'I'raining scale feeling ' Walk back to lEstimate the length of '
(about 10-15 min) training room in real or VR training test room 15 objects in test room

Then estimate the length of (about 5 min) room ) (about 5 min) again )
15 objects in test roomg (about 15 min) (about 5 min)

(about 5 min)

Figure 2-1 Experimental procedure
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2-2-1. REXFIE

EBIL, £, REBEHICOWTHFNRS T = A A2 — b (Table 2-1) Z i ASH7-,

Table 2-1 Questionnaire contents
No. items

Basic contents such as height and eyesight

Awareness and experience about the length and dimensions of things
Knowledge of the size of common things

Experience, hobbies and special skills

Awareness and experience about VR (Virtual Reality)

- E|TaOw

Personality

BT, HRE DI A DA —VEN EORENEHET 272012, RBRZEM (A GRT LY
EE10458 38 5R) CHEBRED N THRET 2 15EFTOE & 2958 I 1S P2 lmm AL CHEIZ S
Tzo Fiz, I5SEFOR I OEEE, BIERORIOHEEICET 25 2 HFIZHOWTERELOHE BT
WCFHRASE, 7ok, REMTHEREFICE I ZEIZEIEHBICE, EREIXREETZ L —
P—=RA U ZIZ LS THRRLARD S, AEHOMBIC L VM-, MA T, #ERE OBLE & iz
WELRWE S, ERFILTE LIRS OmIeE %7 £ OB EPHSMINLE L CRIZ %5
$k L7z, F£7z, EBRAIOFBURIZEBWNT, #BRE LA GOERE OHK, Sigle & & A TEE
LR K 9 RDT,

RERZER O/ LH X & BE, X &R IE 2515672 Figure 2-2, Table 2-2Z iR
T HEBREIIERE1O S MO TERFIEOMMA L2, TOEELHBMNEIIEZTIC, HHE
LT ENZIUCONWTHERDOMEZBRICEZ RN ORI ZRIE Lz, £z, BIZIEFHE
RICESTDHZLDRWE S, HREZLIZT ¥ AHE ST,

WIS, AT—NVEEEITZOD N —=2 T ETORETN, T O CHRRFEILIEZEM & VRZE
MOWT NP D, N—=v T OJke LT, BRBRZEM & 138022 (AR RS T
HA626 5%) T, FERENRET HEITOR S 2HBREICRESEL b D& Leh, EEE
132 DENEFEOME & R TRV O R EBZ, ENEZT THERE L, FOE2E LZE
REZESEDLZ L L LT, HBREICIZIEFTIC & 5EE TRIZ#ES A5 2, 5EE £ TICIEAET
SR TG EITERDMEZZUR LT, THE2EEERT T IRT 2 & T, #BRFEIXE»IZTx
o A — R EEEED ALV AHERTDHENTE, AT UREEI ZENTEDHLEEZ
oo PL—=r 7% LR S Z2HEESH 51562 Figure 2-3, Table 2-3ZNZhilRd, 22
THEZEEI 2 R T ESFIZONTIE, REBRZEME ML —= 7R Z2RKBIT 570, fiE Tl (&
BTNV T 7Ry ), BETIE (TAr77rXy MER) R L,

7B, ML—=UZ7Z%MTIE, BHEOBESCHRO—HE L LRV D & 2RI, FE2EH
DY, BANTEEOFALMOHAY AT, EBEN ML —= 7 OFIEZHY L%, #EE
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[ ] - [

N

FO O [ e

North elevation of 104 lecture room

==

3

East elevation of 104 lecture room

Note: (s) (m) (1) denote “length of object in 1~900mm as a small scale”, “length of object in 901~2700mm medium scale” and “length
of object larger than 2700mm as a large scale” in test room.

Figure 2-2 Layout and photos of test room. (Hiroshima University, School of Engineering
A2-104 lecture room)

Table 2-2 Length of objects in test room (indoor)

No. objects length (mm)
1) Room width 7300
2(1) Room depth 10500
3() Room height 3200
4(s) Column width 700
5(m) Window height 1350
6(1) Blackboard length 3600
7(m) Blackboard height 1200
8(s) Desk width 355
9(m) Desk length 2400
10(s) Desk height 725
11(s) Distance between desks 450
12(s) Passage between desks 700
13(m) Chair to wall 1750
14(m) Desk to blackboard 2230
15(s) Teacher desk height 860

Note: (s), (m) and (1) denote “length of object in 1~900mm as a
small scale”, “length of object in 901~2700mm medium scale”
and “length of object larger than 2700mm as a large scale” in
test room.

10
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m-2 m-3 m-4 — |m-5 o1
-5 <>
3 a2
1-1 <>
-3
1-3
North elevation of A2-626 room
) -4 ]
Subjget(VR space) NP>
1-5
Subject(Real space)
m-1 Note: s, m, 1 denote “length of object in 1~900mm as a
4 .,’ S~ small scale”, “length of object in 901~2700mm
s-4 1-2 T medium scale” and “length of object larger than

2700mm as a large scale” in training room.

Experimenter-1&2(Real space)

object
/

/

(b)
Figure 2-3 Layout and photos of training room: (a) Real space; (b) VR space. (Hiroshima
University, School of Engineering A2-626 meeting room)

Table 2-3 Length of objects in training room (indoor)

No. objects length (mm)
s-1 Wall length 1 500
s-2 Wall length 2 715
s-3 Wall length 3 350
s-4 Wall length 4 400
s-5 Wall length 5 390
m-1 Door width 950
m-2 Wall length 6 2000
m-3 Whiteboard width 2700
m-4 Wall length 7 1500
m-5 Room height 2700
1-1 Wall length 8 3320
1-2 Wall length 9 6200
1-3 Window width 6200
1-4 Room width 7000
1-5 Room length 7000

Note: s, m and 1 denote “length of object in 1~900mm as a small
scale”, “length of object in 901~2700mm medium scale” and
“length of object larger than 2700mm as a large scale” in
training room.

11
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IFEMNZBBICBE LR D, ML —=2 7 %1To7, —J, VREMOHEIZEN L IF0R0
B2, HRONTEOPRIAELT, h—=0 Z7OFIEORAEZZ T2, TOBE, HOOH
KOMEIIFREZNENT o H LMTHRE LT, £0%IT, EZEM L RRICZERNG B B2 88
EROTZ, £, Mr—=r 7% TY, RERZEM L FERICRIZETIIHRE Z L1277 v X L
P C=4a7,

F£70, VRZERITIE, EEO M —=0 72 EFECETVEAMHEEL, HMDIZ XY 2R L7,
PR OB T H2MBIE, HRE OIS KO ROE B L TRk T 5D & L, #ERE
MVRZEMANTBE L TH I RBOH 5 KREEM URRRFETFEBREHEE) CEME Lz, 72
B, VREMTORIEGEFOREICHWNTIE, #HBREDBIEL T DEBNICENLDND LD
WZIRWT A U TERIRSND L oI LTz,

F—= 7T, BE, RBREMICRY, EREFENRET D)L R—O1SEFTICOWT
& SEZ, FL—= 7RI BORBRZER O EEIICRT HRIEZ KT 52 L1280, b
V== T ONR A MR L, FEZEH & VRZEM A RBR U 7o g BRFE i) C 2208 72 auiE, VRZERM T
HoTHOATr—NVEEERI ZENTEDHLEEXT, £z, R &R, RBRZEHIZI T 215607
DRI OEE%, RIERORIOHEEICET 5EX HFIZOWTGEREOAHBHFE TRAIE, b
L—= U THIEDOZALIZ OV T HHME Lz, &&BIZ, Mr—=07I1CL->T, AF—EOMm L
IR T AEIRIC OV T AR EF ICTA ST,
7k, MBRZEME P —= 7 ZEMOBIEGETOREIZSNT, EEOR I 2A0mmHr b
900mm, 901mm7>5H2700mm, 270lmmlL FOEii% [/NArr—)v) T2 —b) [T KRRl —
N ELTENENERT D, £, REBRITBRELMOBRFE LR ETH20, FEHFTORE
X, TNETOHBWBEEMAECISHVWDLNT THRED LR E To )
l'stake (F1) [ D [RIRE | LWV o T ERAEFET H-OICHE LIEI Tk, EEOZEM
WIZFEL TS b DODOR SREMOFER R 2 E L LTRE LT,

2-2-2. VREMDETREE

VRIZ & 0 BANZEM % ZoRd D8k & LCiE, OculusttBOHMD (F4ih4 - Oculus quest) & f# ] L
72o HMDIZWE ST 4 A7 LA 13AR14£2880% 1600pixel  (JiHR1440%1600pixel) , B
BripHO4° (BT X 94° (]t 7)) Toh Y, WIIRRAEZ SFE X SRAOBEBE N EL DT 4 A7 L
AWEREIND, £, ROMG L FEROEE L REDRNT ERFRWEDOAE L 5 REO—2I
B EVIBUEID[58], Btk ETFAEAOEBIZICHIET HE I -oTEY, #ERE OB FZERH
ERICHARE S COHBZRBENCVREBR GBS 2, £72, VRZEMOET Y 712X Robert
McNeel & Associates fEFLD3WITCAD Y 7 b7 =7 (FE5h4 - Rhinoceros) Z{# ] L, EZEMD X 9
ICBNOHERE - R EORAMOAL 6 RIFmORHATE, Hl. #+. Bk Eoftaic
DOWNWTHHB LT,
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2-2-3. HERE R E

PRF TN TS RBRF LB IEICTR T 274 L Liedd, REHRXTESG Lo AuET
Bl ENEFFERICET L2 0RWE S, BERFHZEICET 2 FERBN R, A —L
WCZLWZ ENRTPRIND HEAICRE Ulc, #EBREBUZFEZER, VRZERWTNLH 134T, A
ZIXActkas 2 E ey, fixBMETH 5 (Table 2-4),

Table 2-4 Number of subject

Grade Date Training space Number (M/F)
Bl 2019.12.2~2019.12.19 real space 13 (9/4)
VR space 13 (13/0)

W7 N— TR OFEHRE T HEiHE L LT, FEEM L VREMOPEIRE AR KD R &r— L
R, A7 —/VIZHET2HBICOVWTHR T OMLERH LD LEZ, HREOLDDR IITHT
2 - BEBRIZOW T OB RN T 5 RIER R A Figure 2-412-7, 2k, WFnori—
T H NI R EREOEICE W EE L 2> TWDH 2 ENbnd, £, FEEA T OrRE
BTV, TOREE, AEAMEI%Z FTREIZHEAN LW L, JA—TRTHEEDRN &
MBS D, Lo T, EZEMH, VREMZNZENOHRE 7V —7HIZ, bbLDX
=BT 2O EITTE A LR, ERFEROMRICHT- > TEND A FEBAICEET 5
MDD EPERTE D,

Yes Some Few No

Experience measuring O\
furniture sizes o0
. . w W
Experience measuring ;";
room dimensions e
QO
o0
. ==
Opportunity to measure @ e
the length of things <X
o8
% =
Do you think you have o %
scale feeling L9

Yes Some Neither Few No
Interest about dimensions O—O0O

Note: *p< 0.1; **p< 0.05; ***p< 0.01. p denote “p value” of t-test.

Figure 2-4 Awareness and experience about the length and dimensions of things
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2-3. ELERM EVREMBED FL—= U T B D LEER
2-3-1. FL—Z 2T RRDELE

BT, ARIEHTIE, RBRD5 ML —=0 7 FEIIRBNT, EERICHERE DT 722 B ORNERF
—IEPICONT,  TEEREE) TEERRE) OFBLANE, fZ7V—70 b —=2 7 RiE
H#d 5,

O EEEH

F—=r 7 ZEH TR S 2 RIZISEFTICB VT, EAE ClopnBE BRIk o FHfEE, VR
72, SEZ8[ Z L IZFigure 2-51277 7, T LV, EEEROMEIZHED H 5s-250s-5, LB T
AR <, Hfli/efisd & 2m-2°m-4 TO R0 I8 L 7a 3l & bicAbivd, HHE
BREOELEN LN, M= RECEDLT, W7 L—FIE L EmoH D Z &
WO D, =, tRREDHRERDHIE, ZRV/REWETTGEONTFET DM, —IF D%
N ) —HOEMELRTEICEL ORIEBENLEL /2D LW T EANTHER TE 2N 2 & n
5, ZOREN LW I N — TR OENE BB 2 LBEIZ 2N bDEEZ LD,

5.0

4.0

|

R =0.892*** O Real space-IN O VR space-IN

Times of answers in training space
(times)

~ N [se) < v ~— N [se) < o) ~ [§\) ™ < lo}

b b b b b g £ £ E & X L £ I I
Obijects in training space (B1 students-IN)

Note: *p<0.1; **p< 0.05; ***p< 0.01. p denote “p value” of #-test.

Figure 2-5 Times of answers in training room

@ [

FERENREIAZEM L TrD, HBRENEIZET 5 E CICE LR ZeE L, 1EIc-oX5A
ETOBEHEIDORLY L VIZRET DA EHRERH] & LTRD, S BIZISEFRENEI
IZOWT, Z—TRNZIBANDEEZ KD Tz, FER%Figure 2-612R7d, ZHLD, WTno
AT CH, VREBOGFNEEMIVEN LD, ZOFT, FLEEOEIMCAEEDD
HZEDHERTE D,

Tz A AT — O [VREBROFE ] OFRE D720, VRZER TIITEUL EOYERE (Z /5
MIENZ END, FILWEIREZER LN S, S HICAT7T—VEIZOWTHEET LI, HEO
EZEMTOFEE LN, BERHAETIZLY EWRHER 1S b0 EFTHEINS,
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DLk, KEO#MREEZEEDDE, M —=0 7 FEMOBIZREO LI LY, BT D

REICIZZ D OERRH D H OO, FEFE TOREREIZ OV Tl 7 L— 7123658 L= [0 b
LT ENDbMNDL, THEY, EZEM, VREME GICHEREIZFR LNV ML —= 7 %5%1F 7
HDEBZLND,

15.0

skfk
120 sk b i B1 students

9.0

Answer duration (s)

6.0

3.0

O VR space-IN O Real space-IN

0.0

¥ @ ¥ ©v T @ @ ¥ v T 9 @ ¥ v
@ ” @ @ € € € € € - - - - -
Obijects in training space (B1 students-IN)

S
[

Note: *p<0.1; **p< 0.05; ***p< 0.01. p denote “p value” of #-test.
Figure 2-6 Answer duration(s) in training room

2-3-2. FL—Z TR TO THRBREM] ICET5EEERRSICHT HEEFIKR

RREMICE T D ML —= 0 JRIZICE T 2 EIEHET 2 & ORIZHEIC L 20T, FhHE e
(R 2 % Figure 2-7, Table 2-5% 1217, ONTRIZHENT, BWKEAN NL—=27
A, WEOVIREN N L —= 2 T HORIESTH 5, MO P U 5fflE, STl & %
ORI ZRL TS,

P4 REAPH &R ZEOEN S, P L —= 7RO bIEY LY, FL—=2 7% 5130
WNE IR DT, FEEMEVREMZENENIZEINEFTE LRI ELZENbD, ZhE
D, WTFhOZMTHEEDENRD Y, S SICEENESICHELTAEEBENTD EVE 5,
X, GibsonH[48| N ERL TND AT — /L&D kN b—=2 VR ITEER Z DB L - T
RENDEN) Z L EHIELTWD, 72720, EATIC K > TE b L—= 2 Vit CHEER 2N A
boLRWGELALND, Thbh, EEMTO [Sm).BoEmS] X I8(s)Lotg (FHin) |,
VRZERITO T10()HLOEE ] 72D L HIT, FL—=27HIOEEOESIE B x /SN
B, b L—=2 T % OERERED KIBICSE S TWORWETS, 7 v — 71234658 L TR S
N5, LnLARs, ElRLEEFNL, PL—=0 21X 55130 OEDIZR SRR, b
L—=V ZHIOBBIZ NG &b E/hENED, FL—=2 7 RBMICEN TV AW ATRENE:
WD ZEITMAT, BOIFV BT KRERDBEALHALNRNT LD, LT LHFEEHEN
RDNEIEFE AR, —JF, T3m)fF2BRE) CTiE, FEZERM CIIEER AN A L TnD 0l
X LT, VREBTIE N L—= 7HDOEZEOBLITV N RERY, Fo—=TRHE D RE
) EIEE 2720,
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Table 2-5 Mean and standard deviation of answer value in each objects (indoor)
B1 students’ answer values

objects correct real space VR space
values before after “+/-"of before after “+/-"of
mean SD mean SD  SD mean SD mean SD  SD
1 7300 8908 5696 6415 1532 - 7615 2305 6562 916 -
2(1) 10500 14122 7457 10169 3512 - 11231 3512 9654 1680 -
3 3200 3408 741 3169 643 - 3615 1055 3369 465 -
4(s) 700 661 203 708 150 - 688 162 712 181 +
5(m) 1350 1273 271 1325 247 - 1415 282 1292 194 -
6(1) 3600 3495 1226 3415 1011 - 3308 867 3331 622 -
7(m) 1200 1400 725 1350 204 - 1192 295 1269 278 -
8(s) 355 336 59 340 68 + 369 91 340 49 -
9(m) 2400 2609 778 2323 353 - 2631 423 2262 310 .
10(s) 725 758 152 765 114 - 735 99 700 106 +
11(s) 450 487 115 488 56 - 531 165 488 148 -
12(s) 700 734 292 707 229 - 638 160 640 154 -
13(m) 1750 1886 572 1738 334 - 1785 353 1881 553 +
14(m) 2230 2125 504 1946 330 - 2092 385 2246 531 +
15(s) 860 1012 171 984 190 + 923 189 900 165 -
Note: All figures are in millimeters unit.; “+” and “—" denote SD value after training is large or smaller than SD before
training.
LLEX Y, 92220, VRZERE TERENTITEBMERRD b, %< OFEFT CHRZER], VRZERM

HICFEEHDEPIAFETCED L0, T13m)Fa1r0bEE) OX )W/ NV—THTEROD HE
AT D BT D Z ERNbND,

2-33. RERICKBMNL—ZVUITHNEDLEE
[ ST & FEEROE & OFEWE G 5B, TOZEOHHEZ A DfREE L TEIH L,

s L RO & ORI HOWT ZFigure 2-8127Y, 22T, [3EZER]) & [VRZER) , b
L—= U THIZEOWTILTY, BIERZEEEBEOMEE OMICIEOMEBERERRH D, EWETIC)

; 10000 = 0.4987x - 349.04
2 R® =0.9509 ~ ©  |B1students
Y =0.2527x - 113.73 o
g R2_= 0.9679 Q +
2 1000 M= 0.2712x - 117.99
8 — R? = 0.9841 n_L+J_
. € = 0.1376x + 32.527 o Y& F
o £ R?=0.9655 L on e F
= ) tS;
g g o
e 100 5%
2 Q real space (before training)
@ + real space (after training)
® O VR space (before training)
- + VR space (after training)
10
100 1000 10000 100000

correct value (mm)

Figure 2-8 Correlation between absolute values of answer
inaccuracy and correct values in test room
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T2 EE OREAITFELNEFTORRE L Y RERDMEMA L, EFH TRERERDFET D Z
ERbND, TNED, MEOKRX I, BEORISOKXKNMNIFEEINDLOEHEIND, 2
DML, ZhFETDL L OB BT HIERE SN D,

ETOEEOR SIZ L DB ZEIT L5 L AEKL, Levinb[541% T (EIZE-FEEROMHE) /FEEE
OfE) , Lampton® 551 MEIEAE/ FEEEOME] N ENDFHEAERE [percent error] & LT, %
NERWTHEEZIME L., 72720, BT THWONIIBEO A N 7 ZA2EET 5 L, f
2L, BN EEROMED0.565 & 1565 DWERE BT BT D356,  Tpercent error] DFHHEHE
RIF-05L£0.5, #EBRF M [percent error] DOFEIEIT0E 700, FREDEN /7 EMICKRI LD
HDEITNWNRTZN,

ZZT, BOEREOR SR, [HENEROME LD RN D LT, EEROMEIZENTE
THET L7z EEMICHEST 5729, Levinb |54 HEH L TU 2% Ipercent error| DiffaxtfE % 5t
BLToREREY TRRER) LERL, A7 — VEEZFTHET 572002 (K1) L LTERAL
7o

. answer value - correct value |
inaccuracy rate = . (1)

correct value

O TS L ORRZERIC X D Hg

Figure 2-9ic, ZEZZfi] & VREMZNEND, L —=1 FHith OFRZEROPERE 13 N OF-HE)E
%, PBRZEM] CRIE SEIZI5E AT Z &R,

Ik, EERTIE, PL—=2TROBRERN ML —=THIOZTHL DD LIZDN9

206 . — —
5 |% *® Before training B1 students @ Before training B1 students
05 ¢ > After training real space O After training VR space
§ * L ox
504 + " * *
8 0 3 kikok %k b,
@ 0. — 7
£ 7.\ /:\ Q.
02 & N = T LT B
P L . /TN
01 O O O b \6( ®
@ | ()
S S ST ESETEEZETEEE SSSTESETEZETEEEEES
- N o & B 0o K o & 2 ¢ ¥ §FF v - a0 o B o K o & 2 ¢ ¥ §F F w
Objects in test room Objects in test room

Note: *p<0.1; **p< 0.05; ***p< 0.01. p denote “p value” of ¢-test.
Figure 2-9 Inaccuracy rates before and after training: (a) real space, (b) VR space

T, WA ATIEFRBRE THER L, SRR OHM 3% NICIE 5 D 6tEiT & 2D, —H,
VRZERITYH, b L—=2 7% ORRERENED LI-ONET, (RIEFEBRENSEI, #MnLizo
MUEFTIZ A D, LT - T, EZEM, VRZEME HIZ, Mr—=0 7RICERERNFEAD L TE
0, AFRERBEOFEHERE LN TND Z E RO THRTE D,

BT & OfEREZ X VFEMICA D L, EEMO NA). BEOE] 2(). MEORITX )
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M9(m). FLOFID ) , VRZEMD T1(). HREOME]  12(). HEOBITE ] 2L, UPORAERNRK
TWEATCIE, MOEITE L TR L —=0 ZIC k> TREEROWD N L VHETH D Z LN
RS Dd,

PR U728 % L0 BIREICHRE T 2720, HRE 13 AN DORREROFEHMEICES L, 15&EfFT &Y
YINE LT, PL—=UJHIOMERE, BREROHEB(N L —=0 JHROBRERE FL—=
YIHIOZENTHINRER) & OB, Wi OMEREE D, 7 v—7 T LIiCFigure 2-101C
Y, EZEMEVREMOMmE &b, FHEIREK0.7LL EOBENZED L, BHOEERNKE N
28, ZORDLRICRDLZEnNLND, Thbb, bbb EBRERORIWEH T, FL—
SV TIINRTH DN, HICh &b EEROD/NIWEFTITIISERHEV 2N EF X D,

o 02 o 02
g (a) R =-0.881*** g (b) R =-0.711%*
g 0.1 S 0.1 x
§ § x X
2 0.0 _E 0.0 ); x§ 2(1). Room depth
S ¢ G A x
g 0.1 « . 2(I). Room depth g 01
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o - 1. ROOHl/Width o X Object answer
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Inaccuracy rates before training Inaccuracy rates before training

Figure 2-10 Correlation between inaccuracy rates before training and increase / decrease
in inaccuracy rate in test room: (a) real space, (b) VR space
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Note: *p< 0.1; **p< 0.05; ***p< 0.01. p denote “p value” of ¢-test.

Figure 2-11 Inaccuracy rates before and after training (mean of all objects)
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ARETIE, A7 — VROFEEICHTZ> T, VRO LY R ERTEEZHAGNCT D720, Hi
BEEF LA — VEICER LT, FAEOFESCIREMOBULO RIS Z &3, VREHEAT 5
BROFEA RN RIT T B2 R L, VRO 7o RS EE A A2 S 0M2 T 5,

D, RERFLFHOBESHIIHBT 2FEDI L, GFHBAFORBRB 2R, R
= VEDZ LN EBEE SIS VA (LR, VA DIED, +ok 8RR E 67T 5404
PLEOSEAE (LI, 494) 2R & LT, 2B LFAKORBR—> hL—= 7 >R, Lol
FL—= 7 ERAVREMTENENFM Lz, o, ZHBENAREWVIEE, FEES LR
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V= 7 EMB OB A AR L, BAEMERD L —=2 ZIXVREMODOHTITH Z &
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3-2. ERHNERERR & LI-VREMEGRMRE
3-2-1. EEBRFIE

BNZEBOEE, MEARMROERIL, B TR EAZERE & L-ERE 2L FEERTF
B CITo7=7-8, LLF, BAZEMEROFIELZ & L TR,
ERIZBWTIE, 7, REBAFIZOWVWTHNDLI 7 oA AV — FEFRAIEZEIZ, RO

% Experimental procedure was carried
with no interruptions or breaks

VR training space

test space test space

—> ég >
B1:n=20, B4:n=20

START , , , . END
Answer a questionnaire Walk to real or VR Training scale feeling Walk back to Estimate the length of
(10-15 mins) training space in real or VR training test space 15 objects in test space

Then estimate the length of (3 MINS) space (5 mins) again
15 objects in test space (20 mins, includes (5 mins)
moving time)

(5 mins)
Figure 3-1 Experimental procedure (outdoor)
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R Z10mLl EOEIT CIXFEEOMEO£0.5m% , 10mLL F OEHT Cld+£0.1m% 2 EHIEE I & L
TERIE LT,

hlL—=27EM & RS &A% S5 1580 % Figure 3-4, Figure 3-5, Table 3-2{Z/77, b
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Figure 3-2 Objects in test space (outdoor) (A2 Building and East library)
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Figure 3-3 Answer locations in test space (outdoor) (A2 Building and East library)

Table 3-1 Length and visual angle of objects in test
space (outdoor)

Length Visual

No. Object (m) angle
I(L) Building A2 width 67.8  30°~40°
2(L) Building Al height 313 60°~70°
3(L) Building Al depth 144 40°~50°
4(L) Rooftop protrusion length 10.8 ~10°
5(L) Distance between Building Al 432  50°~60°
and A2
6(L) Distance between Building 10.0  10°~20°
D2 and E6
7(L) Building C3 width 28.8  60°~70°
8(L) Building C3 height 13.2 30°~40°
9(L) East Library width 24.0  70°~80°
10(L) East Library height 13.8  50°~60°
11(S) Outdoor light height 5.5  10°~20°
12(S) Window height 1.5 30°~40°
13(S) Distance between Building A2 72 10°~20°
and C3
14(S) Connecting bridge height 4.0  10°~20°
15(S) Distance between columns 7.0 ~10°

Note: (S) and (L) denote “length of object in 1~10m as an outdoor
small scale”, and “length of object larger than 10m as an
outdoor large scale” in test space.
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Nexus21

Figure 3-5 Answer locations in training space (outdoor)

25



3. TSI & P AEOBERBZ BB LI Ay — VRIS R 2 VRO FIEORE

Table 3-2 Length and visual angle of objects in
training space (outdoor)

Length Visual

No Object (m) angle
L-1 Nexus2! width (positions (D)) 372 50°~60°
L-2 Nexus21 height (1) 17.0  10°~20°
L-3 Nexus21 height (2) 30.0 30°~40°
L-4 Nexus21 width (positions (2)) 70.8  60°~70°
L-5 Connecting bridge width 27.5 40°~
S- 6 Connecting bridge height 9.0 ~10°
L-7 New Building No.1 height 65.0 60°~70°
L-8 New Building No.1 width 29.0  30°~40°
L-9 Connecting bridge length 31.1  10°~20°
L-10 Hanging curtain length 294 20°~30°
L-11 Outdoor light height 10.5  10°~20°
S-12° Nexus21 entrance width 7.0  10°~20°
S-13  Clock height 5.0 ~10°
S-14 Distance between columns 2.4 ~10°
S-15 Columns height 4.5 ~10°

Note: S and L denote “length of object in 1~10m as an outdoor
small scale”, and “length of object larger than 10m as an
outdoor large scale” in training space.

BRL7z, #EWT, EREN ML —= T OFIAZHH L2, HBREFIIVRERATHE L
SmxSmOFEHNE HHICBEI L2, h—=2 T %%To72, LR T, WBRE OBEhNIIx
L CHBICRBD 5 5 22 (KB RF T EA2-626 2 #=) THEBRITEM L7z, WBRE N BT 5
1T, #EHE OIS L OH RO & B L T2 bbb L, BIEEFTOREIE, HiE
NIZZENE DD LR T A v 2 FREETITo 72, 728, VRZERNORIIOHEOH &
R, BIEEFTIIHRE Z &7 X AMTRRE LT,

@: bPL—=u7¥TH, mE, RBRERICRY, ERENFET 20 L R—DISEHFTIZOWN
T, Q&IFELDNEF THIZ ST,

BTz A AL— FORANSLO~-Q@DBRITWHREIAT oG L TITH 2L & L, &KT
1R S 1R300 FRE OIF A B LT, 7ok, RBRZEM L b L—=0 VM ORI E T O E
WZdHT> T, MO FH MR, TAND ORBER ENZRIZR D L OBE LT, £7o, EBHNZEH
BT DIEEAEDIOMELTOEHTID L —=" 7B L Ok a48E L, RERZEMO15EF D
2H, FEORINVImNH10mE TOSEzZ [BIVNA T — L), 10mLL D106 FT 42 TR
KA —Nn] ELTKRBITAHZ EE LT,

3-2-2. BHERDREREE & RERZERR DR TE

L —= 7 HADVRZERMIE, Robert McNeel & Associates fHHD3DCADY 7 Fv =7 (B
4, :Rhinoceros) &, Unity Technologies fH#d 7" — ABH%E > — /L (B dh4 : Unity3D) ZfEHH L, Z=[#H]
DETVT « LX) TEIToT, Tz, Bkt & LCTix, BNEREFKIZ, Oculusth
BLOHMD (P4 544 : Oculus quest) 2 L 7=,
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Note: *p< 0.1; **p< 0.05; ***p< 0.01. p denote “p value” of t-test.
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Figure 3-6 Awareness and experience about the length and dimensions of things:

(a)(b) Comparison between real and VR space (indoor);
(c)(d) Comparison between indoor and (outdoor);
(e) Comparison between B1 and B4 students
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Table 3-3 Sujects and experiment date

Experimental space Grade Date Training space subjects(M/F)
INDOOR B1 student 2019.12.2~2019.12.19 Real space 13(9/4)
VR space 13(13/0)
B4 student 2020.7.13~2020.8.13 Real space 20(9/11)
VR space 20(14/6)
OUTDOOR BI student 2020.12.1~2020.12.30 VR space 20(16/4)
B4 student 2021.4.7~2021.4.30 VR space 20(14/6)

LT, BBREARD R — VR, A — VIZBET 2 Ak EE AR oW TR D
NobbOLEZ D, T I TRETHE, BREOEARBELZSNZT 2 — 22— MBI D, #
BORENNC D DA DRIERER LY, K7 V=T TORERERHT 5,

IR, #8E Db 00K SICTHET 5 E# - BRI HOWTOERICK T 5 IZ M E 6 4 F222
M, VRZZM%1] (Figure 3-6(a, b)), =48I (Figure 3-6(c, d)), “F4E5I (Figure 3-6(e)) T T %
Figure 3-6127~7,

(FEORE S ZW o7 FRROTEZN 728k [FEOAFEOFTLODORE%
BDHEE ] RO SHEIZOWTOBILRH 5008 5 2] 1220 TIE, EZEM & VRER], BN &
BATIEE A EENRNZ LD, THRE TORRPERERICKE REBE RIFT 2 Lidm0n
boLEbhd, —F, FEOENEVWOIBENOHRDLRD, MPAITERORT TOREHE
ERFTNHID, REZMHMS ERBPIIIFELEL Y ABICERE T 5130, FECOVTY
FOVBLOH D Z LEWFALEND,

mE, [Ar—NgEinbs B0 OEBEE, BNERIIOE TERNHERIND N, FEZE
& VRZERM, 144 44 CH CHMAITEER SN TWARY, DLEDORREIY, [FEEM] &

[VRZEM) , BN LR, ZThEnowiE /7 v—7Ic, bbb DR —LEic o0 To
HIFRORRBRITIT & A E RN, ERFBEROMPRICH > TENL Z M E BT D LD
RN LR TE D,

33 FEMOLRICKAERBENRT—ILED FL—=V T HRICRIZTTEE
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O MFRBRZEM) (2B HHEEFE TR SISk 2 BRI

AR O VEA ORGSR L FRRIC, 4FAORBRZEM (BN IZHBIT 5 ML —= ZHiZICBIT 5 EIZ
&P 2 & DIEEEIC LD ONT I, SEAME & YR = 2 Figure 3-7, Table 3-4ZhZHIIRT,
FHOTHIZEWNT, BWIKEAN L —=2 7, EOKEAN ML —= 7 HBORZEZMTH D,
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O, RZEMOGETIEFRE 2D, VEAL VDR WEABERSND, £2, PL—=27HiO
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Figure 3-8 Inaccuracy rates before and after training (indoor):
(a) real space B1; (b) VR space B1; (c) real space B4; (d) VR space B4
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Note: *p<0.1; **p< 0.05; ***p< 0.01. p denote “p value” of t-test.

Figure 3-9 Inaccuracy rates before and after training (indoor, mean of all objects):
(a) B1, n=195; (b) B4, n=300
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View angle in VR space View angle in Real space

Figure 3-11 Image of view angle in VR space and real space
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Figure 3-11 inaccuracy rates before and after training (outdoor)
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Note: *p< 0.1; **p< 0.05; ***p< 0.01. p denote “p value” of t-test.
Figure 3-12 Inaccuracy rates before and after training (outdoor):
(a) mean of all objects; (b) mean of Large and Small scale objects
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Figure 3-13 Inaccuracy rates before and after training: results of large scale and small
scale in outdoor space and results of indoor space
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Table 3-6 (a) p value of t-test between Indoor and
outdoor(Large scale) space

Large scale B1 B4
before training 0.000%%** 0.000%**
after training 0.000%%** 0.000%**

Note: *p<0.1; **p< 0.05; ***p< 0.01. p denote “p value” of t-test.

Table 3-6 (b) p value of t-test between Indoor and
outdoor(Small scale) space

Small scale B1 B4
before training 0.097* 0.000%**
after training 0.053* 0.000%**

Note: *p<0.1; **p< 0.05; ***p<0.01. p denote “p value” of t-test.

Table 3-6 (c) p value of t-test between Indoor and
outdoor(All scale) space

all scale B1 B4
before training 0.000%%** 0.000%**
after training 0.000%%** 0.000%**

Note: *p< 0.1; **p< 0.05; ***p< 0.01. p denote “p value” of t-test.
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