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�,)��

!

!  8

Figure 2-1   Experimental procedure
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No. items

A Basic contents such as height and eyesight
B Awareness and experience about the length and dimensions of things
C Knowledge of the size of common things
D Experience, hobbies and special skills
E Awareness and experience about VR (Virtual Reality)
F Personality

Table 2-1   Questionnaire contents



2Ɓ�YUsoď6äƙ«Ľ4Õ.�)VR6æžǥ�İ½ƞċŃƻ

!  10

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

No. objects length (mm)
1(l) Room width 7300
2(l) Room depth 10500
3(l) Room height 3200
4(s) Column width 700
5(m) Window height 1350
6(l) 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

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

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

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
l-1 Wall length 8 3320
l-2 Wall length 9 6200
l-3 Window width 6200
l-4 Room width 7000
l-5 Room length 7000

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

Note: s, m and l 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.
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Îƅ!&)�apscqT¨1Ć6ƽǵžǥ6ĚåƆĔ4ë$HÎƅKŐǌ$H�14EGǺa

pscqT6«ĽKŷƿ"Ǻæžǥ1VRžǥK�ǵ")Ʃǵƛǥ0ô�3�I8ǺVRžǥ0

�,/CYUsoďKǴ��1�0�H1ƚ�)�?)Ǻı¤1ÂŇǺƽǵžǥ4��H15ƆĔ

6ǣ!6ÎƅĆǺÎƅĮ6ǣ!6ĝå4Ǧ$Hƚ�Ĩ4-�/Ǚę¶:ƟŨƹǐ0ƹ�!&Ǻa

pscqT¨Ć6Ú4-�/CĘğ")�ıĆ4ǺapscqT4E,/ǺYUsoď6Äu

«Ľ4Ǧ$H³ǆ4-�/KƩǵƛ4ƹ�!&)��

3�Ǻƽǵžǥ1apscqTžǥ6ÎƅƆĔ6ƺå4-�/Ǻæǫ6ǣ!�0mm�F

900mm�901mm�F2700mm�2701mm�u6ƆĔK�íYUso��zYUso��ÝYUs

o�1"/'I(IåƘ$H�?)ǺĶæǵ7ÿƊžǥ6ƺƶƛKëǆ1$H)BǺƆĔ6Ǚå

7Ǻ�I?06¥ĦĪĄŶŽ0E�ŧ�FI)�ƱŜ�FëǆŠ?06ǉǬ� [9 ,49-53]

�stake�Ŀ�ǥ6ǥǪ�[54,55]1�,)æǵKæĩ$H)B4ŧĎ")ƆĔ073���æǫ6žǥ

�4ãÒ"/�HC66ǣ!Džǥ6ǉǬ32K{1"/ƺå")��

!
2-2-2�VR0?��/74�

!
VR4EGç�žǥKÇŸ$Hŋĸ1"/7ǺOculusŹƬ6HMD�ÉÈÃ	Oculus quest�K�ŧ"

)�HMD4�Ƥ!I)`OYepP7ƴ�þ2880×1600pixelǸşŲ1440×1600pixelǹ[56,57]ǺƱ

ǟƉÐ94°�ŊĨÄ�
94°�ƕĨÄ�0�GǺyŲƱôK;?�)ÀŲŧ6Ū��ó¾6`OYep

P4ÇŸ!IH�?)ǺƯHĭ�1Ǌ�6¬�1�ÁJ3��1�ǝ�ď6Ŧ#HµÏ6t-4

3H1��ƲŜ�F[58]Ǻ¨Ćuvó¾6¬�4ëĉ$HE�43,/�GǺƩǵƛ6Ťæžǥ

1Â#ƱŜǶ!06ƟŨ3ź¬4VRŪ�CǑǩ$H�?)ǺVRžǥ6l`nqT47� Robert 

McNeel & Associates ŹƬ63Ō�CAD[daQRN�ÉÈÃ	Rhinoceros�K�ŧ"Ǻæžǥ6E�

4ï�6ĿDſrĕ326Ǥ¼Ǜ6@3F%�Þ�ǭ6ŞĬÌ��ķ�łâ�Ƿļ326�Ì4

-�/C Ť")��

!

!  12
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2-2-3�6A5*8�

!
Ʃǵƛ7�%ICüñÝäòäǛƃÍǳ4Ĕð$HäŦ1")�ǺƺƶƬÑ0ƙć")Õřê

ŕ32�æǵƐĽ4ăǮ$H�163�E�ǺÿƊƺƶƄ4Ǧ$HäƙƏǵ�3�ǺYUsoď

4|"��1�~č!IH1úŦ4Ǩå")�Ʃǵƛĥ7æžǥǺVRžǥ�%IC13Ã0Ǻ¨ƛ

47áċ4ÃKÆA�Ǻ�7ũċ0�H�Table 2-4���

yToseǥ6äƙ«ĽKŐǌ$H¨Ğ1"/Ǻæžǥ1VRžǥ6ƩǵƛĶĺ6YUsoď

DǺYUso4Ǧ$HŴǄ4-�/ŷƿ$HĈƮ��HC61ƚ�ǺƩǵƛ6C66ǣ!4Ǧ$

HĎǄrƏǵ4-�/6ǇÊ4ë$HÎƅƐĽKFigure 2-44Ÿ$��IEGǺ�%I6Tos

eCùÓŭ47Ņ5æǫ6�4ǎ�Îƅ13,/�H�1�J�H�?)ǺÎƅǯŮ%-t-Ńå

KƦ�Ǻ'6ƐĽǺĳĎőř10%�vÎHǯŮ�3��1�FǺToseǥ0ĳĎô63��1
�ǂ@ºIH�")�,/ǺæžǥǺVRžǥ'I(I6ƩǵƛToseǥ4ǺC1C16Y

Uso4Ǧ$HŴǄ6ô7=1L23�ǺæǵƐĽ6ƴǞ4�),/'IFKżńŭ4ƚđ$H

ĈƮ63��1�ŷƿ0�H��

!
!
!

!
!

!  13

Grade Date Training space Number (M/F)

B1 2019.12.2～2019.12.19 real space 13    (9/4)

VR space 13�(13/0)

Table 2-4   Number of subject

Figure 2-4   Awareness and experience about the length and dimensions of things

Note: *p< 0.1; **p< 0.05; ***p< 0.01. p denote “p value” of t-test.
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2-3��0?VR0?��������)�+=�

2-3-1�������-,�+=�

!
ƒ�/ǺĶǯ07ǺŬ3HapscqTĖŕ4��/Ǻæǫ4Ʃǵƛ�Ʀ,)äƙ6�è�Â

t�Å�4-�/Ǻ�ÎƅÎĥ��ÎƅĮǥ�6ÀƲŜ�FǺyTose6apscqTšŔK

Őǌ$H��

!
��ÎƅÎĥ�

apscqTžǥ0ǣ!Kì5)15ƆĔ4��/Ǻōƅ?04ĈƮ3ÎƅÎĥ6ùÓ�KǺVR

žǥǺæžǥ 14Figure 2-54Ÿ$��IEGǺæǫ6�4Ƃĥ6�Hs-2Ds-5Ǻl-14��/7

ÎƅÎĥ�Ü�Ǻ²ƌ3�K1Hm-2Dm-40î3��Ǔ")�Ä�yƛ1C4@FIH�ŰǦ

�ĥ6�CǶ��1�FǺapscqTĖŕ4ǦJF%ǺyTose4�Ǔ")�Ä6�H�1

�J�H�tĨǺt-Ńå6ƐĽK@H3FǺôŬ�Ý��ƆĔCû-�ãÒ$H�ǺtĨ6žǥ

�C�tĨ6žǥ1Ő</ö4Ü�6ÎƅÎĥ�ĈƮ13H1�,)�Ä7ŷƿ0�3��1�

FǺ�6ƐĽ�FyToseǥ6Ǘ�Kżńŭ4ƴǞ$HĈƮ73�C61ƚ�FIH��

!

�ÎƅĮǥ�

æǵƛ�ǣ!KǇÊ"/�FǺƩǵƛ�Îƅ$H?04Ʈ")ĮǥKƹǢ"Ǻ1ƆĔ4-�5Î

?06ƭĥÎ6DG1G4��HùÓ�K�ùÓÎƅĮǥ�1"/ŒBǺ!F415ƆĔ'I(I

4-�/ǺTose¦413�6ùÓ�KŒB)�ƐĽKFigure 2-64Ÿ$��IEGǺ�%I6

ƆĔ0CǺVRžǥ6Ĩ�æžǥEGǣ��1�J�GǺ'6z0ǺƋ±ĥ6ƆĔ4ĳĎô6�

H�1�ŷƿ0�H��

dRPYXsa6�VRƏǵ6ĳŝ�6ƐĽK@H3FǺVRžǥ07±ĥ�u6Ʃǵƛ4Əǵ

�3��1�FǺħ"�ėƧK�ǵ"3�FǺ!F4YUsoď4-�/äƙ$H47Ǻįŏ6

æžǥ06äƙ1Ő<ǺĐIH?04EGǣ�Įǥ���HC61~č!IH��

!  14

Figure 2-5   Times of answers in training room

Note: *p< 0.1; **p< 0.05; ***p< 0.01. p denote “p value” of t-test.
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�uǺĶǯ6ƐĽK?1BH1ǺapscqTĖŕǥ6ÎƅšŔ6Őǌ4EGǺÎƅ4��H

Įǥ47Üî6ôŬ��HC66Ǻōƅ?06ÎƅÎĥ4-�/yTose4�Ǔ")�Ä6�

H�1�J�H��IEGǺæžǥǺVRžǥ1C4Ʃǵƛ7Âpgo6apscqTK»�)

C61ƚ�FIH��

!

2-3-2��������%���9A0?�����(�2&>�� 
��1-,�

!
ƽǵžǥ4��HapscqT¨Ć4��HÎƅƆĔ 16Îƅ�4EHƈ9�ÑǺùÓ�1

ňř�ôKFigure 2-7ǺTable 2-5KI(I4Ÿ$�ƈ9�Ñ4��/ǺŚ�śơ�apscqT

¨Ǻƥ�śơ�apscqTĆ6Îƅ£õ0�H�ƕǋ4ÍƳľK�")ĥ�7ǺƆĔ 16æ

ǫ6ǣ!KŸ"/�H��

Í£�ƉÐ1ňř�ô6��FǺapscqT¨6ĤF8GEGǺapscqTĆ6ĤF8G

�í13HƆĔ7Ǻæžǥ1VRžǥ'I(I13111ƆĔ1Üĥ4uH�1�J�H��IE

GǺ�%I6žǥ0Cäƙ«Ľ��GǺ!F4Îƅ�ōƅ4Ĝǎ$H�ÄCǳ�$H1��H�

�I7ǺGibsonF[48]�{ā"/�HYUsoď6apscqT«Ľ7ňř�ô6Řî4E,/

Ÿ!IH1���11ëĉ"/�H�)*"ǺƆĔ4E,/7apscqT¨Ć0ňř�ô�Ú

JF3�×ÁC@FIH�$3J+Ǻæžǥ06�5(m).ſ6Ƕ!�D�8(s).ķ6÷�ŵǍ��Ǻ

VRžǥ06�10(s).ķ6Ƕ!�326E�4ǺapscqT¨6Îƅ6ĤF8G���í!�)

BǺapscqTĆ6ňř�ô�Ý÷4ĢË!I/�3�ƆĔ�ǺyTose4�Ǔ"/ŷƿ!

IH�"�"3�FǺuǐ")ƆĔ7ǺapscqT4EHĤF8G6Řî7ƯFI3��Ǻa

pscqT¨6ĤF8G�C1C1í!�)BǺapscqT«Ľ�Ĭŷ4ŤI/�3�½ƞċ

��H�14ª�/ǺĤF8G�ǒ4Ý13H�ÄC@FI3��1�FǺĈ%"Cäƙ«Ľ�

3�17Ƶ�3��tĨǺ�13(m).łâ�FÙ�07Ǻæžǥ07ňř�ô�Řî"/�H64

ë"/ǺVRžǥ07apscqTĆ6Îƅ6ĤF8G�Ý13GǺapscqT��?G«Ľ

ŭ17Ƶ�3���

!  15

Figure 2-6   Answer duration(s) in training room
Note: *p< 0.1; **p< 0.05; ***p< 0.01. p denote “p value” of t-test.
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�uEGǺæžǥǺVRžǥǥ0�Ơŭ47ǳ�ċ�ƿBFIǺÜ�6ƆĔ0æžǥǺVRžǥ

�4äƙ«Ľ�Ĵą0�HC66Ǻ�13(m).łâ�FÙ�6E�3yToseǥ0ôŬ6�HƆ

ĔCîĥãÒ$H�1�J�H��

!
2-3-3�;".����������)�+=�

����

Îƅ!I)�1æǫ6�16Ǘ�KŃƷ$HǫǺ'6ô6Ƒë�KÎƅ6ǀô1"/Ƈ¢")�

ǀô1æǫ6�16Ǧ�4-�/KFigure 2-84Ÿ$���0Ǻ�æžǥ�1�VRžǥ�Ǻa

pscqT¨Ć6�%I0CǺÎƅǀô1æǫ6�16ǥ4ō6ŰǦǦ���GǺǣ�ƆĔ4ë

!  17

Figure 2-8   Correlation between absolute values of answer 
inaccuracy and correct values in test room

objects correct 
values

B1 students’ answer values
real space VR space
before after “+/-”of 

SD
before after “+/-”of 

SDmean SD mean SD mean SD mean SD
1(l) 7300 8908 5696 6415 1532 - 7615 2305 6562 916 -
2(l) 10500 14122 7457 10169 3512 - 11231 3512 9654 1680 -
3(l) 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(l) 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 -

Table 2-5   Mean and standard deviation of answer value in each objects (indoor)

Note: All figures are in millimeters unit.; “+” and “−” denote SD value after training is large or smaller than SD before 
training.
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$HÎƅ6ǀô7ŵ�ƆĔ6ǀôEGÝ13H�Ä�@FIǺƆĔǥ0Ý�3ôŬ6ãÒ$H�

1�J�H��IEGǺǀô6Ý�!7Ǻæǫ6ǣ!6Ýí4ăǮ!IHC61ĝé!IH��

6�Ä7Ǻ�I?06Ü�6ĪĄŶŽ[48,54,55]4��/Cŷƿ!IH��

ƆĔ6æǫ6ǣ!4EHăǮKǚ�H�1KĎÑ"ǺLevinF[54]7��Îƅ��æǫ6���æǫ

6��ǺLamptonF[55]7�Îƅ��æǫ6��'I(I6ƶƇƐĽK�percent error�1"/Ǻ'

IKŧ�/ǀôKƼ�")�)*"Ǻ�ƦŶŽ0ŧ�FI)Ěň6kanSYKǜđ$H1Ǻ�

�8ǺÎƅ��æǫ6�60.5�11.5�6Ʃǵƛ·Ĩ�ãÒ$H×ÁǺ�percent error�6ƶƇƐ

Ľ7-0.510.5ǺƩǵƛǥ�percent error�6ùÓ�7013GǺǀô6Ǡ�°£ōŷ4¸ĭ!IH

C617���)���

'�0ǺƆĔ6æǫ6ǣ!DǺÎƅ�æǫ6�EGÝ�í�4��JF%Ǻæǫ6�42I*

�Ĝǎ")�KåǠŭ4Őǌ$H)BǺLevinF[54]F�ŧ"/�H�percent error�6Ƒë�Kƶ

Ƈ")ƐĽK�ǀôţ�1åƘ"ǺYUsoďKƼ�$H)B6ħ)3Ěň�$1�1"/ěŧ"

)��

!

��ƆĔ 16ǀôţ4EHŐǌ�

Figure 2-94Ǻæžǥ1VRžǥ'I(I6ǺapscqT¨Ć6ǀôţ6Ʃǵƛ13�6ùÓ�

KǺƽǵžǥ0Îƅ!&)15ƆĔ 14Ÿ$��

�IEGǺæžǥ07ǺapscqTĆ6ǀôţ�apscqT¨6'IEGŘî")6�9

ƆĔǺyƛ�=>ÂŻþ0ĝź"Ǻǀôţ6ØŘ�±3%��4¹?H6�6ƆĔ13H�tĨǺ

VRžǥ0CǺapscqTĆ6ǀôţ�Řî")6�9ƆĔǺ=>ÂŻþ�5ƆĔǺØª")6

�1ƆĔ43H�")�,/ǺæžǥǺVRžǥ1C4ǺapscqTĆ4ǀôţ�Řî"/�

GǺ=>ÂŇ6äƙ«Ľ�ćFI/�H�1�ĢB/ŷƿ0�H��

ƆĔ 16ƐĽKEGƾƍ4@H1Ǻæžǥ6�1(l)�Ǜï6÷��2(l)�Ǜï6àƦ��

!  18

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

                                            
         correct value

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

(a)                                                                        (b)
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�9(m)�ķ6ǣǍ�ǺVRžǥ6�1(l)�Ǜï6÷��2(l)�Ǜï6àƦ��32ǺĂ¤6ǀôţ�Ý

��ƆĔ07Ǻ�6ƆĔ1Őǌ"/apscqT4E,/ǀôţ6Řî�EGǲƣ0�H�1�

ŷƿ!IH��

uǐ")ŤǆKEGĬŷ4Ęğ$H)BǺƩǵƛ13�6ǀôţ6ùÓ�4Õ.�Ǻ15ƆĔKV

qeo1")ǺapscqT¨6ǀôţ1Ǻǀôţ6ØŘ�apscqTĆ6ǀôţKapsc

qT¨6'I0Ā�)ƐĽ�16ǦǔKǺyƛ6ŰǦ�ĥKÆBǺTose 14Figure 2-104

Ÿ$�æžǥ1VRžǥ6yƛ1CǺŰǦ�ĥ0.7�u6Ǧǔ�ƿBFIǺĂ¤6ǀôţ�Ý��

=2Ǻ'6ŘîCÝ43H�1�J�H�$3J+ǺC1C1ǀôţ6Ý��ƆĔ07Ǻaps

cqT7«Ľŭ0�H�Ǻǒ4C1C1ǀôţ6í!�ƆĔ07«Ľ��?G3�1Ƶ�H��

!

�ǀôţ6ƓùÓ4EHŐǌ�

��0ǺæžǥǺVRžǥ4��HapscqT¨1Ć6Ʃǵƛĥ×15ƆĔ6ǀôţƓùÓ��

195Îƅ�6t-ŃåƐĽKFigure 2-114Ÿ$�apscqT¨Ć6t-ŃåƐĽK@H1ǺyTos

e1C1%6ĳĎô�@FIǺĬŷ3Äu�Ä�ƿBFIH�?)ǺapscqT¨4��/

7Ǻæžǥ1VRžǥ16ǥ0ĳĎô�ŷƿ!IHC66ǺapscqTĆ07yƛ6ǥ4ĳĎ

ô63�C6�J�H��IEGǺVRžǥ06apscqT0CǺæžǥ1ÂŇ4YUsoď

�ǴJIH�1�ŷƿ0�H��

!
!
!
!
!
!
!
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Figure 2-10   Correlation between inaccuracy rates before training and increase / decrease 
in inaccuracy rate in test room: (a) real space, (b) VR space

(a)                                                              (b)
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!
2-4�3:�

!
ĶƁ07ǺYUsoď6apscqTæǵKǓ"/ǺÿƊģƜ6×ǭ4��/Ǻæžǥ6�İ

1"/VR4EHÇŸÿƊžǥ4�ŧ$H×ÁǺêŕ�ōŷ4Ęğ0�H�Å�KŃƻ")��

!
��ŭ47ǺæžǥǺVRžǥyTose'I(I0apscqT$Hǫ6šŔKŐǌ")Ɛ

ĽǺæžǥǺVRžǥyTose4tǛ�Ǔ")�Ä6�H�1KŸ")�ǺVR1��ħ"�ė

ƧK�ǵ"3�FYUsoďKäƙ$HǫǺǣ!K¥Ħ$H4�),/Ǻæžǥ1Őǌ"/Ƣø

ǣ�ĊƚĮǥ6Ʈ$H�1KĘğ")��

!
YUsoď6äƙ«Ľ4-�/ǺƩǵƛǥ6ňř�ôDǀôţ�Řî")ÎƅƆĔĥ�F@H

3FǺyTose1Cżńŭ3«Ľ6ćFI/�H�1�ŷƿ0�)�?)ǺC1C1ǀôţ6

Ý��ƆĔ07ǺapscqT7«Ľŭ0�H�Ǻǒ4C1C1ǀôţ6í!�ƆĔ07«Ľ�

�?G3��Ä�ǺyTose1CãÒ$H�1�Ęğ0�)��

!
æžǥǺVRžǥ6apscqT¨Ć6ǀôţKŐǌ$H1ǺapscqT¨4��/æžǥ

1VRžǥ16ǥ0ǺĂ¤6YUsoď�Ŭ3H4C��JF%ǺapscqT4E,/Ņ5Â

ƄŻþ43,/�H�1�ŷƿ!I)��

!
�IF6ƐĽ�FǺÝä6ÿƊƺƶģƜ4��/Ǻæžǥ6�İ1"/VR4EHÇŸKÿƊ

žǥ4�ŧ$H×ÁǺêŕ1�,)žǥČÖ�ōŷ4Ęğ0�H�Å�6ƲŜ�FǺæžǥ6�

İċKĳ$H�1KŸ")���
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Figure 2-11   Inaccuracy rates before and after training (mean of all objects)

Note: *p< 0.1; **p< 0.05; ***p< 0.01. p denote “p value” of t-test.
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ŌƁ07ǺÝä4��HÿƊ£ǟ6äŦ6YUsoďKǴĒ$H�14�),/Ǻžǥưŉ6

Ŭ3H�1�VRžǥKŧ�)YUsoď6apscqT«Ľ4ăǮK¶>$�1KĬF�4$

H1�4ǺÿƊ6äƙƏǵ6Ŭ3HÀäú'I(I4ë"/ǺVRžǥ6ǘŧĨǡKĞŀ$H�

1KŮň1"/ŃƷKǕBH�
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3ť�Ţǂƍį,Êŉ1æūŰǕEŹû�$RMgbúÊŸ/��BVR1ƷŊĐĸ1ĈĦ

3-1�#�

!
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Figure 3-1   Experimental procedure (outdoor)
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�Figure 3-2  Objects in test space (outdoor) (A2 Building and East library)
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No. Object Length 
(m)

Visual 
angle

1(L) Building A2 width 67.8 30°~40°
2(L) Building A1 height 31.3 60°~70°
3(L) Building A1 depth 14.4 40°~50°
4(L) Rooftop protrusion length 10.8 ~10°
5(L) Distance between Building A1 

and A2
43.2 50°~60°

6(L) Distance between Building 
D2 and E6

10.0 10°~20°

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 

and C3
7.2 10°~20°

14(S) Connecting bridge height 4.0 10°~20°
15(S) Distance between columns 7.0 ~10°

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

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.

�Figure 3-3   Answer locations in test space (outdoor) (A2 Building and East library)
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�Figure 3-4   Objects in training space (outdoor)

�Figure 3-5   Answer locations in training space (outdoor)
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No. Object Length 
(m)

Visual 
angle

L- 1 Nexus21 width (positions �) 37.2 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 �) 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 29.4 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°

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

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.
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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 

                                 (a)                                                                      (b) !!!!!!!!!
                                 (c)                                                                      (d)  !!!!!!!
!
                                                                       (e) 

Note: *p< 0.1; **p< 0.05; ***p< 0.01. p denote “p value” of t-test.
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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 B1 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)
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ŧþ�,1ƛÞň/?Bĵƪ�
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8(a)/2ǚ�ť+Ŝ�$1âŉEÔƢ,�$ĭ1űĤE�ć�B��

�C?Aǚ1âŉÍǕ+2ÍŢǂ,VRŢǂ�/XcgYeLî1ƛÞň�XcgYeL�?A

3%wiĺÙ�$1�9ŧþ%'$�,,Ŏ.Aǚ4âŉ+2ǚÍŢǂ,VRŢǂ"C#C5ŧþ,4

ŧþ+�AǚĺÙ�$ŧþč�1âŉ?AÙ.�.'*�B���*ǚXcgYeL�î1ƛÞ

ň1ÞŎ=1âŉ?AØ���,�D�B��!
	
ƛÞň1ųá¿/?Bĵƪ�

��+ǚÍŢǂǚVRŢǂ/��BXcgYeL�,î1ƅǕźč×15ŧþ1ƛÞň1ųá¿1

t-ĨÌűĤEFigure 3-9/Ŝ��ųá¿+ĵƪ�B.@ǚ4âŉ+=ǚXcgYeLî1ƛÞň1

Đ�XcgYeL�?AĺÙ�*�B�,�Śƙ+�B�ǚĺÙà21âŉ?AØ,.B�,�

D�B���+ǚ2-3-31+ð@C$ê�ƛÞ�Æ��ŧþ1XcgYeL2?A�ĤŐ�,

��ŗƌEŹû�B.@ǚhÌ1ÓĸùƟEĝ�ǚ=,=,ƛÞň1Ø��4âŉ+2ǚXcg
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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

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

(a)                                                                       (b)

(c)                                                                        (d)
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µ�CB�Figure 3-9(b)1űĤ/?B,ǚ4âŉ1XcgYeL�1ƛÞň2ŭ0.15,.AǚX
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BŨ4�½ǚá¿�,Įļ�ÞEFigure 3-10ǚTable 3-5"C#C/Ŝ��Ũ4�½/��*ǚ

ľ�Ŀƀ�XcgYeL�ǚƂ�Ŀƀ�XcgYeLî1¹Ŧ�ß+�B�ŵƩ/¸ƐĥEu�

$č�2ǚŧþ�,1Íǈ1ƿ�EŜ�*�B��

: ǚXcgYeL�î+á¿�Eĵƪ�B.@ǚXcgYeL�?Aî+Æ,.Bŧþ�ǚ

1âŉ,4âŉ"C#C13ŧþ,14ŧþ/iAǚ�ſ/Â��B�¯�ƙ<@CB�ǒ{�B�¯

2ǚÅ�1Ēìřš[8-10]/��*=Śƙ�CB��ŧþ1�&ǚ2(L).A1ħ1ǖ��7(L).C3

ħà�9(L).Ģ½ęǔà�10(L).Ģ½ęǔǖ��,�'$ǚÍǕ1ǈ/ǚƎƼŪ¼�/£<B

ƿ�ǘƎƼƐǙ1Æ�.ŧþ+ǚ1âŉ,4âŉ�/ǚXcgYeLî1¹Ŧ1á¿�,mÇ�

�ǚÍǈ1�?AÆ��ǚ�î1ÞŎ=Ɓ���,�D�B�"�+ǚƎƼƐ�¹ŦűĤ/¦9

�ëǌEĨƓ�B$<ǚXcgYeL�1á¿��@î1á¿�EÞ�ç�$�ǚ�.D&Â�
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Ž.Ū¼�ǅÌ�Cǚ94°×94°wÄ1Ƹ�/2Ė��ƄŜ�C ǚĽǗ1Ţǂ/��ƌ�.�1
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Figure 3-9   Inaccuracy rates before and after training (indoor, mean of all objects): 
(a) B1, n=195; (b) B4, n=300

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

             (a)                                                 (b)
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/Ô�*ǚXcgYeLî1ÍŢǂ1ƎƼŪ¼2ǚtǂ1ěÆƎƼ+�B200°×120°/.B$

<ǚƎƼƐ�94°EƦ�Bŧþ+=ƎƼ�/±:CB��1ŀ/ōù�B.@ǚ��3ǚFigure 

3-111īõ½/Ŝ�?�/ǚ�BæńEŔ<Bǈ/ǚVRŢǂ,ĵ7ÍŢǂ1Đ�?AÅ�1Ƹ

��ƌ�B$<ǚæńE?AÆ��ú�BªŽ÷��B=1,ĆÑ�CB��.D&ǚÍŢǂ+

1tǂ1ƎƼŪ¼�VRŢǂ?Aã��,�ǚÍŢǂ+ƏÑ�Bǈ/VRŢǂ?AÆ��ƙƟ�C

B¤º1h(,Ź�@CǚB. Wu@[59]1ÍǕ/��BǚƎƼŪ¼�Ň�8-Ƨǉ1�ď�?A

Ø�</.BűĤ,=Ôô�B�$%�ǚğÍǕ+Ŋ�$HMD194°×94°1ƎƼŪ¼/Ô�*ǚ

��Ő/ƎƼƐ�-1şåÆ��Á¬/ƿ�1�ď/ëǌE¦9�1�/(�*2ǚ?AƘŮ/

ĨƓ�BóƋ��B,Ź�*�B��

Ĳ/ǚXcgYeL�î1Įļ�Þ/(�*ĨƓ�B�XcgYeL�2ƅǕźǂ1Ƶ��Æ

��*=ǚXcgYeL/?'*«ž1Àļ��ĳ�CB.@ǚXcgYeLî2ƅǕźǂ1Ƶ

��ĺÙ�ǚ��/§Ď�B�,�qø�CB�XcgYeL�î+Įļ�Þ�Ø,.Bŧþ

2ǚ1âŉ,4âŉ"C#C10ŧþ,9ŧþ+�Aǚ�/Åč1ŧþ+XcgYeL/?AƅǕź

ǂ13@(��}j�*�B�,�Āĉ+�B��C?AǚXcgYeLî1¹Ŧ2ǚVRŢǂ

+1XcgYeL/?Bëǌ/?AǚRMgbE�ď�Bǈ1Àļ�ƅǕźœs+Ƭ)�$=1

,Ź�@CǚRMgbú1¯i�ƙ<@CB��

!
�
ŧþ�,1ƛÞň/?Bĵƪ�

Ĳ/ǚƛÞňEŊ�*XcgYeL�ĤEĨƓ�B�ŧþ�,1ƛÞň1á¿��Pe\bč

�ƅǕźč�EXcgYeL�î+ĵƪ�$űĤEǚ1âŉ,4âŉ"C#C/(�*Figure 3-11
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Figure 3-11  Image of view angle in VR space and real space

(a)                                                                       (b)

Figure 3-11  inaccuracy rates before and after training (outdoor)
Note: *p< 0.1; **p< 0.05; ***p< 0.01. p denote “p value” of t-test.
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"1�&0.03�n=19�wiĺÙ�$127ŧþ,9ŧþ+�'$�XcgYeL/?'*ǚ1âŉ,4
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ÄÆRMgb�+�Aǚ��Ő/2ǚ1âŉ22(L)�A1ħǖ��3(L)�A1ħÈƃ��

4(L)�Úiţ�Ƹƿ��,10(L)�Ģ½ęǔǖ��14ŧþ+ǚ4âŉ+2�1�&13(L)�
A1ħÈƃ��10(L)�Ģ½ęǔǖ��12ŧþ+�'$�2(L)�A1ħǖ��10(L)�Ģ½ę
ǔǖ��2ǚ� C=ƎƼƐ�Æ��ŧþ+�Aǚ3-3-2-�+Ʈ7$VRŢǂ1ƎƼŪ¼�Żŕ?

AŇ��,/?Bëǌ,Ź�@CB��!
	
ƛÞň1ųá¿/?Bĵƪ�

ěî/ǚRMgb1Æ���XcgYeL�Ĥ/¦9�ëǌE?A��Ő/Āĉ�B$<ǚƛ

Þň/À)�ǚXcgYeL�î1�15ŧþ�Figure 3-12(a)�ǚÚÄÆRMgb�10ŧþ,

ÚÄØRMgb�5ŧþ�Figure 3-12(b)�"C#C1ųá¿�Pe\bč�ŧþč×ƅǕźč�E

Figure 3-12/Ŝ���

Figure 3-12(a)E;B,ǚ4âŉ1Á¬ǚXcgYeL/?'*ƛÞň�ĝù/ĺÙ�*�B1

/Ô�*ǚ1âŉ+2ĭ.�¯�Śƙ�C*�.��:$ǚFigure 3-12(b)/��BÚÄÆǚØ

RMgb"C#C1XcgYeL�î+1ĵƪ/?B,ǚ4âŉ1ÚÄÆRMgb�ÚÄØ

RMgb�2"C#C0.03�p<0.1, n=190�,0.05�p<0.01, n=95�1ǚ1âŉ1ÚÄØRMgb�2

0.03�p<0.1, n=95�1ƛÞň1ĺÙ�;@C$1/Ô�ǚ1âŉ1ÚÄÆRMgb�+2ǚXcg

YeL�î+ŭ0.01�p>0.1, n=190�,ǑƁ/ĺÙ�*�B,2��.��4âŉ2ǚæń1ǆǖ>

ǁ©Ƹ1ÀļÓĸ/(�*1ŗƟ>ǚÆƍį.æńEƕƒ�BƞǐEƳƃ�$ŰǕ�ǚRMgb

ú1ÊŸ/ëǌ�*�B,ĆÑ�CB�"C@ÀśŐ.ŗƟ>ŰǕ�ǚXcgYeL/?'*ƈ
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Figure 3-12   Inaccuracy rates before and after training (outdoor): 
(a) mean of all objects; (b) mean of Large and Small scale objects

Note: *p< 0.1; **p< 0.05; ***p< 0.01. p denote “p value” of t-test.
(a)                                                     (b)
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!
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â"C#CTable 3-6/Ŝ���

Êâ>XcgYeL1ĝŁ/��D@ ǚ�ſŐ/ǚÚÄŢǂ1ƛÞň2Ú�Ţǂ?AǑƁ/

ǖ��¯�ƙ<@CB�Å�1ÆÊ1Ąĩ\dL`]/��*ǚě�2~ËƕƒǚÊâ1i�B
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B[19,20]�,E¥ł�B,ǚƍį1Æ��ÚÄŢǂ+1RMgbú1ÊŸǊĕå2ǚÚ�Ţǂ?

Aǖ�=1,Ź�@CB��

:$ǚRMgb�10mwj+�B/=��D@ ǚXcgYeL�î� C1ėŀ+=ǚƛÞ
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ÔƢ,.Bŧþ�ƏÑź1Ǝŀ�@ƶ�$<lŕƎÞ�o��ǚ"1$<ƿ�1�ď�Ǌ��.
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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

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



3ť�Ţǂƍį,Êŉ1æūŰǕEŹû�$RMgbúÊŸ/��BVR1ƷŊĐĸ1ĈĦ

B�,�¤º1h(,�*Ź�@CB��

!
!
wi?AǚÊŸǊĕå1œÔŐ/}�Ú�Ţǂ+1RMgbúEÊŉ/Ÿð�!BÁ¬ǚæū

/ǃ�BÕǀċż1ŰǕ>RMgbú1o���,�øÌ�CBǚÊŸ�Ğ1}ÊâÊŉEÔƢ
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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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Figure 4-1   The relationship between whether or not error objects can be 
found and the education effect
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Čˏ˝1Gʾʮ#�õ� 1
ǗĽŧˏ'XǉQAGʾ(Ȇ#�õ� 1

��
ňÝ�ɽÒ�
�ƫ�ʸ�

ćɂ(D#ˢQ:HŔD#�õ� 1 1
ňÝGƫ(ĵ#ˢˏȮBșź3+D#�õ� 2

�ɄǊ�
�ʱƐ�

ŗĴGǆɯħˏ]ŗÞȰʾAÃ$�µ��

S3-3�µ®ą¦*ċă��Ø*´6¡�� ĳǀ 1

�|±	S3-3�µ®ą¦*ċă��É�)�Í³ñ*�đ� �

ȣVn�j��~]ŗǔAÃ$�µ� 1

�ɄǊ�
�oat�

ɄǊGoatGʾʮ#�µ��

S3−4.µ®�Ç*ċă��800mm*³µ6å-r�%�6À¢�

� 1

ūÝ S3-5�CL:BQ*¤�3*Ę��[��Ç� �

ʠð-1ūÝ S3-6�A7*Ċĉ¯s��������*A7�}s�)Ċ���õ� �

� S3-7�¼�*��300mm��Ð���õ� �

Table 4-1�qöõd�)��%�Ó*öõ&Ĕf�4wĕË

Note: S1ˢS2ˢS3H8[9[Step1ˢStep2ˢStep3]ȧ3@#Z�ǻɥAĮY>L3@#ZȺƊH2ǧ˅ȗGa�
w���ʇǒAÃȎ3: ʯåȺƊÎɮ]ȧ5�ĈǵɑHa�w���GɊǏEī?#@˄Ĵ3: ʯå
ȺƊÎɮ]ˢ˟ɥĮY>L3Hư:EɽŃ3: ʯåȺƊ]8[9[ȧ3@#Z�ʱƐǡE�G´#@#
ZȺƊ(ǂɇȖEʱŃ3: ʯåȺƊ]ɫ5�ɫ£G�Ç��µ��õ��À�HˢŬʁȺƊG ʯåG
ȭ˘(8[9[ǯųˏˢɄǊˏˢɺȒˏˢǜʦˏEʿ5Z/B]ȧ5�
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5���

Q:ˢŶX[: ʯåGä˘]Ǜɶ5ZBˢ�_Vƌ5YDC�ūÝ�Eʿ5ZÞŉ(Ú¿E

¦3#ÓĒ(Ȳ%:�8/AˢūȾīǹǯE&-Zƌ5YEʿ5ZÞŉ]ăȀ3ˢ�S3-5���

n��Gƌ5YG˝1(½#�]ʠð3:�Q:ˢ1ȴAʟN:ƴŰȤȯ[38]E&-Z�VR]Ȏ

#:ɽɺǕGȰʾȥʃE&#@ˢɽɺEʿ5ZȡʊGD#ɜAUʖ¿EWZŅˇGƄɵEī?)ˢ

ɽɺǕGďȋžVĝ˖ǼE>#@GǘɻʬȬEăðċɠ�BGɊʈ]ˢǈȤȯGŅ˜ƱǯEWY

ǘɾ5Z/B]ƂĤ3@ˢūÝGōǯVÃ#V51Eʿ5Z�S2-6��S3-6�]ʠð3:��ū

Ý�GO'ˢ�ɄǊˏ�Eʿ5ZÞŉ(ˢÚ ʯåȺƊE&#@�S3-3�G1ȺƊ3'D#/B

'XˢTA1đEWZƖƣAH"ZUGG�S3-4�]ÎɮB3@ʠð3:�8G³ˢVRAG¿˜E

WYˢɽɺ£ˢɆ'#ʳäEʿ5Z ʯåEUǪ?+/B(A)Z'ē']ǘɾ5Z:Tˢ

�S3-7�ǗĽGş(Ȇ#�Uʠð3:��

¶�]ű@ˢɺ20ȺƊ]ǈŅ˜AÃȎ5Z ʯåȺƊGÎɮB3@ʱŃ3:�Table 4-1£Gǻ

ɥAĮY>L3@#ZȺƊ���ʟ3:�ʳGʠðȺƊHˢ#6[UƩĚ'XƖƣ1[D'=:

:Tˢ ʯåȺƊB3@ÃȎ5ZĻŬžE>#@ˢ4-2-3ˑA1XEǘɾ5Z��

!
4-2-2�UĄhá£6t.öõº*]¢'uÚ¯Ç�

!
�ʟWYʱŃ3: ʯåȺƊ(ĔQ[ZɽɺǕB3@HˢƁŃĴG ʯåȺƊGȕȍ]DZN

+ʲ-Z:TˢȶɜX(Ú+ư:EɺȒ5ZGAHD+ˢ�bs��g�Gäʋ¾ŁGɽɺĤ]

��sB5Z/BE3:ǰ1�ǰ2��Q:ˢĐ�GɽɺǕE20ȭÚ@G ʯåȺƊ]ƘÙ5Z/BH

ĢˍBɛ%X[::Tˢɺ5·GɽɺǕ�Table 4-2�Eäʴ5Z/BB3:�¶ˁˢŅ˜E&-Z

2Dˢ3DCADˢVR8[9[EWZɽɺǕGĖȧƱǯBɽŃE>#@ʂʟ5Z��

2DˤGraphisoft ȨɯGCAD v�~bc_�Ĝęđ�ArchiCAD�]Ȏ#@ÁƉ3ˢ1:100GɔŕA

A3èGȎɃEãï3:�ÞŉHˢĎ˅šˏĤˢƯˏĤ1~3ǎAˢūȃGƱ¼VŤˏGǊƮDCG

ƀĬUɼʜ3:�Table 4-2ˢ�š�ƯˏĤ��ʳ��Gæ��2DAɽɺǕ]Ėȧ5ZǝĽ]Figure 

4-2(a)Eȧ5��

3DCADˤ�2D�E&-ZūȃGōǯƀĬDCEī?#@ˢArchiCAD ]Ȏ#@ɽɺǕ]ȳ¿Ȗ

EɫȊ3:ŴˢUnity Technologies ȨɯGm��ʽȕ{���Ĝęđ�Unity3D�]ÃȎ3ˢŅ˜Ȏ_

��l�q��]ÁƉ3:�Unity3D ÞGgame scene ]ÚȒˏɫȧ�Figure 4-3(a)�3ˢ27 a�y

!44

Figure 4-2  �öõº6uÚ�4Á�ě(a) 2D; (b) 3DCAD; (c) VR
(a)������������  (b)�  �������� ���(c)

subject

experimenter

experimenter

subject

experimenter

�
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Table 4-2   qöõº*øä {
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�ɸÕŦ1920×1080 pixel�GPCGȒˏ]ɬ˜ɜG˓ʳ'XɁ60 cm G¼ɖAĖȧ3:�īǈˢ®G

ɴǼ'XȰʾ]ɡȏE¿˜5Z/B]ƁŃ3ˢi����G��ŜčGȠÿi�Gƒ�EWZʥ

Ŧ� 1 m/s GɡȏDȫóBˢ�bsƤÁEWZˢʨɩƱĒVɴɑƱĒGĳǀ]ċɠB3:�Figure 

4-2(b)���

VRˤ�ʟ3:�3DCAD�BÚ+Đ�G�}�Bm��ʽȕ{��]ÃȎ3:�VRGĖȧǠǊ

B3@HˢHTCȨɯGHMD�Ĝęđ�VIVE PRO EYE�]ÃȎ3:�HMDEÞɨ1[:}`s��

aHɸÕŦ2880×1600 pixel�ȂȜ1440 × 1600 pixel�ˢɴʷȽģ97±10.2°�ǫšƱĒ�×97±8.4°�ĩȘƱ

Ē�15�A"Yˢ¡Ȝɴŝ]KQ%:ĎȜȎGȒÕ(ŜčG}`s��aEĖȧ1[Z�Figure 4-

3(b)��VRÞAGȫóE>#@HˢǂĶ4 m × 4 m GȽģÞ]ŅˇEɡȏEǥ+/B]ċɠB3:

(ˢ1XEˢFigure 4-4Eȧ5W$Eˢn�~���'XȕŐ1[ZƧȃɑ�ɐGǼɑ�(ŤˏE

Ŭ:Z¼ɖ�ɐGß�MGȞƼGȫó�¶ˁˢ|���~�]ċɠB5ZǠɠEWYˢʳŗʾGʻ#

ʑˌGȫóV˅ǧGƶˁDC]ŅȊ3@#Z�VRAɽɺǕ]Ėȧ5ZǝĽ]Figure 4-2(c)Eȧ

5��

D&ˢÁƉ3:ɽɺǕ]ɬ˜ɜEĖȧ5ZE":=@ˢ2DAHƭľEW=@ɫȧ5ZūȃGƱ

¼ˢǜʦˢŤǊDCGƀĬ]ˢ3DCADVVRGĭďE&#@HĊ˓Aɬ˜ɜEʄƷ5Z/BVˢ

˝1Eʿ5Z ʯåȺƊ(ˢŹ62DGƯˏĤEĔQ[ZW$E5Z/BDCˢ{��GĖȧƱ

ǯEWZƀĬʸGŝ]A)Z˂YìǷ5ZW$EʴƇ3:�Q:ˢ3DCADBVRE&-Z�_G
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(a) (b)

Figure 4-3  �û¹°^Ô�43DCAD(a)ęVR(b)*Õđ*R_

parabola
destination

controller

Figure 4-4  �VR)��4?MGQ@Âí)14Ûk
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ʽʼE>#@Hˢɬ˜ɜGȳ<¼ɖ(ȰʾÞGʼ4@#Z�_EƝʞ5Z/BA�Ɂ40 cm ¶Þ

BƁŃ�ˢɡóȖEʽ#:ȅƅEDZW$EɽŃ3:��

�ʟGƱǯAĖȧ5Z3DCADˢVRɽɺǕHˢêȎɜGɴǼEWZȰʾ¿˜]ƁŃ3:UGA

"Z/B'XˢǑVǖDCǜʦˏEʿ5ZƀĬGʅRĈYE>#@Hˢ2DWYUëɁ(ĵ+D

ZUGBɛ%X[Z�Q:ˢǈŅ˜AÃȎ3:ĖȧƱǯAHˢǜʦEʿ\ZÚ@GƀĬ]ȧ5/

BHˢ2DE&#@UĢˍA"ZB¨Ɓ1[Z�ǈȤȯE&#@Hˢ/[X(ëɁǋ·BDZ/

B'Xˢ°ŴˢǜʦˏG ʯåȺƊGȕɳEʿ3@Hˢ3DCADVVR]Ȏ#:êȎɜGɴǼ'X

GȰʾȥʃGRDX6ˢWYĵɷȖDɴǼˠ˞ȟĤVūȃGäɸĤDCˡ'XGƀĬƠÅ]ċɠ

B5ZĖȧƱǯGƠǕ(ŹɲBɛ%X[Z��

!
4-2-3�ą��"UĄhá£*û'X¡�54�ėç·�

4-2-3-1�û¹¿ó�

!
ǣEˢÁƉ3:ɽɺǕE&-ZˢɽŃ3:20ȺƊG ʯåȺƊÎɮGĻŬžGǘɾBˢɽɺƖ

ŒɜEWZŅ˜ɊǏG¨Ɓ]ȇŶ5Z/B]ȗȖB3@ˢɽɺɯĤGƖŒɉ˜]Ǆ5ZˢţŚȚ

ÞGĶŀˢ˝ŏƩĚ10đ]ŎʍB3@ˢ2022Ţ7ǃ22Ƶ'X8ǃ31ƵGʾE�đ6>a�w���

]ɩ=:�D&ˢ//AHˢ ʯåȺƊGʠðVʇƬ]ǐʘEʨTZ:TˢʇǒE&#@H5·

GɽɺǕG$<3·]Øɩ3@ÁƉ3ˢ8[X]ÃȎ3@a�w���]ɩ=:��

ʇǒHˢa�w���GƂĤ]ʄƷ3:Ŵˢ ʯåȺƊÎɮG�s~�Table 4-1£GǻɥAĮ

Y>L3@#ZÞŉ�]Ėȧ3@ˢ8[9[EŎ3@ˢ�ŀȍGɽɺE/GW$D ʯåȺƊ(

ʃTX[:ĭďEƖƣ5Z'3D#'�1ˣƖƣ3D#ˢ2ˣC<X'B#%IƖƣ3D#ˢ3ˣC

<X'B#%IƖƣ5Zˢ4ˣƖƣ5ZˢG4ǧ˅ɿÇ�Bˢ�CGȬŦGūȾŀɚɉ˜]Ǆ3@

#ZDXˢ8[9[G ʯåȺƊ(ȕɳA)Z'ˢƖŒɜGɛ%Ʊ]Ǝơ5Z/B]ƂĤ3ˢĠ

ȸGˍƸŦ]ʴƇ3@ˢÀŢȍ¶�DX/GW$D ʯåȺƊ]ŀȍɡXȕɳA)Z'ˠʱƐɝ

Hˢ1ˣ�Ţȍˢ2ˣªŢȍˢ3ˣ�Ţȍˢ4ˣğŢȍB3ˢğŢȍAUä'XD#ĭďV˝ŏG¬

ŢȍGĭďH5]ĠȸˡE>#@Ġȸ]ǬT:ŴˢÁƉ3:ɽɺǕBˢ8[XG£EĔQ[Z 

ʯåȺƊ]2Dˢ3DCADˢVRG3ȭG{��EW=@ŅˇEĖȧ3ˢ8[9[G ʯåȺƊE

Ŏ5ZˢĎ{��]Ȏ#:ĭďGȕɳ3V51�1ˣȕɳ3E+#ˢ2ˣVVȕɳ3E+#ˢ3ˣV

Vȕɳ3V5#ˢ4ˣȕɳ3V5#ˢG4ǧ˅ɿÇ�E>#@GĠȸ]ǬTZˢB#$ǳ[Aɩ=

:��

//Aˢˑȗ��Hˢ4-2-1ˑAʟN:ǈŅ˜AÃȎ5Z ʯåȺƊGĻŬž]ȥʃ5Z/B

BˢĎ{��8[9[GʯȎòǏ]ƷX'E5ZE":=@ˢɽɺȡʊGD#�"Z#6[Gŀ

ȍ]ɬ˜ɜB3@ƛȎ5ZG'GăɛE5Z/B]ȗȖB3:�Q:ˢˑȗHˢŅ˜AŶX[

ZɊǏBɽɺƖŒɜEWZ¨ƁBGƬďž]ǘɾ5Z/B]ƂĤ3@ǬT:��

!
!
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4-2-3-2�û¹ç·�

!
ˑȗ�GȺƊ0BGĠȸɊǏ]Figure 4-5(a)Eȧ5��S3-3�ǊƮʱƐGʾʮ#�ȣGǉ]Ɓ

Ń��GRƖƣ3D#ÑGĠȸ(ĵ+RX[:/B'XˢŅ˜AHÃȎ3D#/BB3:�:;

3ˢǊƮˏAG ʯåȺƊƫ(ŔD+DZ:Tˢ ʯåGÞŉ]�S3-3�ǊƮʱƐGʾʮ#�ǴŇ

EǆɯGŤˏ��Eĳǀ3:�Q:ˢ�S2-7�ʗ#5êȎɜȎGs���(Ž5*Z�õʴH1/6]

ƁŃ��E>#@HˢƖƣ5ZÑGĠȸ(ĵ+ȥʃ1[:UGGˢʗ#5ȎGs���H�ɤG

¾ŁȰʾE&#@ˢ"QYǞǹȖDɽ%AHD#:T˄Ĵ5Z/BB3:�1XEˢa�w���

E&#@ˢVR]Ȏ#:ĭďˢ�ɓƱĒGōǯ(\'YV5#�V�Ʊ¼(\'YE+#�DC
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Figure 4-5  �UĄhá£að*§ª²Ì'Öô�0��*X¡��a��Ó*öõ)��%UĄhá
£�f"2§ª�4��(����b�UĄhá£�Öô&�4)��%�ó(�êæė

n=10 n=10 (RĆ&n=8�9)
����a��������������������b��

�� �â)Č�4¨¾EN9JH�������ĆàxĖ��

1�Ó Ʃ˚Ʃɞȩȗ£ŸGřÌBDYˢɽɺɯĤ]ĔTūȾ]£ŸB5
ZʉəHD#�

2�Ó ūȾĤˏGǟáˢ¾ŁGɽɺʆ˖]ƌǁ)Ĥˏ���sAÁƉˢ
ūȾɺȒGʉə�

3�Ó œŀǓˢˊď¾Łˢɘɪ˛DCʆ˖]3DCADAšˏĤB��s
]ÁƉ������sl��VūȾīǹǯDC]ŀɚ�

4�ÓZS ȤȯŇEʴŘ1[ˢŹÌGɽɺɯĤGʉəHD#ˢûǙɽɺ�ʈ
ƭEĈYɈS�

Table 4-3   ���'*¨¾d�
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GɶǼUȥʃ1[:/B]ʔQ%ˢư:D ʯåȺƊ�S1-7��S1-8�]ʠð3:�Table 4-1£

GĈǵɑ(˄Ĵ3:ȺƊˢ˟ɥĮY>L3(ư:EɽŃ3:ȺƊ��3:(=@ˢŅ˜EHǂɇ

ȖE21ȺƊG ʯåȺƊ]Ȏ#Z/BB3:�ĎȺƊBäʴ1[:ɽɺǕGʂɆ]Table 4-2Eȧ

5�D&ˢư:EɽŃ3:3ȺƊE>#@Hˢ�S1-7�HǯųˏG ʯåAˢ�S1-8��S3-3�U

ȥŅE ʯåA"ZBɛ%X[Z:Tˢ/[X3ȺƊEŎ3@Hˢ1XDZĻŬžǘɾHɩ=@

#D#��

ˑȗ�GȺƊ0BGĠȸɊǏ]Figure 4-5(b)Eȧ5�D&ˢĎĶŀ�˝ŏAƚǙ��k��(

ȔDZ/B'Xˢ8[9[GƩĚGĠȸHˢţŚĶŀśŀʳȵğ˘�ūȾäʷ�GŀŢ0BGƚǙ

Þŉ�ʂɆE>#@Table 4-3Eȧ5�EŎź17ˢţŚĶŀGŀȍ]ɬ˜ɜB5ZĭďGˢ ʯå

ȺƊGȕɳE":=@ŹɲDŀɚɉ˜�1ŢȍˤȄEɽɺɉ˜HŹɲD#ˢ2Ţȍˤ¾ŁɽɺGŀ

ɚɉ˜(Źɲˢ3Ţȍˤ¾ŁGO'ˢÛÜƲɽDCGŀɚɉ˜(Źɲˢ4Ţȍ¶�ˤƴŃGɽɺƚ

Ǚ¶Ĵˢ1XDZŀɚɉ˜(Źɲ�Eď\7@Ƭȋ3@#Z�/[WYˢOB^CGȺƊA7î¶

�GƩĚ(ˢ¾ŁGO'ˢÛÜƲɽGɽɺV8[¶�Gŀɚɉ˜(ŹɲˢBèƯ3:/B(ȥʃ

1[Z�/[Eð%ˢŅ˜GŅƲǅʾ]ʴƇ5ZBˢţŚĶŀG3Ţȍ¶�Gŀȍ]ɬ˜ɜE3

:ĭďˢÛÜƲɽGɽɺDCGȡʊ]Ǉ;ùäEŀɚ3@#D#ƼǼE&#@ˢ�ʳG ʯåȺ

ƊEǪ?)E++ˢĎ{��8[9[GʯȎòǏ]ƷX'E5ZE":=@ˢ¨ǅ5ZɊǏ(Ŷ

X[D#ċɠž("Z�/G/B'Xˢ4Ţȍˢ¢JEˢ8[¶�G˝ŀŢGŀȍ]¥B3ˢ½
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Figure 4-6   �ė)��4ïėë*§ª¬
Note: *p< 0.1; **p< 0.05; ***p< 0.01. TukeyGHSDǘŃ�
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ŀŢGŀȍ]ăɛB3@ˢ8[9[]ɬ˜ɜE5Z/BB3:��

ǣEˢˑȗGĠȸɊǏGšĨŶǼ]Figure 4-6Eȧ5�Ú20ȺƊG$<16ȺƊAˢVRGŶǼ

(ǂU˝+DYˢÚɤEȕɳ3V5#BèƯ1[ZÓĒ(ʃTX[Z�ȄEȰʾVūÝGş�˝

1GďȋžEʿ5ZȺƊ�S1-1��S1-6��S2-6��S3-5�Aˢ2DV3DCADBǩNˢVR(ǄƂ

Eȕɳ3V5#BèƯ1[@#Z�äƪäǍEWZk���ʾǄƂȥȉE>#@ˢ�S1-1���

p<0.05ˢ�S1-6��� p<0.01ˢ�S2-6��� p<0.1ˢ�S3-5��� p≈0.22��/[HVRGĭďˢ3DCADB

ĐǝE®GɴǼ'Xȳ¿ȖDȰʾ]¿˜A)Z/BEð%ˢ1XEȊŅB˘»3:ʖ¿Ƅɵ]Ȏ

#@ȰʾGş�˝1Bʖ¿BG¼ɖʿÉGȥʃ(A)Z/B'Xˢ2DV3DCADWY˗ɧDòǏ

("ZB¨Ɓ1[:UGBɛ%X[Z��

Q:ˢǦZ4ȺƊAHˢ#6[U2DGŶǼ(ǂU˝#��S1-3��S1-4��S1-5�GW$Dó

ɑɽɺVǜʦGďȋžDCEʿ5Z ʯåEǪ?+:TEHˢūȃ(Ǆ5ZɰƫGȰʾÚ¿]Đ

ƼEƎơ5Z/B(ʶɲBɛ%X[ˢ®GɴǼ'XȰʾ]¿˜5ZVRV3DCADWYUˢ˞ȟȖ

D2DGòǏ(ǂUǅŲ1[@#Z/B(\'Z��

!
4-2-4�ö��"UĄhá£Z})ïėë�§ª�"d�)$�%�

!
:B%�bs��g�Gäʋ¾ŁA"=@Uˢǝ�DÑˏAʾʮ#GĿĦ5Zċɠž("Z/

B'XˢɽŃȺƊ¶ĴGʳä(ʾʮ#B3@Ɩƣ1[Z/BHʲ-X[D#Bɛ%X[Z�8/

Aˢ8[XGůː]A)Z˂Y˄Ĵ3ˢɽŃȺƊ¶ĴGʾʮ#(D+DZW$ʴƇ3:�Ā<ˢ

ǈŅ˜GŅƲ¶íEˢţŚĶŀśŀʳ&WJĶŀ˃ØʨȋśɀȩŀȤȯȩGūȾäʷEƊŘ5Z

4Ţȍ¶�Gŀȍ6đ]ŎʍE¨ÒŅ˜]ŅƲ3ˢ�®(2Dˢ3DCADˢVRG$<ˢ#6['2ȭ

˘G{��]ÃȎ3@5>GɽɺǕÚ@]ȥʃ3ˢȕɳ1[:ɽŃȺƊ¶ĴGʾʮ#E>#@ʯ

ńÌǤ]ð%:�8GˇˢɽŃȺƊ¶ĴGʾʮ#]ɎɗȖE±ɆEƎơ17Z/B]ƂĤ3ˢ�

>GɽɺǕ]¿˜ċɠDƼʾEë˂Hɽ-D#/BE3:��

:;3ˢ¶�GʬȬ]ɉ:�AUˢɽɺǕEŎ3@ɬ˜ɜ8[9[(ƁŃ3:êȎȅǮEW=

@Hʾʮ#BRD1[ZĭďG"Z/BVˢɬ˜ɜ8[9[GɽɺEŎ5ZÇÏɶVż#ʝRG

ʮ#EW=@ˢ�ɤȖEHǤ3#BƁŃ1[ZȺƊA"=@Uʾʮ#B3@ɸʵ1[Zċɠž(

"Z�3:(=@ˢɽŃ3: ʯåȺƊ¶ĴGʾʮ#(Ú+D#ɽɺǕ]Ņ˜E&#@ɬ˜ɜE

Ėȧ5ZGH8U8UĢˍ("ZBɛ%X[Z�8/AˢǈʈƭAH8GŎȹB3@ˢɽŃȺƊ

¶ĴGƖƣUäǍŎʍB3@ˢ4-4-2ȼAǘɻ5Z/BB3:��

!
!
4-3��ė¿ó�

4-3-1��ė¤Ē�

!
Ņ˜Hˢɬ˜ɜEÞŉ]ʄƷ3:Ŵˢ5>GɽɺǕ]˒ǣĖȧ3ˢ ʯåȺƊ]ƜɅ17ˢǂ
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ŴE/[QAGūȾɽɺEʿ5Zȡʊˢɉ˜Vɛ%ƱDC]őFZ�casq�~EĠȸ17Z

B#$ǳ[AŅƲ3:�D&ˢĎɬ˜ɜEÚ3{��]ɉ˜17::Tˢ1{��Ŭ:YĖȧ5Z

ɽɺǕGƫHɬ˜ɜ1đ":Y1~2>BDZ�3:(=@ˢĖȧ5ZɽɺǕG˒ťBÃȎ5Z{�

�G˒ťH8[9[Gɬ˜ɜEW=@��x�BDZW$EɽŃ3:� ʯåȺƊGƜɅE"

:=@Hˢɬ˜ɜE ʯå;Bż$ȺƊ]ɳ>-:ĭďˢÀ�Ŏʍȃ�(C$�ȅƅ�D=@#@ˢ

C$#$Ǽ( ʯå�ȋȏ�;Bż$'GʄƷBˢ ʯå1GŦď#�1�ɦŠ ʯå;BƄ4Zˢ

2�ĵŔ ʯå;BƄ4Zˢ3� ʯå;BƄ4Zˢ4.ˎŞE ʯå;BƄ4ZˢG4ǧ˅ɿÇ�]8

[9[Ċ˓AĠȸ17:�Ņ˜ǅʾH2022Ţ11ǃ7Ƶ~2023Ţ6ǃ29ƵAˢɬ˜ɜ1đ":YGŅ˜

ƼʾHÚ¿A1Ƽʾ'X1ƼʾúȬŦA"=:�¶�Ď{��GŅ˜ƌ˒E>#@ʂʟ5Z��

2DAHˢQ6ɽɺǕGīǈƀĬB3@ˢňƳGǜƉˢ¾ŁGǜʦˢƱɷDC]ʄƷ3ˢ8G

ŴˢɽɺǕ]Ėȧ3@ƜɅ]ʽļ17ˢÂ7@ƼʾɺǸ]ļT:�2DGĭďˢȕɳ3: ʯå

ȺƊE>#@HĊ˓AĠȸ17ZBÜEˢĤˏE¤ÿ]>-17:�Q:ˢĖȧ3:ĤˏEɼʜ

5Z/B(ˍ3#ňÝDCGōǯUƎơ5Z:TEˢʻ1� 30 cm G�ɷsl��]ÃȎċɠB

3:(ˢŅ˜ŇÞE"Z¯ĞȷGŅˇGōǯHǸXD#W$EƖȧ3:��

3DCADHˢɽɺǕ]¿˜5ZˇGɴǼG˝1]ɬ˜ɜGȗG˝1B�ɣ5ZW$EɽŃ3:

ŴˢŅ˜]ʽļ3:�ɽɺǕGÞʳ]ɬ˜ɜɡʖGƤÁAȫó17:(ˢƤÁEƆ[@#D#/

B'XˢɶŌ( łÚEDZ/B]ˀ,:TˢǂçEɽɺǕBHȔDZǹÒȰʾAƤÁƱǯ]ʄ

Ʒ3ˢ¨TùäEƤÁ]ɒɚ17:�8GŴˢŅ˜ɜ(ɽɺǕGȈʿíEɴǼ]ȫó17ˢīǈ

ƀĬGʄƷ]ɩ=:�ʄƷɇ§ŴˢƼʾɺǸ]ʽļ3ˢ¨TɽŃ3:��~]Ņ˜ɜGƖȧʤY

Eȫó17ˢÞʳȰʾ]Ú@Ǝơ17:�ǣEˢŅ˜ɜ(ƤÁ3@ȈʿíEȫó3ˢƜɅ]ʽļ

17:�D&ˢ ʯåȺƊ]ȕɳ3:ĭďHĠȸBÜEi����ƤÁEW=@Ȓˏ]sj��

�q�z~17:��

VRUˢ3DCADBǛFĐǝGŅ˜ƌ˒A"Z(ˢƤÁƱǯ]ɒɚ5ZǹÒȰʾ'XɽɺǕGȈ

ʿíQAGȫóHɬ˜ɜEƤÁ17:� ʯåȺƊ]ȕɳ3:ĭďHĠȸBÜEn�~���G

sazyƤÁAțT@#ZVRGȒˏ]sj���q�z~17:��

D&ˢɽɺǕ1·Ŭ:YGƜɅƼʾHˢɽɺǕ]Ǝơ5ZƼʾUĔT@8äB{��ʾAɌ�3

:(ˢ/[¶� ʯåȺƊ(ɳ>'XD#Bɬ˜ɜ(Ȑė3:ĭďEHˢʣ£ɇ§UċB3:��

!
4-3-2�ïėë¿ó�

!
ɬ˜ɜHˢíʟ3:ʇǒɊǏEī?#@ˢ¥B5Z˝ŀŢɬ˜ɜ�¶ˁˢHBȪ5Z�HˢţŚ

Ķŀśŀʳ&WJĶŀ˃ØʨȋśɀȩŀȤȯȩGūȾäʷEƊŘ5Z4Ţȍ¶�Gŀȍ46đ�ȑž

37đˢĹž9đ˥ŀʳ4Ţȍ28đˢĶŀ˃ȍ18đˢŅ˜ǅʾˢ2022Ţ11ǃ7Ƶ~11ǃ30Ƶ�B3:�

ţŚĶŀGƚǙ��k��B�casq�~AőF:ūȾEʿ5ZƚǙGřÌȅǮ]ăȀ5ZBˢ

ŹÌȩȗ�Table 4-3Eȧ52ˢ3ŢǣGɽɺɯĤGÞŉ�GO'ˢÄ%IūȾɺȒ	]41đ(ˢūȾ

Ȍįŀ	]ÚĚ(řÌ3@&Yˢ¥ɲDʱƐŹÌȩȗE>#@Uˢɬ˜ɜGOB^C(řÌ3@
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#Z/B(ȥʃ1[:�/[WYˢɬ˜ɜHɽɺɯĤGRDX6ˢ"ZȬŦGūȾɺȒŀˢūȾ

ȌįŀEʿ5Zȡʊ]Ǆ5ZUGBƁŃ1[Z��

Q:ˢŀŢGȔDZ/B(Ď{��GʯȎòǏEĄP5ůː]ǘɻ5Z:Tˢ½ŀŢɬ˜ɜU

ăɛB3@ƛȎ3:�Ý¿ȖEHˢĶŀūȾƩɞGĎǧ˅E&#@ˢVR]{��B3:òǏ]

ɎɗȖEǘɾ5Z/B]ƂĤ3ˢ�ūȾEʿ5Zȡʊ(OB^CD#ˢţŚĶŀśŀʳūȾäʷ

EƊŘ5Z2Ţȍ17đ�ȑž8đˢĹž9đˢŅ˜ǅʾˢ2023Ţ4ǃ20Ƶ~6ǃ9Ƶ�ˢ�¾ŁɽɺDC

GūȾEʿ5Zʆ˖Eŵ©3@#Zǂ£GˢɦŠūȾȡʊ]Ǆ5ZţŚśǙĶŀūȾ}pa�ŀ

ȩEƊŘ5Z1Ţȍ15đ�ȑž8đˢĹž7đˢŅ˜ǅʾˢ2023Ţ6ǃ19Ƶ~6ǃ29Ƶ�ˢ¾ŁɽɺE

ʿ5Zʆ˖(ɇ§3@Ɂ2�ǃ(ɉʬ3ˢ"ZȬŦGūȾȡʊ]Ǆ5ZEɢ=:BƁŃ1[Zţ

ŚĶŀśŀʳūȾäʷEƊŘ5Z3Ţȍ16đ�ȑž7đˢĹž9đˢŅ˜ǅʾˢ2023Ţ4ǃ6Ƶ~5ǃ2

Ƶ�ˢ8[9[]ɬ˜ɜ�¶ˁˢL-0ˢL-1ˢL-2BȪ5Z�B:��Table 4-4��

ɬ˜ɜE/[QAGūȾɽɺEʿ5Zȡʊˢɉ˜Vɛ%ƱDC]Ņ˜ŴEőF:�casq�

~E&-Zˢ�ʳˑȗGĠȸɊǏ]ĎŀŢGɬ˜ɜ8[9[E>#@Figure 4-7Eȧ5��

L-0AHˢūȾEʿ5ZʉəGĉʉɉ˜(D#:Tˢĵ+GˑȗAˢȡʊG¦3#ÓĒ(ȥʃ

1[Z�8[EŎ3@ˢùäDŀɚɉ˜]Ǆ5ZHAHˢÚɤEʌŊDȡʊ]Ǆ5ZÓĒ(ʃT

X[Z�Q:ˢL-1AHˢ�ňÝGŅǸɉ˜�V�ōǯ]ǸZǠ¸�DCˢōǯGŅǸɉ˜Eʿ

5ZˑȗAˢL-0GRDX6ˢĉʉŢƫGWYʻ#L-2BǩN@UˢHEǂUʞ#ÓĒ(ȥʃ1[

Z�/[Hˢ¡ĶŀAɽŃ1[@#ZƚǙ��k��(ȔDZ:Tˢ¥B5ZƩɞÞŉEůː1

[:UGBɛ%X[Z��

!52

Table 4-4   Sujects and experiment date
Subject grade Architectural experience Date numbers

L-0: (�	 B2 student of HU Null 2023. 4. 20 ~ 6. 9 17
L-1: (�	 B1 student of HIT Taking a course in residential design 2023. 6. 19 ~ 6. 29 15
L-2: (�	 B3 student of HU Completed a course in residential design 2023. 4. 6 ~5. 2 16
H:    ��	 B4 above student of HU Completed all design courses during 

college
2022. 11. 7 ~ 11. 30 46

Figure 4-7�ïėë*�â)Č�4æė0Xb×ü*ÏÆ
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4-4�>QL 5!5*§ªç·*ÄĀ)14VR*ĄÔj·Ùù�

!
Q6ˢ5>GɽɺǕ8[9[GˢĎ{��]ÃȎ3:ɬ˜ɜƫHˢ#6[U16đBDZW$E

ʴä3:�ɽŃ3:21ȺƊG ʯåȺƊEŎ5ZƖƣƫBˢ8[¶ĴGŅ˜ɜ(ƁŃ3@#D#

(ɬ˜ɜ( ʯåȺƊB3@ƙ%:Ɩƣ�¶ˁˢ ʯåȺƊ¶ĴGƖƣ�ƫˢ¡ɜGďɺ]ɫ5ɏ

ƖƣƫˢĎ{��(ÃȎ1[:ĠƫˢQ:ˢ/[XEī?#@Ȼã3:1>GɽɺǕEŎ5Zɬ

˜ɜ1đ":YGšĨƖƣƫ]Table 4-5 E{��0BEȧ5��

D&ˢ ʯåȺƊ¶ĴGƖƣƫGˊɺE":=@ˢŅ˜E&#@ˢ2DGĭďˢɽɺǕ1·Ŭ:

Y1>3ǎGƯˏĤ]ɬ˜ɜEĖȧ5ZUGB3:�3DCADVVRGĭďEĖȧċɠDˢūȃÚ@
GƯ�ȳˏDCEʿ5ZƀĬˠ�ʽĊʳ�G˝1ˢ�ūÝ��ňÝ�ɽÒ�G�˝1�V�ɥ

Ů�ˡHˢ2DAHùäEĖȧA)D#:Tˢ//AGƖƣƫH8[XE>#@GƖƣ]˄Ĵ3

@#Z�Q:ˢʢEŗǔɭˢǑˢǖ7#ˢDC3DCADVVRAHƜɅA)D#ȰʾV©ȃEŎ5

ZƖƣÞŉE>#@U˄Ĵ3:��

/[WYˢ ʯåȺƊEŎ5ZƖƣƫBšĨƖƣƫAHˢǛF3{��BUĐȬŦA"Z(ˢ

˝ˢ½ŀŢ#6[E&#@UˢVRGÏ(ǂU˝#/B'XˢɽŃ3: ʯåȺƊE>#@Hˢ3

ȭG{��G$<VRAȕɳ3V5#ċɠž("ZBɛ%X[Z�Q:ˢɏƖƣƫAHˢ½ŀŢ

AHÃȎ3:{��EWZůː(¦3#GEŎ3@ˢ˝ŀŢGĭďˢ2DGO$(3DCADˢVRW

Yĵ#/B(\'Z�/[HˢţŚĶŀG˝ŀŢŀȍGĭďˢ3DCADVVRWYUªǣ×Ĥˏ]

Ã$Ǡ¸(ƽǧ'Xĵ#B¨Ɓ1[Z/B'XˢWYȮǚȖEƖƣ(D1[:UGBɛ%X[

Z��

1XEˢ ʯåȺƊ¶ĴGƖƣƫ(ɽŃ3: ʯåȺƊEŎ5ZƖƣWYĶşEĵ+D=:/

BE>#@HˢƜɅƼʾG8ä¶ÞAɬ˜ɜ(ƖƣċɠDĠƫ]ˢ°ĠGŅ˜E&#@HȄEë

˂3@#D#:TˢɽɺǕGȰʾ]¿˜5Zˇˢ ʯå1GŦď#EWX6ˢŷ'D ʯåEŎ

3@Uɥ�Ɩƣ3:UGBƞŌ1[Z�D&ˢ//AG ʯåȺƊ¶ĴGƖƣEʿ3@Hˢíʟ

3:ʤY4-4-2ˑAWYʂɆEǘɻ5Z��

!
!
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H: Ę�� L0~2: [��

2D 3DCAD VR total 2D 3DCAD VR total

�UĄhá£)��4§ª¬�y� 81 80 97 258 58 51 69 178
�UĄhá£Z}*§ª¬�y� 264 183 177 624 174 167 167 508
è§ª¬�y� 345 263 274 882 232 218 236 686
�>QL�^Ô�5"y¬�y� 77 75 76 228 80 80 80 240
UĄhá£)��4�z§ª¬��/�� 1.05 1.07 1.28 1.13 0.73 0.64 0.86 0.74
UĄhá£Z}*�z§ª¬��/�� 3.43 2.44 2.33 2.74 2.18 2.09 2.09 2.12

Table 4-5   �ė)��4ïėë*§ª¬
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4-4-1�ö��"UĄhá£)��4§ªç·)14q>QL*j·�

4-4-1-1�qUĄhá£)��4§ªç·*ÄĀ�

!
ǣEˢĎ ʯåȺƊEŎ5ZƖƣƫ�Ɩƣ®ƫ�]ˢŬʁ ʯåȺƊ(ĔQ[ZɽɺǕ]¿˜5

ZˇEĎ{��]ÃȎ3:®ƫA˄3:ɊǏ]ƖƣȉB3ˢ˝ˢ½ŀŢ8[9[Figure 4-8Eȧ

5��

Ɩƣ®ƫGďɺ]ɳZBˢ˝ŀŢG�S1-8��S2-4�ˢ½ŀŢG�S1-3��S2-4�GW$EƖ

ƣ®ƫ(ɬ˜ɜGúƫ¶�G ʯåȺƊBˢ�S1-4��S1-5��S3-7�DCGW$EƖƣ®ƫ(

˝ˢ½ŀŢÜEǚT@ŔD# ʯåȺƊGąƱ(ĿĦ5Z/B(\'Z�/[WYˢȺƊEW=

@ ʯåA"Z/B]ȕɳ5ZˍƸŦ('DYȔD=@#:UGBɛ%X[Z�ȄE�S3-7�Ǘ

ĽGş(Ȇ#�Eʿ3@Hˢ#6[G{��AUȕɳ3:ɬ˜ɜ(#D'=:�/[HˢƜɅƼ

ʾEë˂]ɽ-:/BEWYˢɆ'#ňÝGĶ)1QAƖƣA)D'=:UGBɛ%X[ZO

'ˢūȾɽɺ�ɺȒ�G ÝďA"ZBɬ˜ɜ(8U8URD1D'=:ċɠžUƖƣA)Z�

Q:ˢƖƣ1[V51]{��ʾAǩʛ5ZBˢ˝ŀŢAHˢ2DAǂUƖƣ1[: ʯåȺƊ

H8ȺƊˢ3DCADAH5ȺƊˢVRAH9ȺƊˢ½ŀŢAH8[9[ˢ7ȺƊˢ4ȺƊˢ10ȺƊˢB

#$ɊǏBD=:�¶�ˢ{��0BEȕɳ3V5# ʯåȺƊE>#@ʂʟ5Z� 
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Figure 4-8  �UĄhá£�'*§ªÑ: (a) H: Ę��� (b) L-0~2: [��

����a������������������b��
n=16(RĆn=15) n=15
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�˝ŀŢ�

Q6ˢ˝ŀŢGĭďˢ2D]Ȏ#:ĭďEȕɳ3V5# ʯåȺƊB3@Hˢ�S1-4�Ū�(ʻ

+@ɰˋ��S1-5�ĶȰʾEǑ(D#��S3-6��_GʽʼƱĒ(&'3#�DC(Ɨ.X[Z�

�S1-4��S1-5�E>#@Hˢa�w���EWZ¨ƁBŎź3@&YˢɽɺĤ]˞ȟ5Z/B

EW=@ˢǑˢǖB#=:ǜʦȃˢʳŗGʴɖDCɽɺǕÚ¿Eʿ5ZƀĬ]Ǝơ5Z/B(³

G{��BǩN@ŉƸA"Z:Tˢȕɳ3V5'=:UGBɛ%X[Z�Q:�S3-6�Gˢ�_

(Ū�ÑEʽ#@ʤʒ]ʰƯ5Z/BEʿ3@Hˢ3DCADVVRAUȘƄȖE"ZȬŦȕɳA)

ZUGBƁŃ3@#:(ˢƖƣ3:®ƫH8[9[0đB1đBDYˢOB^CȕɳA)@#D

#�/[Hˢ�ǣ×ȰʾAʤɩEƥˈ("Z/B]ɉ˜3:B3@Uˢ8[]ɽɺ�ɺȒ�Gĝ

˖ǼB3@ɸʵ5ZEHˆ:Y("Yˢ8[WYUƽǧɽɺɯĤȷAÃȎ3@#Z2DGĤˏ�

AGȡʊEī?#:ƖƣGO$(ŉƸA"=:ċɠž(ȧě1[Z��

3DCAD]Ȏ#:ĭďEȕɳ3V5# ʯåȺƊB3@Hˢ�S1-6�˅ǧGǖ(˓EŬ:Z�

�S1-3�ĽÅʳŗE¥ŋŇ]ʤ=@ɩ'D-[IDXD#�DC(Ɨ.X[Z�/G$<a�w

���ʇǒAH�S1-6�HVRAǂUȕɳ3V5#B¨Ɓ1[@#:(ˢVRGŅ˜ƼEɬ˜ɜ(

˅ǧ]ƶˁ5ZˇGǝĽ]ȥʃ5ZBˢ˅ǧ�ʐ��]RD(X|���~GƤÁ]ɩ$/B(ĵ

+ˢ˓G�ʳE"Zǖ]ɳʡ3@3Q$ċɠž("ZGEŎ3@ˢ3DCADAHȰʾ]ʧɍȖE

ƎơA)Z:TˢȕɳA):UGBɛ%X[Z�Q:ˢ�S1-3�Eʿ3@UˢVRGĭďˢɬ˜

ɜ(ʳŗʾ]ȫó5Zˇˢ|���~Ǡɠ]ȮǚȖEÃȎ5ZÓĒ(Ȳ%:/B'Xˢ3DCAD

BVRAŝ("ZĂġHĐǝEɸʵ1[Z��

VR]Ȏ#:ĭďEȕɳ3V5# ʯåȺƊB3@Hˢ�S1-1�˅ǧ�ȰʾGķ˝(½#�

�S2-1�ČƊGʤʒş(Ȇ#��S2-6��_Gş(Ȇ#��S3-1�ČƊGʇȋČGĸɩ)(ʻ#�

�S3-2.�z�G˝1(˝#��S3-3�ǊƮʱƐGʾʮ#�DC(Ɨ.X[Z�/[XGĵ+Hō

ǯEʿ\Z ʯåȺƊA"YˢVRAHʖ¿Ƅɵ(êȎA)Z/BEWYˢȰʾˢūÝˢňÝD

CōǯGŅˇGĶ)1ƀĬ(ŶX[D#2DV3DCADBǩʛ3@ˢȕɳ(ŉƸA"=:/B(Ʀ

T@ȥʃA)ˢa�w���ʇǒEWZ¨ƁBUŎź(RX[:��

!
�½ŀŢ�

ɍ#@ˢ½ŀŢGƖƣɊǏ]ȥʃ5Z�˝ŀŢG�S1-5.ĶȰʾEǑ(D#��S3-6��_Gʽ

ʼƱĒ(&'3#�DC�ǜʦˏ�V��_ʽʼƱĒ�Eʿ5Z ʯåȺƊH2D]Ȏ#:ĭď

Eˢ�S1-1�˅ǧ�ȰʾGķ˝(½#��S2-1�ČƊGʤʒş(Ȇ#��S2-6��_Gş(Ȇ#�

DC�Ķ)1�V�˝1�Eʿ5Z ʯåȺƊE>#@HˢVR]Ȏ#:ĭďE8[9[ȕɳ3

V5#ÓĒHˢ½ŀŢAUĐǝEȥʃ1[Z�:;3ˢ�S1-3�ĽÅʳŗE¥ŋŇ]ʤ=@ɩ'

D-[IDXD#��S1-6�˅ǧGǖ(˓EŬ:Z�DCˢ�ȰʾGʧɍž�V�ʤʒ�EĿĦ

5Z©ȃ�Eʿ5Z ʯåȺƊE>#@Hˢ˝ŀŢGĭď3DCADAǂUȕɳ3V5#ÓĒ(Ŷ

X[:(ˢ½ŀŢAHȥʃ1[@#D#�Figure 4-7E&-ZŀŢ8[9[G�3DCADÃȎɉ

˜�EŎ5ZĠȸɊǏ]RZDXˢL-0BL-1GĭďˢOB^CÃȎɉ˜GD#/B(ƎơA)
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Z�Q:ˢ�"Z�ÑEĠȸ3@#ZL-2UˢţŚĶŀśŀʳūȾäʷGƚǙ��k��]ȥʃ

3:ɊǏˢŀʳ2ŢǣŴǅE3DCADGÃȎƱǯ]ŀɚ5Z/B'XˢÃȎɉ˜(�"Z�BGĠ

ȸEHDZUGGˢɽɺʆ˖E&-ZŅʓȖDɉ˜HD#UGB¨Ɓ1[ˢ˝ŀŢGHOCGɚ

ȁŦAHD#Bɛ%X[Z�3:(=@ˢ3DCADGʯȎòǏHˢ2DVVRWYUŅʓɉ˜Vɚȁ

ŦEW=@ë˂1[ZUGBƞŌ1[Z��

Q:ˢ�S1-1�˅ǧ�ȰʾGķ˝(½#�˅ǧG˝1(½#:T���S1-2�¾ŁGķ˝

�3.5m�(˝#��S1-7�¾ŁGķ˝�2.1m�(½#�DCˢƯˏ�G�˝1�Eʿ5Z ʯåȺ

ƊAHˢÃȎ3:{��E''\X6ˢ½ŀŢGƖƣȉH˝ŀŢWY½�5ZÓĒ(RX[ˢɽ

ɺǕE>#@G˝1ƀĬEʿ5ZƂʊHˢ˝ŀŢWYʺƄA"ZUGBƞŌ1[Z� 

!
4-4-1-2�qöõd�)��4§ªç·*ÄĀ�

!
Ď ʯåȺƊGƖƣȉ]ˢ1XEĎɽɺÞŉGStep1~3Eä-ˢ2Dˢ3DCADˢVR0BEšĨ3

:Ɩƣȉ]Figure 4-9Eȧ5�Q:ˢFigure 4-9(a)EHˢíʟ3:ɽɺƖŒɜŎʍGa�w

���ʇǒE&-Zˑȗ'X¨Ɓ1[:ɊǏB3@ˢȕɳ3V5#'Xȕɳ3E+#QAG4

ǧ˅GĠȸEī?+Step1~38[9[GšĨŶǼ]ȧ5�D&ˢ//AGšĨƖƣȉHˢŅ˜A

Ȏ#:21ȺƊG ʯåȺƊG$<ˢa�w���ʇǒAUÜʤ3@ÃȎ3:18ȺƊGREī?#

@Ȼã3@#Z��

Figure 4-9(a)G¨Ɓ1[:ɊǏE&#@HˢStep1~3G#6[AUˢVR > 2D > 3DCADG˒BD

Yˢ3DCAD(ǂUȕɳ3E+#BɿÇ1[ZÓĒ(ȥʃA)Z�3DCADGĭďˢVRGW$Eʖ

¿Ƅɵ]êȎA)6ˢ2DGW$EĥŃȖDɔŕ�100äG1DC�UD#:Tˢɽɺ�G ʯåȺ
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ƊEǪ?)E+#BèƯ1[:UGB¨Ɓ1[Z���

3'3D(XˢFigure 4-9(b)GŅ˜ɊǏBǩʛ5ZBˢ¨ƁAHÚ@GɽɺÞŉA3DCAD(ǂ

Uȕɳ3E+#{��A"=:UGGˢŅˇHStep1BStep2E&#@ˢ2DVVRWYŞEñZÓĒ

Hȥʃ1[6ˢ ʯåȺƊ]șŬȬŦƖƣA)ZUGBɛ%X[Z�/[Hˢ3DCADAɉ˜5

ZȰʾG�ǣ×ƀĬ(VRBĐ�A"ZO'ˢɬ˜ɜ( ʯåȺƊ]Ɯǒ5Zˇˢ®GɴǼAŅ

ˇEǥ#@#Z/B]ƁŃ3D(XȰʾ]ɡȏEɉ˜A)ˢ�ŃȬŦGǭÙȖD¿˜(ŶX[@ˢ

VRBOPĐȷG�ǣ×ȰʾƀĬ]ƎơA)Z/BˢQ:ˢɽɺƖŒɜ(3DCAD]8/QAGȄ

ž]Ǆ5Z{��B3@ùäEʃʊ3@#D'=:/BUĂġAHD#'Bɛ%X[Z�:;3ˢ

ňÝDCGōǯG ʯåȺƊ(ĵ+ĔQ[ZStep3AHˢVR(¨ƁʤYǂUȕɳ3V5#ɊǏB

D=:��

!
4-4-1-3Ěqöõd�)��4«ìj·*Ò�

!
¶�GɊǏ]ʔQ%ˢǈȼAHĎɽɺÞŉE&#@ˢĎ{��8[9[GÖñE>#@QBT

@ʟNZ��

Q6ˢóɑˢǜʦˢȰʾGɈRď\7DC]ǘɻ5Z��ūȃÚ¿GɺȒ�E&#@Hˢ2Dˢ

3DCADˢVR8[9[AÖôDÞŉ(ȥʃ1[:�˞ȟȖD2DAHóɑVǜʦˏE>#@Gˢʧ

ɍȫóċɠD3DCADAHȰʾGʧɍžVʤʒ�EĿĦ5Z©ȃE>#@G ʯåȺƊ]8[9

[ȕɳ3V5#/B(ƷX'ED=:�:;3ˢȰʾGɈRď\7Eʿ5Z�S1-8�÷E���

kˢüEǫĠY]ʴɖ�AHˢ˝ŀŢGĭď2DAȕɳ3V5#UGGˢ�S1-1�˅ǧ�ȰʾGķ

˝(½#�GW$DˢȰʾG¼ɖ( ʯåA"Z:T�ʳGȰʾ(ȆœEDZ/BDCE>#

@Hˢ˝ˢ½ŀŢÜEʖ¿Ƅɵ("Z/BAȰʾGĶ)1EWYƨƄDVREWZòǏ(˗ɧA

"Z/B(ƎơA):�/[WYˢɽɺʆ˖GʩɩE":=@Hˢšˏ�AȰʾGɈRď\7V

¼ɖʿÉ]ǘɻ3:�AˢVR]Ȏ#@ƦT@ďȋž]ȥʃ5Z/B(òǏȖBɛ%X[Z��

Q:ˢȰʾGĶ)1ˢʽĊʳDC]ǘɻ5Z��ȰʾGɽɺ�E&#@HˢíȼGɊǏWYˢ

Ú¿ȖE2DWYUˢ˝ŀŢA3DCADˢVRG¡ɜˢ½ŀŢAVRE˝#òǏ(ȥʃ1[:�ɒŦ

G˝#ɽɺɜA"[Iˢ/[QAGȡʊVɉ˜Eī?#@ˢ2DAUȰʾGĶ)1]ǘɻA)Z

UGGˢɽɺçŸɜ]ŎʍE5Zĭďˢ�ǣ×A"ZVRGêȎEW=@ˢȢƼʾAȰʾGǄ5

ZƀĬ]ȘɶȖEƎơA)ZUGBɛ%X[Z�:;3ˢ��ȰʾGɽɺ�EĔQ[Z�S2-1�

ČƊGʤʒş(Ȇ#��S2-6��_Gş(Ȇ#�DCɆ'DȰʾVūÝE>#@G ʯåȺƊA

Hˢ3DCADAU"ZȬŦGȕɳ(ċɠ;(ˢʖ¿Ƅɵ(êȎA)ZVROCAHD#/B(\'

Z��

1XEˢňÝGʴɖVōǯˢɄǊGʱƐȷ]ǘɻ5Z�ʂɆɽɺ�E&#@Hˢíʟ3:ʤ

YˢVRGêȎ(ǂUòǏȖA"ZBɛ%X[Z��

!
!
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4-4-2�UĄhá£Z}*§ª6Ô�"�ėç·*½÷n,q>QL*Î�g¶�

!
íȼAHˢɽŃ3: ʯåȺƊGƖƣɊǏ'Xˢ2Dˢ3DCADˢVRG3ȭG{��ʾGÖñ]

ǘɻ3:�ǈȼAHˢ ʯåȺƊ¶ĴGƖƣÞŉEŎ5Z{��0BGƖƣƫE&#@UˢɽŃ

3: ʯåȺƊGƖƣƫBĐǝGÓĒ(RX[Z'ˢ1XDZǘɾ]ɩ$�Q:ˢ ʯåȺƊ¶

ĴGƖƣÞŉGä˘EWYˢɽɺǕ]¿˜5ZˇGĎ{��8[9[GȄžE>#@WYʂɆE

ɛŌ5Z��

!
4-4-2-1�§ª¬)14q>QL*ÄĀ�

!
Q6ˢ ʯåȺƊ¶ĴGƖƣ(Þŉ0BE8[9[ÀĠƖƣ1[:']ˊɺ3:�3ȭG{�

�]ď\7:ɏƖƣƫ0BEÀȭ˘GƖƣÞŉ(ŶX[:'ˊɺ3:ɊǏ]Table 4-6Eȧ5��

/[WYˢ3Ġ¶�GŔƫɬ˜ɜE3'Ɩƣ1[D#Þŉ(Ķú]þTˢɬ˜ɜGƖƣÞŉE

HIX>)GĶ)#/B(\'Z�3:(=@ˢɬ˜ɜ(ɽɺǕEĔQ[Z ʯåȺƊ]ƜɅ5
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3Ü*>QL*è§ª¬�y� 3ZT 4 5 6 7 8ZS

§ªd��Ü� 467 24 13 11 4 19

Table 4-6�UĄhá£Z}*§ª¬
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ZˇˢÍ®GĺRVȝȜǼGʮ#(șŬȬŦĆƹ1[ˢ8[9[ż#ż#GƖƣ(1[@#ZU

GBƞŌ1[Z��

Ý¿ȖDƖƣÞŉ]RZBˢɽɺǕVE&#@�ŋŇMG_jus(ſ#�B#=:ˢĵŔD

Y ʯåBɹ%ZÞŉVˢĐ4+ɽɺǕVE&#@�ǉ(½#�B#=:ˢŅˇEHʯåDˠɬ

˜ɜ(ʾʮ=@#ZˡÞŉGąƱ(ȥʃ1[:�/GW$DƖƣÞŉ]ˢŅ˜ɜ( ʯå'ē'

¥ɶȖEèƯ5ZGH#11'ĻŬž]Ǣ+/B'XˢǈȴAHˢ8[9[G{��]ÃȎ3@

Ɩƣ3:Ú@GÞŉ]ˢɬ˜ɜ(ɽɺǕ]¿˜5ZˇEȝȗ3V5#ɲɄB3@ƙ%ˢŅˇG 

ʯåGǄǽEW=@øé3@GɛŌHîƃ5Z/BB3:�:;3ˢĵ+Gɬ˜ɜEƖƣ1[:

ÞŉOCˢŅˇE ʯåA"Zċɠž(˝#BƞŌ1[Z/B'Xˢ�Ńƫ¶�Gɬ˜ɜ'XƖ

ƣ1[:Þŉ]µɫÄB3@ˢ¶�ˢǘɻ5Z�ɏƖƣƫ(6Ġ¶��{��EWZƖƣƫGŝ(

5Ġ¶�GÞŉUĔS�GˢɽŃ3: ʯåȺƊ¶ĴGƖƣ]Ɠã3ˢ8[9[EŎ5ZĎ{��

GƖƣƫ]Figure 4-9Eȧ5��

/[WYˢ�3��5��7��8�DCˢŀŢE''\X6ˢ{��ʾGƖƣƫGŝ(2~3Ġ¶

ÞBÔ'AˢƷȥDŝȔGD#ƖƣÞŉ(ɁúƫE�Z��

{��ʾAƖƣƫGŝGĶ)#Þŉ]RZDXˢ˝ŀŢGĭďˢ�2�ǱˏĭMG_jus(ſ

#�B��GW$DóɑɽɺGďȋžEʿ5Z ʯåH2DAˢ�19�˅ǧ]�=@#ZB)ķ(

½#�C��B#=:˅ǧ]ƶˁ5ZˇG ʯåH3DCADAˢ8[9[Ɩƣƫ(ǂĵBDZ/B(

ȥʃ1[ˢɽŃ3: ʯåȺƊEŎ5ZƖƣɊǏB�ʳŎź3:ÓĒ(ŶX[:UGBɛ%X[

Z�Q:ˢ�6.Ȉʿ(ţ#�B���23.izy�(ţ#�V��DCˢȰʾGĶ)1Eʿ5ZÞŉE

>#@Hˢ2DGƖƣƫ(3DCADˢVRWYĶşEĵ#ÓĒ(ʃTX[Z�:;3ˢ�5.�˅GŪ

�ş(Ȇ#�Z���9.ʤʒGş(Ȇ#�V���14.�˅~a�Gş(ţ#�X���21.âɨŨGs

��s(Ȇ#�X��DCˢǈǌGˏȮ(ūȃÚ¿EŎ3@œ1#îď]þTZȰʾGĶ)1Eʿ

5ZÞŉAHˢ2DGĭďHOB^CƖƣ1[@#D#�/[Hˢ2DAHˢˉƝ5ZȰʾĐĲG

ǩʛEW=@ȰʾGĶ)1Eʿ5ZďȋȖDèƯ(ŉƸEDZBƁŃ1[ZUGGˢŋŇˢLDK

DCWYœ1#Ū�V~a�DCGȰʾAHˢ8[XBǩʛ3@èƯ(ĢˍDċɠž(ȧě1[ˢ

2DWYU�ǣ×GȰʾƀĬ]Ǆ5Z3DCADVVRGƱ(èƯ3V5#UGB¨Ɓ1[Z��

�ʟ3:ÞŉEʿ5Z½ŀŢGƖƣȅǮ]RZDXˢÃȎ3:{��EWZƖƣƫGʮ#H˝

ŀŢOC˗ɧAHD#UGGˢ2DGĭď�6.Ȉʿ(ţ#�B���23.izy�(ţ#�V��(ˢVR

Gĭď�14.�˅~a�Gş(ţ#�X��(8[9[Ɩƣ1[V5#B#=:˝ŀŢB˘»3:Ó

ĒUʃTX[Z�/[WYˢ˝ŀŢBĐǝEˢʯåD{��GÃȎEWYˢ½ŀŢEU˝#ȋɸ

Ŧ]ǬTŶZ/B(ǅŲ1[Z��

!
4-4-2-2�§ªd�*ÜĖ)14q>QL*ÄĀ�

!
íȼAHɏƖƣƫGĵ#ÞŉEȝȗ3@ɛŌ3:(ˢǈȼAHˢɏƖƣƫGŔD#ÞŉU8[

XEð%@ɛŌ5Z�/G:TˢH4TEƖƣÞŉGä˘ˢƬȋ]ɩ$��
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Q6ˢ�Ȱʾ��ʽĊʳ��ūÝ�DCƖƣŎʍEW=@ Ķä˘!3ˢǣE�ȰʾˤĶ)1�

�Ȱʾˤʴɖ��Ȱʾˤƫ�ʸ�DC8[9[GŎʍ(Ý¿ȖE#'DZÑˏA ʯå'EW=

@ £ä˘!3:�1XEˢ���(Ķ)#�œ1#����(ʬĵ� ʐ��óɑ(ʻ#�ɰˋ�

DCÝ¿ȖECGW$D ʯå'Eʿ5ZÞŉ] œä˘!B3@ˢ8[9[Table 4-7GW$E

Ńə3@ˊɺ]ɩ=:��

Q:ˢŀŢǨEɬ˜ɜƫ(ɦŠȔDZ/BEȓƂ3ˢ"Z{��]Ȏ#:ä˘8[9[EŎ5

ZƖƣƫ]Ŭʁ{��]ÃȎ3:ĠƫA˄3:ɊǏ]ˢ{��1ĠGÃȎŬ:YGšĨƖƣƫB

3@Ȼã3:�{��0BGšĨɏƖƣƫ�Úä˘ďɺ�Bˢ Ķä˘!ˑȗ8[9[EŎ5Z{�

�0BGšĨƖƣƫ]Table 4-8ˢFigure 4-10E8[9[ȧ5��

Table 4-8GšĨɏƖƣƫ]RZDXˢHˢL-2ÜEˢ2D > 3DCAD > VRG˒BDZGEŎ3@ˢ

L-1BL-0HVR > 3DCAD > 2DBDYˢÚ+ʢGÓĒ(ȥʃ1[Z�HˢL-2Gĭďˢư:D{��

A"ZVR]ÃȎ5ZˇˢɽɺEʿ5ZÞŉ]ɽɺ�ɺȒ�GȡʊB3@ɸʵ5ZEHˆ:Y(

"Yˢ8[WYUƽǧɽɺɯĤȷAÃȎǠ¸Gĵ#2DAGˢĤˏ�GȡʊEī?#:ƖƣGO

$(ŉƸA"ZUGBƞŌ1[Z��ƱˢL-1BL-0Hˢɽɺȡʊ(¦3#/BEð%ˢ2D]�ǣ

×ȰʾB3@ȋɸ3ˢȰʾƀĬ]ĈŶ5ZEHɚȁŦ( ʐ3@&YˢĢˍA"Z/B(¨Ɓ1
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Table 4-7   UĄhá£Z}*§ª*gĖ

��ĝ>QL 2D 3DCAD VR Total
H 3.43 2.44 2.33 2.74

L-2 2.59 2.00 1.59 2.06
L-1 2.29 2.44 2.77 2.51
L-0 1.69 1.86 1.93 1.82

Table 4-8  �>QL1y*^Ô�"3�zè§ª¬
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[ˢƽǧ'XW+ɉ˜3@#ZŅȰʾEWYʞ#VRGO$(Ɩƣ(ŉƸA"ZBɛ%X[Z�

¶�WYˢĶŀGɽɺƩɞE&#@VR]Ʃɞ{��B3@ĈYÙ[ZĭďˢūȾȡʊ]Ǆ5Z

˝ŀŢWYUˢŀɚçǅG½ŀŢ]ŎʍB3@ʯȎ5ZĭďGòǏ(WY˝#UGB¨Ɓ1[

Z���

Figure 4-10]RZDXˢ#6[GŀŢˢ{��E&#@UšĨɏƖƣƫGĵ#�Ȱʾ��ʽĊ

ʳ��ūÝ��ňÝ�ɽÒ�G4ˑȗE>#@HˢÚ@GƖƣG8î¶�]þTZ/B'Xˢ¶�

8[XE>#@ɛŌ5Z��

!
��Ȱʾ��

�Ȱʾ�E>#@Hˢ2DV3DCADAGšĨƖƣƫ(ŀŢ(�(ZEº#İð5ZÓĒ(ʃT

X[ZUGGˢVRE&#@H½ŀŢAU˝ŀŢBĐȷȬŦGƖƣƫ(ȥʃ1[Z�/[WYˢ

½ŀŢ]ƖŒ5ZĭďˢĤˏèʅɠïVɚȁŦ]ɲ5Z2DV3DCAD]ÃȎ5ZWYUˢŅȃĶ

GɽɺǕ]®GɴǼA¿˜A)ˢ¿˜ƼGƤÁUșŎȖEŉƸDVRGƱ(ˢ�Ȱʾ�Eʿ5Z

ȡʊ(ȋɸ1[V5#UGBƞŌ1[Z��

�Ȱʾ�EĔQ[Z £ä˘!ˑȗGɊǏ]Figure 4-11(a)Eȧ5�2DGɉ˜VūȾȡʊ(¦

3#EUʿ\X6ˢL-1VL-0AU�Ȱʾˤʴɖ�EŎ5ZƖƣ(ĵƫBDZGEŎ3@ˢVRG

Ɩƣƫ(șŎȖEŔD#ÓĒUȲ%:�1XEˢ�ʟ3: £ä˘!G$<ˢɏƖƣƫGĵ#�Ȱ
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Figure 4-10   UĄhá£Z}*§ª*gĖďõ��gĖ�
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Figure 4-11(a)   UĄhá£Z}*§ª*gĖďõ�VgĖ�Þċ�

Figure 4-11(b)   UĄhá£Z}*§ª*gĖďõ��gĖ�Þċ�����
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Figure 4-11(c)    UĄhá£Z}*§ª*gĖďõ��gĖ�Þċ�ćé�
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Figure 4-12   UĄhá£Z}*§ª*gĖďõ�VgĖ�ĊoĆ�
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Figure 4-13   UĄhá£Z}*§ª*gĖďõ�VgĖ��c�

Figure 4-14   UĄhá£Z}*§ª*gĖďõ�VgĖ��c�
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