Zts2ol Mol M xtolof et A

OKJ

E L F (olFgAddn FugH)
g 7 v (FFaS7L)

d ¥ (SHZEH)

3 g F (olstdA st oA st)

L A8

1 @79 WAz %4 |

Sotsol ANHAY @A AXsE HFS FA = 9 wg o AT g
AR AR e AR A wee TNz @ Y AA TR 44 WA gd
A, Ade 2 AFH JAE shed AiA F3 5L oY 4L A Ao
HFolt A deel oA oW AWE FAstE oleu sse Y5 nFa
£ uEy mgd AWAez 283 Fshr] AN FHd AYEE oMy
Hed 4 I 59 B4l o veprtd ®e ARE dzshe AHPAR
oz HAMQA A Bo, 53 o|FAY AAHY AT BoklA 3% vIL 2
pokd W2E 4 et Qe % 2 Bolld Ukt 4FE 4 YestE 2
= AE g sa Yok

@ AgolH, EASE ool FART 3% 5o Wojdtks AF BuEo|
ek el AR A &7 WS Ate ¥e mA@nY, 9y Fote
Gdol A wade] sl Al Holx FEU YAEE 44 AEEe) Feist Ao
= FolA F& AT FA Dok gie 1§ 713 250 sl U0 AT, B
JHoz HEP Lgl Sol4 TIVEAE BTHL, £ 3 olgol Al
Ha) Aoz we Fus 4AE Roln dukm FohE,I olfE FALN?

o BAlol R ¥ JhN WIToz FUHAANE AYsAh £ SHH T
ol WA BA AT, RHOE FgEPAM HE Hole TN
Aol WEole =t Uk & ATE AAZ $YU FABAAS o] &t A

1) 2 A7 1954E TEY AY §GEAEATY JFRAATE FA ted
zAuo] g3 AFHAE.
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FReHA e FA o] Ho)E AFsEd oA AE adwt AT o A
of AZdte Roe Tt Atk FXHTYH Aolg AETH Ao AAUT1 7}
g 2747 gev, g adeg 453y Jdo] ¢ T FEdHx & 2A
= @7 dEelth BN & dF= FTUET Hol Mo A ol7t MAER %A Y
st ®are] oiUg, AvlCM vEbhd AFVt ZE YuE FEIL 47 A
& Ao, shdd W € I8 zte As@Ad dfME ZAEIAT AT ZAG
EAE e 2o

1) A did Ad Xole AJFA Yeerlt?

2) FrAA ) i shdd Aol o)FA UeE?

3) FFAALS] tid A 9d Aol o]FA YT

4) IR dF gad 48 FEaAE %A dEderR?

5) A dd At Aol A3 aAE ARA YEEIN?

6) BrAA A Wi A3 hde] A3 uAE %A YEHEIN?

7) B UiE A, A, gd e F AL %A HeeT?

il 53 g8 ATE -43]-“1(Ben Chaim, Lappan, & Housng, 1988; Fennema &
Tartre, 1985; Harris, 1981; Johnson & Meade, 1987), &3 A A X9} F15Y Aol
o AAAFE 03 - 0622 vnE e 4o AARAS AYI 7] @&, 73
HHAZo] QojAle] A Aole AF RHE FUTHA QoA 4E oA 7
dtta B 4 Qoh TR 34 A3z A dFHE v olfrol e
o} Smith(1964)E 3 de 718d ey WA £33 7159 QA 734
& AYFE AT #Ho) Qv] ol 7j€3t 312w, Schonberger(1980)c &
sge F3te FaeEd o F8F 27 E, dolojay, 2dZ & UFE
A% Qusol v] BEolL A& Yok |

£3tH FHAz] g TP FFH Aot Ad Aozt EAstertd AE

o

olf

2
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Fenemma$} Tarte(1985)9] A7l 234, & 314} $8H ¥ A4 59
o] Gtz we FAAZE HEHI L dojF T A Alolde A Ao
7b ety gskod, & FAZ3E 5 e Ao wH] Ay ¥ ¥
RN ZE wYFH 2L 1_0134 g9 oA Atolddl= %—74]3‘1°i Tr-4“]'5}7<l‘—“ A
gt g AR & Aol BATh wEA o dF= Hol #8373 44
To vlxEe 9% AR tE AFgAAqAN o FREA ‘—}E}‘r}‘:}i’- A3 9
=3

Battista(1990) Krutetskii®] o173 -=2 #(verbal-logical) Ao} A2t -1 A
(visual-pictorial) Ab2e] ®F| kst sltEAE Hdsted ol FIAAZ
=dHE3E 589 #AE AFIdAY. 4 FAZE AF7t =YUH{FE HFEY
458 & A7t FHAL 307%, AL 57% AeH, =dH{FE FFH F
ZINZs A4g AR A3lEe 397 @8 133%, AL 34.0% AUt wEkA
gt FAAE FHol, AL =Y FE TYol ANFHLE Hojvurtn &
F Atk R FRANGE, =dH{FE, NAPAE Aoldle BF B% TFEAAN 79
gk AEAAZ 22U 4o Fenemma®t Tartred] AT whA7tAZ FAZ
3 A5 7S AEY FRBAL AFYSA O 5A HEbR o (61>.39), =
HE3E A9 74T FudAE A o =4 JELsTH(43>.36).

2.3 589 A9

F-7V s (spatial ability)o] @ Azte] s Aej&AF daddoz g & 9l
(construct) 2.2, F3+ & Ut WA X J(internal representation)g 7]1Z3+3tAY 7]
AHE EE T A BAATE THE T8

TLFEE TFAtE 8428 EAde BHde o8 JHASE gled,  Linn#
Peterson(1985), Mcgee(1979), Lohman(1979)8] <€ FdlA el 4o F53 wt 3
=3

1) Linn®} Petersond] &7t8¢1 ¥4

Linn# Petersond I8 & FASe 8oz 33AZ, 34, FHANLL AA
stttk F3FA Z(spatial perception) FHol@ %Y F(gravitational), +574Z3H
(kinesthetic) @M & Z3) Fzt Alol9 BAE AF¥sA ARNT = e TFHolz, 3
Z(mental rotation) F¥ol@d 23¢Y & 3499 EAE JAsAE wo AEHE A



234 =ete 4 Y= Fgo|n, FIHA1ZtsM(spatial visualization) FHo]F Folzl

44 ARE wAEAA A sty a8 B e vEE gdn
2) Mcgeed] 278 24
|
T2k A 2} 3} FZHrgks)

EEl G [Azx9 AA | e

244 3xra] [2-2]2—3]3—2|[3—3] [mad| ctrdt| [AAdN ||%
54 |34 A9 |29 || R | 29 |3 ny 2y lle g

Mcgeee &5 d& F43 A& F7+AZt}(spatial visualization), ¥ 3HaFst
(visual orientation)® B3, FtAlZts}e] 3] A (rotation)# ¥ & (transformation), &3¢
wrakste] A=A ® A A (reorganized whole), A2} FE(part of filed)o)2tE 3HH <

FANZEHT Fo|R EAE Aol o3t HAAAINAY AE F2
3‘-"{}"17]“ goln, F7hstd Ad BEE olddA F EE Ateldl ol
l‘:g .

rir
to

Lohmang Mcgeed] F 7}A] 8.9l F2+3 A (spatial relation)& #H7tstd &

Zrvrek

(spatial orientation), ‘Z3Z+AlZH(spatial visualization)®] Al 7FA] QRleo =2 FIkeHol

T Bekch RAAAe] T Folz didEely dAY UAEEC A
2Nl

2 1 gAarEol EOEVIT‘E A e 1 ZFGo2RY €A yehuiodd AU7t
2 A4 & 9= ot FHAY FNBAE FE 433 H(meatal rotation)e]
g & 4 Qud, st T 1 o] Ay dAES wE3 FRA HHe
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ol AWML FRAZNE FolF U AAHA FHE FHH

274E2¢ A%o2 AuA = o] 27¥T. o) A AR &
J 2 A FHRFL FRAAS 2A BANA FEDT B £ Jemz, FZ
s BRAZe 290 U N 2AST BHEE e 2ok

' ANEH7]
224 A A 3x4 (form (surface
ARSI A Hn A A board) @ development)

B A7E IUSYY FH.AEC U A AL TR, 71EY AvAA
(KEDI Aetx35 744, 1992), AAAAHKEDL A4 44} 1996)] QAL £8=S 3
z3te) T3t 2 WA H9aqs e AASA.

244 37 FAEYo] ol AT, o AWAAS W AL & Y= =YL 27
3 A YAETol FoAL, o2 FARAEL W AL F Pt £YL 2]
27493742 ME: AAEE 21 ol& NS W dehit A 27

3-24 g YRESo L ojFoly YMEE BT YW, ¢, dHe] B
2] |

dREe A7l uFEdtel 29 gt YARE BI, I JAE oFT Yk
sute] £7 A7l |

EP45 F A YAEPe] oA o5 Atole BAE Tbsiel e FHUE
g BAN H-g37]

fr
XL
-{d
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m. a9 wya dx

17U

2 a7 gae $@ Uy A% 25%% 33hdd eshd, T 28dst 25
H2%ha AAE TPves U 2P FIE AL Asd A& A9 U) 2%
fm, Ul 28w, 14 L54aE ARstel quiHAE dAsges, EAAAL o
uZAe AERSE T <E >3 2o

<E 1> duiAA FAAEHT

ghd g o HA
% 3 96 96 192
= 6 48 48 96
F 2 12 12 24
32 12 12 24
A 162 162 324

duAALe] AHE spss-perZE2IAPL o] &3 NEFAZ, AFEAM, JlolAF
AR S AN BY 23E EUE FHHA 48 23S sASAH

B AAgAE AT %3, 63Md, 32, 12 FAF oA FEEAYEeR I, A,
Ade] wa & 79773¢ AAHAT $A FATFGE L =X, woE G
gg nASA, YEA, 225, Foj& g L 49 HEL oF 3212 EHI
= a5l o &L EYAAAN @us AAANA o, RS WFAHA 7
o] Hglth. 2 T Z Ngdz hd, A& melsd FEE AR dAsH, A
A e g, dAAAE d5E AEE EJRAYsRY EHLH, data
baseR L 3 RAYY A2E Asn, TANUHA AA B4 AHEE EEF
= % 621k £ A A9y ¥z IAYY o 4 FESFT U <&
2> #rh
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<E 2> B A A9 44 3348 2 4 22
(B3¢ 4 ZE)

i = A TEEA Tl & Al

¢ o4 3 o 3 d 4 q &7

258+ 33Rd 462(298) 464(286) 299(273) 301(243) 157(69) 159(93)  918(640) 924(622) 1842(1262)

63hd 487(408) 487(401) 302(191) 303(181) 145(79) 146(86) 934(678) 936(668) 1870(1346)

Z8la 28hd 560(504) 480(340) 398(385) 306(302) 223(172)180(174) 1181(1061)966(816) 2147(1877)

%8t 28hd 527(316) 542(560) 367(322) 296(287) 248(92) 138(169) 1142(730) 976(1006) 2118(1736)
A 2036(1526)1973(1577)1366(1171)1206(1013)773(412)623(522) 4175(3103)3802(3112)

7 4009(3103) 2572(2184) 1396(934) 7977(6221)
2. FZHANAY FA

THES A
Aol FH 3= A
& Tartre, KEDI
st 23k

TRAAY EFE nE7] Ao 7€ ATAA FHE4HA
o a8y o] EFESL S 4AE dotrede B
3ot #gaFo], AFAEe] WUAS A ol we EF
AY AE=HAH1992), KEDI HA47AH1996)F 98] 718 478 3
FREHAIY Wl To) e ¥ g <HE 3> #rh

<E 3> I3t ¥y &3

9
ole] F

mln

l‘N

wel B9 WA By
3H 2D 1, 2,3
3D 4

HE 2D - 3D 56,7 8
3D - 2D 13,14,15,16
3D - 3D 9,10,11,12

S 17,18,19,20
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AN G A B EA

AwE FAAETE 19069 69 A SA 32478 oz AW ouzAl
o Ang wgez £ANUY. £AY HAE 19964 79 2z tme] ¥
$A SHAsolA AAHYTH THHAE 47 Aut Ay 0TFoz TG, 2
AN E 258T 68hd, 8 a 28hd, 158T 284S OMRIIEE AHg3te g
2 71237 34t OMRIES 719% & Y& 3ol 9= 25342 38hde 24
Aol @& V2 AST, B4 EANE B3 ATRZEQS OMRA=S F& 7|
2a9Y. A2o] AL SASEA ZTZaRL o] 8skd z Wws Aw shdy o
Addz APEQon /2BAEA, YAEREY FARARY slolAFAAL A

A8t

V. A3 24 2 Y

<E 4> FARA ALY B BHE

el At b A Aashd? AeAod shdex ' Awshden] o
244 A 12656™" 565.32" 3L12™ 657" 103 6.39™" 2.10°
3z A 17.42™" 31875 1595™ 047 - 196 149 172
2-344 U 6.10" 172.34™ 2585 0.47 - 0.77 567" 1.26
3-23+d WME 6207 166.02"" 21627 239 - 0.21 . 4427 1.36
U2zt A7) 3474769035 16017 429" 1.67 751 3.02"
=YHF 6.11° 738.09™" 44.27" 2.18 0.29 6.52"" 0.44
A A 62.02"1031.73™ 73.79"" 0.17 1.37 12.37°° 1.75
* p<05

* p<ol

** p<.001

df(x}+%=) a, b,c, d, e, £, 81,323 26,6
Al G WE BY BYEA vEd, 4, %, Adel A wde ¥4
Abel AA A4 ®oohs, 1 9RAE 234 A, 3a4d A, 2-3%4 ¥,
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3-249 W UEES A7), SHRFIA A el A9 009% fol fEe
Fepul@ AolE molt Aoz vehgh 2-339 Ak 3240 A8, BAFES B
JRABAAE Aol tate 95% FoA5FEY AolE mgort, e A 989
9 A" YolME 99.9% F=FY AolE Holxm Yt wEAM ANEE BRI o
28t YAEFL FE 5, YASYS By ¥H, 39, Iue) BIe B 9,
5 =9 Alolg BAE setele] e a0 AgaE e YoM BE 995
of Wt 4w Aolst FHsA e Ao HYAL.

sm An shdel AsuA, Ax xde AzuA, AY hdd A Alele] Az
BANAE e 9ol AAMAS ol Felu@ Aol wolA @ gl
o, shds X Aol PhREel sk addeld 999% FAFFY Holg wach

A Ate EARANA WA &Fo] SARAL, BT 5 F o A4
F ARE 95tel 2 WA SAREE ANHT olo] WP HHLS WY gar:}

<E 5> 44 AN BEH mZEAs

2214 3 A4 2-3x4 3-22t9 UFEY  =FHF A A
ek A A g Hg A7

X sD X SO X SO X SO X SO X SD X SD

g 234 094 072 045 245 109 200 121 264 1.09 200 125 1214 393
o 213 103 068 047 242 109 197 119 255 112 199 120 1174 398

o] EARAFAAME HAT 5 Qe Ao, Z ey AX A A
¥ zlole 2a441 3|AolA 021, 33+ s ANA 0.04, YF=T A7IoA 0.092 2-33}
A Wslol 003014 3-231Y WEe 003, =Y F5AAQ 0010 W BlmE F 3}
ol KA
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<E 6> sdd TAAALY HzH FERA

2atd 3xd 2-3x44 3-2244 ygrg =yfF AA
ghd A k] B HwE A7

Y

XSO X SO X SO X SD X SD X SD SD

141 106 038 049 208 102 150 110 172 096 09 088 804 2388
224 096 073 045 283 09 185 118 228 106 183 112 1176 343
236 089 076 043 218 112 200 113 283 099 212 113 1225 344
270 063 084 037 265 107 242 120 322 084 274 104 1458 3.3

I

N N W

3

FAbl @ shdw A4 vlme] W 23y W@ (141-224-236-270), 3
A9 WE (038—0.73—-0.76-084), EFFF (095-183-2.12-2.74), UF == A7
(1.72-228-283-32001 A 258 38hdst mFsta 23 Abold] & v) 77e
BFAS Aols B WY, 2-339 WF (208-283-218-265), 3-23d WP
(150-186-200-242) AME HZH 228 Folg wPon, A AFE 804~
11.76-12.25-1458)¢] Ao & Helm Itk

<E 7> A9y BN HEH BEUR

ote 3x%d 2-3%9 328 UREY =¥ A
2k 53 Gl LR ck:! A7)

X sSD X SD X SO X SD X SD X SD X SD

YA 231 095 073 045 252 108 202 118 264 110 209 121 1232 384
Zx 219 101 068 047 241 109 202 122 257 111 19 126 1181 412
¥ol& 207 103 065 048 219 110 177 120 250 112 177 115 1095 379
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FRAA W AGY A5 vz wad, Mo d5T & & v 2
o), steaclz AAAEe] o] WEASFAEA>Fo|EY w02 Yehgod, 29
el Aol W@ FF&A ey

<E 8> gyl - A I HEH EERA

Hel 2414 334 2-324 3-23d  URET =FPHF A =
dd 4d k) 34 g ks A7)

X SO X SO X SD X SD

>
>
>

SD SD SD

3 ¢ 159 106 040 049 211 1.04 147 107 183 096 097 088 837 290
o 122 102 035 048 205 099 152 112 161 095 094 087 7.70 283
6 9% 238 090 074 044 283 09 191 119 241 104 181 113 1213 343
o 210 100 071 045 278 096 181 117 215 106 1.8 110 1139 334
%2 ¢ 248 082 076 042 219 113 202 116 287 100 218 116 1252 343
q 220 095 074 044 217 111 197 110 278 098 205 109 11.80 343
12 g 276 058 088 033 270 102 252 120 325 085 230 1.07 1491 314
o 266 066 081 039 261 110 235 120 320 083 270 1.01 1433 319

A AAFF QoMY Ad xole Ui hdd WB} Fo|E By, 259
33hd o)Al 067, 2582 65hdc)M 074, T 23hdo)A 062, LA 23 A

A 0588, 25ga 6sdgA thd Frisrle dtd, AAAA AL A St
el A o7t A gaddn B F Aok MM o 2 Aol7t dst= A
o2 Hol F5gL AAAQY Fo|7t 2 HIF S AAENY] WEd FuFH o]
B3 Az 2 Folrt ZaHE HoAn FFAYStE F 7

==
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<E 9> 99 - Ay FAAY Py EEAA
el 27+ 3x34 2-344 3-224  yFxEg =Y{FF AA
Ao Al 314 3A N3 Lk A7
X SD X SO X SO X SD X SD X SD X SD
YEA ¢ 239 091 073 044 252 110 202 119 267 110 206 124 1239 385
o] 224 099 072 045 253 106 203 116 262 110 212 118 1226 384
=2 9 232 096 071 045 242 109 205 121 266 107 200 127 1216 4.04
o 204 105 064 048 239 109 198 124 246 114 190 125 1140 4.18
wolad ¥ 219 099 066 047 224 106 178 123 252 111 175 117 1113 380
o 198 105 064 048 215 112 177 118 249 112 178 113 1082 3.77
ZAA QoM e Y Hole FAEAAA (0.76) 7HE FASA JElVR, 1

theo] Eolzoln (031), WEANAE A9 o7t gle Aoz (013) =% o

54 4SS taelAN 9

&

of slejd e AAHA Aol E
Aoz HHNL & Ao
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<E 10> AGd - gdd FRFAS] HEA} EFH

2

Wl
219

A 23

ofi

Pr
off By B koo P Pr R ofn e
OIS N R SR S O S C RIS

3
%)

ghd

2-339
kakis

3-241 4
Hg

SEAL
A7

o
Y

X

SD

il

SD

>

SD

1.42
2.36
2.49
2.70
142
2.13
2.33
2.73
1.33
1.88
2.08
2.65

1.07
0.90
0.80
0.63
1.07
0.98
0.91
0.61
0.96
1.09
0.99
0.68

0.39
0.76
0.82
0.85
0.38
0.68
0.76
0.84
0.35
0.66
0.67
0.80

0.49
0.43
0.40
0.36
0.49
047
0.43
0.36
0.48
0.48
0.47
0.40

2.09
291
2.34
2.63
2.08
2.71
215
2.77
204
266
1.87
241

1.00
0.96
1.12
1.05
1.02
0.94
1.10
1.04
1.06
0.91
1.06
1.12

1.47

-1.96

2.09
2.39
1.53
1.79
2.00
2.60
1.48
1.562
1.77
2.11

1.06
1.16
113
117
1.13
1.17
112
1.22
1.14
123
1.15
1.19

1.73
244
2.89
3.21
1.73
2.08
2.80
3.30
1.64
194
2.5
3.07

1.00
1.06
0.98
0.84
0.93
1.00
0.98
1.79
0.91
1.03
1.02
0.93

1.04
1.98
2.24
2.76
0.84
1.70
2.14
2.85
0.98
1.40
1.81
2.43

0.90
1.13
112
1.01
0.86
1.07
113
1.01
0.80
0.97
1.10
1.12

8.15
12.41
12.86
14.55

799
11.09
12.17
15.09

7.81
10.05
10.96
13.46

2.92
331
3.30
3.06
2.87
3.37
345
3.16
2.78
3.30
343
3.34

3
tee
shd
LFY
O R
ER 2%

%0
o

+

A}O. =)

Holx

RG] R S %

A,

d4o WYE FAZAI 79%H 15002 A
& 8I5FHE 14557t A2l tHEA], 781% 8 134671%| 2] Fol& &olt.
(815>7.99), 253 63hd (1241>11.09), 8 28hd (1286>12.17) A& o
Ale A7t FAEARG 453 5o

, RESE
FAEAE ofd HHEs
FHolq olfd @) FAS0) AN TRAUY] HEA ROE K53

E

3,
3

Z5gta

28hd A& (14.55<15.09)

&3tz

ngtast e

0



<E 11> 94 - 8hdd - 4

H FHAN

B3 EFUR

o

il

Ay

HE=A]

of¥
B

s

-

%3

2 of R of 2 of 2 of 2 f 2 of 2 of 8 of £ ot & of B of & of

33
34

2-324
wg

32 uREn
He

A7)

A

X

SD

X

SD

>

SD

>l

SD

161
1.23
249
223
261
232
266
272
158
1.25
225
2.01
244
219
285
2.59
157
115
209
169
219
1.98
25
259

1.09
101
0.82
091
0.69
091
0.70
058
107
1.05
04
1.00
0.87
0%
041
075
0.90
098
110
107
0.9
0.98
0.3
0.74

043
034
077
076
080
081
087
084
040
035
070
066
079
071
089
079
030
038
072
059
067
068
086
076

050
048
042
043
040
040
0.4
0.37
049
048
0.46
048
041
0.46
032
041
046
049
045
049

047

047
035
043

212
207
299
2.3
234
2.34
258
266
210
207
27
211
216
215
234
270
213
197
272
262
1.86
1.88
2.60
230

103
097
093
099
113
112
111
102
106
099
097
092
113
107
094
114
111
102
089
092
104
1.08
091
121

146
148
19
192
2.09
211
247
2.3
150
1.56
1.89
170
2.06
191
261
2.8
136
1.57
151
153
176
179
2.36
198

1.03
1.08
115
116
1.16
107
1.23
114
112
114
118
115
L11
113
118
1.26
1.06
119
1.32
1.17
120
110
11
122

186
160
261
221
286
293
320
321
181
166
215
201
293
261
33H#
3%
174
156
206
18
274
27
3.09
3.06

1.02
097
106
1.4
103
091
0.89
0.81
092
094
0.9
106
092
1.04
0.75
083
08
0%
096
1.08
108
0.9%
0.9
0.90

1.06
102
1.96
19
227
221
281
274
0.87
081
165
1.74
223
2.02
283
281
093
1.02
141
142
13
1.78
250
2.39

091
090
113
114
116
105
112
0%
086
086
L11
103
115
111
1.01
1.02
081
078
104
0.90
113
107
1.09
090

854

7.74
1281
1201
1295
1271
1460
1451

826

7.67
11.35
10.82
1262
1159
1542
1473

8.03

765
1049

870
11.06
10.86
1415
13.09

3.03
275
330
327
337
318
334
239
2.8
287
351
320
327
359
288
342
2.50
291
3.4
31
359
327
3.06
34




2N g 4 Aols Te Eold BEol AAAA Al WEAY FS
BT o) A4S padtd e, FAEAY FlEE FuFFH Pdo]
wobgol Wb Zrbete Aol ik

<E 12> I AA G 4E Aol

HEA FREA Fol&
%3 0.80 0.59 0.38
%6 0.70 0.53 0.79
2 0.24 1.03 0.19
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