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o
2

B dTE ¥7tedol #3 4HE % STEM Foke] A4golr Fa3t 93e stk ARl 7)x38td, 33 distA
£9 F75E, F3 AR, 2 Ao AHE Abele A 7 Gl FE AtelE FefshEE HAHS 79
ok 29} 3 8t A ReAY A Aot FHsE A Y Apold] A wylE= AR FAeA S o]
g st A aAl FHUE AYAENA T AL APSVI-RIAALE AAE $o digteatsdy Ag9
&3t g o] Jdzte] ARAAE AR FAIE T

AT A, A atols 3 AASE TN MY A2A UeR L, vheel o] AR, 281 3 AR &A
2 oAt datale]l T3 A17ks} S o] o H T} 08d (effect size) AE oo WA 67%7F EEE
Gz oL 34%7F L9l

Gl AAFE AP £33 o] AT Alolole o AuBAVE EASIAT, 1Ev d5FE vdE2A &
3t AFAES} F AL Y Atele] AudAE AUtk $3 AAE wEI Aol AHAE Aboje & AHdAe &
AsHA otttk 2BAT I3 A4 E e HEETe gAY £33 AR £ o] Be IS FE oS
UeRdth 1 olfre @M E Frbsge] HAQ dolr] wie FEA UeME Fzbsde] 5 A
of Wt dFE WAA FUE AR ettt 1 Yo FEHo] W JuAR £33 dH el e g
Zpol7h vEhe= 21 ERlskglth o2l d A Adelxe gkl 3 AFAEE AMshe FH 2902 of
Ugte 38 ®BeEt

Ao FAEIL 5 4L &9 FARAE ZE olfE YAAF A AsAE F GYdA w2 HFE
e Ao o2 g9 Ay AU S0 A9d AnE A

upAgto 2 F3k AZksle)l o] o] Agsle] & 7 %

T g, ot B O F3F AA- ool A IF, @ F1 W - 9o A aF, @ ¥t
A - o] A9E OF, @ I3 S9E - Qo] A9 259 AR YolAt:
L A&
g8k} Qoled ) aeal F7HsE S STEM(science, technology, engineering, and mathematics) ¥-oFol A <]
BAEe A5 7 de Ta% AR 4HA ok 3 Adoedd B Ay Gl dFsh] fg
HOoZA 1 F8A ol o EHFE AAH o] gk AU FHEE 2 Fste|u HFH 1Y, 28 5
3 e Hte sl wdy fEo I FoA HE uFH o I, 3E, AL 5

i %_(201:%1 69 17¢), AAHEFA)L (AR 20159 89 10, 22k 20151 8€¥ 244), AAIZA L (2015 9¢ 18%)
* ZDM i ¢ Cl5

* MSC2000 &5 : 97C40
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TYE A FollA oA E eI, 71EH, 2Ase stk $H5Y
= o ETE QAT Qlon o el
ol A 40 A7k W PE Project Talents]
] OJX]%E'E‘IO T o], FeH R FEste] FAES W
<AofeE < FEH SMR FobAa, We STEM #oke
9 =M E ZolHtHWai, Lubinski, & Benbow, 2009).
A8 WAZE 9em, g5ge] Aok #8 A melAe] A3l Aol
wata okl 4 A gt (Casey, Nuttall, Pezaris, & Benbow, 1995; Halpern,
2004). olell wet FFsH I £ AHE Atolo] AA 1F I o]E FENA ] AW Apolo} 1 AU ATe
= 2okl #8 WA, Al B oS E BAE BolT Stk B HZdEe BATAER ATl
st gled 2 olfe 48 s¥o] WY du FEE dEdttn A Q7] WEolth(Neiderle &
Vesterlund, 2010).
AAA ] A7l oatd FHsH I STEM HopollA e AES F4H0r duAoFs B AL

=
!

ME

¢

=
Atk 2™l E E8tal STEM ®ofol 9] Ao 7oahs 3ks8 9] FaAd st ofd® §e =&
o] lth FHeHEL STEM £oF2 AYPT we FE 52 AgAdgoz Agsxnh AEAS 58 Fol+=
ZA5E A2} A A4S 248 5 ] e ¥4 5 F98 dest 24%cH(Uttal & Cohen,
2012). 183 S E T 22 AW Ao A Aol MER VES §53w 27| dAdAE I

5744 (domain specific) A4S 53] watx 582 AT Akerman,

1988; Hambrick & Meinz,

FHo] dxH Fetoly %7&%@13} 22 AT #Hd AdTE o=
g (high-end)ol A& Aulel] FH3k= A5 531 3 A
Mathematics Competitionl20] 4] 2o AZ3dHe= S| A "1’5“34 oJgtAo]l A= 4
SAT— Fatol| A vhdQl 7oA Uehvte Au o] 2afe]thEllison & Swanson, 2010). Stoet & Geary(2013)&
PISA 2000%F PISA 200974 wlol8lS &4 sk=tl 48] 25 F7ksk 3370 = thel A =3 &0l 9%
of &3l AFAAME FeAY 7 1.7 ~ 19 v AE AT 9%(3S 1%)9 2FAME 23 ~ 2.7 Wl
2otk QEF mYE 4FE QU7 9 AXE @42 Sy m ILil—Q gAbo|t}, o] 7o
PISA 20120 9J8ld 438} A2 234 A(Ht: 554, OECD Haf: 4940 A %k AW 7+ A4 Ao] (A
562, o134 W3t 544, Aol:18, OECD it Apol:11)7F & =7he] &3hrh Hg 3 A9l 6 Aol &3t
© FAEY WS ZARBIEGS wW 20039E 2012977 FEA $HE 15~ 17 1 18 fAE R A
(OECD, 2003, OECD, 2014). °o]#fgt olfr& 3 9 FHseo] v 275HE FHYTAEAAE FAE &
ol vEhte= A E ER1E Hak giFErt

0

O

2 AT £ Sl 0149 E T AYYES HoR 3uAAG FEe Fqa Uk
a9m 1 g4 94 £F IR0 B F 184 olhel SES deR #3948 AF AW 4
A% 015978 AWsHn Qek oA sHel Lol FES I AAG Bes Y A5 £3
0 Qo] o] HEE olgdtel Tt YA #8sh olof AL, Telm T Aolel AuAst %

Jelol o] 4 o] W ARE BEIGN) ANE 2AAY. e daem FEER 48 43
£ Abolel BAE 2AFE e ¥ vgel Agelda da gtk o] o] 3 A4s HY% £3 L Qo] 4
AEstel 45 WAE 2AFORA 33 SEe] AFLoklA o T S JAse) BAYL dold 4
913, STEM HofolA] olel &g 71 5ol 1 492 shefa Ae £42 2 4 3k oA



FRYSAE FU AL 58, S AT L Aol AT Alel WA L 48 Aol

e
2
e
-

555

Ir

71 2= g STEM oklld destr] fleiA 2 ofel A ofd s2o] of
Ak FRE AT Jow ek

A &7¥ A Het

IL o] &% H7

1. 3 543 STEM

FHeE e STEM #okolAl A4 A nE sl kgo] € W ofde Fods Listu 7|& s
o]F7] fJaiA Zast sHoR LA Utk & EW 8o BATFEY o] A A (somer)([THI-1)E ol
o= vl a7 A 43E 8o F28tH(Bodner & Guay, 1997). A1&AHmirror image)d] ©]4AAES A=
o] 2L FUAT gtk E 2 A FEeit) £ 334 YJAE IR &S o Yt dHe
23 Y9 E5S HElEdA AT 4 e 582 X-#oy MRI(magnetic resonance image)?| &% %
ofyzl &8 xAe EX Foloa ZIEHolt). Rochford(1985)0] <&t d4S AzstalAvy wsksln o
HE A2e A4 JHeE Av FAEL A5 AFAAME ofFRS A=tk STEM woF 5 #7|-x
T AEE Folv FYA UFdA IAE AlolE SF ol HAAEHY 2ol F mlia FFoA doju= &
A& OFe 497t Bk o] Aol ARE 5 vA FHA TAY §E Aldse] HEAe v e
2 Fzd A4 2dg Aol ah o] W MY F2 FEo] dAdHeR o FHH(Smith, 2009, p. 13).

(2 11-1] old & Hl(isomer) & &A+ H|tH & M(chirality) & 7t 4

Lubinski(2010)& &7Hsg ol Ae] 7l Aozt g4z} we) ¢, A#3 5

7lojgttal Bagty, Wai €(2009)= STEM #oFE HFshe 2349 WAES A1E B3 AF, BIE:
F/AFE A, CF A7) ¥ AY, DIF 7IE ¥ o7 EFEa o]59 8 o

& ZA3A o7)A dof FEE AR FI < FRAAFH AF < Vg AR
FAE Eokon, 3 8L Vg ¥} Xd < FAFH AT < ARAT] I < B
=k 2Ea F0eEe FI/AFE AF< Ve FIEY A < AR 35

Ao & U]alH A olEe] AAG I ukRHS JTH L
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& Guay(1997)ell o&jA e 7 23+ A28 JA-3)4d(Purdue Spatial Visualization Test— Rotation,®] 3}
PSVT-R)# Shepard & Metzler(1971)7F 7H F5t A4 314 344 (Mental Rotation Test)7} 2tk PSVT-RE 38}
7IASES 239 STEM #3539 distAEdA 3 AAwete] #AE 27 fsted F2 A HAtHBodner
& Cuay, 1997; Sorby & Baartman, 1996). Shepard & Metzler®] Mental Rotation Test®= #o.2 Foj7 F
ol TG AAA Y 55 Fds= FARJNH, ATFAES Y Fdde] FFE HHEA AT
ojxitkE A& A itk o] AAbE AW 1 AolE XA HE B0 BBC WEY 2l HDZ}‘]’E
H|&3le] ofg] b A AREE 1THLippa, Collaer, Peters, 2010; Tsui, Vanator, & Xiaoying, 2014). t}eFah
¥ AR FolA PSVT-R3% Shepard & Metzler®] 414 314 A7} 4a33A(r = 0.6D7F 7 =t
4214 9ltHBodner & Guay, 1997).

ThsE e AFAE wet g
1985). MCGee(1979)E %‘ &
Atk 1ol oJstd A2t
LE%‘% 4‘313} o, 047101]

iy 1~rl

HOl'

cheksk WAooz Ao Ak Mce Gee, 1979; Lohman, 1979; Linn & Peterson,
7+ A2} 8H(spatial visualization)$} &7+ W8} (spatial orientation)2 -5}
AAAER A=(1" e oA)E
A& Q145 ”1%1\ Oﬂ"i A3k

ANA o7 zx]—o].—y 51140].7 IA=
S ¥} Strong &
°] EE LIRS
I s x]—zo}# =870
4 Qage) Wde olals

of d= BlgArt Hd) FdE & W 22 d AZEEH G JAE gedsAY, F7t vE AFA H
oy B2E Z& uw SFHE TEE o 5 & vk A7 ¥ AGse udd BEA Sl A uide A%
7F Wglslhs Aola, I3 waksle e Fue Welx AN #Azte] #grt wgsles Ao odd 4
0]
& B 37 A48 w83 STEM #obehe] ddAde ZAMe ofg] AF-Eoltt o] dAFEolA F8 31t
5383 STEM %okl A 9] A4#A(Pearson’s r)= HHA o= (.35 Lot}
<E II-1> 37+ AlZtst 531t STEM 2okefel odztMol| 2Hsh o7
AT AH AT E) XE ok =7 T B
. - T
Pallrand & Seeber(1984) 136 =g ability, RE
} bility,
Bodner & Guay(1997) 1643 sha ALy ROT 35
achievement
Sorhy (2001) 536 g z}ol 3%5) ROT .36
. ability
Alias, Black, & Gray(2003) 148 A% VIS 48
ability
Tai, Yu, Lai, & Lin(2003) 60 7 3E achievemen ROT 2%
Hedman #](2006) 54 o] g %) VIS 443
Tolar, Lederberg, & 195 Heta §b111ty VIS,SAT-4-38}, 45
Fletcher(2009) achievement 010 58
Smith (2009) 154 A 3-8} achievement ROT, DAT 29

(ROT: rotation, VIS: visualization, DAT: Differential aptitude test)
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& TR0l nAYAR I TE o] AduAAE K
Z 3] d(mental rotation) FANA L HFE
kol 5 tHCasey ], 1995; Gallagher, Levin & Cahalan, 2002).
= A AR A o R 7k ARY g3
1 349 Zéiﬂﬂ ko] FA < (parietal lobe)ol2te ¥ 71AE HEZ O
9l tH((Hubbard, Piazza, Pinel & Dehaene, 2005). <& 5% 49 o
U w7 9 ana ddsked ojgle] £5 AR ofFde
312&) 3-7F FAZ(unilateral spatial neglect)®] 7%
g Ui 258 sEE A E4EHe ARIE B9 %D}(Kuhlenschnndt 2006)
. oA olgRto 2= FAF A EFRA FEEA K3kaL, of7|o] AlZHA oo &
I 0] WaEojor 317] wi-o|t} Kintsch & Greeno(1985)+= &4 olal s A4S uf, 2
AE HAstA xohe o7t £ ]31H ojgZiul ofg} HAEo] AAE Rt
A 30}7] ufi-o ]E‘r & 58
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(38 1I-2] f=7+ 4= 2XF 321 Al (permission from Kuhlenschmidt, 2006)

Casey €(1995)¢] FHATFIAE BE SEHE 2FAA @A dgto] oz gigAne 44 34 A9
SAT-#84 % 48% ngrh 1o F05e 9] 58 AAENAS F84o]
Fou g FEoma Baddlnh 0AS EdZ 058 2N 4u Aok 5 AR A
AolE ARTR T AT olelE Be AT FUsAL 4o 4% Ap AowA we 4
Fo FooA gegsel $9% Ao R SHAS AololA sgtka Adsn 9l

had

T

(Benbow, 1988; Geary, 1999 Halpern, 2004).
a8y BE AFEe] 3 8 AARALlA ¢ ARdAE AT AL ol th dF =

=3
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Friedman(1995)2 wE} &4

PSR
=

ole] ApA 238 Evn
Tglo] Yehdth(Fennema & Tartre, 1985)

st e Al GRE 2948 A
Z4 ﬁx{oﬂ/ﬂ‘— H—sug _A
olgate] T AESIAE
A EAER REA
193 49 du] FuALE
3 el A2 Abole A= ok
& Yilmaz, 2012). °]& ‘3"3
o] 7 A=
gelgof gtte AL

A]x% §]11J,} 7};(]71—01] 1
A7L obet AAE AHS E

113
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AdreE Aeltt
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Ao A= STEM Hof & shjel #3he A%s
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AR o 2A vepsts

sujste] s NS

3 9lof A}
SERLR
2el5 43

=
A 4

=
t}

S}y B

=
39 Tsui, Vanator, E., & Xiaoying(2014)& =3+¢]
AAAT 152 GRE AlgdAe AE atolg LAsiA] X
289 tHCohen's d= 0.73). ©]E°] GRE %A ¥< Gallagher(1992)9]
TAES 9 97 YEA (T S 2784 94v)
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. PSVT-Ro|y Shepard & Metzler-J
tH(Bodner & Guay, 1997).
}_#sugq —6—ﬂ0 3FA 0 qp\l
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‘fﬁ% u]j_wL SAT-4=%} Bt} A
Atolo] HAE ZALE
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O o

18 K osR X = H 2

2 % AFA = eI o] 58 Aol 7&74]7}
dl(Friedman, 1995), ©] Z3}7} &3 ikl 73
Al atol7h o= A YEpYETE
Ao b AduleA o' ¥yl Yehde X
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oA RS AADL Gl A9 ARSI AT ol woh Brha e 4 o) al o A
HE} ool AAmOIA AEAelh AL ek @2 ASAE £ shizelth, Al WAl vehy S
oA Brrseol 8 AAme] GG Fs s Aolth aglo] AMojebE, T HURE YA veht
£, e #aRsEe] WAL B Yot o SeNE £3 AR RN Al ekl Sol,
Aa Aol ofahn B3 ao A FIART o BN S AR 27 o B T

(Fomena & Tare, 1969, & €7 19) 82%h et & Sohum o] Y] el ot Aol 2
g setan g dk u}xwo; B3 A28 50 o) ol REagsel £ HAE oW G
FEA Popnt AR B Ao Uge] LA,

2. AAET

B QTe A PR U85 A8 F 58 0 do] 99e] My 44sk PSVT R Aol ¥
o S sl ofdl ] TG 94 A4 S 94 59 FUE Fa Pz 24
St 7 ol o] AAE Shepard & Metzlers] 4% 8141 37k BAIS1A SgolA] A FE A2t

Fol Mg e Aoz ey dRolnk @ J1Ee] ATEA ke B AAel 1 A

5= 07~08
A

> A2

Aeg odHA 9rHBodner & Cuay, 1997; Sorby & Baartman, 1996; ¥4, 2013). PSVT-R 7AA= 20159 3
4 Zo AANHAIL, HAAF F&FL 30 £, A7 BRI & Foll= 3 A0 O}Ur‘ﬂ AL L—rH 1497}
71 E% S [2¥

47 T oY AAFS I ANSHTE 0WA 1673 EC] E3E ] Atk
] o7 2388 AsRy 2 235 gAl 79 8] FollM A
& B OMR7R=e] AL 1 A3ks AiA e atglon], &3 & WS 24 13o]a 342 30%4013}

SIR
Slarsiols:

(32 II-1] PSVT-Rel ofAl 2%

Nv J% Jo‘

3. 47 o%

2 AFoA = A7AE Aets ME a4 dighae] 201595 st A9AS ddes it 1
ol 39 Zoll Aldd F3b AZFsE Akl Fofsta, distrsted Al T 3 BRY] Ak do) dfel A
TE AES MR AT 2 A3 FEAL 36 1, oS 159 "ol A Holth oA7leA oA
& Addstsint. oA (outlier) o] A2 Wt o2FE £25 SDol Aok v A= AAsit 1 At
dete] 20 ®, oee] 10 Wol oAl EREen, AT ety 336 oy 149 ol A
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(27 IV-212 B9 J 55 53 g wglel #7 A5 Me 2
Aol F7k Az+al Aol WalE S 1 67(

SR ol B LS B4E £ G40l AHL BAS AAA0E B 2AAA AL S5
04 ol PN A5t A R F vk avEz [2Y IV-20E S5 AR} Bobd o 37
Azt 47t nlElste] geat fethe AL Kol

> of

By

4 o

450|5p 50-59 60-69 70-79 80-89 80-99 =

<G V-4 33 A48 AeE SR 31, £ HFARE FHUFE F3E W, olF Atold F
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The Relationships among Mathematics Achievement, Spatial
Ability, and Verbal Achievement for Engineering Freshmen and

Gender Differences

Kim, Yon Mi
Hongik University
E-mail : kimym@hanmail.net

Mathematical, verbal, and spatial abilities are known as three important indicators for the success in the STEM
disciplines. In this study, Purdue Spatial Visualization Test-Rotation, College Entrance Scholastic Aptitude Test- Math and
Verbal score of engineering freshmen students have been used to find the relationships among these areas. In addition,
gender differences in spatial visualization, verbal achievement and mathematical achievement have been investigated, too.

In this research, I found that gender difference was highest in spatial visualization ability, followed by verbal
achievement and smallest in mathematical achievement. Substantial number of male students possess high level of spatial
abilities, but only half of female students were at the same level where their male colleagues were.

The correlation between spatial ability and mathematical ability was negligible, contrary to former researches on
elementary and middle school students. But the correlation was stronger for female students than male students. The
correlation between mathematical achievement and verbal achievement was negative. It reflects the fact that when one
section of SAT score is low, score of other sections should be higher to get admitted to college. Gender difference in
mathematics was smallest for high achieving spatial ability group. For low spatial ability group gender difference in
mathematics achievement has been observed, too.

To find the combined contribution of spatial and verbal abilities to mathematics achievement, students were divided
into 4 ability groups. Mathematics achievement decreased in the order of (D high spatial -low verbal group, @ low
spatial - low verbal group, (3 high spatial - high verbal group, @ low spatial - high verbal group.

* ZDM classification: C15
* MSC 2000 classification: 97C40
* key words: spatial visualization, STEM discipline, holistic(gestalt) vs analytic strategies, gender difference





