Ak ERe NEYIERIEFREAR S ~ B

TERHSZH[IAEEEE

S~

[

]|

22 A A B S I R Y N BEE
/b EHEERES  WERE - THE -
B - EIERIE - PEMEE W
TEEAMAY R (40 ¢ L HE -~ PR - 1t
R 89 NEEE BT ATE % (Ceci, Ginther,
Kahn&Williams, 2014) - $f ¥ 35 {E R 5 » ik
FE2S 5 RIS~ A EE R EY R R 0 SRR R
i ESIHIERE R wmE - WolERERE
ELEHIRE o $H ¥ T ZOMEAE STEM HYAH R
wEANBED | EEBESR - &E LTS
YA R RS - AR 2Ot R 5 A Y
MERRE E o WEFE LB ERELG - Mz
fii] A 8] 0 g P LE 55 1 By 7 (Lemos, Abad,
Almeida, & Colom, 2013) * f£ i % (8 Al
BEJ1E R > T Z2[BE 7T, (spatial ability)i2
HHEGREHMNEZEFMIET > 2R
REFHEFE - KEARWITFTIETE T 225
B RBERKZEEENE - BT
T2 F1 %7 22 (Science, Technology, Engineering,
and Mathematics, STEM){E & F {28k FE M
F 25,0, B 2 (Lubinski, 2010; Wai, Lubinski
& Benbow, 2009) » /A 7& » E Y LA (R A Y B
FLEER » P A E N B S (R S W
W FE R &S LS — e » B0 T MRy ZE

==
=N
=

|

B -
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BRi52E
BIEEMEAS NBORETRHM

[ AE ST o 1T 25 TH IR 32 28 A R
ELRER BARYE - BORBE#E— D IEER 20t
7% By Bk 2 11y 32 K (Blickenstaff, 2005) o 5 i
— I EEME > W51 #ELHE 0
ARIR e T2 NERKEAE
KR FHARRGE 4R T 22 RIRE ) o BERA
MIGE ] - EHR L ERNEEE L2 Wi (E
FERE  E—RRR/BULBFEEEL
K (innate) 30 Al EHY A5 - B R4V T HE
(biologicahHy N & © 55 —(HE LA K5
2575 502 i+t & S0k (socio-cultural) (Y
FIERCHY o BhAh o SORK B H AR ST S
HHAMIERMAZ SRR E L - t—ff
e - B MUE SR S AR i o fRHEE I
mEAEBNAEERRTRESS -

=4

& E e
CZERARE ) —EE A BEEIE R 20
Wiy - B LEZRMRHAEEZE ST
B 53 S KR ER OB 1% S8 T 22
MRE S BRIA TEEENEBFERT] 0 &5
TLAFAERY— T A EE J7(Smith, 1964) < 28
i N R B H A DF R RN R
V&SR - R — (82 2 oKAY - R
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ZERIBE N ARE - E—HERTERAE

Zm (Carrolls, 1993; Eliot & Smith, 1983;
Hegarty& Waller, 2006) - ZRifj » &L 22
FIRE ) o —sdanfa - 2N Ky i o0 BN Be
(YR K N % % By 22 ' (space) JE Y
tE—BAMRI L T 22, —FE 4R o LUJT(E

B & 15 2 2 e YR B B B8 (Carrolls, 1993) »

BRELEABNEENSTEE =N E
ARG 1. =T AR > 2.
mEyEE - RIRRAE > 3. 2L
T i B0 R L TH ) G Y AR 58 B ZE T R
% (Carrolls, 1993) -

DL ERY RO AT R/ - T2 RE ST, —
s R AT MEEE R FE5
K & 22 [ BE 1T Ay L BN B > DL
TR R R R - B2 R N %
MeE Tk & ZERT - WH » ~E
HY 2 3 2 H A 22 ] TR 7 {18 B Rl G A 52
EHE - AR MR IR EIRRE
3k (Hegarty& Waller, 2006) » 3 — %I H {¢
FHAFIAT R - 2 225 52 W Ay IR (i 8 o
K & R 1 P $RE Ay O B 8 (5] 5
Hegarty& Waller, 2006) - [th4 » 22 [EEE J7
BT 8 B AE 55— (E R - B - &
4H A T AT R R B A B - B4 - 3F
5% &% T 7= fH] %€ {i7. (Spatial Orientation)#12E
i 17 & (L (Spatial Visualization) J{ & K T
H A = % #H B (Vincent & Allmandinger,
1971; Borich & Bauman, 1972; Goldberg &
Meredith, 1975) « ff f% 31 — X 1 & &
Carrolls (1993)HYRH 75 o1 » & 2 5 48 L AT
N BB FE RS - B R B 22 8] E iz 28 3 A

- 48 -

T o DA BiE SRS R R o TR SR
o Y E B SO R AR B By dn R — 2L
t 2= 55 8 R 2 A &R o3 A /Y B RS R (R
(Carrolls, 1993; Hegarty& Waller, 2006) °
at o OB SR RS Ry [ 2
FIRE )T, BEIHRAAE AR - HE R E
KEMARFERE - BEKHE T EE AR
— 8 BRI R T S 0 B8 Y 2
RE W IAF 7R A e E - B B Al 15 E E
Rris g 22 ) (space) & 14 A M B A
FHYRC ST Ry 22 RE Ty - A E > FER[E
WHoEEBEE I ARIE " Z2RTRE T, — R Y
% > HETERHAVMEBR AN E R —EHE - &
T 2% AR R AR B AL RIS YT BE D
INBAREEY 2R I e

AN
G

SRR A (AL A

TEZE [ fe ST B HAIBE T £ - 3 %
JEREE S E - B0 E AR JJ (mental
rotation) B B8 = 1Y & 4 2 % (Ceci et al.,
2014) 00 e B Ay B H 00 g 4 B — P ow
(Vandenberg Mental Rotations Test) » 37z
bR e A A Y T RS R R DL A A B Y
flE] 758 7 o R S A R B A2 (A R R By [l — )
AS o R » 0B HE s B R 2 22 [ sE 1 CHI
) F o BRZEREEER TP E S —
TH o 2R NG IR AE AT A 22 [ AR T R B Y R
BOEE R o Fla - dRSRIT AN (H
—Z Paper Folding Test » 2 — R4 E
"I - 25k 0 H R G AR B 2 1R Y B
+ 0 B S FLIE B AL B R B - B A TR B
B E@En e E (SRR —)
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22 UM ET R

BEfEEHEEBIRN E - AREREEN
1 Bl 7= B (Ceci et al., 2014; Harris, Hirsh-
Pasek, & Newcombe, 2013) o [F:4} » 414 Fi
Frall - 22 RE WY AE 2+ - H Al E R
FEFBRE I NG IR AT A Ay 2 RO B S ]

BEIER 25 N IE H Al A DRy 22
IRE D o R B L2 25 > b - B
{1 TR TR IR 25 ol O 25 T 00 o 2 3R R 1 1)
ZRUFAEEE -

Fo- A PITHEAT F RSz B a4 %3 (5] p Hegarty 22 Waller, 2006 )

SRR Z= [ gE DAY AT

75 AT Fir 5 T 9 00 B L Y

1. ZEfEf b

(Spatial Visualization)

Paper Folding,
Form Board

Michael -
. ’ 2 Fi o Cube C Test,
Guilord, 2. SR
Fruchter, (Special Relations and Orientation
Zimmerman Orientation) N
(1957) Card Rotations
3. HEEE

(Kinesthetic Imagery)

Hands test

1. ZEf &AL
(Spatial Visualization)

Paper Folding

McGee (1979) 2 RS
. = EE

(Spatial Orientation)

Cube Comparisons Test,
Guilford-Zimmerman Spatial Orientation

1. ZEfEf A2k
(Spatial Visualization)

Paper Folding,
Form Board,
Cube Comparisons Test,

ZE [ 8 {% (Spatial

Relations)

Lohman (1988) 2-

Card Rotations

3. ZEFE 7E fir (Spatial
Orientation)

Guilford-Zimmerman Spatial Orientation

1. ZEfEf b

(Spatial Visualization)

Paper Folding,

Form Board,

Cube Comparisons Test,
Guilford-Zimmerman Spatial Orientation

2. 72 R {4 (Spatial
Relations)

Card Rotations

Carroll (1993)

3. BA& & (Closure Speed)

Snowy Pictures

4. PHERVEEN

(Flexibility of Closure)

Hidden Figures

5. 1S (Perceptual
Speed)

Identical Pictures

6. HE

ZC1E (Visual Memory)

Silverman-Eals visual memory task
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. Vandenberg Mental Rotations Test

2. Paper Folding Test

N

2 Em "TEMENZHIEER

RERNFE
MRTE AL - BEE S R KRR

Y E B gE B R R 0 ZE AR 2
STEM ¢3¢ A By —IH%F#(4 * Lubinski,
2010; Wai et al., 2009) T M TE
STEM <His EAVfEE BB BV BB
o EWR R T EERENARY A
B 0 B2 MNE A R o BN AR
TR R T 22 RIRE T CRERIE 22 R
e ) ZMERIER ) R R R E 2R [E
EEEYMERZS G SRR E 5
B 7P > S BN R SR 0 — R IE
| B—RREARE  DUEWREMERE
BEZHAN P&

N

SN

AR RNZEAIERZ % E o L et
REIFT AR Z 2 - 3 R LR SR

Wipm BN B R R E AR - BRI
%2 [ fifdl (prenatal testosterone)# = » A Fl| 5
fa 5 4= ¥ (Hooven, Chabris, Ellison, &
Kosslyn, 2004) - < 2 22 KBS Y 4H &% B % &
HE T 5 B A 1M~ 3 Br B Y R 4~ 38 RTEL A

EE2EARKIVBIEEE - [ERRREH (F

-50 -

Bl (51 p Hegarty& Waller, 2006 )

HiHY ) 52 [& fd (prenatal testosterone)fy 2% &
B BT mEaEROVLEOIE, &
RFE > EH L "2D/4D ;) (HAF 2nd: 4th
ratio ; 2D: 4D ) - 2D/4D - &2 " BEEE R
Dig#fsRE ) e E » SEAE >
MEELENREERNEHEARE - AE
& 1 R SR B B 52 16 2 BE (E RS 0 R
ZEE 0 22 [ B8 JJ B4 0 40 © Manning et
al. (2000)FY i FE 7R » 55 4E{E 2D/4D HY -
AR Z A WY EAR - AR LAY B R
th B pE X I B TH W &S &R o Orel B
(2015) {EHRES " 2D/4D Bh A 18 P58 2 58
R G 12 0 SHEEEBR/NLHELE
BEFWAHERL - HEBEGETRA > £
?ﬁmxlﬁlvﬁﬁﬁﬂn&%?ﬁ(@@W%}Uzﬁi‘
AR g2 FROHEE  HE
HEE - AR /U"“”ﬁmf!i) » Valla F1 Ceci
(2011)zZ %y - 2D/AD WYL A &5 % R
AL > B0 - & {E A 9T R I R A — B
JE = RE (EIE TR FEEE RN
TEEARZEMES - B ESE
rh Al 2 B R 00 B AT 2D/4D BifE ) -
RO BAMNERE 2D/MAD B SR AT
RERESLROZEM "RE  MIERE &K
Ky TEEST e REBIE - B 1998 LIk

Nye
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( Manning, Scutt, Wilson &Lewis-Jones,
1998 ) 2D/4D IAHREAR R E EE L EH R >
{H Valla 81 Ceci (2011)58 Ry = B 1Y Bl
JELL MRV EE ST - YRR e LR By
st B 2V AR B R SR SR Y TS T LB EE B
AR EE I -

- s 7‘&_% v L F &
HReBRERIAE &
BRI R BB B W EERY - —RHISEE 4
HA Iy 32 # » Hoffman, Gneezy F1 List
QOINERAMBR L At GNWREE - %8
FEZ2 FE] RE 7 B P 5l 72 SRk /D > Il B 3% 3
i@ "8E ) B AGER T =7
Z—W g A — BB BB 5Ty 75 =0
RS AEIEZE » AENHEESUEET @ &
5] A & B Y 0 8 e 4 0 B R 3R R 58 2=
2w Takahira,
Takeuchi, & Jordan, 2006) > Peters et al.
(2006)HY BT TR - fESRAE IS K ~ (8L
HHAREEA D » B2 EEEROE EE
ARG HEERIEN 2 EEES - B
HELEREEREABEEN R ER -

: Peters, Lehmann,

B St MEg D IEE STEM R
TEHRENFZEZHENIREZ
2 35
¥ T LMY E STEM S FAYTEsE
EWEMERD S R BRTAE T MR
71, EIHSAEE I ERET S 0 A AR
WHIA RN & > w00 NAEEE - B
BB #... % (Furnham & Buchanan,

-51-

2005; Lemos et al., 2013) - 415 # % i
Jeas s TELE AR B R Sy E
51 [K] Z (Pa’Bler & Hell, 2012; Webb,
Lubinski, Benbow, 2002) » ¥} E. fi 95 Iak 7Y 55
JaV B i 2 5 20 MR RS R 5 STEM AH FH <53k
HYEREE - B 2 22 R RE DAY 20 -
{E 1) 788 45 S5 1l B ST AR BE - AT EELT A
w7 B AHREEY T{F (Ceci et al., 2014; Pa"Bler
& Hell, 2012; Wai et al., 2009) - =BV 4E
REFRFEN " 2B AR -
B ZEREDRE  (“people-versus-
things” dimension) S 18 {i 4F L 49 2 52 (Su
& Armstrong, 2009) > 41[E _F&7 T AEPTER
(RZ i Valla 81 Ceci 201 1D)HITFFRIE H >
HEFET R 2D/AD ({EARFRAVILIERE T |
BB LRI E TR o A > BE T R B
i By o FE A B8 (Pa”Bler & Hell, 2012) » [ &
FRY R {5 72 TR Y R I Y R {5 72 T 3 2
0y - Rk R - AA B A A A
% IRk HE T RE ) L 2 B e S RO PRER
IR RE T RS - BE S 4 L H I AR 2 5]
PR IR - T A B — D B o e
Bl A o Bt N AV AR R R
B X MO R F K & FE (snowball
effect)(Dickens & Flynn, 2001) & $5 5 257 >
72 A P 5T O 10 EE G 2 B L 2 R RE D Y )
A5 MR A ENE - B RE .. F 2
5 R MBS BE 4 STEM AHRBATT SE R 52 1Y
FEENR -

- mEET

£ T ZVEIAE STEM SIS 9 18 3 i



PEXRT A ¥ 3928 ¢ EAFISE 9!

BERy D EEREE L SRR T HE
HEAEE E UM RSN T EHBES
M BAE R Z R R D A o MR
O ER R B E - S
Ji I 22 6] BE 77 i [A) B 55 22 7 SR A e )
C R REVHARBZE R R
GERZE ? BAMLA Fi#& - HERAL
HIEFIEW - R E TR AV ESERE T AT DLLE
mAHME - BN EE N E
(Anderson, 2009;Gagné, Yekovich, &
Yekovich, 1993) > #FZW7utfg s » o LA
FEBPER TR RN R Z BT - B
W SHEAERNEHE - BRBERE
HIMERERENE  RERELOE EZEET
THI Y 55 8% 0 2 2 A AT BRI IE T AR
71 # E R 52 4 (ability-as-compensator
hypothesis) (Hoffler& Leutner, 2011) - ¥ %%
SRR E 56 B R R i B 45 S 3 20 B S A
B A EEEZERR (Falvo & Suits,
2009; Piburn et al., 2005; Sanchez & Wiley,
2010; Taylor & Hutton, 2013) - & 7 #fir £
AZ A B Z 5k > Roberts (2007)58 3 » f£H
PREVE SRSt TG - EEMEEAEE
(Y77 74 DL O R VR BRI Ah - AT iE R
BB o] DU ZE e DA EE A0 L
HFZEMAY 5SS - HIE L TRFIHREE
b FE L BEOR » Z2[E BE JTHY 55 205 SR LY
LR » fifE B 1E 22 W /)N (Newcombe &
Stieff, 2012) » 55— = 4T 1 Y [5] B B4 SRk
(Ceci et al., 2014)JR¥5 H > 20 1F STEM #H
fof] ek 2 Y N\ B 28 /) (HEREEPIE
5 BURA N ROVEEES - BEERIAX

-52-

FI T BB ERTEIR - % 0 22 RIAE
Blf 4% STEM HYREZEBE4E > BEAE X (H &
fi% [i5] 3% 75 (Lubinski, 2010; Wai et al., 2009)
T FERRR EEIRE IR E - BB
At 2 B AT (8 2 — MM B 2R R
Mo IR RGBS SR o 0 T E A
2= P10 B =% 3R il 45 EE 38 5 R B 3R TR R 4 B
EF > HEBEER A RE o 2T B2
FHRBATEZE N B M8y 25 i aE J1 R B R 3 - 29
EEEASCEHEEE S o MR 88171 A iF &
e 2R SR R SE ) B T RE RS E R
SRAE R FH BRI CE AR BN A EE 1B
THER Ay ek - R — PR AR
B (% - Bla - At ER o BIE LA
HEeWZERE]  EEdsk IthEAs
55 AIIES A &R £ STEM AH R HY B ¥ (Ceci
et al., 2014; Wai et al., 2009) » [ 2 ft8 [] &
SRS HBY BE - It - BEEE
FERRAIRE T EHIME RIS - BARR & DLUAE
RS R BN A2 R DA AT A
R ERET -

2 b JT 1R Y B R B 4 R BT - B
3k Ay B 32 M (40 ;- Pa“Bler & Hell, 2012;
Renzulli, 1978) 5 [ i Fr 35 Y Z2 A1 RE 7 -
Ry (BEESE) £ ENAREZTUER
3~ B B - B ey - HE
X AFia - EEREEE S - R SAEEE
B Y > 2 8 O WY 2 S —AF — ([ <H i L HY
RCRE LB B S - AE L & b 58 — {8 A By 5 R
Bl ) o A 1 B A (A A 1 5 3% I P
BEHEES] - 55— J7H @ EEHERERAE
73 Wi REAE LA ESEHLIRL » HE E
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ERICEH LA > MAETTFRE H =
2o e IR — (T ) Y B L B R —
ERENET]  BAES > ENHHEE
B FURR B B o (N IE - I RE DG [ R
FIBHIBE DBifmir iV B L EZ R ZHEE L -
MiMsZ " WHEMNFE STEM SHIRATHESE
FEREMERD ) HER > EEEESREAR
Z(EYHERRERREEUERE ) DL E
itz CEME - BRSO - Bl ) HEME
R EAEH » & 2R Ml i A B B U AR
BLVHE S REAE I r BLERZFER > 2
A0 [E] B -3 B2 i > {2 DU (I B 52 R
Ers s o AR R REN 2N HiRfEE
BHDIRIL = 40— R KA % T 22 R g
T BT BRI R HBCE L B
HyEE BN LY > A EIETE -

i
TE

S

® dt

BE - HERE

Bt T M AE STEM SEIK ¢ 3%
WHEMERD ) EERFNER  BHAE
ST ERE RS > NEEEMAH
HIE (A R AR E RS R REIRE - ZTHY
af a2 T RGBT LR B I RE R
FEEAR R - IR R Ay B
— BRSO B &S S - EE A 0 R
B REY BB A AR E B REAE
ST em A B RS IR E TV E R L - 12
BN TR EENT » &&ATERK
AAETIR T ZAE STEM AH R SHI5 Y EE 1] 100
HEFSF > N EAA P ELIEF
F o HRREDVEMEINE A otERls
TAVHIRESET  SEEEZ T HE

-53-

B ftEENEEWY - Az TERETK
ZINA &S 5w > MR E B BE R IS R £ 52

HHVELE & -

2E 3R

Anderson, J. (2009). Cognitive psychology
and its implication. NY: Worth
Publishers.

Blickenstaff, J. C. (2005). Women and

science careers: leaky pipeline or
gender filter? Gender and Education,
17(4), 369-386.
doi:10.1080/09540250500145072
Borich, G. D., & Bauman, P. M. (1972).

Convergent and discriminant
validation of the French and
Guilford-Zimmerman spatial

orientation and spatial visualization
factors. In Proceedings of the
Annual Convention of the American
Psychological Association. Vol. 7
(pt. 1) (pp. 9-10)

Carroll, J. B. (1993). Human -cognitive
abilities: a survey of factor-analytic
studies. Cambridge; New York:
Cambridge University Press.

Ceci, S. J., Ginther, D. K., Kahn, S., &
Williams, W. M. (2014). Women in
Academic Science: A Changing
Landscape. Psychological Science in
the Public Interest, 15(3), 75-141.
doi:10.1177/1529100614541236

Dickens, W. T., & Flynn, J. R. (2001).

Heritability estimates versus large

environmental effects: the IQ

paradox resolved. Psychological

review, 108(2), 346.

J., & Smith, I. M. (1983). An

international directory of spatial

tests. Windsor, England: NFER/

Nelson; and Atlantic Highlands, NJ:

Humanities Press.

Falvo, D. A., & Suits, J. P. (2009). Gender
and spatial ability and the use of
specific labels and diagrammatic
arrows in a micro-level chemistry
animation.Journal of Educational
Computing Research, 41(1), 83-102.
doi:10.2190/EC.41.1.d

Eliot,



FERT A $3924 ¢ EARI05E 9

Furnham, A., & Buchanan, T. (2005).
Personality, gender and
self-perceived intelligence.
Personality and Individual
Differences, 39(3), 543-555.

doi:10.1016/j.paid.2005.02.011
Gagné, E. D., Yekovich, C.W., & Yekovich,
F. R. (1993). The cognitive
psychology of school learning (2nd
ed.). New York, NY: Harper-Collins.
Goldberg, J., & Meredith, W. (1975). A
longitudinal study of spatial ability.
Behavior Genetics, 5, 127-135.

Harris, J., Hirsh-Pasek, K., & Newcombe, N.

S. (2013). Understanding spatial
transformations: similarities and
differences between mental rotation
and mental folding. Cognitive
Processing, 14(2), 105-115.
do0i:10.1007/s10339-013-0544-6
Hegarty, M. & Waller, D. (2006). Individual
differences in spatial abilities. In P.
Shah & A. Miyake (Eds.). Handbook

of Visuospatial Thinking.
(pp.121-169). Cambridge University
Press.

Hoffler, T. N., & Leutner, D. (2011). The
role of spatial ability in learning
from instructional animations -
Evidence for an
ability-as-compensator hypothesis.
Computers in Human Behavior,
27(1), 209-216.
d0i:10.1016/j.chb.2010.07.042

Hoffman, M., Gneezy, U., & List, J. A.
(2011). Nurture affects gender
differences in spatial abilities.
Proceedings of the  National
Academy of Sciences of the United
States of  America, 108(36),
14786-14788.
do0i:10.1073/pnas.1015182108

Hooven, C. K., Chabris, C. F., Ellison, P. T.,

& Kosslyn, S. M. (2004). The
relationship of male testosterone to
components of mental rotation.

Neuropsychologia, 42(6), 782-790.
doi:10.1016/j.neuropsychologia.200
3.11.012

Lemos, G. C., Abad, F. J., Almeida, L. S., &
Colom, R. (2013). Sex differences
on g and non-g intellectual

-54 -

performance reveal potential
sources of STEM discrepancies.
Intelligence, 41(1), 11-18.

doi:10.1016/j.intell.2012.10.009
Lubinski, D. (2010). Spatial ability and
STEM: A sleeping giant for talent

identification and development.
Personality and Individual
Differences, 49(4), 344-351.

doi:10.1016/j.paid.2010.03.022

Manning, J. T., Scutt, D., Wilson, J., &
Lewis-Jones, D. 1. (1998). The ratio
of 2nd to 4th digit length: a
predictor of sperm numbers and
concentrations of  testosterone,
luteinizing hormone and oestrogen.
Human reproduction, 13(11),
3000-3004.

Manning, J. T., Barley, L., Walton, J.,
Lewis-Jones, D. I., Trivers, R. L.,
Singh, D., . . . Szwed, A. (2000).
The 2nd : 4th digit ratio, sexual
dimorphism, population differences,
and reproductive success: evidence
for sexually antagonistic genes?
Evolution and Human Behavior,
21(3), 163-183.
doi:10.1016/s1090-5138(00)00029-5

Newcombe, N. S., & Stieff, M. (2012). Six

Myths About Spatial Thinking.
International Journal of Science
Education, 34(6), 955-971.

doi:10.1080/09500693.2011.588728
Nye, J. V. C., & Orel, E. (2015). The
influence of prenatal hormones on
occupational choice: 2D: 4D
evidence from Moscow.Personality
and Individual Differences,78,
39-42.
Pa“Bler, K., & Hell, B. (2012). Do Interests
and Cognitive Abilities Help
Explain College Major Choice
Equally Well for Women and Men?
Journal of Career Assessment, 20(4),
479-496.
doi:10.1177/1069072712450009
M., Lehmann, W., Takahira, S.,
Takeuchi, Y., & Jordan, K. (2006).
Mental rotation test performance in
four cross-cultural samples
(N=3367): Overall sex differences
and the role of academic program in

Peters,



AL S S AR = X Ll bk %

performance. Cortex,
1005-1014.
d0i:10.1016/s0010-9452(08)70206-5

Piburn, M. D., Reynolds, S. J., McAuliffe,
C., Leedy, D. E., Birk, J. P, &

Johnson, J. K. (2005). The role of

42(7),

visualization in learning from
computer-based images.
International Journal of Science
Education, 27(5), 513-527.
doi:10.1080/0950069041233131447
8

Renzulli, J. S. (1978). What makes
giftedness? Reexamining a
definition. Phi Delta Kappan, 60(3),
180.

Educational Excellence. Mansfield Center,
Connecticut, USA.: Creative

Learning Press.

Roberts, A. S. (2007). Predictors of future
performance in architectural design
education. Educational Psychology,
27(4), 447-463.
doi:10.1080/01443410601104361

Sanchez, C. A., & Wiley, J. (2010). Sex
differences in science learning:
Closing the gap through animations.
Learning and Individual Differences,
20(3), 271-275.
doi:10.1016/j.1indif.2010.01.003

Smith, I. M. (1964). Spatial ability: Its
educational and social significance.
San Diego, CA: Robert P. Knapp.

Su, R., Rounds, J., & Armstrong, P. I.
(2009). Men and things, women and
people: A meta-analysis of sex

-55-

differences in interests.
Psychological Bulletin, 135,
859-884.

Taylor, H. A., & Hutton, A. (2013).

Think3d!: Training Spatial Thinking
Fundamental to STEM Education.
Cognition and Instruction, 31(4),
434-455.
doi:10.1080/07370008.2013.828727
Valla, J. M., & Ceci, S. J. (2011). Can Sex
Differences in Science Be Tied to
the Long Reach of Prenatal
Hormones?  Brain  Organization
Theory, Digit Ratio (2D/4D), and
Sex Differences in Preferences and

Cognition. Perspectives on
Psychological Science, 6(2),
134-146.

doi:10.1177/1745691611400236

Vincent, W. J., & Allmandinger, M. F.
(1971). Relationships among
selected tests of spatial presentation
ability. Journal of Motor Behavior,
3(3), 259-264.

Wai, J., Lubinski, D., & Benbow, C. P.
(2009). Spatial ability for STEM
domains: Aligning over 50 years of
cumulative. Journal of Educational
Psychology, 101(4) 817-835.

Webb, R. M., Lubinski, D., & Benbow, C. P.
(2002). Mathematically facile
adolescents with  math/science
aspirations: New perspectives on
their educational and vocational
development. Journal of Educational
Psychology, 94, 785-794.



