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(AU R AL IR BE, JEaT 100875) (N SE G IRAL i FLA S0 %, LAt 100875)

PLAb T B 2 MR N 11~14 280 2 (1) 294 %A gk, ol JLEE 131 A, #58EJL3E 163 A
KR TAE55, 450 REIBT L BN 38 B 8s, MONAITBE 1 . JCINFNBE ) RN IR0 = A 4 ok 5 55
JL 3550 L () BB DL R ) R R 22 5 o A5 R BRE L 3 A 1) R PR 0 ) = A4k B E T L
L, P2 LI ) LA D RE 0 19 R SR AR NS — 3. BB LB Y 1) LA D g ) R RSB E 18, s & R T A
1~12 B2 (8], 58 JLEE 0 n) B pe ) & R Aeig e th, POl & BITE 12 3 0~14 & 28], BH ILE S5

i JLZE (14 1) R DR RE 7 25 57 I A I 18 DR ¥ i ) o

HHLE; PIERRREETT; KB AT

B844

1 515

S A Gt 0 B 2 T DG T N0 3N T A g
B, (A AT — 20,0 B 22 53 30— BLAE AR 22 5
F— bR LAV EER (Winner, 2000), X X 26 it R
BT AT DA AR B SRR, S
SN FRAR AR HE, o] DAk — 25 R AT %
BB, LB R s 2z —. X)
HHEILEN ARG R T 1925 4F(Terman, 1925),
ZIR—HAEAANE, HIMAEWI RN, KR
HE DR E 2GR EE NS, F TR
JLE ISR o RTS8 S H AR
J& B % J& (Hollingworth, 1926; Terman & Chase,
1920; Terman & Oden, 1959; &35, 1990, 1994;
JERK, 75, 1986). BEENFLOHE2ER NSRS K
&, WEFEH TG QT H LB 5 [R5 38 )L = AE
THEREE . TARICIZ . HEHERE ) . Qs M R gESE A
TN RE 7 J7 T ) 22 55 (Cohn, Carlson, & Jensen,
1985; Fry & Hale, 2000; Geary & Brown, 1991;
McLean & Hitch, 1999; JazE4&, % FL, 1997; jiidd
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4e, 2006), MAFFRI—HLIRA, W HE B L
Il LI A 4R RE ), b 22— ) e ke
fit J1(Shore & Kanevsky, 1993).

() H W AR T % 0 2K 2 — (Davidson &
Sternberg, 2003), M &L P A% THE 2 44 1995 B)
FX ARBEHAT, B A V2 T LR
FITIE )R, JE 8 — R RRIR IS B, fEX S B TRAS
TR E A IR B —Re e BRI, JHRIE 207
AT PR, R IKE H B (Chi & Glaser,
1985). [n] A fifk Pk fiE 7 2 NZAE & e dh B B AT
AR 1Y 52 22 N M EL BB (Chi & Glaser, 1985;
Wang & Chiew, 2010), J&— F51 H T 18] 19 FI 4
F (Anderson, 1980), 5/ A& ikt A & % V1Y
KF, hnln) B D 8 T A R N BR R ) AR
(Davila, Hammen, Burge, Paley, & Daley, 1995), %%
P B v (D Zurilla & Nezu, 1990), 55 i &
= (Sullivan, Pasch, Johnson, & Bradbury, 2010),
BHORAL . S AT LLRRFE M Bk L AE TS
I G e L, HE R N 2 — e A S RE R
T Il 4 1) A58 (K een, 2011),
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E PR Sy IR A R BE o KRR 2 R
YERT, TRAIRIE H R B A s e o e, i 2
PRI R e A LR il 5 A 3 ) B HE SR 4R
N AERZ BRI, SR A B TR i kb
A5 HY (Pretz, Naples, & Sternberg, 2003; Sternberg
& Kagan, 1986)F1 =0 J1#it (Sternberg, 1985)H
AT ) e e B AL T T OAE S o HB A% A
Hy, [ LSS LU AR ER s [ U]
) SCHIZRAE | SRS AR | IR 2L BRI |
ARG, Hhss— = N LR
TIONRR Iy = W TR T ARy
(Davidson & Sternberg, 2003) ., {153 A T4 ) B it e
FAESE S —0 H it R, JONFI A s t—A
WH W E, FLEAETH . WAL, Hrh
TR AT SIAILFI 28 9 U5 B A L K (Friedman &
Scholnick, 1997), & & ¥ & P /E Al (Keen, 2011;
Jonassen, 2000; Scholnick, Friedman, & Wallner-Allen,
1997); 1 A HUBL A3 W 4 L — 350 B 9 BAR AT A
Dy, EEALERIN T | ERIRE T . TAEICIC S
PRSI S AP, e[RRI et 7 . B
WEFEITRA, NATHEVE 4> 1A 1 0] 80k e 68 g 1
B 1 OCTEHITIA M BE Sy RN RIBE ) Z 4h, WP IR
HEINFIRL# (cognitive efficiency). IANHIBCFEZTEAS
RRETE 2 KAREE b D/ DS 77« B ) B aA e e 5
AL FIBEE HArAYEE S (Hoffman & Schraw, 2010;
Hoffman, Schraw, & McCrudden, 2012), — M55 1Y
[ e, BT HA RAFIIAMEE Ty, JFsiktT
FRGER] SR A S A, X RE AR AL
ARG TR o R, XA AR 4 ] A fp ke
AE S EAT AT IEAS, BOZMONRIBET) . JCIAH
HE S FA ISR = A I AT

T A #Y G Tl L B 1) i D e i BE ST 32
BAE RS T AT R g L AR RE ) b
225, HARMMESIe B —2, @ JLETE
T 3% fF (Duan, Dan, & Shi, 2013; Rindermann &
Neubauer, 2004; Sheppard & Vernon, 2008; 47 ¥,
WA, M, J7F, 2003). TAEICIZ(Alloway &
Elsworth, 2012; Leikin, Paz-Baruch, & Leikin, 2013;
Whitaker, Bell, Houskamp, & O’Callaghan, 2014).
HEFEHE S (Lohman, 2005; Silverman, 2009; % T35,
1984)4 J7 AL T IRl %@ )L, &A1 TIT
N F T 3 B 5C  TT A R TEURT T A R0 i
W J5 Tl (Alexander & Schwanenflugel, 1996; Alex-
ander, Carr, & Schwanenflugel, 1995; Jifi 4, 1990),

M ITIAAIH R S 5EAR D, BB A
— %518, Al Shore Al Lazar (1996) & ¥, AHH T
Weie L, LS R )RR T ) Y s fe) B
K, {H Nellis FI Gridley (2000) % 8 H )L F1¥% i
JLEAEA [FAT: 55 bR B0 Ok B3Rl B8 00 A e 3%
25w MK, AIE RTMNE 7T~8 FHRILE, FEK
TERY AR T LR, BFFEai R DL B e, itk
RUSCRINT T, A WTIEE A L E S <22 S ik
R BEZR " (Kanevsky, 1992), bfiTREA S 5E
VT2 AR5 o B N2 B AR 55 Dy I U v e
T B EE, AT A PR H L B 10 B PR
(AR, 1990), HAEZEMOGARIAE S5 i f b, B
JLEE R P3 PR EE R, WK B4 (Zhang, Shi, Luo,
Zhao, & Yang, 2006). {H SR 7, XFHEE ILEWN
INFISCRBEIR R . RAETEM &4 B2 U, A
ANBFFEHR S AAR R By, HCOR TAE L3
5 (Deary, Penke, & Johnson, 2010; Langer et al.,
2012), A g i 56y K0S R ik A 4 e A K P
(Haier, White, & Alkire, 2003) . it [X i i 7 )& (Beau-
champ & Stelmack, 2006), FHAHKE R 2ALFEE
(Neubauer, Grabner, Fink, & Neuper, 2005; Neuper &
Pfurtscheller, 2001) 12 2 FAH ¢, (HO2WATHITE A
BRI 10 4538 (Jausovee & JauSovec, 2004; Lefebvre,
Marchand, Eskes, & Connolly, 2005). 75 248 H 1) /2,
B Zhang %(2006), iR JLIBURRZE# LA 58 AL AT
N A, HEERIFARE Al w5 L 1IN RIS 4
PEFLHEUESE o R T A B X M M T e TR, N i
WP A 38 B BB, IR S NIRRT A
Eh5 o

IR [R) Lk R RE ) RE Y B FRATT SE 4 Thi b, 1
fiflR LB 0 L R 22 5, 4R e L
Y B HERRTE, JF AR RS . EASC TR A 22
FEIFAE, WFFEE B2 K I # BE SRR ST X P
F L S RE ) R A 22 57, W HBEHE RS
FRUERL ARG o H TR A L B0 )L [R]
fift e BE N kLN R B IS, (B IR AT AT DL AE A
Alexander 55 (1995)4& Hi () &1 X 48 % JL 3 19 J6 A H
RE ) A AR A Bk, PR Il A DR B8 ) 2 60 5% T8
HRE I —Fh LA IRE ST, IRATA B ARTE, W
HH R AR DT — ERE A
Alexander 55 NNy, B L B TTINFIRE J) & Jig
ATREA AR RAEMAR A s s, DL
P R JEAR R, RAEMS Uk, JTINFIRE ) 2Bl
RSB BN IR TG, M L HUE Tt L kR
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P, (AR A AR, L R A e R,
P I 22 S e A4 Ok o iU iase, wiZs L
B ZER AR, (FRREFRE R, 85
JLE Y TCINATRE )] & JR 23 A0 i it 53 L2 . Bl
K JRAR NNy, 8 L ST I 68 1 M A 3k
P L2, XA s — ., A H
JLEE () ) 51 fif ok g ) & TR A =0 T I — 282 4
SRR AEM A SN, R4 P AR b 5] S A
WEILWE? st R, H R OE T R L R ke e
I & JRIF A e D, A 1 — 2 R R
BB A [F] A 0 2H 22 [A] i A o LU 35, Wi/ F 5 3
T 38 B I 5 Ok 5 3 T 2 A R I A e i T 1
JR X 22 5 (Steiner & Carr, 2003), 1M % W7 L #CHIFFT
Gy BIAR2E S BRI R & SR AR A
G2 M E W, 1455085 5T E X
(Kraemer, Yesavage, Taylor, & Kupfer, 2000), [t
R IR R 2 R SRS, U R B BRI A Y
HE,

AHIEGE R FHHERE T-AE 551 I8 Dt 358, A
INFNRE ST . JCINENAE 1 FA N R = A B 4 T A
TR L 5850 L Y ) 8 e 0 o BT
WFFE B ek 0 T T e I A BE 7 . STk AIBE ) Al
TR = A FE AR A0 B S22 @ vk, IR 98E T
“[in] R fifp R RE A BN B T . DG RE 1 A
BRI = A B BB 15 T RIS, VR 2SR
TR, 11~14 % 2 LR NI R KT KIGLE D)
e & A B0 1Y 22 A (Dohler & Wauttke, 1975;
Evans, 2006; Thatcher, 1997a,b), IMijiX2Lpi7s ¥ 5
AR BN D) RE AE 7R % V) OC & (Casey, Giedd, &
Thomas, 2000; Sisk & Zehr, 2005), 7] LAy, [n]i
fift UL RE 1 7 AR Bt S5 FH N S B K i A5 Ak, A
W ASHIF 7% 5 A B EL A NN 1o 38 B K I, TR AR T
11~14 % 85 ) L2 A L 2E ) o) 25 A P e ) B H:
RIERA2ER

2 ik
2.1 #ik

K A AU rh A R N2k 294 Z A N T
REWTHT ST, Hih B3 A 155 44, 4FIRAE 11~14 2 2],
e IR H o = A 11 Z 4 (11.12+0.39
SYyEFEHE JLE 50 A, FEILE 48 A 12 F4
(12.46 + 0.50 )G JLE 51 A, ¥ JLE 38
N 13 B4 (13.73 + 0.24 BHMUFHEHEH JLE 30 A,
HEILE 77 Ao BiRpEh 141 AS T oM —

ERN B BRI S, HoRE R LE 65 A, HiE L
76 No R T DERC AR ARG, ASAIF5T 43501 AR
LR LB A s — A BE R R L EE 32
ANCEE—RSMMRAFR . 12.76 £ 0.25 %), L
38 ANCE—IRS MY . 12.64 £0.38 %), W
FHERERS AR FE(C=1.49,p=0.14), HPhFEE 39
& A R LE R A2 E R LB SRR B,
AR 2Rt . 2R AR kY,
SRBURTE 2%~3%Z 18], Hr A AP H JL#E
TE 11 5 W58 it =5 B LB 158 G DU RR), Mesio =
149.03, SD;p = 10.62.,
2.2 KIarsl

KR FHEAR U AR A Sy 1) IR 5% FL kg 5 A 00
— T BRI B e i L, B b AR R B A
1T 7 B IR SR T o a3 e e 9 1%y v s o)
INCEHESIAE FRIAT . ST A TR 6 H
Frir B, BRIk S 8 e — 8, — ik H B HE sh— 4
FaT, HAAREMEEL, izl —3k 23 8, Hi 3 8 %k
2R, FH TS B 2 R it kB ) R B A AR, R
3 A [l AR 42 BB A DL IS A BEIE A IE 20 S 56384
4% 23 ONIEEH, 5% AR, g
IEAE H RN, W KRR iR, #EAT —E T
A HERMRE RS, FFIEE 1~3 D2,
A — e A o AR TS 06 25 SN H th B B HE
§ . J5 & H ahid st RO — B VR TR,
ARt 8 H 2008 — R B shiE 70
BFIED), A 2 30 5 A% AT 1 B[] L [,
SE LT FH B A8, DA SO ) 58 % A

B A 55 A

2.3 #5tR

NFIRE ST« RPN 58 LA HERR T H i, %48
b 32 R e i 2 dE 5 1 HE P BE U7 (Bozoki, Radova-
novic, Winn, Hetter, & Anthony, 2013; Heeter, Lee,
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Medler, & Magerko, 2013). TAHIRE 714573 BUEVE [
T 0~20 Z[8], 15731 m 2= D pl sy 4 B RE ) g

JCINFIRE )« A8 A TR0 (] 5 2 R0 sk ]
ML (FREN, 5KIFEZE, 1998), JCINAIGE 1155
BUETEHEITE 0~1 Z 18], 75708 e R Bl i Jo il A
fE B

INFIRICR BB ST ) B A% (Culbertson &
Zillmer, 1998a,b), 5 ZE RIS, TEIZFEIR L1570
78 1 2 B A ORI

Jin) LAt DR R D Y5 U3 B B NRIRE T L Ttk
FIRE I AN FIRCR = A8 bR e 5 Z 538,
TR AR AR A5 208 5 27 WA R BRI,
T SO HR L, BV 0 WL T WIN Z 7380, 193 Z e
(AR BE 11390 Z i =3 +(Z wn + Z seim + Z 2e)/30
24 HENERF

PHYCHEN 437 F 2012 4F 11 7 AT 2013 4F 12
Aottty WUEIFRY . M #R o8 4 —3.
it 0 LA BE A B AR AL AT . Tl A
JE I e, R I S R P R AS AR O 1 4 R
6 Sl M SR FIE YR LU AN
(DAREMFHL; (2)iF AN BRI, 4543 F 200 0 VSR
B P25 Bt WA A, 2 O 22, A0 Holk b,
o0 lE Q)i b, PRFR2EEE, A se . 18
BTN A ) 2 TOAT AR B 0] 2 )5 TE U TF IR il Ak o

344
3.1 EERREE D B8

A AT S T LAY 294 44224 BB,
A5 56 [ AL PR BE T = AR AR O B R 2w

Fe B A FEHRAY Cronbach’s o 30, X5 156
HEE: R 2 70 #7 (Confirmatory Factor Analysis, CFA)
A3 IR =N FE AR B BRI . TR RIS R
BUFN CFA #5485 hn Nk 1 FrR . 85380, AR5
JIT U = A Ha bl A i # R L — AR, AR5 .

1 EROCENEFEHEIELER

S-By* df CFI TLI RMSEA
25878 170 0.94 0.93  0.04
35124 170 0.92 091  0.06
24338 170 0.95 0.94  0.04

$8Fr  Cronbach's o
INHIBE ) 0.89
Ll 0.93
PN ES 0.86

A 5% MR 4R 26 B ] 850 e S R T RS,
S5 In) SR DRI BT R SR, B ) R DR
INFIRE ST . JCINATBE S A RIRCR =AY, 7RI
ARG R g e i A 22 5 5 R SR a2 iy, 8T
PR M TR 22 43 B X <« ) AL i e R ) — A4k R i
FTRIE . S5 R, X =N RAraEmm s — A3k
KT, AR 76.14%M9 28 5, INAIRE S84
0.98, JCINHIRE ST AT 0.68, TAFIRIER 1 2 i
H—0.96, b IRZESLULEH, ] R DY — 2RI

S
3.2 BEIILESLE/LECIRMEIREE DRI
AR

P28 LB A AN ] A7 I 2 1 1) 230 A R BE 7 1) 4
WYEGETA RN 2 Prs . LULEERGEY, &
). AEIR(11 %, 124, 13 %) 47285, (A fF
RET A I B, INFIBE ST . JCIAJNRE S RN R
R RAZ o3 5 BEA T PR BB e] Oy 22 70 A

&2 EIREFRIREE RO L i 5 SR (R )

- 1% 2% 13 %
3 40 B SLenikicl B H A SLeniEcl R
NI 6.66(3.96) 13.00(3.84) 8.76(4.44) 15.49(3.34) 14.17(4.28) 17.03(2.24)
JLINHITE ] 0.30(0.15) 0.40(0.13) 0.27(0.15) 0.47(0.13) 0.43(0.16) 0.48(0.10)
NI & 56.69(4.20) 48.28(5.73) 54.21(5.43) 44.55(5.76) 46.49(6.85) 41.99(4.26)
[1) 85 fige 2 0.18(1.82) 3.18(1.99) 0.72(1.90) 4.57(1.91) 3.83(2.27) 5.31(1.34)

32,1 [EIEBREDHBERES

A H LT Y 0] L DL BE ) 3 T L EE,
F(1,287) = 134.86, p < 0.001, fi #° = 0.32, 4E#H
FRN B, F(2,287) = 50.61, p < 0.001, fi #° =
0.26. Bonferroni 5 Ki I F2HH, FfiE FIEHE R, B
A ) B DL RE T i 3R R, BRI A 2 TRl
FETE R E XS, ps < 0.001, JLERAHAEBZE

YR B3, F(2,287) = 8.07, p < 0.01, fiit #° = 0.05,

fRT AR A 4 SRR, 7 L1 B A F T, BHLE
14 ) 738 i e e ) W 25 o Tl L, F(1,289) =
40.10, p < 0.001, fii n° = 0.12; 7E 12 % 544 F, #
L 0 n] 8 i D fE AR AR B e T aE L,
F(1,289) = 60.55, p < 0.001, fii n° = 0.17; WMi7E 13
B AE, WL E Y 1) R D BE T R A7AE 2 2
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S, p=0.09, KUY, HEFERPIEL, B ILEM
W3 ) L2 A () L i DR T 22 5 3B W 0/ N o

Xof e H L2 ) [) L R R T R AT LAAE IS S A
AR B A LR R T 220001, 45 SRR AR IS 800
F(2,128)=14.28, p < 0.001, 1 ;72 = (.18 ,Bonferroni
IR R R, BEE RO, ol ny )i g g
FI R R, 12 B 13 F 4N B RRE T B
T 11 B4, ps < 0.05, 1B 12 F1 13 B4 2 [a] RAEAE
WEES, p>0.05, XF 8 JLE A n) D )

SANERE N NAE R, 2Bl EAT P N R e Ty
22T, A3 B AL R -5 R DL RE 15 o B A
Ao e—8: JLEEA | AFR ROV E, MH
LHAEMMR R . @B TRV, 7 11 2
12 5T, R L EETE R R e i) = A 4EE b
Bt L3, (e 135 40T, MRILETLR
E LS o D7 22T RN TR BSOS A B A TR AR 25 A n
3R,

6
T VAR R B A m B B R 7 2234, 25 R W AR L
WA 0N 3, F(2,160) = 55.69, p < 0.001, i #° =
0.41. Bonferroni H/5 Kish W], BEZFFIRRIK, B 24
A PPV el J) b TR 98, 13 24 400 0 1 o g3r ——il
BN BT T 11 SR 12 B4, ps < 0.01, 112 2Lt ———
ZHHH 11 B HZ AR E 25, p> 0.05, # 1 F
LB ARG ) LB AR A MR BN & R AN 2 s, o . \
322 [EERREEN S HBAER A G
DAJLZEESRHD | AFIY R (AR Bk, 0] AR R 1Y 2wl R e e ) 42 R (RUAT)
T3 NBEBREN=ZANEENEAKER
- NHRE JCINFIRE S NI &
F P T 7’ F p i 72 F p fii 7’
JLEZ 127.90 <0.001 0.31 44.46 <0.001 0.13 118.27 <0.001 0.29
AR 51.52 <0.001 0.26 13.66 <0.001 0.09 48.68 <0.001 0.25
JLEE ST < AR iy 6.68 0.001 0.04 5.88 0.003 0.04 4.87 0.008 0.03
114 #H vs Tl 46.16 <0.001 0.14 10.60 <0.001 0.04 37.85 <0.001 0.12
12 % W vs il 48.61 <0.001 0.14 35.97 <0.001 0.11 46.46 <0.001 0.14
13 % W vs il 0.01 0.943 <0.001 0.06 0.810 <0.001 0.12 0.730 <0.001
33 BEIIESLE)LEQEBRENOME 7. Hob, LB P,

2R3

P& L2 1Y R A R BE 0 76 PGB B3 1Y

Bl AL

3.3.1 |49

ABRENRBRHEEES

WG R IR 4 PR, WJLERRIGEH |
) . KA (2012 4F . 2013 4F) o A AR R, LU
[ RE A DR BE ) G Lo . IAHTRE T . TN R 1 Al
INHIRCR AR e, il AT IR R IR A 7 25

FT 4 IERRENERESEITEREN@)
2012 4E 2013 4
Ar i
WIEA(38) ABHAL(32) WELL(38) MHLL(32)
AHIRE 10.74(4.98) 15.34(3.72) 14.50(3.98) 17.16(2.22)
JGINHIRE ST 0.28(0.15)  0.44(0.14)  0.43(0.13)  0.48(0.10)
INHIREE 18.51(6.73) 13.90(5.83) 14.78(6.63) 10.72(4.79)
ISR 1.71(2.06)  4.03(2.02)  4.43(2.05)  5.39(1.33)

A H LB B 1) A e BE 7 W3 v T L,
F(1,68) = 25.06, p < 0.001, fii ° = 0.27, K& L
AR B R, L) e BE T W AR, F(1,68) =
61.97, p < 0.001, fi n° = 0.48, FELJL A FNMI;
i 1] B 32 A 2%, F(1,68) = 10.74, p = 0.002,
T n° = 0.14 T ARV A3 HT R BH, 7855 — Ut I s,
L H LB (1 0] B D g B R T L,
F(1,68) = 18.62, p < 0.001, 1 #° = 0.22; % i
B, R L A ] R e BB T AR AR J 2 v 1383
JLEE, F(1,68) = 11.30, p = 0.001, 1 n° = 0.14, {APH
AR %) 22 S Bt A 8 1 T s/
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sl Sk ) L el 9 1 A2 B 4 A R 3
A AT, FE AR ) AT A 2
= 4T S5 SR 5 1) U e 45 L0 B 25 SRS ), L
£.0 W e N e R AT S E S PR (L EE )
® TR WA AR, S YRR, R L
=2 —e— AN IAE S TGN A J1 E 3 3 0 T 3 L

2012 2013

B3 I L D RE ) A T (DN 1))

B RS YOI, RORHE R LB A L3R BT i
AURE ) id 2 o U0 T8 L, (HP R i 22 57 g
W/ o X TIARIRCR, L EE 2 BRI [a] Y 355
WL, P S HAR AN o J7 22 70 B R ] B0
RO AS I ) PR AN 5 SR A0SR 5 TR o

x5 EBBREN=AHEHNEDLR

- NFIRE T JCINHITE T INFRR

: F p T 7’ F p B 7’ F p B n°
JLEZ 17.56 <0.001 0.21 16.94 <0.001 0.20 16.50 <0.001 0.20
W4 st 1] 58.88 <0.001 0.46 30.94 <0.001 0.31 19.23 <0.001 0.22
JLEE A= [R] 7.20 0.009 0.10 10.98 0.001 0.14 1.35 0.249 .020
HH VS WiE . 2012 4F 18.62 <0.001 0.22 22.82 <.001 0.25 — — —
M VS WE . 2013 4F 11.30 <0.001 0.14 3.18 0.079 0.04 — — —

4 e

AWFTE B TE LR 11~14 2 R )L 2 i L2
IFa) AL figp R B ) A ARS8 S [R] o A5 3 2 ko 0 g
RAS S5 4 B0 ] AT fip D P9 2 32 400 S8 4 R O B
KA HE— A 3 A, 1 T B T LU IA T fiE
71 JEINHIBETT AN IR = A4 BE X AR B [ st
fifR B S HEAT Z2 M S 55 . TEMLIERN B, BIFTEE LA
FEL I 90 Kk A AR, A o T LA 2R BE ) A I AT 5%
I g = A4 I B T EE R A R ) B Y
INIEE ER LUHR, RO AT 4% TR R LA
JLZE B IRt fige DR e g B R SRR 22 5 0 RN
Ak B L AEINFIRE ST . JTINFIRE 3 FIIA A%
REAYEEZ B RFE T @ ILE, RN
)L )R i e e ) 1 R SR A AR 22 5 . BT
T, R L A R AR DR RE ) R A e PR 1 A
3, W3 L2 A ] A A DR B ) 2 S 18 R PR AR,
P2 LB 1) 2 S5 B AR I 304 RO Wl o BT ST 4G
AN A S T ) BV e S A — R Tk, X
ILE R R M T S B A —E 18 S E.
4.1 [EFEFRENB=HERIR

TEAE SRR R BE I FFE b, WF9E 8 2R
He T 45RO A5 b R A R S R AY IR R DR g

(Jonassen, 2011), U0 A% INfE P MR 4, SR 1T SE
br b, 7EVF AR [a) A e — N sh A R
&, oA mEe s, JUHOETHRI, 2 A] R g ok
fig J1 i) B B i 4> (Bransford & Stein, 1984; Gick,
1986; Newell & Simon, 1972), FUff F%E F-45 5 (4
—FEAR I AR A T S Wk [P e g 77 o R, 7E3R
SCAE R, FRATE W B R ] ml R A R A AR
T i I8) i (Barrie & Pace, 1997), PRI A% AL 2 5T
Y)Y 2R 2 — o ARBFFE R H 2 AR Y [a)
B RE ) AT 2 PPy, FFEMNAIEEST . TG
INATEE T FONRISCR = A D7 b4 T, I SEuE s 45
AL SRR T 3K — R o BF5E T35 B = [ R fp A
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PRI I 4 I 1 AIF 5030 7 32 B 22 5 T T 28 L B8 fik e &4
P AN R TR RIS BE 0 A4 & JR R FIRR A o

5 #Eip

(1) FTRAMGAENRE ) . TGN RE 1 AN 350K
=AYy L Y () B i D RE A TR

(2) 11~14 %87 JLEEAE ] A e T 1) =4
A RE bR 20T R0 L3

(3) 11~14 5 % JLEE 53530 JL 2 (1) [m] 5 g e
A 1 B BE A W 144 i 5 3 B TR o L
) S RE T I R RS E 12, &R R P AR 1L
HITE 11~12 B2 0, HE LR R E, &
JR (1 PR AR A IATE 12 % 2~ 14 27 2Z 0] B4R I 3 K,
PR L 1 [ Lo R e ) 22 S S T i/ S o

Alexander, J. M., Carr, M., & Schwanenflugel, P. J. (1995).
Development of metacognition in gifted children: Directions
for future research. Developmental Review, 15(1), 1-37.

Alexander, J. M., & Schwanenflugel, P. J. (1996). Development
of metacognitive concepts about thinking in gifted and
nongifted children: Recent research. Learning and Individual
Differences, 8(4), 305-325.

Alloway, T. P, & Elsworth, M. (2012). An investigation of
cognitive skills and behavior in high ability students.
Learning and Individual Differences, 22(6), 891-895.

Anderson, J. R. (1980). Cognitive psychology and its implications.
New York: Freeman.

Barrie, J., & Pace, R. W. (1997). Competence, efficiency, and
organizational learning. Human Resource Development
Quarterly, 8(4), 335-342.

Beauchamp, C. M., & Stelmack, R. M. (2006). The chronometry
of mental ability: An event-related potential analysis of an
auditory oddball discrimination task. Intelligence, 34(6),
571-586.

Bozoki, A., Radovanovic, M., Winn, B., Heeter, C., & Anthony,
J. C. (2013). Effects of a computer-based cognitive exercise
program on age-related cognitive decline. Archives of
Gerontology and Geriatrics, 57(1), 1-7.

Bransford, J. D., & Stein, B. S. (1984). The IDEAL problem
solver. A guide for improving thinking, learning, and
creativity. A Series of Books in Psychology. New York:
Freeman.

Casey, B. J., Giedd, J. N., & Thomas, K. M. (2000). Structural
and functional brain development and its relation to
cognitive development. Biological Psychology, 54(1-3),
241-257.

Chen, X. F., & Zhang, H. C. (1998). A developmental research
on the importance of cognitive speed in the intelligence
structure. Psychological Science, 21(6), 485-574.

[FREM, SRIFEZE. (1998). IARIHEEETER )y 450 vh i 24k 1Y
KIRWIGE. O FEFELF, 21(6), 485-574.]

Chi, M. T., & Glaser, R. (1985). Problem-solving ability. Pitts-
burgh, PA: Learning Research and Development Center,
University of Pittsburgh.

Cohn, S. J., Carlson, J. S., & Jensen, A. R. (1985). Speed of
information processing in academically gifted youths.
Personality and Individual Differences, 6(5), 621-629.

Culbertson, W. C., & Zillmer, E. A. (1998a). The construct
validity of the Tower of London DX as a measure of the
executive functioning of ADHD children. 4ssessment, 5(3),
215-226.

Culbertson, W. C., & Zillmer, E. A. (1998b). The tower of
London: A standardized approach to assessing executive
functioning in children. Archives of Clinical Neuropsychology,
13(3), 285-301.

Davidson, J. E., & Sternberg, R. J. (2003). The psychology of
problem solving. Cambridge: Cambridge University Press.

Davila, J., Hammen, C., Burge, D., Paley, B., & Daley, S. E.
(1995). Poor interpersonal problem solving as a mechanism
of stress generation in depression among adolescent women.
Journal of Abnormal Psychology, 104(4), 592—600.

Deary, 1. J., Penke, L., & Johnson, W. (2010). The neuroscience of
human intelligence differences. Nature Reviews Neuroscience,
11(3),201-211.

Doéhler, K., & Wuttke, W. (1975). Changes with age in levels
of serum gonadotropins, prolactin, and gonadal steroids in



12 14 5P AF: 11~14 0B R L EE -5 0 L2 R AU DR RE ) 114 A AR 1831

prepubertal male and female rats. Endocrinology, 97(4),
898-907.

Duan, X., Dan, Z., & Shi, J. (2013). The speed of information
processing of 9-to 13-year-old intellectually gifted children
1, 2. Psychological Reports, 112(1), 20-32.

Durlak, J. A., Weissberg, R. P., Dymnicki, A. B., Taylor, R. D.,
& Schellinger, K. B. (2011). The impact of enhancing
students’ social and emotional learning: A meta-analysis of
school-based universal interventions. Child Development,
82(1), 405-432.

D'Zurilla, T. J., & Nezu, A. M. (1990). Development and
preliminary evaluation of the Social Problem-Solving
Inventory. Psychological Assessment: A Journal of Consulting
and Clinical Psychology, 2(2), 156—163.

Evans, A. C. (2006). The NIH MRI study of normal brain
development. Neuroimage, 30(1), 184-202.

Fabrigar, L. R., Wegener, D. T., MacCallum, R. C., & Strahan,
E. J. (1999). Evaluating the use of exploratory factor
analysis in psychological research. Psychological Methods,
4(3), 272-299.

Field, G. B. (2009). The effects of the use of Renzulli Learning
on student achievement in reading comprehension, reading
fluency, social studies, and science. International Journal
of Emerging Technologies in Learning, 4(1), 29-39.

Friedman, S. L., & Scholnick, E. K. (1997). The developmental
psychology of planning: Why, how, and when do we plan?
London: Psychology Press.

Fry, A. F., & Hale, S. (2000). Relationships among processing
speed, working memory, and fluid intelligence in children.
Biological Psychology, 54(1), 1-34.

Geary, D. C., & Brown, S. C. (1991). Cognitive addition:
Strategy choice and speed-of-processing differences in gifted,
normal, and mathematically disabled children. Developmental
Psychology, 27(3), 398-406.

Gick, M. L. (1986). Problem-solving strategies. Educational
Psychologist, 21(1-2), 99-120.

Gomez-Pérez, E., Ostrosky-Solis, F., & Prospero-Garcia, O.
(2003). The development of attention, memory and the
inhibitory processes: The chronological relation with the
maturation of brain structure and functioning. Revista de
Neurologia, 37(6), 561-567.

Haier, R. J., White, N. S., & Alkire, M. T. (2003). Individual
differences in general intelligence correlate with brain
function during nonreasoning tasks. Intelligence, 31(5),
429-441.

Hampshire, A., Thompson, R., Duncan, J., & Owen, A. M.
(2011). Lateral prefrontal cortex subregions make dissociable
contributions during fluid reasoning. Cerebral Cortex,
21(1), 1-10.

Heeter, C., Lee, Y. -H., Medler, B., & Magerko, B. (2013).
Conceptually meaningful metrics: Inferring optimal challenge
and mindset from gameplay game analytics. In M. S.
El-Nasr, A. Drachen, & A. Canossa (Eds.), Game analytics:
Maximizing the value of player data (pp. 731-762). Berlin,
Germany: Springer-Verlag.

Hoffman, B., & Schraw, G. (2010). Conceptions of efficiency:
Applications in learning and problem solving. Educational
Psychologist, 45(1), 1-14.

Hoffman, B., Schraw, G., & McCrudden, M. T. (2012).
Cognitive efficiency encyclopedia of the sciences of learning.
In N. M. Seel (Ed.), Encyclopedia of the sciences of
learning (pp. 590-593). Berlin, Germany: Springer-Verlag.

Hollingworth, L. S. (1926). Gifted children: Their nature and
nurture. Education, 47(3), 189—189.

Hussy, W. (1991). Problemldsen und Verarbeitungskapazitit
[Complex problem solving and processing capacity].
Sprache & Kognition, 10, 208-220.

Jausovec, N., & Jausovec, K. (2004). Differences in induced
brain activity during the performance of learning and
working-memory tasks related to intelligence. Brain and
Cognition, 54(1), 65-74.

Jolly, J. L. (2009). A resuscitation of gifted education. American
Educational History Journal, 36(1), 37-52.

Jonassen, D. (2011). Supporting problem solving in PBL.
Interdisciplinary Journal of Problem-based Learning, 5(2), 8.

Jonassen, D. H. (2000). Toward a design theory of problem
solving. Educational Technology Research and Development,
48(4), 63-85.

Kanevsky, L. (1992). The learning game. In P. S. Klein & A. J.
Tannenbaum (Eds.), To be young and gifted (pp. 204-241).
Westport, CT: Ablex Publishing.

Keen, R. (2011). The development of problem solving in
young children: A critical cognitive skill. Annual Review of
Psychology, 62, 1-21.

Kraemer, H. C., Yesavage, J. A., Taylor, J. L., & Kupfer, D.
(2000). How can we learn about developmental processes
from cross-sectional studies, or can we? American Journal
of Psychiatry, 157(2), 163—-171.

Langer, N., Pedroni, A., Gianotti, L. R., Hénggi, J., Knoch, D.,
& Jancke, L. (2012). Functional brain network efficiency
predicts intelligence. Human Brain Mapping, 33(6), 1393—1406.

Lefebvre, C. D., Marchand, Y., Eskes, G. A., & Connolly, J. F.
(2005). Assessment of working memory abilities using an
event-related brain potential (ERP)-compatible digit span
backward task. Clinical Neurophysiology, 116(7), 1665-1680.

Leikin, M., Paz-Baruch, N., & Leikin, R. (2013). Memory
abilities in generally gifted and excelling-in-mathematics
adolescents. Intelligence, 41(5), 566-578.

Liem, G. A. D., Marsh, H. W., Martin, A. J., Mclnerney, D. M.,
& Yeung, A. S. (2013). The big-fish-little-pond effect and a
national policy of within-school ability streaming alterna-
tive frames of reference. American Educational Research
Journal, 50(2), 326-370.

Lohman, D. F. (2005). The role of nonverbal ability tests in
identifying academically gifted students: An aptitude per-
spective. Gifted Child Quarterly, 49(2), 111-138.

Marsh, H. W. (1987). The big-fish-little-pond effect on acade-
mic self-concept. Journal of Educational Psychology, 79(3),
280-295.

Marsh, H. W. (2007). Self-concept theory, measurement and
research into practice: The role of self-concept in educa-
tional psychology-25th Vernon-Wall lecture series. London:
British Psychological Society.

McLean, J. F., & Hitch, G. J. (1999). Working memory impair-
ments in children with specific arithmetic learning difficulties.
Journal of Experimental Child Psychology, 74(3), 240-260.

Moon, S. M., Feldhusen, J. F., & Dillon, D. R. (1994).
Long-term effects of an enrichment program based on the
Purdue Three-Stage Model. Gifted Child Quarterly, 38(1),
38-48.

Nellis, L. M., & Gridley, B. E. (2000). Sociocultural problem-
solving skills in preschoolers of high intellectual ability.
Gifted Child Quarterly, 44(1), 33—44.

Neubauer, A. C., Grabner, R. H., Fink, A., & Neuper, C.
(2005). Intelligence and neural efficiency: Further evidence
of the influence of task content and sex on the brain-IQ
relationship. Cognitive Brain Research, 25(1), 217-225.

Neuper, C., & Pfurtscheller, G. (2001). Event-related dynamics



1832 i Bt}

46 4

EE ¢

of cortical rhythms: Frequency-specific features and func-
tional correlates. International Journal of Psychophysiology,
43(1), 41-58.

Newell, A., & Simon, H. A. (1972). Human problem solving
(Vol. 14). NJ: Prentice-Hall Englewood Cliffs.

O'Donnell, S., Noseworthy, M. D., Levine, B., & Dennis, M.
(2005). Cortical thickness of the frontopolar area in
typically developing children and adolescents. Neuroimage,
24(4), 948-954.

Ostby, Y., Tamnes, C. K., Fjell, A. M., Westlye, L. T., Due-
Tennessen, P., & Walhovd, K. B. (2009). Heterogeneity in
subcortical brain development: A structural magnetic reso-
nance imaging study of brain maturation from 8 to 30 years.
The Journal of Neuroscience, 29(38), 11772—11782.

Park, G., Lubinski, D., & Benbow, C. P. (2007). Contrasting
intellectual patterns predict creativity in the arts and
sciences tracking intellectually precocious youth over 25
years. Psychological Science, 18(11), 948-952.

Pretz, J. E., Naples, A. J., & Sternberg, R. J. (2003). Recog-
nizing, defining, and representing problems. In J. E.
Davidson & R. J. Sternberg (Eds.), The psychology of
problem solving (pp. 3-30). Cambridge: Cambridge Uni-
versity Press.

Putz-Osterloh, W. (1981). Uber die Beziechung zwischen
Testintelligenz und Problemlose Erfolg. Zeitschrift fiir
Psychologie, 189, 79-100.

Reis, S. M., Neu, T. W., & McGuire, S. M. (1997). Case
studies of high-ability students with learning disabilities
who have achieved. Exceptional Children, 63(4), 463—479.

Reis, S. M., Gubbins, E. J., Briggs, C. J., Schreiber, F. J.,
Richards, S., Jacobs, J. K.,... Renzulli, J. S. (2004).
Reading instruction for talented readers: Case studies
documenting few opportunities for continuous progress.
Gifted Child Quarterly, 48(4), 315-338.

Rindermann, H., & Neubauer, A. (2004). Processing speed,
intelligence, creativity, and school performance: Testing of
causal hypotheses wusing structural equation models.
Intelligence, 32(6), 573-589.

Schmitz, T. W., Kawahara-Baccus, T. N., & Johnson, S. C.
(2004). Metacognitive evaluation, self-relevance, and the
right prefrontal cortex. Neuroimage, 22(2), 941-947.

Scholnick, E. K., Friedman, S. L., & Wallner-Allen, K. E.
(1997). What do they really measure? A comparative
analysis of planning tasks. In S. L. Friedman & E. K.
Scholnick (Eds.), The developmental psychology of planning:
Why, how, and when do we plan (pp. 127-156). London:
Psychology Press.

Seaton, M., Marsh, H. W., & Craven, R. G. (2009). Earning its
place as a pan-human theory: Universality of the big-fish-
little-pond effect across 41 culturally and economically
diverse countries. Journal of Educational Psychology,
101(2), 403—419.

Shaw, P. (2007). Intelligence and the developing human brain.
Bioessays, 29(10), 962-973.

Shaw, P., Greenstein, D., Lerch, J., Clasen, L., Lenroot, R.,
Gogtay, N.,... Giedd, J. (2006). Intellectual ability and
cortical development in children and adolescents. Nature,
440(7084), 676—679.

Sheppard, L. D., & Vernon, P. A. (2008). Intelligence and
speed of information-processing: A review of 50 years of
research. Personality and Individual Differences, 44(3),
535-551.

Shi, J. N. (1990). A comparative study of memory & memory
monitoring between gifted and normal children. Acta

Psychologica Sinica, (3), 323-329.

AR, (1990). H 5H &ILE DAL ANCIC W 1Y L BE0F
X, LHEFEIR (3), 323-329.]

Shi, J. N. (2006). Study on individual differences with intelle-
ctually supernormal samples. Advances in Psychological
Science, 14(4), 565-568.

DiiEEA. (2006). LUH JL# #ln Ma 2 R0y, o2
FIF# IR, 14(4), 565-568.]

Shi, J., Tao, T., Chen, W., Cheng, L., Wang, L., & Zhang, X.
(2013). Sustained attention in intellectually gifted children
assessed using a continuous performance test. PloS One,
8(2), e57417.

Shi, J. N., & Xu, F. (1997). Interest, motivation and creative
thinking of supernormal and normal children. Acta
Psychologica Sinica, 29(3), 271-277.

DiigAe, #RJFL. (1997). M 5 JLEM G LS 4
T YR B AT ST. O PESEAR, 29(3), 271-277.]

Shimamura, A. P. (2000). The role of the prefrontal cortex in
dynamic filtering. Psychobiology, 28(2), 207-218.

Shore, B. M., & Kanevsky, L. S. (1993). Thinking processes:
Being and becoming gifted. In K. A. Heller, F. J. Moénks, &
A. Passow (Eds.), International handbook of research and
development of giftedness and talent (pp. 133—-147). US:
Pergamon Press.

Shore, B. M., & Lazar, L. (1996). 1Q-related differences in
time allocation during problem solving. Psychological
Reports, 78(3), 848-850.

Silverman, L. K. (2009). Searching for asynchrony. a new
perspective on twice exceptional children. In B. MacFarlane &
T. Stambaugh (Eds.), Leading change in gifted education:
the festschrift of Dr. Joyce VanTassel-Baska (pp. 169—181).
Waco, TX: Prufrock Press.

Sisk, C. L., & Zehr, J. L. (2005). Pubertal hormones organize
the adolescent brain and behavior. Frontiers in Neuroen-
docrinology, 26(3-4), 163-174.

Sowell, E. R., Delis, D., Stiles, J., & Jernigan, T. L. (2001).
Improved memory functioning and frontal lobe maturation
between childhood and adolescence: A structural MRI study.
Journal of the International Neuropsychological Society,
7(3), 312-322.

Sowell, E. R., Peterson, B. S., Thompson, P. M., Welcome, S.
E., Henkenius, A. L., & Toga, A. W. (2003). Mapping
cortical change across the human life span. Nature Neuro-
science, 6(3), 309-315.

Sowell, E. R., Thompson, P. M., Leonard, C. M., Welcome, S.
E., Kan, E., & Toga, A. W. (2004). Longitudinal mapping
of cortical thickness and brain growth in normal children.
The Journal of Neuroscience, 24(38), 8223-8231.

Spear, L. P. (2000). The adolescent brain and age-related
behavioral manifestations. Neuroscience & Biobehavioral
Reviews, 24(4), 417-463.

Steiner, H. H., & Carr, M. (2003). Cognitive development in
gifted children: Toward a more precise understanding of
emerging differences in intelligence. FEducational
Psychology Review, 15(3), 215-246.

Steinberg, L. (2007). Risk taking in adolescence new perspec-
tives from brain and behavioral science. Current Directions
in Psychological Science, 16(2), 55-59.

Steinberg, L. (2008). A social neuroscience perspective on
adolescent risk-taking. Developmental Review, 28(1), 78-106.

Steinberg, L. (2010). Commentary: A behavioral scientist
looks at the science of adolescent brain development. Brain



12 14 5P AF: 11~14 0B R L EE -5 0 L2 R AU DR RE ) 114 A AR 1833

and Cognition, 72(1), 160.

Sternberg, R. J. (1985). Beyond 1Q: A triarchic theory of
human intelligence. Cambridge, UK: CUP Archive.

Sternberg, R. J., & Kagan, J. (1986). Intelligence applied:
understanding and increasing your intellectual skills. New
York: Harcourt Brace Jovanovich.

Sullivan, K. T., Pasch, L. A., Johnson, M. D., & Bradbury, T.
N. (2010). Social support, problem solving, and the long-
itudinal course of newlywed marriage. Journal of Person-
ality and Social Psychology, 98(4), 631-644.

Terman, L. M. (1925). Mental and physical traits of a thousand
gifted children. In L. M. Terman (Ed.), Genetic studies of
genius (Vol. 1). Redwood City, CA: Stanford University
Press.

Terman, L. M., & Chase, J. M. (1920). The psychology,
biology and pedagogy of genius. Psychological Bulletin,
17(12), 397-407.

Terman, L. M., & Oden, M. H. (1959). The gifted group at
mid-life: Thirty-five years' follow-up of the superior child.
Redwood City, CA: Stanford University Press.

Thatcher, R. W. (1997a). Human frontal lobe development: A
theory of cyclical cortical reorganization. In N. A. Krasn-
igor, G. R. Lyon, & P. S. Goldman-Rakic (Eds.), Development
of the prefrontal cortex: Evolution, neurobiology, and
behavior (pp. 85—113). Baltimore, Maryland: Brooks.

Thatcher, R. W. (1997b). Multimodal assessments of develo-
ping neural networks integrating fMRI, PET, MRI, and
EEG/MEG. In R. W. Thatcher, G. R. Lyon, J. Rumsay, & N.
Krasnigor (Eds.), Developmental neuroimaging: Mapping
the development of brain and behavior (pp. 127-139). San
Diego, CA: Academic Press.

Wang, Y., & Chiew, V. (2010). On the cognitive process of
human problem solving. Cognitive Systems Research, 11(1),
81-92.

Wenke, D., & Frensch, P. A. (2003). Is success or failure at
solving complex problems related to intellectual ability? In
J. E. Davidson & R. J. Sternberg (Eds.), The psychology of
problem solving (pp. 87-126). Cambridge, UK: Cambridge
university press.

Westberg, K. L., Archambault, F. X., Jr., Dobyns, S. M., &
Salvin, T. J. (1993). An observational study of instructional
and curricular practices used with gifted and talented
students in regular classrooms. Storrs, CT: The National
Research Center on the Gifted and Talented: The University

of Connecticut (RM93104).

Whitaker, A. M., Bell, T. S., Houskamp, B. M., & O'Callaghan,
E. T. (2014). A neurodevelopmental approach to understan-
ding memory processes among intellectually gifted youth
with attention-deficit hyperactivity disorder. Applied
Neuropsychology: Child, 1-10. (in press).

Winner, E. (2000). The origins and ends of giftedness.
American Psychologist, 55(1), 159-169.

Zha, Z. X. (1984). A comparative study of the analogical
reasoning of 3 to 6-year-old supernormal and normal
children. Acta Psychologica Sinica, 16(4), 373-382.

[T 7. (1984). 3~6 B W 55 ILEIE UHERY LA TF
9%, DOPEEHR 16(4), 373-382.]

Zha, Z. X. (1990). A ten year study of the mental development
of supernormal children. Acta Psychologica Sinica, 22(2),
113-126.

[ET75. (1990). #BH ILFE LB HE. OB#R 22(2),
113-126.]

Zha, Z. X. (1994). Fifteen years of study on the psychology
and education of gifted children. Acta Psychologica Sinica,
26(4), 337-346.

(175 (1994). #H LE OIS HF I 1546, LR,
26(4), 337-346.]

Zhang, Q., Shi, J., Luo, Y., Zhao, D., & Yang, J. (2006).
Intelligence and information processing during a visual
search task in children: an event-related potential study.
Neuroreport, 17(7), 747-752.

Zhou, L., & Zha, Z. X. (1986). Research on selection of the
supernormal children for a special class at age 10. Acta
Psychologica Sinica, 18(4), 388-395.

MR, &TF. (1986). #BH JLIE LA H 7
TR RINFTE. B IR, 18(4), 388-395.]
Zook, N. A., Davalos, D. B., DeLosh, E. L., & Davis, H. P.
(2004). Working memory, inhibition, and fluid intelligence
as predictors of performance on Tower of Hanoi and

London tasks. Brain and Cognition, 56(3), 286-292.

Zou, Z. L., Shi, J., Yun, M., & Fang, P. (2003). Speed of
information processing (SIP) of 7 year old intellectually
supernormal and normal children. Acta Psychologica Sinica,
35(4), 527-534.

[ARELFS, MEdAR, 1M, J7F. (2003). 7 % IS ILE
BOfE BN TR, O /R, 35(4), 527-534.]

KT

The Developmental Differences of Problem Solving Ability between Intellectually-gifted
and Intellectually-average Children Aged from 11-14 Years Old

ZHANG Bo'; LI Jian"?; XU Chu'; LI Yiming'
(" School of Psychology, Beijing Normal University, Beijing 100875, China)

(* Beijing Key Lab of Applied Experimental Psychology, Beijing 100875, China)

Abstract

Problems are everywhere in daily life. The ability to solve problems helps human being survive natural

selection, characterizing us as an intellectual species. It is also closely related to various life outcomes. A

number of cross-sectional studies have demonstrated that intellectually-gifted children performed better than

their average cohorts in problem solving tasks. But most of these studies primarily focus on the cognitive
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dimension of problem solving. They did not suffice to draw a whole picture of human problem solving ability.
Moreover, few studies have explored the group differences from a developmental perspective, such as their
developmental patterns or developmental critical stage, which could contribute a lot to both theories and
educational practices.

The present study investigated the developmental differences of problem solving ability between
intellectually-gifted and intellectually-average children from cognitive, metacognitive and efficiency dimensions.
Both cross-sectional and longitudinal data were collected. The cross-sectional study included 131 intellectually-
gifted and 163 intellectually-average children aged from 11 tol4, and the longitudinal study included 32
intellectually-gifted and 38 intellectually-average children aging from 11 to 13. A redesigned Sokoban game was
used to measure the three dimensions of problem solving ability simultaneously. The number of successful
solutions was adopted as indicator of cognitive ability, ratio between planning time and total time as indicator of
metacognitive ability, and total moves as indicator of cognitive efficiency.

Results showed that the intellectually-gifted were significantly superior to their intellectually-average
cohorts in the three dimensions. Moreover, both cross-sectional and longitudinal data showed obvious
developmental cascade of the three dimensions. However, the development patterns differed between the two
groups. In the intellectually-gifted group, problem solving ability at the age of 13.73 and 12.46 was significantly
higher than that at the age of 11.12, but no significant difference was found between the 13.73 and 12.46. In the
intellectually-average group, however, problem solving ability at the age of 13.73 was significantly higher than
that of 11.12 and 12.46 years old, but no significant difference was found between the latter two. Further, both
cross-sectional and longitudinal data revealed remarkably higher score of the intellectually-gifted in earlier years
but smaller group difference at the age of 13.5.

The major finding of the present study was that problem solving ability of intellectually-gifted and
intellectually-average children followed different developmental patterns. The development of the intellectually-
gifted accelerated during age of 11~12.5 and slowed down during age of 12.5~14. In contrast, intellectually-
average children developed slowly during the age of 11~12.5 and accelerated during age of 12.5~14. Group
differences of problem solving ability diminished gradually as they grew older. Different development patterns
may be attributed to the synaptic pruning and myelination of neurons. This finding has important implications
for educational practice. In order to better cultivate intellectually-gifted children, educational professionals
should make full use of their advantages at earlier years and provide enriched educational environment to
develop their non-academic abilities, such as sociality, self-regulation skills.

Key words intellectually-gifted; problem solving ability; developmental pattern; Sokoban.



