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FUEERZEHASERERER AR (FEFREA > 2012a) > H RS B14: AR
RHIZFIFE (FEEFEE A - 2012b 5 Kuo, Liang, Tseng, & Gau, 2014 ) » FELIRIT B & B0 A
INRE AN HEME Ll — i AR 2R - BUEEEEIE R A EIMER S BIEEE I EHR (Leikin,
Waisman & Leikin, 2013 ) « &AM B HAE T VEREEN EIRTVE A » RIRRE S SRS 8w
RS o BUEBEE DANS K B Z R AR AE - BFEZEMAE - FUEEE - JFE - TrECEM AR
R RE ST (Berg, 2008; Davidson & Sternberg, 2003; Hoard, Geary, Byrd-Craven, & Nugent, 2008;
Leikin, Koichu, & Berman, 2009; Meyer, Salimpoor, Wu ,Geary, & Menon, 2010; Taub, Floyd, Keith, &
McGrew, 2008 ) - 3 FACRITEA AR » BEHAE 1B BERS L e B 7 B> Rk HAeSwB0EER - 0
B B EEIM R B FiBEGsE ] (Jung, Grazioplene, Caprihan, Chavez & Haier, 2010; Shore &
Kanevsky, 1993 )- [G]HF - (M B AR RIS E ] ~ S{TIHEE 05 8E )T ( Desco et al., 2011; Lee et al.,
2006; Singh & O’Boyle, 2004 ) » FHE S AL AT IREAE » WA EIERI0 R RS RER - £%
Bl H A=A RE (Geake & Hansen, 2005; O’Boyle et al., 2005 ) »

BRSBTS REBUEER RN E A (FEFZES A > 2012a 5 Kuo, Lin, & Wang, 2015 ) - TEE
MERS T TTAE SR T - B AR B B RS 1E 2B = 4 O G e S B TR AR 20 (R (I THEE

(parietal lobe ) ~ ZHEE (frontal lobe ) K AijFI#5[E] (anterior cingulate cortices ) ZEE I E A ATE(L

(Desco et al., 2011; O’Boyle et al., 2005; Prescott, Gavrilescu, Cunnington, O’Boyle & Egan, 2010;
Zhang, Gan, & Wang, 2015) - 55— 771 ° $EREMERSZ GRS INERS— 2S8R » BoEEE(EB TS
TEBIFLRET (basal ganglia) [ KB HKAS (corpus callosum ) KRS 'S B BB - BUR
I RIS EG PR 2 MARS T EFEA > LllEEREREE ] - HE MRS AR

(Navas-Sanchez et al., 2014 ) o [EIL 24 - IR EE{EFEEEATE (precuneus ) ~ #5iR[E] (fusiform
gyrus ) ~ FHLFifE] (precentral gyrus) ~ # FEAFE N[E] (superior and inferior temporal gyri ) AYKE %S
FETR S = A IR S — v aE (SPERESE A > 2012a) o FHIFLTTAN » B SEIE G R (B S (B b T 5y
TR SES R ERE N A BB HELH \AYZSIN MAE KRS 451 20 1B 4515( Navas-Sanchez
etal,2014) ~ [WEEE (FEFLE A > 2012a) -

A EER B A B BRI S HEE A IERYE (Leikin et al., 2013 ) » #8E IS EE ¥
BN G FE A 2615 15 M fE SR IE — 15 2 (Desco et al., 2011; Navas-Sanchez et al., 2014; O’Boyle
et al., 2005; Prescott et al., 2010; Zhang et al., 2015 ) » E({FEAHRIRIIC4E R AR REIMEIETE RIS ThEE LS
FATEE M R IERA (5 © /21 - W9 500 Al ol BASUER AR 1 R T BB STRR -

H5 o DIEERRE I B ARSIt A S E R - WS AR [E] A AR R RE B A [H] & 5
HIARRES A E AR - 2011 = - (ERSE B RIERRS » 35 1[0l (inferior frontal gyrus ) ~ EfR#% ( caudate
nucleus )~ %8 — THZE ~ B — THBE - /g[0](angular gyrus )( Ischebeck, Zamarian, Egger, Schocke, & Delazer,
2007 )~ e HrHeEi[E] s A RTEL A% RE_F [E]( superior temporal gyrus )~ £, F B34 5[] superior and middle
occipital gyri )& 5k By A #1275 (L Zhou et al., 2007 ) Btk 40 (RGO FHAE JT/REATHEE( Hanakawa,
Honda, Okada, Fukuyama, & Shibasaki, 2003 )~ 7= f4[=]( Grabner et al., 2007 )~ SEEEEAF EE( Schmithorst
& Brown, 2004 ) THEEARH 5 RERTENGT RS K ATEHEE DL R THEEAY 5528 (F ( Danker & Anderson,
2007 ) »

HHAI > B B RARR R RE 7 S B AHRE - THZEEL & HH 5% (Parieto-Frontal Integration Theory, P-FIT )
BRAf A S e R R AR o > ZHEE - THEE -~ Bl RS a2 EEFg A — &5
HIZ B /EMH (Jung & Haier, 2007 ) < B 05T/ HT (8 RS 7 0H B o5 S B R RS SEAE BSR4 - 2838
KHE P &I [E B 14 (Regional Homogeneity ) B AR ) 2 ELEARR » JLHAEEEMHTH T2 (inferior
parietal lobes ) ~ /& F55%[a] ( parahippocampal gyrus )~ # F[a] ~ {7 . (thalamus ) ~ %8 _F[5] ( superior
frontal gyrus, SFG )~ #4R[E] LA Kz 22 HITE | £ ( superior parietal lobe )( Wang, Song, Jiang, Zhang, & Yu,
2011) - EAh&EREMERS R G S8R I BLRASHT B &S ~ RefE R 7 B E S B B IEARRS (Lietal,
2009; Narr et al., 2007; Wilke, Sohn, Byars, & Holland, 2003 ) o 0 » AR/ NS ~ 22/ ~ FA{HIIRAE
FEBERZE (orbitofrontal cortex ) ~ fRIT ~ fI#5[A] (cingulate gyrus ) o REERTEEAY S 25 85 Bl 1) 23R
TFAH[E8 ( Frangou, Chitins, & Williams, 2004 ) FiZEIERY I E B FE /B 7 BEE 1EAHREE ( Reiss, Abrams,
Singer, Ross, & Denckla, 1996) = ZAf] » H RIS AHSEEREBLIE T7 2 BRI H SR SHAE IR —
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R AR B B A\ BRI (AR - MR O E e B RERET T - FHIt - e R
RESTEM S - RS4RI Mt G RilE A HEE— P -

BRI LSRR YRR AITRE - AR EIRE IR o] #5105 e — (B & @A & A AE R
Hpg - FEHGEER2S (diffusion tensor imaging, DTI) Al ARSAHAR /K0 FHUEEUBIE - feft
KT FEIERGIREE - IR R AR S MR B ey T2 7 R SERRE - [FIEE > Boa sk aide Bl E

(tractography ) 75 DL7EE 17 FH K RS 4 45 45 1 B 1 S A e “e AN 45 RE MR RS 52 45 (Achard, Salvador,
Whitcher, Suckling, & Bullmore, 2006; Gong et al., 2009; Hagmann et al., 2008; Sporns, Chialvo, Kaiser,
& Hilgetag, 2004; van den Heuvel, Stam, Boersma, & Hulshoff Pol, 2008 ) - EHI TR =G HTFCEE TR ([
B B e A R 2 B AR RS 0 e SRS (S fs 2R AR - BRI BLRHS WY Bk fop [F]
{230 % Fy1EAERE (Navas-Sanchez et al., 2014 ) - #T2K > WI5EE R AEIF G (Graph theory ) 47
B ARIBARHS & I8k AV IRH I R & m AR S B 4 R E o R e RS B 8 P AR 451

(Bullmore & Sporns, 2009; He, Chen, Gong, & Evans, 2009 )» \[ B #8 E£ 22 {585 ( clustering coefficient,
Cp) ARSI S (characteristic path length, Lp ) SEFRBEJE 145 Al BH H K 2% BB S 4
EE ARG R Jo B A 4 o SRR B D RHER R - FEIEREAS S @I i AE 15T - B En
& ABRET Hi R B HAE L ER BB P BT BT - REILF TR BaELETEL - N —FET R RE R Ay &I
Bl — BN BRI > R RE (5 - TERTE RHSAdREAERE - o] I3 Al M e gt K RS B A L ey
EIRAYE4ER% (Wu, Zhong, Chan, Chen, He, 2018; Wu, Zhong, Chen, 2016 ) - 14 Z8HF5% L s
R B LR A A P S = AHRA R MRS - ST LR ASH S R R R R 2R AR - B
BIMERA{E A RS i T &8 pE 4R /b > H I A - BUR ARSI I8 2 [ 09 2 4 s B ([ A
J1E2 ¥ 1EAHRES (van den Heuvel, Stam, Kahn, & Hulshoff Pol, 2009 ) » #E—-45 ' ZETE B [HTE 7 FEIHY
ST R ET > IR S S (Jung & Haier, 2007 ) FTiL -

e Lalce gk o mIE B RTARECEEE - BOEEE I PO TSR A E SRR

( Danker & Anderson, 2007; Hanakawa et al., 2003; van den Heuvel et al., 2009; Zhou et al., 2007 ) - £X
ifi > 295 o3 HIPRET BRI D RE B R RS S Iy 28 E 2 Bl % » 1 K0S 1 4 45 IS ) [RIHR R B
it = IERFE N E RIS A R S D o BRIL > AW S ERSTECEEE - BB 1B 4R aE
ZRABRE - E R ERE R A AT R B (B A B — R ATE RS RS aE R 2 22 B D M R S
BN RIS AR BB R EINE A o« B2 > i IR BT & (B 4H P — A AHE R IS 4giE
H B 2 R D RSB RS B S 2 B R o ik 0 SR TECEE BB ATER
RS AR SR B ST 2 AR RE RS LR KIS 4 Rs &SRS B T BB E AR [FI A 2 B2 (5] - 1R
RRIEIEE - AR E B RIS OB R S S E R A EN —RE > mEEIEBLRHS
B 4 AR AR RN — R AH A AT R [E]

AR

— RS2 HE

42 T HEEDREIE R IREE B E RS BIANTSE - HAEHR I 18 2 24 5% - Hrp - BEEE(E 21
fir > FFEe R 21.00 + 1.67 5% - B LR ~ 1 P RF A 48 SR T IBURT 2R SRAYER8E > 0B R (B PRk
E G —fREH 21 A R 2148 + 2.29 5% o AWTFTIERI WA S B E IR 22 R o WhEOR—f%
AHER A A R S i S B B (B IRV R R - AT E S ILRERE St MEZ B gFE
AETEIT - A 2 BB EERE TR 24 /NP B AR I E DB RS R - A AERRARRTE N B RIH
BAIBFREZ Z&TTA T -
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—“M%IA

(—) PURBAE RS =Rk (WAIS-1I1)
RN TR P SRR PR SREE ~ BROE (2002) FEEMAL - BT 16 £ 84 pRiY=ZHI
o AHEREFEE S CEREEEESR - 3 14 05 - SEEFREETE% - BE - Jilr - s)0EE
&~ k> BRAE - B RS (R ERAEREEE T - B - BPacEt - FEMEHERE - R
[ %~ FFotEil - YAIRCE - Kb 8- 8 /s WAECE R OISR - A ERITHT
FEE R 89 £ 98 IR 2 & 11 MAVERIEER 86 £ .97 o DIERINE A JTHEREEThR
(WAIS-R) ByiiEfELE > EHFSUE MY 86 & .94 « AHIEREE =8 E B R -« 55
P R RS R A DL R 20 - JHIRSF R4 90 28 120 738 -
(Z) Wisim
KIS BRI E B L BUE RE B8 LRI S T 0T - ZTOES R/EF T 3T
RS s - BT 32 BT AR IE - B IRYI I AR & (anterior commissure ) %
%@ (posterior commissure ) HYSFEIEL o BETRVIEISIRARL 64 {E-R HLARMEEURE 7 1) 2 SRR
s B — ([ fRRRUE B 2 2% 7248 (null image, b=0) > PR 192 5& T1 I = it a2 -
PEER S AT 2 855% 2 - TR = 8900 ms > TE = 94 ms > Number of Direction = 64 > b-value = 1000
s/mm? > matrix size = 96 x 96  FOV = 192 mm - slice number = 50 > thickness = 2 mm - spatial resolution
=2 x2x2mm’; Tl FFAES 3% E B TR = 2530 ms TE = 3.30 ms > FA = 7° > matrix size = 256 x 256
FOV =256 mm - slice number = 192  thickness = 1 mm > spatial resolution =1 x 1 x 1 mm?® -

11
H
3
Ho
#

AT R AR E R I e - BERBAGAT - EEEHTE R B LLRFENE A3
SBEFBNEEES © TR N - RS

B o W B AL TSR 14 (8385 - (FERFHLT 90 2 120 735 - 21T RfFsREER
& RSB ILING 5 oy - FRETEMER GEURBORE G IRIE - fRRsERF LY 20 538 -

M~ EREIEE DT

(=) LEEEST
W R S BE AR B IO NS S TH B - B - RESCR - RIAERAHAR - TEECE - iR
RS ~ (FSERTRS ~ BB ~ DR BRI R 2 ilaat  W DB IR tiRE 3 i Al 2 [ 22
oo
(Z) KIS BEMEREE ST
ERSZGEE RIS (KT ET G ERE - 0B - fEREIHT - Fatafr -
Hi o R ENATEREEFEERE © MR E R MIERE Y E &2 15: (Leemans & Jones,
2009) ; ST EBLIFTHES B EURIL L BAVRZE TR EER - FEEE TG P SRR 2 IRROR
& SRR 2 eigenvector )DL EFHBUE( eigenvalue ) WiEt B B 73 IR A PEFE7( fractional
anisotropy, FA ) - 11523 {8 F PANDA ( pipeline tool for diffusion MRI) ( Cui, Zhong, Xu, He, & Gong,
2013) HEITETA G ENNRIE R - HEkESE ] FMRIB (Functional Magnetic Resonance Imaging
of the Brain ) ~ Software Library (FSL) ( Smith et al., 2004 ) ~ Pipeline System for Octave and Matlab
(PSOM) (Bellec et al., 2012) ~ MRIcron (http://www.mccauslandcenter.sc.edu/mricro/mricron/) Jz
Diffusion Toolkit ( Wang, Benner, Sorensen, & Wedeen, 2007 ) ZEFHEH T & -
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S RIHZE(HH PANDA 2% AAL ( Automated Anatomical Labeling) KHSAERS » 2L
208 AAL KHS4EREE ( Tzourio-Mazoyer et al., 2002) » KEAHS 73 7 90 fElE@dE (A£4A5&F - HAE
FE/NE ) > SE SR B 7 L R A RE TR BB - AR E T RS B LIA%E (Gong et al., 2009; Wu et
al., 2016) > Sl T1 fifEsEGE B I ELR MR T =2 (L 7> MINT ( Montreal Neurological Institute ) 2%
> B SEENIEERY G ENSE T RS - &% & Ll BT SaAR IE
FIR A 2B BRI F G2 R E S B B G (atlas) 201« BRILZ AN - GEHEETEE > FEAYELRER
FH e A4 B B 02 (fiber assignment continuous tracking, FACT ) FEL&-{[E & 18 7 R Ay 4 4fe
WZABIE - HlETm s & BA HAS R B R A e A S FR (Y 45 ELUR AU SR 7 IR e
FEAEAR 0.2 > ERESE A =& LR EAHE B R R » Rl R AaRe EiBE 2 R AE
4R (Baietal, 2012) > {KFEEENT 90 x 90 FY T4 -

ATHTE R R R E s T R A NS AL 2 B R S A AE R DL R B g A e 0y /N FUB M - RS
RS BCRAERAELTE ¢ BER(REL (clustering coefficient) ~ fRFIESTC R (path length) ~ HEAE{LEE
{48 (normalized Cp, M) ~ (LR {E R E (normalized Lp, v) ~ /M5 &M (small-worldness, ()
[ (local efficiency ) ~ /5% (global efficiency ) « ANFFEER A LS AldE A EL B S HY AR
YR IELE S MTEUES GRETNA ( graph theoretical network analysis toolbox ) ( Wang et al., 2015 ) 434f7[#]
P ERiEl P RRELETE T =GR T

1. BEE &% (Clustering coefficient, Cp) Rafliddrs /5 H @I N BB A EREHISH > FordE
—EBL B ARG > FEAE G EEATA FTREME o BFSRR BRI a4 B EL P A AT ERG 2 ] B RS s B L
T REAV I KA B 2 LLE - TEAT » BER GRS - T AEE s (20 - 215 - #iiE)
P B MU AR - AT € =B Z;’(’T("’,‘(‘:a_‘ml"’;mj :

2. FHEpEERE (Characteristic path length, Lp) Fs4dis -h HEmREAYE S BIE S| S5—EEE 2 i
ERSER » KRR TR EI E R DLETE R E TR o Wi{EETR > 488 i/ D B E TR AT RS 47
Bl 5 PN BE R F RS AR o TEAWST > (EWAETRE 2 NV R R A - BB ER (40 ZHEETH
) WA EIMRNCRAE - B A R0 (= W (8 8L 2 R s E s R R 2 Fa1E -

1
L, —mzi,jev,uj'ii °

3. /NESREME (small-worldness, C) » /N 5E-&F Watts B Strogatz (1998) (s @ sl

AR T RL 2 P (F EL A B R R AR R DA R i FERF R A S > ART R L AR 2 By N SR ARG -

¥U%ﬁ%ﬁ5ﬁ§2\%§:%>l C By BEREEEREGE A FHEREBERERATEERE B Z L E

(Ses ) BRSO - R BT BRAERS SRR RS (R Z L (el )5

RFL 1 Hoy Tt 1VAVER » A CRERHY 1 B EA/IMEFEM: - H CRORAVAERS NS
PEATGR -

4. J5EseR (local efficiency, Ewe) REERGEMES 2L - BENE TR G eH BN
7 B B RS ARE R R RE - o LR 7T R T RRL ERE AT AT IR R AE TR T - T AR Y Ry B e Al

FoMRS T T EiE S EAREY Y - HatBE AR By, =ﬁziee Egos (GI) > Gi (RIS | ACEEAERIHY

KA > BEHAST R EIROY S SR AE -
5. ZFReE (global efficiency, Egon) Fy DAL EAE RS 0T Bk 01 £ 0E 2 FE Elacee - HAsTE
HEE R T A ETERRY SRR 2 M SE 198 A48 (Latora & Marchiori, 2001) > 5FE A K

1 1 S, N o
Eqgiop “NN-D) _I)ZR o BlEEEFo MR B SR e -

(=) &atoth
AWFZERAETTVUIHARE T o I bRaT B 8 - BTy ~ I BLRHE 1 s n A 1 R
M- B BRAVBIIEEAR T e i B S B B — AR iR B S I By B = 5 0 K
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R PRASEERT - AEPFRFIRAVEEIR - LEE B B B A A RIS SR 2 2 R
Dl 7y SO B (B — e N BRI S BRI i B S 1 D 2 2] - BheE - eRbAR A IEE
Mo R RSB — el - R E I BB R AR SO 2 B R A BB & (8
HER B S H A TICH » EB EeR R - RUMRERMESREN - s s ki
WPEILARA T e E MR RIHBEAE R T 0 B ERE - FF LU RS - R EOREE
TRTAHAE R RS AR 2 FE AR 2 5 - FELE AR B AE ) SRS S s 2 RRl R - itk » 0 S 30
HSHE - DR BIERIEIH > oMEERER - (ERER -~ SESCEmM 7 h BLR SR T 2
FERARE - H LU ) LR R S R Rl e R DA R AR R A= 22

&R

— BIEEEHNE—RETEERRFRCER

FA4H S BB B0 RO TS & (I [ B A2 SR A SRR 1 Fos « 45545 > WisH2 8l
FEEREE 725t (40) =-0.77 > p = 447 » d = -0.24] - FEHI| - HEREELAAERECHE (1=3.09 »
p=.004>d=098)- HIE4H4%(t=3.40>p=.002-d=1.08) T{EECfE(t=3.91>p<.001-d=1.24)~
FEEHE (t=236°p=.023>d=0.75) ~ sEC&% (1=5.73 > p<.001 > d=1.81) {EEEE (t=
3.02:p=.004-d=095) 2ERER (1=550p<.001-d=1.74) FELLEEHZEN—MREE
HAp DIEE AR RN » RREREERZ « /7 R JTH » AIPITAFRCIRAVER R - 5158
HERR T o RGP R B B AR R SRR -

x 1 BIFERURFIEAEFRERENABESIZEESTHER

HIREE (N=21) WEEH (N=21) ,
Mean SD Mean SD t P Cohen’s d

Fi 21.00 1.67 21.48 2.29 -0.77 447 -0.24
SESC IR 126.71 6.17 119.90 8.00 3.09 .004 0.98
HIZLH S 124.43 10.29 113.33 10.84 3.40 .002 1.08
TAEsCE 122.62 10.32 110.76 9.28 391  <.001 1.24
J5E T S FEE 120.67 11.11 110.86 15.42 2.36 023 0.75
SESLETE 129.14 6.51 117.29 6.89 573 <.001 1.81
TR 123.90 9.55 114.24 11.15 3.02 .004 0.95
EEFRERE 129.00 6.78 117.14 7.19 550  <.001 1.74

BB AT R B A E SR E R

S o A PR 5 (B 4H B — AR 4E A FE A A PR a8 1R R S B R IS S 2 T - Bt
FERSREES B B S e AR T ] AEPEPR A BRSO S B IR (R E(F (10 41)=10.79
p<.001- 7%=022]  FEFEBERF (1> 41) =629 p=.02> n°=0.14] - FEELERAEIF

(1:41)=436>p=.04> %2=0.10] ~ fEE(LRREEEF (1>41) =551 p=.02> n2=0.12]%
HE N4 BURBEE S B RIS 0V EES - 125 BT @A R A SRR EESCR - B1E85
165 85 7 TGS (i AR B TR AR AR - FLEE SR AR iRl - &R0k 2 Foms -

S I3 BT TR 4H 2 BB AE 90 EETEE AAL RHGHERS 5 EiBGHVRE R B 252 -
SR AN B0 B (B AR (R S AR (10 41) =8.89 > p=.005 »
n?=0.19] » BUREEE EAH /R RTERBE SRR RS R I 2 A Ry B - S5 IRANME 1 TR -
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2 HIESEH—WEEXEEERERBM ZELGET R XSO INER
FOHEE (N=21) LamsH (N=21) F 0 n?
Mean SD adj. M Mean SD adj. M
SRR AR 041  0.02 0.42 040  0.01 0.40 10.79 .002 0.22
SRR REE 199 0.08 1.99 1.96  0.05 1.96 1.25 270 0.03
S EERRR 0.58  0.02 0.58 0.57 0.1 0.57 6.29 016 0.14
2R 032  0.01 0.32 033  0.01 0.33 152 225 0.04
FEAEALEE R (R 386  0.30 3.86 3.69 0.8 3.70 436 043 0.10
LIRS 0.95  0.02 0.95 094  0.01 0.94 5.51 024 0.12
/N T 326 020 3.25 3.16  0.15 3.17 2.54 119 0.06
mEABETEER LR WhBRHZBETMEE R LR
L.SFG L.SOG
0.7 07
3822 3312
$03 § 203 &
200 R \
ol N o RN

Bl | HEEEE-WEEHMERRRCERSINER

= EhEHBEEEAR —REERBRE YRS MER AR ZER

B TP IR AR B AR B ARSAERRHAS 2 B (> BRI ARIbIsE2 B piE s O AR
EHHEEE (B4 (FIQ = 122.70 > VIQ = 124.10 > PIQ = 117.00) #1—f&4H (FIQ = 122.40 > VIQ =
123.20 > PIQ = 117.50) % 10 A - G FEITEEA t e HECRIIAHAE R T B IR 2 3 (ts <

0.38 > ps>.705 > ds<0.18) -

WS [EIBE o3 A PR D BC A S (B AH B — AL A R G A P o 1 e S BRI 2 2
FUEID - RSEAE ARG M 2 I A et S etk 3 - GEERIGH BB e PR R BIIF
(1:19)=1029>p=.005" 2=037| - FHEHERRF (1-19) =4.92>p=.04> n2=022]8
HEP A > BURERTIHEEIRE - SO IR AR B (B A AR AN R Bl 1 S S R B

R —H2H -
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FERIESATBE AR ETH - {£4E/=0IkE 5] (superior occipital gyrus, SOG) » B EAHAEL
FERIF (10 19) =16.11 - p=.001 > »=0.49) » BURECHEE AV BEL & BAHE— A2 HIRL
eI BT A RS A i B L - FEAIE 1 AT

R3 EHEHNBEEEE EEAEOEREBBE LR EER

FOEEE (N=10) EmsH (N=10) F 0 "
Mean SD adj. M Mean SD adj. M

SRR A 0.42 0.02 0.42 0.40 0.01 040 1029 .005 0.38
PR EE 197 0.07 1.97 1.96 0.06 1.96 031 587  0.02
SEH R 0.58 0.02 0.58 0.57 0.01 0.57 492 040 022
ENEEVES 0.32 0.01 0.32 0.33 0.01 0.33 0.65 431 0.04
[ wis s EE S 3.82 0.30 3.82 3.69 0.23 3.69 1.02 328  0.06
LR RS 0.94 0.02 0.94 0.94 0.01 0.94 124 281  0.07
/N TR 3.23 0.22 3.23 3.15 0.19 3.15 070 415  0.04

m ~ BB R K BB A R 2 AR

By 1 B RSO (R AH B — A R ) LR S A RS A SR AR R BB AR E > THoeE 7 51
SAEWMERESHEESE N BMEKRKSEEEE BB - 2R TR E LD
Kolmogorov-Smirnov fiE & EFRERE ~ sE M ~ (FEEREEE AEBROI » SREREEEE
Pl —REN S ERERE - B - FREEEE AERETE (Kolmogorov-Smirnov’s Zs
=.89-.59~50~.71~.55~.62>ps=.40~ .88~ .96~ .71 ~ .55~ .62) - & 4 EW4HSHLEIIETI5y
BBURHS4aRs B I 2 DRSS R Rl R h BT > RO E BN - RIS B aEaEE
DU & BB EAE A R B RN ~ SESER ~ EER R B AR B AR A% PR
PR RS BUEREER (r=-50>p=.01) R2EREH (r=-50>p=.01) HEMHEH  &HARHE
TEZEE (r=45>p=.02) REEREM (r=.42>p=.03) RIEAHER - EEIREGESERE T
18 — A H A B P AT RS R AR - Ho > 2 ERREEGHIEE FE] (r=.68>p=.001) -
FiZE 9 [F] ( middle frontal gyrus ) (r=.59>p=.007 )~ F1527%[A] ( Postcentral Gyrus )(r=.60p =.006)
FAEMITHE BIE (r=.60 > p=.005) BYAEEERCR R IEAERA 5B SR BLA HIEE F[E] (r=.57 > p=.009)
FyTEAHRE  (F2E PGB /CMIRTER T 1E] (inferior prefrontal gyrus) (r=.59 » p=.006) DUk A5 {Hl# E
B (r=.69 > p=.001) EILIEMRE - HEERWOFE S5 s -

x4 BEEEME-EEOERBEMEENZHBASTRHESR (N=42)

BB VEZERTRS EEREE
BOEEEL (N=21)
SEHREE A 16 (.25) 01 (48) 23 (.17)
SRR ERE -12 (31) 15 (.26) 05 (.42)
SEH R R 17 (23) 1 (34) 26 (.14)
N ES .09 (35) 05 (42) 09 (35)
—f%&H (N=21)
SEHREE A =22 (17) 05 (42) -16 (.26)
SRR EERE -23 (.16) -50 (.01) -50 (.01)
SEH R R 02 (47) A1 (32) .08 (.38)
N e 18 (22) 45 (.02) 42 (.03)

it ¢ ERIEIE AR RSN A pE
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x5 —METECERREERNEREEHZERS T (N=21)

&5 AAL Label X Y z r p

R

y &y il ORBsup.R 18.49 48.1 -14.02 68 .001

FRIER ORBmid.R 33.18 52.59 -10.73 .59 .007

g il eeBeast L] PoCG.R 41.43 -25.49 52.55 .60 .006

FERTE R SPG.L -23.45 -59.56 58.96 .60 .005
{EZEHPS

ZERIFTER 1] IFGoperc.L -48.43 12.73 19.02 .59 .005

A RIFA L (e STGR 58.15 -21.78 6.8 69 .001
B

Ao R b (e ORBsup.R 18.49 48.1 -14.02 57 .009

B

AT E DA E w43 B AR O B 4R S B B (B 2 Bl > WAL S B A
NTER SRS IO I 2 2252 - DAROT T AR A BV TR RS AR o it i 1 2 AE R - FE LA
FORE B ANSGERS - 45588 SOl B BT TSR & o0 lbs s B B S — g > 6D
TAFsC BRI A A K - (ERMSHERS ST S & ISR E B IR R - F
)RR L R E R R B R A B RS B S — M MRS ISR - 8o
BB IR R AR R BB S, - BN AR NS & Sl s iy A 4 R AR B B R
HEVRE - S5—I7H » SR8 E B e — RS T BUR RS 4SS4SR0 MRS R
— R R T SR RS A B e S A A R A (EAHRE o (HECHE B AR > BURECEEERNSE
P 1 LA i A 5

B B TR AR B S B — RS W E A EEN AR - ML 4TE
BICE SRR & 8 SR BEEEEEEE TSN EERTH - FEER - B EE S
—REE - B A S B ST 120 77 (BREEEE - BLME » 2002) » BURECE S (B4HAHE
WEEMERNE - S5—H - MEARHE R RESBIENEEE ) - (HHEARRRE TR
HERFIRE > OB R TIEsC BB i B HY R B B B —AAH & SURKPT I ( Desco
etal., 2011; Jung et al., 2010; Lee et al., 2006; Singh & O’Boyle, 2004; Shore & Kanevsky, 1993 ) - #[H:
TEREEE S B AR A R AE B B —MeeH -

BT BRI S » PP Wi S BB RS O B4 @ M ERE R - iR
KHSEEREAE A% S e Gt 7 SH BB ST R - SER RSB 2 REAYAE B s v 10 Ry — {8l Bh 4R <e 4Ry
4gp% (Sporns et al., 2004; Gong et al., 2009)  FAFFE R B2 38 5 55 B 0B 406 25 B B 245 30
%% (Bullmore & Sporns, 2009; He et al., 2009 ) » 455 2 FLEE EHBAHF ITRERGE - BiReE K
LR GHO R AR RES SN — KA - H o HRGEEEEHRCRE S Ml F—a
EREL LR 6 BL > R G AEEE R RS > BRI DAZR A i o S0 e 25 B A B (FR A% - S54h o
BRI R Al 5T 4ERs e —EiRE 2 S5 — (e R T4 R/ VEREE RV E - BBy ETRG R D RorEs &
2 A A AA 2% (Sporns et al., 2004) « FHELATA] - FEHEEAAE RISAMErE4ERSIVEZATE
R R ER AN A A A R » 125 T E S I B BR Y AT A S DA ROt (B R AR UR, © $208E
BAFTHE—25 A KR4S 90 {E[ERE ( Tzourio-Mazoyer et al., 2002 ) & 1A EEEE (53 ARG AEHE—{1&]
KR4S GRS A A B S « (AT BoE R B A R GEBEE SR —
fEAH - SR ECE R BAHAY/CHIEE b o AR B Y S AR S R

A (AIEE E (O (A 1 =B R i f R B SR A (0, - RIS THEREE S B - RUSH L0 R 3
AN AEIRHE (R %E A > 2012a ; Jung & Haier, 2007) DUREST{AITEREE SN - &5 =0
PRHIZEE - FRAN > ZH L [0 R KIS TRR 44 (default mode network, DMN ) 1y 3= Z2£iEL ( Mazoyer
et al., 2001; Raichle et al., 2001 ) » 5% 4% & 6iEG =~ AV EIN 0 R BB RS A TERX A S B E EAH
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[ BB A 0 T R R R E Sk B LA AT S A 2 D S A T - 2RI R i o g e
HE B AT 2 2L > FPIERR AT ARG RS 2 (SRR BE R (i 2 5 - GRS
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B L 5 T Rl SO A T (R A AT - AT (S (P e B A B B e P B T REL P R Y 22 P 55
afl e

T > BRI R (B AR A YR ) U AR IR M AR o S5 IR g
MHAVIFREET - S EREN TP R RE 2 A - [EBE AT SIAEE (van den
Heuvel et al., 2009) » EFRER AN AG AR ARSI A O R L B SR TTVBRE © [FIF > —fig
SHAVEREE ~ THEE B I BB SR N B g Ry IEAHRR - P S THEREE SR AT (Jung & Haier,
2007) » 2RI > AT E DIBEEEHE BRA - FRETEEE R B I BUASRER &5 T Z B - A
ST R AR - TR (B AR R4 s S R 1 L T T RE S ELRE IR (- HERR
HIFR > FER B B E F A = A ) S B R W AERFE (Leikin etal,, 2013) - BEHAETTHLAERS
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Recent studies have highlighted that people with mathematical and scientific talents develop a different brain structure from
those with typical development. However, most of these studies have focused on the relationship between cognitive functions
of the brain and the operation of a single area of the brain. This study explores the connections among the network structures
with relation to mathematical and scientific talents, intelligence, and white matter. The study recruited 42 men with normal
nerve functions. The experimental group comprised 21 participants with mathematical and scientific talents and an age of
21.00 £ 1.67 years; the control group comprised 21 participants with typical developmental and an age of 21.48 + 2.29 years.
The mathematical and scientific talent and typical developmental groups consisted of 21 people each. The researchers
adopted the third version of the Wechsler Adult Intelligence Test to evaluate individual intelligence, conduct diffusion tensor
imaging of participants, and construct a network of white matter to analyze the overall network attributes and nodal
efficiencies using graph theory. The results show that the communication efficiency among the nodes inside the local region
is relatively better in people with mathematical and scientific talents, particularly the in the superior prefrontal gyrus.
Moreover, when intelligence was equal between the two groups, the mathematical and scientific talent group outperformed
the other in terms of node efficiency in local regions and the clustering coefficient in the superior occipital gyrus. The

relationship between the topological properties and the intelligence of the mathematical and scientific talent group and the
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typical developmental group showed that only the intelligence of the typical developmental group was positively connected
with integrated efficiency across several regions of the brain; however, no direct correlation was shown in the mathematical
and scientific talents group. The results not only provided empirical evidence for the disparity in white matter structure
between mathematical and scientific talent and typical development groups but also distinguished mathematical and scientific
talents, mathematical ability, and intelligence based on the topological network of the brain, which can be used in future

assessments for people with mathematical and scientific talents.

KEY WORDS: Diffusion tensor imaging, Graph theory, Intelligence, Mathematical and
scientific talents



