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MUVERLRF] B, t,(15)= —4.18, p;<0.01, t,(59)= —5.69,
p<0.001; 7EEFEMIKEL L, t1(15)=-2.30, p;<0.05,
t,(59)= —-3.39, p,<0.01. ZLRFIFERY], S5 E %
B S AEAR L, A1) 25 A% 25T X B 352 7 A T K Y
T4

) AR=: EE&HMAEZEEZH TR

TEER =R A B v, X IE H JE S A AR S )
B 25 A% S5 A N PRl e T LA .

i 3o e sl o0 4] 7 e e
Wit por] s M T [Hx kE

#5 ETRFHFIRBE=HEZETIRMEREREA: ms)

X1t T UCTE A A ] BN T AL [ HEAL A ] SR B [ R R R
EH 284(41) 284(43) 375(82) 569(142) 1.3(0.1) 2.0(0.5)
i) [E] 75 A% 275(42) 276(45) 327(51) 457(134) 1.2(0.1) 1.7(0.4)
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P =) s N 1 R R o N 1 I S o S G
FR] [8] 25 4 S5 R SN FEAE Bl 25 25 5, 1,(15)=1.10,
p:>0.05, t,(59)=1.29, p,>0.05; t;(15)=0.94, p;>0.05;
t,(59)=0.54, p,>0.05,

TE A WL [R]FN T AR Bde bs L, PR 251
PIfFfE 22 5 . IEH o2 Mg A5 L inl () 25 4% 25 44
T R R E R A 1) RN 2 R E R . B,
TEBEILAT ] |, t,(15)=3.26, p1<0.01, t,(59)=4.07, p,<
0.001; 7£ & 7 #0ka) -, t(15)=6.63, p;<0.001,

Fo Al W@ o W M
AT LGE it el [

t,(59)=5.68, P,<0.001; 7E55— ik [l S AL L, t,(15)=
4.31, p;<0.01, 1,(59)=3.32, p,<0.01; 7EEIFHREL I,
t,(15)=5.44, p;<0.001, t,(59)=4.53, p,<0.001 . jx L2k
F IR [l A ZS A% AT BT AR E AR XA R
(4) ARAM: FEFIEMEFSIKEETHFE
TESS PUFP =R oM vh, X 2 0] 25 4 5 R ) 45 %
AT B DCF AT HOER o B I % 58 5 ) 28
K& SEAPAR L, AR ) 28 48 25 AF R X BN DUS (9 in T
AT R THAEH . Filn:

& M % T M OB % K
%7 E R,

Jr 45 R WL 6.
#* 6 FHREKMERSHEEHTERERLERERA: ms)

AT U AL ] BT A I ] VR AR s ] SATERURFE] B B A ST
T A5 HE 229(37) 234(40) 254(45) 301(77) 1.1(0.1) 1.3(0.2)
ARz k% 236(44) 237(44) 253(47) 335(83) 1.1(0.1) 1.4(0.3)
SRR, FEETEALET R b, R R S A S 31 #Wik

FR TR AN, B EPE ik 5k 2
W3, W H SR 4(15)=-1.85, p;=0.09,
to(47)= —1.24, p,>0.05.,

EHABFT A bR L, —EAFERELER, p>
0.05.

BZ, RTINS R IR R, AR A A A%
AR AR B O P AR TR o AR X TR T
25 K R ] 25 A% N A TR U HEAT LB, 25 R BR T 1E
TN T A AR (7 U AR ) RS v e ] ) 1 9
AR _FR 250, MR E# L BT 15 )
25 ST R A R I B T L TR R X R
B 1) 1] 25 A% A5 PR FE— R AR B L REAR (IR, (&S
G BRSNS RO E, X WF ST R )T
5] 152 Fsf () 0 A e A R B 22 57 o PRRR A3 AT =K1
SEALERW, SR ] 25 M SR A AR e S B b X i
R IFA A, HIZ SR I B R 37 A T4,
T2 5 FRATT AR Y I o2 48 S — 2 5 I 52 o
3 S

R T HE— 2 HE R S5 — v AN TR s A 2 B AR
T AS IR B A ) 22 5 X S AR 45 SR A R, SR
KRR EARCVE T AR R A A, AR 4%
4T ) 19 23 0] 43 A 2 — 30 .

K ORI 24 @ /N 20 45 — AR 2E
BN T 528G . AFEIRAE 8~9 ¥ . RRIEMINTLE, M
TS IEA T o RIRE, AT TR AN 1% S 5 Y
HiY.

3.2 #RFIZIT

POBFRIRE T 5 5280 — AR [R], AS[R] 2 A4b 7E 25 1)
FRERGN ., S TR K AR, A DR S
I8 SCA (IE 7 45 40); K & hm it B — A7 (F
M), R S bmic B —A 18 () 25 0F); (K 4%
FRICAS [R) A9 7= LATE il Al 1) (A 1 45 4)

SEHG AR L 7

FTT OKIGRLEEA
(1) EFE&H
FATAT LATE o Ik R TR E R KR
(2) F&M
FATTAT LATE o R R4 T E R OKER
(3) &Mt
FATT AT LATE 3o R R TR R KR

(4) AR AT
FAT AT LAE 3o F L P 2% T A [ R R

3.3 UEFERF
) S 56— .



166 N BL

I 2%

34 H#R

20 WA D) e A A TP A S E B R 91%,
2 BB A B R O A T S ) ARE SIS —
MIFRAE, XTICR H BT B, S0 BRI b S B
1 5.2%.
341 RASMH WTER N FEEHNZRIE
S — Y 458 S A PR A [RE 0 A B A [R] i AF E
25, FIHAEIZ S FRAT R A SR, SR
) EARSE bR [ S g0 —. 45 ILE 8.

Hg—[n, @MW EN T 22500, 4R
7N, FEPRRERLIE] . PR BEER RS . TR Bk
BORUBE R b, AREDKEbRic 2 A N A
e 255, Fs <177,

e FTALAR B K b, SRSk A 3 A5 A B ik
SrFreRis L 4 W, Fy (3,57)=2.52, p;=0.067.
Tukey’ HSD #8028, AE1 45145 T AL HR Bk vk £
i Z T4 (p1<0.05)  ZF IEH# 4514 (p,=0.091)
HF 554 (p1=0.098) o HoAth = Fh 2510 F ANAEAE 3
#5%(p1>0.05).

TE BB ) F BRI ) b, SEEAR A () F2 800 7E
Pk b B2, Fy (3,57)=3.73, p1<0.05, 7EIH
I3HTHR, Fy (3,177)=1.63, p,=0.18. Tukey’ HSD &%
FH, AR R RV T R R R, SRR AR
TFE5RE3, pe> 0.05, AR AAF T R )7 B s
B, IF B E K T (p< 0.01) . KFIEH
254 (ps<0.07) FN 7 2511 (ps<0.06)

&8 AREIRFIRICEMFMH T BYEMRERFFFE

R S il
E A FHRM ) % A1) %
SEH 7 AR 8] (ms) 306(53) 305(49) 304(48) 311(46)
- 349 HR Bk S () 2.4(0.9) 2.3(0.9) 2.3(0.8) 2.3(0.9)
BE] 33/ € 9.5(2.8) 9.7(2.6) 9.5(2.3) 9.6(2.6)
SRR 18.1(5.8) 18.1(5.2) 17.6(5.0) 18.8(6.3)
[ 300 HR Bk v 4.1(1.8) 4.1(1.7) 3.9(1.9) 4.5(2.1)
S ) F B B fi] (ms) 6396(2630) 6472(2497) 6153(2148) 6850(2709)
MEERAT LR Y, 55—, FHEmnr e B .

[ | V- BT HR R g DA A% 1 iy MR Bk U 8045 /) ) 2 )
OMAA R, AEIZSg T, PR BT S KR 25 1]
ORI —E, B IR LA R be b A KB 22
5o ABAE B A )1 B B 1] _EARAS T 5 Sede — 2
MZER, B0 5 IR0 6 F B W 25, R
TEPIRZRAE B B — R 5, AR A0 T P 3
BRI E] o TREE R BA A 23 045 B A A
)M AR 22 5, MTITHRAIE 1 5530 — B 45 2R

4 =

g — 16 44 B e R 2 A% R B
PEN BB R T R R AT 08, R BLP—
B I 3R E] 2 A% IO, RITE ) ) 25 % 25 A0 T Y
A5 B N ) SR 2 TR R R TS M AR, TS —
BORTEX IR SR F T B g 25 5 . JATHEN,
I5e] 15245 B fe EAE B[] 225 4 000 mT R 18119 4R T
Xf T B AR e R BOR UL, th T B2 e R
SR B R 2256, BT LAAE B 135 ] 18] 25 A% R 2R SCA
F AT B ) (B 2 RS A0 TR T ) 3 R AR
AR 75, 3w (] 2 R B B RE A EAAT] B 3R] IR

S = DN ARG R B R R R, IR
Tof ) 5 4 8 7E T[] 25 A Bl i P AR o
41 ik

B, 1R R 2= W E /N = AR S
VX = A 2 (L DU A BIE) 2% AR 1 ) 132 47 e AT A
FE A — BE b 36 e 35 2 B e 1) A 2 A e 22
A, 640 #2482 55080 SRR R )52
e, A4 RS T RN E R A IR st
ANFLIN G R, AR RMER . S, SnEi Y
AL 36 4 ARG EAd  Hodh, BERERE S Y
A 20 N, DS RRARA AR 16 A, ks
AR TE 8~10 % BRBEXHDGE, M8 EA
FIIEH o ABATHRAS FIE I SL 56 0 H 1

SRIG, A A PR S SO AR 5 i 4 it
73, XA 0B SOR ST t K. 258
FEH, DR AR R 0 2 AR A P R SO R 5 3 Al
25t (M=93.1) It 2 15 T ) 32 4 i 22 19 2+ 4 (M=79.8),
t(34)=8.6, p<0.001,
4.2 MREIFIET

PR F] S 55— .
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Wit hy 20 e RE: . AR x4(Pu A s i S
S IEE TS . FRAS K L RS A% AR S
FeRA LI, H, Bl e aling K=,
R RIS AN
43 LEHBFIEMF
4.4 R

36 44 WA 7 e S LA A ) LR A Rl 91%,
e e 24 B A w0 93%, R 24 REAI
RIRE I IE AR N 89%, TN ZH #l i 7E PRAF IE AR AN
FETE 3525 5 1(34)=1.52, p>0.05, i% B T A i
INEL R IR T SR

MG SL 90— A bR, XTICR0 H 47 518%, S

BB 5 SR Y 6.6%.

AN TR B 52 B B 2 AR AE AN TR 25 b S B 25 R 1Y
SRR SRR LR 9.

S E M0 7 225007, S5 AR,

(1) V353 s [

Bl 52 H BB Y AU B3, F (1, 34) =5.44, p<
0.05. HAKNy, 5z AR id il Al b, Bl e
FIE 15 A B 3P X8 T A () T

A% PSR R EROW 2, F (3, 102) =77.15,
p<0.001, Tukey’ HSD Kyi3RHH, 4545505
— AR o BPEEP AR SR 0 SF- 34 1 AR ] 2 7 7
FEER, p< 0.01, Hrr, IEH LS N HTE
TR A, I 35 T At =P 55 1

R9 TRAEKEFEETRAZRENFH TS ARRINEFE

23R S B4
W ST Il i : : T :
IEH TEZS HE I 25 ) ] 2 4 iRz 4%
] 286(38 245(29 260(34 270(42
A5 B (ms) H (38) (29) (34) (42)
{iis 320(37) 267(34) 286(37) 297(36)
= 2.2(0.6 3.6(0.9 3.3(0.8 2.7(0.6
S B B 5 () " ©-6) ©9) (©8) (0.8)
fi% 2.0(0.5) 3.2(0.7) 2.8(0.5) 2.5(0.6)
& 7.2(1.4 10.9(2.3 9.3(1.7 10.3(1.9
o R B B " (14) 23) .7) (1)
{lis 8.5(3.2) 12.8(3.6) 10.7 (3.6) 12.0(3.9)
& 3.0(1.1 3.7(1.0 3.5(1.0 3.7(1.0
I R B “ - (9 (1.0) (9
% 3.1(1.4) 3.9(1.7) 3.6(1.8) 4.3(1.5)
] 14.0(3.4 16.9(3.4 15.2(3.2 16.9(2.9
BV " 34 S G2 9
% 17.5 (6.1) 20.6(6.7) 18.2(6.2) 21.5(6.1)
= 4614(1315 4939(1290 4664(1155 5348(1332
80 6T B D (s H (1315) (1290) (1155) (1332)
{liS 6413(2349) 6425(2096) 6086(2037) 7469(2232)

[5e] 152 4% e 5 25 A% St IR R 0 22 FLAVE AN W 3,
F (3, 102) =1.30, p>0.05.

(2) V-4 HR Bk iE By

Be) B2 HE RE Y RN AN B, F (1, 34)=2.20, p>
0.05.

25K SIS TR0 B, F (3, 102)= 170.90,
p<0.001,

e] 152 4% BB 5 25 A% 5 AR R Y 28 AR T W
F (3, 102) =4.34, p<0.01. &N BT R, XF T
Ie) 152 i s 1 A ] S R I O U, FE B
PR F T B9 B IR PR IR B M 7E e 2 25 5, pe<
0.05, FLJR 78X [H) 25 g 45 14 5 1) ] 25 4 S5 AR DA I
1) ] 25 4 2 A5 AR 1) 28 4 2 AR AT LU BRI, D 134
e MR B BT Ry 25 57 o H AR i 4 ] 51

I o

(3) 1] AT HR Bk vk Bk

Be 2 e ERNGEEI G B E, F (1, 34)=
3.28, p<0.08. H.AAhy, [ 524 A ey 04 4l Y 1) iy AR
B UEC F B B AR Bl

2R RIS BN B3, F (3, 102) =
107.43, p<0.001, Tukey’ HSD 3 HH, 45 Wi fh 4%
PFF B 1) i IR Bk B A A 1l 3 25 5%, pe< 0.0, &5
ST IR [F] S —

Be) 5247 g 5 A A% S I AR 22 BLAE AN B 3
F (3, 102) =0.81, p>0.05.

(4) BTEMREL

Be) 52 B A E RO W3, F (1, 34)=5.67, p<
0.05. HLAAH Fel iS4 ft i A9 B s i s v A 8t 3
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2 Eibd 42 3%

D ) e BEAR A B
25 M5 B A ) B AUV .3, F (3, 102)=39.65,
p<0.001. Tukey’ HSD Fu553&HH, %545k ] sL5:

5e) 152 4% B 5 25 A% S I A5 R 1 38 VR AN | 3
F (3, 102)=1.46, p>0.05.

(5) [l 49 AR Bk vk

e) 152 4 BB 1Y = RN R 3
p>0.05,

2% I SRR ROV 2, F (3, 102)=15.95,
p<0.001. Tukey’ HSD kuiizRHH, 254 54R1H)
TR —

e e B e 5 A A% 2 BLAR I 2 BAE A i 2
F (3, 102)= 1.22, p>0.05.

(6) 4 (1)) = 5] S i (1]

Be) 152 4% BE 0 R RN W, F (1, 34)=9.29,
p<0.01. HAA Ay (5 132 i v A0 i B A ) - [ 132 s
i) dnd =5 T ] 2 R AR AR ik

2% ISR R EROW 2, F (3, 102)=25.73,
p<0.001,

e) 132 47 BE 5 25 A% 5 AR MR Y 32 B A W
F (3, 102)=3.13, p<0.05. f&jHALN 43T, X+
8] 2 e e 0 B R e, FE R A ] 2 s ]
W RS kRS IEW B AN ES AR E,
p>0.05, “F 724 FIAR IR ZS 4% S5 i K T IE® C
23K S5, Pe<0.05, il ] 23 A% A5 k2 0 T ] 25
K& AR R 25 48 25, pe<0.05, AETRAIZS AR 45 i K
T 25 M 45 F, p<0.05. X T e % e A% A9 ik
Hevh, FEZAGAR L, TIE] 2348 ST B 132 A ] dee
HEIEFILEM ., FHZEEFETHNES AL E,
Ps>0.05, A1) 725 4 S5 44 I [ 132 i i) i 2K T 1E G
MG L TR A A R [R] 23 4% 2 (L 1)

F (1, 34)=0.48,

7500
% 7000 -
= 6500}
% | —— [ RENY
= 00 —a— BSEALREA
E 5500 |
2 5000 ‘/’f/,,QMHHMEH‘///,//’
4500 - - : ,
IEH T i ji1] {15
%At i B L
AT ZE A S B 2
Bl 1 A BERS R R TE AR A% AT B4

5] B2 I ]

MESEE = SR AT LA Y, BR TP 3 IR BEEE
Al AR B BOX P58, BRE HAR IR s b
AR I B 1 RE B ARV o BB 4 RE AR A4 B
AT R A PR AR AR SR, JCie
I 1324 R i A4 B 2 D) B REAR A ik, Al
REUARHR EA R T —Biad, BA B H
YRR AEB A AT B B ] B4 S8 AR, JF R
PR H ) 32 4 REAIRAY 2 A= TR U0 23 2501 B 3% LU E
AR T AR 22 5, (E AR 250 X el 132 4
REAR RG22 A 7 R R 01

5 i

5.1 AT *HZFE A F R AR 0

AR FE G 1) VI o3 K 490 2 2 DU ) ) 2
S, BRAR Ak 3N 32 1 ORI I 27 o TR s
W/heE— | ARG R sl LR R L3 . (R Tl
AT RN S AN A] - SE RE 0 A PR, B e Ak 4
il 55 R B A B . IR, AR SR R EU N AR =
AR E A R T SY

55 P IRAIBSE, A 1Yo i SCA K T A
FHI2EH DR R L. PO 28 0 e R 2 56 7 |
T Bl 2 R Hp IE A U0 43R A RE AT A B, TR
ZRORAR IR R, RS SCTF R, R
JE P AE RS A5 BSOS —, DTS Bl )
G b 5 B BRI, R T R

MBS — R M I ES R, 5 IEH e
B SRR L, B A 1) (8] 2 A% S5 T ] 1 3 40
V) (975 25 00 s ] R sk 3 R s i) ) S AR 0 . AR
B (L4 5 — 3 ] 132 YRR S T I ) 8 3 o b
X R BRIP4 0] AR i = AR A iRl ) AR
I, AEA) b 0 ST RSORILEL Y ) = Bl 132 s ) I
T (8] 25 A 254 5 IE B IR T 25 A% S5 T G Bl B2
BEER . X R ARGEE A AR [ 2S48 55 N Y
) RS2 R0 AE B 0 TE 25 % A F T I 4] ) 13— A
If . ARG HATWBIAAR, W5 Bai A
(2008) LA 24 25 11 BN B 132 35 (R 27 2B ) i il ik i 45
FHTE] o X B ARG 2E A EAR R 2 A% RIS N
) ) 5 N P DR S AR AL o A AT 38 2 — i 1
Bel 2 2800 O 2T i T e AR Y I SR, A Bl st
2 HoRE ) 0 43 ok B IR E R AR L A Bh5E
B . BIL, B bR I A A e X kST
43R i T 5 A ARURR

S — A S5 R W, 1] [A) 23 MR IE R T
ZERESAAA L, B T (R 2 A% R R 2 A% SR T
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T LB TR Z IR L 5T 2 0 A UEORN R Bk vk
B ZEERFERES Bai % A (2008) 45 AR, £
A 7E =7 [1] 25 A 5 A PN AR 1) 28 % 550 T T i3 42 B )
F o T AR R IE R B f2 . Spragins 55
ANBELL8 %, 9% JLEMA N AR, LEAAT5
TEH AR 254 B 0E 3] | Tal[A) 25 A B 0 B SCFEAT
B B ) DL S R il [ S A% i) o SRR T
ST A ERON, BIAESESCA] s, 5 dniinE]
() 23 4% 25 B Y FRIE . H SE g0 3 A & AR 4]
ARy Az M A B, RPN FD L R
[R) #8384 FH (Spragins, Lefton, & Fisher, 1976).

TEPPA AT 45 R, ANHe 28 W] 43 A b 25 5
KB, FELI—, NHEBR AR S50 R AR

XSS R RENE, FRATTXF A A 5 B 12 I A A TR O,

Fe gt PR A BEAS [ T ke 0 IR B I ] 1) 22 5, R
X PT A EAR s HEA T 34T o 45 RS S ) e S (]
EAES SR B e G T ) ) 75 o K1 e DA 1 o
A AT REXT SL g — 25 R A5, SEES TR K SR ARid
TR, ERE ST AR A B oA — 3 R
TRIATIR K], 1E B ] PS4 IR Bk R e
1) i HIR Bk O BSORI B T B |, AN TRDIR S5 bmic 52 30
KM AR E 2R, SRINTERRS Sl i Sk
58] 152 175 o i A8 30T S 7 1 A —— B 1Y ) o [ 2
Bff) b, 25 S8 —AR W AR L. B 7E i)
FRic 28T 4 B el B B bR, 55 08 B B A R e Ay
25 . PR ST P A .

BZ, ARG TR R A 1Y o i SR 5T
Y SR —FE By o AR ZS A S50 T 2804
TR TP IE R BB R
5.2 [R)EIX RETE IR B =AML P AYIB T E A

3H A 0 S — S5 SR E T, FRATTIA R iE ] 23
K& AT RE 52 ) B4 RE A 52 0R, - 1 — 25 HE I 3a] [7]
23O DRl 4 BRI 1 27 2R A T R A R R A5 . S5
bR S ARG AR B R, BT PR
RETE ) 1] 25 4% B 2 v AR -

SEU = RS R RN, FET B DR Y )
TP b, B R A AN B, S
FERCRE R RS AE A L, DA AR AR 2
YA IS BT o 7 1) AR Bk O ESORT S e B |, 1)
FERE BRI A 2= A A T 22 R AU ORI IR Bk R B 3
55 AR OC TS [m] e 52 1 R ) 132 3 76 ) 5 B 132 v A
AR B 4R1IE (H4ikio, Bertram, Hyona, & Niemi, 2009)
B

MSZE = 5 SR nT LUE Y, RV 2 IR S AR

I, R e A 5 B BRI AR A AR 2L
MR BRI, o S48 bR b, MR fig 525 4%
IS Z B 2 BAE R RA B0 . SRMTTE -1
I 0k P 2 R AR (94 ) - D) 52 EF 1) A 1T 5 114 28 BLAE
FH o R 7R R ) 7 Bel s R) L, 1) 132 B v 1)
2 A A ) 2 1] 8] 23 4% T 3K SR 5 ) 352 0E 8 1 S
RGN SOARE A B 25, XRPXPIFIE R
SCAKT DR B Bk —FER 5, R R S
— DL K Bai %5 A (2008) L K25 A= S i i 45 2R i 3
— 3. BRI, X B RRAR I A AR U, R
23R SE T R RS () 3K T IR R TS A% Ak
)24 S A AR ) 23 A% 2, T HLJR = 2 )%
FREER . XERW, JEESEKRIRRbTET
[5e) 132 5 RE AN 1) 27 A6 AT - DR e i, e AR AR I
Tl R AR T SO L 2 IR

EAS B A2, X T B b AR AR Y 2% 2 SR U,
JAE ] (8] 25 b 2% R 5 18 W TG 23 A% 45 A4 A D) 52 1) )
A REES, HE 9 ME 1, S5
7 H 3R] ] 23 4 A5 440 T 19 D) 52 B[] Lb DE & TG 28 %
AT A, FRATHA S 0 IEE 2 B )
(i) 225 4% o ) 152 BE AR 1 27 2 A B R A 250

B2, AT 5T R R A R D) 43 SCAR S 1) 4 i
o R ) S BB AR A 2 A R —FE A 5, (HAR TR ZS %
ST ) 2L RRAR Y 25 A P AR TR TR
5.3 Ao AEM P CFIZRNITHIRE R B R

I5e) 352 R 4 HIR st 42 i A 70 3 ] [ 2 T R AR i)
MR Bk A ] iE 7 (when) B 3 DL B R — WHR Bk 7E
“far kb (where)f5 1k o FE PR SCF I BRBERFR T, —
LB RIS I BT 1 12 51 2 (PR B TR] =2 [ 1 25 4
SRARIR) 2P E T — IR Bk iR i) == 2 K & (Rayner,
et al, 1998). 7E Rt g4 RAYHEAN |, Reichle %%
A(2003, 2006, 2009)#& T i g SC b 2 AR H AT
S 1 AR S R AR R —— E-Z B %A R
BLga] 1 AP AR 2 A AE B R T (OLARURE R ) ) &5 A e
K, AR BRI T 800, 78 R S R s AR
I 1) i 8% 3 4 22 22 B 7 A B g BRI T
FESNHEAT I, — R I T —A~ ), AR Bkl (4R
T fAeiR 2, A A N — IR Bk H bre 6L
T BT ) R R RN TSk 22 8] A M, RS S T
3k 1/4 kb oAy & (preferred viewing location, i [H) 71
PR FE) o T2 B B S 5] 32 v () R Bh B8 2R AT T
REFHILE .

HYSCRE RGN, SO R AR ] 7
PR B o DU 2Z BB T LA s A5 bn i 1 X
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% 4R 42 4%

5 AN 4341, 6] 5 ) 22 (R B A AR .
B E A, S E SRS AR E R K
i (Hoosain, 1992; Tsai, McConkie & Zheng, 1998;
Miller, Chen, & Zhang, 2007). [ tt, A HF5EE NN,
FErP SR, R E BRI, 20X TR
25 1 23X #E (Chen, Song, Lau, Wong, & Tang,
2003; Tsai & McConkie, 2003), #Kifii, AHF5E4E R
FW, TE TR Z ) A ZS R AN 2308 B e s T,
Hix A 207 X T BB 5 EH LS A T
BE) B2 —AE 25 Ty o MRS JEXT TE 5 To s 48 451 1Y
B e, HONCIERPCEE, AT Z m AL
e ol [58] 3552 R Rl N, 1T R 1) 22 ()9 A S A (B
JREPRICTR]) I B e [ 132, 45 R KW T iE e
SCIE S P M

eSO IR Zh it oeeh, RSy k] 1 5
T 155087 (word-based effect)., 21, Yan 28 A& #H,
SR TR A L, 152 A X v A ] A A B ] ik
b B SEAR  E HE I A2 R i ] Y R ], (H
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Effect of Word Segmentation on Beginners’ Reading: Evidence from Eye Movements
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Abstract

Unlike English (and other alphabetic writing systems), Chinese is written without spaces between
successive characters and words. There is no obvious visual cue to demarcate the word except punctuation marks.
Given this, it is intriguing how readers target saccades and how words are recognized in Chinese writing systems.
Bai et al. (2008) monitored native Chinese readers’ eye movements as they read text that did or did not demark
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word boundary information. They found that inserting spaces between words (or highlighting word boundaries)
did not facilitate reading Chinese, but more importantly, did not interfere with reading. Bai et al argued that
facilitatory and inhibitory factors trade off against each other when words are clearly marked (in contrast to
normal unspaced text presentation). For the adults, the normal unspaced text will be extremely familiar, but
word identification may be hindered due to poor word demarcation. In contrast, the word spaced text will be
visually unfamiliar but word identification will be facilitated due to good word demarcation.

The beginning readers have less experience in reading text without spaces, so the familiarity of the format
is comparatively limited compared with the adults. We therefore predict that the interword spaced text may have
a greater facilitatory effect for Chinese beginner readers than for adults.

Three experiments were carried out. 72 third graders participated in the research. Their eye movements
were recorded with a SR Research EyeLink Il eyetracker (sampling rate = 500 Hz) that monitored the position of
the right eye every two milliseconds. In experiment 1, four spacing conditions were included: normal unspaced
condition; single character spaced condition (text with spaces between every character); word spaced condition
(text with spaces between words); and nonword spaced condition (text with spaces between characters that
yielded nonwords). In experiment 2, highlighting was used to create analogous conditions: normal Chinese text,
text with highlighting used to mark words, text with highlighting that yielded nonwords, and text with
highlighting to mark each character. In experiment 3, reading skills of third graders was manipulated to further
examine whether the word spaced effect might be mediated by the reading skills.

The pattern of data in all three experiments was very similar. Global fixation counts and total reading time
measures indicated that there were no significant difference between word spaced and normal unspaced
condition, however, the reading time was longer and fixation counts were more in nonword spaced condition.
Furthermore, there is no reliable interaction effect between the presentation condition and the reading skill of
third graders on most of the eye movement measures except the total sentence reading time, however, the simple
effect test showed that the reading time was longer in the nonword spaced condition for the unskilled readers
than skilled readers.

To sum up, the present study indicated that sentences in a word spaced format were as easy to read for third
graders as unspaced text. This is the same effect that has been previously observed with skilled adult readers
(Bai et al., 2008). Although word-spaced text was equally easy for skilled and unskilled readers, the unskilled
readers were extremely disrupted by the nonword spaced condition. These data suggest that unskilled readers are
more dependent on the low level visual cue of text for initiating normal linguistic processing.

Key words word segmentation; beginners; reading; eye movement



