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DR R B S 2R ERGE, F ANAE T T D IR 2 1) 3 A e A, 30l 38 N R BN T A 1 e, AR
HIFgE e < A DR 8 ) o (T 3 M SR RN, R FH 2 SCAR Y 3 60— A o 8 B3 il o o

U1 % r e AR AR SRS ARSI o 25 2R B, FEIR] ne 1 AR SRR, 3 A PR G At 1 v st [ b SCAE L
FRIN T A4 5 A PRAR RS VE RCLELAFE, o TP i RE I VECAR; (E7E 1] n J i S BT, 38 A DRt 2 1 b ok M1 b SOAR
SN TR G TART R AL, HAmIl AU B ORI M 2 LTk, AWHFSIESE T # A B e h A Bl sk
M SE I RGN, AR R Hh e TN T s b, fEL rp ok M TR SZ B

KR A Rl M RGO TSR, IR S

SES B84

il

Wr e A NS E B IRGEE B 2 —, ANMUAERS
BN AR R EE R, MHEALFIEIBS5E
UL E S B DEE R, BN A B
RME(BE 25, B8], 2007; Mayberry, del Giudice,
& Lieberman, 2011), H [ E2hE 71 (K T [5) & @ Uy
AFBf(Kelly & Barac-Cikoja, 2007; KAk, FLBEHT,
2011), % 17 75 % & ) SCH % (Bélanger, 2009;
Bélanger & Rayner, 2015),

e B P 4 T SOARE B e A, e TE
= 5 W T % V) A 22 (Casco, Tressoldi, &
Dellantonio, 1998; Rayner, 1977), W58 M, Mk
AL 0 T R B 0 5 HE ) 32 3 B =2 ) A7 AR OE AH G
(Bosse & Valdois, 2009), [ BESCRAL AT HE -5 9050 7
BOFEA ROKFR, R, skELE, ddkss, M
ST, 2006) XFEENITF, W0 18 1 S A
AT AL 38 38 1A B R BUCy EE i T R AT
IRPERYRE R, RN Z W o 2 90 25 e L 3 A
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R R 5 E AR DA RN Y 3 0 B e,
# NALF I X 11 G A BT AL 58z Bl A A e
3455 (Lork & Song, 1991; Stevens & Neville, 2006;
Codina, Buckley, Port, & Pascalis, 2011), Kk, A
WFFEIA R, BT AT 5 3 18 %% 5 (auditory-visual
convergence) Y FMEHL T, ZIBRGEHRG B JZ LIS
ARG B JRAE W e s A2 5 ke A B4, R XY
PR 30 T8, G 2 30 25 A B A A 95 O ) R
(Bavelier et al., 2001); 1HH F 25 [0 73 27 2 A PR
1, F BRSBTS () b AT o ie——
M PR R B T b e DLAMILE, 7R e LA
B Ao I B BT IR NS £, DXk B BRI
Lo A5 B 5 A R 4T D) BE P 4 2 (Bavelier, Dye, &
Hauser, 2006; Dye, Hauser, & Bavelier, 2009; Dye &
Bavelier, 2010; JiWl5&, #1HKFE, 2010; TRER,
1A, 2013).,
2R NG F A eI TR 3 E, KA
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M7 42k f A0 5 A5 B A 77 2B i 1] (Dye, Hauser, &
Bavelier, 2008), Kl M &l H g 11 40 58 HiLfE B 7S
BRI T B B S 4@ W 54 nl e ) . —J5 i, 7E R
e MR IRCE B E e DIAERRR R B, iR
PEF L DOE T B, BN 1Y B A B 1Y
K F il Ur 52 & (Bélanger, Slattery, Mayberry, &
Rayner, 2012; 7R, K222, EEF, 2011), X
LR YN ni N L AU P GE 7 P 5 S NS 5 )
SAMF R F—Jr T, FER] b g MR IEE B AT
WrBe b AW, AR T B e K- DG C i) £ Iy
PEH (N IR AR), I RN (AR BE
% 7 ST LY A T (S TR T U LR ) ) A
R g [T T AR A 1 ST KON (Yan, Pan,
Bélanger, & Shu, 2015)F1F i FAE HAL R (Pan,
Shu, Wang, & Yan, 2015), XK AN EELER]H
S U4 N T AR R R A vy, A L RE A% B S b A X
TR SR Ik

{HEE RN 58 0 T RR 1 2 30 Hh 7w b e 1
AR ARAFIG SR AN, 3 T e MR A A R TR S
FC s /b T BEL A o ke U1 AR B T o DR R BEAT: 55 (R AT
FERI, BN Z 0 B EIRSr BLAE g M2 4
PLEF DI, (AL i TGRS [, 3
N VNG IE UL N RE - el & LW R N U U RS L
PLET N BAF BN 1Az 2IRHAS, RN
A Ty 2 BN AN E T PRI 52 (Dye, 2016; Proksch
& Bavelier, 2002; Sladen, Tharpe, Ashmead, Grantham,
& Chun, 2005) T A HK X H e [T A 3] 384 i i 132 8
BRI TR ey (B, BEH R AN
FE R MRS TEAL RO OL S, (T8 B9 SO E BRI T A
ML LIRS AR A0 T, DI PRI Bel 32 19 1 32647
(Rayner, 1998, 2009; Rayner, Schotter, Masson, Potter,
& Treiman, 2016), F L, a05RE A A g W40 #) SCA
RN T A T R 3 T Y U2 T 52 3 BHL
15, T2 B e AL TT BE 22 32 B 5200

B H i i O 5T 5 56 2 X R 6 v R BT IR
53 TC R A A A 2 5 W T3 5 10 B B3 A0 T T — I
T S AT A BT DO AR R R R
5] 152 PR ME P SRR T, 1) e e T A g SCAR A R A G
b ADR LR =% R L e (15 I SN T8 7 A0 i sEP L
24 1 6] A9 fi T (Rayner, Murphy, Henderson, &
Pollatsek, 1989). K, RMIFEFTREAMGETEE 5
BT Z MR, BT LIEE N AT 55 hif R
B, AHIFE 22 <2 A 3 g 1 b sk TR
R RN, SLhr b, B E MRS L —=2

TN GG B IR 23 (8] 3 A1 R AR S, HE# AN
Rl e AR e TE R A B 22, RIS AR R ke
M1 4h A7 BN T3 5, 0, b e (M Ak ) AL
TR e b, 2B 7E v e VT4 £ N 08055
T 52 00 G B 12 280

X TR H, SR R R BOI 5 175 B
— IR R, ST B8 S A 2 Bel 2 i
TR E ZEr R ETr, K%, B4, 2011;
=R A, S gese, BRAESE, XEETT, A%, 2015,
Liu, Pan, Tong, & Liu, 2017; XIWEHE, 2015; X J7,
Fitibfe, skig, 2014), H# HA RS TR SOR
MvE A5 &, A e 8% JE AT B 152 19 A R0 0 T (Blythe,
2014); H SCA TR 0P 00 G 5 2 132 8 P08 R G2 5
IWHRGAM LA RS R E EAMSE, 2015). B4,
L T2 5 T 005 T 2 8 U ) - T S
A B8 i B 52 )52 00, AT 52w JHG ] 5 o )
NN TWE? F TR I8 — R A 8O k2 —
T 9 AL (disappearing text paradigm; Rayner,
Liversedge, White, & Vergilino-Perez, 2003): 4j##
T — ) 5 B R I ] (A0 40 ms)f&, A5k
SUHRT, MR AE G YT NI IR I, TR
R TH 2R W TR) SR SR, IS A TR R S A
[] F) EF 8] (40 ms) T 2% o A 1AL A 7E 2 B 40 ms
JE MR, ABIEA IR KIXZIR N T.2 £425¢
J, T 2 HIR i 2 6 5% B A v R T Ak R AT AR I T
AL 1) 52 A ST I ) N, 3 S DRl A SC
AR TR IR 5 1 A AL AR B T R AT g, I A
B B S B Bl e o R (R A, AR, =58,
FI% 75, 20105 XIETr, EHE, Wiz, &3, 70,
2017; Blythe, Haikid, Bertam, Liversedge, & Hyon4,
2011). #eF5 =z, AR SOR Z I, o 2%
G [0 3L R Hh T B8 Gt A T A A B B ],
M s BRG] 132 H R AR5 il T 350G (Blythe, Liversedge,
Joseph, White, & Rayner, 2009; Rayner et al., 2003),
B, ARG R 2GR R N ST 32 %
TESCATRNC AL i i B b 25 5, DARFEE NI
<) T S TUTRR B T T SR AN R e 1T R
H o 111 42 £ 40 s % L % 58] 5 i T 1 B

BT LB, AW o3 5E e A S 5ok
AR ETE R S BN T Z MG HR o AR IE
e N B 32 v g ) e g TR0 s 3 9 SR BT
Ry : B, M TR, #AE T
S T4 (A58 T T A O 22, U ) v ke 19T 4k Y S
AT A S B R A T g, R I Sy I o e M1 b S
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AT Ao S B N () B IR 4, 7RSSR 1
BRI n+1 RPN R], PURRER N B TR H SR
55U R SO ST IR 24T 722 Al (A G 15 T I ]
A8 bR R ST R SCAS B BRI 75 5 A 2 A R AR
Rl SR CR () e B A 4545, Blythe et al., 2009, 2011),
FAMBL, PN SCA S BLAF N £ N 1Y BB 52
INF ) AN SZ 200, T e 52 3 1 U D) B s I ] BB T
oo Hyk, AHRCHL, TR g A A A
TR BCIR /D, LT g [ 42 1) SCAS 3] VA0 5 G e
RS, R ILAy rh e M Rb SCAS B A 25 4 40 4
] A IR A, FESLH 2 RGN n 1) BT
], [ e N B3 7 T SOAS 5500 2R SO 26 1
TR AT A A, FeAMRL, BAEEH SR
TETH 2% SCA ZAF T 1Y G ) T2 I 1) St 28 16 m, ini g iy
B LA Z 0

TN, DAL 8 5 560 RSORS00 T 7Y 1)
HFUSUNE R PR T 132 4 ARS8 e 2 BRI, BE 5 58 L
E S BRI T ABUR0N BE 8 S W 3 2 Jeg 6 114 R)
LR AE R BE Sy, JFETR & i T A F B B B (n
BRI A] YT [E]) 7 A S (Blythe et
al., 2009; Liversedge et al., 2004; Rayner, Liversedge,
& White, 2006; Rayner et al., 2003; Rayner, Yang,
Castelhano, & Liversedge, 2011), K, A% 38 i
BCE A A E bR IR 5 582 N e B SOk
SPLSAE T BN, DA — R GE <RI g ]
IR S = oS G VAR B IR ) | SO I A P 2 |
RICAR AT B ARTR] A R AR08 B 35
AL YR 2 B P T] AT RE 5€ BRI N T ez,
LU B3 = N 95 9 i I 21 E 5 S Sl N 0
I T 2R SR AR AR BN b, AT
JE A A B TE R b e U4 i TR TE v, JF Hol
T g R R R T Y o BEL AT 2R R b e U4k
RN T350%
2 SEEe 1. FARR R M R

2 % T JEE 1 AR ZhAUE 5
21 HARFBE

211 #ik
29 4,2/t '(deaf student, DS)2K [ KT & A ¥

TESIPRRAR ST B, B 32 AEAS SRS, B
=AM TIES R ARAR T 50%) 3 A, 7R g i
PHB BWOM R o b a0 Ve EC 2 ik 5 2 A paR A —— DL A
#7730, DRI £ T gl = A

B, FEWTEFETE 15~18 %7(15.86 + 2.13), it A4l
PRAELDT . (DILHEEMT I Z MR EZ = 90dB, )&
T 5 (Pl RIS =3 %)
ZHTHREE; Q) AN TH4; (4)BRWT J) B fAh,
TEHABBR B ET, B 1N IE R K (5)HACH:
TeWT g B S A s = A

45 L3R 7 5 A 2L o 1 2 2 0T B 2
JyURe, AR IE TR RN DA D 8
(Lei et al., 2011; Song et al., 2015; Zhang et al.,
2014), 2 H KP4 7 —— D C (7 = 20 15 132 fig
Fg: FH TR EES, AR IE 1), 5EI5EK
SE-VUTid 2H (reading control, RC)——29 24 /N2 AR
b ARISTERITE 9~12 %/(10.29 + 1.60), Wr JJIEH,
TEH ALY

* 1 ZEHADS)SAIEREITEE(RC)HIIRIERE I
WM (SD)]

1] 132 00 4 352 H DS RC
IEF B IR OE 6% %) 74.09 (13.00) 73.21 (8.41)
I58] 2 I W M (5 47) 302.76 (136.04) 314.44 (99.00)

[5e] 2 B A (43) 10.86 (2.82) 11.31 (2.34)

3N, Rkl T RCA B Rk R 22, HE
IR E A AR AR IS EATVC L, A5 3 AR FAR IS DT i
2 (age control, AC)——29 #4 /= 2k, AF#EVER 15~
18 % (15.86 + 1.56), WIZH#ik7e A AR & 10 B 3%
Z5(t=1.73,p<0.05), W HIEH, JCHABEN

JIT A 3 0 ) B8 IR T IE R, Y kAR
Fo SLIREEHRIT, W6/ NAL S AE R HR
212 IGHR

B e AR B HERE ) ke
96 X i AU iRl VE S HbRinl . Hidr 48 Xof B 1]
FHF 925 1, o i) (4 - 2105k 515 W H 7 (B
A 82~3342 /B J7), “FHIEBECH 15.83, i X
KRR/ 1.58; AR E FE10558 5 /A J7
GEFEN 0~12 W/ ETT), FHEEECH 14.25, 5 X
KGR /NA 1.29, T2 55 3 (t=3.37, p< 0.01).
EHE B AR E (=125, p>0.05). B XFEEKR
INESAREFE(=1.04, p>0.05), F I 48 XF W F i)
FHF 25 2, o i) (4 - 24305 502 W/ H 7 (B
Filh 76~2193 W/ EH D), “FRIZEEECH 14.25, 15 X
FIER /NN 1.58; ARSI B-F- 243845k 12 /A J7
GEFEN 0~27 W/ETT), FHEEECH 1533, X
FWER/ANR 121, Wiz R R EGE = 4.76, p <
0.001). ZEm% 2 7AW (t=-0.98, p>0.05)., i
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N FBERNERR L E(=1.74, p>0.05), KHi—
Xif e IS b i) s PR AN R A HESR, BEsR A —
Xof )R AT LA 52 4 AR R A FAE SR R, HLA
FAIFH L, B3 BARiE g 96 AT
HELE, FAEEN A 7~8 N FEIR L, ToRH)
AL B, Ay O ST (SE I R R 1) DL 3%

2)o
®2 SKBEMRIEEG

FEBE 1 FARRI(HF) RS AY brAds TR
RARR(LE) R 528 trAl TH R R E
fEn o FRE(HF)  BF5E R BAEVE 2 88 Wil K 4
AR (L) WF5E BoR AR L 528 il K4,

PBHYE : iEAS 5IR SIS /N AR
460 N mH— ARG 60 A5 lx) ik AT
MERE . UG HEEAT 5 R E R A
Gy IANEINWUAGIER 1 7 ~ ARFXEAEI/S 3R 5
I0)e /N EIVEDE 238 4.39 +0.29, Hreg AR
PP A 4.21 £ 0.24, A]FEIMEZE AR E (G =
1.94, p > 0.05); /IFEAEMERE PSR 1.26 + 0.16,
2R WERETEAY R 1.22 + 0.20, A FERE2E SR I 2
(t = 1.70, p > 0.05); /N¥AEAEMEPED A 3.70 +
0.37, WA GHEPES N 3.65 = 0.34, A FAHE
P2 FARNRE (= 1.49, p>0.05), HIME/NFETAE
Ypopr 20 A FRegE 20 AR BR R A SN A T
PERE, T A IE R 0.2% HA) R Br A 103
JoA A .

55 WA B N A A ) o S X S 56 ) T
T IE B A P TN, AR X B DL & H A
R T B 2T NBOREMY, Frit 92584
A BRI
213 XWEiIt

K I SCARNE A (TR %R 3), #
PAE I n+1 B SCARZ IR E], L35I 39k
. DS, RC,AC)<2(THR 4 40 ms JGTH R, IE

IR <2(E AR A E A, AR A TR A S
g ieit, o g I Sy Rl AR o, 9 R SR AN
H s 1] ) 45 Sy 3 P A o

241 ok AR 9 S B 6] 52 B b R4S 7E SR R R, (B
ORI BRI B A Aot b, SCAC ST S B 4 4 7E i T R
B 7 e 5 A O HE SR B, (A S AR S B S B
T K 9 92 B R P A NI . A0 AR 5t 2 0, AT iR
T 5 75— V7% 46 25 A T R E 212 ms 2[RI BERL A fb .
e, AT PR 2 SO A PR i 5 BRI ] 338 S S B R
T 1 5 AT 40 ms (A 25 FE 3 i)

214 ZEEEREERF

ffi ] Experiment Builder #1445 525 F2 1%,
Eyelink 2000 %1 R 5 {82 5% AR 3h A5 5 5 1o A 5
SEHGFE T S BUAE 19-inch 1) CRT 7R % (5 52 il 3 %
120 Hz) [, 23330 1024x768 18 %, ki
TRESIIE B 29K 65 cm, TR 109048 .

58, ARSI e i B
TSI 22 i, i T ik e B A B T A,
BB SR TF AR HOULE Z AU, B R4 42 1
THRELI R, SR, O T = AR, I
SRARAE S50 PRUE T 80— ECE T AFE B, AR
S EAEBRIRENZS, TRh, MRAF 2
ZH, BERZENAR S B AL AL U L B R A U
I, R, R PR . AT
Ja T2 BB I AW, DU A B
Bel 2] o FE A S rh g 1Y BB ) Y
30%. BB TE AR TR B R AT E 20 41
B, ARl aT DARSE T ER R — E WK, BRI EE
FRATRCME
215 ZitFEERLE

AR Zh & i 73 AT 6045 « K73 Hr (global analyses),
S DL A) Sy X DX 5] 32 2 R v T A T R R
PR 0T, BAES T BRI e Tad /2
#R43#1 (local analyses), J& LA H b5 i) A 547 3547 43
Mr, B 7E S BT R0 A 1) I T 5 3 ko R (1= R
&5 2013),

Horp, AR Hr AR SCHR ShH8 AR - D Bt
() (R~ HR T A A 3 A0 s ) 0 IR B4 S8 s i) 1
J52 W 58] T2 A RS AR AR ) L Bk i R (i R ) 5 ]
ICRE ks AR, BBk 152 0 1) I P BEAE B Hh de M e
4T ) TR R 5 (224 T R ) [ 22 A 3 1 1
AR EL, a3 A n Tad /).

JaiFB A M A DGR Sh 8 bR A« BERLAS A (N BT
URTE AL AT 2 380 3 R 5T R ) - o s i) T
PE XSk 2 0] A RSt (8], A6 H bR ) P 9 TR, 2
S5 L TR Y30 5 9 B3 1 i A ) R T A (] (9% A
H b 1 T 8 DX 3PN 114 i A 0 0 A A BsF T 4 B, IR
W SR) Y0 AR S B B B B o

B, YIRS EE 1T P (Liversedge et al.,
2004; Rayner et al., 2006, 2003, 2011): (1)l 2% J%k
(SLE A7, EEAFE R . skl %
I IR 455 5 06 %5 N R R SUIR sh B 252k 194 1, LA
BRI S BB D T 3 AR T (QM B
g, BRI T 80 ms 3K T 1200 ms
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®3 HEXAELEEAZEM

R SEES 1R A o+l T R SEg 2 VIR n B R
TS MR AR TR . MR RAE AR TR .

-

HRZHEY

e

HEM 40 ms ZJ5

AR YIRAR TR

B THIREL . MR H

-

PR THIR L

Ed

AR YIRAK T IR

T I i

0 ms ﬁﬁfmﬁ%ﬁ WK R R R ) SUSREN AR
1 BT A R SR R o B I 255 0 A K & A Fa R 22 #R
PSP B O ek — A 1 22 22 A1 AR i SR A e i 221 [RIEIBEMBIETHRE

(3] 2 S 6 v ) ) [0 25 TE A 221K T 80% 1 Ik
Bt . SEMERZY R 2.87 Yl TR -

A BPE R R 55 (R Development Core
Team) 1 1med 15 5 #1724 MR A A (LMEMSs,
liner mixed-effects model) I EHEAL P (Bates, Maechler,
& Bolker, 2011; Barr, Levy, Scheepers, & Tily, 2013),
X TR g bn, FeATE N T AR A H R R
38 LB BLEL N (crossed random  effects), #i{2
R SCARSIGEAT . R [ E AR 5 (fixed factors)
AR AL I 7E A B N AT 1 9 UK I 2L 25 S X L
(successive difference contrasts, Venable & Ripley,
2002) LA LA 22 A2 20 5 B L RE ) DL BC2H LA e 2 AR A
5 AR AR VC O A Z () A 22 5, | O AR A =
ZHAEM(DS vs RC xSCAREH 7 <640, DS vs
AC SRS ITT 2O ) . A5 SO 237
1Y =B 3 BAE T LA B WA~ 55 3] 45 R R i B a2
HAEN; BB St A A BE AL (FE P AU
random intercepts F1Ff L% random slopes), ZJ5,
T8 3 RLAR HE RS B (likelihood ratio tests)Xif A5 AU gk 47
P, I M e Ak 2 A0 & oM ) BEAILACRE
FEXF B 85K —FEAR AT 0 BT, ARAE Bk A 1Y 53
A1 K 56 (qq-norm) K Bk 132 & 17 X5 £ # 4 (log-
transform) /&5 £F & LMM [ FEA %, 174 %o e
5 Bk e AR Sy DR 8 1 AT 3 B (Kliegl, Masson,
& Richter, 2010; Yan, Pan, et al., 2015; Pan et al.,
2015) il W, #7 t 20 Z(HRT 2 Wl h 2257 o 3%

B BUERE STV ECAL . A AR DT 4 A
SER R4 3R 91.7%, 90.8%, 92.2%, —ZH I
(1) ) 2 R A IE B RN B 25 5, nTLUACh =4
X el B T SRR
222 E{KSH

Xk 845 T AL AR A3 AT ) R S A8 R AT 3(B K
Ze#l: DS, RC,AC)x2(JH K55 : 40 ms JGIHK, 1E
R T7 225 BT (R Ge 45 R L3R 4).

(1) S BRG] = 99 2R SCAR S5 1) A ] 352 A i)
WERK T IER SCAR ST (b = 1060.16, SE = 299.97,
t = 3.53); RC 411 DS 21 (1) G ) 132 (] 24 dg 5 K 1
AC 4(bge = 1153.49, SErc = 308.42, trc = 3.44; bps =
747.56, SEps = 305.50, tos = 2.45), HF—H i =4
P ATE P SCAS 52 SR AF TR R PR S ] b Y 2
HA RC 7E 40 ms {1 % 4508 F A0 S5 2 A ] dob 2
KFIEH &M (b = 235.33, SE = 90.54, t = 2.60),
1M DS 415 AC 410 7E PRl S IACPF T Y R 5 132 i
6] TG i 2% 2% 5 (bps = 147.05, SEps = 88.57, tps = 1.66;
bac = 18.08, SEac = 61.87, tre = 0.292), HI45 S,
I5¢] 152 R 7 VG FE 2L Fr S 1] 52 e (1] 52 3] 9 2Kk SCAR R
() 4 5 S0, I R A 2 5 AR AT I DG P 2 1 B 152
i [ DU AS 52 52

QBRI IR SUARFM T Bk R = T
TEH AR F(b=0.56, SE=0.14, z=3.99); RC 41
Fl AC A Bk 3 34 1 KT DS 4 (bre = 0.18, SErc
=0.05, Zzc = 3.61; bac = 0.29, SEac = 0.08, Zac = 3.63).

R4 FHI1=ZHEWKERMCAZMS XN TIRINIEFR(EEX ) M (SD)]

IR shf8 45 ELaei 5] 52 B 7 DC i 2 AR BEAR S DT L ZH
(BB 40 ms 42k E# 2 40 ms 42k 1E R 2 B 40 ms 4%k 1E R 2B
2 B AN ] (ms) 3795 (1272) 3676 (1232) 4121 (1443) 3869 (1249) 3047 (862) 3065 (914)
BRI (%) 35 (13) 31(17) 25 (11) 17 (11) 28 (10) 25(12)
I 9 B (k) 3.08 (1.23) 2.8 (1.38) 2.57 (1.14) 2.62 (1.06) 2.52 (0.98) 2.54 (0.93)
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HE— 25 He 8 — A g T b SO S B A T Bk
R EMES, ZHEERE 40 ms R T B BkE
zﬁﬁ%%%:ﬁﬁ%{*—ft(bos = 0.38, SEps = 0.11,
Zps = 3.45; bre = 0.28, SEgc = 0.08, Zgc = 3.51; bac =
0.26, SEac = 0.07, zac = 3.74), HI&ERFH, =Hpk
R RS AR 3 A7 B R SCAR RN, 7E 40 ms
MITH R SCAR AT, Bhiz e E 4w, HEAAm
Bk 2 g 2 e T T 4R I 4

() B E - A SCAS 52 B AT 1 (R0 TR B
T EZSDb =276, SE = 1.75, t = 1.58), #ikI
I RIRA I E(b=1.77, SE=0.99, t = 1.78), H1 %4
R, T A SCAR RN = 9l [ I BG i
BUN, FHREOF R E Z
223 RIS

X% AR H bR e b 45 350R F 3 BT 0 R 3l 48 bR
BEAT 3(Bik2E . DS, RC,AC)x2(T4 2 &5 40 ms
JETH e, IEH IR <2(H bRiala M .« S, RAH)
() H A 57 22 e AT (R Ge A R L3R 5).

®5 X 1 ZEABRETRNEAZIMEM TIRINIERT
(BER 7 #) [M (SD)]

S
40 ms EH
[ PR AT [ A

294 (64) 311(72) 286 (69) 287 (76)

L EE T,
(RHAMHT) PR

HAA

iR

g Ning || Vit 20
(ms)

HE AR IS

U Te4ER

gl 518 (154) 579 (173) 521 (124) 549 (161)

352 (71) 375 (70) 303 (77) 345 (82)

298 (74) 321 (74) 283 (56) 283 (60)

N
L "?ﬁgzﬂ” 543 (166) 598 (162) 490 (171) 555 (167)
(ms)

A PHAE IS

porpgy 452 (134) 478 (126) 453 (121) 464 (128)

(V)BERL B] 2 98 2 SCAR 254 A BRI ] 2%
KFIE® AL T (b=25.61, SE=5.31, t=4.82),
e 0 b ] 1 B AL R ) 6 A E A 1] A R A0 B
[f)(b=19.66, SE = 8.88, t = 2.21), =4 #i{1EN %k
SCAR G5 TR AL N 3 4 2 (bps = 19.59, SEps =
9.65, tps = 2.03; brc = 33.29, SErc = 12.76, tge = 2.61;
bac =24.92, SExc = 8.92, tac = 2.79),

(2) BRI [R] < 315 28 SCAS S48 1 S AT [
WBERKTIEH CALKHE T (b =22.16, SE=9.00, t =
2.46), AR B A i) A AR AR R) A TR B bR
B BRI ] (b = 44.82, SE = 16.51, t = 2.46), —

AR TE I R SCAR ST A TR AR08 34 5k 2 (bps =
60.61, SEps = 28.48, tps = 2.13; brc = 46.93, SErc =
14.98, tre = 2.61; bac = 25.33, SEAc = 12.60, tyc =
2.01),
23 1Tig

SEH 1 SRR SCARE AR R Hh e [U1R] n+1
S BT R], 25 288 AR TR AR ) I 132 @l e g 1
AR TRNT AT G A A N T80, S5 R B, X T AN
MM, MR ORI A E 2R U
TE G R ] B, HUA B2 fE ) DG e 4 78 11 2k SOA
ST Bl ) B K T IR R SO IR,
AN AE R SCAR 2B T ER A B E . B
ERE J7 VCECZH AE B S [VT98] n+1 5 B S BUA, LA
A ) AN A2 3 S 2R ), 1T 5 A 2 R A AT DT
BLAH PR32 25200 o X R WA n+1 YR E 2N
JE DL FE ] 152 68 7 DT 4 X6 @i A g 1Ak SCARE B
AR08 S i, L D) R OB AR T AR AR IR DT BC 4
AR AT e A2 T A B 35200 T 1 A & e i
R o (EAEAHIE A, 24 X @) b g 1]
n+1 B EAR S G A RL 38 5 A JHLAR I DT C 20 G
255, FEBATEAE R g M Ak i TR RO 2R S K
AT, X R AR A o RN i T2 Ak #)
[F] 2 A Wy 352 45 I 7K o

A — A bR RR AR A R AR R . A2
TEIEH SUAREBA 2 40 ms JHRSIARZIET, #A
BEE Y TCE AR b g - fy e T T, B LS B0
Fh SCAS 52 B2 1 D) 52 B[] 45 FIR 35 48 s G ik
FER . AFEA] R AR, UK EE T e M
DX Ak B SCARAT B IS RE e 80 58 B 32 m T,
e U] X gk b B A B X T S T 2 O
(Hyond, 2012); 4E A g VT X 3k 5915 8 gl FE i it
T ) 5 RN 2 2 ™ A 5 1 (Rayner, 1998,
2009) IEAIETEAME BRI ER, T #
NG T GEIR A P AT, o N3 X Al e e
Ab v A5 B4 A7 £ R 1a] (Dye et al., 2008),
IMAH b T 23, 2 N 1Y s o) FE R
(Bélanger et al., 2012), " EE A KA K94 M5
BERIGET BEZY N 2~3 DNF TR 24, 2011), K,
TC I I W R BA JE: 40 ms HR MBS T, #
N W SR 23 0F e 12 R0 3 T B S [l PN 1) ) e e [
) nt 1 FEATINT, DAORUESE BB AT 55 .

BZ, SEEe 1 RBE, 7RI n+1 2 B )
N I B [ R4 3 TR SR 1 R 32 52 ) o
S @A b, 2 AN TR S RO R
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HE PR 4 A ) e [T A SC AR B R N Ak R
ARG IC LA o & 25 5 SR A DMESE, A
T A R b ok U] A AR B B Y BRI D T B
T P A 0 ] #3352 4 (Bélanger et al., 2012; Pan et
al., 2015; Yan, Pan, et al., 2015), XUiIHZTEANEETE
[5e] 152 e R g ) b e AN TR AR A — o B S 5ER
[EIEF, DAAEAIDEAT 55 iAo K B, #58 \ Eefdtir
B A Yy 52 BANE TR 52w, e e M4k H
PR B Y [ B s B K (Dye, 2016; Proksch & Bavelier,
2002; Sladen et al., 2005), HI#2 AFE R H g 114k i)
A TR ) H e (M TR B BEAS AR AUt
N T 15 ) ) o [ O Y R R e R R R
N A R g [T PR v T T 4 5 2 e 5
U LIPS = W W A LI DR EHS B 1
ZEIHAG . K, 505 2 BIEB AN HE Tk
14 AL B A D B A8 A L T R, #
N BEFTE e [UHR]) n 87 S AR E T B I 5 52 3 4
RO, D) B NS v g M A 1) 1 YA i G
AR, PR A S TR TA N T AZ B

H 2 1) R Bl A 5

31 WRFE
311 #ik

[FISESG 1. 59050 1 mIbs— i1 7,
312 SLIgwht

DLEEE 1,
313 =LI\IT

[ S286 10 BRYNERLIA n Al SCAS B IR ) . 3 (B
KA. DS, RC,AC)<2(JH K 55 : 40 ms JG VKK, 1E
BRI < 2( B ARIATRIA . S, AR A TR A S
Birtt, g R PR AR i, IR AR
H s 1) TR AT R Bl A8
314 SZWEES5EF

32 #R
321 FNEIBMRIEHE

FA . BEERE I VCECAL . A= BRAR I DT T2 Y
SEIET R 514 89.7%, 91.3%, 90.8%, — £k
) I SRR I RN W 25 5, T LUACh =4
Bl By B T ST
322 EIKSH

Xk X A% T AL AR A3 AT ) R S S B AT 3(H K
FH: DS, RC,AC)<2(IH K45 : 40 ms 52K, 1E
RPN 250 (S5 R IR 6).

(1) R T2 ]+ 99 2R SCAR S5 A 14 SR ) 32 B i)
ERKFIER UM T (b = 1350.43, SE = 317.61,
t = 4.25); DS 41 f1 RC 4 (1) 5 2 (] 34 g 5 K 1
AC @ (bps = 1620.96, SEpg = 241.84, tpg = 6.70; bpe =
1545.67, SEpc = 323.27, tre = 4.78), #—F =
21 WY TR W b SCAS 2 AR R R e e ) b i 22
5, HAT DS 417E 40 ms TR 24T R 132 Asf ]
WBERKTIE® &M F (b = 390.50, SE = 120.97, t =
3.23), i RC 415 AC HNTEPIFD 2 IAAMF T Y8
(5] {2 Fsf [11] G i 35 25 57 (b = 7.84, SEge = 120.59, tre =
0.07; bac = 7.03, SEac = 121.62, tyc = 0.06), %k
W], FA 00 R 132 A [] 32 B 2 SCASBRGN ) b 35
SR, T R T ) 2B g ) S e R DU 32 5

Q)BEEER IR IR ZM T bR B E & T
TEH SCA AR (b= 0.54, SE = 0.20, z= 2.67); RC
A AC HBRERE B EMLT DS Z(bre = 0.24,
SEre = 0.07, Zac = 3.43; bac = 0.23, SEpc = 0.08, Zpc =
2.88), it —2 LB AP A SOAR BB
BhiER L2 5, —48HAFE 40 ms TR AT IW
BRI 0 2 T IEH 44 T (bps = 0.10, SEps =
0.05, Zps = 1.99; brc = 0.35, SErc = 0.09, Zzc = 3.88;
bac = 0.36, SEac = 0.10, zac = 3.64), &5 REH, =
20 Bl A Bk 52 R X A2 B R SUAR IR B e, T
40 ms MTHRSCARZKMT, Bk n Eiem, HE

[ S8 1. PR Y Bk S R R TR T R
315 HitHASAE G EIPLIEL : 155 SCAR S F B RO
[R5 %5 1, ZTFIEH ARSI F(b =437, SE=1.49, t = 2.93);
<6 TLW2=ZAMRNAEAMIAZIS R TIRINIEREESHT) [M (SD))
IR sh35 45 EHhH 5] 52 7 DC i 21 A AR R UE e 2H
CEAR ST 40 ms 42K L 40 ms 4K W 40 ms {2 R
SR 2 s} [E] (ms) 4805 (1519) 4340 (1458) 4498 (1295) 4416 (1151) 3622 (1074) 3549 (1122)
B % (%) 34 (11) 34 (11) 23 (10) 21 (11) 28 (11) 26 (12)
[EER/ € (E/9) 4.78 (1.35) 3.69 (1.76) 4.17 (1.56) 3.17 (0.95) 3.14 (1.18) 2.95(1.32)
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DS 41 RC 4 IR A .35 2 T AC  (bps =
4.22, SEps = 1.07, tps = 3.94; brc = 3.84, SExc = 1.39,
tre = 2.76)o ME— WA =W AE BRI SCAR 71
ZME T IR AL Y225, DS 4R RC 407E 40 ms
TR R IR B 3 2 T 1R 0F F (bps =
1.33, SEps = 0.27, tps = 4.91; bre = 1.05, SExc = 0.29,
tre = 3.62), 1M AC 4 NIFE WA 52 B AT (4 [ Lk
BOG 525 5 (bae = 0.21, SEpc = 0.28, tac = 0.76),
SR, A5 R ) DG e ZH Y el
B8 27 BT R SCARBRIABY 20, 7E 40 ms [ 2% 3C
AT, MR EE EHZ, B AC 4RIk
B 2 B SCA 5 AR A B 5
323 RBREIH

X B AE B b 1] b TR 2 BT 0 R 30 4 A
HEAT 3(WRZE A DS, RC,AC)<2(W 2k 46 1F: 40 ms
JE I, IEw AR < 2(H ARiE AR mA. K
AR B T = BT (B R LER 7).

®7 XW 2 ZEABRETRNEAZIMEM TIRINIERT
(BER 7 #7) [M (SD)]

. LA
EEIE =L T — —
RS gne 40 ms IEH
= A =i %7
FEdl 282(75) 272(67) 262 (77) 304 (126)
.
R ] "EIE"%SZ; 301 (80) 327 (97) 321(87) 350 (87)
(ms) )
iﬁgj@ 282 (63) 334(99) 292 (62) 322 (71)
g0 791 (213) 851 (285) 654 (284) 819 (259)
Al sl
Jr—— "HV% E“Zﬂj T 654 (216) 794 (279) 597 (216) 771 (265)
™
AR iy
pp 500 (223) 622 (185) 537 (176) 599 (199)

(D)EELIT ] I8 26 SCAS S5 W BERL IS ] i 2
KFIEH UL T (b = 14.08, SE =7.08, t = 1.99),
v 0 b ] A B AL R ) 6 T A E A 3] 7 R A0 B
lE](b=29.53, SE=11.80, t=2.50), #F— & =4
B AE T R SCAR S5 S g anl ik s, HAT DS 47E
40 ms JHR AT BRIV AS .3 (bps = 5.77,
SEps = 10.40, tps = 0.56), RC 2H F1 AC £H NI7E i1 2% 3¢
ARG T W TR BN 0 35 (bre = 25.43, SEgrc =
12.24, tre = 2.08; bac = 44.87, SExc = 15.26, tac =
2.94), MZERERM, 78 Hbrim BT -, #48
FETH R AT AR AR AN e 2 (DL I 1), R
BRI SCAAE BBHAT T F A AR R0 T gk

£ iid %50 %
3807 @ 40 msilLk
360 { [@ 40 msik
_ B EWEHR
g 3201 ne
300 - 5
£ 280 1 = K]
= [
5 260 | = e
= b
240 = 15
= 1254
2209 B = S e |5
200 XN = s % e
E=INE= BUBERESIULECA] AR PRARWSVLHECZL
ik
K1 =ZARAESEI 2w R E BRE X A
] 3 Hr &5 R
W n BYIENCAE B

(2) SRR [E] + 9 2R SCAS 25T R 1 A0 B ]
W ER T IER SRS T (b= 7545, SE=20.64,t =
3.67), e A B b i) i e L B ] TR B A ] Y
RIEMATE] (b = 104.83, SE=126.21,t=3.99), =4
B TE T 2R SCAR S5 T B9 TR 300 1 2 (bps =
98.74, SEps = 46.82, tps = 2.11; brc = 145.75, SEgc =
38.54, tre = 3.78; byc = 65.34, SExc = 23.67, tac =
2.76).
3.3 itig

SIEHy 2 38 0 R AR AR e VT AR 3R] n
SEPRIR], A A TE H AR A) Bel s v rp g [ b ]
TCALBE SR N TR, 5L, TR R 415
ML, TR ORI L AETE2E 5 (6 R 132
Ao PRI, T 9 (1) 32 BB g D FC 2 RN A BHLAE I8 DT
TS 20 ) 76 P o SCAS S 30 2% 1 A D) 152 ] 34 G ik
F2E e, RMEE TR B L ME n 2 LA A
RECT R H SCARLEAF B AN EE (FRAE )
TETH R SUAR AN 1 5 ) 152 B[] e 354K T 1E S
ARG W B R ], X R 40 ms Y SCAS IR
A IE], B NS A BB PR SR b e [M19] o i Ao
5 BIFHEAT Gh, DA 52 M IS4 B 2 |] - 7 o]
PROREL -, 354 2H A0 B 52 RE g DG e 2H 340 3R I D TETH
RSCARGA T B3 2 FIEW CAR R IAAME, X ERH
F A AE T g A n AR SR, R [ R R
ZF) 25, 5268 ) VC FC Al 22 2R G i
A PR RS VC LA LT R Z 252

Fi4h, FE HARIR W BEOLET ] B, o Ak Bk ik
TEIEH ST X B brinl (9B ) B4, X5
DIAE BT 5% 45 2 & — B(Blythe et al., 2009, 2011;
XIWEIE, 2015) . H T3] n 2% SCA B #R N 25 e A8 13
T TR SCR R B T3, 30 e 3 35 ) 3 4
[ e B 1N S S e 2 N e e S T 5
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HEEAILIN ) 245 15 B R e H AR i) | 2 UG LAY
] Z A, S5 FE RZ AR IR S, HIt,
B AE H bR ] 1 ) SERLI E] o S B i s o R,
T O JEAS AR BRI | 26 Jd BRI 1) DA 2R B 5
B TE) AT B0, i A 3 [ R, 5 AR
Xof SCAS BT 22 B AL o A i I T, DT ORAIE T X ) 5
Bel BEBRAE MO EARE RS, A BATEIN A
ST T A TRIBSON AN 3, X R WY 0 SCAS S B
IR (] BELAT 1 2 AR BB BEAY TN T ik, B
Az R BEFR R W 09 SCAS R AT WL e i, DA T e
PLAEF e 22 i A T .

BZ, 928 2 R, TCIBTE MR AR B RS R
P AR, i A S R3] A TR0 T g PR A2
AEAR b, R TR b g (MR A A B g S R
FHET VR, R AEE 1 g M T 5%
2 F AT

4 Eifie

R R GE N ) g M b 3 A R AL
AR RVINES) | IR AT R N T RSB PN N
3 RG] n+1 ] o B9 R BUET ], R GHL LR
N FVEE T 32 25 7 ) e e [T K v e [T 42 3T A
R EPSNIOE TSN PR he 2 ~S< PN N RE =N Al 1}
A B A e i 6 JE ) e [T D R e g (U0 TSGR
R o

SR, SEE 1R, 7RI n+ YRR R AT,
A e G i ) o e U1 AR SCAAF B AR S
HoA: AR DEBCZH AR, & T LB s Re Ty VE e 4 .
CUESE T # NAE B 352 v g ) v e M T RCR AR AT
HE5E o IR R X A I e [ A )RR 1 A
5 A 7 23 0 b e M7 4 )RS 4 TR 3 BH A AR
7 525 2 85 RUESE T ik —fRik, fEiR n 8 S
A, E2AETE B PR A R] DL K H b il i B R ] I
PRI FE L ) 0 2 G, R I AKE LS g T
T — 15 280 b 2 i v e V1A SOAS R 15 L,
ELAE S v 4 TR 3E T T B R, i
e A R AE G o B, IEAnFRATT A B BB s
A4 ) Y i TR R R AR N, T R AL
BRI 23 (8] oA A AR AR, I v ke (M b Y R
BAYECHE Z2, 10 g M Ak A B 2L, R R e o
M1 b A7 SN T80 55, I S 2 R 1)
TR

HENMISNHEN Rz #H, BAE
b ) A58 i T BE JJ (Dowaliby & Lang, 1999;

Marschark & Hauser, 2008), J&HJEARLL I F15 M
T2 T A« FiE#E N7 (Lane, Pillard, &
Hedberg, 2011); {H7RA K it A 58 5 33X — W pd
(Marschark, Lukomski,
Convertino, 2013; Marschark et al., 2015, 2017), fii
IR N e 46 0 07 A Re B v HL e 2 g . BRI
TGRS 2 2 H T AT — AR Y
FETE, PR b, PG AR AN R EY N Y 4 B AS [
o e g T L AD R E B R 3 R, i e M Ak
YA 5 1 7 BE 155 (Bavelier et al., 2006; Dye &
Bavelier, 2010; HiHH5H, HEKST, 2010),

JFH., R AILGE I AR S N ] it
& B AL e 0 TR A= 52 e (Dye et al., 2008). LA
(GRS & < YN =9 N LA LI GE /S EY SN
FEL LN T B B S T e AN TR], SR AATT A 159 32
FHE ) BE B K (Bélanger et al., 2012; 7+ #f 2 4,
2011) LA M BE A% 7F 5 5 b DRI b e T30 T 3R A5
5 UL (Yan, Pan, et al., 2015), FMIE A
BAEARWOSCAAT B Zs [ 4E B E i s R B T &l
e N T ORI 5 (H ARS8 o 5 2 33 3R
BOCAAF BB B 4E R s m A MR, R IEA
TR RIS B b g MU TR s A Rl s, AE
JEMTIN T 3%0% F 32 2] T FHAS o X 28 BHAE ) 32 # v,
BN E E R A& B AT HIEF T,
B B AR LR SR

HWFHE IR, TG E N EEE A B3
T IR S gt iy A, Rt Re S H %
T8 B — S R PR b S LA 35 (Yan, Pan, et
al., 2015), MM BEHEFE B U AL A B3R N T80
= AT 24 (Bélanger & Rayner, 2015), FFH A %)
BESCARBT BRI 2 L /D [ R b g
ARG BN WS AT 524 2R 3
RCFE IR TAR R AT A S N7 A BE ] H
A N B ) R ) 32 2 BHLAS-2

AMEGE B P I 5T 34 A B . A B kS %R A S
b TS A, AE IR ORI Bk
PERYIRF] 30%LL [, {HY5 Bélanger Fll Rayner
(015N AT A —E I, F280 2 KR BLE ALY B
OB Wk 2 v AT R 4. FRATTIAK, XAl hE &
TN TEE A K HTEAEEZH
PESp= 0 T | L B P 1 =4 A SRS L O |
e M AR TR AR B AT IN T, SOCY # AEH T
AR n B, JHCR A e A (3R] nH1 A5 38 B R E A
T, FEm S AT AR S 1R n+2 POERBT R, (AR
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F 23 R T LR 5 SR R b 18 8 i v ml BE AR Y
FR(ATREXT IR n B T ANEFE4r), LAHS B H RS
THSCE o BV 2R N EE BB RS XTI Hh e M1 S50 1]
AYIN T Ry gk, H T O MAME B R IR A
[ve] S HR AR ) O, NI NN A 22
FILR 52 B v e 4ab ) 1) S 3R

5 g

16 AR M) F Il b, # A HE AR
TR DE 0 B B SR AN, o B N TR PRk G b 1) e ol [
A SCASAR AR 805 5 L [ U A Wy 52 3 AT,
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Abstract

Visual information is essential to deaf people given their early auditory deprivation. Some researchers have
proposed a perspective in which the distribution of deaf visual attention resource shifted from the central to the
extrafoveal visual field. This study explores how this unique visual processing ability may influence reading in
deaf people and proposes ‘the effect of parafoveal visual attention enhancement in deaf reading.” We hypothesise
that visual attention resources are reorganised due to the absence of auditory input for deaf people. This
reorganisation increased distribution toward the extrafoveal field, but decreased it in the foveal field, resulting in
poor reading efficiency.

A total of 29 severely to profoundly deaf students (DS) from a deaf school in Tianjin participated in the
present study. Their hearing loss is = 90 dB in the better ear. Participants are either born deaf or became deaf

before three years old, and they use Chinese Sign Language (CSL) as their main communication mode. None of
them received a cochlear implant. The age control group (AC) has 29 hearing middle school students, which
indicated no significant difference in chronological age with DS. In addition, 29 hearing primary students
comprised the reading-level control group (RC). The DS and RC were examined through a series of reading tests,
including orthographic judgment task, reading fluency and reading comprehension, to match their reading levels.
All participants read Chinese sentences for comprehension as their eye movements were tracked. A total of 48
pairs of target words (48 high frequency and 48 low frequency words) were embedded in two different sentence
frames. All sentences consisted of seven or eight double-character words. These sentences were either presented
normally or in a disappearing text paradigm that, as each word (n) was fixated, the word (n) or the next word (n
+ 1) remained visible only for a short period (40 ms) before disappearing. The paradigm was utilised to
manipulate the display duration for the parafoveal word n + 1 (Experiment 1) or the foveal word N (Experiment
2) respectively, to compare the efficiency (speed) of encoding visual text information in sentence reading.

In Experiment 1, when word n + 1 was presented briefly (40 ms), the overall sentence reading times were
prolonged only for reading-level control group, but no difference was observed between deaf students and age
control group. The effect of word frequency on target words was normal for all three groups. By contrast, in
Experiment 2, during which word n was presented briefly (40 ms), the overall sentence reading times were
prolonged only for deaf students. For gaze duration, the effect of word frequency for target words disappeared
for deaf students. Therefore, deaf students showed higher efficiency of encoding parafoveal text information
than their reading-level controls in Experiment 1 and were equal to their age controls. However, in Experiment 2,
deaf students showed lower efficiency in encoding foveal text information than those in the hearing controls.

In conclusion, the present study confirmed that deaf readers have enhanced parafoveal processing of
linguistic information, but their foveal processing was hampered as a consequence. Thus, parafoveal visual
attention was enhanced in deaf reading, which may be one of reasons for reading difficulty. Further research is
necessary to explore this issue.

Key words deaf; effect of parafoveal visual attention enhancement in deaf reading; disappearing text; eye
movements; Chinese reading



