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LIR5 2R e LU M S 0 N 5 i o et es o g R LU B L o O e e O Y 1 e e e SR U
SERR U R RIRE J7, P AL (R . A DB IR 4 45 B 5. BITTE R, DU IRl e X — A1 BRI AT
SRS . MHXLEIR 2R BRGSO S, DURSCF R IZSUUITEA Y . AT R LR BT, § IR S I
Wr USRS, IFLAIF R TIFE, A i h LR RRAY T RO

SRR R AT RO, R 2L

& e B i 6§ (developmental dyslexia,
DD ) JEiRlEFIAEG R miim AT [n A, Afhs A
25 TR N —FRe iR S il ANRes
B WrERE . HoAb O B A B L
v B P 2B TR ( American Psychology
Association, 2013), Pf & CF T, DD % & ik
49%, FEESEHEBE LAY SRS (Hasko,
Groth, Bruder, Bartling, & Schulte-Kome, 2014), X} & #
O FR{EEEREAT B ( Mugnaini, Lassi, La, & Albertini,
2009); PUESCFET, HEWRFELN 5%~10% (R,
X4, 2018) .

KT BRI AL, BFRES A —. I
M RETREE G, DOES N T GBS N £
B F AT o H\ Ok [ BB AS 7E 55 105 R AE
T ARG, TR TR RRAR G b RS B E
g5k, RECRIRTEN RIXE, FEAS T Y B e RE )
K JE (Ramus, 2003), fij el S22 A0V I T2 A a0 72,
BRI A SMBIE & kS, ok A A
Ry ] 1 P AR AT 5 i TSR A S e, ASBRF
i#iA ( Hahn, Foxe, & Molholm, 2014),

FET AT 0 TR BEEE S A BIL ] S e A (£
TN B EGPE IR, HUCH SR, Wi
7 BACH W Bt FE, ZER 2% ) 55 A~ B8 i
ANGiA, TR —ANEBAIZ R, [ 1 A R AR X
— i #2 B Bl B (Talsma, Senkowski, Sotofaraco, &
Woldorff, 2010). J& & HHEBHREA 1 g [ SR At i) 22
BL, T i PR T e T B AR A LT n T R
Be o BIFE S R ] S B R AU I T b A s ] R
PEBRFE (Francisco, Jesse, Groen, & McQueen, 2017),
FRWT A E]E5UEE (audiovisual temporal sensitivity ) 5
AT T )3 PR 1] AN BE ) ( Francisco,
Jesse, Groen, & McQueen, 2014), A B 55 & #2& i [
TR AT WL (5 2 A A R, Rl
TR B R = A, e 2Tk I A SOAR
( Wallace & Stevenson, 2014), TiAHEEHFE SCF, W
WA RIS 420k, TEIETEE . S S UAC
XFRZFR FHEEA (Peng, Wang, Tao, & Sun, 2017), &
5 R OB BRSO, H 2SR 2
BT TRI B ZE A, 5 DA R B A TR T,
ToEMARZ I FARAG & 5 4% (Li, Shu, McBride-
Chang, Liu, & Xue, 2009 ) , LI A ] S ik
22 S EARAM G T P UF ) [P 5
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Wi LI a0 TR 5 SRy ) 1352 B B 5 B 34
EAE DAL T AR 0T (e 152 B i i ] s 53 25
B2, PRESCFEN, RS R AT LT s ) SR
i P, BB A B UMZsie; DUE
SCFET, GG R SR, DU T SRR L
HIEEORATRE Ry, Pk, XTC ARG iE
FBLRAREE, AT AR — LR MEHr, fEdExs
DD HLIFHUR TR
2
2.1 FAHE

B FHR VT AL B () U e = = [
Fsf P B 745 55 ( simultaneity judgment task, SJIT) ,
SR AN TR T SRR A R B A A BSR4 i T
% ( temporal-order judgment task, TOJ) , % 3K K|
DT R T o) 35 S PR A4 T ( Francisco, Jesse, Groen, &
McQueen, 2017); fRWTEESATE 55, TR FEARIE
Fis ] ] o Ay AL T S5 BN 2 A Rl 5 R ( Megurk
& Macdonald, 1976),

55— R [l PRI AT 55 . FE R N REAS 2
MG S AR 2D LA 28, hHIWre &R
# ) (van Wassenhove, Grant, & Poeppel, 2007), —
5 T I 6] T ¢ (] s e B ) 8 o [l B P i 2 15
3 T8 AR Ry — A~ 2 8 A 2 AN [R]
FHOFR B E N K 2Z— (Stein & Meredith, 1993), 7E
SIT Hr, 5 AN [w) sk ] [ B g AT 8L ( stimulus
onset asynchronies, SOAs) , 1L M| K7 /2 75 ] sl

( Mossbridge, Zweig, Grabowecky, & Suzuki, 2017).
AN TIF G UE S ) 152 A B B 114 [ e P ) o, B
CAEAIT A [a] (] B A s, T3 — 38 Rl B %
. Francisco %5 (2014) XF % A1 52 i 5 SIT
AT AL, KRR AEFE (Fy) MIESE

(F0F) , SRBERGALE S840 T A 1 58 1 R
PERSIE T, WEEFE T, BRE SRS W AT,
Ui A AT 7 555 o 3818 PR I s ] 0% - A ke
Moo —4FJE, AT KEEAR, 90ATE 252G
BN, AT SIT 76 5 18 J AR 5 i s il
W B RO, 45 RS Z AT AN (Francisco, Jesse,
Groen, & McQueen, 2017), #iZh R B/R Lie 2 F i
AR F RN, FERF AR AN R AL AT 5 2B
SRy [l Esf s R A S AR 5, R AN 5
S8 A R P B[R] SR de s, A B RS Rl AR
St W AEAE . [F4F, Francisco, Groen, Jesse I

McQueen ( 2017) IFRFE AT B EEUE 5 B 5 ig
MR, [RIRERT SIT WA 75— AR B 1] 1 R st A LE
B NARIT B T S, 5 SR A s il LA\ B
BN, AT B (R AUREEATY R e Sy i R D) 1l iR
25, HRiX—Re ST 7EB i i EEAE . SIT
TFFFE TR AR AT R T SRR R A5 1 3 LR e
RETEAfRAS B A R T %) LRI B A ( point
of subjective simultaneity, PSS) .

g iy )0 (61 S 2 R T - W | I R
T 7 0 T AT flk i . 0 ik, 60 O AT i I 38 P B ) I
gl S ol 1 1 | S R SR R b G S LR T
PR, A REMERA BT Y . Laasonen,
Service 1 Virsu (2002) il: DD &2 FlH A 5¢ B TOJ
55, MATREAIWTOLhos, W flood ST o 2540
FC R, 250 Tee MM a G, RiGHR
PR 2%, FEAE S GE RO R B, 1d BH HAE e 1 of
PSRN A b . Bl S A — SR S T X
— 45 N Hairston 2% ( Hairston, Burdette, Flowers,
Wood, & Wallace, 2005 ) £ 1E# FIE LRGN L2 B
TRT DN RNl VR R i, At AT T I A i i )
ST, AT IR T DAAS [R] s fa] [a) B 2 0, 45
IR AL T A (R B A R IA 74% RUIERR,
TOJ {55 W52 H A A AT S5 i 25 RE T
FHEE SIT, HHE 5 3244 S I AR 5]

5= VTR AT 55 . VTR BB 148 M ACHKS:
(] s B — 2 i ) 2 PN B AR T {5 B A5 il B — R AT 1Y)
fie}1 (Francisco, Jesse, Groen & McQueen, 2017), AE
P IR — BN AT {5 2 s ] ) B e 5 e
[B] % (Dean etal., 2017), [ 7EAFMAZ A
] (Noel & Wallace, 2016), — B FHCPTAl LT 4%
A HESTAY T N McGurk SN A IYE R, (Megurk &
Macdonald, 1976), HAS BT Z38 1+F 5 Wt A —F 11
WE, TSRS, ARG, WS
W NS Jake/, Wk IUXUR Y fapa/, JHEAT
WEH U R SRS Ur 25 M /ata/, Stevenson,
Zemtsov, 11 Wallace ( 2012) HiX —u=NiE 17 0F5% &
PR B[] i UG i ] 8 2 [l A7 OB o A T4
T N E TR RGeS SRS R AR,
R IRAREEAT A B [0 B (1) AT A B AN [  —
INDG RIS GF, 10 5 IS [ 7 DA/ N2 Wi o) AL
W ST SR o AR X — S5 2R, 456 D ek fis
FERSE [ BN - A e pe, T HEIA A T AT BEA B 5
A IR o TR AT 55 A9 B A AR
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PR ERA PERE Sy, SR b, OO
(SO NEIIREINGEYSTSIERS: e | Su e

IRIA TS K SN T B 2 ) e Y
TEbn, —LEET X R I TR BRI A S [
Al ¥R, YIZkn] 45 /N H S8 . Powers, Hillock 11
Wallace (2009) HA A5 A9 SIT XF & A #EA7T 125,
TR WA [ ) TG R A5 )25, ik
ZesIER SRR s, IR AR
T2 SE P, S RN 5 /N TR) 5 S 3, 24
/N 40%, ALY N ] SRR A v B R TR, ISR
NI — G5 T e B2 Bl KT 0 BB
PAL SRy A AT %) 22 J i Bf 1] DI BB 32 41 Dean 45 (2017)
F TOJAE S5, abd AN FIWAS [ i R DG RIT 75 19
WY, A 70 0 Wl A b G P b S IR
W R 5 ) EARRIESONE , AR 2 )X
—INFI AR R 25 TOJ T4 R, 25 550A
TERHE R, TOJ T4 LM 2%, R A
W i TR AR AR 520 5 T DD ST s Ta) i T
K SRR USROG, PIFIE e i G5 2R
DD [T Hilf B2 4, 455 i ) sebE fE )
FEHIIZAXS HAT A RIRBOR

NI ZRAIESE Ry IR EsF () S0 e £ X e
PR T T IR AL B, SR, B P
BRI A T AT I (R BURRE T- Pl ) B R IR AR A, —
SO W o BN ] SR ) T T 58 B, DI
T I T SRR R, DRI OGAT: 45 R I i
Fostick 2§ ( Fostick, Eshcoly, Shtibelman, Nehemia, &
Levi, 2014 ) FHWT & TOJ Y 45 5% B 1) 352 5 5 1E £ 7
T, B IE S BPMES R, R
SRR ) 6 1 {0 & BRI, TR R S5
SRR G, LR I TR AU T P A R B H
SR EIRMOCAR; Habib 4 (2002) o 1T W e
TOJ AT:55 XSt ) LA 7 19, W YIRS
AT E S BT 55 R MekE . Murphy il Schochat

(2010 ) B R 0 15 152 B A L 2 s ) My SR

REFEATUNGR, 2555 1 AT TXAS ] s W 38
G BT , 3 A T e e o D SR BEAR S A 5
ST SR ] 152 A R B T e SR, XF
HAATAHOCINGR, g/ s B & FE R, X TRER e
AIREAERIERE, TRUTFEIESE
2.2 it BT

bitis DIRERE AR 4 (functional Magnetic Resonance
Imaging, MRI) . i AL [&] ( Electroencephalogram,

EEG ) #1535 {4 #H > 5 /7 ( Event-Related Potential ,
ERP ) RIS, BRI I ] 50 () A AL
REE DB AT B DMEMFFE L BE, BWras (Al hn T3
L J5 0 I8 (posterior Superior Temporal Sulcus,
pSTS) M JH Kz 255, pSTS A Tt (i 54
ML) R R R (BN ) AL,
FE WO W K J2 DX 3l i) 0 A T8 ((Wallace &
Stevenson, 2014, AfF 53 1IE S el e BEAS AE AT N T
Wi 35 (STS) #4654 . Ul Riisseler 45 ( Riisseler,
Zheng, Gerth, Szycik, & Miinte, 2018) Jfj fMRI %%<
TEBEAF N — AT 5 T B 25 5, SR S s
PR —BEA BT RO, 45 R BE AT R
W 35 TR B — S XS R 5 AT, S
STS %; Blau %5 (2010) [R5 145 9t 52 SR T
FIREORF, RIS T IMRI F14 |, IR AR D St L W
B M A A IX, 25 AR A& BAb AR STS
AWIEFH

BT H N IMRI A 5% S RF STS 78 A W 15 [i]
TORMEVE R . —WFIE Lk A JEENAS 5] B 400 Wy o)
WOFIEAT MR 434, A AR IR AN (] B o st
STS 72 HF% ( Stevenson, Altieri, Kim, Pisoni, &
James, 2010); Powers, Hevey Fl Wallace (2012) 114
WRSE AT SIT Y2k, YNZRATIE 4T MR F94,
RN GRgi/Nml PR Rl 5, H pSTS 7EFHEAT
WG N, £5 1, BEEREAS STS A W0E 5%, 1
STS X AT it (B B PR A S 2R, AT RE AT s ]
PR R BRI TR 2 AR BRHLTIA STS WG 9 -

iy EEL 5 i R 5] 52 B A0 U i ] e sl A
XTI B LS K S o — T DR SO T AT R
R ZEIRTE N, DR e G, JRILHD
1 9% (mismatch negativity, MMN) F1 i #1551 17 3
(late discriminatory negativity, LDN) f£7E175 K& 4,
RIS RE B (R, BRI, 2016).
Froyen, Willems #1 Blomert ( 2011) /{ ERP % [id] 132
Bt LB AT I T Ak e, BFSE & =R R 2
By =N N s A IS S A A= S o 1] R
S HE NAE R BT J %A 2575 % MMN Fl LDN,
1] e A 5 [ AN [ B AR A X A, 6
W) - R A B Gk, nT e LA [R) Jk
HIRE 1 B AH . Mossbridge 25 (2017) i EEG %}
HONTE SIT Hh i f 7% 17 00 e 55 B e 1 06 R kA 7
R, RIERTEIT SRS DR I S e %) i R B

(auditory steady-state response, ASSR ) 5[] s s}
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()N T ) A R AR, WF5T s 2§ ASSR ffak
PR, T A (A ARt B, LR e B A )
IRALTEGY U A T s () e e o ] 3552 74) i A FH
Nl BERY K B L] . Mossbridge 25\ Ay, [ 2 B i
AL ZANBFI RN A R, ARl fdns | oSGk |
TAECAZANE SR, TR [R5 0] B 32 244
HT s, RO R R R,
BEAR, AT s (i) e A, 30 e X R T [R] AR 2R 1Y
FEAS XTI SGE IR AN TARIEAZERVER, PR ek &
AT SCHRECE AT RedE s TAE I ZALHI A5 31

YR XT AV s ] e i ot 22 BIL A T 9 322
SIT ¢ [FBfPIERAE55, AT REDR R L 53 PR X
SIT 558 i, RAePEAR, & THifsR. Akrlgl
G 5y AR B AR A T IC 0, AT AR T B
[ ERUREA: A P 2B LA HRAS B 28

3

PUE SR VL AR RITIIE S, i R
Feok, SPFESCFA X (Liet al, 2009), BEIRTF
Z U2 7 55 FUE 553/ B & L, (B0
AT 50% I 38 5 H 5 55 —2 (Peng et al.,
2017), DUETAFZRE R 5 L7, TRk mR
TS HENFIWE X (Chou, Chen, Fan, Chen, & Booth,
2009), PUFRMAEE SO, PRECFREE L
T, ZHEEAIN TR R, SRR
SESCFINT R PRI 28T, SRR, TR
(2011 3BT 5 B MERHE DO E Hal ik i HES):
FINERARIE S, hIEE SCROFREE R, 4328t
FOMEMESLA S, i sC, WIEIR SRR ES
SRS . MRS 0SB Ty ke AT e
FE MR RN, Gndese, iR, oy
PO BTSN EE SRS B I, RS
A RS AR DU AT B AR RN 2
X 2] B VT R 5 e ) R Ty CBRAT , X
,2017), AT HERE A8 B R AR T s (] ek

e — AR TR S (e 132 B -t A 40T B[] 5
MBI . IZWFT R Chen S50E1 T, XI5 AMDLE [ 32
Bl FIE R L, H TOJE55, ihpialAe W ik
TG FIRAL G R BT, A f = Fh 5. VLRl
FURVERC AT IR AL A R, 25 R
HEMVTRRAE T, 1E5EH 22 (Chen, Zhang,
Ai, Xie, & Meng, 2016), SZHFUF B L BRA7AE LT
Ao () BB B o — BB SR 5 B0 () T A B3

TE A AMEUEYE . Chung %5 (2008) XH3L#E DD JL#SE
Jiti FRLE E LT 5 TOT AR 55, R IR LHAE A~ 55
FRINIA T 2 | U505 o () e 2 TR N
Wang Fl Yang (2016) 76— KFEARMF a5 T H[E]
BRI DT A G, TN 1~6 FEGLEE,
Horp—2p R PUE RS, AU o S 1E TOT F:
55 25 SR IN [RUE A, S5 5 1~2 AR B A 4H 78 T IAT:
SR 2, 3~4 PG A A AT 55 R I
25, 5~6 YA TEM MME S AFAEE S, VLR
(i) R B 5 ) L AR OG , HAZ AR I Y .
FTIA BERFFERT B XG5 B[] e 7 (8] 12 e
PIVEHEA T IO, R R TR — AR &
TV B HR SR o6 2 DU e 132 B i i — A B 2 S A

(ZWF, XUFNF |, AR | 2017), an—mF5e ik il
e 12 P A LB A T TR AR 22 ST AR 55 Ik, R B
AR - Sl R 22 T IE R 40 (Liet al.,
2009 ) ; XUFHTAE (RUFHT- |, I, 3L, 200,
2004 ) XPBUE B BT LY - FAUE - SGEIA K
SERe IR AT, AR BRSPS 1K
B R AR V6 I . CA DB B e
B A W I T A5 2 BT ) A PRI, (i RN
RIUEC KRR AR, S ToTk 5 d oAk

( Wallace & Stevenson, 2014); JE& 178 /M 487 178
— MR RV () B A, NS iy ) 7 2 (4
43 Jc#T. (Froyen, van Atteveldt, Bonte, & Blomert,
2008). A, ATHENNSLE B LR AT 0 7 A 5 T s
[ EURME T REA T F 2R R R, BEEMRES S
— A EET ],

X FE P RPE F ARG AR, BRSPS AR e B AR

W B () SRR R B B o RO B B A 2 A Y
Wb, 5 B 2 S A A HAN T A ) s A R
MR SCF R ZERE , AT SRR st 5
FRPE, B8 BRI TE7E— MR/ NI E &, R
DUF XA B 5 R AT RE T =y, AT g S0 AL
Ao T SR o B 7s A O 5] 12 R A T s () g o
AIRESE R, PR sERE 7 S A A TS AT RE R K

4

Zi b, WISEREA, DD 7 7E AT I ) U ik
W, HSDEEREII IR, RAFRIBRE ARG
PO BOHE E A IERRROHHEE,  I Bel 152 R At Y B H
il AT F TR PR P BB IX — NS TCI T
X e 152 B A P i 8 22 8 T A Il UM R B,
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DU D] BRI e & P A IR il ( B2,
1996 ) , UaBHSAREIT BRI T EAEH . © AW
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A ((Wallace & Stevenson, 2014), It &b, %] 52 &
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Audiovisual Temporal Sensitivity Deficits and its Brain
Mechanism in Developmental Dyslexia
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Abstract Developmental dyslexia refers to a pattern of specific learning difficulty characterized by problems with accurate or fluent word recognition,
and it cannot be explained by the patients’ intelligence and inadequate education. As for the cognitive mechanism of dyslexia, there is still no clear
conclusion in current studies. Among them, phonological deficit theory is most accepted by researchers. It puts forward that dyslexia is the result
of impaired auditory modality. However, reading is a process that not only needs auditory modality, but also visual modality. It requires learning
the binding of graphemes and phonemes automatically. Nowadays, more and more researchers found that reading impairment is the reflection of
audiovisual integration deficit. The most typical theory based on cross-modality processing deficit is the graphemes-phonemes binding theory. It raises
that dyslexia readers cannot integrate visual and auditory inputs into units, which results in reading difficulties. Graphemes-phonemes binding deficit
is one of the most important performance of dyslexia. Its potential mechanism is perhaps due to deficit in more basic audiovisual cognitive process.
A series of research find that dyslexia readers have audiovisual temporal sensitivity deficit during audiovisual processing. Audiovisual temporal
sensitivity means the sensing capability one perceives the onset time between visual stimulus and auditory stimulus. Some researchers put forward
that because dyslexia readers have difficulty in judging timing about audiovisual information, so that they have ambiguities in pairing the relationship
between graphemes and phonemes and therefore are unable to construct text normally. Audiovisual temporal sensitivity can be explored through three
types of task: the first one is simultaneity judgment task, which requires subjects to judge if the audiovisual stimulus are happening simultaneously;
The second one is temporal-order judgment task, which needs subjects to judge the order between auditory and visual stimulus; The last one is
audiovisual integration task, which asks participants to report their perceived fusion stimulus under synchronous or asynchronous audiovisual stimulus.
Timing window is the main index of audiovisual temporal sensitivity. It means the time span between two different onset stimuli. Many studies using
these tasks to explore audiovisual temporal sensitivity prove that compared with typical readers, people with developmental dyslexia show deficits in
audiovisual temporal sensitivity, and their timing window is wider than typical readers. Adequate binding between graphemes and phonemes needs
to occur in a narrow timing window, and a broad audiovisual timing window results in an unsuccessful construct of such binding, and finally leads
to dyslexia. Some intervention studies found that the timing window has plasticity in healthy people and the span of timing window can narrow after
training. Therefore, training audiovisual temporal sensitivity of dyslexia readers and narrowing their timing window may have great potentials in
improving dyslexia symptoms. Some neuropsychological studies find that the brain region working in the audiovisual timing processing is located
in posterior Superior Temporal Sulcus(pSTS), which receives signals from visual cortex and auditory cortex and integrate these signals. Compared
with typical readers, the activation of pSTS in dyslexia readers is abnormal. Also, some Electroencephalogram studies find that Mismatch Negativity
(MMN) and Late Discriminatory Negativity (LDN) evoke abnormally in dyslexia readers and it relates to their audiovisual temporal sensitivity deficit.
In conclusion, many studies have evidenced that people with developmental dyslexia show deficits in audiovisual temporal sensitivity not only at
the behavior level, but also at the neuropsychological level. However, most of such studies are conducted under the context of alphabetic language.
Future studies need to improve the experimental design, enlarge the study about audiovisual temporal sensitivity in the context of Chinese, and develop
interventions based on temporal sensitivity, so as to provide references about the core mechanism and clinical treatment for dyslexia.
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