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PSYCHOLOGICAL EXPLORATION
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B EABREIHBRAEGEZEAMLRRANRS I FTHERR L S0 %Ik, LI
BN QAR ABEFL~FARETHONA AEFRLIELRAES AR IFHFEHE
FREGBEEAN, BRABFEIMERONE, o ER KT FHRLEEGHEAN LS,
R4 EBLF R AZALRR K EGMA L, B, BRI 65 0E 5 B AT s A 3L A A
M B A B ES REMUZ G5 B FOTF AR FREAN G AT Fh R LTS,
SRR IATRAE S T FE AN, LB ZAN I EEBIARFAKEGHH L, #—F 4
A TE 3 T 6940 S b4 B Ao TR 69 5 T ALH) SRALRA A 09 #THE 5,

REW AT A WIEF T 38 S AR

HE 43S B842.5 CHKERIRAG A
1 5|7

P2 R Reber T 1967 45 8 YRt HOEA
H—-MAFERRS E5NFT, RMETERS T T
E . B 3R 3 B ] 25 M 6 R i o 72
( Reber, 1967, 2013 ; Rebuschat, 2013 ; Rohrmeier &
Widdess,2016) , A i 2% > SR FH ) 12 B9 =X
Z—J2& Reber (1967) W A TiBAE S, XIS H L
Bl —ERE R E RN TIEE R, @0k E
H K ERFAF R, 2 B BREORPAICI /8,
56 9 BB SR AR — R I WA HEA T 20 28]
W, 85 5R R BIBOA B 2 28 H W RS B E T REALK
-, BEJG W 1R A R W a0 X — L0 5 A Sk
BHIZER, UEA T AR TR,

WA B LIRS R T —RIH4E,
FIERESRZ - ETHIRAEATEEZ SRR
BHMIRSG R E B M 4 (Fich & Friederici,
2012) 7 Reber(1967) ik A # i3k 15 B MR R T

FAETE E G AN, T 55 — e 55 38 DA 4
RTEATIB AR S TR R U — e e 40
Bt ( Brooks, 1978 ; Jamieson & Mewhort, 2011 ; Ro-
hrmeier & Rebuschat,2012) . F5Fl 42 H 0] W = B BF
RENERRATBIRREBIR X —FE. £IH
BrgE i, oA o) [ B A 36 I B A B A A LT
Z H 2 X (Reber, 1969; Scott & Dienes,
2010) , G55 K BRI ) 22 T A7k & AR 28 AL, Bt

+ (B IFESE: £5F L, E - mail ; syguan@ hebtu. edu. cn,

NEHS 1003 -5184(2018)04 - 0326 - 07
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Xof R TR 8 R e B 22 2R I R IR S A i
B, X — B E B T AR T, BT
AR R, 0 T X — (eI, 5T AT
S MRS, R BB A XA R S N B 2
2 hh G Ak T BRI 3BT Y UE 9, 37T B S L U B4 B 5
RHEP—NEENHTE, LHEERNEREHESTTR
[ e BRI BRI, B 2R E T ARG S
RS SR ZE SR I, ( Rohrmeier et al. ,2014) , FIFR
ERBALIEEARL, B AR, SR IR I b5
M BB S S RE XTI 2= 3] I . X T
TR, 2 15 7] B 45 4 75 A ] K P B TR 52
B, 0T TARRIERAE , 7T LGB 3018 — R P IR
xR RSB 15 E2 B RE Ty
B4 AT BE B RN, D) 575 B — 1 B 11 A 4 o ke
B ETXUER . B, R RES M3
H ST ARARRUEARAE , AR 4 a2 > (R N EE L kB
A PR SE PR R AR, IR WA RE 8 18 B g Hh R )
JCEE BN AR 2, 5 Z AR B 1 22 X HLE RN 2R
ToRR M (PR AE 1) Y%7 A (Ling et al. ,2016)
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TUPE AT E , 2RI 56 o Bt AT & A A (1 43 2 AT T AT
%o HRRIRARETRERNPAA I BIX
M) ( Dienes & Longuet — Higgins,2004 ) , H 7 [6] 4%
W A % 7K S Bk G5 2L 0 85 (Kuhn & Dienes,
2005) 5808 REERBFINFMT, 8l 62
2[iZ M) ( Kuhn & Dienes,2006) . Dienes Z£(2012)
T TR R S A M N R . FEET Y
BB /& 2 B BRI R A (L 2) ,
B BOLE RS T R IR 5, SR R L
YA I IET R B 2w T REYUKF, Tkl 48
PORBA BRI
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(% B Dienes Fil Longuet — Higgins 2004 )
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B2 SR EE BN
(3% 3 Dienes %£,2012)

ARG T AR KA A L ( Tillmann,
2012) , 5 R, BUE T WA A RARER
FHAE . Jiang £ (2012) #1941 B0 75 I8 2K 7 B0
M 2345 , RAKER 10 WA EH, GRHETIR
HERr EFORTF R RIS SRR (LK 3) .
B BRI AE  ER, J B B B SR AR T Y
A BRI LA, SR A, POl b AR X
sraik B AEE A, AN R R R R B T Fr
TEYE . HAt— 28R R Rl R4k A B B AL T
WA R K T B BB R (Li et al. ,2013) &4
THRIE S M 1E B 5L B ( Rohrmeier et al. ,
2012) 75 [A) W 38 32 3h 7 5] B 3 R 7K S S Bk 5 0
(Tanaka ] Watanabe ,2014 ,2017 ) . B/ BhF ) % FR
L (Orgs et al. ,2013) | N LiE 5 B AZSH FIZC
X A5 TCE S~ (de Vries et al. ,2012) HRUESE T
T B L B AT A5

SR, BRI — R FIWER S R IFA B E i

—E G T IR R MU AS B, AT REAUALR — 2 E 1F
B 75 U (¥ £/ B % i 6 R o Dienes F Longuet —
Higgins (2004 ) 4 1 9 12 7T REAETE LA T B Fp SRAL T
FRESHLI (7 = A —(EIN R IE AR B — T S RAE
{E—ERYRAE 28 BT B 15 AL B 1 5 FF
() RS — AL E R &R (F ) Z R TE 3T
PR R A E— LB KR RIGPOLIRE T AR
7B 2 JA] ) 2 2R ML T AR R A0 ELRIVE =2 ] ) ] 2
XF IR AR AR THE—(EINARIE , R R — AR E
HHR . WRGIARB S LER—R BRI, K4
2470058 B B ) B2 ST O BT R OB (4 R
P) e, BT 4R BB 48 43 B ML I &5 AR ML &3, B
RERE Z A M R R EER . SR T Br
RREZETFRERSALIRE, ZWF(2014) 5
YRR FHDUE A PR 7K P RS MR R T S BB AL Y
ISR , ARSI T W IR 7K B Gt 3R
W, 3502 1 A3 A KPR DL R 2 AR 4
(RI7KT- BB , 227 2 B B Bt 2 2J e o — i i
PRI, 3000 56 B B 2 W e AL , 5 2R U B A e B
B BB Y X R AN U £ 272 3 O, FAS [R] 1 U Frg
RN, PIBRE ~) BUhG PE Rl RIS AL T 3 i o
4%, Dienes fl Longuet — Higgins (2004 ) #f — 5 %%
AR RIEX AF Ry PR [ K AR K
FAE, 45 AR AN B ~J 18 [8 18 < B /Y T iR
BRI IR 23X o AU — P PR E A, R A
TR I BRHNEEERKE L RETR, 4
XA S R — AP R T R IR AR T
FRAEZ . Chomsky (1956) & 45 i “HIL R AT AR
RN FIHREN, ARIET WSS & —
APERTRE LN, 7EA R 1918 5 K e nl B3R L
KA IR Z R ¥ . R BEETE Bl sk i B
B8 K 7K S B S 3k e T A R S AL T AR B 5 T By
Bt AR B B [ B AR B TS 2 5L BE 8
Chomsky 3¢ T AZE1E 5 # 2 > L & o PR #Y ( more
than finite state ) X — W 55 3R UL T B HHESR SZF:F o
g, BFFORTEA R SRR B HT 3 T, 3R
HAPACEBE M K % . Bk, 725
BB, IR 2 KBS 10 (R & 5, T 7E T 46
BB, HEEH R E D 8,10 1 12 By & B2
FIWT , LARBKT- Bt S 7 A R BT FRES R R
TR, H RS AR &5 2 pllrE 2 o i R
B A R T 35 23 2 F W 1 i 2 R ( Dienes &
Scott,2005) . HFRBHARES P Bk AL A% B A
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tonal syllable string Zéu  l&i  ning zhdn hui qin gud tx  cdn  &r

| | | | | I | | | I
tone type string ze ping ping ze ping ping ze ze ping ze
B3 SEMNEAFEEN WS AENNES M ENARRBEENKFRHEXR,
(2R B Jiang %% ,2012)

2 FHiE IS BB AR R, AR E RS JEHL I s KA WAL
2.1 A% EHIBERAW, =GB 16 S FIRBEEA 3 1k, 3t

2 ZRFEVHES N, Lot 34 N FIRTEE
18 ~37 2 ,FH4EI8 22. 43 % rifi 4. 38, LT
2H 18 AL &I 24 A BB GIRINERE N DUE , Ur
JIIEH
2.2 #M#

TR BUAPGREIL  RIIK B 10 A
B TR S A B E 7R A TS KO
BRI, BR ARS8 RIKAE IR AR EA
SRR AR R IR A AN BN R,
DUHZEHE(REGI UL 4) o $R BRI RPN, A BT 32
AMKEER 10 I IRER 16 ANPER 22 S B BL A 8
16 ME I B B BE R & 15 B o BLSh, AR 16 4T

8-length

48 1IN TSR BB iRy 32 47 IKHR (16 A~k H
16 DA &) A ALK .

TEER 16 &1 A s A WA g i, Ho 8
“can,ja,hul,shéng, ning,lai, gin, b6” N3F5H ;8 &
“gud, &r,zhlin, x1,zdu, jun, ti, wei” KK, 16 4~
Bk AN A 48 22 Br B i) F IR 8B DA K 32 A
g6 GBI V- KB o, BT IR B SRR g A
10 MEARER,

FAb, G BB B 8 0 12 (il ge: 5 Rl 4
A 16 e B 16 MRS, Bk, WK
BEEfaE 32 #3 =96 Mg ER, LA 4,

tonal syllable string zhin shéng xi jin ning gud 0 hui
I | | I | | 1
tone type string @ ping ze ze ping =ze ping ping
I ! | | I i
10-length
tonal syllable string & shi&ng ain wei hui lai o W cdn gud
I i 1 | 4 | | ! I
lone type string ze ping ping ze ping ping z2 20 ping 2
12-length
tonal syllablestring huT jon wéi bé to zou zhan ning cdn &r lai

| | i |
tone type string
l

]

ping ze ze ping ze zZe
|

I | \ ([ I
Ze ping ping zZe ping

B4 KEX8.10,12 K& FN B9 il%e & 6
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o, MR R L. 86, 3T K
B2 10 BYIUH ER , 2 > B BONI R B B 4 X R A
PO R AR E R A . HIK X T =K
RO IR AR, BRI B A & P A5k B AR YA

P BPARAE AR (MFF) B AR 2 e BT L AT JG
R i BETE A A A T 4R D BT T A ps >
0.05( A& 1, EBREH - BIRHMESR | S R4 H5%
B3 A B i LR B B0 7 L2 4, 2014)

F1 ZHAFEKENEPREEMFZREFFHEY OEAMEVEE LT HEERZE (MFF) FIEREE (ACS)

W% FREERCE/IR) P (1-4) Y
7k FEk Bk JEk 7k Ik

MFF 576.00 £0.00 576.00+0.00 360.05+0.75 360.56+0.75 90.44+2.67 90.84+2.47

KEXNS BIKACS 234.00+1.10 234.38+1.02 49.69+2.55 49.37 £3.90 2.99+£1.06 3.27+£0.52
AJG ACS  54.00£3.29 54.56+2.79 11.63+3.16 11.44+1.30 0.61 £0.68 0.75+0.55

MFF 720.00 £0.00 720.00+£0.00 359.89+0.50 360.08+£0.48 90.34+2.45 90.83 +2.48

KEN10 SR ACS 233.72+2.31 234.28+1.39 50.59 +£3.74 51.18 +4.41 3.11 +0.64 2.72 £0.69
AjG ACS  52.88 £3.07 52.31+3.23 11.02+2.73 11.63 +2.60 0.47 £0.60 0.75 +£0.47

MFF 864.00 £0.00 864.00+0.00 360.03+0.53 360.09+0.49 90.08+1.29 90.31+1.84

KEN12 BRACS 233.55+1.39 234.23+1.11 49.72+2.90 50.42+3.31 2.89+0.71 2.80 £0.59
HiJG ACS  53.44+2.79 53.43x2.79 10.17 £3.04 11.02 +2.45 0.70 £0.89 0.61 +0.68

AR R A E YRR SR IE] D 450ms.
ST R RS 8§50 M5 A
600ms ¥ B[] [A] . R E - prime2. 0 4i 5 L35
PP o
2.3 BE

Xt LR AR, LT A F 5~ B BT B
B o Tl 4 s, (L S g Bz
2.3.1 B

BAFHFPEREEN3 K, I 44 FEFH,
JRFFRERL. 1P B BRI — 1> 450ms IR
LB SE R G A 5000ms FyH 8] 5] B , #8055
ST B B FETE 5000ms i [i] [H] B 78 0
R AR 2] 75 & o 2 BB s R Yy
30 434k
2.3.2 MEHE

BT LART, ST MR PG, M ATI7ESE ~ By
BT BN R e AT 12 1 ) — b M U 22 AR, SR
filoA T3 =F 0B I e 5, 3t 96 ABEAT 73 AT
FR TR, A — 2 B A0 — AR R A
b e SR g WA et 7 1 L o S S
SrHRR — 2 HUU S AT — 2 R ML S, BT B
FrorRFNWr . X TR &, Yol | So i 2 b
HEBLE AN, HEE N5 B SefZ s
VU5 HE SRR T Hh o H AT ] B AR O, L P
AN E S A TR A AR, ICAZ AL A 8

REZEH A
3 &R

AT B S o SRR 0. 05,

3.1 SR FIWregEmFE

B TS ATR b PO R E R,
HeAme 2 AN, v] B S BUE AR H B, R 8k
Wik 78 I 56 o B 43 25 40 8T B OE B R R A R
N0 S S BEE (Ne R HIBRATCHC N 2
HIWr YR EL, ( Dienes & Scott,2005)

it F = HB 005, SE 20 A8 5 4 2R B0 I
R E S T LK 50% (KEHR 8:1(17) =
2.50,d =0.59; & & %7 10:2(17) =4.21,d =0.99;
KEEN 12:4(17) =2.98,d =0.70) ; T 4= % 4 4
BB B W IE R A BEHLK T 50% £ RA B %
(KFEH8:1(23) = -0.10,d =0.02; KJFH 10:¢
(23) =1.31,d =0.27;; K J 12.1(23) = -0.81,d
=0. 17) ;3 — 25 1 H i 2% 3050 96 4 4 40 28 1 o
R I IEF R A B2 = TG A (KE R 8:1(40)
=2.44,d =0.78; K FFH 10:1(40) =2.73,d =
0.87; 1B 12:1(40) =2.91,d =0.93) , X £
LI AP 15 T KB HL 0, 37 fR 48 4 I
FBIARKEME L
3.2 ERAAERGLEH IR

K5 POFh R FR R T R B A
WSl YT s I R U Tat VAR 1S e (B T N
Hy2E 4 i ( Dienes & Scott,2005)

it F = R [R] FE A 36 4 ), ST 2 AR
PR N RSN 50 FIIR B 14 28 R IE TE
FRILES,

FE N BREEF AR b X T =3R4, STER 4B
A ZSHIWTIET R B2 & T REPLK T 50% (KB
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H8:1(17) =2.47,d =0.58; K E R 10::(17) =
4.27,d=1.01; KF ] 12:1(17) =2.88,d =0.68) ;
T 428 1) 2L AR P 20 2 P T TE A R IR B K OF- 22 57
ABE(KEHN8:1(23) = -0.20,d =0.04; KEH
10:£(23) =1.33,d =0.27; KER 12::(23) = -
0.77,d =0.16) ; #—# K [ Bonferroni %t IE , 5L %
HPGATE=F IS ARE ) 2 28 B 55 IE (E 7
RREHTERAYGL(KEN 8:1(40) =2.40,4
=0.77; K E R 10:2(40) =2.77,d =0.89; KE N
12:1(40) =2.81,d =0.90) , X5 F R I HIANS
TR LRI > 45 A IE RS = N BRI o

1.0~

B L
il

I e
o 3
i

SRIFEEHE
~

0.2~

0.0~

V\]l%%%%]%ﬂiﬂ
5 =@ R ERNRMM SRR ERaE
FIEF S EEREZE( « ¥R p <0.05,Error bars: +/ - SE)

XA RS AR, T eI BRA WA5

R AR/, SEs 2 AR R 4 B R A 3 A

6 N T 0w S IR, B DXt 141 12 4548

W, AR A58

4 iFig

WIFTAEIE R WA AE AT IR T, 3R T DUE A

PP BTN B BT . 3= BB g 2 B

KEEH 10 BIFRFE 7K B M0 B A 3 e, 00 36 B Bt

FEE T R ALTE R B LRI, 4

REHFPA MR N B~ 15 10 Bk

WRIRT LI , 35 BE A 5 3 b i1 5 4 B 8 L ) ST 2]

AR BE BT RL T, IR SE T #1859 A0 2 DL A

MR ITR—EERKERNEE LR AR

Ho ZER T N RS A B R RA A 4R

HEBAMIEDR , 5 — VWA IE & F WA BIESE T A

KB T F VLRI TRIER Ao

MR AR 2 R AL TR E 45

W HZERE I X AE A ( Perruchet & Vinter, 1998 ; Cleere-

S BAEMEIR

mans & Dienes,2008) , H T iX SR K L H T Hi
B [R5 32 ) 4% ( connectionist networks) , H BEGS T AL,
Fi5E FE—ERRAE I =X, B LU B 1 B Bl 2 4
i 23 1570 B (B (X LSRR o ARATHHRH 52 11 22 2 0 0
A B BIRE BRI BB BT T4 E B R 1 —
{HRIRIE , 1 BRI TE X T8 R4 R [ 2 < B 1Y

A E—RRRM, B 2R RE MR AARKE
% & A5 B F AL ( Dienes & Longuet — Higgins,

2004) , ZHEE (2014 ) ELHORHAS 1AL RAL 2
— P T BAMER BB BERIE . T H A HX —
WFR AR ML EA b 3 — 2R SE T B MR A R
EREE—EERIMENFE, B, a3 0
FERMNBAIMBERIEREE ERE R T07 &
o A5 BB AT RLE— 240 AR (] i) e i 2
PR RE, BB S R AT BB RU o

H T P B > BT TR R 22 2 fR] B i e Y
4% RME S B2 B 7] B i BE B ¢ & ( Cleeremans &
Dienes 2008 ) . A8Z2 44510 IR B AL 75—
T 5 np 2 & (short — term storage buffer, Kuhn &
Dienes ,2008) , Elman ( 1990 ) $& H 1) ] 5175 5 f9 2%
(Simple Recurrent Network , SRN) 5t 21% 55 )% 22 M
BRI —F, BAS=ENER EF—ENET
SCEATT(context units ) , 3% — B ITAL & T B ST XS
SERTREOI T A 805 R 7S (Kuhn & Dienes,2008) ,
FEAEIN TR BRI, 4S80 USRS R4 TR
MERTT, F, BT SCEITEU T LMESS — N S 5
IO 7 B R SUE R SRR ST B A iE
¥ (Kuhn & Dienes,2008 ), Kuhn Fi Dienes ( 2008 )
K F SRN BRI 3 T & SR 7K 1 BR St B0 0 15 3 45 3
2, &P SRN BB )48 Kuhn and Dienes(2005 ) f$1
B (EEAR X TR0, SRN Xof A% 45i] 01 2H Fe {8l 7 58
HUk, ZFEFE(2013) £Ri) SRN BRI BE A L4 26
B B R B AN ~J 15 L, 4550 R BLIZ B AL AR
FAPUEA B KF A E BN, AT, BLA
P 222 P A e 22 ) 8 AL S UL 0 AU BR T [ R S
BB RE, SRR BB ST TT LA S SRN BB BLUA R4
BEm BB AL B > 1R RIS, XK R B T — 248
71N 38 B B R U] oA B 2 20 L T A

WA, KB BRI E & Chomsky %735 45 #4156
45 ( Rohrmeier et al. ,2014) 5 7408 15 55 8
%45 ( context — sensitive structure ) T FR Z 238 X
ZE ] (crossed structure ) o B T X — &5 W Ab, 1B
Chomsky Z&ZiE LM TR & 7 —F IZEE
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Jl——1F 5% Jo K15 B (context — free structure ) 5% FR
Z R E L5 (nested structure ) , 3% H8 Chomsky )
SRS, HR RS E LE S S S5 E
MEAJTR . SRS LLER T X PUA AL A ~J 15, 45 R
BRI EE LR A G E R 5 215, X4 R
5 Chomsky f) B i 3 A~ — F ( Bach, Brown, &
Marslen — Wilson, 1986 ; Z=3EJE, 2013 ; Uddén et al. ,
2012) , FEJFEH, Udden %5 (2012) R R IM 8L RN
BT 280, 2R 2 IE MRS P A E KRR
g4, 29E3E (2013 ) SR HI A Bl BETE 2 DU, I
VAR P [RIRR AR KR 17 NS US54, BT LA AT R
RS & 5 FEF RN A XL I TEMA S .
Ak BB ST AT — B SCARRI Y, IR C A 1
FR 0 X I FE B AL 2 15 BT, I, B W] LA
— 2P LB [ RS B B MU 7R B A TE R SR,

RIS
5 &g

B 58 ADUE 75 18 B 7K BRI — s B B A
ZE et bRy B TTEER RS Fy s W P LIl U gk (o
HEET AP BR AT A I B P B ) AR AR AT RS
SERRHAGOAA AR ) 153X — A, B BB K 1%
AU R AR A R BE M RE b, D N B 2T 1
TR PR PSR B8R A 1 T IEYE o

Sk

Bach,E. ,Brown,C. ,& Marslen — Wilson, W. (1986). Crossed
and nested dependencies in German and Dutch: A psycholin-
guistic study. Language and Cognitive Processes ,1,249 —262.

Brooks, L. R. (1978 ). Nonanalytical concept formation and
memory for instances. Hillsdale ,NJ ; Erlbaum.

Chomsky,N. (1956 ). Three models for the description of lan-
guage. IRE Translations on Information Theory,2(3) ,113 -
124.

Cleeremans,A. ,& Dienes,Z. (2008 ). Computational models of
implicit learning. In R. Sun ( Ed. ) , Cambridge Handbook of
Computational Psychology ( pp. 396 — 421 ). Cambridge Uni-
versity Press.

de Vries,M. H. ,Geukes, S. , Zwitserlood , P. , Petersson, K. M. ,
& Christiansen, M. H. (2012). Processing multiple non — ad-
jacent dependencies ; Evidence from sequence learning. Philo-
sophical Transactions of the Royal Society of London, 367,
2065 —2076.

Dienes,Z. ,Kuhn, G. , Guo, X. , & Jones,C. (2012). Communi-
cating structure, affect and movement: Commentary on Bha-

rucha, Curtis & Paroo. In P. Rebuschat, M. Rohrmeier, 1.

Cross , Hawkins (Eds) , Language and Music as Cognitive Sys-
tem. Oxford University Press.

Dienes,Z. ,& Longuet — Higgins, C. (2004 ) . Can musical trans-
formation be implicitly leamed? Cognitive Science,28,531 -
558.

Dienes,Z. ,& Scott, R. (2005). Measuring unconscious knowl-
edge: Distinguishing structural knowledge and judgment
knowledge. Psychological Research ,69,338 —351.

Elman,J. L. (1990). Finding structure in time. Cognitive Sci-
ence, 16,41 - 79.

Fitch, W. T. , & Friederici, A. D. (2012 ). Artiflcial grammar
learning meets formal language theory: An overview. Philos.
Trans. R. Soc. Lond. B. Biol. Sci,367,1933 —1955.

Jamieson, R. K. ,& Mewhort,D. J. K. (2011) . Grammaticality is
inferred from global similarity; A reply to Kinder (2010).
Quarterly Journal of Experimental Psychology,64,209 -216.

Jiang,S. ,Guo,X. ,Yang,J. ,& Ma, W. (2014 ). Implicit lean-
ing and transfer effect of tonal nonadjacent rule. Psychological
Exploration ,34(5) ,416 —422.

(2,5, 55, D, (2014). T 7 TR BE &
BN B RO ERE RN L B AR AT, 34(5) , 416 -
422. ]

Jiang,S. ,Zhu, L. , Guo,X. ,Ma, W. , Yang, Z. , & Dienes, Z.
(2012). Unconscious structural knowledge of tonal symme-
try: Tang poetry redefines limits of implicit learning. Con-
sciousness and Cognition ,21 ,476 —486.

Kuhn,G. , & Dienes, Z. (2005 ). Implicit learning of nonlocal
musical rules:lmplicit learning more than chunks. Journal of
Experimental Psychology; Learning , Memory , and Cognition,
31,1417 —1432.

Kuhn,G. ,& Dienes,Z. (2006) . Differences in the types of mu-
sical regularity learnt in incidental and intentional learning
conditions. The Quarterly Journal of Experimental Psychology,
59.

Kuhn,G. ,& Dienes,Z. (2008 ) . Learning non — local dependen-
cies. Cognition ,106,184 —206.

Li,F. (2013). Implicit learning of Chinese tonal symmetry rules
and the neural network simulations. Doctoral dissertation , East
China Normal University, Shanghai , China.

[ZEESE. (2013) . JGF 7 R0 AR AL 19 P Bt o R ¥ 22 )
ZEHEMBTTE (1B LA AR R, B,

Li,F.  Jiang,S. ,Guo,X. ,Yang,Z. ,& Dienes,Z. (2013). The
nature of the memory buffer in implicit learning: Learning
Chinese tonal symmertires. Consciousness and Cognition ,22,
920 -930.

Ling,X. ,Li,F. ,Qiao,F. ,Guo,X. ,& Dienes,Z. (2016). Flu-
ency express implicit knowledge of tonal symmetry. Frontiers
in Psychology,7(781) ,57.



332 i BEE R

2018 4E

Orgs,G. ,Hagura, N. , & Haggard, P. (2013 ). Learning to like
it: Aesthetic perception of bodies, movements and choreo-
graphic structure. Consciousness and Cognition, 22, 603 —
612.

Perruchet, P. ,& Vinter,A. (1998 ). PARSER : A model for word
segmentation. Journal of Memory and Language, 39,246 —
263.

Reber, A. S. (1967). Implicit leaming of artificial grammar.
Journal of Verbal Learning & Verbal Behaviour,6,855 —863.

Reber,A. S. (1969) . Transfer of syntactic structure in synthetic
languages. Journal of Experimental Psychology,81(1) ,115 —
119.

Reber,P. J. (2013). The neural basis of implicit learning and
memory : A review of neuropsychological and neuroimaging re-
search. Neuropsychologia 51,2026 —2042.

Rebuschat, P. (2013 ). Measuring implicit and explicit knowl-
edge in second language research. Language Learning ,63 ,595
-626.

Rohrmeier ,M. , Dienes,Z. ,Guo,X. ,& Fu,Q. (2014). “Implic-
it learning and recursion. ” In F. Lowenthal & L. Lefebvre
(Eds. ), Language and Recursion ( pp. 67 — 85). London;
Springer Verlag.

Rohrmeier ,M. ,Fu, Q. , & Dienes,Z. (2012). Implicit learning

of recursive , hierarchical grammatical structures. PLoS ONE,

7,e45885.

Rohrmeier, M. ,& Rebuschat, P. (2012). Implicit leaming and
acquisition of music. Topics in Cognitive Science, 4,525 -
553.

Rohrmeier , M. , & Widdess, R. (2016 ). Incidental learning of
melodic structure of North Indian Music. Cognitive Science ,41
(5),1299 -1327.

Scott, R. B. , & Dienes, Z. (2010 ). Knowledge applied to new
domains ;: The unconscious succeeds where the conscious fails.
Consciousness & Cognition 19,391 —398.

Tanaka,K. ,& Watanabe,K. (2014 ). Implicit transfer of spatial
structure in visuomotor sequence learning. Acta Psychologica,
153,1-12.

Tanaka, K. , & Watanabe, K. (2017 ). Explicit instruction of
rules interferes with visuomotor skill transfer. Experimental
Brain Research ,235(6) ,1689 —1700.

Tillmann,B. (2012). Music and language perception: Expecta-
tions structural integration and cognitive sequencing. Topics in
Cognitive Science ,4(4) ,568 —584.

Uddén,J. ,Ingvar,M. ,Hagoort,P. ,& Petersson,K. M. (2012).
Implicit acquisition of grammars with crossed and nested non
— adjacent dependencies ; Investigating the push — down stack

model. Cognitive Science 36,1078 —1101.

Implicit Learning and Length Transfer Effect of Chinese Tonal Symmetry
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Abstract ; One central question for the field of implicit learning is what sort of structures can be implicitly learnt and by what computa-
tional mechanisms? The study of non — adjacent structure provide a new view of the problem. It is already well established that people
could implicitly learn to detect and transfer inversions at least for fixed — length — stimuli. According to the abstractness of implicit learn-
ing ,if people could acquire the non — adjacent rule per se, generalization will occur to sequences with arbitrary different lengths. Using a
specific sort of Chinese tonal symmetry(inversion rule) ,we explore the acquisition and generalization of unconscious structural knowl-
edge, the results showed that people could implicitly learn to discriminate inversions from non — inversions and generalize the underlying
rules to poems of untrained lengths of lines, presenting a good evidence to support the abstractness and supra — finite state mechanisms
of implicit learning.
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