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FEE AT
CHTIME R =R TN A LITEERE, AT, 311215)

IR E RN R AT RN B 2T B, DR I A5IE . BRI AW R SE R IR R, 558 1

PEPRIZE A (SRN ) X PRARLEE 75 8 g B g L)

RIS A TR 2~ . SR (1) e 2B H0EE L E, SRN 6

BN TR, FWIRA 2% b o] ARSI s A N Bz ~d 5 (2) SRN 2 ] I L i AT U s s, 3%
WAFE S RE L g s DN A4 A e >0 AT RE DR ST 1 SE i e th BT A it e AR SN TR, IRBIFFE R T e O] P e > 4

PLIERAE TR RITESE I
By W S I e vt i i EA K X

ANFEH A& —Fhofgng Kags oL, fets o
B ARAS AP B 25 44 A B 0] 4 18 ( Chan
& Leung, 2014; Rohrmeier, Dienes, Guo, & Fu, 2014;
Rohrmeier & Rebuschat, 2012 ) , X fp=# ) HLHI R
N2 (implicit learning ) o QEEE RS AGTEE: “is
doing” , 4L H REMSAEA B > X — I
AT e, R4, i #) (long distance
dependencies ) & A PE PIBEEE 2T A7 P2 25 A R
T e ) i (i IRy 2 B 20 IR IN TR S
FZ [AIAALEE ) A2z 2] Rl R ERIEANR,
Tk B ARBUE R ) EAA AR M BReE 2T 1y
FH{EL ( Cleeremans & Dienes, 2008 ) , KL+ B
TIRA RIS P e T ML

TG B G R 0) g A B 2 D ) 7 A S B R
H— eI GRS (memory buffer ) . i fa] BAAE R
] 2% 455 7 ( simple recurrent network, SRN ) 15 4f H.
F—EEE (W) |, BRI ICIZH
fig. TR U] SRN RRUSLERFE S5 F T 2 S i
RO, Qg A A 25 44 I ¢ 17 BA 21 52 J i AR

(Elman, 1993) | BERMEAIZEL ( Elman, 1993;
Timmermans & Cleeremans, 2000 ) %5, {HiXEEHF5TER
FERRE AT 5. H R T RIS,

Kuhn FI Dienes U7 5 — i 25 ()2 69
RERISHL) RARRI R APRV IR 7, B¢ T RCALAN
N SR BE B A N B ) Al A B

(Kuhn & Dienes, 2005 ) AZEPKXAEDS N 2~ 1547
FIN] | FEFIFZ BRI SRN AEE A 2],
HSGAFEIFIe, Toik 5 AP 45 R
3 EVC L (Kuhn & Dienes, 2008 ) . 7] I, SRN
B A BCIC A a2 5 ] DI R 2T L
il AR

TSR R 2RI A P B2 2 T B AE A

A R— M2 BB, B0 UTEICICAF
fittds 5 B TR R B RY? X —[REAT D)
T8 A E A R RO B R DU —fE] ke (inversion ) FIgifT

(retrograde ) FIPIFR2E2TINPAZE LS, XK R iE 2
FU—Fh, ARG T 1K RS
R TTE P B R ITR R ITER,
AT DL A B AR ke Y 3% 47 45 #4) ( Dienes, Kuhn, Guo, &
Jones, 2012; Li et al., 2013 ) . Nfuf *2 i “Aad has
Jantje the teacher the marbles let help collect up” ( &
i 2% /R SN “Aad let Jantje help the teacher collect up
the marbles” ) £7& EIBLKLI; FiE T “The mouse
the cat the dog chased bit ran away” £F & 155 17 #¢ I

(JWE 1) (de Vries, Christiansen, & Petersson, 2011;

* ARG FHE TN SR AR ST (17YJC880050 ) FIHTVLAR I ARFI A4 (LY18C090006 ) %1,

e OHIRYER . XIFEAR . E-mailliubaogen@126.com
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Dienes et al., 2012; Fitch & Friederici, 2012) . fff55#
AN ( Christiansen & Chater, 1999; Dienes & Longuet-
Higgins, 2004; Kuhn & Dienes, 2008 ) , S5 ( first
in-first out ) AR (ILE 2 242) , HHST—A
BASI, PR T B AR UG A BN, R R R
TROCRAENSHOIN T, 40 B1 HEABAIINE, A1 #ik
MHZ I, ZJaHERR; HE B2 #E AT,
A2 5 B2 [b#, FRREAERR -, PIHCAR] TR 2]
RN 17 HESE S (last in-first out ) 1CAZAFEAE % ( WL
K240) , ST DR, JFHIh R R
NG P FMERR, B G HERR TR Y TC 3= RR ek
T an B3 #EA TR, A3 B 52 A,
ZEERE; HE B2 HEABNSIRT, A2 5 B2 1T
Podss, PERRAEERR .-+, DRI R A TR0

Aad has Jantje the teacher the marbles let help collect up
| | | | | |

A1 A2 A3 B1 B2 B3
L | | ‘
|

inversion

the mouse the cat the dog chased bit ran away
| | | | | |
A1l A2 A3 B3 B2 B1

| —

retrograde
1

TE: AB HUERHIE R, 123 RRIF . EAIRFS BN, &
PR Sl S L R Y A XN, FUBUTAEIE ;TS T
FUN, 52 EB A Bl A i A A 4 R TN, (AR o

A1A2AgB1BQBg A1A2A3838281

START [ END k

A1/. .\Bs Parser
A, Je ”
M1 A3 Stack
A,
A

Uddén et al., 2012
Uddén %5 (2012) ¥ F-L. D-P Wi % FZ Bf iir &

FEFRE Rty BIF Bl (41 MFFD-LLPVS ) 5%
Fr45ky (I MEFD-PLLVS ) , & EIgH NS 440X
PP, IR0 Y ST AR, Li 55
(2013 ) RHADGEF M RHE E KN 10 151
P BB (RS 8 & PR . P AR TR ) Bk
oy W UNQEYEE 2eh= vl DN 1 i N 1A 271 ) I N
K3), %] 75 Uddén F—E 455, wIAAIES
T8 P BRI ) N B2 2] e Se Ml T ek S s e
fEftese (B2, aRBFFE Bl BE R 200 b feg 2415
FIDGE, o 2B P A eI f, DUE R R IR T
FEST- DRI ) (B 254, BT LA R D) ) i 2o £ 44
AIRER A Tiel A adn e al | il ek A TR
285, R TPRRARRE T AL, Fikn] IR
Xt HEBR AR 0T REAFAE I S 2 RRE
i — 25 2 S R B N P s 2] (il e A At
B

Zi b, AWFSEERAS L% (2013 ) AZEpHR
FHIRI A SEAT R IER Y, B 2 BT SHGE R,
4% SRN X WA T PR FR LN ) P By 2
FEa I F B AR N B 2E 2] kS, LTRSS
RIS AR Gt BT i g B Py B 2T 1
TCALAFAGER T RN T A

2

2.1 ¥l

AL A5 (2013 ) AHIA], SRA 2 BE00) ( (e | 5547 )
x 2 AU (52U . Pl ) SeEt, Puglpi /
SRN BEHY | AR2H 43 il 32 U Rh S AL BRI —Fh . T
FUERRIE, AL A g4 AN HE], SRk
RN TE;  MARLSL I o PO A RAR AL 5 150 2
BORE R, R DOAA RSB R, Rl
PRI, PRAR AR a6 B B 1) Bt
2.2 SRN &%k

SRN (WS B4 PUFP. 2] Ry g R %
JRZ ARG RN, St e — A R AR
TR EE, B & 2T EUE R 2 h oA
B, PEARBER LS T2 I MR 5, XS
BOFIEI B A OB g AR B2 X, (HRE S B
NG R AR KB AUNAEREA S EE LIRSS
BREB VT ARG B, IEA R LIIE R e
B NN Bz T ML . Ik, 2% Kuhn fl
Dienes (2008 ) BEFEX PUFF S A2 FHEUE . 24>
.1, 3.0.5..7.9, i 1, 3,.5..7..9,
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W ZEoe 8 5. 10, 15, 30, 60, 120, fEFFK
#5100 HATERL 150 AR AR

Li % (2013) #9444 KA, BN Sz
A5 25 N, PRRINE R4 22 N AR
B REA R, R BRIH 25 3, R
— AR A R R AR A .
2.3 Mk

[ Li %5 (2013) , RH 10 ASFA &1 10 4>
KPR R s, BRI 10, ¥
WAELE, Wi)a S A E IR LA BBl T
FEO UL 3) o AR 0] rh iy f 2 H T DO
B MR IS, 3864 7 RO i e i 1~ AR R
RFPAR I o BRI, 22 BBl 48 Hi 1T,
BB & 48 HRFY & (RZ IR s
1), AL REEL RS, ARk AIE 7 9
OpIve Sa eSS

mai3 weid4 zhan3 lai2 zoud shen1 chaol cani er3 fo2

[ l I | I [ | [ [ [
ze ze ze ping ze ping ping ping ze ping
I | | |

inversion

weid4 ye3 jund huil zoud guo3 di2 mai3 kan4 tud
| | | | | | | | | |
ze ze ze ping ze ze ping ze ze ze

TS T

retrograde

3
24 i

A Li 5 (2013) , PIRG4S 50 2H A AU ¢ 1
7> B B A g [ B, WS DU A il 2 2 5
BB, FAIBrB, 48 AR H LU E ALY
) B R S 3, P ER AL R IR B,
A TC R BT A ARN 5 AT, SR
EEHBHPTN—PITR, BE T A T
S REERUR PRI 2SR, XS E AT 2
B IR AR AR A RIS,
X HRTEDE P PR FRALI A P By ) g
My (223, 2012) . S/ i BT IR R 9,
GAEARTON 1, MEEBL, 48 HAE S H (—
A AR DIANE R REALINU 1) SR
I, AHE B PRITRRICE I, EORARIT T
— LR, BIRIK R E A AT LR, D
L NSRRI BT AAREE AR 27 ST IR

150 PRI 25 3, —JLIE1T 3750 WAL,
BALR ] Matlab #4128 /46 T HAG
25 HiEgeit

H5E Y 1) B & o i R T H B RS B B0 A5 2
4 B B ) 2 22 8] B & £ 47 5% (cos ) (Christiansen
& Chater, 1999; Dienes, Altmann, & Gao, 1999; Elman,
1993; Kuhn & Dienes, 2008 ) . Cos K, WA~ i
b 51 5 S A N BN O L S O T RS NG ST 3718
MY SR LR, NGS5 H Y cos ~F- 14 43k 224
R cos 2153, FRRUUME IR GPRifE2E, 15
#| Zcos ( Kuhn & Dienes, 2008 ) . A HA)G S
MICR BEEARYE R BT 5 S ocR I, Rtk AR
TN RS 5 ANTCEM Zeos, KT 0 Fonbiflfg
SISk ER RN R

3

3.1 SRN MR A RS

R ST 1, BOXTREAS ¢ K el
SIS B 0 e TR 2R (R
£ (149) = 10.16, p < .001, d = .83; AT £ (149)
=8.07,p <.001,d=.66) , H £ Bonferroni J¥ 5] %
IEZESMRRE . JFH, BRI AR ) 5
Fim TWAT RN AR (SEIRAH: ¢ (149) = 10.12, p
<.001,d = .83; ¥4 t (149) =2.15,p = .034, d=
18) , HAKIEZERARE . DI s sm
LR R GCERE TR0, SIER g B, 5]
BRI D) 20 7 2 2T 00 S 2 K T AT R 2, ¢ (149)
=9.82,p <.001,d = .80, X ULHHEAR AR 4l
U2 AR R T 8 K, (HR BRI
FTRIN2E 2 BN TR, 3R B2 SR, SRN R~
ST DUE AR R B B MR T RN, i LA i A T
FUW Iz %) 2115
3.2 SRN HHUAERRAS ] FUMA7 B L1 &

QAR SRN 2425 T f B (R0 FREFEN, 8424 —
ATCEFARY, ©RZREWSTE IR 6007 B L IE
TN 5iZIe =R IR TC R, AN Hh ] i) B )
TCE B AR IZAL, FL, HESCIR A iR AR
B ER AR B T A AT TN A S,
DL SRR 5 B 2R 2 T ORI, XA Ay
FEPA LN | () G- 24 U B () e 24
HU{H (Kuhn & Dienes, 2008 ) . 455 &AM, Y42
BRI, SRR S REIZRITAECH 120 BB
M SRS, IR REZ SRR AT E R
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1 SRN Lietal, 2013
SRN (Zcos) NFEBR (4
S e S P
M SE M SE M SE M SE
(IS 1.36 13 .00 01 47 .16 -.03 .07
AT R 31 .04 -.02 01 28 17 -.07 .05

IS5 20 v ) B R — 2B b o T 2 AR
H R — AT TN B ARSI 2, FeXTREAS ¢
Ko, PRSI, 755 7 RS o v b (dE
DR E TR RN |, GIkHITE
MRS . 2 = TR R TR (ps <.005) o HITE
TR T RN 9 I, FEIREERE U AR 4 RS A,

MAEEENE 6. 8 F1 10 I, SHBMIEER TR
RGN E T (BFILIE ) o X
FW], SRN REMETEIEHAAYN S I 1E B b T 7 R 28
R, B T I B X AR
3.3 SRN HH 5 A A g VL e

XTREARY R SZ G 2H 1Y Zeos T8 2 455 1 4H Y Zeos

2 Zcos
6L 55 7 AL 55 8 L 9 10 7
M SE M SE M SE M SE M SE
e Lk 95 .01 .95 01 .88 .02 92 01 96 01
E[BFR] 95 .01 41 .02 .88 .02 43 .03 95 01
S Lk .61 .02 .95 .01 33 01 .80 .02 58 .03
E[B7R] 61 .02 .56 .02 33 .02 .70 .02 .60 .02

HARF2 2T X AN, T SR 2 A
Hpk d” ZENFES (M) FitsiER (SE)
PhM + 1SE AF Jy 2% 2 300 1) 1780 X 35 ( Kuhn &
Dienes, 2008 ) ( WLEI 4) . FERIBCAIEA AL I,
150 1~ SRN LAY 14351 15 ASFI 38 AR Y2 )
BN VRN T NP2 2T %0007 (R LR I, eI 7E
— S 4L | SRN REAS AL Sl i LAY [y 27 > 3%
IV o

4.00

inversion

2004 . P .
human discrimination

performance

0.00

T T T T T
-2.00 000 200 400 B.00
retrograde

4 150 SRN

T AEARAZEIL R RS (M + 1SE)

i i R R A A TR A s, PP E AL

M7 2 XE S | SRN 1 i &2 & RERS DT HC A\ Sk
AR, DA BRI (2 > 8500 R PR AR B 3967 TR0
)2 233000 A A8 AR B 504 (Kuhn & Dienes,
2008 ) o ZEHEIN, HIHR BE (B =.78,t(149) =
1522, p<.001,7=.61) , ZFEIHJFEH YRR N
o ] TR, X FEAH] SRN 27 27 {5 LR L 27 2
AT NS 7, 5 ARBREE R 3

4

4.1 JEREEPALIN AR AT A SRN AL
BEALLZ5 SR W], SR 75 {3 R0 39 47 79 b KL )
AR s X A AR RS T, R
B B — R AR O 01T 17Oy, SR
Y22 25 B2 IC 2 T8 FE S X AR, A AR AR
], SRN Rty 2 X 3 BB  Y G 3k ARk o
( Timmermans & Cleeremans, 2000 ) . {H2, {189
et U920 - S m | E4 S g 7 S e 51 B 1B S B
gGeitlEtk, AR 2 5] A )
JCE Z A XF Y ( Kuhn & Dienes, 2008 ) . AHF5E
WUJ368 2o 25 2 ) e v RS T T A7 b s, &
PSRN FE % 1Eff M F00I0 B 07 A5 X PRI Y
JGE, M SRN Wi SEhets o g AR T )
(IS, X5 Kuhn Al Dienes (2008 ) 3T SRN fi

2 o B SR B A SR 25 SR — 3
15 Timmermans FI Cleeremans (2000) —%(, 5
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Kuhn I Dienes (2008 ) A~—E)j&, AHMF5EH SRN
WE T 100 B9 X %L, Timmermans i1 Cleeremans
RN (B DFGK-FDLX) MM faei st
SKHT 50, 100, 300, 1000 F1 3000 FUPEFR AR, %
PLEA T SRN 922 2] IGE 100 IR LA E A BB 2 AH
XIRERIAKT-, Z G Rt T, 2113000 A T R
XU AR AT BE TR 22T 2 A5 S B4 REis 2 5 A
WA S AY24 > it T Kuhn 1 Dienes 7EARLL &
SRABIMCEEI (4 F3 C3B3 C4-G3 C4D3 C4, 2K -3
+6 +1 - 43 -6 -1) MNERETIE, HHT 5 AZ805
FHIFIA 1 RAERR. 45508 & B SRN LI i et AN
FEGIFNZ B, i AP ZH 2% 2] S0 g
B AR YT 150 4> SRN BLHY gk A\ S LA~ )
RN, FEGIZHERATN 21 A, TR A
B NS 45 R HLANGT, X T RES5 A ]
S RET DA e . AR T T ZER L,
Pl T A, RO TR YA 2 S b, 150
A~ SRN BHI I3 3 15 ANF 38 MR A > 300
TEN T NIl S 00 s (X gk, 7338 T 5 A
BN RV I SRiU) e

HAh, SRN H&RZ A5, EmMmain
DIFE) 2 S5 N 22 L, SUNAE SRS 8UE
T UESEE RES VL BC A 2840917 4 (Elman, 1993;
Timmermans & Cleeremans, 2000 ) A& LLIF AR A GE
i i B N B I L] . 2% Kuhn F1 Dienes

(2008) , AHISERH 7T 2280k E, KINEM

FIXTFRFLN] | SRN ) — A7 (7E 150 FPS40RE
NS MR B e = 2 T E Y PN S mV N E S SS EY dVR:
JEH, TE—Se2B0EH . (EIEN] 15/150, 3867 THL
) 38/150 MR 22 2T U0 P A T AN 2T 3%
7 FR MRS XS5 ), SRN 38 REAS AL 2 il 0 frY
)N, H, AR SC AV R, U T
SRN BEMS ] 15 1 25 X AR, B SRN (i1
G P BN IR B AU () P By 2T L
4.2 BRI N FReE ) R I A AR S A

(e RS T WI RS USSP WIS I EA 7% 3
1, X EME NRRE I HLHIZE DI RE L T REHL SC il
H T et e i ic At as . 1ZE5R5 Ntk se
e —30 (Lietal, 2013; Uddén et al., 2012) . {H
&, AN BB AN, 5T IR R I
PR eF 2 X SE AT FIRAR U ( Chen et al., 2011; Ziori
& Dienes, 2008 ) , KL, 1BF LKA HeSFEUNRE
TR X 7 > (ke i = 34 TR D R gk, AR

UV 22 SRR IS 5 2R A, TG IESE N
=PRI RO I A AR 258 . AR5, SRN
P B XHEIW I A SRR, R, BENss
IR BT 30 A T U] ) 2 2] LA RE S 1 U R T Y
[ | K K0 oy U i o weA R T VA € e S )
B, PR TAEIEAZ R B 1 (8142 LI g [102 B8 T PR wE

( Robinson, Mervis, & Robinson, 2003 ) , T /Eid{Z
— R RS HESE  n TrX, SeiE SR
FHUGIE R L AT RN SN By I 4%, SEgnis 3|
A5 R ANt

T UL IS, BRI HLSIE B B2 iie
VAL S ) O N ED L oy WA N ) ) S wEA R T VAR /N
M, B AYICIZ R S8 0] LIAE D fig L RIS g Se it
Seih st e icie, SEEIMAES I, R
PG AR S —FictZ. I, A HZ
MIIRE L5 A e S ML R 1E 12 22 vh s i 2
A, JEH, SRN @& HYIC 2 gz nhak iy B If A
W, EFEAE LR RIERN, ErZEAURE I
B MR AR 221G BT o PN B ST BILHIAL 5 ) FLE
EORTRE a2 U DAY 9D o § o/ I P S B S 0 e a3
— LA
3] BRI 1) 27 2] P 4Rl R I A7 A0 B A R

i, ARPE AL AL B P ( Syntactic Prediction
Locality Theory; Gibson, 1998 ) , 474U Lt (5] kR
W FEZEAE 2 1 Z 02 A0, BRIt e Ao T
R, AEIA TR O 1 o6 2 2 TR A T B R
FIA—I (9. 7.5, 3. 1), FEBIBI ot
JCRZ IR E] PR B RAHAER (5) o W TR 2
PIEANIR S o 3 2 e IS TP W STve Y I s
WA EAE S Z e .

5

FE)Z IS EGE R 1, SRN Refg# 2 fH Ay
FTIX PRI B S X AR, EL IR AL L 34T R
WIETINZS 5 1%, KW SRN MiC 1252 phas AR AL
TCHEES RN BN B T AL, EL7E S RE N ey >
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LA e B A S T A
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Which Memory Buffer does the Implicit Learning of
Nonlocal Dependencies Use: Evidence from Neural Network
Simulations

Li Feifei, Liu Baogen
(Hangzhou College of Preschool Teacher Education, Zhejiang Normal University, Hangzhou, 311215)

Abstract In implicit learning literature, a basic question concerning how knowledge of structures and regularities is learned is whether the learning
mechanism uses a temporary storage buffer, and, if so, what the nature of the buffer is. Recently, Li et al.(2013) found that people acquired unconscious
structural knowledge of both Chinese tonal retrogrades and inversions. Moreover, inversions were implicitly learnt more easily than retrogrades,
pattern predicted by implicit learning used a first-in-first-out buffer rather than a last-in-first-out buffer. However, because Chinese Tang poetry used an
inversion, which was common knowledge that participants were likely exposed to as children, it was not clear whether prior expectations of structure
instantiating inversions could override the effect of what type of buffer the system used. The network did not have prior knowledge. Accordingly, the
present study investigated whether the Simple Recurrent Network (SRN), that used a buffer to allow learning of nonlocal dependencies, could learn
tonal inversions and retrogrades, and replicate the advantage of inversions over retrogrades.

The SRN was tested on the same materials and procedures as Li et al. (2013). The networks were assigned to four cells of two training conditions
(trained vs. untrained) by two rules (inversion vs. retrograde) design. The simulations were carried out using all possible permutations of the parameter
values, resulting in 150 different models for each group. The materials were strings of tonal syllables. Each string consisted of 10 different tonal
syllables, where the tone types (pings and zes) of first five syllables predicted the tone types of following five by forming an inversion or a retrograde.
In training phase, 144 grammatical strings were used for two trained groups. In test phase, four groups of networks were presented with 48 test
sequences (half grammatical and half ungrammatical), and their ability to predict the next tone in the predictable second five elements was used as an
index of performance.

T-test (with Bonferronni correction) showed that trained networks performed significantly better than untrained networks for both inversion
and retrograde groups, suggesting that the networks possibly learnt the two rules. Moreover, for both trained and untrained groups, inversion group
performed significantly better than retrograde group. The performance difference between inversion and retrograde for trained networks was greater
than that for untrained networks, indicating that inversions were implicitly learnt more easily than retrogrades. Further, the effects of learning were
calculated by subtracting the z-scores of the untrained networks/participants from that of the trained networks/participants. A substantial number of the
SRNs fell within the area covered by the human data (M + 1SE)(15/150 for inversion, 38/150 for retrograde), suggesting that the SRN could match the
characteristic performance of human participants.

To conclude, consistent with the results of human experiments, the present simulations showed that: SRN could learn the two nonlocal
dependencies, and tonal inversions were implicitly learnt more easily than retrogrades, tentatively suggesting that functionally a first-in-first-out
memory buffer was more likely to be involved in implicit learning of nonlocal dependencies. Thus the present study provided new evidence and a new
perspective for exploring the implicit learning mechanism of nonlocal dependencies.
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