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A computer simulation on Chinese characters
learning of primary school children
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(1. State Key laboratory of Cognitive Neuroscience and Learning ,
Beijing Normal University, Beijing 100875, China;
2. Key Laboratory of Behavioral Science, Institute of Psychology ,
Chinese Academy of Sciences, Beijing 100101, China)

Abstract: Connectionist models were trained by real corpus from primary textbook to capture 2nd, 4th
and 6th grade’s reading performance to study the reading development of children., After training, the
regularity effect was found in all three grades models, but the consistency effect just showed
difference in 4th grade and reached significant in 6th grade. The result was consistent both with
corpus analysis and children’s development. It revealed a general mechanism both for skilled reading
and its development, in which the difference of reading in different stage came from the statistic
learning on the properties of input corpus. It also suggested that skilled reading was the stable stage
of reading development.
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Bg ), xR RIS A R IR B S RS AT R AR T AN BRI . RSB
JBEEER RN, MARE —ERE PR EEA R, EXEEBERRRHA N, kR
BRAGERE, ARERSC B LB B 3 A& R BT R AR R RS 2R

B B OBERIC SR BINF IR, FREEIH RA DT R R A R, BN S S i
HFHFANEAT G FEERELAMERE CRRND RBEFRmAER Y, —SH%0, B
PR R EZ AR EH—BWE A F ERa2 B LA B0 RmER -, URTESHENZEE
R, (EAERGEEA BRI LER PR R R R — S R R R R, TLER)
—HHERE AR IR R .

DU B SRR BN B 2 R R A R AT BB TR Tl ikt . BRI R B B I SR B AR, AT
Href i R UERGERAR, MESESIT AR, MERILEZIWEFEFEZZEAN
F, FEEBL BRI R—BFR., REFILEZINEFPFLARBAAN T, BHEFREE
BAE—, XNEZ-BRERATHER ", Bk, BTARMNKBENNT N ZSEEZIK
—HEHTRERREROAEER Y,

Hit, FER/NFRAEAVGER KRR, NixERIEB LB R, NMENTRR
MEERET, FHRARERSREMNLI 2 NSRBI T L —TRBk S £ CHISERT .,

1 HARA=E
1.1 BRI ER
1.1.1 BiRighy
5 B T B X T AR SR 5 3 I b 52
SRS, WASY 270 MATRTZHE, B2 ‘ @
o2 MPTEHIRTE, AR T4 HEL 200 IS,
B EE ST 2B, SR I A R
(Feedforward) M%%; 54, iBFES H BHIUZ METLEK Fa It (200)

45, [EY, 50 PNEAICHY cleanup B X 5B T2 Z 8] 3247 X m) 4
R4S, AB—METNWEIF (attractor) P, A
B -E X R ET 5 P 48 515 B R 5 T P& 2 T S AR
R—A R4, WA 1PN, A1 RF RS -5 X R
1.1.2 FIBEIE Fig. 1 Orthography-phonology mapping
model of Chinese characters reading

XING 0 R\ TR S HE R, MENNTFH
ITHARIE, AMXEEENHRMETRMUBIE, UEGKRE EER, EEHT I TEK
BIE .

B, ERFERMEFEFNFZNESTRIERG, HIEFEREFMABETRIE, RHEST
SEBFERET THESEFZEBXPIRER, MXME—FNXRFTEREAEET IR EIR
THEI MR .

HWR, BESERESUR _HRRIE, ZRESNEATIRE 36 FLERE, @A EGY
&, Wi 6 MBEVLERTTRIX 4y 53 MINBERMHMG (n, L5+, ASA),

BA, WEBHSRFENNFEREET MG, B XING £ WREF R, FHEMBLRFEH
REBENHTRRBIEN, XBHE—K, BFEFF @0 ‘) B3N BERSECERFFE (‘4. F. F.
B R BRI B, R85 500 Hh BT T 75 5 ) 7 2 LRI B8 SR 22 H 7 55 A - I Y
RIE, XHBMIET FFSEFEFE ERAAMECME Nk 1pin), FLE, IMRIETRRIETE
B AT DU iy 2 BRI RN
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Tab.1 Representation slots for sequences of characters’ radicals

B3I
1st ond 3rd 4th 5th 6th 7th
F*  EE (BESD J x )
7 EE BER J X )
B EEgW 1 ) x )l
I Sk - x ) x )
5 LT%H + ) x Ul

1.1.3 FHERIE

DUEEH 3FA4M. i, BEMEHE, ¥EXHAE. BEABE4AR. O F&—1
B, #A S MEARRIES &, AF. BE. BEAMT A BAELE. BRE WA 4 MATRIE S #
BREZSN, HAERSEH 22 MTRRIEAFTENAEAE ., KETESRERE, X, 8MEW
A 92 MRITRIE,

FERARRIERT, FEMH 2 NEENE. HAREIGESET TR, EEERPE R P
BIER, M/gal/IEEENR/g/, WIBA/a2/, FRA 1, A ESBEMA “—” Rz, X TH/w/#
/y/ BERERR (M/wal/) HFF, WRESRERE, BEHERNBE (iv/) BFEBRREER
(Jiou/), HIREREEFFEHR (International Phonetic Alphabet, IPA) F%E, JEHEEELMHEHELYET
AR E (Allophone), #/gal/5/gangl/Mi/a/, FIARIEAE S RIER X HIFEILE.,

1.2 BRI

A7 S AR SERME, RAEIGMEE8/NFRANELSCEHR, % 3414
BRARRL, A R ERIAE 4 BHEARRNE A 3644 TERVIGHR, RI\BHFERS G, FEE
{8 V7 R 48 1 7 BR e AL B BV 2R (R EBUIE SR CRIBUBE R = DU /Y SRR h RE R, &
FARBUER R T 20 BE 20); #A 2 A NEFILEE I SR 8 NHRAERR2FIFE (2 564 1)
TERNEGR B, BEMBRBE N 40; HE 3 FRAANEZIILEEZILNHAE 12 BMREH 2T F
(3 30674 YEAVIGH B, BBRRRER 70. X BN RKFEESHRIUENFE 5 S5FERITE UGN
FH10%ESA.

R 3 MERFRIPEE R BRG], SIEXTSERBERIYIG 3 B K, X HERBER| S
2.3 AR, WNAEFERYI% 1 BAR, NEREREZERBEZRF F g ERERIRE B
(sum of squared errors, SSE) %,

1.3 BRI

M 3 AEF I Zrp b b 3 BIPR AL — B, MUA—BFAA A —BONF & 20 4>, HETAE
FZ AT, FEEMFGTH 20 MNEFFES, A 2 MR 3INMFERTLEMARN, XENFN_LF
FRPNERRFERAEE, BEFRBEHEERENN. H 4 R FERENERMARMHNTFE, 44 W04E
RENRFEMRAMDTE, FI 4 DR REZFELSNFERSHIE BRI,

ILENZFRBAERIRBESE S, WFHARIREGHFZRER/NRSHK, NN
N, —BHEERNER, EmUEARRIERE 3 MERRMIR S KGR TR 23 mEE (o
K2R,

R 2 BEZIRFBHFERMKER RBE G

Tab.2 Examples for increased number of materials’ frequency and family size

/K KGR RAE/A
an 4th 6th 2nd 4th 6th
FN—3 D 2 5 18 1 2 4
MUA— B 4 9 16 4 6 8

AHUAR—B (38) 4 10 17 3 5 7




4k £58
2011 % 3 A R ERHISTELBRIEX 472

EAPIRAR.: MU, —BHERAEREAOG TR, B F 2B & F R K
BT, SR AYISRET BB/ T 0.5 ot “HFFRBIMMR AT 5 Ik, 1 2.2 K;
PUAEFAREL SR /T 10 K, 08 4. 9 K AERERINIRRT/NT 20 K, FHR 1L 1K,

BRIIGERE, WEETES R SCEr A5 5 H DS IR Z PO HE#TE. EWﬁﬁﬂ
RE SR, HELERRLRIETESRTS AN TFE WRIEZEIKERKER, BEER/N
BV B Ok RS W IRZENTT R RS HE ST S B & RILA BITR) SSE.

2 HR

BEFERYIGHTHREZE, 3 MEZNWERIREEGZ 2T 60 TNRA R, HWREABER
M ATRE B SSE #i

X B EFAERIR) SSE kit AT E M (analysis of variance, ANOVA), Z5REH. “FEHER]
3 MR F R ESN B E, F(2, 59)=4.0, P<<0.05; ZLELEERERE. MR —BNFHHR
ZEBE/NTFARAIANMA—BONFE (P<0.05), R BEHFMMERN; HEHUAR—BNFES5HN—
HIFH SSE ZRAEE (P=0.79), AN,

PUAFE SRR SSE $a th FIRER B 3 AN FZBEMN RN, F(2, 59)=4.25, P<<0.05; £
HEBREREN. HNA—-BNFRHREEESE/NTFARNMA—BILFE (P<0.05), RIHBEW
FR RN 5 R PUAE AR AL RN — BN F EMWA —BOXLF Y SSE f i RIAMLE R, BHERREEE
BEKFE (P=0.48),

ANEFERGHT 2 MERWERIAER, 3 FdR
FSSE M ESNEE, F(2, 59) = 4.64,
P<0.05; ZE KRG RFIH B3 KN M 308
(P<<0.05), [At, 587 2 MEBRARE, A0—B)

FH SSE # B MR —BUNEHEAN, FBT *20
hgBE (P=0.07), Lor &]

M3 ERHERAERN N —F M R Sy Mg g
G 2 fis) WLEH . 3 MNMEZERERIHFHERL

. . B2 3 MMEREBEEARRKREMIRNT R SSE i
B, —BUEBN RATEANERA A RIA LK, X5 Fig. 2 SSE of different types of character in

o

(=) o o o o o
T T 1

LR
| AR 5

@RI -5

PRl
— oo S'.O :& S.ﬂ

HERKESR S H—-8 ANERRERE, —% three grades’” models
HERMRRIERNILEEST T REKFHEFE

PRI R,

3 Wit

DU PSR RIS 3 SO BRI LB R R R . S A/NERA P DU SbRE, =
MO, NG 3 MERIERRIL N NN, —BENTE U RIT IR R ZR, HRANFHEL
A RE, RABANETRERRE, —BHBERERR, BUSGRSERERS - URILE
WP R R R A B, RPN BRI SS F SRR SR s IR I LB B 32 A R

S REERER AR, NFHHEREENEE AN ERSH TRFER, REEH
JLEESLHERAA, RIESHIILENRRARIR, MEBHERSHILERERRE, BTREAR
R I — L mAh A B I e 55 B ISR R T AR B GE MR A k. X AR B R A 5 AR R 52
SRR, 2IRE, GHNETE, 83758 HAN Y BARA—BKER, NmRY
DR 2 o0 T B s 2 P mT RE R AR TR BNy PO B ATLAR , ST TBE R — FRER 4 £ RO RIRE SR T,

BR45 F SORATTE AR AL _E SR —Fit R AR e T B AR B, ZEA R ETRRA T RAHA
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R BEE, FEmLRNERABHSGR. —F W, ARESKIEREEARR, S—rplH sk
PR F R, ERRERFEERNARERLES WERE. B—0E, HiRZRESRNHSE
ATERARFE, AMSBOEN TEARBBERAMARTEL, BRARE R B, WFE
FEFREREZHGEFZHEEMSIRT , HHBERY¥T, NEFREIRERREHE TINEREFH$,
BrUMES R ILEREERIRBEZF SR FEE N AR, BN FEZRNAENL. EEFERGEM, ¥
B F X BRI R, FER—BRREE/AF -, JLEFFHETRIA BT AR E
FERENBFHEE, FHZIARENEMTRTRORE, —FUERATHEREER. HEA]
AR R BB B A R ARG 2 T SR

XU R R BTV IBTSE, AR W BAR T2 5 i A B O B B8 T % H R R B 4R A1t
BESTIESR . R, XA R F R ARSI BRI 18 R B, BN —RIUT #b M B2 T7 Bk i
TREIFFRONERY, RENURESABTEUFERLRRREANM, WiHE YRR B et
—FEFARNBCESRAEMA RS, A LR FEH I ZH TR T REAEHTMEM.

4 Hig

D SAESEEILES ST AR, BRgh 3 SCBE R AR B DAL DU B S g A 4, — B RO
RE.

2) BEA RS D AT 8B EA A R i AR AL

D) HEERRZER BRI, RRKERRAYRE T R R THEK,
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