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Abstract

What determines vocabulary growth patterns? The research
presented here examines the growth pattern of words listed in
the McArthur-Bates Communicative Development Inventory
using a computational model. Our model characterizes
vocabulary growth curves based on the sampling of learning
relevant events and a threshold (the number of such events
needed) for acquisition of the word. Using this general class of
models, fits of vocabulary growth curves suggests a transition
from one in which acquisition is primarily limited by the
threshold for acquisition to one in which acquisition is
primarily limited by sampling speed. Further analyses suggest
that these parameters of the learning model link to meaningful
psychological factors: specifically the acquisition of threshold
limited (and earlier learned) words are correlated with
frequency whereas sampling-speed-limited words are

correlated with imageability of the word in the input.

Keywords —  Vocabulary growth, Age of
Acquisition, Learning based on accumulation and
acceleration.

1. [FCHIC
SRFEEOMEICIRN T, FBERESO Az TR
THILF—OOHRE LS TS, Ll %

A REREAZDOZD[1]., LIRS TIIev.

AR OB HFELZT D ER kL LT, EREK
EHWEEER L 2GR HWHN 5. MCDI [5]
13305 H BAEEAFELL EORREE LTER) TS
BRI 72 BAGE 2 MR L S YER 2 U A R TH D

MCDI% HWW 2RIz KviE, BAlD505E% ., b
BT 59 REM(ENL10%) & fe b 8 < 15T
HHEMCFL10%)121212 4 H UL E S O A o

Wb b6l ZOREREAZICHED LT, B
FEIEICBET D% < OEATIFE TIX. FICEMSHD
RFEHEW - TET(e.g., 50%LL EOY I HER L
T IO AR, AR LARRFZE T, RER DA
72 DTS IREM OB Ao D, FERT
WOHEE LD, & LETOYREPITEEIIZE T
FEHBMARB L, HOHBLEET L5001, FE
THEAT D H W53 A0 13 OB g O — 1l 2 S5
DX CTHDH. BEMICIE, RichR35%EE7 0
ZIRE L, AR OFBEEESMITTHET LD
T2 B L7z

2. FEETILDLEBABOLA

KIFFRDOET N TIE, SIRPH D 1 HFEITREE
5 [EEX] 28581, ZOBEORREREES —E
fEICEE L7z & X, ShIRITHEEZEHEGEET 5 L
OET 2 GEMIEf A2 S ). £ FEXITAmmIC XL
O EHE CTHREERNICBII S D, AEOBI%K
ELUTCTHBISBEENINT D L IET D, 20, Z
DET IATFLRXD RFEEN - BUSE OB INHED T
FLIRTE 2. LN TR g 2 - €7 v &g
S ZOETIVE, FHEXONFICIL T, R —
etk - B2 RFo—J5C, A O IRICEI L
TEEZ TN TE S, FHXOFFEIZE LTI,
IFTRERICE S ERICHEWT 2. B - ndEET v
X2 DRI E BT, 121, FEXOLE
BREANG 1) T, BHSEER—ED=1)Tbhb %
A THDH(H1a). ZOReFIBFEORE R, HSH T
o= BHIHE S (BEET V). b9 —2id, FRX
OB RAEEA (N=1) T, BB E M 2856
(D>1D)THh 5 (K1b). Z ORfeFIRFEORER, 145 H
XU A TGRS OLEET V). B - ke



TNAWENT, T D 2% FALICE A, FHIXOLE R
FEEN TS8R IS 5356 OMS A iy
HDET M HT=D(TA T« H~0370h).

MR DFEEME MO DL TIEr VAT ¢
v 7ETANRHAVLRTER[10]. BEET L E R
VAT 4w TETIVEDEWERRIINRTZ 0O,
o=t A TN, DA T =554
BRO, B YRT 1 v 75700 BB A0 &Y
— B ZX 2 1R LTz, =R EIE, 2o
Bit, HOFAT, EEHLIHBBEZFEH L TN
MED S B, ZDOROEHEIZE OHEEEST 5%
WoOEIGEZRLTEbDTHD. 450 RFEMEIAR
OIEIX, Envt ‘ST ThH, —RTHERL
HRLLTWD R, ZOH— RESEUICA— R RE
DERILTWD., Ho<mfiTiE R, A 705
MTIETITHh, B P 2T ¢ 7 5midEdh iz RO
HFBMBEKRTHY . £712T A T - T~
B D G TITHIBEIEDRI$ L 725 . fE> THHDIE
WICE - T, Bzl 282 TFH T R 0BE
3 AIENTHEINCT >~ 43 A0) N EEN (Y A 7).,
b LR ABICEIN(E AT 4 v 7 43A0), o
BT (T A T« T or=4370) & 9 8 Rtk %
A DHENTED.

(a) A hypothetical child learning with N=accumulation in a constant rate N
sampling

tyt, Lt
um =

events

T=t,

t
4-Accum
ulator

proportion
of children

acquire the
word

(b) A hypothetical child learning with 1-accumulation in a growing rate —\
sampling
rate of
events
age
T=t, t, 9
uator 1 F‘.

proportion J
of children I

acquire the
word

B1: (a) FRX D& D —EME THERICBIZE S
AWCEEBD . ZR B ARNCE L & S ICHEE
BT 286 (HB, N=4). BHERH I o~ 070
WZHED (FEY.  (b) 5 X OB H v %38
STEL 720 (BB, D1, —E OB CHARNE
BENDGE (P . BEARILY A 7SI

o (B

Gamma Weibull Hyper ; Logistic
1 1 1
i
2
o
=05 05 05 05
£
i
2y 0 0 0
0 5 10 0 5 10 0 5 10 0 5 10
o8 002 1
06
T o0 7 {oms
r 04 | om 05
o 10 K
T oz 4 nang
0 0 0 0

20 UAT - AU EFABLGR VAT ¢
v 7 BTNV BIEMERSA &Y — FESL 2T
[Fl— D8] & B E R,

3. DWAE

MCDI(Lex2005)(Z1%, 654 FEIZBIL T, 16 »»
5307 ARD 1 7 AL 15 HOEEEIE AR
ENTWD. MCDI (343 - Bhaal - A - 4
ai - BAGRIRAL FA - TR - 2O P8R L 21
DFEFEA T Y 25T, FAHEE, 16 205 30 7 A
WoHEmmaAmcxt L, Eit 3 OB - g€
NETT o~ - T A T BEIEE T /)3 LY
FATHIIE D2 < TR MR ORIV Hh
L YAT 4 v 7T V(10105 A BIC)) %
T LT,

4. R -EHE

ETIVEIROFER, 654550 H H88% D HGEIZ X}
LC, 320RM - MEET VRO WA
L. BY AT 4 v 7 ETMIDTDN12%0D HEEIZiHE
HLiz. oT, BRYAT 4 v I ETNVELUFDS
WrinHERS Lie. BENE(END)E 7 M3k
45% D HFEN A LTz, ZhUEE < OHGEOEEN
PR - G T OREE R OFEE BT 523, HGE
DOFEN L0 B E IR N Z TR D720,
MR THDLH o~ « A TIVRMITHEET D HIED
HE L, PHOBEHEICER L, 210E%E DT I
U Z55H L72(K2). 47 (vehicle, animals, etc.)<°
#5d (action words)|FEHE N F L\ E DL OHGET
K0T~ mICiES L=, —7F. question words
72 EOBRERE TSN ELS . 2D OBEEIT XY



TA TSRS LT, DF0, EEITFIYD
SR A ISR AR LT A IR DS R AR
LT HHEEZEHL T H[R=-0.67). TT LVOIGE
ICIN->TEET D, Z ORI, PIMOERES

N DHEDIEEROBIEIZ L - TRRR T, 7% M
X EEHE O L > TRIRTE 5 FHL R T
2.

Wz, ETNVORETHD [F5 X) 2FET
Lz, #EoT —2~—2([2], [8LI7L[8Diz&
F D HGEO LB E K (frequency, familiarity,
imageability, etc.) & F\ T, Ao HHEE L
TZEBTINDRT AL L OMBEE AT, Z OREE.,
T =T NOBERE L BEEO HBUHET] &
DAREZRMEEZRL, —J., AT VETIVOH
S FE D HINN R L HEE 0L 2 M (imageability) #
75 A [ OFETRERIE & DN E BB Z2 R L7z,
DFE D | MIHOFE BV TER X IIHGEHFED
BRETHY, TORBEPHEGBEGICEET S, %
HOFEIT BN THER XTI L 72 HEEOBIE
(T < BEEEFEOBRME - UIRTH 2 F3 R0
Ihb.

R=-067461
08 . : .

+ Sound Effects and An
07+ g

06{Body Parts +Games and Routines i

hICIBarS\ma gg{Real o To

mall roﬁouseﬁy?d I?te t 7

» People
rhiture and Rooms
. jction Words 4
» Descriptive Wor

+ Places to Go

05+

04

03

Mean Acouisition Rates

fiera P
« Wiords about Timguantifiers an
HEIplng Wer

02

+ Connecting Words

01 L L L I L L L
0 o1 oz 03 04 05 0& o 0g

Weibull > Gamma

X2: FEFH T TYVNOUA TIVETIVIZHEA L
7o R OEIE (Xifih) & - 0016-30 7 H WO M#EGH
A (Y. SEEAEIE N m I & HERES 2 R
HEEWRTS.

+ Question Words

Bt
This study was supported by grants from NIH
MH60200.

& ik

[1] Bates, E., Dale, P., & Thal, D. (1995).
Individual differences and their implications
for theories of language development. In P.
Fletcher & B. MacWhinney (Eds.), Handbook
of child language (p. 96-151). Oxford: Basil
Blackwell.

[2]Coltheart, M. (1981). The MRC
psycholinguistic database. Quarterly Journal
of Experimental Psychology, 334, 497-505.

[38]Cortese, M. J., & Fugett, A. (2004).
Imageability ratings for 3,000 monosyllabic
words. Behavior Research Methods,
Instruments, & Computers, 56 (3), 384-387.

[4] Dale, P. S., & Fenson, L. (1996). Lexical
development norms for young children.
Behavior Research Methods, Instruments, &
Computers, 28 (1), 125-127.

[5] Fenson, L., Dale, P., Reznick, J. S., Bate, E.,
Hartung, J., Pethick, S., et al. (1993). Macarthur
communicative development inventories. San
Diego: CA: Singular Publishing.

[6] Jahn-Samilo, J., Goodman, J., Bates, E. &
Sweet, M.(2000) Vocabulary Learning in Children
from 8 to 30 Months of age: A Comparison of Parental
Reports and Laboratory Measures. Technical Report
CND-0006, Project in Cognitive and Neural
Development Center for Research in Language
University of California, San Diego.

[7] MacWhinney, B., & Snow, C. (1990). The child

language data exchange system: An update.

Journal of Child Language, 17(2), 457-472.

[8] Miller, G. A. (1995). WordNet: An on-line
lexical database for English. Communications of
the ACM, 358(11), 39-41.

[9] Schwarz, G. (1978). Estimating the dimension of a



model. The Annals of Statistics, 6 (2), 461-464.

[10] van Geert, P. (1998). A dynamic systems
model of basic developmental mechanisms:
Piaget, Vygotsky, and beyond. Psychological
Review, 105(4), 634-6717.

T8 : 94 TIL - AU HHDEH

ZOMEETIZ, VAT s T~ DAt &
AT BEEOEENH L —EB N OFLX O
RERICL > TRZ Y 2 TOHRLOKEBRE M O
b, TR X R TRAET D LIRET .
DL x| BEAESTOMERIL, FL X Of
BENNLUETHLIGETHY, ZHUILLTD
FHO BB TRIND.

Pl N)=Y" T(M+1)0(k+1)"T(M -k +1)" f5(1—- £)

k=N

=T (M + PV T =N+ 1) [ (1-0)" e

L, r(w)iEH e~ B ChH Y | B TATRIL,
PR A B e RFE S — X A~ DA
BThH D, FLORPE M B KREWGEA,
N B GAET o~ A K o TEEITE 5.

T, FHIORAEME f 2RO ZHEM 72
B AMN=(51DdL B3 LT UTFTOUA
T o~ BRI 55,

P(T;6,N,d)=T(N)" [ exp(-1)dt

7272 L, x=(81Dd £7= 5, N, &>0. SIFFFH IR
IR RBOFEABPE DML, d 1IHEDRFRHIC
£ 80 - Wb 2RI FERR. VIR FE TICH
TOHERORBHEETHD.



