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A Connectionis t  M o d e l  o f  Ve r b Subcategorizatio n 

Hinric h Schiitz e 
Cente r  fo r  th e Stud y o f  Languag e an d Informatio n 

Stanfor d Universit y 
Stanford ,  Californi a 94305-411 5 

s c h u e t z e @ c s l i . s t a n f o r d . e d u 

Abstrac t 

Much of the debate on rule-based vs. connectionist models in 
languag e acquisitio n ha s focusse d o n th e Englis h pas t  tense . 
Thi s pape r  investigate s a  ne w area ,  th e acquisitio n o f  ver b 
subcategorization .  Verb s diffe r  i n ho w the y expres s thei r  argu -
ment s o r  subcategoriz e fo r  them .  Fo r  example,  "Sh e gav e hi m 
a book. "  i s good ,  bu t  "Sh e donate d hi m a  book. "  sound s odd . 
The pape r  describe s a  connectionis t  mode l  fo r  th e acquisitio n o f 
ver b subcategorizatio n an d ho w i t  account s fo r  overgeneraliza -
tio n an d learnin g i n th e absenc e o f  explici t  negativ e evidence . 
I t  i s  argue d tha t  th e mode l  present s a  bette r  explanatio n fo r  th e 
transitio n fro m th e initia l  rule-les s stat e t o final  rule-hk e behav -
io r  fo r  som e ver b classe s tha n th e symboli c accoun t  propose d 
by Pinke r  (1989) . 

Introduction 

Th e debat e a s t o whethe r  connectionis t  o r  symboli c mod -
el s provid e a  bette r  accoun t  fo r  linguisti c knowledg e an d 
h o w thei r  account s diffe r  ha s centere d o n th e Englis h pas t 
tens e (e.g .  (Rumelhar t  an d McClelland ,  I986),(Pinke r  an d 
Prince ,  1988),(MacWhinne y an d Leinbach ,  I99I),(Marcu s 
et  al. ,  I992),(Daughert y an d Seidenberg ,  1993) ,  (Daughert y 
and Hare ,  1994)) .  Thi s pape r  investigate s a  ne w area ,  th e 
acquisitio n o f  ver b subcategorization . 

(I )  a .  Sh e gav e a  boo k t o th e student . 

b.  Sh e gav e th e studen t  a  book . 

c.  Sh e donate d a  boo k t o th e church . 

d.  *  Sh e donate d th e churc h a  book . 

Verb s diffe r  i n h o w the y expres s thei r  argument s o r  subcate -
goriz e fo r  them .  Fo r  example ,  bot h (la )  an d (lb )  ar e gram -
maticall y correct ,  bu t  onl y (Ic )  i s a n acceptabl e wa y o f  ex -
pressin g th e argument s o f  "donate" .  Th e alternatio n exhibite d 
by "give "  i n thi s exampl e i s calle d th e dativ e alternation .  Th e 
ver b "give "  i s sai d t o underg o th e alternation ,  wherea s "do -
nate "  doe s no t  allo w it . 

A detaile d accoun t  fo r  th e acquisitio n o f  ver b subcatego -
rizatio n ha s bee n propose d b y Pinke r  (1989 )  an d Grope n e t 
al .  (1989) .  O n e o f  th e majo r  insight s o f  thei r  theor y i s tha t 
th e meanin g o f  verb s i s a n importan t  determinan t  o f  subcat -
egorization .  Fo r  example ,  verb s o f  continuou s impartin g o f 
forc e suc h a s "pull "  onl y allo w th e prepositiona l  constructio n 
(a s i n (la)) ,  verb s o f  instantaneou s impartin g o f  forc e suc h 
as "throw "  allo w bot h th e prepositiona l  (la)  an d th e dativ e 
constructio n (lb) .  Rot e learnin g canno t  explai n successfu l 
acquisitio n sinc e subcategorizatio n frame s ar e use d produc -
tivel y fo r  nove l  verb s tha t  ar e semanticall y compatibl e wit h a 

give n subcategorizatio n fram e ("H e emaile d m e th e paper.") , 
whil e n o suc h generalizatio n i s observe d fo r  semanticall y in -
compatibl e verb s 

I n sectio n 2 ,  thi s pape r  describe s a  connectionis t  mode l  fo r 
th e acquisitio n o f  th e dativ e alternatio n tha t  incorporate s th e 
importanc e o f  semanti c factor s fo r  subcategorization .  Th e 
model  i s show n t o accoun t  fo r  overgeneralizatio n an d learn -
in g i n th e absenc e o f  explici t  negativ e evidence .  Sectio n 3 
discusse s h o w symboli c an d connectionis t  model s o f  sub -
categorizatio n diffe r  an d argue s tha t  th e connectionis t  mode l 
present s a  bette r  explanatio n fo r  th e transitio n fro m th e initia l 
rule-les s stat e t o fina l  rule-lik e behavio r  fo r  som e ver b classe s 
tha n th e symboli c accoun t  propose d b y Pinke r  (1989) . 

The Connectionist Model 

Thi s sectio n present s a  mode l  o f  th e acquisitio n o f  subcate -
gorizatio n tha t  ha s th e crucia l  propertie s o f  th e learnin g situa -
tio n o f  th e huma n child .  First ,  n o explici t  correctio n o f  error s 
occurs .  Second ,  th e initia l  analysi s o f  th e occurrin g subcat -
egorizatio n frame s strongl y suggest s generalization s tha t  ar e 
i n fac t  ungrammatical .  Thi s lead s t o overgeneralization s fro m 
whic h th e mode l  recover s i n subsequen t  learning . 

Architecture 

Th e basi c architectur e o f  th e mode l  i s show n i n Figur e 1 . 
Th e inpu t  consist s ofte n semanti c microfeature s representin g 
semanti c propertie s o f  verb s importan t  fo r  subcategorizatio n 
and on e localis t  representatio n fo r  eac h o f  th e 5 6 verbs ,  i.e . 
eac h o f  th e verb s i s represente d b y a  separat e nod e whic h 
i s o n i f  th e ver b i s presente d t o th e ne t  an d of f  otherwise . 
Th e localis t  representation s fee d int o a  bloc k o f  tw o hidde n 
unit s whic h i s full y  connecte d wit h th e mai n hidde n laye r 
consistin g o f  te n hidde n units .  Th e microfeatur e bloc k i s als o 
full y  connecte d wit h th e te n hidde n units .  Finally ,  th e hidde n 
unit s propagat e thei r  activatio n t o tw o outpu t  unit s i n th e 
bloc k "selections" .  O n e o f  th e unit s i s fo r  th e fram e "VER B + 
T H E ME +  t o +  GOAL" ,  abbreviate d a s prep .  A n exampl e o f  thi s 
fram e i s  (la) .  Th e othe r  outpu t  uni t  i s fo r  th e fram e "VER B + 
G O AL +  THEME" ,  abbreviate d a s DlT R (exampl e (lb)) .  Th e ne t 
i s traine d usin g th e backpropagatio n algorith m (Rumelhar t 
et  al. ,  1986) .  Trainin g proceed s b y presentin g on e o f  th e 
verbs ,  propagatin g activatio n forwar d throug h th e networ k t o 
th e selectio n units ,  computin g th e erro r  betwee n th e selecte d 
frame s an d th e actua l  occurrin g frame ,  an d backpropagatin g 
th e error .  A n exampl e fo r  inpu t  an d outpu t  i s  give n below . 

O ne reaso n fo r  connectin g th e 5 6 ver b node s an d th e 10 -
uni t  bloc k b y a  "bottleneck "  o f  onl y tw o hidde n unit s i s tha t 
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th e hig h connectivit y o f  a  networ k tha t  woul d full y  connec t 
th e hidde n unit s an d th e bloc k o f  5 6 ver b node s woul d b e in -
efficien t  an d implausibl e cognitively .  M o r e importantly ,  thi s 
architectur e reflect s th e intuitio n tha t  ver b subcategorizatio n 
i s mainl y determine d b y semanti c propertie s o f  verb s (repre -
sente d b y th e te n microfeatures )  an d tha t  th e child' s learnin g 
proces s i s heavil y biase d agains t  usin g idiosyncracie s fo r  se -
lectin g subcategorizatio n frames .  However ,  ther e i s th e possi -
biit y o f  usin g idiosyncrati c feature s fo r  subca t  selectio n i f  n o 
othe r  reliabl e predicto r  ca n b e found .  T h e bottlenec k archi -
tectur e thu s implement s th e insigh t  from  (Pinker ,  1989 )  tha t 
th e selectio n o f  subcategorizatio n frames  i s largel y dependen t 
on semanti c propertie s an d onl y moderatel y influence d b y 
idiosyncracies . 

Figur e 1 :  Th e architectur e o f  th e subca t  fram e selector . 

The rationale for the training regime is that each occurrence 
of  a  ver b wit h a  subcategorizatio n fram e i s a  learnin g experi -
enc e fo r  th e child .  I f  hi s or  he r  curren t  g ramma r  specifie s th e 
incorrec t  frame ,  fo r  instanc e DIT R fo r  donate ,  the n eac h occur -
renc e o f  donat e wit h th e frame  PREP wil l  pus h th e g ramma r 
toward s th e correc t  subcategorizatio n specification . 

The 5 6 verb s use d i n th e experimen t  ar e mainl y verb s o f 
chang e o f  possessio n take n fro m Pinke r  (1989: 1 lOff.) .  Thei r 
categorizatio n int o subclasse s i n Tabl e 1  i s als o simila r  t o 
Pinker's .  Th e mai n differenc e i s tha t  allocate ,  allot ,  assign , 
bequeath ,  grant ,  award ,  advance ,  forwar d wer e categorize d 
as simpl e verb s o f  giving ,  rathe r  tha n verb s o f  futur e having , 
sinc e the y d o no t  see m t o impl y a  mor e immediat e transfe r  tha n 
fo r  instanc e sel l  o r  send ,  donat e wa s adde d a s a n idiosyncrati c 
word :  semanticall y i t  i s  par t  o f  th e givin g class ,  bu t  i t  doe s 
not  exhibi t  th e dativ e alternation . 

The microfeature s use d fo r  encodin g th e verb s ar e show n 
i n Tabl e 2 .  The y represen t  semanti c distinction s identifie d a s 
importan t  b y Pinker . 

Tabl e 3  show s h o w th e verb s i n Tabl e 1  ar e encode d usin g 
th e features .  Again ,  I  follo w Pinker' s proposal . 

Tabl e 4  give s th e possibl e subcategorizatio n frame s o f  th e 
ver b classe s covere d i n th e experiment . 

The networ k wa s traine d i n 80 0 epochs ,  wher e eac h epoc h 
consiste d i n presentin g al l  verb s t o th e network .  Tabl e 5  dis -

GIVING:  transfe r  fro m give r  t o recipien t 
giv e pas s han d sel l  pa y u^d e len d loa n serv e fee d sen d allocat e 
allo t  assig n bequeat h gran t  awar d advanc e forwar d 
DONATE 
donat e 
TRANSPORT:  manne r  of  transpor t  specifie d 
shi p mai l 
INSTANTANEOUS:  instantaneou s impartin g of  forc e causin g motio n 
thro w tos s flip  sla p kic k pok e fling  blas t 
CONTINUOUS:  continuou s impartin g of  forc e causin g motio n 
carr y pul l  pus h schlep p lif t  hau l  lowe r 
DIRECTION:  directio n of  transfe r  specifie d 
brin g tak e 

occurrenc e 

selecUon s 

10 unit s 

2 unit s 

10 microfeature s 56 ver b node s 

FUTURE:  verb s of  ftiture  havin g 
offe r  promis e leav e guarante e pledg e reserv e 
NON-TRANSFER:  verb s of  futur e no t  havin g 
cos t  spar e env y begrudg e be t  refus e as k sav e charg e fine  forgiv e 

Table 1: Verbs of change of possession covered by the model. 

inpu t  featur e 
transfe r 
manner 
forc e 
instantaneou s 
futur e 

definitio n 
transfe r  take s plac e o r  wil l  tak e plac e 
specifie d manne r 
impartin g of  forc e 
instantaneou s vs .  continuou s impartin g of  forc e 
(possible )  U-ansfe r  i n th e futur e 

Tabl e 2 :  Semanti c itiicrofeature s use d fo r  encoding . 

clas s 
GIVIN G 
DONATE 
TRANSPORT 
INSTANTANEOUS 
CONTINUOUS 
DIRECTION 
FUTURE 
NON-TRANSFER 

^ 
M 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
-

i 

-
-
+ 
+ 
+ 
-

-

^ 

+ 
+ 
+ 

CO 

1 
C 
3 
(A 

+ 
-
-

3 
a 

+ 

Tabl e 3 :  Microfeatur e encodin g o f  th e classe s i n 1 . 

clas s 
GIVIN G 
DONATE 
TRANSPORT 
INSTANTANEOUS 
CONTINUOUS 
DIRECTION 
FUTURE 
NON-TRANSFER 

DIT R 
+ 
-
+ 
+ 
-
+ 
+ 
+ 

PREP 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-

Tabl e 4 :  Possibl e subcategorizatio n frames  fo r  th e classe s i n 
1. 
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inpu t  patter n 
+transfer.l. O 
-transfer:0. 0 
+manner:0. 0 
-manner :  1, 0 
+force:1. 0 
-forc e :0. 0 
•t-instantaneousiO. O 
-instantaneous :  1. 0 
+future:0. 0 
-future:0. 0 

exampl e outpu t 
prep:0. 6 
D1TR:0. 4 

targe t  1 
PREP:  1. 0 
ditr:0. 0 

targe t  2 
prep:0. 0 
DITR:  1  0 

Tabl e 5:  Examp l e o f  input/targe t  pattern s fo r  bring . 

plays an example input pattern for bring, that can be directly 
derive d fro m th e encodin g give n i n Tabl e 3 .  Durin g earl y 
training ,  th e subca t  selecto r  wil l  selec t  incorrec t  preference s 
fo r  th e tw o frames ,  fo r  exampl e th e 0.6/0. 4 exampl e outpu t  i n 
Tabl e 5 .  T h e mode l  i s  traine d wit h th e tw o correc t  subcate -
gorizatio n frame s fo r  bring ,  PREP an d DITR .  Not e tha t  i n an y 
give n occurrenc e o f  bring ,  onl y on e subcategorizatio n fram e 
i s used .  Consequently ,  onl y on e o f  th e targe t  pattern s i s use d 
i n an y give n trainin g step .  Fo r  thos e verb s tha t  d o no t  exhibi t 
th e dativ e alternation ,  onl y on e o f  thes e frame s wil l  occu r  i n 
training .  Thi s setu p guarantee s tha t  onl y positiv e evidenc e i s 
availabl e durin g training . 

Analysis of Results 

clas s 
GIVIN G 
DONATE 
transpor t 
INSTANTANEOUS 
CONTINUOUS 
DIRECTION 
FUTURE 
NON-TRANSFER 

DIT R 
0.5 
0.0 
0.5 
0.5 
0. 0 
0.5 
0.5 
1.0 

pre p 
0.5 
1.0 
0.5 
0.5 
1.0 
0.5 
0.5 
0.0 

Tabl e 6 :  Preferre d subca t  frame s afte r  training . 

Table 6 presents subcategorization frames output by the net-
wor k afte r  training .  Fo r  eac h class ,  th e activatio n leve l  o f  th e 
tw o outpu t  unit s i s show n whe n th e networ k wa s presente d 
wit h on e o f  th e clas s member s a s input .  (Ther e wer e n o intra -
clas s difference s fo r  th e leve l  o f  precisio n show n i n Tabl e 6. ) 
Al l  verb s ar e categorize d correctl y a s exhibitin g th e dativ e 
alternatio n o r  allowin g onl y on e frame .  However ,  th e crucia l 
tes t  i s  th e performanc e fo r  verb s no t  see n durin g training .  Th e 
correc t  categorizatio n i n Tabl e 6  coul d b e th e resul t  o f  rot e 
learning .  Generalizatio n t o ne w word s woul d fai l  i n thi s case . 

Tabl e 7  show s result s fo r  unsee n verb s fro m th e 8  classes , 
demonstratin g tha t  th e underlyin g generalization s wer e cap -
ture d b y th e model .  Unsee n verb s wer e encode d b y presentin g 
thei r  sem2mti c microfeature s t o th e net ,  bu t  wit h zer o activa -
tio n fo r  th e 5 6 localis t  node s tha t  represen t  th e verb s see n 
durin g training .  Unsee n verb s from  th e classe s giving ,  IN -
STANTANEOUS,  FUTURE,  NON-TRANSFER,  an d t o a  lesse r  de -
gre e TRANSPORT ar e productiv e i n tha t  ne w instance s hav e 
th e sam e o r  ver y simila r  subca t  preferenc e compare d t o th e 
verb s i n th e trainin g set .  Fo r  direction ,  ther e i s interferenc e 
fro m th e larg e numbe r  o f  verb s i n CONTINUOUS tha t  shar e th e 

clas s 
GIVIN G 
DONATE 
TRANSPORT 
INSTANTANEOUS 
CONTINUOUS 
DIRECTION 
futur e 
NON-TRANSFER 

DITR 
0.5 
0.5 
0.4 
0.5 
0.1 
0.3 
0.5 
1.0 

PREP 
0.5 
0.5 
0.6 
0.5 
0.9 
0.7 
0.5 
0. 0 

Tabl e 7 :  Preferre d subca t  frame s fo r  unsee n verbs . 

fac t  tha t  the y describ e a  transfe r  involvin g non-instantaneou s 
impartin g o f  force .  A s on e woul d expect ,  generalizatio n fo r  a 
ver b lik e donat e tha t  i s  a n exceptio n fail s  completely .  Sinc e 
i t  ha s th e sam e propertie s a s a  ver b fro m th e givin g class ,  i t 
i s  classifie d a s a  ver b tha t  allow s bot h subca t  frames. 

Whil e th e mode l  wa s traine d o n th e 5 6 verb s overgen -
eralizatio n occurre d initiall y  fo r  donat e (i.e .  th e ditransitiv e 
constructio n "h e donate d he r  a  book "  wa s judge d t o b e accept -
able) ,  sinc e i t  doe s no t  fit  ver y wel l  int o th e generalization s tha t 
determin e subcategorization .  Figur e 2  show s h o w th e mode l 
recovere d from  th e initia l  overgeneralizatio n i n th e late r  phas e 
of  training .  Subcategorizatio n selectio n fo r  verb s othe r  tha n 
donat e i s correc t  afte r  abou t  10 0 epoch s an d doesn' t  chang e 
i n late r  epochs . 

D i s c u s s i o n 

Bn>ad 
Rango ,  , 

\  / 

S< mantl e 
Verb Spac e 

Figur e 3 :  Narrow-rang e classe s ("N" )  an d broad-rang e classe s 
i n Pinker' s mode l  o f  subcategorization . 

The rule-based account. 

The proposal put forth in (Pinker, 1989) can be schematized as 
show n i n Figur e 3 .  Th e squar e symbolize s th e semanti c spac e 
of  al l  verbs .  Verb s ar e governe d b y broad-rang e rule s (o r 
classes )  an d narrow-rang e rule s (o r  classes) .  Th e larg e circl e 
("Broa d Rang e Class" )  i s  th e broad-rang e clas s o f  verb s tha t 
i s semanticall y compatibl e wit h th e subca t  frame  i n questio n 
(e.g .  dativ e construction) .  A  ver b outsid e o f  th e circl e yield s 
a completel y ungrammatica l  sentenc e i f  use d wit h th e frame. 
A n y ver b i n th e broad-rang e clas s ca n b e understoo d whe n 
use d wit h th e subca t  frame,  bu t  th e constructio n i s margina l 
fo r  m a n y verbs .  T h e smal l  circle s marke d N  ar e narrow-rang e 
classes .  Fo r  thei r  members ,  th e subca t  fram e i s completel y 
grammatical .  I f  a  ne w ver b i s create d tha t  fall s  semanticall y 
int o on e o f  thes e classes ,  the n i t  wil l  full y  participat e i n th e 
construction .  Verb s insid e th e B  circl e bu t  outsid e o f  th e 
N circle s ar e overgeneralization s i n children' s languag e o r 
creativ e us e i n adul t  language . 
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i 

I 

— PREP 

300 40 0 80 0 
number  o f  epoch s 

Figur e 2 :  Overgeneralizatio n fo r  donate . 

Overgeneralizatio n 

Two cases of overgeneralization are distinguished in (Pinker, 
1989) :  extragrammaticall y conditione d overapplicatio n o f 
broad-rang e rule s an d incorrec t  semanti c representation s fo r 
individua l  verb s (pag e 292) .  Childre n recove r  from  th e sec -
ond typ e o f  erro r  whe n the y lear n th e correc t  semantic s o f  a 
verb .  Th e chil d recover s fro m overgeneralizatio n o f  th e first 
typ e whe n h e o r  sh e learn s tha t  a  broad-rang e rul e i s onl y a 
necessar y conditio n for ,  say ,  th e dativ e alternatio n an d tha t  th e 
sufficien t  conditio n o f  th e applicabilit y  o f  a  narrow-rang e rul e 
must  als o b e satisfied .  S o thi s accoun t  relie s cruciall y o n th e 
formatio n o f  narrow-rang e rules .  I n error s o f  th e secon d type , 
recover y fro m overgeneralizatio n amount s t o acquisitio n o f 
a narrow-rang e rule .  Narrow-rang e clas s formatio n i s base d 
on semanti c structure :  "Upo n noticin g tha t  a  pai r  o f  individ -
ual  verb s ar e morphologicall y an d semanticall y relate d i n a 
way capture d b y a  nonaffixin g broad-rang e rule ,  th e learne r 
woul d creat e a  rul e whos e semanti c operation s mappe d th e 
narro w conflatio n clas s specificatio n fo r  on e ont o th e narro w 
conflatio n clas s specificatio n o f  th e other .  I n othe r  words , 
th e generalizatio n tha t  th e learne r  woul d mak e woul d be :  i f 
ver b X  alternates ,  othe r  verb s wit h th e sam e grammaticall y 
relevan t  semanti c structur e alternate ,  too. "  (Pinke r  1989:274 ) 

The see d fo r  th e formatio n o f  a  narrow-rang e rul e i s henc e 
th e compariso n o f  (th e semantic s o O individua l  verbs .  Unfor -
tunately ,  th e simples t  schem e fo r  compariso n woul d no t  mode l 
acquisitio n correctl y a s note d b y Pinke r  (p .  278) :  transfe r 
of  subca t  frames  doe s no t  onl y occu r  i n th e cas e o f  identi -
cal  semanti c representation s (tha t  i s  th e ne w an d ol d verb' s 
semantic s diffe r  onl y i n grammaticall y irrelevan t  idiosyncra -
cics) .  Fo r  example ,  th e definitio n o f  "manne r  o f  speaking " 
word s als o cover s "manne r  o f  communication "  verb s (p .  215 ) 
whic h wrongl y predict s tha t  th e ungrammaticalit y o f  th e di -
transitiv e constructio n fo r  manner-of-speakin g verb s (" *  H e 
shoute d he r  th e name." )  extend s t o communicatio n verb s 
("Joh n faxe d he r  th e name." )  whic h i s no t  true ,  sinc e th e latte r 
sentenc e i s acceptable .  Ther e m a y b e way s o f  loosenin g com -
parison s betwee n lexicosemanti c structure s tha t  giv e correc t 
prediction s fo r  ver b subcategorizatio n (cf .  Pinke r  1989:279) . 
For  example ,  on e coul d defin e a  matc h t o b e successfu l  eve n 
i f  on e o r  mor e value s o f  th e feature s o f  th e verbs '  semanti c 
structure s ar e no t  th e sam e thu s relaxin g stric t  identit y require -
ments .  However ,  thi s woul d no t  m a k e th e righ t  predictions , 
fo r  exampl e "throw "  an d "pull "  diffe r  i n onl y on e feature . 

instantaneou s vs .  continuou s impartin g offeree .  A t  thi s poin t 
i t  i s no t  clea r  whethe r  th e symboli c mode l  coul d b e extende d 
t o giv e a  full y  explici t  accoun t  o f  semanti c similarity ,  narrow -
rul e formatio n an d thu s overgeneralization . 

I n a n alternativ e explanatio n fo r  overgeneralizatio n i n th e 
pas t  tense ,  Clar k (1993:103 )  propose s tha t  a n overregularize d 
for m suc h a s "goed "  m a y b e use d i n th e sam e perio d a s a 
correc t  for m suc h a s "went "  becaus e th e chil d ha s no t  ye t 
recognize d tha t  "went "  i s  a  for m o f  "t o go" .  Evidenc e fo r 
thi s positio n i s tha t  on e als o finds  "wents "  an d "wenting "  i n 
children' s speech .  However ,  sinc e i t  mus t  b e obviou s t o th e 
chil d tha t  th e sam e ver b i s use d i n bot h dativ e an d prepositiona l 
constructions ,  a  simila r  accoun t  fo r  overgeneralizatio n doe s 
not  see m t o b e possibl e i n th e cas e o f  ver b subcategorization . 

I n contras t  t o th e symboli c account ,  th e connectionis t  mode l 
exhibit s overgeneralizatio n an d recover y fro m i t  i n a  natura l 
way.  Th e propert y o f  backpropagatio n crucia l  her e i s tha t  i t 
implement s gradien t  descent ,  i.e .  parameter s ar e modifie d s o 
tha t  a  maxima l  decreas e i n erro r  i s achieve d a t  eac h ste p i n 
learning .  A s a  result ,  th e mai n generalization s ar e learne d i n 
th e first  phase ,  sinc e acquirin g the m cover s mos t  case s an d 
increase s th e erro r  mos t  rapidly .  Idiosyncracies ,  fo r  whic h 
th e mai n generalization s mak e wron g predictions ,  ar e the n 
learne d i n th e secon d phas e o f  learning .  N o additiona l  as -
sumption s ar e thu s necessar y t o accoun t  fo r  overgeneralizatio n 
i n a  connectionis t  framework .  Th e phenomeno n i s naturall y 
explaine d b y th e propertie s o f  gradien t  descen t  learnin g a s i t 
i s implemente d b y backpropagation . 

Negative Evidence 

Ver b subcategorizatio n present s a  puzzl e t o chil d languag e 
researc h becaus e childre n lear n restriction s o n h o w certai n 
verb s expres s ther e argument s althoug h the y don' t  hav e ac -
ces s t o an y explici t  negativ e informatio n tha t  a  ver b doe s no t 
tak e a  certai n subcategorizatio n frame .  I f  th e chil d learn s t o 
transfor m "Mar y gav e th e boo k t o him. "  int o "Mar y gav e 
hi m th e book." ,  the n w h y isn' t  "Mar y donate d th e boo k t o 
h im "  transforme d i n th e sam e way ,  i f  negativ e evidenc e i s no t 
available ? Thi s di lemm a i s calle d Baker' s paradox .  (Marcus , 
1993 )  argue s agains t  recen t  researc h tha t  claim s tha t  childre n 
ca n i n fac t  dra w o n negativ e evidenc e fo r  learning .  H e demon -
strate s tha t  th e amoun t  o f  explici t  negativ e evidenc e actuall y 
presen t  i s no t  sufficien t  t o escap e from  Baker' s paradox . 

However ,  th e mode l  presente d i n sectio n 2  show s tha t  im -
plici t  negativ e evidenc e ca n solv e Baker' s paradox .  T o illus -
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trate ,  conside r  th e verb s o f  non-transfer .  Althoug h th e mode l 
i s neve r  tol d tha t  thes e verb s disallo w th e prepositiona l  con -
struction ,  i t  correctl y generalize s t o th e impossibilit y  o f  thi s 
fram e fo r  know n an d nove l  verb s (Tabl e 7 )  fro m th e implici t 
observatio n tha t  thi s incorrec t  subca t  fram e neve r  occur s i n 
th e input .  Thi s suggest s tha t  implici t  negativ e evidenc e i s suf -
ficien t  t o overcom e Baker' s paradox ,  eve n i f  explici t  negativ e 
evidenc e ca n b e show n t o b e insufficient . 

IVansition from rule-less to rule-governed state. 

O ne o f  th e virtue s o f  a  rule-base d accoun t  lie s i n th e fac t 
tha t  man y regularitie s ar e mos t  elegantl y describe d b y rules . 
An exampl e woul d b e th e "instantaneous "  clas s i n Tabl e 1 : 
Ther e doesn' t  see m t o b e a n exceptio n t o th e narrow-clas s rul e 
posite d fo r  thi s clas s i n (Pinker ,  1989) .  I f  a  ver b satisfie s th e 
descriptio n o f  th e "instantaneous "  class ,  the n i t  ca n b e use d 
wit h bot h subca t  frames . 

However ,  i f  rule s ar e posited ,  on e need s t o explai n wher e 
the y com e from .  Narro w rang e classe s ar e apparentl y no t 
innat e sinc e the y ar e specifi c  t o English .  S o i n th e beginnin g 
of  learning ,  th e chil d doe s no t  posses s an y o f  th e narrow-rang e 
rules .  Again ,  w e ar e face d wit h th e above-mentione d proble m 
of  h o w narrow-rang e rule s ar e learned .  Fo r  th e cas e o f  th e 
past-tense ,  Marcu s e t  al .  (1992:6 )  writ e tha t  th e "-ed "  rul e i s 
create d 

.. .  presumabl y b y abstractin g th e regula r  patter n fro m a 
set  o f  regula r  form s accumulate d ove r  tim e fro m parenta l 
speec h an d juxtapose d a s pas t  an d ste m form s o f  th e sam e 
ver b .. . 

Th e proble m i s tha t  ther e ar e severa l  candidate s fo r  rule s i n th e 
first  stage s o f  learning :  i t  i s no t  clea r  wha t  criterio n th e chil d 
woul d appl y t o hi s o r  he r  earl y vocabular y t o determin e tha t 
"-ed "  wil l  becom e a  rul e and ,  say ,  th e fit/fit/fit,  quit/quit/qui t 
typ e o f  regularit y wil l  not . 

Thi s proble m i s n o les s seriou s i n th e cas e o f  subcatego -
rization  learnin g (unles s w e ar e willin g t o believ e tha t  narrow -
rang e rule s ar e innate) .  Suppos e th e proble m o f  similar -
it y comparison s mentione d abov e coul d b e solve d somehow . 
Presumably ,  th e transitio n fro m non-rul e t o rul e woul d cor -
respon d t o th e realizatio n b y th e chil d tha t  a  larg e cluste r  o f 
verb s wit h simila r  lexico-semanti c grid s i s reall y on e o f  th e 
narrow-rang e rule s i n th e language .  Instea d o f  lookin g u p th e 
closes t  neighbo r  o f  a  ne w verb ,  subcategorizatio n behavio r 
woul d the n b e determine d b y th e rule .  However ,  th e decisio n 
whethe r  a  grou p o f  verb s i s a  "larg e cluste r  o f  verb s wit h sim -
ila r  lexico-semanti c grids "  i s necessaril y  quantitative .  Ther e 
i s alway s nois e i n th e input ,  eithe r  i n th e for m o f  incorrec t 
subcategorizatio n frame s (Grope n e t  al. ,  1989:251) ,  o r  i n th e 
for m o f  exceptions .  Fo r  exampl e "present "  an d "bestow "  be -
lon g t o th e "giving "  clas s semantically ,  bu t  usin g the m i n th e 
ditransitiv e constructio n result s i n margina l  an d completel y 
incorrec t  sentences ,  respectively .  S o on e canno t  deman d tha t 
a transitio n fro m non-rul e t o rul e ca n onl y occu r  i f  ther e isn' t 
a singl e exceptio n o r  i t  woul d neve r  apply .  I f  quantitativ e fac -
tor s pla y a n importan t  rol e i n th e transitio n fro m non-rul e t o 
rule ,  i t  i s  har d t o se e h o w a  purel y symboli c learnin g procedur e 
coul d succee d i n acquirin g ver b subcategorizatio n correctly . 

I n th e connectionis t  mode l  i n sectio n 2 ,  th e proble m o f 
transitio n doesn' t  aris e becaus e a  unifie d framewor k fo r  rules , 
analogy ,  an d exception s i s provided .  A  rul e simply  emerge s 

i f  n o evidenc e t o th e contrar y (o r  ver y little )  i s  presen t  i n 
training ,  s o tha t  th e regularit y get s eve r  stronge r  i n trainin g t o 
th e poin t  o f  exhibitin g rule-lik e behavior .  Se e (Plunket t  an d 
Marchman ,  1993 )  fo r  a n extensiv e discussio n o f  th e transitio n 
fro m "rote-like "  t o rule-lik e behavio r  i n connectionis t  models . 

Conclusion 

Thi s pape r  compare s th e explanator y adequac y o f  a  rule-base d 
and a  connectionis t  mode l  fo r  th e acquisitio n o f  ver b subcat -
egorization .  Th e compariso n suggest s that ,  whil e rule s ar e 
succinc t  description s o f  th e adul t  linguisti c system ,  a  connec -
tionis t  accoun t  i s mor e successfu l  a t  accountin g fo r  th e tim e 
cours e o f  learning ,  includin g th e phenomen a o f  overgeneral -
ization ,  learnin g i n th e absenc e o f  explici t  negativ e evidence , 
and th e transitio n fro m th e initia l  rule-les s stat e t o final  rule -
lik e behavio r  fo r  som e ver b classes . 
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