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Abstrac t 

The past tense has been the source of considerable 
debat e concernin g th e rol e o f  connectionis t  model s i n 
explainin g linguisti c phenomena .  I n respons e t o Pinke r 
and Princ e (1988) ,  severa l  connectionis t  model s hav e 
been develope d tha t  comput e a  mappin g betwee n th e 
presen t  tens e phonologica l  for m o f  a  ver b t o a  pas t  tens e 
phonologica l  form .  Mos t  o f  thes e model s canno t 
distinguis h betwee n homophone s suc h a s F L Y - F L E W 
and FLY-FLffi D (a s i n "flie d out") .  Kim .  Pinker , 
Prince ,  &  Prasad a (1991 )  hav e suggeste d tha t  th e 
additio n o f  semanti c informatio n t o suc h net s wil l  no t 
provid e a n adequat e solutio n t o thi s homophon y 
problem .  The y showe d tha t  Englis h speaker s us e 
derivationa l  status ,  rathe r  tha n semanti c informatio n i n 
generatin g pas t  tenses .  W e provid e evidenc e 
contradictin g thi s account .  Subjects '  rate d preference s 
fo r  pas t  tens e form s ar e predicte d b y semanti c 
measures ;  moreover ,  a  simulatio n mode l  show s tha t 
semanti c distanc e provide s a  basi s fo r  learnin g th e 
alternativ e pas t  tense s fo r  word s suc h a s F L Y .  W e 
sugges t  a  reconciliatio n o f  th e tw o theorie s i n whic h 
knowledg e o f  "derivationa l  status "  arise s ou t  o f 
semanti c fact s i n th e cours e o f  learning . 

Introduction 

The past tense of English verbs has provided a domain 
i n whic h t o explor e th e rol e o f  connectionis t  model s i n 
explainin g linguisti c phenomena .  Traditiona l  linguisti c 
theor y hold s tha t  th e regula r  pas t  tens e (e.g .  W A L K -
W A L K E D)  i s forme d b y rule ,  wherea s irregula r  pas t 
tense s suc h a s S E E - S A W ar e learne d b y rote .  I n a 
serie s o f  papers .  Pinke r  an d hi s colleague s hav e 
develope d variant s o f  thi s vie w (Pinke r  &  Prince ,  1988 ; 
Ki m e t  al. ,  1991 ;  Prince ,  1991 ;  Marcus ,  Pinker ,  Ullman , 
Hollander ,  Rosen ,  &  Xu ,  1992) .  Take n wit h th e 
shortcoming s o f  Rumelhar t  an d McClelland' s (1986 ) 
model  o f  th e pas t  tense ,  thei r  observation s suggeste d 
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tha t  connectionis m ha d littl e t o ad d t o th e traditiona l 
linguisti c account .  Subsequen t  wor k ha s indicate d tha t 
variou s aspect s o f  pas t  tens e fcMniatio n ca n b e simulate d 
by connectionis t  nets ,  howeve r  (e.g. ,  Plunket t  & 
Marchman ,  1991 ;  Cottrel l  &  Plunkett ,  1991 ; 
MacWhinne y &  Leinbach ,  1991 ;  Hoefner ,  1992 ; 
Daughert y &  Seidenberg ,  1992 ,  i n press ;  Seidenberg , 
1992) .  Thes e model s sugges t  tha t  Pinke r  e t  al.' s  view s 
concernin g th e rol e o f  connectionis t  model s i n 
explainin g linguisti c phenomen a ma y hav e bee n ovo-l y 
pessimistic . 

Pinke r  (1991 )  an d K i m e t  al .  (1991 )  describ e som e 
pas t  tens e phenomen a tha t  remai n problematica l  fo r 
connectionis t  models .  Thes e concer n homophonou s 
verb s wit h differen t  pas t  tens e forms .  Fo r  example ,  th e 
pas t  tens e o f  th e ver b F L Y (meanin g "airborn e 
movement" )  i s F L E W .  Ther e i s a n alternative ,  baseball -
relate d sens e o f  F L Y ,  th e pas t  tens e o f  whic h i s F L I E D 
("th e batte r  flie d ou t  t o cento-") .  Connectionis t  model s 
tha t  ma p firom  th e phonologica l  for m o f  th e presen t 
tens e t o th e phonologica l  for m o f  th e pas t  tens e (suc h a s 
Rumelhar t  &  McClelland's )  canno t  lear n suc h 
alternativ e form s (see ,  however ,  MacWhinne y & 
Leinbach ,  1991 ;  Hoeffner ,  1992) .  Thi s limitatio n ha s 
been repeatedl y mentione d a s a  failin g o f  connectionis t 
model s o f  th e pas t  tens e (se e Pinke r  &  Prince ,  1988 ; 
Marcu s e t  al. .  1992 ;  Pinker ,  1991) . 

One obviou s suggestio n i s t o solv e th e homophon y 
proble m b y introducin g semanti c information .  Fo r 
example ,  th e conjunctio n o f  th e phonologica l  for m F L Y 
and th e meanin g "airborn e movement "  woul d indicat e 
tha t  th e pas t  tens e i s F L E W ,  wherea s th e conjunctio n o f 
F L Y an d th e meanin g "creatin g a  fl y  ball "  woul d 
indicat e FLIED .  Generatio n o f  th e pas t  tens e woul d b e 
treate d a s a  constrain t  satisfactio n proble m i n whic h 
ther e ar e partia l  cue s fro m phonology ,  meaning ,  an d 
possibl y othe r  sources .  Pinke r  (1991 )  an d K i m e t  al . 
(1991 )  sugges t  tha t  thi s solutio n wil l  no t  work , 
however .  The y observ e tha t  th e semantic s o f  verb s ar e 
not  ver y goo d predictor s o f  pas t  tens e morphology . 
Thus ,  STRIKE ,  HIT ,  an d S L A P ar e semanticall y simila r 
but  thei r  pas t  tense s ar e forme d i n thre e ways :  vowe l 
chang e ( S T R U C K ) ,  n o chang e (HIT) ,  an d rul e 
(SLAPPED) .  Pinke r  (1991 )  believe s tha t  a  networ k 
encodin g relationship s betwee n meanin g an d phonolog y 

383 

mailto:kimd@gizmo.usc.edu
mailto:mcm@gizmo.usc.edu
mailto:alan@gizmo.usc.edu
mailto:marks@neuro.usc.edu


wil l  necessaril y  ten d t o for m th e sam e typ e o f  pas t  tens e 
fo r  semantically-relate d verbs .  I t  i s  wel l  known , 
however ,  tha t  net s wit h attractor s (e.g. ,  Hinto n & 
Shallice ,  1991 ;  Hoeffner ,  1992 )  ca n lear n t o m a p simila r 
input s ont o dissimila r  output s withou t  massiv e 
interferenc e o r  overgeneralization . 

A mor e seriou s proble m i s tha t  K i m e t  al .  provid e 
evidenc e tha t  th e derivationa l  statu s o f  a  vert>—whethe r 
i t  i s derive d fro m a n existin g nou n o r  verb—determine s 
pas t  tens e morphology ,  no t  semantics .  Subject s wer e 
aske d t o rat e thei r  preference s fo r  regula r  vs .  irregula r 
form s o f  verb s tha t  wer e derive d fro m eithe r  noun s 
(denominals )  o r  verb s (deverbals) .  Conside r  F L Y 
again .  Accordin g t o K i m e t  al. ,  th e sens e o f  F L Y i n (la ) 
i s  derive d from  th e nou n F L Y [fl y  ball] .  Th e sens e o f 
F L Y i n (2b )  i s sai d t o deriv e from  th e ver b F L Y 
[airborn e movement] .  I n general ,  subject s preferre d th e 
regula r  pas t  tens e fo r  denominal s an d th e irregula r  pas t 
tens e fo r  deverbals .  Thus ,  derivationa l  statu s apparentl y 
determine d th e formatio n o f  th e pas t  tense . 

Denomial : 
1.  W a d e Bogg s ha s a  ba d habi t  o f  hittin g fly  ball s int o 

cente r  field . 
a.  Yesterday ,  h e go t  on e hit ,  an d the n flied  ou t  twice . 

b.  Yesterday ,  h e go t  on e hit ,  an d the n *fle w ou t  twice . 

Deverbal: 
2,  Th e mat h professo r  flie s of f  th e handl e a t  th e 

slightes t  things . 
a.  Las t  week ,  h e *flie d of f  th e handl e whe n on e 

studen t  talke d durin g class . 
b.  Las t  week ,  h e flew  of f  th e handl e whe n on e studen t 

talke d durin g class . 

An alternative hypothesis (Lakoff, 1987) is that past 
tens e preference s ar e determine d b y th e distanc e 
betwee n th e meanin g o f  th e derive d ver b an d th e centra l 
meanin g o f  th e existin g irregula r  ver b (se e Fig .  1) .  Th e 
pas t  tense s o f  F L Y [ou t  t o center ]  an d F L Y [of f  th e 
handle ]  ar e determine d b y thei r  distance s fro m th e 
centra l  meanin g o f  F L Y [airborn e movement] .  Subject s 
preferre d F L E W [of f  th e handle ]  becaus e i t  i s close r  t o 
th e centra l  meanin g o f  F L Y ,  an d F L I E D [ou t  t o center ] 
becaus e i t  i s  mor e remote .  However ,  K i m e t  al.' s  dat a 
onl y partiall y  supporte d thi s account .  Rate d distanc e 

LY -  centra l  meanin g 
[airbom s movement ] 

ast  tense :  FLE W 

H V.  deverba l  ver b 
[o H handle ] 
past  tense :  FLE W 

FLY -  denomina l  ver b 
[t o cente r  field ] 
past  tense :  FLIE D 

fro m th e centra l  mean in g w a s correlate d wit h pas t  tens e 
preferences ;  h o w e v e r ,  ther e w e r e residua l  effect s 
attributabl e t o derivationa l  status .  T h u s ,  th e author s 
conclude d tha t  th e fact s canno t  b e explaine d entirel y i n 
term s o f  semanti c distance . 

O f  course ,  ther e i s  nothin g abou t  connectionis t 
mode l s tha t  preclude s encodin g derivationa l  statu s a s a 
constrain t  o n pas t  tens e formation .  Nonetheless ,  w e 
though t  i t  m igh t  b e prematur e t o abando n th e semanti c 
distanc e hypothesis .  Ther e ar e t w o principa l  issues . 
T h e firs t  i s  tha t  ther e i s  s o m e questio n abou t  th e 
relevan t  measu r e o f  semanti c distance .  K i m e t  al. , 
fol lowin g L a k o f f s informa l  suggestion ,  assesse d 
distanc e f ro m th e centra l  mean ing .  H o w e v e r ,  F L Y ha s 
severa l  secondar y meanings :  "t o rush ;  t o run; "  "t o flee; 
t o tr y t o escape; "  "t o reac t  explosively ;  t o burst. "  W e 
wil l  collectivel y refe r  t o thes e a s th e "aggressiv e 
mot ion "  sens e o f  F L Y ,  al l  o f  wh i c h tak e th e irregula r 
pas t  tense .  T h e fac t  tha t  th e pas t  tens e o f  F L Y [of f  th e 
handle ]  i s  F L E W w o u l d b e explaine d b y it s  relativ e 
proximit y t o F L Y [aggressiv e mot ion] .  T h e fac t  tha t  th e 
pas t  tens e o f  F L Y [ou t  t o center ]  i s  F L I E D follow s fro m 
th e fac t  tha t  i t  i s  m o r e distantl y relate d t o eithe r  primar y 
sens e o f  th e ver b F L Y (Fig .  2 ) .  Harri s (1992 )  obtaine d 
a measur e o f  th e distanc e o f  a  derive d m e a n i n g from  th e 
closes t  existin g ver b mean ing ,  rathe r  tha n th e "central " 
mean ing .  Thi s semanti c distanc e measur e w a s agai n 
correlate d wit h pas t  tens e preferences .  H o w e v e r , 
derivationa l  statu s stil l  accounte d fo r  a  significan t 
portio n o f  th e varianc e i n he r  data .  H e n c e ,  Harri s 
suggeste d tha t  bot h semanti c distanc e from  existin g 
mean ing s an d derivationa l  statu s ar e relevan t 

A secon d prob le m concern s th e derivationa l  statu s 
facto r  itself .  Pinke r  ( 1991 )  a n d K i m e t  al .  (1991 ) 
a s s u m e tha t  g r a m m a t i c ^  categor y — whethe r  a  w w d i s 
a n o u n o r  ver b — determine s th e derivatio n o f  th e pas t 
tense .  Derivationa l  statu s i s  quit e con founde d wit h 
semant i c distanc e f r o m existin g ver b m e a n i n g s , 
however .  I n general ,  deverbal s ar e close r  i n meanin g t o 
existin g m e a n i n g s tha n ar e denominals .  Deverbal s 
suc h a s "brea k i n a  n e w e m p l o y e e "  o r  "fl y  of f  th e 
handle "  typicall y overla p wit h o r  metafhoncal l y exten d 
a n existin g mean ing .  Denomina ls ,  however ,  ar e derive d 
f ro m a  n o u n tha t  happen s t o soun d lik e a n existin g ver b 
bu t  ca n b e completel y unrdate d i n mean in g t o i t  Fo r 

FLY •  naarca l  maanin g 
[aggreMiv *  motion ] 
pasttenae :  FLE W 

PLV.J .«aJv«^ ' 
[offhMidl* ] 
paatfi— :  FLE W 

FLY •  denomina l  ver b 
[t o cente r  field ] 
past  tense :  FLIE D 

Figur e 1 :  Hypothesi s tha t  pas t  tens e o f  derive d 
fo r m shoul d depen d o n distanc e f ro m centra l  meaning . 

Figur e 2 :  F L Y [of f  handle ]  i s  relate d t o F L Y 
[aggressiv e mot ion] ,  no t  F L Y [airborn e m o v e m e n t ] 
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example ,  K i m e t  al .  compare d preference s fo r  th e 
deverba l  B R E A K (h e breaks/brok e i n th e ne w 
employees )  an d th e denomina l  B R A K E (h e 
brakes/brake d fo r  animals ;  se e Fig .  3) .  Althoug h 
B R E AK an d B R A K E ar e homophonous .  th e regula r 
pas t  i s preferre d fo r  th e denomina l  an d th e incgula r  pas t 
fo r  th e deverbal .  B R A K E D,  however ,  i s  derive d fro m 
th e nou n B R A K E ,  whic h i s wholl y unrelate d t o an y 
meanin g o f  B R E A K .  I n contrast ,  deverba l  B R E A K i s 
semanticall y relate d t o a n existin g sens e o f  B R E A K . 
Harris '  (1992 )  dat a indicat e thi s clearly .  Sh e obtaine d 
rating s o f  th e distanc e o f  K i m e t  al.' s  verb s fro m thei r 
neares t  homophonou s irregula r  pas t  tense .  Denominal s 
wer e rate d a s bein g furthe r  fro m a n existin g meanin g 
(mea n =  4.7 5 o n 6-poin t  scale )  tha n deverbal s (mea n = 
2.35) .  Thi s differenc e i s highl y reliable ,  r(l,36 )  =  10.4 , 
p<.001 . 

I n sum ,  ther e i s a  confoun d betwee n derivationa l 
statu s an d distanc e fro m a n existin g irregula r  ver b i n th e 
K i m e t  al .  materials .  On e wa y t o avoi d thi s woul d b e t o 
includ e a n equa l  numbe r  o f  deverbal s derive d fro m 
wholl y unrelate d ver b homophones .  Fo r  example , 
W R I T E - R I G HT (a s i n "righte d th e boat" )  woul d b e 
analogou s t o B R E A K - B R A K E.  K i m e t  al .  instea d deal t 
wit h th e confoun d statistically ,  performin g regressio n 
analyse s indicatin g tha t  derivationa l  statu s accounte d 
fo r  uniqu e amount s o f  varianc e afte r  semanti c distanc e 
was partialle d out .  Thi s analysi s canno t  b e take n a s 
definitive ,  however .  Th e facto r  labelle d "derivationa l 
status "  coul d simpl y hav e bee n codin g othe r  aspect s o f 
semanti c distanc e no t  capture d b y thei r  othe r  measure . 

We explore d thes e issue s furthe r  i n th e researc h 
describe d below .  W e first  obtaine d a  secon d measur e o f 
semanti c distance ,  providin g furthe r  evidenc e 
concernin g th e relevanc e o f  thi s factor .  W e als o 
conducte d simulation s whic h addresse d whethe r  a 
connectionis t  mode l  coul d lear n th e pas t  tense s o f 
homophonou s verb s usin g semanti c distanc e a s a  cue . 

Behav iora l  D a t a 

Pinker and colleagues' theory elegantly suggests that a 
singl e factor ,  derivationa l  status ,  shoul d predic t  pas t 
tens e preferences :  Irregula r  form s wil l  b e use d fo r 
deverbal s an d regula r  form s fo r  denominals .  Ou r  vie w 

BRAKE -  nou n 
[stoppin g devica ] 
past  tense :  N/ A 

1 r 
BRAKE -  denomina l  var b 
(appl y brakaa ] 
paat  tensa :  BRAKED 

-UnieUtcd -
BREAK •  centra l  meanin g 
[smash ] 
past  tense :  BROKE 

1 ' 
BREAK •  deverba l  ver b 
[t o brea k In ] 
past  tense :  BROKE 

Figur e 3 :  B R A K E ( v )  i s relate d t o B R A K E (n ) 
whic h i s unrelate d t o B R E A K 

i s tha t  ver b preference s ar e base d o n th e distanc e 
betwee n th e meanin g o f  a  ver b an d th e meanin g o f  a 
homophonou s irregula r  verb .  B R O K E,  fo r  example , 
canno t  b e th e pas t  tens e o f  B R A K E becaus e i t  i s 
dissimila r  i n meanin g t o B R E A K . 

Subjects '  rating s i n th e K i m e t  al .  stud y departe d 
fro m wha t  th e simpl e theor y predicts .  Verb s varie d 
greatl y i n th e degre e t o whic h th e regula r  pas t  tens e wa s 
prefwre d ove r  th e irregula r  pas t  Fo r  example ,  wherea s 
subject s greatl y preferre d B R A K E D (no t  B R O K E)  a s 
th e pas t  tens e o f  B R A K E ,  ther e wa s onl y a  smal l 
advantage d fo r  F L E D (ove r  F L E W )  a s th e pas t  tens e o f 
"fl y  out. "  Moreover ,  fo r  severa l  denominals ,  th e 
irregula r  past s wer e actuall y preferre d overall .  Thes e 
deviation s fro m th e predicte d pattem s wer e attribute d t o 
subjects '  "uncertainty "  abou t  th e derivationa l  statu s o f 
individua l  items .  Thi s uncertaint y wa s no t 
independentl y assessed ,  however .  Ou r  vie w i s tha t 
subjects '  preference s ar e base d o n th e distanc e firom 
existin g irregula r  ver b meanings .  K i m e t  al .  partitione d 
thi s distanc e int o tw o components :  "derivationa l  status " 
(denominal s ar e mor e distan t  tha n deverbals )  an d 
"uncertainty "  (whic h reflect s th e relativ e distanc e fro m 
existin g meanings) . 

We examine d thes e issue s b y obtainin g a  secon d 
measur e o f  semanti c distance .  Fo r  al l  denomina l  verb s 
use d b y K i m e t  al .  w e ha d subject s rat e thei r  distanc e 
fro m th e sourc e noun .  Th e hypothesi s wa s tha t  thi s 
distanc e woul d accoun t  fo r  variabilit y  i n subjects ' 
response s tha t  K i m e t  al .  attribute d t o "uncertainty "  ovea r 
derivationa l  status . 

Fiftee n nativ e English-speakin g U S C 
undergraduate s volunteere d t o participat e i n th e 
experimen t  Th e 3 7 presen t  tens e denomina l  passage s 
fro m K i m e t  al .  wer e presente d a s i n th e exampl e below : 

The general is going to order his artillery to form a ring 
aroun d th e city .  Bu t  i f  h e ring s th e cit y wit h artillery , 
the n a  battl e i s certain . 

Subjects were told to rate the similarity of the meaning 
of  th e ver b i n bol d t o th e meanin g o f  th e nou n 
homophon e o n a  6  poin t  scal e ( 1 =  ver y similar ;  6  = 
ver y dissimilar) . 

Multipl e regressio n analyse s wer e performe d o n 
K i m e t  al.' s  preferenc e rating s (preferenc e fo r  regula r 
ove r  irregula r  pas t  tense )  fo r  th e 3 7 denominal s i n thei r 
experimen t  Th e mea n semanti c distanc e t o th e neares t 
homophonou s ver b (fro m Harris ,  1992 )  an d th e mea n 
semanti c distanc e t o th e homophonou s nou n (fro m thi s 
experiment )  wer e th e predicto r  variables .  Distanc e t o 
ver b uniquel y accounte d fo r  20 .5 % o f  th e varianc e i n 
preferenc e ratings ,  f  (1,34 )  =  9.002, p <  .01 .  Distanc e t o 
nou n accounte d fo r  a n additiona l  2 0 % uniqu e variance , 
F(l,34 )  =  8.599 ,  p< .01 . 

Thes e result s strongl y indicat e tha t  subjects '  pas t 
tens e preference s depen d o n semanti c factors .  Th e 
regula r  pas t  i s preferre d whe n th e intende d meanin g 
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(e.g. .  pas t  lens e o f  B R A K E )  i s fa r  fro m a n existin g 
irregula r  ver b an d clos e t o th e sourc e noun .  Th e 
irregula r  pas t  i s  preferre d whe n th e distance s ar e i n th e 
opposit e directions .  Thes e dat a indicat e tha t  variabilit y 
tha t  K i m e t  al .  attribute d t o "uncertainty "  ove r 
derivationa l  statu s i s instea d du e t o semanti c distance . 

For  th e deverbals ,  th e semanti c distanc e measur e 
als o correlate d wit h subject s preferenc e rating s r  »  ,26 . 
Becaus e deverbal s ar e derive d fro m verbs ,  no t  nouns , 
ther e wer e n o dat a concernin g thei r  distanc e fro m a 
"sourc e noun. "  I n keepin g wit h th e hypothesi s tha t 
derivationa l  statu s merel y indicate s semanti c distance , 
we conducte d a n omnibu s analysi s o f  bot h type s o f 
verb s i n whic h deverbal s wer e assigne d th e maximall y 
unrelate d scor e o n th e "distanc e fro m noun "  measur e 
(thus ,  fo r  example .  B R E A K wa s rate d a s unrelate d t o 
B R A K E ).  E>erivationa l  statu s an d distanc e t o th e nou n 
wer e correlate d -.84 ,  becaus e denominal s (code d 1 ) 
wer e close r  t o th e nou n an d deverbal s (code d 0 )  wer e 
farther .  Derivationa l  statu s an d distanc e t o th e ver b 
wer e correlate d .75 ,  becaus e denominal s wer e furthe r 
fro m th e ver b an d deverbal s closer .  Thes e dat a ar e 
consisten t  wit h th e hypothesi s tha t  derivationa l  statu s 
merel y encode s semanti c distance . 

I n th e multipl e regression ,  th e relationship s betwee n 
th e predicto r  variable s an d th e pas t  tens e preferenc e 
rating s wer e a s follows .  Al l  thre e measure s wer e highl y 
intercorrelaied :  nou n distanc e an d derivationa l  statu s = 
-.84 ;  nou n distanc e an d ver b distanc e =  -.61 ;  ver b 
distanc e an d derivationa l  statu s =  ,75 .  N o n e o f  th e 
predicto r  variable s b y itsel f  significantl y accounte d fo r 
uniqu e varianc e i n th e pas t  tens e preferenc e ratings . 
The confounde d effec t  o f  th e thre e predictors ,  however . 
i s  highl y significant ,  F(l,72 )  =  74.774 ,  p  <  .001) .  Thes e 
result s indicat e tha t  th e predicto r  variable s ar e capturin g 
th e sam e information ,  whic h ca n b e terme d distanc e 
betwee n th e verb' s meanin g an d th e meaning s o f 
homophonou s words .  Thes e result s diffe r  fro m K i m e t 
al.'s .  whic h showe d tha t  derivationa l  sutu s accounte d 
fo r  uniqu e varianc e i n th e ratings .  Onc e th e secon d 
measur e o f  semanti c distanc e wa s included ,  however , 
th e uniqu e effect s o f  derivationa l  statu s wer e removed . 

I n summary ,  thes e dat a sugges t  tha t  preference s 
concernin g th e pas t  tens e ca n b e explaine d i n term s o f 
semanti c distance ,  provide d tha t  i t  i s  measure d 
appropriately ,  obviatin g th e rol e o f  derivationa l  status . 

Connect ion is t  M o d e l  o f  th e Pas t  T e n s e 

We then explored how connectionist models might deal 
wit h thes e phenomena .  Thi s wor k build s o n researc h 
describe d i n Daughert y an d Seidenber g (1992) ,  Th e 
architectur e o f  th e basi c mode l  i s  a  simpl e feed-forwar d 
networ k wit h input ,  hidden ,  an d outpu t  layers .  Th e 
inpu t  laye r  represent s th e phonologica l  for m o f  a 
monosyllabi c ver b i n English ,  conformin g t o a 
C C C V V C CC template .  Eac h segmen t  i s represente d b y 

8 articulator y feature s an d a  sonorit y hierarchy .  Th e 
feature s ar e back ,  tense ,  labial ,  coronal ,  velar ,  nasal , 
sibilant ,  an d voiced ,  whic h ar e represente d b y tw o unit s 
eac h correspondin g t o th e presenc e o r  absenc e o f  th e 
feature .  Th e sonorit y hierarch y range s from 1  t o 7  an d 
i s represente d b y 7  units .  Thi s result s i n 2 3 unit s bein g 
dedicate d t o eac h segmen t  i n th e template ,  o r  18 4 tota l 
phonologica l  units .  I f  a  featur e i s activ e fo r  a  segment , 
it s  valu e i s se t  t o 1.0 ;  i f  not ,  it s  valu e i s 0.0 ,  Unuse d 
segment s hav e al l  unit s se t  t o 0.0 .  Th e outpu t  laye r 
represent s th e phonologica l  for m o f  eithe r  a 
monosyllabi c o r  bisyllabi c ver b an d i s mad e u p o f  36 8 
units .  W e chos e t o allo w bisyllabi c output s s o tha t 
present/pas t  tens e pair s suc h a s P U N T - P U N T ED coul d 
be represente d (w e us e orthograph y her e t o represen t 
th e phonologica l  cod e io i  typogn^hica l  convenience) . 
As i n ou r  previou s model ,  th e phonologica l 
representation s ar e centere d o n th e nucleu s o f  th e 
syllables ,  a s show n i n Figur e 4 .  Ther e ar e 15 0 hidde n 
unit s i n th e model .  Durin g training ,  th e phonologica l 
for m o f  a  regular ,  exception ,  deverbal ,  o r  denomina l 
ver b i s activate d o n th e inpu t  unit s alon g wit h a n 
encodin g o f  it s  semanti c distance s t o th e closes t  ver b 
an d nou n definitions .  Th e tas k o f  th e mode l  i s t o 
generat e th e phonologica l  for m o f  th e pas t  tens e o n th e 
outpu t  units . 

Th e mode l  encode s th e tw o measurement s o f 
semanti c distanc e b y augmentin g th e inpu t  laye r  wit h 
tw o separat e vectors .  O n e vecto r  rqjresent s th e distanc e 
of  a  present^as t  tens e pai r  t o th e closes t  ver b definitio n 
and th e othe r  represent s th e distanc e t o th e closes t  nou n 
definition .  Eac h vecto r  range s i n valu e fro m 1  (ctosel y 
related )  t o 6  (no t  related )  an d i s rqKesente d b y 1 5 units . 
The theor y ho- e i s tha t  peopl e ar e abl e t o judg e semanti c 
distance s an d tha t  thi s informatio n enter s int o th e 
computatio n o f  th e pas t  tense .  W e hav e no t  attempte d 
t o simulat e th e similarity-judgmen t  process ,  however . 
As i n th e othe r  versio n o f  th e model ,  deverbal s wer e 
traine d t o produc e th e exceptio n pas t  tens e for m an d 
denominal s wer e traine d t o produc e th e regula r  pas t 
tens e form .  A  fe w example s ar e show n i n Tabl e 1 . 

As see n i n th e table ,  regula r  verb s lik e B A K E -
B A K ED an d irregula r  verb s lik e B R E A K - B R O KE ar e 
presente d wit h a  semanti c distanc e o f  0. 0 t o thei r  ctoses t 
ver b definitio n an d a  semanti c distanc e o f  6. 0 t o thei r 
closes t  nou n definition ,  indicatin g tha t  B A K E an d 
B R E AK correspon d t o centra l  an d no t  extende d ver b 
meanings .  Deverbal s an d denominal s ar e presente d 
wit h thei r  closes t  semanti c distanc e t o a  homc^honou s 
exceptio n verb ,  a s reporte d i n Harri s  (1992) .  A n 
encodin g o f  thei r  closes t  semanti c distanc e t o a 
homophonou s noun ,  a s rep(Mte d i n thi s papa ,  i s als o 
included .  I n th e example s above ,  th e distanc e o f  th e 
deverba l  F L Y - F L E W t o th e exceptio n ver b F L Y - F L E W 
was rate d b y subject s t o b e 2. 0 an d it s distanc e t o th e 
closes t  nou n homophon e wa s se t  t o b e 6.0 ,  sinc e 
deverbal s ar e no t  derive d fro m nouns .  Th e distanc e o f 
th e denomina l  FLY-FLEE D t o th e excq>tio n ver b F L Y 
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Tabl e 1 :  Semanti c distanc e measurement s 

Presen t  Sem.  Dis L 
Tens e t o Ver b 
B A KE 0. 0 
B R E AK 0. 0 
FL Y 2. 0 
FL Y 2. 5 

Sem.  Dist . 
t o Nou n 

6. 0 
6. 0 
6. 0 
1. 7 

Past 
Tens e 
BAKED 
BROKE 
FLEW 
FLED 

F L EW wa s rated  b y subject s t o b e 2. 5 an d it s distanc e 
t o th e nou n FL Y (ball )  wa s rated  t o b e 1.7 . 

Durin g training ,  al l  regula r  an d exceptio n verb s wer e 
probablisticall y presente d t o th e mode l  accordin g t o 
thei r  Franci s &  Kucer a (1982 )  frequencies .  Denominal s 
and deverbal s wer e probablisticall y presente d durin g 
10 % o f  th e epochs .  Weigh t  correctio n wa s b y standar d 
back-propagatio n (Rumelhart ,  Hinton ,  &  Williams , 
1986) .  I n scorin g th e performanc e o f  th e model ,  w e 
compare d th e generate d outpu t  fo r  eac h segmen t  t o a n 
inventor y o f  know n segmen t  representations .  Th e 
outpu t  o f  th e mode l  wa s considere d correc t  onl y i f  th e 
targe t  outpu t  segment s provide d th e bes t  fit  fo r  al l 
generate d segments .  W e als o calculate d th e tota l  su m 
of  square d erro r  fo r  al l  outpu t  unit s a s a  measur e o f 
goodnes s o f  fit. 

For  th e trainin g set ,  al l  36 7 regula r  monosyllabi c 
verb s wit h a  Franci s &  Kucer a frequenc y greate r  tha n 1 
were chosen .  A n analysi s o f  th e Franci s &  Kucer a 
corpu s reveale d tha t  exceptio n verb s compris e 5 % o f  al l 
liste d ver b type s an d 2 2 % o f  th e ver b tokens .  Thus ,  w e 
selecte d 2 0 exceptio n verb s fro m th e Kim ,  e t  al .  dat a t o 
maintai n th e correc t  relativ e ver b typ e proportion . 
Exceptio n ver b classe s an d subclasses ,  a s identifie d b y 
Pinke r  &  Princ e (1988) ,  wer e represente d withi n th e 
trainin g se t  b y selectin g verb s wit h th e appropriat e 
toke n frequencie s from  thes e classes .  Eac h exceptio n 
ver b wa s als o represente d bot h a s a  deverba l  an d a s a 
denomina l  i n th e trainin g se t  b y encodin g semanti c 
distances . 

Trainin g progresse d fo r  70 0 epochs ,  a t  whic h poin t 
performanc e approache d asymptote .  Th e followin g 
result s reflec t  average s o f  thre e trainin g session s wit h 
rando m initia l  weights .  Al l  36 7 o f  th e regula r  verb s 
were learne d (100%) .  1 8 o f  th e 2 0 exceptio n verb s 
were learne d (90%) .  Th e error s wer e LIGHT-LET ,  a 
vowel  featur e error ,  an d RING-RANGED,  a n over -

C C C V V C CC 
D D i § D i @ D 

DDDDDD 

DDi§D0nn DDHQDBDD 
c c c v v c c c c c c v v c c c 

Figure  4: Architecture of the model 

Inpu t 
Unit s 

Hidde n 
Unit s 

Outpu t 
Unit s 

Use d i n Contex t 

John BAKED a pic. (regular) 
Sall y B R O KE th e vase ,  (exception ) 
He F L E W of f  th e handle ,  (deverbal ) 
He FLIE D ou t  t o cente r  field,  (denominal ) 

regularization error. 18 of 20 deverbals were learned 
(90%)  an d 2 0 o f  2 0 denominal s (100%) . 

We performe d a  simpl e regressio n usin g th e erro r 
scor e fo r  generate d deverbal s an d denominal s i n th e 
model  a s th e predicto r  variabl e an d pas t  tens e 
preferenc e ratings  a s th e predicte d variable .  W e foun d 
tha t  b y trainin g a  mode l  o n onl y th e phonologica l  for m 
of  verb s an d a n encodin g o f  thei r  semanti c distance s t o 
th e closes t  nou n an d ver b definitions ,  th e model' s 
performanc e account s fo r  a  significan t  amoun t  (21.8% ) 
of  th e varianc e i n people' s p-eferenc e ratings ,  F(l,16 )  = 
9.462 ,  p<.01 . 

Discussion 

Pinker (1991) and Kim et al. (1991) theorize Uiat 
derivationa l  statu s determine s th e pas t  tens e o f  verb s 
tha t  soun d lik e existin g irregula r  verbs .  Thi s place s th e 
explanatio n fo r  th e FLY/FLEW/FLIE D fact s a t  a 
morphologica l  leve l  o f  representatio n tha t  govern s th e 
organizatio n o f  th e menta l  lexicon .  I n generatin g pas t 
tense s fo r  homophones ,  peopl e ar e though t  t o follo w a 
simpl e rule :  i f  th e ver b i s derive d from a  noun ,  us e th e 
regula r  past ;  i f  derive d from  a n existin g irregula r  vwb , 
use it s irregula r  pas t  tense .  Deviation s fro m th e 
prediction s o f  thi s rul e ar e explaine d i n term s o f 
uncertaint y abou t  derivationa l  status . 

We hav e explore d a n alternativ e hypothesis ,  whic h 
hold s tha t  pas t  tens e preference s ar e subjec t  t o semanti c 
constraints .  Th e wa y i n whic h Ui e pas t  tens e o f  a  nove l 
ver b i s realize d depend s o n th e relationshi p betwee n th e 
meanin g o f  th e ne w ver b an d Ui e meaning s o f  th e nou n 
or  ver b from  whic h i t  i s derived .  I f  th e nove l  ver b i s 
simila r  i n meanin g t o a n existin g irregula r  verb ,  th e 
latter' s pas t  tens e for m ca n b e used .  I f  th e nove l  ver b i s 
dissimila r  i n meanin g t o a n existin g irregula r  ver b 
(because ,  fo r  example ,  i t  i s derive d from  a  semantically -
unrelate d noun ,  a s i n B R E A K - B R A K E ) ,  thi s 
contraindicate s usin g th e existin g verbs' s pas t  tense . 
Thus ,  B R O KE canno t  b e recruite d fo r  th e pas t  tens e o f 
B R A KE becaus e i t  alread y ha s th e meanin g "pas t  tens e 
of  BREAK" .  Preference s the n depen d o n th e degre e o f 
semanti c distance ,  rathe r  tha n th e deverbal-denomina l 
dichotomy .  FL Y i s especiall y comple x because ,  a s th e 
rating s indicate ,  th e basebal l  sens e o f  flying  ou t  i s 
semanticall y relate d t o bot h di e sourc e nou n (fl y  ball ) 
and a n existin g irregula r  ver b (fly-airborn e motion) . 
That  i s wh y subject s sometime s sa y "fle w ou t  t o cente r 
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field "  eve n thoug h th e derivationa l  theor y predict s tha t 
i t  shoul d alway s b e "flied" . 

Thi s accoun t  explain s th e phenomen a i n term s o f  th e 
communicativ e consequence s o f  usin g a n existin g 
irregula r  for m a s th e pas t  tens e o f  a  nove l  verb .  A 
marke d for m ca n onl y b e use d i f  it s  meanin g i s 
intended .  I f  it s  meanin g i s no t  intended—a s i n th e cas e 
of  a  semanticall y unrelate d h o m o p h o n e — a  differen t 
for m mus t  b e use d instead .  Th e regula r  for m i s use d t o 
distinguis h th e meanin g o f  th e nove l  for m fro m tha t  o f 
th e homophonou s uregula r  verb .  Performanc e the n 
depend s o n th e degre e t o whic h a  nove l  ver b sens e i s 
judge d t o b e relate d t o existin g nou n an d ver b senses. . 
Similarit y t o existin g form s ac t  a s sof t  constraint s 
pullin g subjects '  preference s eithe r  towar d o r  awa y fro m 
a give n pas t  tens e form . 

Our  behaviora l  dat a an d simulation s ar e consisten t 
wit h thi s semantically-base d accoun t  Th e dat a indicat e 
tha t  derivationa l  statu s i s confounde d wit h semanti c 
distance .  Bot h distanc e fro m existin g irregula r  ver b an d 
distanc e from  sourc e nou n affec t  subjects '  preference s 
concernin g th e pas t  tense s o f  denominals .  Th e sam e 
factor s als o appl y t o deverbals .  A  mode l  tha t  encode s 
thes e measure s o f  semanti c distanc e i s abl e t o perfor m 
at  a  hig h leve l  an d comparabl y t o peopl e i n generatin g 
th e pas t  tense . 

We sugges t  tha t  th e tw o theorie s o f  th e pas t  tens e 
ca n b e reconcile d b y considerin g ho w peopl e acquir e 
knowledg e o f  a  word' s "derivationa l  status. "  Thi s 
informatio n derive s fro m fact s abou t  h o w word s ar e 
use d an d wha t  the y mean .  Pinke r  (1984) ,  amon g others , 
has suggeste d tha t  knowledg e o f  a  word' s syntacti c 
categor y arise s ou t  o f  fact s abou t  lexica l  semantic s (th e 
so-calle d "semanti c bootstrappin g hypothesis "  o f 
syntacti c categor y learning) .  Ou r  model s ca n b e take n 
as showin g ho w suc h categorie s arise .  The y arise ,  fo r 
example ,  ou t  o f  observation s o f  semanti c similarit y an d 
dissimilarit y — th e "distances "  measure d b y ou r  ratings . 
Lookin g dow n a t  th e mode l  an d attemptin g t o formulat e 
a high-leve l  descriptio n o f  wha t  i t  ha d learned ,  on e 
coul d sa y tha t  i t  ha d capture d th e distinctio n betwee n 
denomina l  an d deverba l  verbs .  Importantly ,  i t  di d s o o n 
th e basi s o f  semanti c information ,  rathe r  tha n a 
morphologica l  representation .  Thus ,  wher e Pinker' s 
treatmen t  o f  th e pas t  tens e take s notion s suc h a s 
"derivationa l  status "  a s primitive ,  w e conside r  i t  t o b e 
secondar y t o fact s abou t  semanti c space .  Th e 
morphologica l  theor y therefor e provide s a n 
approximate ,  folk-psychologica l  descriptio n o f  wha t  ou r 
net s achieve . 

References 

Cottrell, G., & Plunkett, K. (1991). Using a recurrent 
net  t o lear n th e pas t  tense .  I n Proc .  o f  th e Cog .  Sci . 
Soc.  Conf .  Erlbaum . 

Daugherty ,  K.G. ,  &  Seidenberg ,  M.S .  (1992) .  Rule s o r 
connections ? Th e pas t  tens e revisited .  I n Proc .  o f 

th e Cog .  Sci .  Soc .  Cor^ .  Erlbaum . 
Daugherty ,  K.G. .  &  Seidenberg ,  M.S .  (i n press) . 

Beyon d rule s an d exceptions :  A  connectionis t 
modelin g approac h t o inflectiona l  morphology .  I n 
Lima ,  S .  (Ed.) ,  Th e Realit y ofLinguiti c  Rules .  Joh n 
Benjamins . 

Francis ,  W.N. ,  &  Kucera ,  H .  (1982) .  Frequenc y 
Analysi s o f  Englis h Usage .  Houghton-Mifflin . 

Cottrell ,  G. ,  &  Plunkett ,  K .  (1991) .  Usin g a  recurren t 
net  t o lear n th e pas t  tense .  I n Proc .  o f  th e Cog .  Sci . 
Soc.  Corf .  Erlbaum . 

Harris ,  C.L .  (1992) .  Understandin g Englis h past-tens e 
formation :  Th e share d meanin g hypothesis .  I n 
Proc .  o f  th e Cog .  Sci .  Soc .  Corif .  Erlbaum . 

Hinton ,  G. ,  &  Shallice ,  T .  (1991) .  Lesionin g a n 
attracto r  network :  Investigation s o f  acquire d 
dyslexia .  Psychologica l  Review ,  98:74-95 . 

Hoeffner ,  J .  (1992) .  Ar e rule s a  thin g o f  th e past ? Th e 
acquisitio n o f  verba l  morpholog y b y a n attracto r 
network .  I n Proc .  o f  th e Cog .  Sci .  Soc .  Conf . 
Erlbaum . 

Kim ,  JJ. ,  Pinker ,  S. ,  Prince ,  A. ,  &  Prasada ,  S .  (1991) . 
W hy n o mer e morta l  ha s eve r  flown  ou t  t o cente r 
field.  Cognitiv e Science ,  15:73-218 . 

Lakoff ,  G .  (1987) .  Connectionis t  explanation s i n 
linguistics :  S o m e thought s o n recen t  anti -
connectionis t  papers .  Unpublishe d electroni c 
manuscript ,  Univerit y o f  California ,  Berkeley . 

M a c W h i n n e y ,  B. ,  &  Leinbach ,  J .  (1991) . 
Implementation s ar e no t  conceptualizations : 
Revisin g th e ver b learnin g model .  Cognition , 
40:121-157 . 

Marcus ,  G. ,  Pinker ,  S. ,  Ullman ,  M. ,  Hollander ,  M. , 
Rosen ,  T. ,  X u ,  F .  (1992) .  Overregularizatio n i n 
languag e acquisition .  Monograph s o f  th e SRCD. 

Pinker ,  S .  (1984) .  Languag e learnobilit y  an d languag e 
development .  Harvard ,  Cambridge ,  M A 

Pinker ,  S .  (1991) .  Rule s o f  language .  Science ,  253:530 -
534 . 

Pinker ,  S. ,  &  Prince ,  A .  (1988) .  O n languag e an d 
connectionism .  Cognition ,  28:73-194 . 

Plunkett ,  K. ,  &  Marchman ,  V .  (1991) ,  U-shĵ )e d 
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