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M u l t i p l e d e t e r m i n a n t s o f  th e p r o d u c t i v e u s e o f  th e regu la r  pas t  tens e suffi x 

Virgini a A .  M a r c h m a n 
Departmen t  o f  Psycholog y 

1202 W.  Johnso n Stree t 
Universit y o f  Wisconsin ,  Madiso n 

Madison ,  W l  5370 6 
m a r c h i n a n @ m e r l i n .  p s y c h .  w i s e .  e d u 

Abstract 

We offer evidence that the productive use of English regular 
pas t  tens e morpholog y (e.g. ,  drived )  result s fro m 
competition s amon g lexical-leve l  feature s withi n a  singl e 
mechanis m associativ e system .  W e presen t  erro r  dat a 
from :  (1 )  on-lin e elicite d production s b y adul t  nativ e 
speaker s ( N =  51) ,  an d (2 )  cormectionis t  back-propagatio n 
network s traine d t o m a p stem s an d pas t  tense s o f  55 2 
Englis h verbs .  Th e frequenc y o f  regularization s i s 
analyze d i n term s o f  ite m frequency ,  ste m fina l  alveola r 
consonant ,  an d similarit y i n pas t  tens e mappin g acros s 
"friends "  an d "enemies "  i n phonologicall y define d 
neighborhoods .  Al l  item s wer e compile d fro m a  lexico n o f 
1,19 1 verb s whic h represent s a  near-exhaustiv e listin g o f 
monosyllabi c stem-pas t  tens e pair s i n curren t  America n 
English .  Result s reveale d strikin g similaritie s betwee n th e 
hiuna n an d simulatio n data .  Regularization s wer e 
significantl y correlate d wit h ite m frequency ,  a s wel l  a s 
phonologica l  attribute s o f  th e stem .  Crucially , 
regularizatio n wa s a  functio n o f  phonologica l  similarit y t o 
frequen t  suffixe d items ,  especiall y fo r  irregular s tha t 
normall y underg o a  vowel-change .  Thes e result s ar e 
incompatibl e wit h th e vie w tha t  regularizatio n applie s b y 
default ,  independentl y o f  inter-ite m similaritie s whic h 
suppor t  th e acquisitio n an d processin g o f  lexica l  item s i n 
associativ e systems . 

Introduction 

Th e productiv e us e o f  pattern s abstracte d fro m Englis h 
regula r  (e.g. ,  qui t  = > quitted )  an d irregula r  (e.g. ,  flo w = > 
flew )  verb s ha s becom e a  fertil e testin g groun d fo r  model s o f 
languag e acquisitio n an d processing  (e.g. ,  Daughert y & 
Seidenberg ,  1992 ;  M a r c h m a n &  Bates ,  1994 ;  Marcus , 
Ul lman ,  Pinker ,  Hollander ,  Rosen ,  &  X u ,  1992) .  O n e 
centra l  issu e revolve s aroun d th e clai m tha t  regula r 
morpholog y involve s rule-governe d mechanism s tha t  ar e 
distinc t  fro m thos e use d i n th e processin g an d acquisitio n o f 
individua l  lexica l  item s (e.g. ,  Marcus ,  e t  al. ,  1992 ;  Pinke r 
& Prince ,  1988) .  I n dual-mechanis m models ,  regularl y 
inflecte d form s ar e produce d vi a concatenatio n whic h join s 
ste m an d suffi x i n a  defaul t  fashio n regardles s o f  item-leve l 
features .  Irregula r  stem s an d pas t  tenses ,  i n contrast , 
includin g zero-markin g (e.g. ,  hi t  = > hit) ,  vowe l  chang e 
(e.g. ,  rin g = > rang )  an d miscellaneou s (e.g. ,  g o = > went ) 
mappin g sub-type s d o no t  adher e t o th e suffixatio n patter n 
an d ar e store d a s pair s ofte n i n "clusters "  o f  similarl y 
soundin g neighbor s (i.e. ,  "friends") .  Thes e feature s 
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determine the ease with which an irregular is accessed and 
th e susceptibilit y  o f  othe r  form s l o "irregularization. "  Thi s 
model  i s supporte d b y apparen t  dissociation s betwee n regula r 
and irregula r  forms ,  fo r  example ,  th e processin g o f  regular s 
i s les s sensitiv e t o ite m frequenc y tha n irregular s an d 
judgment s o f  "goodness "  ar e a  functio n o f  similarit y 
betwee n neighbor s o f  irregular s (bu t  no t  regulars )  (e.g. , 
Prasad a &  Pinker ,  1993) . 

Singl e mechanis m models ,  i n contrast ,  propos e tha t  th e 
productio n o f  regularization s a s wel l  a s irregularization s ar e 
governe d b y simila r  set s o f  item-leve l  factor s processe d 
withi n a  singl e associativ e syste m (Daughert y & 
Seidenberg ,  1992 ;  M a c W h i n n e y &  Leinbach ,  1991 ; 
Rumelhar t  &  McClelland ,  1987 ;  Plunket t  &  Marchman , 
1991 ,  1993) .  Thes e model s ar e typicall y grounde d i n 
connectionis t  architecture s whic h exploi t  distribute d 
encoding s t o selec t  amon g competitor s withi n an d acros s al l 
type s o f  conflictin g mappings . 

Bot h dual -  an d single-mechanis m model s ar e consisten t 
wit h finding s tha t  children' s pas t  tens e regularization s ar e 
mor e frequen t  wit h stem s tha t  ar e lo w frequenc y (Marcus ,  e t 
al. ,  1992 )  an d tha t  posses s certai n phonologica l  features , 
suc h a s a  ste m final  alveola r  consonan t  (Bybe e &  Slobin , 
1982 )  o r  a  non-"dominant "  vowe l  (Stemberger ,  1993) . 
However ,  M a r c h m a n (1994 )  showe d tha t  inter-ite m 
similarit y wa s als o importan t  i n predictin g th e frequenc y o f 

regularizatio n error s produce d b y childre n i n a n elicite d 
productio n task .  I n tha t  study ,  ite m frequency ,  phonologica l 

•features ,  m i  similarit y t o a  hig h frequenc y regula r  neighbo r 

eac h contribute d abou t  th e sam e amoun t  o f  independen t 
varianc e towar d th e predictio n o f  whic h item s woul d b e 
regularized .  N o on e facto r  wa s th e primar y determinan t  o f 
erro r  frequency .  Analyse s o f  zer o markin g an d vowe l  chang e 
error s indicate d tha t  simila r  factor s predicte d a n item' s 
vulnerabilit y t o irregularizatio n a s well .  Thus ,  i n contras t 
t o a  dual-mechanis m view ,  thes e result s cas t  doub t  o n th e 
nee d t o posi t  a  specia l  mechanis m fo r  productivit y o f  th e 
regula r  suffix .  M o r e generally ,  th e result s sugges t  a n 
outlin e fo r  a  c o m m o n se t  o f  principle s guidin g productivit y 
wit h bot h regula r  an d irregula r  patterns .  Analogou s result s 
hav e bee n foun d i n studie s o f  readin g wher e bot h regula r  an d 
irregula r  phonological-to-orthographi c mapping s ar e 
influence d b y frequency ,  phonologica l  features ,  a s wel l  a s 
neighborhoo d structur e an d consistenc y (Jared ,  M c R a e & 
Seidenberg ,  1990 ;  Seidenber g &  McClelland ,  1989) . 

I n thi s paper ,  w e furthe r  evaluat e th e legitimac y o f 
characterizin g th e productiv e us e o f  regula r  pas t  tens e verba l 
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morpholog y i n term s o f  competition s amon g item-base d 
factor s withi n a  singl e mechanis m system .  W e presen t 
regularizatio n dat a fro m tw o sources :  (1 )  a n on-lin e elicite d 
productio n tas k wit h adul t  nativ e speaker s o f  English ,  an d 
(2 )  connectionis t  back-propagatio n network s traine d t o ma p 
stem s an d pas t  tense s o f  Englis h monosyllabi c verbs .  Th e 
frequenc y o f  regularization s i s  analyze d i n term s o f  ite m 
characteristics ,  includin g toke n frequency ,  presenc e o f 
phonologica l  features ,  an d similarit y acros s "friends "  an d 
"enemies "  i n phonologicall y define d neighborhoods .  I n 
conjunctio n wit h previou s analyse s (Marchman ,  1994) ,  th e 
result s sugges t  tha t  productiv e us e o f  bot h regula r  an d 
irregula r  pattern s b y huma n speaker s ca n b e viewe d a s a 
competitiv e associativ e proces s simila r  t o tha t  implemente d 
i n connectionis t  single-mechanis m models . 

Method 

On-line Elicitation Task 

Subjects. Fifty-five adult native monolingual English 
speaker s participate d i n th e on-lin e elicitatio n task .  Al l  wer e 
student s a t  th e Universit y o f  Wisconsin ,  Madiso n an d 
receive d extra-credi t  i n thei r  Psycholog y course s i n exchang e 
fo r  thei r  participation .  Fou r  participant s wer e omitte d du e t o 
equipmen t  malfunction s (e.g. ,  microphon e failure) ,  yieldin g 
a fina l  sampl e o f  51 . 

Task and Procedure. The elicitation task involved 
producin g pas t  tens e form s o f  familia r  Englis h verb s a s the y 
appeare d i n ste m for m o n th e scree n o f  a  Macintos h llc i 
runnin g PsyScop e (Cohen ,  MacWhinney ,  Flatt ,  &  Provost , 
1993) .  Eac h ste m remaine d o n th e scree n unti l  th e onse t  o f 
th e verba l  respons e o r  250 0 msec ,  wit h 250 0 mse c betwee n 
Uials .  A n instructio n scree n reminde d participant s tha t  som e 
Englis h verb s for m thei r  pas t  tense s throug h suffixation , 
whil e other s "d o somethin g different ,  fo r  example ,  changin g 
a vowe l  o r  nothin g a t  all. "  A n 8  ite m practic e sessio n wa s 
given .  Response s wer e audio-tape d an d late r  transcribed . 
Reactio n time s t o initiat e response s wer e als o recorded ,  bu t 
wil l  no t  b e discusse d here .  Speaker s als o participate d i n a 

namin g tas k (no t  discussed )  administere d i n a  counter -
balance d orde r  acros s subjects . 

Items. A total of 78 items were used in the on-line tasks, 
selecte d fro m a  near-exhaustiv e lexico n o f  al l  monosyllabi c 
stem s an d thei r  simpl e pas t  tens e form s i n curren t  usag e i n 
Standar d America n English .  Thi s lexico n wa s compile d 
fro m Kucer a &  Franci s (1967 )  (KF )  an d othe r  tex t  an d free -
speec h corpor a an d serve d a s th e basi s fo r  estimatin g 
phonologica l  neighborhoo d value s (se e below )  fo r  th e 
Englis h pas t  tens e inflectiona l  system .  Forty-fou r  o f  th e 
1191 item s i n th e lexico n wer e code d a s eithe r  havin g mor e 
tha n on e acceptabl e pas t  tens e for m (e.g. ,  sneake d vs .  snuck ) 
or  a s homophone s (e.g. ,  t o brea k a  ca r  (braked )  vs .  t o brea k 
a vas e (broke)) .  Verb s wit h tw o acceptabl e form s wer e 
weighte d a s 0. 5 i n al l  calculations .  Eac h ite m wa s code d fo r 
th e followin g wit h referenc e t o th e complet e corpu s lexicon : 

(1) Verb class: Items were grouped into sub-classes 
dependin g o n th e typ e o f  relationshi p tha t  obtain s betwee n 
ste m an d pas t  tens e form :  Regula r  (i.e. ,  suffixed) ,  VC/BL , 
Zero-marking ,  an d Miscellaneous .  Th e distributio n o f  item s 
acros s classe s i n th e corpus-base d lexico n i s  outline d i n 
Tabl e 1 .  Tabl e 1  als o show s th e clas s distributio n o f  th e 7 8 
item s selecte d fro m thi s lexico n fo r  us e i n th e on-lin e tas k 
(regular :  N  =  40 ;  irregula r  N  =  38) . 

(2) Token Frequency: Items were grouped based on 
thei r  K F frequenc y value s fo r  simpl e pas t  tens e forms :  Hig h 
(N=40 .  M=117.6 ;  regular :  M=105.6 ;  irregular :  M=129.7 ) 
and L o w (N=3 8 M=6.2 ;  regular :  M=6.1 ;  irregular :  M=6.3) . 
Item s wer e matche d acros s th e tw o majo r  classes ,  an d hence , 
clas s difference s i n frequenc y wer e no t  statisticall y reliabl e i n 
eithe r  th e lo w o r  hig h fi-equenc y sets . 

(3) Phonology: Stems were classified as alveolar (N = 
29)  o r  non-alveola r  ( N =  49) ,  define d b y a  /t /  o r  /d /  i n stem -
final  position .  Irregular s consiste d o f  2 0 alveola r  an d 1 8 
non-alveola r  stems .  Al l  zero-markin g item s ar e alveolar ; 
whereas ,  1 8 (o f  29 )  V C / B L item s ar e non-alveolar . 

T A B L E 1 .  Distributio n o f  typ e frequenc y o f  item s acros s class . 

C L A SS 

REGULAR 

VOWEL-CHANGE (VC ) 

BLEND (BL ) 

ZERO-MARKING 

MISCELLANEOUS 

T O T AL 

CORPUS-BASED 
LEXICON 

1049 (88.8% ) 

82 (6.8 ) 

25 (2.1 ) 

25 (2.1 ) 

10 (0.8 ) 

1,19 1 

SIMULATION 

474 (85.9% ) 

4 2 (7.6 ) 

18 (3.3 ) 

14 (2.5 ) 

4(0.7 ) 

55 2 (16,21 4 tokens ) 

ON-LIN E 

40 

22 

7 

8 

1 

78 
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(4 )  Pas t  Tens e Neighborhoo d Structure : 

Frien d Factors : 
•  Friend s (F) :  N u m b e r  o f  item s i n th e phonologica l 
neighborhoo d define d b y ste m final  vowel-consonan t  o r 
vowe l  whic h underg o a  simila r  mapping ,  e.g. ,  rin g = > 
rang ;  sin g = > sang . 
•  Pas t  Tens e Frien d Freauenc v (PFF) :  Th e su m o f  K F 
pas t  tens e frequencie s o f  friends . 

Enemy Factors: 
•  Enemie s (E) :  N u m b e r  o f  neighbor s tha t  underg o a 
differen t  transformatio n i n tota l  (E -ALL )  o r  b y 
transformatio n typ e (E-SUFF ) 
•  Pas t  tens e E n e m v Frequenc y (PEF) :  S u m m e d 
frequency  o f  al l  enemie s (PEF-ALL )  o r  thos e tha t  involv e 
suffixatio n (PEF-SUFF) . 

Neighborhood Factors: 
•  N u m b e r  Ratio :  Rati o o f  numbe r  o f  friend s t o tota l 
number  o f  neighbors . 
•  Frequenc y Ratio :  Rati o o f  tota l  frien d frequenc y t o 
neighboriioo d frequency. 

Scoring and data reduction. All responses were coded 
as correct ,  erro r  o r  non-valid .  Onl y final  response s wer e 
code d i n th e cas e o f  self-corrections .  Error s wer e classifie d 
as repularizatio n (ste m +  suffix) ,  zero-markin g (identica l 
ste m an d pas t  tens e form) ,  vowel-chang e (modificatio n t o 
vowel) ,  blen d (vowe l  chang e +  suffix) ,  o r  miscellaneous . 
Present ,  progressive ,  an d participl e (wit h o r  withou t 
auxiliary )  form s wer e non-vali d an d omitte d from  analyses . 

Simulation 

Procedure. Ten fully interconnected networks (51 input, 
45 hidden ,  6 8 outpu t  units )  wer e traine d o n mapping s 
betwee n stem s an d pas t  tense s o f  Englis h verb s usin g a 
standar d back-propagatio n algorith m ( T L E A R N ) .  Al l  input s 
and output s wer e encode d wit h a  17-uni t  binar y phonologica l 
featur e syste m simila r  t o tha t  reporte d i n Marchma n (1993) . 
Value s fo r  initia l  weights ,  momen tu m an d learnin g rat e wer e 
randoml y assigne d withi n a  smal l  range .  Trainin g use d 
rando m presentatio n fo r  10 0 passe s wit h item-base d 
updating . 

Training corpus and network architecture. A total 
of  55 2 Englis h verb s wer e chose n fo r  us e i n th e 
simulations ,  representin g al l  di -  o r  triphonemi c ver b stem s 
liste d i n th e corpus-base d lexicon .  D u e t o architectur e 
constraints ,  stem s involvin g mor e tha n thre e phoneme s wer e 
excluded .  Stem s too k th e for m Consonant-Vowel -
Consonan t  ( C V C ) ,  C V V ,  V C C ,  V C o r  C V ,  encode d i n a 
m a x i m u m o f  5 1 unit s (1 7 unit s pe r  phoneme) .  Pas t  tens e 
form s coul d includ e a  fourt h suffi x  phonem e (1 7 units) , 
yieldin g a n outpu t  laye r  lengt h o f  6 8 units .  A  se t  o f  neutra l 
value s (al l  O's )  wa s use d a s a  place-holde r  fo r  non-suffixe d 
pas t  tens e form s o r  di-phonemi c forms .  Al l  suffixe s 
appeare d i n th e fa r  righ t  phonem e slot .  Al l  homophone s 

wer e exclude d (i.e. ,  eac h phonologicall y encode d ste m ha d 
onl y on e pas t  tens e form) .  Eac h ste m wa s presente d t o th e 
networ k accordin g t o K F toke n frequenc y values .  Thus ,  th e 
tota l  trainin g se t  include d 16,21 4 token s (55 2 ver b types) . 

Each ste m i n th e simulatio n corpu s wa s code d for :  pas t 
tens e sub-class ,  K F toke n frequency ,  presence/absenc e o f 
stem-fina l  alveola r  consonant ,  an d pas t  tens e neighborhoo d 
structure .  Neighborhoo d variable s wer e calculate d usin g th e 
same procedure s a s th e elicitatio n study ,  restricte d t o th e 55 2 
item s i n th e trainin g corpus .  Tabl e 1  present s th e numbe r  o f 
ver b type s i n eac h class .  Not e tha t  thi s distributio n closel y 
approximate s tha t  o f  th e ful l  lexicon ,  eve n thoug h item s 
wer e selecte d solel y i n term s o f  lengt h i n phonemes . 

Scoring and data reduction. Performance was sampled 
at  5  interval s (6 ,  12 ,  24 ,  4 8 an d 9 2 epochs )  chose n t o 
maximiz e th e assessmen t  o f  networ k periformanc e earl y i n 
training .  Eac h outpu t  wa s evaluate d usin g a  "closes t  vector " 
techniqu e o n a  phoneme-by-phonem e basis .  I n othe r  words , 
an outpu t  wa s considere d correc t  i f  i t  "bes t  fit"  th e targe t  fo r 
eac h an d ever y phonem e i n th e pas t  tens e form .  Fo r  errors , 
th e actua l  closes t  fit  outpu t  wa s evaluate d agains t  th e targe t 
ste m an d code d a s regularization ,  zero-marking ,  vowel -
change ,  blend ,  o r  miscellaneous .  Al l  dat a ar e average d 
acros s th e 1 0 networks . 

Results and Discussion 

Frequency of Errors in Humans and Networks 

As expected ,  adul t  nativ e speaker s produc e th e majorit y o f 
pas t  tens e form s correctl y i n thi s elicitatio n context . 
Nevertheless ,  a  tota l  o f  33 8 (o f  3978 ,  8.5% )  erroneou s 
response s wer e recorded .  Th e majorit y o f  thes e (31 0 o f  398 , 
91.2% )  occurre d o n irregula r  item s an d primaril y (althoug h 
not  exclusively )  involve d th e overus e o f  th e /ed /  suffi x  (21 2 
or  68.4%) .  Thus ,  althoug h regularization s wer e th e mos t 
c o m m on typ e o f  error ,  adult s als o produce d irregularization s 
on boti i  regula r  an d irregula r  stems ,  e.g. ,  zero-markin g (31) , 
vowel-change/blen d (29) ,  an d miscellaneou s (43 )  erro r  types . 

Tabl e 2  outline s performanc e i n th e network s a s a 
functio n o f  epoc h o f  training .  Not e tha t  proportio n correc t 
steadil y increase s ove r  training ,  eventuall y reachin g mor e 
tha n 9 3 % correc t  ( M =  6.5 % errors) .  I t  i s  assume d tha t 
performanc e coul d continu e t o improv e wit h training ,  ye t 
not e tha t  level s o f  accurac y ar e strikingl y simila r  i n th e 
human speaker s an d networks . 

The right  han d portio n o f  Tabl e 2  present s th e proportio n 
of  erroneou s response s i n th e fou r  erro r  categories . 
Althoug h ther e i s considerabl e variatio n acros s networks , 
thes e network s wer e generall y likel y t o produc e VC/BL , 
regularizatio n an d miscellaneou s errors ,  whil e zero-markin g 
error s wer e infrequen t  acros s th e period .  Thi s i s i n contras t 
t o th e adul t  huma n speaker s w h o overwhelmingl y preferre d 
regularizations ,  eve n thoug h al l  erro r  type s occurred . 
Nevertheless ,  not e als o tha t  regularization s tende d t o 
decrease ,  whil e vowe l  change/blen d error s tende d t o increas e 
ove r  training .  A  simila r  developmenta l  trade-of f  betwee n 
regularization s an d irregularization s ha s bee n reporte d fo r 
human childre n (Marchman ,  1994) . 
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TABLE 2 .  Averag e percen t  correc t  an d proportio n o f  erro r  type s acros s simulatio n 

E P O C HS % C O R R E CT DISTRIBUTIO N O F E R R OR TYPE S 

R E GS VC/B L MISC. Z E RO 

6 

12 

24 

48 

96 

81.5 % (15.6 ) 

86.5 (12.3) 

90.0 (8.5) 

92.4 (6.6) 

93.5 (6.2) 

16.9 % (26.3 ) 

13.5 (23.3) 

11.7(22.5) 

6.4 (15.0) 

4.1 (11.9) 

MEAN M , 88. : 8 (11-3 ) 10. 5 (20. 9 

Ite m Analyses :  Predictor s o f  regularizatio n error s 

We n o w focu s o n th e contributio n o f  frequency , 
phonologica l  features ,  an d neighborhoo d factor s i n predictin g 
whic h irregula r  verb s wil l  b e vulnerabl e t o regularization . 
We shoul d firs t  not e tha t  th e vas t  majorit y o f  item s (3 2 o f 
38 ,  84.2% )  wer e subjec t  t o regularizatio n b y a t  leas t  on e 
human speaker .  However ,  item s i n th e zero-markin g sub -
classe s ( M =  13.3 )  wer e significantl y mor e likel y t o b e 
regularize d tha n V C / B L item s ( M =  2.8 ;  (t(35)=4.9 , 
p<.0001) .  Tha t  is ,  al l  8  zero-markin g item s wer e 
regularize d a t  leas t  once ;  whereas ,  6  o f  th e V C / B L item s (o f 
23 ,  20.7% )  wer e no t  regularize d b y an y o f  th e huma n 
participants .  Thi s tren d wa s als o observe d i n th e networks . 
V C / B L item s ( M =  0.006 )  wer e significantl y les s likel y t o 
be regularize d tha n zero-markin g item s ( M =  0.1 3 
t(368)=8.9 ,  p  <  .001) .  A s w e shal l  see ,  thes e tw o genera l 
classe s o f  irregula r  item s diffe r  i n severa l  attribute s tha t  ma y 
contribut e t o thi s pattern . 

Tabl e 3  overview s first-order  correlation s betwee n thes e 
factor s an d th e frequenc y o f  regularization s i n huma n 
speaker s an d th e simulation s fo r  al l  items ,  a s wel l  a s V C / B L 
vs .  Zero-markin g item s take n separately. !  Not e first  that , 
as predicte d b y bot h a  single -  an d a  dual-mechanis m view , 
frequenc y i s negativel y correlate d wit h regularizatio n rate , 
accountin g fo r  approximatel y 1 8 % o f  th e varianc e i n th e 
human data .  T o illustrate ,  hig h frequenc y irregular s ( M = 
1.9 )  wer e significantl y les s likel y t o b e regularize d b y 
human speaker s tha n lo w frequenc y irregular s ( M =  9.7 , 
t(36)=3.8 ,  p<.001) .  Further ,  th e 6  item s tha t  wer e produce d 
correctl y b y al l  5 1 huma n participant s (drive ,  find,  meet , 
tell ,  wear ,  write )  wer e al l  member s o f  th e hig h frequenc y se t 
Thi s relationshi p obtain s whe n bot h V C / B L an d Zero -
markin g item s ar e analyze d separatel y a s well . 

Toke n frequenc y i s  als o a  significan t  predicto r  i n th e 
simulations .  Item s tha t  wer e regularize d a t  leas t  onc e b y th e 
networ k ha d a  toke n frequenc y o f  M =  2.4 ,  compare d t o 
thos e tha t  wer e neve r  regularize d ( M =  160.6 )  (t(388)=3.3 ,  p 

!  First-orde r  correlation s ar e provide d fo r  th e zero-markin g 
item s t o facilitat e compariso n t o th e pattern s observe d i n th e 
VC/B L items .  However ,  thes e value s shoul d b e interprete d wit h 
cautio n give n th e smal l  numbe r  o f  item s i n thi s class . 

37 .4 % (34.0 ) 

42.7 (37.8) 

44.6 (39.7) 

49.9 (41.2) 

50.5 (43.2) 

10.0 % (16.2 ) 

8.8 (15.1) 

8.9 (17.5) 

9.5 (17.5) 

11.3(23.3 ) 

2 .4 % (4.4 ) 

1.7(3.7) 

1.4 (3.7) 

0.9 (3.4) 

0.8 (3.6) 

45. 1 (39.3 ) 9. 7 (18.0 ) 1. 5 (3.8 ) 

< .0001) .  Thi s relationshi p i s les s reliabl e fo r  V C / B L onl y 
item s ( p <  .07) ,  bu t  i s quit e robus t  amon g th e zero-markin g 
items .  Al l  i n all ,  thes e dat a ar e generall y consisten t  wit h 
th e well-know n patter n tha t  toke n frequenc y strengthen s 
association s an d ca n serv e t o protec t  item s from  error . 

As ha s bee n note d i n studie s wit h childre n (Bybe e & 
Slobin ,  1982 ;  Stemberger ,  1993) ,  phonologica l  feature s ca n 
als o b e see n t o pla y a  rol e i n predictin g regularizatio n 
frequency.  Fo r  example ,  i n th e huma n dat a set ,  frequently 
regularize d item s wer e mor e likel y t o b e alveola r  ( M =  7.4 ) 
tha n non-alveola r  ( M =  3.6) .  However ,  thi s relationshi p i s 
onl y marginall y reliabl e ( p <  .08 )  an d clea r  counter -
example s exis t  Indeed ,  3  (o f  6 ,  5 0 % )  item s tha t  wer e neve r 
regularize d i n th e on-lin e tas k wer e alveola r  stems ,  goin g 
agains t  th e genera l  prediction .  A s note d above ,  thes e never -
regularized  item s wer e al l  quit e hig h i n frequenc y an d thus ,  i t 
i s perhap s no t  surprisin g tha t  the y wer e protecte d from  erro r 
despit e bein g linke d wit h thi s phonologica l  feature . 
Nevertheless ,  th e rol e o f  stem-fina l  alveola r  consonant s 
canno t  b e take n a t  fac e valu e give n tha t  th e correlatio n 
betwee n regularizatio n rat e an d alveola r  reverses  i f  w e restric t 
our  analyse s t o V C / B L items .  Fo r  thes e items ,  huma n 
speaker s wer e les s likel y t o regulariz e alveolar s ( M =  1.5 ) 
tha n non-alveolar s ( M =  3.6) . 

A simila r  patter n i s foun d i n th e networks .  Here ,  fo r  al l 
items ,  alveola r  stem s ar e mor e likel y t o underg o 
regularizatio n ( M =  0.06 )  tha n non-alveolar s ( M =  .008 ) 
(F(l,389)=24.6 ,  p<.001) ,  regardless  o f  frequenc y 
(F(l,388)=19.4 ,  p<.001) .  Yet ,  a  switc h i n th e directio n o f 
relationshi p i s suggeste d whe n th e V C / B L item s ar e take n 
separatel y ( r  =  -.09 ,  p  <  .08) . 

We ca n speculat e tha t  thi s reversa l  i s  relate d t o a n 
interactio n betwee n tw o majo r  classe s o f  phonologica l 
features ,  i.e. ,  presenc e o f  vowel-consonan t  cluster s an d stem -
final  alveola r  consonants .  Thes e factors ,  i n interactio n wit h 
ite m frequency ,  appea r  t o b e operatin g a s opposin g cue s t o 
mappin g type .  Th e importanc e o f  stem-interna l 
phonologica l  cue s t o pas t  tens e formatio n i s consisten t  wit h 
recen t  findings  b y Stemberge r  (1993 )  w h o ha s show n tha t 
s o me vowe l  change/blen d verb s ar e resistan t  t o 
regularizatio n becaus e thei r  pas t  tens e form s involv e a 
"dominant "  (i.e. ,  easie r  t o produce )  vowel .  W h e n th e 
dominan t  vowe l  i s  containe d i n ih c s u m ,  i n contrast , 
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regularization s ar e mor e likel y becaus e speaker s ar e pushe d 
towar d producin g th e ste m an d hence ,  stem+suffi x forms . 
Marchman (1994 )  ha s als o demonstrate d tha t  vowe l 
dominanc e wa s on e o f  severa l  feature s contributin g t o 
regularizatio n i n children' s elicite d productions .  A  complet e 
analysi s o f  th e interaction s betwee n stem-interna l  an d stem -
final  phonologica l  attribute s ar e beyon d th e scop e o f  th e 
curren t  paper .  Nevertheless ,  thes e finding s sugges t  tha t 
thes e factor s d o pla y a n importan t  rol e an d futur e studie s 
shoul d matc h item s fo r  thes e features . 

We finally  tur n t o a  brie f  discussio n o f  th e rol e o f 
neighborhoo d factors .  Bot h single -  an d dual-mechanis m 
model s predic t  tha t  similarit y  t o item s tha t  underg o th e sam e 
typ e o f  pas t  tens e transformatio n (i.e. ,  "friends" )  shoul d hel p 
t o suppor t  th e irregula r  patter n an d hence ,  shoul d bea r  a 
negativ e relationshi p t o regularizatio n frequency .  Ther e i s 
some suggestio n tha t  friend s offe r  suc h suppor t  here ,  eithe r 
i n term s o f  su m o f  frien d frequenc y (PFF )  o r  th e relativ e 
frequenc y o f  friend s t o enemie s (Frequenc y Ratio) . 
However ,  furthe r  analyse s indicat e tha t  thes e variable s ar e 
significantl y inter-correlate d wit h ite m frequency ,  an d d o no t 
make significan t  uniqu e contribution s i n eithe r  th e 
simulatio n o r  huma n dat a sets . 

Relativel y wea k contribution s o f  friend-base d factor s ar e 
consisten t  wit h dat a reporte d i n Marchma n (1994) . 
Nevertheless ,  thes e findings  ar e puzzlin g i n tha t  bot h single -
and dual-mechanis m model s plac e considerabl e importanc e 
on within-neighborhoo d similaritie s i n th e processin g o f 
irregula r  forms .  I n ligh t  o f  th e findings  reporte d above ,  on e 
possibl e explanatio n i s tha t  th e rol e o f  friend s migh t  bes t  b e 
re-define d i n term s o f  particula r  phonologica l  characteristic s 
(e.g. ,  presenc e o r  absenc e o f  a  particula r  vowel ,  stem-fina l 
alveolar ,  etc.) ,  rathe r  tha n similarit y acros s item s pe r  se . 
Again ,  furthe r  investigatio n o f  thi s issu e i s lef t  t o futur e 
studies . 

Our  las t  se t  o f  result s focuse s o n th e rol e o f  enem y 
factors ,  representin g a  ke y poin t  wher e th e prediction s o f  th e 
single -  an d dual-mechanis m model s diverge .  I n th e dual -
mechanis m model ,  regularizatio n i s propose d t o appl y b y 
defaul t  an d hence ,  a n irregula r  verb' s similarit y t o a  regula r 

ver b shoul d no t  mak e i t  an y mor e vulnera l 
regularizatio n tha n an y othe r  ite m i n nee d o f  a  pas i 
form .  I n contrast ,  single-mechanis m model s po s 
error s o f  al l  type s deriv e fro m analogie s tha t  ar e draw n 
items .  Thus ,  th e presenc e o f  regula r  enemie s i 
increas e th e chanc e tha t  a  ver b i s regularized . 

Returnin g t o Tabl e 3 ,  not e tha t  ther e appear s t o b 
mino r  impac t  o f  enemie s (eithe r  i n tota l  o r  suffixed )  i 
th e huma n an d simulatio n dat a fo r  al l  item s take n io { 
Neighborhoo d factor s mak e littl e contributio n b 
frequency ,  an d possibl y phonologica l  factors ,  l e 
suppor t  fo r  a  dual-mechanis m view .  Yet ,  i t  i s  puzzli r 
thes e relationship s ar e als o absen t  i n th e simulatio n c 
whic h th e associativ e lexica l  learnin g mechan i 
presume d t o rel y o n thes e cross-ite m relationships . 

However ,  whe n w e restric t  ou r  analyse s t o VC/B L 
only ,  robus t  correlation s emerg e i n bot h th e hum a 
simulatio n data .  T o illustrate ,  VC/B L item s tha t  ar e 
regularize d hav e approximatel y M =  6. 3 suffixe d nei j 
whic h hav e a  K F frequenc y o f  36.0 .  I n contrast ,  ite n 
ar e regularize d hav e a n averag e o f  6. 0 suffixe d nei f 
wit h a  frequenc y o f  61.3 .  Multipl e regressio n a n 
furthe r  indicat e tha t  enem y factor s accoun t  fo r  varianc e 
and beyon d bot h ite m frequenc y (r ^  chang e =  15.3 9 
.02 )  an d presenc e o f  a n alveola r  consonan t  (r ^  ch a 
15.8% ,  p  <  .02 )  i n th e huma n data .  Conversely ,  whi l 
fi-equency  make s it s ow n uniqu e contributio n beyon d ( 
factor s (r 2 chang e =  10.8% ,  p  <  .05) ,  th e presenc e 
alveola r  consonan t  doe s no t  (r ^  chang e =  6.8% ,  ns) . 
consisten t  wit h Marchma n (1994) ,  bot h ite m frequen < 
similarit y  t o regula r  neighbor s mak e significan t  indep < 
contribution s t o regularizatio n frequenc y fo r  \ \ 
speakers .  A s migh t  b e expected ,  th e simu L 
demonstrate d th e impac t  o f  enemie s quit e strongl y i i 
sub-classe s o f  items .  Thes e factor s overrod e an y ef i 
frequenc y o r  presenc e o f  a n alveola r  consonan t  i n th e \ 
items .  Fo r  th e relativel y smal l  se t  o f  zero-markin g 
bot h similarit y t o suffixe d enemie s (r ^  chang e =  5.1 ' 
.05 )  an d ite m frequenc y (r ^  chang e =  7.5% ,  p  < 
contribute d uniqu e variance . 

T A B LE 3 .  Predictor s o f  overgeneralization s o f  th e /ed /  suffix . 

Predicto r 

KFfreq . 
Alveola r 

# Friend s (F ) 
I  Frien d Freq .  (PFF ) 

# Enemie s (E-ALL ) 
X E-AL L Frequenc y 
# Suffi x E  (ESUFF ) 

Z ESUF F Freq . 

Number  Rati o 
Freq̂ uenc y Rati o 

ALL 

H U M AN 

-0.39* * 
+0.2 5 

+0.1 8 
-0.1 9 

-0.2 1 
+0.1 1 
-0.1 0 

+0.0 5 

+0.2 5 
-0.34* * 

I T E M S 

S I M 

-0.13* * 
+0.24* * 

+0.12 * 
-0.14* * 

-0.16 * 
+0.0 2 
-0.15 * 

+0.0 7 

+0.25* * 
-0.18* * 

V C / B L 

H U M AN 

-0.44* * 
-0.38 * 

+0.34* * 
+0.1 3 

+0.1 2 
+0.54** * 
+0.2 0 
+0.48* * 

+0.1 6 
-0.2 4 

SI M 

-0.0 8 
-0.0 9 

-0.0 1 
-0.0 5 

+0.0 5 
+0.23* * 
+0.10 * 
+0.44** * 

-0.0 5 
-0.11 * 

ZERO-MARKING 

H U M AN 

-0.6 9 

-0.1 3 
-0.4 1 

-0.3 2 
-0.3 3 
-0.5 2 
+0.3 1 

-0.0 1 
-0.2 7 

SI M 

^036* " 

-0.0 4 
-0.27 * 

-0.2 2 
-0.1 2 
-0.1 8 
+0.32 * 

+0.0 9 
-0.19 * 

*  =  p  <  .0 5 
* *  =  p<.0 1 
** *  =  p  <  .00 1 

228 



Conc lus io n 

I n conclusion ,  thes e studie s sough t  t o evaluat e influence s 
on th e productiv e us e o f  th e Englis h pas t  tens e suffi x i n 
bot h huma n speaker s an d connectionis t  simulations .  I n 
general ,  huma n speaker s o f  Englis h an d network s traine d o n 
a lexico n o f  Englis h vocabular y item s produc e pas t  tens e 
error s t o abou t  th e sam e degree .  Whil e ther e ar e som e clea r 
difference s i n th e type s o f  error s tha t  ar e produced ,  strikin g 
similaritie s wer e observe d acros s th e tw o source s o f  dat a 
regardin g whic h item s wer e vulnerabl e t o error .  Severa l 
previou s findings  wer e replicated ,  includin g th e importanc e 
of  toke n frequenc y i n protectin g a n ite m fro m erro r  an d th e 
comple x rol e o f  phonologica l  factors . 

Most  importantly ,  i t  wa s demonstrate d tha t  factor s whic h 
captur e competition s betwee n similar-soundin g item s withi n 
a phonologica l  neighborhoo d d o indee d pla y a  stron g rol e i n 
th e productiv e usag e o f  th e Englis h regula r  suffi x  i n bot h 
network s an d huma n speakers .  Thes e result s ar e consisten t 
wit h previou s analyse s usin g dat a fro m children ,  a s wel l  a s 
recen t  studie s i n othe r  languag e domains ,  suc h a s visua l 
wor d recognition .  I n general ,  thes e dat a suppor t  th e 
conclusio n tha t  bot h regularizatio n an d irregularizatio n ar e 
best  though t  t o involv e competitiv e associativ e processe s 
simila r  t o thos e implemente d i n single-mechanis m 
connectionis t  networks . 
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