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Abstrac t 

Inflectiona l  morpholog y ha s figured  prominentl y no t  onl y i n 
debat e abou t  th e natur e o f  linguisti c knowledge ,  bu t  als o i n 
th e foundationa l  debat e betwee n proponent s o f  symboli c an d 
of  connectionis t  account s o f  cognition .  W e presen t  tw o ex -
periment s designe d t o tes t  prediction s o f  Tinker' s (1991 )  dual -
rout e accoun t  o f  inflection ,  th e centra l  componen t  o f  whic h i s 
a symboli c rule .  Contrar y t o th e prediction s o f  th e dual-rout e 
account ,  w e find  evidenc e o f  bot h frequenc y an d similarit y ef -
fect s o n th e regularizatio n o f  nove l  item s (i.e. ,  pseud o words) . 

I n t r o d u c t i o n 

Th e natur e o f  th e computationa l  processe s underlyin g inflec -

tiona l  morpholog y —e.g. ,  formin g th e pas t  tens e o r  a  plural — 

has bee n th e subjec t  o f  intens e debat e fo r  ove r  te n years . 

Rumelhar t  an d McClelland' s (1986 )  mode l  o f  pas t  tens e ac -

quisitio n challenge d lon g hel d view s abou t  th e natur e o f  lin -

guisti c knowledge .  A s a  connectionis t  model ,  i t  suggeste d 

an alternativ e t o th e notio n o f  symboli c rule s a s underlyin g 

linguisti c competence .  Rathe r  tha n generat e pas t  tens e form s 

throug h th e applicatio n o f  a  rul e suc h a s V  - > /ed /  th e net -

wor k learne d t o associat e ste m an d pas t  tens e form s throug h 

change s t o th e se t  o f  weighte d connection s linkin g ste m an d 

pas t  tens e representin g units .  Furthermore ,  thi s kin d o f  pat -

ter n associatio n governe d bot h regula r  (e.g. ,  wal k -  walked ) 

and irregula r  (e.g. ,  sin g -  sang )  forms ;  bot h wer e produce d 

withi n a  single ,  unifor m networ k architecture .  B y contrast , 

th e rul e accoun t  (i n it s  simples t  form )  assume d tha t  irregular s 

wer e store d i n lexica l  m e m o r y a s rote-learne d exception s an d 

thus ,  unlik e regula r  pas t  tens e forms ,  wer e no t  th e resul t  o f  a 

generativ e proces s a t  all . 

I n th e ensuin g debat e abou t  th e adequac y o f  a  connection -

is t  accoun t  o f  pas t  tens e acquisitio n an d productio n (Pinke r 

& Prince ,  1988 ;  Pinker ,  1991 ;  MacWh inne y &  Leinbach , 

1991;Plunkett&Marchman ,  1991,1993)[tonamebutafew] , 

Pinke r  (1991 )  propose d a  revise d versio n o f  th e rule-base d 

accoun t  whic h incorporate d aspect s o f  th e connectionis t  ex -

planation .  Specifically ,  Pinker' s "dual-rout e account "  o f  in -

flectional  morpholog y retain s th e ide a tha t  regula r  past-tens e 

productio n proceed s throug h applicatio n o f  a  symboli c rule , 

and tha t  irregula r  pas t  tens e form s ar e base d o n looku p i n lex -

ica l  memory ,  bu t  th e notio n o f  lexica l  m e m o r y i s enriche d b y 

an additiona l  patter n associato r  component .  Thi s patter n as -

sociato r  componen t  allow s phonologicall y  (i.e ,  sound- )  base d 

generalizatio n o f  irregula r  form s t o accoun t  fo r  th e empirica l 

finding  tha t  speaker s wil l  occasionall y produc e nove l  irregu -

la r  forms ,  suc h a s fo r  instanc e splin g -  splang ,  i n analog y t o 

sin g -  sang ,  rin g -  rang,... ,  whe n presente d wit h "nonce- "  o r 

"pseudo- "  word s (Bybe e &  Moder ,  1983) . 

Thus, the dual-route account assumes that regular and ir-

regula r  productio n proceed s vi a tw o separat e route s o r  sys -

tems :  irregula r  form s deriv e fro m lexica l  memory ,  wherea s 

regula r  pas t  tens e form s ar e no t  store d i n lexica l  memory ,  bu t 

generate d b y a  symboli c rule .  I n processing ,  th e tw o route s 

interac t  i n th e followin g way :  give n a  ste m t o inflect ,  lex -

ica l  m e m o r y i s first  searche d fo r  a n irregula r  entry ,  i f  non e 

i s foun d th e rul e i s use d t o generat e a  regula r  a s th e default . 

Becaus e o f  th e patter n associato r  component ,  a n irregula r  re -

spons e whic h block s rul e applicatio n ca n aris e eve n i f  ther e i s 

no specifi c  entr y fo r  th e ste m i n question ,  i f  th e wor d i s suffi -

cientl y simila r  t o othe r  store d irregular s t o elici t  a n irregula r 

respons e throug h generalization .  Consequently ,  th e accoun t 
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i s no t  onl y dual-rout e bu t  als o computationall y hybrid . 

I t  i s  th e debat e abou t  computationa l  architectur e — 

symboli c  vs .  connectionist — whic h ha s mos t  fuelle d inter -

est  i n inflectiona l  morpholog y an d ha s elevate d ih e issu e no t 

jus t  t o a  microcos m fo r  inquir y int o th e natur e o f  linguisti c 

knowledge ,  bu t  t o a  foca l  poin t  fo r  th e challeng e o f  Cognitiv e 

Science' s foundin g vie w o f  cognitio n a s symbo l  manipulatio n 

and mor e recen t  view s o f  cognitiv e computatio n i n connec -

tionis t  term s (Smolensky ,  1988 ;  Fodo r  &  Pylyshyn ,  1988) . 

Over  th e las t  decade ,  researc h ha s pu t  fort h a  variet y o f 

ways i n whic h th e dual-rout e accoun t  an d th e connectionis t 

single-rout e explanatio n migh t  b e empiricall y distinguished . 

We summariz e thes e i n th e nex t  section ,  befor e presentin g ou r 

own experiment s whic h see k t o addres s thi s issue . 

Previous Work 

Empirical support for single- or dual-route accounts has been 

sough t  i n a  numbe r  o f  ways .  Initia l  computationa l  wor k trie d 

t o demonstrat e tha t  adequat e performance ,  bot h wit h respec t 

t o accurac y o f  learnin g an d wit h respec t  t o putativ e develop -

menta l  pattern s —i.e. ,  so-calle d U-shape d learning — coul d 

be achieve d b y a  connectionis t  mode l  (Rumelhar t  &  M c -

Clelland ,  1986 ;  MacWhinne y &  Leinbach ,  1991 ;  Plunket t  & 

Marchman ,  1991 ,  1993) .  Replie s t o thi s wor k b y proponent s 

of  th e dual-rout e accoun t  ha s take n th e for m o f  detaile d cri -

tique s o f  mode l  performanc e (Pinke r  &  Prince ,  1988 )  an d o f 

ne w linguisti c dat a though t  problemati c o r  eve n impossibl e 

fo r  connectionis t  model s (Marcus ,  Pinker ,  Ullman ,  Rosen ,  & 

Xu,  1992 ;  Marcus ,  Brinkmann ,  Clahsen ,  Wiese ,  Woest ,  & 

Pinker .  1995 ;  X u &  Pinker ,  1995) . 

Most  recently ,  computationa l  researc h ha s provide d direc t 

comparison s o f  implemente d single -  an d dual-rout e models , 

result s o f  whic h fo r  a  variet y o f  language s favore d single -

ove r  dual-rout e model s (Nakis a &  Hahn ,  1996 ;  Hahn ,  Nakisa , 

& Plunkett ,  1997 ;  Nakisa ,  Plunkett ,  &  Hahn ,  1998) .  Thi s 

wor k ha s als o challenge d th e validit y o f  som e o f  th e intuitiv e 

argument s fro m linguisti c dat a provide d b y th e dual-rout e ac -

coun t  (Hah n &  Nakisa,) . 

The othe r  mai n lin e o f  empirica l  wor k ha s sough t  t o estab -

lis h differenc e betwee n regular s an d irregulars ,  whic h ar e t o 

be reflectiv e o f  th e tw o route s o n whic h the y depend .  Ver y 

recentl y thi s ha s involve d imagin g studie s whic h see k corre -

late s o f  regula r  an d irregula r  productio n directl y a t  th e leve l 

of  brai n functio n (Jaeger ,  Lockwood ,  Kemmerer ,  Valin ,  Mur -

phy ,  &  Khalak ,  1996 ;  Penke ,  Weyerts ,  Gross ,  Zander ,  Munte , 

& Clahsen ,  1997 ;  Seidenber g &  Hoeffner ,  1998) . 

However ,  mos t  o f  th e researc h seekin g t o establis h differ -

ence s betwee n regular s an d irregular s ha s focuse d o n lexi -

cal  variable s suc h a s frequenc y effect s (Clahsen ,  Eisenbeiss , 

& Sonnenstuhl-Henning ,  1997 ;  Ullman ,  1993 ;  Daughert y & 

Seidenberg .  1992) .  Becaus e th e dual-rout e accoun t  assume s 

lexica l  storag e onl y fo r  irregular ,  bu t  no t  fo r  regula r  inflecte d 

forms ,  onl y irregula r  pas t  tens e form s shoul d sho w frequenc y 

effect s o n th e tim e necessar y t o produc e them ,  i n lexica l  deci -

sio n task s o r  i n rating s o f  thei r  "naturalness" .  Thi s patter n o f 

result s ha s widel y bee n obtained ,  thoug h apparentl y no t  with -

out  exceptio n ((Seren o &  Jongman ,  1992 )  cite d i n Marcu s e t 

al .  1995) . 

Generalizatio n task s hav e als o bee n used .  Th e dual-rout e 

accoun t  invoke s similarity-base d generalizatio n (vi a th e pat -

ter n associato r  component )  onl y fo r  irregulars ,  wherea s ap -

plicatio n o f  th e symboli c rul e governin g regular s i s blin d t o 

th e particula r  soun d o f  a  word .  Thu s single -  an d dual-rout e 

prediction s fo r  suitabl y chose n nove l  word s differ .  Specif -

ically ,  irregula r  generalization ,  i.e. ,  productio n o f  irregula r 

form s fo r  nove l  items ,  shoul d sho w clea r  similarit y effects , 

give n tha t  generalizatio n i s base d o n simila r  soundin g irregu -

lar s i n th e lexicon .  B y contrast ,  regula r  generalizatio n shoul d 

lac k similarit y effects .  First ,  simila r  soundin g regula r  form s 

shoul d hav e n o influenc e o n generalizatio n becaus e the y ar e 

not  store d i n th e lexicon ,  an d thu s canno t  lea d t o th e lexicall y 

drive n generalizatio n vi a th e patter n associato r  componen t 

tha t  characterize s irregula r  generalization .  Second ,  becaus e 

th e symboli c rul e i s blin d t o wor d sounds ,  simila r  soundin g 

word s ca n hav e n o influenc e o n th e rule-rout e either .  Conse -

quently ,  regula r  generalizatio n shoul d b e independen t  o f  th e 

phonologica l  neighborhoo d o f  a n ite m (i.e. .  thos e word s sim -

ila r  i n sound )  an d shoul d b e possibl e eve n fo r  nonc e word s 

whic h bea r  n o similarit y t o know n word s suc h a s "ploamph" . 

Here ,  conflictin g result s hav e bee n obtained .  Th e first  stud y 

of  thi s kind ,  b y Prasad a an d Pinke r  (1993) ,  foun d significan t 

effect s o f  similarit y onl y fo r  irregular s bu t  no t  fo r  regulars ,  i n 

accordanc e wit h th e dual-rout e model .  A  furthe r  stud y b y Le e 

(1995) ,  however ,  foun d evidenc e o f  similarity-base d gener -

alizatio n bot h fo r  irregular s an d regulars ,  s o contradictin g th e 

dual-rout e predictions . 

I n summary ,  th e weigh t  o f  th e experimenta l  evidenc e wit h 

respec t  t o bot h frequenc y an d similarit y effect s seem s t o favo r 

th e dual-rout e account ,  thoug h result s hav e no t  bee n entirel y 

unequivocal .  Thi s i s somewha t  i n contras t  wit h th e result s 

of  ou r  ow n computationa l  investigation s o f  th e dual-rout e ac -

coun t  (Nakis a &  Hahn .  1996 ;  Hah n e t  al. ,  1997 ;  Nakis a e t  al. . 

1998 )  whic h hav e consistentl y faile d t o provid e evidenc e i n 

favo r  o f  th e dual-rout e account .  Thu s w e sough t  t o addres s 

thes e issue s wit h tw o experimenta l  studie s o f  ou r  own . 

Experiment 1 

The questio n addresse d i n thi s experimen t  wa s whethe r  o r  no t 

generalizatio n o f  regular s show s similarit y effects .  Specifi -

cally ,  doe s generalizatio n decreas e wit h increasin g distanc e 

of  th e phonologicall y closes t  know n regular .  Th e dual-rout e 

predictio n i s tha t  ther e shoul d b e similarit y effect s onl y fo r 

irregularization .  bu t  no t  fo r  regularization ,  becaus e regular s 

ar e generate d independentl y o f  th e lexico n vi a th e symboli c 

rout e (Prasad a &  Pinker .  1993) . 

Participants 

Participant s wer e 3 2 Warwic k Universit y undergraduate s o f 

w h o m 2 3 wer e female .  O n e participan t  wa s droppe d fro m 

th e stud y afte r  reportin g influence s o f  knowledg e o f  othe r  lan -

guages . 
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Mater ia l s 

Nonc e word s wer e automaticall y generate d base d o n 

phoneme transitio n probabilitie s fo r  ver b stem s i n English . 

For  th e entir e se t  o f  nonc e word s th e phonologica l  distanc e t o 

th e 1 5 neares t  verb s i n th e Englis h lexico n wa s established . 

Phonologica l  distanc e wa s measure d a s Euclidea n distanc e 

betwee n th e word s represente d a s vector s o f  phonologica l 

features .  Fo r  th e tes t  set ,  onl y item s fo r  whic h al l  o f  thes e 

15 neares t  neighbor s wer e regula r  wer e selected .  Further -

more ,  tes t  item s wer e selecte d t o for m 3  categories ,  'near' , 

'intermediate' ,  an d 'far' ,  dependin g o n th e distanc e o f  th e 

singl e neares t  neighbor .  Phonotacti c "goodness '  (phonem e 

transitio n probability )  wa s matche d i n sprea d acros s al l  thre e 

categories . 

Th e resultan t  tes t  se t  comprise d 7 2 nonc e word s wit h 2 4 

item s a t  eac h distance . 

Procedure 

Th e nonc e word s wer e presente d i n a  writte n elicitatio n task . 

The y wer e embedde d i n shor t  stor y passage s whic h ha d a n 

underline d blan k spac e a t  a n appropriat e poin t  o f  th e text . 

Participant s wer e aske d t o fill  i n thi s blan k wit h whateve r  in -

flected  for m o f  th e nonc e word ,  supplie d a t  th e beginnin g o f 

th e text ,  the y fel t  wa s appropriate .  Th e entir e questionnair e 

consiste d o f  eigh t  separat e passages ,  eac h accompanie d b y a 

lis t  o f  nin e nonc e word s (thre e fro m eac h clas s assigne d ran -

domly) .  Eac h nonc e wor d wa s accompanie d b y a  m a d e u p 

definitio n whic h fitted  th e text .  Onl y regula r  verb s wer e use d 

withi n th e definition .  Th e onl y irregula r  pas t  tens e use d i n th e 

stor y passage s wa s "was" .  Ther e wer e eigh t  differen t  version s 

of  th e questionnair e t o ensur e tha t  response s wer e no t  deter -

mine d b y th e orde r  o f  th e nonce-words ,  thei r  'definitions '  o r 

th e stor y passages :  eac h lis t  o f  nonce-word s wa s presente d 

wit h fou r  differen t  passage s an d definition s an d eac h lis t  ha d 

tw o differen t  rando m orders .  Apar t  fro m bein g liste d i n th e 

margi n o f  th e text ,  th e word s wer e als o presente d aurall y vi a 

audio-cassette . 

Results 

Contrar y t o th e prediction s o f  th e dual-rout e account ,  ther e 

wer e significantl y fewe r  regula r  response s fo r  item s o f  th e 

fa r  grou p tha n o f  th e nea r  grou p accordin g t o a  Wilcoxo n 

signe d rank s test ,  Z  =  3.882 ;  p  <  .001 .  Als o significan t  wer e 

th e difference s betwee n nea r  an d intermediat e group ,  Z  = 

3.163; p <  .05. ,  an d intermediat e an d far ,  Z  =  2.622 p <  .05 . 

Tha t  is ,  nonc e word s fo r  whic h th e neares t  (regular )  neigh -

bor  wa s close ,  elicite d mor e regula r  response s tha t  word s fo r 

whic h thi s neighbo r  wa s distant . 

Th e effec t  o f  distanc e wa s carrie d primaril y b y a n increas e 

i n "no-change "  form s (analogou s t o hi t  - > hit ,  a s oppose d to , 

e.g. ,  gri t  - ¥ gritted) -  Th e proportio n o f  no-chang e form s in -

crease d fro m 1 3 . 7 % t o 2 5 . 1 % fro m th e nea r  t o the/a r  group , 

Z =  2.948 ,  p  <  .05 ,  Wilcoxon' s signe d ranks . 

However ,  a n item s analysi s reveale d tha t  thi s effec t  wa s 

carrie d b y (an d significan t  onl y for )  thos e nonc e word s endin g 

i n denta l  stop s (/t /  an d /d/) .  Ther e wer e n o significan t  effect s 

onc e thes e item s wer e removed ,  thoug h result s approache d 

significance . 

Discussion 

W h at  doe s thi s resul t  imply ? First ,  eve n i n it s restrictio n t o 

denta l  stop s i t  contradict s th e dual-rout e account .  A s outline d 

above ,  th e rule-rout e i s blin d t o phonology .  Thu s word s end -

in g i n denta l  stop s shoul d b e treate d n o differen t  tha n an y 

othe r  sequenc e o f  sounds .  Consequently ,  ther e shoul d b e n o 

effec t  o f  distanc e t o th e neares t  (regular )  neighbor . 

No-chang e forms ,  th e respons e tha t  primaril y drive s th e ef -

fec t  i n ou r  data ,  ar e strang e i n tha t  the y migh t  see m t o indi -

cat e no t  a  particula r  irregula r  respons e (a s found ,  fo r  instance , 

wit h hi t  - > hit )  bu t  a  failur e t o inflect .  However ,  her e the y 

canno t  plausibl y b e pu t  d o w n t o a  simpl e failur e t o understan d 

th e task ,  becaus e thi s provide s n o rational e fo r  w h y the y occu r 

mor e frequentl y a s a  functio n o f  distanc e t o th e neares t  neigh -

bor .  If ,  however ,  the y ar e viewe d a s a  simpl e refusa l  t o inflect , 

the n thi s to o contradict s th e prediction s o f  th e account ,  agai n 

becaus e al l  string s ar e equa l  a s potentia l  regulars . 

I t  r S wort h mentionin g agai n tha t  th e Englis h lexico n doe s 

contai n regular s endin g i n denta l  stops ,  suc h a s pi t  - ^  pitte d 

or  fli t  - > flitted ,  thoug h m a n y ar e irregular ,  eithe r  involv -

in g interna l  vowe l  changes ,  sit ,  spit ,  o r  nochang e hit ,  slit , 

split .  I t  i s  als o wort h emphasising ,  tha t  thes e result s d o no t 

see m explicabl e a s arisin g fro m analogie s t o know n irregu -

lars ,  a t  leas t  a t  th e leve l  o f  stem-similarity ,  give n tha t  th e 1 5 

neares t  neighbor s o f  eac h ite m wer e regular . 

Th e mos t  likel y explanatio n fo r  th e particula r  sensitivit y 

wit h respec t  t o denta l  stop s seems ,  a t  leas t  t o us ,  t o b e tha t 

item s endin g i n denta l  stop s alread y loo k lik e pas t  tens e 

forms ,  an d tha t  th e reluctanc e t o ad d th e regula r  affi x  i s  no t 

base d o n confusio n bu t  o n wha t  th e literatur e ha s calle d prod -

uct  oriente d considerations .  O n e stran d o f  recen t  wor k o n 

inflectiona l  morpholog y (e.g. ,  Koepcke ,  1993 ;  Bybee ,  199 5 ) 

has emphasise d tha t  inflectio n i s characterize d no t  onl y b y 

analog y betwee n sourc e (i.e. ,  stem )  forms ,  bu t  als o influ -

ence d b y consideration s abou t  "goodness "  o f  outpu t  o r  prod -

uct  an d b y analogie s betwee n produc t  (i.e. ,  inflected )  form s 

suc h a s know n pas t  tenses .  Trace s o f  product-orientatio n 

hav e bee n identifie d i n diachroni c contexts ,  bu t  hav e als o 

bee n invoke d fo r  explanation s o f  productio n (Bybee ,  1995 ; 

Koepcke ,  1993) .  W e hav e als o note d improve d model-fit s 

throug h th e incorporatio n o f  outpu t  oriente d consideration s i n 

our  modellin g o f  Germa n inflectio n (Hah n an d Nakisa ,  1997) . 

Th e dat a w e presente d her e strik e u s a s evidenc e o f  product -

oriente d consideration s i n a n experimenta l  setting . 

Becaus e the y ar e on e contributin g factor ,  produc t  oriente d 

consideration s ca n b e overridde n b y similaritie s betwee n 

stems ,  thu s leadin g t o a  lesse r  proportio n o f  no-chang e form s 

among th e item s wit h clos e regula r  phonologica l  neighbor s 

as foun d i n ou r  dat a set . 

I f  on e accept s thi s explanatio n o f  ou r  results ,  the n the y si -

multaneousl y provid e a  secon d sourc e o f  evidenc e agains t 

th e dual-rout e account .  Th e dual-rout e accoun t  i s base d 

entirel y o n th e ide a o f  inflectiona l  processe s operatin g o n 
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stems .  Ther e i s n o plac e i n th e accoun t  wher e consideration s 

abou t  product s (outputs )  coul d com e int o play .  Crucially ,  thi s 

stem+proces s orientatio n i s  share d b y connectionis t  model s 

i n tha t  they ,  too ,  typicall y mode l  inflectio n a s th e tas k o f  as -

sociatin g inpu t  (stem )  an d outpu t  (pas t  tense )  forms . 

Viewe d i n thi s ligh t  ou r  result s woul d see m ad d t o a n in -

creasin g bod y o f  evidenc e fo r  th e rol e o f  product-oriente d 

considerations ,  an d thu s sugges t  a  reorientatio n i n th e con -

ceptio n o f  th e tas k whic h affect s bot h dual-rout e accoun t  an d 

curren t  connectionis t  single-rout e models . 

I n summary ,  th e experimenta l  result s sho w distanc e effect s 

(albei t  fo r  denta l  stop s only )  whic h contradic t  th e dual-rout e 

account ,  and ,  furthermor e th e particula r  patter n obtaine d her e 

—prevalenc e o f  no-chang e f o r m s — w e interpre t  a s evidenc e 

of  "product-oriented "  considerations ,  whic h themselve s con -

tradic t  th e stem+proces s orientatio n o f  th e dual-rout e ac -

count . 

Experiment 2 

The question addressed by our second experiment is whether 

or  no t  regularizatio n o f  nonc e word s i s  affecte d b y th e fre -

quenc y o f  th e mos t  simila r  rea l  regula r  ite m i n th e lexicon . 

Becaus e regula r  productio n i n th e dual-rout e accoun t  i s in -

dependen t  o f  th e lexico n (regula r  form s ar e generate d b y th e 

symboli c rule )  th e propertie s o f  extan t  regula r  words ,  suc h 

as thei r  frequency ,  shoul d b e irrelevan t  t o th e productio n o f 

regula r  form s fo r  bot h word s an d nonce-words . 

The specifi c wa y w e addres s thi s questio n i s b y examinin g 

whethe r  rating s o f  "naturalness "  fo r  regularize d nonc e word s 

ar e influence d b y th e frequenc y o f  thei r  mos t  simila r  lexica l 
neighbor . 

Participants 

The participant s wer e 4 7 Universit y o f  Oxfor d undergradu -

ates ,  wit h approximatel y equa l  number s o f  mal e an d femal e 
students . 

Materials 

Nonce word s wer e generate d b y changin g phonologica l  fea -

ture s o f  rea l  monosyllabi c word s ('prototypes') .  Word s wer e 

generate d fro m bot h regula r  an d irregula r  prototypes .  Th e 

chose n prototype s displaye d a  rang e o f  differen t  frequencie s 

as documente d i n th e C E L E X database .  ̂  Nonc e word s wer e 

forme d a t  tw o level s o f  distance :  eithe r  throug h chang e o f  a 

singl e phonologica l  featur e ('distanc e 1') ,  o r  throug h chang e 

of  tw o phonologica l  feature s ('distanc e 2') -  17 1 nonc e word s 

wer e generate d i n total ,  o f  whic h eac h participan t  sa w 36 .  O f 

thes e 36, 9 eac h wer e word s wit h irregular-prototype/distanc e 

1,  irregular-prototype/distanc e 2 ,  regular-prototype/distanc e 

1,  an d regular-prototype/distanc e 2 .  Withi n eac h o f  thes e 

4 group s o f  9  nonc e words ,  3  wer e generate d fro m a  high -

frequenc y prototype ,  3  fro m a  medium-frequenc y prototyp e 

and 3  from  a  low-frequenc y prototype . 

'CELE X ca n b e obtaine d b y contactin g celex@mpi.nl . 

Procedur e 

Stimul i  wer e presente d i n writte n form ,  i n a  questionnair e 

whic h wa s sen t  ou t  t o participants .  Th e questionnair e pro -

vide d a  brie f  sententia l  contex t  fo r  eac h word ,  alon g wit h a n 

irregula r  optio n an d a  regula r  optio n fo r  eac h word .  Fo r  ex -

ample , 

• At the moment I spling 

L a s t  y e a r  I  splun g 

L a s t  y e a r  I  splinge d 

Participant s wer e aske d t o indicat e th e naturalnes s o f  th e 

soun d o f  bot h o f  th e pas t  tens e form s b y circlin g th e appro -

priat e numbe r  o n a  ratin g scal e fro m 1  ("reall y bad "  o r  "un -

natural" )  t o 7  ("sound s perfectl y goo d an d natural") . 

Results 

The crucia l  questio n t o b e aske d wa s whethe r  th e frequenc y 

of  th e regula r  prototyp e affecte d th e regula r  ratin g o f  a  nonc e 

word .  Thu s w e restric t  ou r  analysi s her e t o regula r  prototype s 

and regula r  ratings . 

Stepwis e multipl e regressio n reveale d significan t  effects ,  a t 

th e leve l  o f  p  <  .01 ,  fo r  distance ,  an d log-frequency ,  a s wel l 

as a n interactio n betwee n distanc e an d frequency :  first,  th e 

mai n effec t  o f  distance ,  t  =  2.84 ,  p  <  .0045 ,  an d bot h log -

frequenc y t  =  3.81 ,  p  <  .000 2 an d square d log-frequenc y 

as a  non-linea r  term ,  t  =  -4.43, p <  .000 0 and ,  finally,  a 

significan t  linea r  interactio n betwee n frequenc y an d distanc e 

t  =  -2.52,p<.0121 . 

Accordin g t o thi s interaction ,  i f  a  nonc e wor d i s ver y close , 

i.e. ,  on e phonologica l  featur e awa y fro m th e prototyp e (dis -

tanc e 1) ,  goodnes s rating s increas e togethe r  wit h prototyp e 

frequency .  Fo r  nonc e word s tha t  ar e slightl y les s clos e t o 

thei r  mos t  simila r  neighbor ,  i.e. ,  2  phonologica l  feature s fro m 

th e prototyp e (distanc e 2) ,  goodnes s rating s decreas e a s fre -

quenc y increases . 

Discussion 

Thes e findings,  too ,  contradic t  th e prediction s o f  th e dual -

rout e account .  Becaus e regula r  past-tens e form s ar e no t  as -

sumed t o b e store d i n th e lexico n a t  all ,  bu t  generate d vi a th e 

rule-route ,  frequenc y o f  th e regula r  prototyp e shoul d hav e n o 

impact . 

The frequency-distanc e interaction ,  too ,  i s  interestin g a s 

i t  provide s a  rational e fo r  wh y significan t  result s migh t  b e 

misse d i n studie s o f  thi s kind ,  simpl y becaus e overal l  effect s 

acros s differen t  phonologica l  distance s migh t  cance l  out .  Fur -

thermore ,  i t  raise s interestin g question s a s t o it s cause .  O n e 

possibl e explanatio n i s tha t  generalizatio n gradient s becom e 

steepe r  wit h increase d frequenc y a s illustrate d i n Fig .  1 . 

Thi s coul d b e a  wa y o f  interpretin g Bybee' s (1995 )  sug -

gestion s tha t  lexica l  representatio n varie s a s a  functio n o f  to -

ke n frequency .  Bybe e (1995 )  suggest s tha t  lexica l  entrie s dif -

fe r  i n lexica l  strengt h whic h affect s eas e o f  access ,  abilit y t o 

serv e a s th e basi s o f  morphologica l  relations ,  an d resistanc e 
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Figur e 1 :  Effect s o f  frequency  an d distanc e o n generalization . 

to change. Bybee relates this to morphological generalization 

throug h th e ide a o f  lexicall y base d schemas ,  whic h emerg e 

from  lexica l  connection s betwee n lexica l  items .  Set s o f  word s 

wit h simila r  pattern s o f  semanti c an d phonologica l  connec -

tion s reinforc e eac h othe r  t o creat e emergen t  genera l  pattern s 

or  schema s t o whic h nove l  item s ca n b e assimilated .  Th e 

greate r  lexica l  strengt h o f  hig h token-frequenc y item s lead s 

t o greate r  lexica l  autonomy ,  whic h i s reflecte d i n weake r  lex -

ica l  connection s t o othe r  items ,  yieldin g onl y a n extremel y lo -

calize d an d specifi c  schema ,  wit h th e ne t  resul t  o f  depresse d 

generalization . 

The specific s o f  ou r  result s  ar e no t  compatibl e wit h sugges -

tion s tha t  regula r  productivit y  i s base d o n a n entirel y open , 

genera l  /ed /  schem a (Bybee ,  1995 )  whic h applie s virtuall y 

independentl y  o f  lexica l  distributio n Bu t  the y ar e compatibl e 

wit h th e ide a tha t  highe r  frequenc y lead s t o greate r  'speci -

ficity'  o f  lexica l  representatio n an d thu s a  narrowe r  neighbor -

hood o f  potentia l  generalization . 

Thes e issue s clearl y requir e furthe r  exploration ,  bu t  agai n 

the y sugges t  tha t  futur e researc h migh t  profitabl y mov e be -

yon d th e broa d dual-rout e vs .  single-rout e debat e t o mor e 

intricat e model s o f  lexically-base d generalization . 

Conclusions 

We describe d tw o experimenta l  studie s whic h reveale d simi -

larit y effect s (experiment s 1  an d 2 )  an d frequenc y effect s (ex -

perimen t  2 )  o n regula r  generalization .  Thes e effect s conflic t 

wit h th e dual-rout e account' s clai m tha t  regular s ar e produce d 

independentl y o f  th e lexico n vi a a  separat e rule-route . 

We hav e als o foun d interaction s betwee n toke n frequenc y 

and phonologica l  distanc e an d propose d a n intuitiv e accoun t 

fo r  thi s  i n th e spiri t  o f  Bybee' s (1995 )  proposal s abou t  lexica l 

strength . 

Finally ,  w e hav e argue d tha t  Experimen t  1  provide s exper -

imenta l  evidenc e fo r  product-oriente d consideration s i n par -

ticipants '  treatmen t  o f  nonc e word s endin g i n denta l  stops . 

These consideration s conflic t  wit h th e genera l  stem+proces s 

orientatio n o f  th e dual-rout e account ,  a n orientatio n tha t  i t 

share s wit h curren t  connectionis t  modellin g o f  inflection . 

Thi s seems ,  t o us ,  t o coincid e wit h a n increasin g bod y o f 

evidenc e fo r  product-oriente d considerations ,  bot h fro m the -

oretica l  analysi s an d fro m computationa l  modelling ,  an d t o 

sugges t  a  ke y directio n fo r  futur e wor k o n inflection . 
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