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Abstrac t 

Different artificial networks are presented with 

th e tas k o f  learnin g wea k noi m declensio n i n 

German.  Thi s morphologica l  rul e i s difficul t  fo r 

cue-base d model s becaus e i t  require s th e 
resolutio n o f  conflictin g cue-prediction s an d a 

dynami c positiona l  codin g du e t o suffixation .  I n 

additio n t o tha t  it s  'tas k frequency*  i s ver y lo w i n 

natura l  language .  Thi s propert y i s  preserve d i n 

th e trainin g inpu t  t o stud y th e models '  abilitie s t o 

handl e lo w frequency  niles .  Th e performance s o f 

thre e kind s o f  networks : 

1)  feedforwar d network s 

2)  recurren t  network s 

3)  recurren t  network s wit h shor t  ter m memor y 

( S T M)  capacit y 

ar e compare d t o empirica l  findings  o f  a n 
elicitatio n experimen t  wit h 12 9 subject s o f  age s 

5- 9 an d adul t  age . 

I n t r oduc t i o n 

Connectionist network models have challenged 

th e vie w tha t  linguisti c rule s ar e als o mentall y 

represente d i n th e for m o f  symboli c rules .  I t  i s 

argue d tha t  representation s base d o n subsymboU c 

cue s sho w a  goo d performanc e o n languag e rela -

te d tcisk s suc h a s learnin g th e Englis h peis t  tens e 

(Rumelhar t  &  McClellan d 1987 )  o r  th e declen -

sio n o f  th e G e r m a n definit e articl e (MacWhinne y 

et  al.l989) ,  suggestin g tha t  cue-base d represen -

tation s migh t  b e goo d model s fo r  h u m a n languag e 

representation . 

F ro m th e perspectiv e o f  languag e acquisitio n 
thes e model s ar e interestin g becaus e i t  i s 

acknowledge d b y thei r  author s tha t  'goo d 

performance '  ca n no t  onl y m e a n a  hig h percen -

tag e o f  correc t  response s Isu t  mus t  als o m e a n th e 

correc t  modellin g o f  children' s behaviou r  i n 

acquirin g th e linguisti c rul e i n question . 

Phenomena resemblin g atteste d learner' s error s 
suc h a s overgeneralizatio n o f  th e pas t  tens e rul e 

t o irregula r  stem s o r  omissio n o f  th e definit e 

articl e hav e indee d bee n foun d fo r  th e tw o 

aforementione d models .  Whethe r  thes e ca n b e 

interprete d a s modellin g h u m a n languag e 

learner' s behaviour ,  however ,  i s  doubtfu l  fo r 

differen t  reasons .  Thu s i t  i s  highl y questionabl e 

whethe r  th e failur e o f  th e mode l  o f  M c W h i n n e y 
et  al.(1989 )  t o reac h critica l  activation s o f  outpu t 

node s fo r  a  numbe r  o f  item s i s equivalen t  t o th e 

omissio n o f  article s i n children' s speech .  Th e 

inabiUt y t o selec t  a  particula r  articl e for m i s no t 
th e onl y possibl e caus e o f  articl e omission s b y 

children .  The y als o hav e t o lear n tha t  th e definit e 
articl e i s  syntacticall y obligator y i n certai n 

context s -  a n intervenin g variabl e tha t  wa s no t 

represente d i n th e mode l  bu t  i s  o f  grea t 

importanc e fo r  th e interpretatio n o f  th e chil d 

languag e data .  Additiona l  variable s o n th e mode l 
sid e ca n als o b e detrimenta l  fo r  comparabiUty . 

Pinke r  &  Princ e (1988 )  showe d tha t  th e U -

shape d curv e o f  overgeneralization s foun d fo r  th e 

model  o f  Rumelhar t  &  McClellan d (1987 )  ca n 

not  b e take n a s equivalen t  t o th e sam e curv e 

foun d fo r  himia n languag e learner s fo r  bein g a n 

artifac t  o f  th e timin g an d compositio n o f  th e 

trainin g input .  The y als o pointe d t o th e fac t  tha t 

a model' s inpu t  representatio n ha s a n effec t  o n 
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th e possibl e output ,  whic h i s no t  onl y tru e fo r 

'wickelfeature '  codin g bu t  als o fo r  th e positiona l 

codin g use d b y MacWhinne y e t  al.(1989 )  tha t  i s 

require d b y thei r  feedforwar d networ k m orde r  t o 

generaliz e ove r  fixe d positions . 

Th e presen t  stud y compare s th e learnin g 

of  a  morphologica l  rul e o f  Germa n -  wea k nou n 

declensio n -  b y childre n t o th e learnin g o f  th e 

same rul e b y differen t  connectionis t  networks .  I t 

i s  designe d t o avoi d effect s o f  synta x acquisitio n 

and acquisitio n o f  th e abiht y t o detec t  th e 

relevan t  cue s a s wel l  a s effect s o n th e perfor -

mance o f  th e mode l  caused  b y inappropriat e o r 

deUberatel y altere d trainin g input .  Th e effec t  o f 

differen t  inpu t  representation s i s analysed . 

We d o no t  wan t  t o presen t  O N E networ k solutio n 

but  t o evaluat e th e performanc e o f  differen t 

model s wit h respec t  t o som e o f  th e empirica l 
acquisitio n data .  Th e firs t  goa l  o f  thi s compariso n 

i s t o analys e whethe r  cue-base d model s ar e i n 

principl e capabl e t o simulat e th e acquisitio n 

process .  Th e secon d goa l  i s  t o stud y recurren t 

networks .  Thes e network s provid e th e possibiht y 

t o sequentiall y  presen t  successiv e phoneme-codes . 

However ,  thes e model s ar e limite d t o lear n onl y 

short-rangin g dependencies .  Th e thir d goa l  i s t o 

stud y a  mor e comple x networ k architecture .  A s 

argue d earlie r  (Goebel ,  1990 ,  1993 )  w e assum e 

tha t  th e powe r  o f  huma n informatio n processin g 

rest s i n a  fruitfu l  mixtur e o f  cue-base d 

('associative' )  processin g an d symbo l  manipu -

latio n abilities .  W e furthe r  assum e tha t  selectiv e 

attentio n zm d short-ter m memor y ar e necessar y 

condition s fo r  huma n symboli c manipulation .  Th e 

short-ter m retentio n o f  informatio n an d th e 

selectiv e acces s o f  part s o f  tha t  informatio n -

independen t  o f  it s  conten t  -  ar e mechanism s 

whic h ar e neede d t o successfull y handl e 

compositionalit y an d provid e a  structure-sensitiv e 

processin g capacit y (fo r  a  detaile d argumentation , 

see Goebel ,  1990 ;  a  networ k mode l  o f  symboli c 

manipulatio n usin g visuall y presente d stimu U i s 

describe d m Goebel ,  1993) . 

W e ak nou n declensio n i n G e r m a n 

Masculine noims ending on '-e' (schwa) form the 
cor e o f  th e wea k declensio n clas s i n German .  I n 
contras t  t o al l  others ,  noun s o f  thi s clas s receiv e a 

cas e endin g '-(e)n '  i n dativ e an d accusativ e 

singular .  Althoug h i t  i s a  rathe r  smal l  clas s -  th e 

cor e grou p consist s o f  som e 10 0 word s referrin g 

t o animal s an d huma n being s -  i t  i s  nonetheles s 

regular .  It s propertie s mak e i t  a n interestin g tes t 

cas e fo r  cue-base d models .  Bot h cues ,  gende r 

'masculine '  an d endin g o n '-e' ,  m isolatio n 

strongl y predic t  n o cas e ending .  Thi s i s  becaus e 

a)  al l  othe r  masculin e noun s ar e strongl y 

dechned ,  whic h mean s tha t  the y receiv e n o cas e 

endin g i n th e singula r  excep t  fo r  genitiv e '-s' . 

b )  endin g o n '-e '  i s  a  powerfu l  cu e t o feminin e 

gende r  an d feminine s d o no t  receiv e an y cas e 

endin g a t  al l  i n th e singular .  Thu s a  cue-base d 

model  mus t  lear n t o ignor e th e prediction s o f  th e 

singl e cue s wheneve r  the y appea r  i n combination . 

I n additio n t o tha t  th e smal l  siz e o f  th e wea k 

declensio n clas s (les s tha n 1 % o f  al l  nouns ) 

bring s abou t  a  ver y lo w tas k frequency ,  makin g i t 

probabl e tha t  suc h noun s wil l  b e permanentl y 

treate d a s exception s b y mos t  network s (  bu t 

possibl y als o b y huma n learners) . 

W e ak nou n declensio n i s acquire d rathe r 

late ,  s o tha t  ther e i s n o interferenc e wit h th e 

acquisitio n o f  cas e a s a  syntacti c categor y (b y ag e 

4;  Clahsen ,  1988) .  Neithe r  i s  ther e an y 

interferenc e wit h th e developmen t  o f  th e abilit y  t o 

detec t  th e relevan t  cue s animacy ,  sex ,  endin g o n 

'-e' ,  an d gende r  (b y ag e 3 ;  MacWhiimey ,  1978 , 

Schneuwly ,  1978 ,  Mills ,  1984,1985 ) 

T h e e x p e r i m e n t 

Procedure. A picture eUcitation technique based 

on contrastiv e presentatio n o f  know n an d 

invente d individual s o r  object s wa s developped . 

Ther e wer e 1 2 fantas y pictiu-es ,  eac h wit h a 

differen t  combinatio n o f  gende r  an d on e o f  th e 

fou r  semanti c attribute s 'inanimate' ,  'animate' , 

'animat e +  female' ,  'animat e +  male' .  Fantas y 

picture s wer e presente d simultaneousl y wit h 

pictiu"e s o f  know n individual s o f  differen t  gender s 

(e.g .  de r  Ries e 'giant' ,  di e Bien e 'bee') .  I n orde r 

t o avoi d an y metalinguisti c awarenes s th e 

experimente r  didn' t  mode l  an y examples .  Subject s 

firs t  repeate d articl e an d nam e o f  th e individual s 

or  object s presented ,  the n a  first  accusativ e for m 

was elicite d fakin g tha t  subject s wer e stil l  i n th e 

repetitio n phas e an d askin g the m "Worau f  zeig e 

ic h jetzt? "  (  Wha t  d o I  poin t  t o now ? ) ,  suggestin g 

an answe r  whic h make s us e o f  th e prepositiona l 

constructio n "au f  den/die/da s .... "  (  t o th e ... )  wit h 

obUgator y accusativ e cas e marking .  The n plura l 

was eUcite d b y presentin g tw o picture s wit h pair s 

of  th e sam e individuals .  Finall y tw o pictiu-e s wer e 
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1.  Relativ e numbe r  o f  n-ending s fo r  differen t 
ages ( A =  adults ;  *  =  significant ,  p=0.05 ) 

presente d i n whic h th e individual s wer e give n t o 

each othe r  i n reverse d orde r  b y a  thir d neutra l 

individua l  ('th e professor') .  Recipien t  an d give n 

objec t  receiv e dativ e resp .  accusativ e cas e i n 
German.  Elicitatio n o f  plural ,  whic h coul d b e 

considere d full y acquire d fo r  th e ag e group s i n 
question ,  serve d a s a  baseUn e fo r  productivity . 

Fiv e group s o f  childre n age d 5  t o 9  an d tw o aduJ t 

group s o f  differen t  educationa l  level s wer e tested . 

I n tota l  ther e wer e 12 9 subjects .  Th e experimenta l 

session s wer e recorde d o n D A T audi o tape . 

Results. A log-linear analysis was applied to the 

data .  Wit h respec t  t o th e networ k model s th e 

followin g result s wer e mos t  interesting : 

1)  Wea k declensio n i s productiv e an d obligator y 

fo r  masculin e noun s endin g o n -e . 

2)  Fo r  know n word s i t  i s  full y  acquire d b y ag e 8 . 

(se e figure  1 ,  uppe r  curve ) 

3)  Learnin g o f  wea k inflectio n start s ou t  wit h rot e 

learning . 

4)  Ther e i s a  majo r  shif t  toward s productivit y 

betwee n ag e 6  an d 7 .  (se e figure  1 ,  middl e curve ) 

5)  Ther e ar e n o overgeneralization s t o feminin e 

noun s o r  -  wit h th e exceptio n o f  adult s -  neute r 

nouns ,  (se e figure  1 ,  lowe r  curves ) 

6)  Th e effec t  o f  pictur e semantic s o n wea k 

declensio n i s margina l  an d unsystematic . 

T h e model s 

The trainin g corpu s 

The complete active vocabulary of 10 children 

(5; 6 -  6;0 )  collecte d ove r  a  perio d o f  fou r  month s 

(Augst ,  1984 )  wa s take n a s a  basi s fo r  th e 

constructio n o f  th e trainin g corpus .  O f  th e tota l 

15000 differen t  wor d type s ther e wer e 636 4 nou n 

types ,  o f  whic h les s tha n 1 % o f  th e wea k 

declensio n class .  Fo r  ever y nox m it s  fi^equency  wa s 

estimate d o n th e basi s o f  it s  lexica l  dispersion , 

tha t  i s  bo w man y o f  th e 1 0 childre n use d it , 

applyin g th e formula : 

(1 ) f  =  - k k  (  1  -  d/ k ) 

wher e f  =  frequency, d =  dispersion, k =  mmibe r 

of  childre n (Indefre y &  Baayen ,  1993) .  Fro m th e 

frequency-weighte d corpu s a  trainin g corpu s o f 

1000 nox m type s (134 9 tokens )  wa s draw n a t 

random .  I t  containe d 1 3 (  =  1,3% )  masculin e 

noun s endin g o n '-e '  wit h a  tota l  o f  2 1 (  =  1,6% ) 

tokens .  Cas e an d numbe r  inflecte d form s o f  th e 

corpu s entrie s wer e phoneticall y transcribe d an d 

featur e code d followin g Wurze l  (1981) .  Eac h 
phoneme wa s represente d wit h 1 4 units .  I n 

additio n ever y entr y containe d a  frequenc y 

weight ,  cas e an d numbe r  inflecte d form s o f  th e 

definit e articl e an d a  cod e fo r  on e o f  th e foiu -

semanti c classe s 'inanimate' ,  'animate' ,  'animat e 

-I -  male' ,  'animat e -I -  female' .  Nominative ,  dativ e 

and accusativ e singula r  a s wel l  a s nominativ e 

plura l  definit e form s (e.g .  de m Jungen )  wer e 

traine d accordin g t o thei r  relativ e fi-equency  i n 

spoke n language . 

The networlt s 

The performance of three kinds of networks on 
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tw o differen t  task s wa s analysed : 

1)  feedforwar d networ k 

(wit h an d withou t  hidde n units ) 

input : 

phoneme-code s presente d simultaneously ; 

right-aligne d wor d endin g 

output : 

a)  articl e plu s yes/n o decisio n o n n-endin g 

b )  whol e word-form ,  right-ahgne d 

2)  recurren t  networ k 

input : 

phoneme-code s presente d sequentiall y 

output : 

a)  articl e plu s yes/n o decisio n o n n-endin g 

b )  sequentiall y  produce d phoneme-code s o f 

whol e wor d 

3)  STM-base d recurren t  networ k 

input : 

phoneme-code s presente d sequentiall y  an d 

store d i n S T M 

output : 

sequentiall y  produce d phoneme-codes ; 

phoneme-code s ma y b e accesse d 

sequentiall y  from  S T M 

Training procedure. Each network was trained 

on th e whol e corpu s an d interrupte d a t  severa l 

step s diurin g learnin g base d o n th e overal l  erro r 

value .  A t  eac h stag e th e performanc e o f  th e 

networ k wa s teste d o n th e trainin g corpus .  The n 

generalizatio n performanc e wa s teste d o n th e se t 

of  nove l  word s tha t  wa s use d fo r  th e chil d 

experiment .  Eac h individua l  simulatio n wa s 

repUcate d te n time s usin g eac h tim e a  ne w se t  o f 

rando m weight s draw n from  th e interva l  -1 ,  1 . 

Technica l  details .  Th e network s wer e traine d 

usin g th e back-propagatio n learnin g rul e 

(Rumelhart ,  Hinto n &  WiUiams ,  1986) .  I n orde r 

t o appl y th e generalize d delt a rul e t o th e 

recurren t  network s th e "unfoldin g throug h time " 

techniqu e wa s adopte d (Minsk y &  Papert ,  1969 ; 

Rumelhart ,  Hinto n &  WiUiams ,  1986 )  an d 

improve d (William s &  Zipser ,  1990) .  I n orde r  t o 

spee d u p learnin g a  modifie d versio n o f 

Fahlman' s (1988 )  "quick-pro p algorithm "  wa s 

used .  I n al l  simulations ,  th e learnin g criterio n wa s 

set  suc h tha t  th e activit y valu e o f  eac h outpu t  uni t 

shoul d no t  deviat e mor e tha n 0. 1 from  th e 

supplie d targe t  value .  Th e targe t  value s fo r  th e 

studie d recurren t  networ k coul d b e specifie d a s 

'don' t  car e values '  (Jordan ,  1986 )  meanin g tha t 

an outpu t  uni t  i s  allowe d t o produc e a n arbitrar y 

vdu e a t  a  certai n tim e step . 

Feedforwar d network :  T h e buffe r  approach . 

I n orde r  t o represen t  string s i n feedforwar d net s 

one ca n us e a n inpu t  buffe r  larg e enoug h t o hol d 

th e longes t  string :  th e inpu t  laye r  an d outpu t  laye r 

ar e divide d i n man y part s ("slots") ,  eac h 

representin g on e elemen t  (phoneme )  i n successiv e 

order .  Th e inpu t  t o th e feedforwar d networ k 

consiste d o f  3  unit s representin g th e curren t 

articl e for m o f  th e nominati v singula r  case ,  4  unit s 

representin g th e semanti c class ,  8*1 4 unit s 

representin g u p t o eigh t  right-aligne d 

phoneme-code s o f  th e curren t  entr y an d 4  unit s 

representin g th e tas k t o perfor m (nominativ e 

singular ,  dativ e singular ,  accusativ e singular ,  an d 

nominativ e plural) .  Mode l  l a wa s suppose d t o 

produc e a s outpu t  th e appropriat e articl e for m ( 6 

units )  an d th e n-endin g ( 1 uni t  activ e o r  inactive) . 

Model  l b wa s suppose d t o produc e th e articl e 

and th e whol e right-aligne d word-for m (8*1 4 

units) . 

Results .  Mode l  l a wa s abl e t o lear n th e tas k t o 

criterio n withi n 17 4 epoch s (averag e o f  te n 

replications) .  Afte r  approximatel y tw o third s o f 

th e trainin g tim e th e mode l  ha d learne d t o m a p 

al l  articl e form s correctly .  Howeve r  i t  ha d no t 

capture d th e wea k declensio n rul e reflectin g a 

know n propert y o f  neura l  network s t o lear n th e 

stronges t  regularitie s first .  Withi n th e final  thir d 

of  trainin g tim e th e mode l  graduall y acquire d th e 

weak declensio n rule .  A n analysi s o f  th e weigh t 

patter n showe d tha t  th e mode l  mdee d use d th e 

appropriat e cue s (endin g o n '-e '  an d masculin e 

gender )  bu t  i t  als o use d th e specifi c 

phoneme-code s o f  th e relevem t  word s whic h ca n 

be interprete d a s rot e learning .  Thi s ha d a n 

impac t  o n generalizatio n performance :  althoug h 

al l  tes t  word s endin g o n '-e '  an d masculin e gende r 

stimulate d th e 'n-ending *  outpu t  uni t  correcd y th e 

amount  o f  activatio n di d no t  reac h a  valu e greate r 

tha n 0. 5 i n hal f  o f  th e tes t  cases . 

Model  l b wa s unabl e t o lear n th e tas k t o 

criterion .  Althoug h i t  learne d th e correc t  articl e 

form s th e mode l  ha d grea t  difficultie s i n learnin g 

th e (right-aligned )  outpu t  wor d form .  Th e 

proble m i s tha t  i f  a  mappin g require s a n endin g 

(e.g. ,  '-n '  o r  '-s' )  a t  th e outpu t  laye r  th e 

phomeme-code s a t  th e inpu t  laye r  hav e t o b e 

mapped shifte d on e positio n t o th e lef t  a t  th e 

outpu t  layer . 

Recurren t  Network :  Sequentia l  Processing .  A 

disadvantag e o f  feedforwar d network s usin g th e 

buffe r  approac h i s tha t  acquire d knowledg e i s 

positio n dependent ,  thu s i t  wa s necessar y t o us e a 
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right-aligned  inpu t  representation .  Recurren t 

network s see m a  promisin g alternativ e fo r  th e 

tas k du e t o thei r  abilit y  t o handl e sequentiall y 

presente d data .  Th e advantag e i s tha t  eac h inpu t 

elemen t  enter s th e networ k throug h th e sam e 

connections .  However ,  thi s require s seriality :  A n 

inpu t  elemen t  enter s throug h th e sam e 

connection s a t  differen t  tim e step s a s oppose d t o 

th e feedforwar d cas e wher e eac h elemen t  enter s 

at  differen t  connection s a t  th e sam e tim e step .  I n 

general ,  sequence s o f  varyin g lengt h ma y b e 

processe d flexibl y becaus e ther e i s n o fixe d buffe r 

width .  Th e phoneme-code s o f  a  wor d wer e 

presente d sequentiaU y t o th e recurren t  network . 

Th e articl e for m an d th e semanti c clas s unit s 

wer e clampe d o n a t  th e first  tim e ste p an d kep t 

constan t  ove r  time .  Afte r  th e presentatio n o f  th e 

las t  phoneme-cod e th e tas k uni t  wa s activated . 

Model  2 a wa s suppose d t o produc e a t  th e nex t 

tim e ste p th e articl e for m an d th e decisio n o n th e 

n-ending .  Mode l  2 b wa s suppose d t o produc e th e 

articl e first  an d the n th e whol e wor d for m wit h 

th e appropriat e endin g sequentially . 

Results .  Mode l  2 a wa s abl e t o lear n th e tas k t o 

criterion .  Althoug h learnin g proceede d simila r  t o 

model  l a (bu t  slower) ,  i t  produce d a  bette r 

generalizatio n performance :  al l  tes t  word s (endin g 

on '-e '  an d masculin e gender )  produce d a n 

activatio n leve l  o f  th e n-endin g uni t  whic h 

exceede d 0.5 .  Th e reaso n fo r  thi s seem s t o b e tha t 

th e mode l  ca n no t  exploi t  long-rangin g 

dependencie s fo r  rot e learnin g a s easil y a s th e 

feedforwar d network .  Mode l  2 b di d no t  lear n th e 

tas k t o criterion .  Th e tas k i s muc h mor e difficul t 

t o solv e tha n th e on e fo r  mode l  2 a sinc e th e 

recurren t  networ k mus t  lear n t o construc t  a n 

appropriat e compac t  interna l  representatio n o f 

th e sequentiall y  presente d element s whic h enable s 
th e networ k t o conver t  thi s representatio n bac k t o 

a correc t  outpu t  sequence .  Th e networ k ha s t o 

construc t  a n appropriat e interna l  'pla n vector ' 

(se e Jordan ,  1986) .  Thi s i s a  difficul t  proble m 

sinc e th e dela y betwee n th e productio n o f  th e 

wor d endin g an d th e critica l  informatio n consist s 

of  severa l  tim e step s an d th e injecte d erro r  value s 

ar e propagate d bac k throug h a  deepl y layere d 

(unfolded )  network . 

STM-recurren t  mode l ,  (se e figure  2 )  Th e se -

quentiall y  presente d inpu t  wor d i s route d t o tw o 
subsystems ,  on e short-ter m stor e an d on e recur -

ren t  networ k simila r  t o mode l  2b .  Th e short-ter m 

stor e consist s o f  a  recurren t  networ k wit h fas t 

weight s allowin g t o hol d a  nove l  sequenc e fo r 

d e m ,A ,  f ,  e ,  n 

I  sequen t  ia i  outpu t 

ftfuclc  fcma/iti c  phoneme s us k 
cljs i  (Mq.acce« ) der  ||animate| |  A .  f .  e  | |  dativ e 

sequentia l  inpu t 

Aff e 

^ 

der .  A ,  f ,  [e ] 

Figure 2. Structiu-e of STM recurrent network. 

(Phoneme s fo r  typographi c reason s no t  i n I P A 
notation ) 

some time (for details of the construction of the 

short-ter m store ,  se e Goebel ,  1990) .  Th e mode l 
operate s i n tw o stages ,  a  recognitio n stag e an d a 

productio n stage .  I n th e first  stage ,  a  sequenc e i s 

presente d an d th e networ k  i s traine d t o recogniz e 

i t  a t  a  locall y represente d word-for m laye r 

(correspondin g roug^ y t o a  lexica l  entry) .  I f  i t  i s 

a ne w word-for m th e mos t  simila r  entr y m a y b e 

activated .  I n th e productio n stag e bot h th e 

activate d wor d (actin g a s a  'plan' )  togethe r  wit h 

th e sequentiall y  accessibl e S T M representatio n 

ar e use d t o produc e a  sequenc e o f  phoneme -

code s a t  th e outpu t  layer .  Th e networ k ha s th e 

possibilit y  t o exploi t  bot h th e sequentiall y 

'rehearsed '  phoneme-code s (a s mode l  2 )  an d th e 

activate d lexica l  entr y nod e t o produc e th e outpu t 

phoneme-sequence .  Th e availabilit y  o f  th e 

STM-representatio n i s especiall y importan t  durin g 

learnin g sinc e it s acces s i s ver y helpfu l  fo r 

producin g th e right  outpu t  elements .  I f  durin g 

testin g a  nove l  wor d i s presented ,  th e mos t  simila r 

entrie s ma y b e partiall y  activated .  T h e generali -

zatio n performanc e depend s the n o n both ,  th e 

representatio n a t  th e lexica l  entr y laye r  an d th e 

representatio n hel d i n S T M .  Th e mode l  i s i n 

agreemen t  wit h th e framewor k propose d b y 

Pinke r  (1991 )  sinc e ther e ar e tw o subsystems ,  on e 

fo r  'regula r  rules '  (exploitin g S T M ) ,  th e othe r 
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fo r  'associativ e rules* .  Th e importan t  aspec t  i s 

however  tha t  bot h subsystem s wor k togethe r 

allowin g t o produc e quasi-regula r  behavior . 

Results .  Du e t o limite d compute r  capacit y (PC ) 

th e numbe r  o f  simulation s ri m s o fa r  d o no t  allo w 

a detaile d compariso n betwee n th e empirica l  dat a 

and th e model s performance .  Th e mode l  seem s 

however  capabl e t o lear n th e tas k an d t o 

generalize .  A  ful l  repor t  wil l  b e give n m a  futur e 

pubhcation . 

Preliminar y conclusions . 

1)  Networ k model s ar e i n principl e capabl e t o 

lear n an d generaliz e lo w frequenc y regularities . 

They ar e learne d late r  tha n mor e frequen t 

regularities . 

2)  Model s o f  sufGxatio n rule s whic h ar e capabl e 

t o produc e correc t  yes/n o response s ma y fai l  o n 

th e suffixatio n proper . 

3)  Feedforwar d an d simpl e recxuren t  network s 

therefor e ar e insufGden t  model s fo r  sufGxation . 

4)  Fo r  al l  model s ther e wa s mor e evidenc e fo r  a 

gradua l  improvemen t  o f  performanc e o n th e tas k 

tha n fo r  a  majo r  learnin g ste p lik e th e on e foun d 

empirically . 
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