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A r e C h i l d r e n ' Laz y L e a r n e r s ' ? 

A C o m p a r i s o n o f  N a t u r a l  a n d M a c h i n e L e a r n i n g o f  Stres s 

Steve n Gillis ,  Walte r  Daelemans ,  Ger t  Durieu x 
Cente r  fo r  Dutc h Languag e an d Speec h 

Departmen t  o f  Linguistic s -  G E R 
Universit y o f  Antwer p -  i n A 

B-261 0 Wilrij k  (Belgium ) 
g i l l i s Q r e k s . u i a . a c . b e 

Abstrac t 

Do childre n acquir e rule s fo r  mai n stres s assignmen t  o r  d o 
the y lear n stres s i n a n exemplar-base d way ? I n th e 
languag e acquisitio n literature ,  th e forme r  approac h ha s 
been advocate d withou t  exception :  althoug h the y hea r 
most  word s produce d wit h thei r  appropriat e stres s pattern , 
childre n ar e take n t o extrac t  rule s an d d o no t  stor e stres s 
pattern s lexically .  Th e evidenc e fo r  a  rule-base d approac h 
i s investigate d an d i t  wil l  b e argue d tha t  i n th e literatur e 
thi s approac h i s preferre d du e t o a n extremel y simplifie d 
interpretatio n o f  exemplar-base d models .  W e wil l  repor t 
experiment s showin g tha t  Instance-Base d Learning ,  a n 
exemplar-base d model ,  make s th e sam e kind s o f  stres s 
relate d error s i n productio n tha t  childre n make :  (i )  th e 
amount  o f  productio n error s i s  relate d t o metrica l 
markedness ,  an d (ii )  stres s shift s an d error s wit h respec t  t o 
th e segmenta l  an d syllabi c structur e o f  word s typicall y tak e 
th e for m o f  a  regularizatio n o f  stres s patterns .  Instance -
Based Learnin g belong s t o a  clas s o f  Laz y Learnin g 
algorithms .  I n thes e algorithms ,  n o explici t  abstraction s 
i n th e for m o f  decisio n tree s o r  rule s ar e derived ; 
abstractio n i s  drive n b y similarit y durin g performance . 
Our  result s indicat e tha t  a t  leas t  fo r  thi s domain ,  thi s kin d 
of  laz y learnin g i s a  vali d alternativ e t o rule-base d 
learning .  Moreove r  th e result s plea d fo r  a  reanalysi s o f 
languag e acquisitio n dat a i n term s o f  exemplar-base d 
models . 

Introduction 

The acquisitio n o f  mai n stres s assignmen t  i n severa l 
language s i s systematicall y studie d i n th e recen t  literature . 
For  instance ,  Hochber g (1988a ,  b )  an d Klei n (1984 )  stud y 
stres s acquisitio n i n Spanish ,  Fikker t  (1993) ,  Nouvea u 
(1993 )  an d Wijne n e t  al .  (i n press )  investigat e mai n stres s i n 
Dutc h children ,  Gerke n (1994) ,  Echol s (1993 )  an d Echol s & 
Newpor t  (1992 )  focu s o n stres s acquisitio n i n Englis h 
children' s language .  A  c o m m o n finding  o f  thes e studie s i s 
tha t  childre n lear n rule s fo r  assignin g stress .  Thi s ma y see m 
surprisin g a t  first  sigh t  sinc e childre n hea r  mos t  (i f  no t  all ) 
of  th e word s the y us e themselves ,  correctl y stresse d i n th e 
input .  Thu s a n alternativ e hypothesi s ma y tak e int o accoun t 
thi s fac t  an d propos e tha t  childre n lear n stres s o n a  word-by -

wor d basis :  the y memoriz e th e stres s patter n o f  eac h 
individua l  word . 

The mai n argument s agains t  a n exemplar-base d approac h 
tha t  advocate s memorizatio n o f  individua l  word s an d thei r 
stres s patterns ,  relat e t o it s  allege d empirica l  inadequacy :  (i ) 
it s  lac k o f  generalizatio n capacity ,  an d (ii )  it s  inadequac y i n 
accountin g fo r  developmenta l  phenomena .  Th e firs t 
argumen t  -  lac k o f  generalizatio n capacit y -  amount s t o th e 
suggestio n tha t  i f  childre n (an d adults )  woul d simpl y 
memoriz e th e stres s patter n o f  individua l  words ,  the y woul d 
neve r  succee d i n assignin g correc t  stres s t o nove l  word s 
(Dreshe r  &  Kaye ,  1990 ;  Hochberg ,  1988a ,  b) .  However ,  i t 
i s no t  clarifie d ho w suc h a  memory-base d approac h i s 
conceive d o f  an d exactl y wh y i t  i s  inferio r  t o a  rule-base d 
approach .  I n a  simila r  vein ,  i n developmenta l  studie s (e.g. , 
Fikkert ,  1993 )  i t  i s  typicall y argue d tha t  becaus e children' s 
acquisitio n follow s a  particula r  path ,  wit h typica l  error s 
characterizin g variou s stages ,  thi s acquisitio n proces s ca n 
onl y b e accounte d fo r  i n a  rule-base d model ,  and ,  hence ,  a n 
exemplar-base d alternativ e i s  sai d t o b e empiricall y 
inadequate . 

I n thi s stud y w e wil l  examin e i f  a n exemplar-base d 
approac h i s indee d inadequat e fro m a  developmenta l  poin t  o f 
vie w a s argue d i n th e literature .  I n previou s researc h (se e 
Daeleman s e t  al. ,  1994 ;  Gilli s  e t  al. ,  1993, )  w e investigate d 
th e generalizatio n argument ,  an d conclude d tha t  a n exemplar -
base d mode l  wa s abl e t o lear n th e mai n stres s pattern s o f 
Dutch ,  a s wel l  a s it s  majo r  subgeneralizations .  I n thi s stud y 
we wil l  examin e whethe r  phenomen a typicall y encountere d 
i n children' s acquisitio n o f  stres s assignmen t  ca n b e 
accounte d fo r  i n a n exemplar-base d model . 

Metrical Markedness and Production 
E r r o r s 

I n th e recen t  literatur e tw o studie s abou t  th e acquisitio n o f 
stres s investigat e th e impac t  o f  markednes s i n a  metrica l 
framewor k o n children' s productio n o f  words .  Hochber g 
(1988b )  an d Nouvea u (1993 )  stud y youn g children' s 
imitation s o f  nonsens e words .  I t  i s  hypothesize d tha t  i f 
childre n d o no t  us e rule s fo r  stres s assignment ,  ther e i s n o 
reaso n wh y som e word s ar e mor e difficul t  t o imitat e tha n 
others .  O n th e othe r  hand ,  i f  childre n us e rule s fo r  stres s 
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assignment ,  th e mor e irregula r  a  word ,  th e mor e error s i n 
stres s assignmen t  ar e expected .  Hochber g an d Nouvea u 
analyz e th e stres s syste m o f  Spanish ,  resp .  Dutc h i n a 
metrica l  framewor k an d propos e a n orderin g o f  relativ e 
markedness :  nex t  t o metricall y regula r  words ,  irregula r  word s 
(thos e requirin g lexica l  markings )  an d word s wit h prohibite d 
stres s pattern s ar e distinguishe d (se e belo w fo r  th e analysi s 
of  th e Dutc h system) .  I t  i s  hypothesize d tha t  i n a n imitatio n 
tas k regula r  word s wil l  b e imitate d quit e accurately ,  a t  leas t 
mor e accuratel y tha n word s tha t  ar e marke d i n th e metrica l 
framework ,  whil e word s tha t  sho w prohibite d stres s pattern s 
wil l  caus e mos t  imitatio n errors . 

Bot h studie s reac h simila r  conclusions .  Firs t  o f  all ,  th e 
hypothesi s wa s confirme d tha t  th e mor e irregula r  a  wor d 
accordin g t o th e metrica l  analysis ,  th e mor e error s childre n 
make.  Regula r  word s ar e imitate d correctl y fa r  mor e 
frequentl y tha n non-regula r  words .  Secondly ,  a n analysi s o f 
th e typ e o f  error s reveal s a  tendenc y toward s regularizatio n o f 
irregula r  word s an d word s wit h a  prohibite d pattern . 
Regularizatio n amount s t o eithe r  a  modificatio n o f  th e 
words '  stres s patter n o r  a  modificatio n o f  th e segmenta l  o r 
syllabi c materia l  o f  th e word .  W h e n childre n modif y th e 
stres s patter n o f  words ,  the y ten d t o regulariz e it ,  i.e. ,  th e 
locatio n o f  th e mai n stres s i s change d s o tha t  th e stres s 
patter n become s mor e regula r  fro m a  metrica l  perspective . 
For  instance ,  fo r  word s wit h a  fina l  ope n syllable ,  a s i n 
/boLA:/ ,  stres s o n th e penultimat e syllabl e i s th e regula r 
cas e i n Dutch .  Hence ,  shiftin g stres s t o th e penultimat e 
syllable ,  whic h yield s /BOla:/ ,  i s  a n exampl e o f  regularizin g 
th e stres s pattern .  W h e n childre n modif y th e structur e o f  a 
tes t  wor d the y eithe r  ad d o r  delet e segment s o r  syllable s i n 
orde r  t o regulariz e th e word .  Fo r  instance ,  a  stron g 
generalizatio n i n Dutc h stres s assignmen t  hold s tha t  word s 
endin g i n a  superheav y syllabl e (e.g. ,  a  syllabl e wit h a  lon g 
vowe l  followe d b y a t  leas t  on e consonan t  abbreviate d a s 
V V C ^ )  carr y mai n stres s o n tha t  syllable .  W h e n imitatin g a 
wor d endin g i n a  lon g vowe l  an d stres s o n th e fina l  syllable , 
as i n th e nonsens e wor d /fe:ni:MO:/ ,  children' s strateg y 
ofte n consist s i n addin g a  consonan t  t o th e las t  syllable : 
/fe:ni:MO:N/ .  Th e ne t  effec t  o f  thi s additio n i s tha t  th e fina l 
syllabl e become s superheavy ,  an d thu s show s th e regula r 
patter n fo r  fina l  stress .  I n othe r  words ,  a  patter n tha t  woul d 
not  normall y b e assigne d fina l  stres s i s change d int o on e fo r 
whic h final  stres s i s th e regula r  case .  Hochber g (1988b )  an d 
Nouvea u (1993 )  discove r  simila r  strategie s i n childre n 
acquirin g Spanis h an d Dutch . 

N o w th e questio n arises :  wha t  d o thes e experiment s tel l  u s 
abou t  rul e learning ? A n d mor e specifically ,  wha t  compellin g 
argument s ar e presente d tha t  forc e u s t o accep t  th e 
conclusio n tha t  a  rule-base d approac h i s t o b e preferre d ove r 
an approac h i n whic h th e stres s patter n o f  individua l  words , 
or  individua l  type s o f  words ,  i s  memorized ? Th e mai n 
argumen t  presente d i n bot h studie s i s tha t  children' s 
imitatio n error s sho w certai n patterns ,  viz .  th e relativ e 
markednes s o f  a  stres s patter n correlate s wit h difficult y t o 
imitate ,  an d th e natur e o f  structura l  error s indicate s a 

tendenc y t o chang e th e segmenta l  and/o r  syllabi c structur e o f 
th e word s s o tha t  relativel y irregula r  an d plainl y prohibite d 
pattern s ar e regularized. ^  Thi s argumen t  amount s t o th e 
clai m tha t  metrica l  regularit y correlate s wit h difficult y t o 
imitate .  Howeve r  i t  doe s no t  explai n h o w th e rule s fo r  stres s 
assignmen t  caus e mor e imitatio n error s (o r  mor e error s i n 
spontaneou s productio n a s i s als o observe d b y Hochber g 
1988b) . 

I f  i t  i s  hypothesize d tha t  childre n us e rule s fo r  stres s 
assignment ,  the n error s i n spontaneou s productio n an d i n 
imitatio n hav e t o b e ascribe d t o defectiv e rule s o r  defectiv e 
(e.g. ,  incomplete )  representation s o f  words .  I n th e latte r 
case ,  a  rul e base d accoun t  i s no t  t o b e preferre d ove r  an y 
othe r  alternativ e account ,  sinc e th e caus e o f  th e error s i s no t 
t o b e foun d i n th e rule s themselves .  I n th e forme r  cas e i t 
m ay b e argue d tha t  th e rule s fo r  th e unmarke d (regular )  case s 
ar e acquire d befor e thos e fo r  th e non-regula r  cases .  Thu s th e 
rule s fo r  regula r  word s ar e als o use d fo r  irregula r  ones .  Thi s 
i s a n attractiv e explanatio n i n th e contex t  o f  a  metrica l 
account ,  especiall y i n vie w o f  th e fac t  tha t  irregula r  case s 
requir e som e a d ho c lexica l  markin g ( a prespecifie d lexica l 
foot ,  a n exceptio n t o th e extrametricalit y default ,  an d th e 
like) .  Bu t  then ,  again ,  th e caus e o f  th e error s doe s no t  neces -
saril y  impl y defectiv e rule s bu t  shoul d b e sough t  i n th e lac k 
of  thos e idiosyncrati c lexica l  markings .  Moreover ,  thi s 
explanatio n migh t  catc h th e regularizatio n o f  irregula r  stres s 
patterns ,  i t  canno t  handl e th e irregularizatio n o f  regula r 
patterns . 

Thus ,  i t  seem s tha t  althoug h a  stron g cas e i s mad e fo r  a 
rule-base d approach ,  i t  i s  no t  clea r  h o w th e empirica l 
evidenc e unequivocall y support s it .  Moreove r  i t  ha s bee n 
pointe d ou t  tha t  a n exemplar-base d accoun t  i s dismisse d 
withou t  seriou s consideration .  I n th e followin g section s w e 
wil l  firs t  briefl y describ e a n exemplar-base d learnin g 
algorith m an d th e proble m domain ,  mai n stres s assignmen t 
i n Dutch .  W e wil l  the n procee d t o th e presentatio n o f  th e 
experimenta l  results . 

The Learning Algorithm 

I n thi s stud y w e us e Instance-Base d Learnin g (EBL ,  Ah a e t 
al. ,  1991) .  A  distinguishin g featur e o f  thi s laz y learnin g 
algorith m i s tha t  n o explici t  abstraction s suc h a s rule s ar e 
constructe d o n th e basi s o f  examples .  Instead ,  a  selectio n o f 
th e example s encountere d durin g th e trainin g phas e i s use d 
t o classif y ne w inputs .  Th e syste m implement s a  typ e o f 
supervise d learning :  i t  i s  traine d b y presentin g a  numbe r  o f 
pattern s (words )  togethe r  wit h thei r  correc t  classificatio n 
(thei r  appropriat e stres s pattern) .  Testin g th e syste m consist s 
of  presentin g nove l  word s (tes t  items) ,  th e stres s patter n o f 
whic h ha s t o b e predicted .  I B L base s it s predictio n o n th e 
similarit y o f  th e tes t  ite m wit h th e example s encountere d 
durin g training .  A s such ,  I B L incorporate s th e typ e o f 
exemplar-base d mode l  implicid y discusse d i n th e acquisitio n 
literature . 

'Th e followin g conventiona l  abbreviation s ar e used :  ' V = 
shor t  vowel ,  'V V =  lon g vowel ,  ' C =  consonant ,  'X '  =  vowe l  o r 
consonant . 

^Th e opposit e change ,  regula r  word s bein g irregularize d wa s 
not  expecte d bu t  i t  nevertheles s occurre d (i n 2 3 % o f  Hochberg' s 
error s i n regula r  word s an d i n Nouveau' s stud y w e calculate d 
mean percentage s o f  21. 7 fo r  3-year-old s an d 16.0 7 fo r  4-year -
olds) . 
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The learnin g componen t  o f  IB L i s se t  u p a s follows : 
durin g training ,  pre-categorize d item s ar e presente d i n a n 
incrementa l  wa y t o th e learnin g component .  I f  th e ite m wa s 
not  alread y encountere d earlier ,  a  ne w memor y recor d i s 
create d i n whic h th e ite m ( a word )  an d it s prope r 
categorizatio n (it s stres s pattern )  ar e stored .  IB L als o store s 
th e item' s categor y distributio n ( a recor d showin g fo r  eac h 
possibl e categorizatio n th e numbe r  o f  time s th e ite m wa s 
associate d wit h thi s categor y i n th e trainin g set) .  Durin g a 
tes t  phase ,  th e performanc e componen t  carrie s ou t  a  require d 
task .  I n thi s case ,  IB L ha s t o predic t  th e stres s patter n o f  a 
nove l  word .  Fo r  thi s th e syste m relie s o n a n explici t 
procedur e fo r  determinin g th e similarit y o f  a  tes t  ite m wit h 
th e item s presen t  i n memory .  I f  a  tes t  ite m i s presen t  i n 
memory the n IB L check s th e categor y distributio n o f  th e 
memorize d ite m an d return s th e mos t  frequen t  categor y 
associate d wit h it .  I f  verifyin g memor y doe s no t  yiel d a n 
exac t  match ,  th e similarit y o f  th e tes t  ite m wit h al l  item s 
kept  i n memor y i s computed ,  an d a  categor y i s assigne d 
base d o n th e categor y o f  th e mos t  simila r  item . 

The basi c algorith m o f  IB L (Ah a e t  al. ,  1990 )  determine s 
similarit y usin g a  straightforwar d overla p metri c fo r 
symboli c features :  i t  calculate s th e overla p betwee n a  tes t 
ite m an d eac h individua l  memor y ite m o n a n equal/non-equa l 
basis .  Thi s metri c treat s al l  feature s a s equall y important , 
though .  W e extende d th e algorith m wit h a  techniqu e fo r 
automaticall y assignin g a  degre e o f  relativ e importanc e o f 
features .  Th e concep t  o f  Informatio n Gai n (se e e.g. , 
Quinlan ,  1986 )  wa s use d fo r  thi s aim .  Th e basi c ide a i s t o 
modif y th e matchin g proces s o f  th e tes t  ite m wit h th e 
memorize d item s i n suc h a  wa y tha t  th e importanc e o f 
individua l  feature s i s use d i n makin g th e similarit y 
judgment .  I n othe r  words ,  feature s tha t  ar e importan t  fo r  th e 
predictio n shoul d b e mad e t o bea r  mor e heavil y o n th e 
similarit y judgment .  Thi s ai m i s reache d b y incorporatin g 
th e informatio n gai n o f  eac h featur e a s a  weigh t  i n th e 
similarit y metric . 

Metrical Structure of Dutch 

The Dutc h syste m o f  mai n stres s assignmen t  i n underive d 
word s exhibit s a  fai r  numbe r  o f  generalizations ,  bu t  a t  th e 
same time ,  i t  i s  no t  s o regula r  a s t o mak e it s acquisitio n a 
trivia l  task .  Dutc h occupie s a  middl e groun d betwee n fre e 
and fixe d stres s system s (Kager ,  1989) .  Th e mai n 
generalization s governin g th e domai n ca n b e summarize d a s 
follows :  (i )  Mai n stres s i s restricte d t o a  thre e syllabl e 
windo w fro m th e righ t  wor d edge ,  thu s makin g th e 
antepenultimate ,  th e penultimat e an d th e fina l  syllable s 
landin g site s fo r  mai n stress ,  (ii )  Syllable s containin g a 
schwa ar e neve r  stressed ,  moreove r  stres s almos t  alway s fall s 
on th e immediatel y precedin g syllable ,  (iii )  Antepenultimat e 
stres s ma y occu r  acros s a  V V penult ,  bu t  apar t  fro m a  fe w 
exception s neve r  acros s a  V C penult . 

I n a  metrica l  analysis ^  thes e observation s ar e caugh t  i n 
th e followin g way :  Dutc h i s characterize d a s a  quantit y 

'Th e metrica l  analysi s adopte d her e reflect s a  broa d 
consensu s i n th e Dutc h metrica l  literatur e (se e e.g. ,  Kager , 
1989;  Trommele n &  Zonneveld ,  1989) .  Thoug h th e account s 
diffe r  i n th e formalis m used ,  the y agre e o n th e majo r  aspect s o f 

sensitiv e trochai c languag e wit h right  extrametricality .  Wor d 
fina l  - W an d -V C syllable s ar e alway s extrametrica l  (-VX C 
syllable s ar e not )  an d extrametricalit y applie s afte r  foo t 
formation .  Th e word-tre e i s right-branchin g an d labele d 
uniforml y W-S .  Thi s characterization ,  formulate d i n a  tre e 
onl y framework ,  result s i n penultimat e stres s a s th e defaul t 
fo r  mos t  type s o f  words .  I t  require s howeve r  thre e type s o f 
lexica l  markings ,  whic h reflect s bot h th e unequa l  statu s o f 
th e stres s pattern s a s wel l  a s thei r  frequenc y difference s i n 
th e lexico n (se e Daeleman s e t  al. ,  1994) . 

Lexica l  marking s amoun t  t o th e following :  (1 )  a  syllabl e 
marke d wit h a  prespecifie d lexica l  foo t  (indicate d a s LF ) 
behave s a s a n exceptio n t o regula r  foo t  formation .  Th e 
syllabl e wil l  figur e a s a  monosyllabi c foot .  Thi s mechanis m 
i s neede d fo r  instanc e i n th e cas e o f  VV-fina l  word s wit h 
antepenultimat e stress .  (2 )  A  syllabl e marke d a s [-ex ]  i s 
exceptiona l  vis-k-vi s th e extrametricalit y rule :  i t  i s 
withdraw n fro m th e regula r  applicatio n o f  extrametricality . 
The ai m i s t o attrac t  stres s t o VC-fma l  syllable s tha t  ar e 
normall y subjec t  t o extrametricality .  (3 )  Th e tw o precedin g 
mechanism s ca n b e combined .  Th e ai m i s t o attrac t  stres s 
t o VV-fina l  syllable s tha t  normall y ar e assigne d th e wea k 
branc h o f  a  binar y foo t  an d ar e normall y 'invisible '  fo r  mai n 
stres s assignmen t  du e t o extrametricality .  Word s no t  covere d 
by th e regula r  case ,  no r  b y th e applicatio n o f  th e 
idiosyncrati c lexica l  marking s ar e irregula r  an d nee d ful l 
lexica l  markin g o f  thei r  stres s pattern . 

Applicatio n o f  thi s analysi s lead s t o fou r  type s tha t  diffe r 
i n relativ e regularity ,  or ,  conversely ,  relativ e markedness :  (i ) 
th e regula r  (R )  cas e i s th e leas t  marked ,  (ii )  word s tha t  nee d a 
singl e idiosyncrati c marking ,  eithe r  L F o r  [-ex] ,  ar e mor e 
marke d tha n th e R  words* ;  (iii )  word s tha t  nee d bot h 
exceptio n feature s (L F an d [-ex] )  ar e eve n mor e marke d tha n 
(i )  an d (ii) ,  an d (iv )  th e irregula r  word s ar e mos t  marked . 

I n th e experimen t  reporte d i n th e nex t  section ,  thi s 
markednes s scal e wil l  b e use d t o asses s th e relationshi p 
betwee n metrica l  markednes s an d eas e o f  productio n (a s 
measure d b y th e numbe r  o f  productio n errors) .  Thi s 
relationshi p wa s note d i n childre n acquirin g thei r  firs t 
language ,  an d th e experimen t  aim s a t  disclosin g i f  a n 
exemplar-base d artificia l  learne r  show s th e sam e behavior . 

Experiment 

I n th e experimen t  w e wante d t o investigat e IBL' s behavio r  i n 
predictin g th e stres s patter n o f  nove l  words .  Nove l  word s fo r 
an artificia l  learne r  ar e equivalen t  t o nonsens e word s fo r 
natura l  learners :  th e word s ca n b e safel y considere d t o b e 
unknow n i n bot h cases .  Ou r  dat a consis t  o f  468 6 underive d 
or  monomorphemi c Dutc h word s extracte d fro m th e C E L E X 
lexica l  databas e (se e Daeleman s e t  al. ,  199 4 fo r  a  ful l 

th e metrica l  accoun t  a s wel l  a s o n th e amoun t  o f  lexica l  markin g 
needed .  Nouvea u (1993 )  analyse s he r  dat a i n muc h th e sam e 
framewor k a s th e on e use d her e s o tha t  a  clos e compariso n i s 
perfectl y feasible . 

^Metrica l  analysi s doe s no t  ascrib e difference s i n markednes s 
or  exceptionalit y t o th e [-ex ]  a s oppose d t o th e L F cases ,  an d 
henc e the y ar e treate d a s occupyin g th e sam e positio n o n th e 
markednes s scale . 
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description) .  M o n o m o r p h e m e s wer e chose n s o a s t o replicat e 
a simila r  choic e i n th e experiment s wit h children . 

Data Coding 

Th e dat a wer e encode d usin g a  plai n phonemi c transcriptio n 
of  th e inpu t  words .  Th e onl y structurin g o f  a n inpu t  wor d 
consiste d o f  (i )  th e fac t  tha t  fo r  th e sak e o f  convenienc e onl y 
th e las t  thre e syllable s o f  th e wor d wer e preserved ;  an d (ii ) 
th e wor d wa s presente d a s a  concatenatio n o f  th e onset , 
nucleu s an d cod a o f  it s  las t  thre e syllables .  Thus ,  th e wor d 
'antraciet '  (IP A transcriptio n /antra:si:t/ ,  anthracite )  i s 
encode d a s ' = A  n  t r  a  =  s  i  t '  (wher e th e '= '  stand s fo r  th e 
empt y onse t  o f  th e first  syllable ,  an d th e empt y cod a o f  th e 
secon d syllable) .  Thi s encodin g o f  eac h wor d i s presente d t o 
th e syste m togethe r  wit h th e appropriat e stres s patter n i n th e 
learnin g phase .  I n th e tes t  phase ,  th e syste m predict s o n th e 
basi s o f  th e phonemi c transcriptio n th e stres s patter n o f  a 
tes t  word ,  i.e. ,  i t  predict s eithe r  F I N (fina l  stress) ,  P E N 
(penultimat e stress )  o r  A N T (antepenultimat e stress) .  Th e 
succes s rat e o f  th e algorith m i s obtaine d b y calculatin g th e 
number  o f  correc t  prediction s o n a  tes t  se t  afte r  trainin g wit h 
a disjoin t  trainin g set .  T h e methodolog y use d i s calle d 
'leaving-one-out '  an d i s full y  describe d i n Daeleman s e t  al . 
(1994) . 

Results 

F ro m th e acquisitio n studies ,  tw o testabl e prediction s ca n b e 
extracted .  Th e first  on e i s tha t  th e mor e marke d a  word' s 
metrica l  structure ,  th e mor e error s ar e t o b e expected .  Th e 
secon d predictio n relate s t o th e outcom e o f  th e errors :  ther e 
i s a  tendenc y t o regulariz e th e stres s patter n o f  word s b y 
changin g (i )  th e positio n o f  primar y stres s i n th e word ,  o r 
(ii )  b y changin g th e syllabi c o r  segmenta l  for m o f  th e word . 
We wil l  n o w tur n t o th e result s o f  ou r  experiment s wit h IB L 
t o se e i f  thes e prediction s als o hol d fo r  th e behavio r  o f  thi s 
exemplar-base d system . 

Prediction 1: The more irregular a word, the 
m o r e error s childre n malce .  I f  th e firs t  predictio n 
holds ,  w e expec t  tha t  th e mor e marke d a  wor d i s o n th e 
metrica l  markednes s scale ,  th e mor e erroneou s prediction s 
I B L wil l  m a k e abou t  thei r  stres s pattern .  I n Tabl e 1  th e 
percentag e o f  error s pe r  metrica l  categor y ar e displayed .  Th e 
dat a clearl y sho w tha t  ther e i s a  clos e relationshi p betwee n 
th e relativ e markednes s o f  th e stres s pattern s an d th e 
system' s succes s i n predictin g th e correc t  stres s patter n o f 
nove l  words .  Regula r  word s sho w a  ver y lo w percentag e o f 
errors ,  an d irregula r  word s sho w a  ver y hig h erro r  percentage . 
I n betwee n thes e tw o extremes ,  ther e i s a  gradua l  increas e o f 
th e erro r  rat e from  word s tha t  nee d a  singl e featur e ([-ex ]  o r 
L F )  t o word s tha t  requir e bot h exceptio n feature s ([-ex ]  an d 
LF ) . ^  Thes e result s ar e highl y comparabl e t o thos e reporte d 

by Nouvea u (1993) .  Thoug h IB L i s les s erro r  prone ,  a 
simila r  correspondenc e betwee n markednes s an d enor s i s 
reporte d (se e Tabl e 1) . 

Table 1: Percentage of errors in 3- and 4-year-olds 
(Nouvea u 1993 )  an d IBL . 

-'Al l  comparison s yiel d a  statisticall y significan t  resul t  usin g 
th e X  -test ,  excep t  fo r  th e compariso n betwee n th e tw o mos t 
marke d categorie s (L F an d [-ex ]  compare d wit h th e Irregula r 
patterns) .  Thi s i s a n interestin g findin g i n tha t  Nouvea u (1993 : 
8)  notice s tha t  fo r  particula r  type s o f  word s i n whic h thes e tw o 
marking s occur ,  th e result s d o no t  clearl y differentiat e th e 
Irregula r  patter n fro m th e L F an d [-ex ]  pattern .  Childre n di d no t 

Learner s 

3-year -
old s 
4-year -
old s 
IB L 

Regula r 

20 

15 

8 

[-ex ]  o r 
LF 
40 

30 

25 

[-e x 
LF 

50 

55 

34 

lan d Irregula r 

65 

60 

44 

The mai n poin t  i s  tha t  whe n w e se t  ou t  th e stres s patter n 
accordin g t o thei r  relativ e markednes s an d th e frequency  o f 
error s fo r  eac h metrica l  category ,  ther e i s a  clea r  cu t 
relationshi p betwee n bot h scale s i n bot h children' s 
productio n dat a an d i n th e result s o f  th e artificia l  learnin g 
algorithms :  th e mor e marke d a  wor d o n th e metrica l  scale , 
th e mor e productio n error s i n bot h natura l  an d artificia l 
learners . 

Prediction 2: In cases of error, non-regular 
word s ten d t o b e regularized .  Bot h Hochber g i n he r 
stud y o f  Spanis h stres s acquisitio n an d Nouvea u fo r  Dutc h 
foun d tha t  error s mos t  frequently  resulte d i n a  regularizatio n 
of  th e stres s patterns .  I n thei r  imitatio n task ,  childre n tende d 
t o regulariz e th e stres s patter n o f  marke d words .  Th e 
opposit e directio n i n th e error s wa s fa r  les s frequently  noted . 
The evidenc e Hochber g an d Nouvea u brin g t o bea r  o n thi s 
clai m consist s o f  bot h stres s shif t  (th e stres s patter n o f  a 
wor d i s changed )  an d o n change s i n th e segmenta l  materia l 
of  th e wor d o r  th e syllabi c make-u p o f  th e word .  W e wil l 
first  examin e stres s shift s an d the n analyz e change s i n th e 
syllabi c an d segmenta l  material . 

I n th e cas e o f  word s marke d a s regula r  an d thos e marke d a s 
irregular ,  stres s shift s ca n onl y g o i n on e direction .  W h e n 
we compar e th e result s o f  thes e categories ,  a  significan t 
differenc e ( p <  .000 1 i n a  x -̂test )  occur s betwee n th e regula r 
word s tha t  ar e irregularize d a s oppose d t o irregula r  word s 
bein g regularized .  Thus ,  irregula r  word s ar e fa r  mor e 
frequently  regularize d tha n regula r  word s sho w a  chang e i n 
th e opposit e direction .  Fo r  othe r  type s o f  words ,  stres s shif t 
ca n resul t  i n a  mor e regula r  stres s pattern ,  a  mor e irregula r 
on e o r  i t  m a y entai l  n o chang e o n th e metrica l  markednes s 
scale .  Fo r  instance ,  word s endin g i n tw o ope n syllable s nee d 
on e lexica l  markin g fo r  antepenultimat e stres s (viz .  a  lexica l 
foot ,  L F ) .  A  shif t  t o penultimat e stres s entail s a 
regularizatio n o f  th e stres s patter n (penultimat e stres s i s th e 
unmarke d patter n fo r  thes e words) ,  whil e a  chang e t o final 
stres s implie s a n irregularizatio n o f  th e stres s patter n (fo r 

"disfavor "  th e final  stres s patter n significantl y mor e tha n th e 
antepenultimat e stres s patter n i n thos e words .  Case s i n poin t 
are ,  fo r  instance ,  th e -VC-V V word s whic h nee d a  L F an d [-ex ] 
fo r  fina l  stres s an d whic h ar e Irregula r  i n cas e o f  antepenultimat e 
stress . 
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thes e word s t o attai n final  stres s the y requir e a n L F an d [-ex ] 
marking) .  Tabl e 2  contain s th e result s fo r  th e categorie s tha t 
permi t  a  shif t  t o eithe r  a  mor e regula r  stres s patter n o r  a 
mor e irregula r  one .  Th e shif t  toward s regularizatio n occur s 
mor e frequentl y tha n a  shif t  i n th e opposit e direction . 
Moreover ,  th e mor e marke d a  categor y o n th e markednes s 
scale ,  th e m o r e pronounce d th e tendenc y toward s 
regularization .  Al l  difference s ar e significan t  a t  p  <  .000 1 i n 
a x -̂test . 

Table 2: Direction of errors in cases of stress shift 

Typ e 

[-ex ]  o r 
LF 
[-ex ]  an d 
LF 

Mor e 
Regula r 

73.6 8 

97.7 0 

Result s 
Remain s 

S a me 

7.8 9 

0 

of  Erro r 
Mor e 

Irregula r 

18.4 2 

2.3 0 

Tota l 
Error s 

152 

87 

The dat a sho w tha t  simila r  t o th e childre n teste d b y Nouvea u 
and Hochberg ,  ther e i s a  tendenc y toward s regularization . 
Thus thes e result s sho w a  remarkabl e similarit y betwee n th e 
natura l  an d th e artificia l  learner . 

The secon d aspec t  o f  th e tendenc y toward s regularizatio n 
take s int o accoun t  segmenta l  and/o r  syllabi c changes :  whe n 
children' s productio n o f  a  wor d i s no t  a n exac t  replicatio n o f 
th e (adult )  stimulu s word ,  change s i n th e segmenta l  and/o r 
th e syllabi c structur e amoun t  t o a  regularizatio n o f  th e for m 
of  th e wor d vis-̂ -vi s  it s stres s pattern .  I n orde r  t o examin e i f 
IB L mad e simila r  errors ,  w e analyze d h o w th e syste m arrive d 
at  it s  erroneou s stres s assignments .  T o recapitulate :  IB L 
base s it s stres s assignmen t  fo r  a  tes t  wor d o n th e (mos t 
frequent)  stres s patter n associate d th e wor d store d i n memor y 
tha t  i s mos t  simila r  t o th e tes t  word .  Thi s mos t  simila r 
memorize d wor d i s als o calle d th e 'neares t  neighbor '  ( N N ) . 
For  eac h tes t  wor d tha t  I B L misclassified ,  w e examine d it s 
N N.  Thos e NN' s wer e selecte d tha t  differe d fro m th e tes t 
ite m i n thei r  segmenta l  o r  syllabi c structure .  Segmenta l 
change s wer e define d a s change s i n th e nucleu s an d th e cod a 
tha t  affecte d thei r  VC-structure .  Thes e ca n b e enumerate d 
quit e easily :  (i )  change s i n vowe l  lengt h (suc h a s a  shor t 
vowel  i n th e tes t  ite m i s parallele d b y a  lon g vowe l  i n it s 
N N)  an d (ii )  change s i n th e numbe r  o f  consonant s (e.g. ,  a t 
th e exac t  locatio n wher e th e tes t  ite m ha s tw o consonants , 
it s N N ha s none). ^  Difference s i n syllabi c structur e betwee n 
a tes t  wor d an d it s N N concerne d change s i n th e numbe r  o f 
syllable s (e.g. ,  th e N N o f  a  trisyllabi c tes t  wor d i s 
bisyllabic) . 

On th e basi s o f  th e segmenta l  an d syllabi c changes ,  i t  ca n 
be determine d wha t  directio n thes e change s poin t  at :  i s  th e 
stres s patter n o f  th e N N mor e regula r  o r  les s regula r  o r  doe s 

"Only  thos e change s wer e take n int o accoun t  tha t  le d t o a 
chang e i n syllabl e weight ,  a  crucia l  piec e o f  informatio n i n a 
quantit y sensitiv e languag e lik e Dutch .  Thes e change s ar e 
relativel y robus t  t o differen t  possibl e representation s o f 
exemplar s i n memory ,  a s th e informatio n gai n metri c pick s ou t 
as relevan t  exactl y thos e feature s tha t  ar e importan t  t o syllabl e 
weight . 

i t  no t  impl y an y chang e i n markednes s o f  th e metrica l 
structure ? Tabl e 3  contain s th e result s o f  th e analysis .  Fo r 
eac h typ e o f  wor d th e resul t  o f  th e erro r  i s indicated :  i n thos e 
case s wher e th e tes t  wor d wa s erroneousl y stressed ,  th e 
positio n o f  it s  N N o n th e metrica l  markednes s scal e wa s 
determine d an d compare d t o th e positio n o f  th e tes t  wor d o n 
tha t  scale .  Th e compariso n o f  bot h position s wa s classifie d 
as 'better '  ( N N mor e regular) ,  'worse '  ( N N mor e irregular )  o r 
'same '  ( N N occupie s sam e positio n o n markednes s scal e a s 
tes t  word) .  Tabl e 3  show s th e dat a fo r  I B L a s wel l  a s th e dat a 
fo r  3-year-old s reporte d i n Nouvea u (1993) . 

Th e result s o f  th e segmenta l  and/o r  syllabi c change s ar e 
quit e straightforward :  fo r  al l  type s o f  words ,  regularization s 
('better '  an d 'same '  i n Tabl e 3 )  outnumbe r  irregularizations . 
Moreover ,  th e result s ver y closel y paralle l  th e behavio r  o f 
th e 3-year-old s i n Nouveau' s (1993 )  experiment :  w h e n 
childre n adap t  th e wor d structur e o f  words ,  the y ad d o r  delet e 
segment s o r  syllable s i n suc h a  wa y tha t  th e wor d structur e 
and th e stres s patter n harmoniz e mor e closely . 

So fa r  w e hav e mainl y deal t  wit h children' s an d IBL' s 
tendenc y toward s regularization .  However ,  a s wa s mentione d 
i n passing ,  childre n irregulariz e a s well .  I n th e studie s o f 
Hochber g an d Nouvea u 2 0 t o 2 5 % o f  children' s error s ar e 
irregularization s instea d o f  regularizations .  Thi s 
phenomeno n constitute s a  seriou s proble m fo r  a  rule-base d 
approach :  give n tha t  th e overgenera l  applicatio n o f  a  rul e fo r 
regula r  case s ca n accoun t  fo r  th e tendenc y t o regulariz e mor e 
irregula r  words ,  i t  remain s unexplaine d w h y tha t  rul e di d no t 
appl y i n case s o f  irregularization .  I n thi s respec t  a n 
exemplar-base d approac h appear s t o b e mor e promising : 
irregularization s ar e cause d b y th e N N ,  th e mos t  simila r 
ite m i n memory .  Th e sourc e o f  th e erro r  ca n b e twofold : 
eithe r  th e N N ha s a  stres s patter n tha t  i s mor e irregula r  tha n 
th e correc t  patter n o f  th e nove l  word ,  or ,  a s illustrate d i n thi s 
section ,  th e N N itsel f  ha s a  mor e regula r  pattern ,  bu t  tha t 
patter n i s les s regula r  fo r  th e nove l  word . 

Conclusion 

I n thi s paper ,  w e investigate d a  clai m i n th e languag e 
acquisitio n literatur e i n favo r  o f  a  rule-base d approac h an d 
agains t  a n exemplar-base d approach .  I t  i s argue d i n thi s 
literatur e tha t  th e pattern s foun d i n children' s 'errors '  provid e 
unequivoca l  evidenc e tha t  the y lear n rule s fo r  stres s 
assignmen t  instea d o f  learnin g stres s o n a  word-by-wor d 
basis .  Th e specifi c  evidenc e brough t  t o bea r  o n thi s issu e 
comes fro m children' s error s i n imitatin g nove l  words .  I t 
was show n b y Hochber g (1988a ,  b )  fo r  Spanis h an d 
Nouvea u (1993 )  fo r  Dutc h tha t  children' s error s paralle l 
metrica l  markedness .  Furthermore ,  th e error s consiste d 
predominantl y o f  regularization s o f  th e stres s pattern .  Thi s 
evidenc e wa s take n a s a n unequivoca l  indicatio n fo r  a  rule -
base d approac h t o stres s acquisitio n an d agains t  a n exemplar -
base d approach :  th e paralle l  betwee n metrica l  markednes s an d 
productio n error s an d th e driv e toward s regularizatio n ar e no t 
t o b e expecte d i n a n exemplar-base d approach . 

We argue d i n thi s pape r  tha t  thi s argumentatio n leave s 
m u ch t o b e desired .  Firs t  o f  all ,  i t  wa s pointe d ou t  tha t  th e 
exemplar-base d alternativ e wa s no t  teste d o n it s rea l  merits . 
We se t  ou t  t o sho w tha t  a n exemplar-base d approac h offer s a 
vali d alternative .  Instance-Base d Learnin g (IBL )  wa s use d i n 
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Tabl e 3 :  Directio n o f  error s i n case s o f  segmenta l  and/o r  syllabi c changes . 

Regula r 

[-ex ]  o r  L F 

L F an d [-ex ] 

Irregula r 

3-year-old s 
EL 
3-year-old s 
IB L 
3-year-old s 
IB L 
3-year-old s 
IB L 

Bette r 

1 
1 

6 5 % 
7 2 % 
7 5 % 
9 6 % 
9 5 % 
8 5 % 

Resul t  o f  Erro r 
Same 

7 0 % 
6 9 % 
3 0 % 
1 4 % 
2 5 % 
4 % 
5 % 
1 5 % 

Worse 

3 0 % 
3 1 % 
5 % 
1 4 % 
0 % 
0 % 

1 
1 

Tota l  Error s 

114 

37 

23 

13 

an experimen t  tha t  closel y mirror s th e imitatio n tas k 
performe d wit h children :  th e algorith m wa s use d i n a n 
experimen t  i n whic h th e stres s patter n o f  nove l  word s (a t 
leas t  fo r  th e algorithms )  ha d t o b e predicted .  Th e result s o f 
th e experimen t  indicat e tha t  th e syste m 'erre d int o patterns' : 
The specifi c  productio n error s foun d i n childre n wer e als o 
remarke d i n IBL' s tes t  results .  Th e system' s error s closel y 
parallele d metrica l  markedness ,  an d it s tendenc y t o regulariz e 
irregula r  word s wa s pronounced . 

Thes e experimenta l  result s sho w tha t  th e pattern s o f  error s 
obtaine d i n th e languag e acquisitio n studie s d o no t 
necessaril y  exclud e a n exemplar-base d explanatio n i n favo r 
of  a  rule-base d one .  Ou r  tes t  wit h a n artificia l  learne r  tha t 
use s th e similarit y o f  nove l  word s wit h word s store d i n 
memory (an d tha t  i s  sensitiv e t o th e frequenc y o f  stres s 
patterns )  indicate s tha t  suc h a n approac h t o learnin g ma y 
constitut e a  vali d alternativ e t o th e rule-base d approac h 
advocate d i n th e literature . 
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