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A b s t r a c t 

This paper investigates the computational 
groundin g o f  learnin g theorie s develope d 
withi n a  metrica l  phonolog y approac h t o 
stres s assignment .  I n curren t  researc h 
th e Principle s an d Parameter s approac h 
t o learnin g stres s i s  pervasive .  W e poin t 
out  som e inheren t  problem s associate d wit h 
thi s approac h i n leaxnin g th e stres s sys -
te m o f  Dutch .  Th e pape r  focuse s o n tw o 
specifi c  aspect s o f  th e learnin g task :  w e 
empiricall y investigat e th e eflFec t  o f  inpu t 
encoding s o n learnability ,  an d w e exam -
in e th e possibilit y o f  a  data-oriente d ap -
proac h a s a n alternativ e t o th e Principle s 
an d Parameter s approach .  W e sho w tha t 
a data-oriente d similarity-base d machin e 
learnin g techniqu e (Instance-Base d Learn -
ing) ,  workin g o n phonemi c inpu t  encoding s 
i s abl e t o lear n metrica l  phonolog y abstrac -
tion s base d o n concept s lik e syllabl e weight , 
an d tha t  i n addition ,  i t  i s  abl e t o extrac t 
generalization s whic h canno t  b e expresse d 
withi n a  metrica l  framework . 

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

Machine learning of metrical phenomena is an inter-
estin g domai n fo r  explorin g th e potentia l  o f  partic -
ula r  machin e learnin g techniques ,  an d mor e gener -
ally ,  t o stud y th e rol e Machin e Learnin g ca n pla y i n 
theor y formatio n (th e computationa l  groundin g o f  a 

'  Th e researc h o f  Steve n Gilli s an d Ger t  Durieu x wa s 
supporte d b y a  Researc h Gran t  S  2/ 5 CL.D9 8 fro m 
th e Natione d Fun d fo r  Scientifi c  Researc h (Belgium) ,  an d 
a researc h gran t  "Fundamentel e Menswetenschappen " 
(8.0034.90) .  W e ar e gratefu l  t o George s D e Schutte r  an d 
Arthu r  Dirkse n fo r  usefu l  comment s an d discussion . 

learnin g theory) .  No t  onl y ar e availabl e a  solid ,  rela -
tivel y independent ,  theoretica l  framewor k an d elab -
orat e description s o f  th e linguisti c data ,  i t  i s  als o th e 
cas e tha t  metrica l  phenomen a exhibi t  th e combina -
tio n o f  generalization ,  subregularit y an d exception s 
whic h i s typica l  o f  linguisti c phenomen a i n general . 

M a c h i n e learnin g o f  metrica l  p h e n o m e n a 

Recently, several computational learning models 
tha t  specificall y addres s th e proble m o f  ho w t o lear n 
th e regularitie s o f  stres s assignmen t  hav e bee n pro -
posed :  Gupt a &  Touretzk y (1991) ,  Dreshe r  &  Kay e 
(1990) ,  Nyber g (1992) .  The y al l  approac h th e learn -
in g proble m fro m th e angl e o f  th e 'principle s an d pa -
rameters '  theor y (Chomsk y 1981) .  I n thi s approac h 
th e learne r  come s t o th e tas k o f  languag e learnin g 
equippe d wit h a  prior i  knowledg e incorporate d i n a 
universa l  gramma r  tha t  constrain s hi m t o entertai n 
onl y usefu l  generalizations .  I t  i s  assume d tha t  uni -
versa l  gramma r  specifie s a  numbe r  o f  parameter s rel -
evan t  t o th e metricci l  domai n (se e Dreshe r  &  Kaye , 
1990) .  Th e computationa l  model s ad d a  learnin g 
theor y t o th e linguisti c notio n o f  universa l  grammar . 
Thi s theor y specifie s wha t  aspect s o f  th e dat a ar e rel -
evan t  t o eac h parameter ,  an d i t  als o determine s ho w 
th e dat a processe d b y th e learne r  ar e t o b e use d t o 
set  th e value s o f  th e parameters .  C o m m on t o th e 
system s referre d t o i s tha t  the y tr y t o fix  th e value s 
of  parameter s relevan t  t o th e metrica l  domain . 

stres s assignmen t  i n D u t c h 

In order to introduce the parameter setting prob-
lem s i n th e P & P approac h fo r  th e cas e o f  Dutch , 
a shor t  presentatio n o f  som e basi c fact s abou t  th e 
stres s syste m o f  Dutc h appear s t o b e i n order .  Th e 
most  straightforwar d wa y t o presen t  stres s assign -
ment  i n Dutc h i s b y reviewin g th e setting s o f  th e 
relevan t  metrica l  parameter s (se e Dreshe r  &  Kaye , 
1990 ,  Trommele n &  Zonneveld ,  1990) : 
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PI  Th e word-tre e i s stron g o n th e [Left / 
Right ] 

P2 Fee t  ar e [Binary/Unbounded ] 
P3 Fee t  ar e buil t  fro m th e [Left/Right ] 
P4 Fee t  ar e stron g o n th e (Left/Right ) 
P5 Fee t  ar e quantit y sensitiv e [Yes/No ] 
P6 Fee t  ar e quantit y sensitiv e t o th e 

[Rhyme/Nucleus ] 
PSA Ther e i s a n extrametrica l  syllabl e 

[No/Yes ] 
P8 I t  i s extrametrica l  t o th e 

[Left/Right ] 

Righ t 
Binar y 
Righ t 
Lef t 
Y(>N 

Rhyme 

Yes 

Right 

Tabl e 1 :  Stres s pattern s i n Dutc h word s wit h ligh t 
an d heav y syllable s 

Fro m thes e settings ,  i t  ca n b e inferre d tha t  th e un -
marke d cas e i n Dutc h i s stres s o n th e penultimat e 
syllable .  Takin g th e extrametricalit y parameter s 
int o aiccoun t  (parameter s 8 A an d 8 )  th e possibil -
it y  i s  create d fo r  th e antepenultimat e syllabl e t o b e 
stressed ^  Stres s o n th e las t  syllabl e is ,  accordin g 
t o thi s theory ,  fairl y  marked ,  excep t  fo r  supe r  heav y 
syllable s whic h ar e stresse d almos t  withou t  excep -
tion .  Supe r  heav y syllable s ar e no t  subjecte d t o th e 
extrametricalit y condition . 

Deviations from the unmarked case are handled as 
follows : 

• Lexical Feet [F]. The mechanism of idiosyn-
craticall y assignin g a  lexica l  foo t  stipulate s tha t 
th e syllabl e marke d a s constitutin g a  lexicall y 
prespecifie d (monosyllabic )  foo t  behave s a s a n 
exceptio n t o regula r  foo t  construction . 

•  Except ion s t o th e extrametricalit y rul e 
[-ex] .  Thi s mechanis m indicate s tha t  word s 
marke d a s [-ex ]  ar e t o b e withdraw n fro m th e 
regula r  applicatio n o f  th e extrametricalit y rule . 
Th e ai m o f  thi s markin g i s t o attrjic t  stres s t o a 
fina l  syllabl e tha t  woul d b e extrametrica l  i n th e 
regula r  case . 

•  Lexica l  fee t  i n conjunctio n wi t h excep -
tion s t o extrametricalit y [F] ,  [-ex] .  Th e 
thir d mechanis m combine s th e tw o precedin g 
ones :  i t  mark s a  fina l  syllabl e s o tha t  i t  i s  as -
signe d a  monosyllabi c foot ,  an d subsequentl y 
thi s syllabl e i s withdraw n fro m th e regula r  ap -
plicatio n o f  th e extrametricalit y rul e b y a  [-ex ] 
marking .  Th e thre e exceptio n mechanism s hav e 
i n c o m m o n tha t  th e relevan t  word s hav e t o re -
ceiv e a  markin g i n th e lexicon .  Thi s als o hold s 
fo r  thos e word s tha t  ca n stil l  no t  b e satisfacto -
ril y  treate d b y th e mechanism s discussed .  Thei r 
stres s patter n i s indicate d i n th e lexico n a s well . 

'i n Dutch ,  ever y VX-rhym e i s considere d extrametri -
cal ,  wher e X  stand s fo r  V  o r  C .  Thi s conditio n result s i n 
th e extrametricalit y o f  VV -  an d VC-rhymes ,  bu t  i s no t 
stretche d furthe r  t o includ e supe r  heav y syllable s (whic h 
can onl y occu r  i n wor d final  position) .  Furthermore , 
Dutc h i s fairl y  idiosyncrati c i n th e sens e tha t  extramet -
ricalit y applie s afte r  foo t  formatio n ha s take n place ,  a 
phenomeno n calle d 'late'-extrametricality . 

Typ e 

V V - V V - V V 
V X - V C - V V 
V X - V C - V C 
V X - V V - V C 

Stres s Patter n 
Fina l  Stres s 

•e x 
•e x 
-e x 
-e x 

F 
F 

Penult . 
Stres s 

R 
R 
R 

fF ] 

Antepen . 
Stres s 

[F ] 
I 
I 

R 

I n sum ,  w e hav e fiv e case s accordin g t o th e metri -
ca l  analysi s (betwee n bracket s thei r  frequenc y i n a 
lexico n tha t  wil l  b e describe d i n m o r e detai l  i n th e 
nex t  section) :  (i )  th e regula r  ( R ) ,  unmarke d cas e 
(80.44%) ;  (ii )  a  mechan is m tha t  intrude s int o foo t 
formation :  [F ]  (3.86%) ;  (iii )  a  mechan is m tha t  af -
fect s word-tre e formation :  [-ex ]  (7.15%) ;  (iv )  a  c o m -
binatio n o f  (ii )  an d (iii )  (5.38%) ;  (v )  th e irregula r 
case s (I )  (3.16%) .  Thes e fiv e possibilitie s ca n b e 
scale d accordin g t o thei r  markedness :  th e regula r 
cas e (i )  i s  o f  cours e th e least ,  th e irregula r  cas e (v ) 
th e mos t  marked .  In-betwee n thes e extremes ,  possi -
bilitie s (ii )  an d (iii )  ar e les s marke d tha n (iv) .  Thi s 
scalin g ca n als o b e performe d a t  a  m o r e fine-graine d 
level .  I n Dutch ,  word s wit h thre e o r  m o r e syllable s 
ca n receiv e stres s o n an y o f  th e las t  thre e syllables . 
Thi s m e a n s tha t  eve n word s tha t  hav e equa l  weight s 
i n thei r  las t  thre e syllables ,  ca n nevertheles s exhibi t 
th e thre e possibl e stres s pattern s atteste d i n th e lan -
guage .  T h e mos t  interestin g type s ar e displaye d i n 
Tabl e 1 .  I t  i s  indicate d h o w the y ar e treate d i n th e 
metrica l  framework . 

The parameter setting problem 

A parametric approach that aims at universal valid-
it y wil l  eventuall y hav e t o dea l  wit h th e irregular , 
exceptional ,  an d languag e specifi c  detail s o f  th e lin -
guisti c system .  A t  presen t  thi s appear s t o b e a  prob -
lem .  Fo r  instance ,  Dreshe r  &  Kay e (1990 )  explicitl y 
requir e tha t  th e inpu t  b e completel y transparent . 
The y dedicat e a  specialize d modul e t o determinin g 
i f  ther e exis t  obviou s conflict s (suc h a s th e one s illus -
trate d abov e fo r  Dutch) .  Eventually ,  a  brut e forc e 
learne r  i s invoke d t o dea l  wit h simila r  input . 

They also indicate that the set of parameters will 
undoubtedl y hav e t o b e extende d (se e als o Gup t a & 
Touretzky ,  1991) .  Bu t  keepin g th e presen t  se t  o f  pa -
rameter s a s sufficient ,  fo r  th e sak e o f  th e argument , 
a numbe r  o f  seriou s problem s tur n u p whe n w e tr y 
t o analyz e ho w a  learne r  o f  Dutc h migh t  fi x  th e val -
ues o f  th e parameters .  T w o example s m a y suffic e 
t o illustrat e th e point .  Paramete r  6  relate s t o quan -
tit y sensitivity ,  an d mor e specificall y determine s i f 
a languag e i s quantit y sensitiv e t o th e rhym e o r  t o 
th e nucleus .  I f  th e forme r  i s th e case ,  close d sylla -
ble s an d lon g nucle i  behav e similarl y wit h respec t  t o 
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stress ,  whil e i n th e latte r  cas e onl y branchin g nucle i 
ar e heavy .  I t  i s  no t  clea r  ho w thes e cue s fo r  Param -
ete r  P 6 ca n b e use d i n Dutc h wher e close d syllable s 
do indee d behav e a s ope n syllable s wit h lon g vowel s 
but  thi s i s onl y s o fo r  heav y close d syllable s an d no t 
fo r  supe r  heav y ones . 

Another problem arises with respect to the extra-
metricalit y parameter s 8 A an d 8 .  Dreshe r  &  Kay e 
(1990 :  189 )  poin t  ou t  tha t  extrametricalit y i s a  dif -
ficult  proble m sinc e th e cu e "(... )  presenc e o f  stres s 
at  th e lef t  o r  righ t  edg e o f  a  wor d i s enough ,  i n thi s 
syste m o f  parameters ,  t o rul e ou t  extrametricalit y 
at  th e edge. "  Bu t  lac k o f  stresse d periphera l  sylla -
ble s i s no t  a  sufficien t  conditio n fo r  extrametrical -
ity .  I n th e cas e o f  Dutc h ther e i s a  firm  numbe r  o f 
word s exhibitin g fina l  stres s (i n ou r  lexico n o f  486 8 
polysyllabi c monomorphemes :  39.59%) .  Thu s ho w 
ca n th e learne r  determin e tha t  fo r  Dutc h a  param -
ete r  settin g amountin g t o righ t  extrametricalit y i s 
appropriat e give n a  hug e numbe r  o f  word s wit h final 
stress ? Moreover ,  th e theor y shoul d provid e a  wa y 
t o disentangl e th e cue s fo r  settin g paramete r  8 A (ex -
trametricality )  an d paramete r  6  (quantit y sensitiv -
ity )  sinc e a  branchin g rhym e i s subjec t  t o extramet -
ricalit y excep t  fo r  supe r  heav y syllable s (wit h eithe r 
a branchin g nucleu s o r  a  branchin g coda) .  I f  suc h 
a constructio n coul d b e foun d i t  woul d accoun t  fo r 
68.35 % o f  th e case s wit h final  stress .  Fo r  th e remain -
in g word s wit h final  stres s th e theor y shoul d find a 
way t o discove r  th e applicatio n o f  exceptio n mecha -
nisms ,  viz .  [-ex ]  (18.06 % o f  word s wit h final  stress) , 
an d [F][-ex ]  (13.60 % o f  word s wit h final  stress) . 

E x p e r i m e n t 

In the light of the above problems, we investigated 
th e learnabilit y  o f  Dutc h stres s assignmen t  i n a  ma -
chin e learnin g experiment .  Ou r  dat a consiste d o f 
486 8 polysyllabi c monomorphemati c Dutc h words . 
Th e lexico n wa s extracte d fro m th e C E L E X lexi -
cal  database^ .  Onl y unambiguou s monomorpheme s 
wer e selecte d an d prope r  noun s wer e withdraw n fro m 
th e dataset .  A s suc h i t  constitute s a  representativ e 
sampl e o f  th e monomorpheme s o f  th e language . 

Method and data coding 

The experiment was performed using the leaving-
one-ou t  method :  eac h ite m i n th e datase t  i s use d 
i n tur n a s th e tes t  item ,  wit h th e remainde r  o f  th e 
datase t  a s trainin g set .  W e therefor e ge t  a s man y 

simulation s a s ther e ar e item s i n th e dataset .  Thi s 
computationall y ver y costl y metho d ha s a s it s majo r 
advantag e tha t  i t  provide s th e bes t  possibl e estimat e 
of  th e tru e erro r  rat e o f  a  learnin g algorith m (Weis s 
& Kulikowski ,  1991) . 

The data were encoded (i) as strings of syllable 
weight s o f  th e las t  thre e syllable s o f  th e wor d 
(encoding-1) ,  an d (ii )  usin g th e phonemi c informa -
tio n containe d i n th e rhym e projection s o f  th e las t 
thre e syllable s (encoding-2) .  Fo r  instance ,  th e wor d 
nirvan a wa s encode d a s follows : 

Syllabl e 
Antepenultimat e 
Penultimat e 
Fina l 

Encoding- 1 
Weigh t 

3 
2 
2 

Encoding- 2 
Nucleu s Cod a 

I  r 
a 
a 

T h e learnin g algorithm :  Instance-Base d 
Learnin g 

Instance-based learning (IBL, Aha et al., 1991) is a 
framewor k an d methodolog y fo r  incrementa l  super -
vise d machin e learning .  Th e distinguishin g featur e 
of  IB L i s th e fac t  tha t  n o explici t  abstraction s ar e 
constructe d o n th e basi s o f  th e trainin g example s 
durin g th e trainin g phase .  A  selectio n o f  th e train -
in g item s themselve s i s use d t o classif y ne w inputs . 
IB L share s wit h Memory-Base d Reasonin g ( M B R , 
Stanfil l  an d Waltz ,  1989 )  an d Case-Base d Reasonin g 
(CBR,  Riesbec k an d Schank ,  1989 )  th e hypothesi s 
tha t  muc h o f  intelligen t  behaviou r  i s base d o n th e 
immediat e us e o f  store d episode s o f  earlie r  experi -
enc e rathe r  tha n o n th e us e o f  explicitl y  constructe d 
abstraction s extracte d fro m thi s experienc e (e.g .  i n 
th e for m o f  rule s o r  decisio n trees) .  A s suc h IB L 
share s a n emphasi s o n 'analogy '  i n languag e us e wit h 
Skousen' s theor y o f  Analogica l  Modelin g (Skousen , 
1989)3 . 

The operation of the basic algorithm is quite sim-
ple :  fo r  eac h patter n t o b e assigne d a  categor y (tes t 
item) ,  i t  i s  checke d whethe r  thi s patter n ha s bee n 
encountere d i n th e trainin g se t  earlier .  I f  thi s i s th e 
case ,  th e categor y o f  th e trainin g ite m i s assigne d 
t o th e ne w ite m (o r  th e categor y mos t  ofte n asso -
ciate d wit h th e trainin g ite m i n cas e o f  ambiguou s 
patterns) .  I f  th e tes t  ite m ha s no t  ye t  bee n encoun -
tered ,  it s similarit y t o al l  item s kep t  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(s) .  Th e perfor -
mance o f  a n IB L classifie r  cruciall y depend s o n th e 
selectio n o f  trainin g item s t o b e kep t  i n memory , 

^ C E L EX contain s 130,77 8 lemma s an d 399,81 6 word -
forms .  I t  wa s compile d o n th e basi s o f  th e IN L corpu s 
of  present-da y Dutc h (mor e tha n 4 2 millio n word s i n a 
variet y o f  tex t  types) . 

^Th e sam e experiment s wer e als o performe d wit h th e 
Analogica l  Modelin g algorith m (Skousen ,  1989 )  an d wit h 
th e Backpropagatio n o f  Error s algorith m (Rumelhar t  e t 
al. ,  1986) .  A  comparativ e analysi s o f  th e result s o f  th e 
thre e algorithm s i s reporte d i n Gilli s  e t  al .  (1992) . 
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and th e similarit y metri c used .  I n th e experimen t 
reporte d i n thi s paper ,  al l  trainin g item s wer e "re -
membered"  .  W e onl y experimente d wit h th e similar -
it y  metric .  W e extende d th e metri c propose d b y A h a 
et  al .  (1991 )  wit h a  techniqu e fo r  assignin g a  differ -
ent  importanc e t o differen t  features .  Ou r  approac h 
t o th e proble m o f  weighin g th e relativ e importanc e 
of  feature s i s based  o n th e concep t  o f  Informatio n 
Gai n (IG ,  als o use d i n learnin g inductiv e decisio n 
trees ,  Quinlan ,  1986) . 

Results 

The algorithm attains an overall success rate of 
81.2 % fo r  encoding- 1 an d 87.6 % fo r  encoding-2 . 
Specifie d t o th e leve l  o f  individua l  targe t  categories , 
i t  appear s tha t  stres s o n th e penultimat e syllabl e ca n 
be mor e efficientl y predicte d tha n stres s o n th e final 
syllable .  Stres s o n th e antepenultimat e syllabl e i s 
fairl y  difficul t  t o predict . 

Fina l 
Penultimat e 
Antepenultimat e 
Tota l 

Encoding- 1 
70. 5 
93. 7 
49. 6 
81. 2 

Encoding- 2 
86. 0 
91. 9 
64. 5 
87. 6 

A compariso n o f  th e result s indicate s tha t  IB L take s 
advantag e o f  th e detail s provide d i n encoding-2 :  i n 
general ,  a n encodin g i n term s o f  weigh t  string s doe s 
not  lea d t o bette r  result s tha n a n encodin g i n whic h 
th e nucleu s an d th e cod a ar e full y  specified .  Th e 
differenc e betwee n th e result s fo r  th e tw o encoding s 
i s statisticall y significan t  ( p <  .0001) . 

Specified at the level of the individual target cate-
gories ,  encoding- 1 yield s bette r  result s fo r  th e un -
marke d cas e (stres s o n th e penultimat e syllable) , 
whil e fo r  th e othe r  tw o targe t  categories ,  th e secon d 
encodin g schem e yield s bette r  results .  I t  appear s 
tha t  th e regularitie s governin g stres s i n th e latte r 
case s requir e informatio n presen t  i n encoding-2 ,  an d 
absen t  i n encoding-1 .  Thu s th e questio n arise s whic h 
generalization s withi n th e domai n ar e capture d b y 
trainin g th e system s wit h th e tw o encodings ? 

Weight strings versus rhyme projections. The 
fac t  tha t  a  numbe r  o f  genera l  characteristic s o f  stres s 
assignmen t  ca n b e capture d give n th e weigh t  strin g 
encodin g ca n b e show n b y scrutinizin g stron g gener -
alization s withi n th e domai n tha t  ca n b e formulate d 
i n term s o f  syllabl e weight :  (i )  supe r  heav y final  syl -
lable s receiv e stres s almos t  withou t  exceptio n (i n ou r 
lexicon :  101 5 word s wit h final  supe r  heav y sylla -
bl e receiv e final  stress ,  whil e i n onl y 5 6 word s stres s 
i s no t  final);  (ii )  supe r  ligh t  syllable s ca n neve r  b e 
stresse d an d ar e almos t  withou t  exceptio n precede d 
by a  stresse d syllabl e (131 6 word s i n ou r  lexico n hav e 
prefina l  stres s whe n th e final  syllabl e i s supe r  ligh t 
and onl y 1 1 hav e stres s o n th e antepenultimate) . 

Super  Heav y 
- V V C 
-VC C 
tota l 

Super  Ligh t 

Encoding- 1 Encoding- 2 

1015 (94.77 )  100 8 (94.12 ) 
302 (82.51 )  30 1 (82.24 ) 
1317 (91.65 )  130 9 (91.09 ) 
1316 (99.17 )  131 7 (99.25 ) 

I t  ca n readil y b e inferre d fro m thes e result s tha t  th e 
generalization s tha t  ca n b e formulate d i n terra s o f 
syllabl e weigh t  ar e wel l  captured .  Th e phonemi c en -
codin g (encoding-2 )  doe s no t  yiel d highl y superio r 
results ,  o n th e contrary ,  wit h respec t  t o supe r  heav y 
syllable s i n word-fina l  position ,  slightl y wors e result s 
ar e found .  (Non e o f  th e difference s ar e significan t  a t 
th e 5 % leve l  o r  below. ) 

For light and heavy syllables less stringent general-
ization s ar e discovere d b y th e algorithm .  Ligh t  an d 
heav y final  syllable s ar e considere d t o b e extramet -
rica l  i n th e curren t  account ,  thu s a  prefina l  stres s 
patter n i s t o b e expected .  Thi s expectatio n i s onl y 
realistic ,  however ,  i f  onl y extrametricalit y i s play -
in g a  determinin g role .  Tha t  i s no t  th e case :  fo r 
VV-fina l  word s onl y 65.15 % actuall y receiv e penul -
timat e stress ,  an d fo r  VC-fina l  word s onl y 43.69% . 
Thes e figures  sharpl y contras t  wit h thos e fo r  th e 
supe r  heav y an d th e supe r  ligh t  final  syllables ,  fo r 
whic h th e algorith m foun d satisfactor y generaliza -
tions .  Th e result s i n th e followin g tabl e sho w tha t 
simila r  generalization s wer e ou t  o f  reac h fo r  th e ligh t 
an d th e heav y final  syllables . 

Ught  -V V 
heav y -V C 

Encoding- 1 Encoding- 2 
773 (67.51 )  92 8 (81.05 ) 
548 (57.14 )  70 8 (73.83 ) 

I n compariso n wit h th e succes s score s fo r  th e su -
per  heav y an d supe r  ligh t  final  syllables ,  th e succes s 
score s o f  th e ligh t  an d heav y one s ar e inferior .  Eve n 
fo r  th e phonemi c encoding ,  a  succes s rat e o f  8 0 % ca n 
hardl y b e reached .  I t  ca n b e note d tha t  th e succes s 
score s fo r  th e encodin g i n weigh t  string s ar e belo w 
th e phonemi c encodin g (difference s ar e significan t  a t 
p <  .0001) . 

Exception mechanisms and markedness. Sev-
era l  exceptio n mechanism s hav e bee n invoke d t o ac -
coun t  fo r  th e apparen t  lexica l  diffusio n tha t  appear s 
t o gover n th e word s wit h final  ligh t  an d heav y syl -
lables .  W h e n w e cod e th e result s o f  ou r  experimen t 
accordin g t o thos e categorie s a  highl y illuminatin g 
pictur e occur s (Figur e 1) . 

1. The regular cases are fairly well predicted when 
th e algorith m i s traine d wit h a  weigh t  strin g en -
codin g (99.59%) .  Thi s encodin g i s no t  abl e t o 
deal  wit h th e lexicall y marke d words :  th e suc -
ces s score s fo r  th e fou r  type s o f  exception s doe s 
hardl y reac h 1 0 % .  Th e result s fo r  th e regula r 
categor y ar e significantl y ( p <  .01 )  bette r  fo r 
th e weigh t  strin g encodin g tha n fo r  th e phone -
mi c encodin g o f  th e rhyme . 
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Tabl e 2 :  Succes s score s fo r  word s wit h ligh t  an d 
heav y syllable s 

Figur e 1 :  Performanc e relativ e t o Metrica l  Categor y 

2.  Th e exceptiona l  case s reac h a  fairl y  acceptabl e 
leve l  o f  accurac y whe n th e algorith m i s traine d 
wit h a  phonemi c encodin g o f  th e rhyme s o f 
th e thre e las t  syllables .  Al l  difference s betwee n 
encoding- 1 an d encoding- 2 reac h significanc e a t 
th e 1 % leve l  o r  below . 

3. A comparison of the learning results for the 
phonemi c encodin g wit h th e 'markedness'-scal e 
presente d withi n th e metrica l  framework ,  imme -
diatel y reveal s tha t  ther e i s a  remarkabl e corre -
spondenc e betwee n th e two :  th e mor e marke d 
a categor y fro m a  metrica l  poin t  o f  view ,  th e 
lowe r  th e succes s rat e o f  tha t  categor y i n th e 
learnin g experiments .  Hence ,  th e regula r  case s 
ar e faiirl y  wel l  learned ,  an d irregula r  case s sho w 
a poo r  performance .  Wit h respec t  t o th e ex -
ceptio n mechanism s in-betwee n thes e tw o ex -
tremes ,  markin g o f  a n exceptio n wit h respec t 
t o extrametricalit y ([-ex] )  an d th e markin g o f 
a monosyllabi c lexica l  foo t  ([F] )  hav e bette r 
score s tha n th e categor y tha t  combine s th e tw o 
features .  Thus ,  th e markednes s relation s be -
twee n thes e exceptio n mechanism s ar e reflecte d 
i n lowe r  succes s scores . 

These results lead us to the conclusion that there 
i s a  clos e correspondenc e betwee n markednes s i n 
term s o f  exceptio n mechanism s invoke d fo r  partic -
ula r  classe s o f  word s an d th e learnabilit y  o f  thos e 
words :  fo r  unmarke d classe s o f  word s th e learnin g 
algorithm s reac h a  superio r  succes s scor e i n compar -
iso n t o th e mor e marke d classes . 

Does this close correspondence between markedness 
i n th e metrica l  framewor k an d learnabilit y  i n th e 
computationa l  contex t  als o hol d whe n w e conside r 
th e result s fo r  specifi c  type s o f  words ? I n Tabl e 2 
th e informatio n fro m Tabl e 1  i s repeate d an d th e 
learnin g result s fo r  IB L ar e added . 

Typ e 

V V - V V - V V 
IB L 
VX-VC-V V 
IB L 
VX-VC-V C 
IB L 
VX-VV-V C 
IB L 

Stres s Patter n 
Fina l 
Stres s 
[-ex][P ] 
60.0 0 

[-ex][F ] 
65.6 3 
[-ex ] 

83.3 3 
[-ex ] 

67.1 6 

Penult . 
Stres s 

R 
83.4 5 

R 
91.0 6 

R 
80.6 5 

[F ] 
73.3 3 

Antepen . 
Stres s 

[̂ 1 
77.7 8 

I 
0.0 0 

I 
33.3 3 

R 
65.2 9 

At  first  sight ,  relativ e markednes s fro m a  metrica l 
poin t  o f  vie w appear s t o b e a  goo d predicto r  o f 
th e succes s score s o f  th e learnin g algorithms .  Tak e 
th e V V - V V - V V word s a s a n example .  Th e regu -
larl y stresse d typ e (stres s o n th e penultimat e sylla -
ble )  has ,  b y far ,  th e bes t  succes s score .  A  somewha t 
lowe r  scor e i s obtaine d fo r  th e word s wit h antepenul -
timat e stress .  Thes e word s ar e mor e marke d tha n 
th e regulars :  the y need  a  singl e exceptio n feature . 
Fina l  stres s i s obtaine d fo r  word s wit h tw o features , 
thi s category ,  th e mos t  marke d o f  th e three ,  ha s th e 
wors t  score .  Thu s metrica l  markednes s i s reflecte d 
i n th e succes s scor e o f  th e algorithm .  A  simila r  find-
in g hold s fo r  th e V X - V C - V V words :  R  >  [-ex][F ]  > 
I . 

The relationship between markedness and success 
score s doe s no t  see m t o b e a s stron g whe n w e con -
side r  th e tw o botto m row s o f  Tabl e 2 .  Fo r  V X - V C -
V C words ,  th e irregula r  antepenultimat e stress ,  th e 
most  marke d category ,  i s ver y poorl y predicted .  Bu t 
th e regula r  penultimat e stres s i s no t  predicte d bet -
te r  tha n th e mor e marke d final  stress .  I n th e botto m 
ro w a  simila r  situatio n i s found :  th e regula r  cas e i s 
les s wel l  predicte d tha n th e mor e marke d ones .  Al -
thoug h thes e result s appea r  t o contradic t  th e rela -
tionshi p betwee n markednes s i n metrica l  term s an d 
succes s score s o f  th e algorithms ,  thi s contradictio n 
ca n b e explaine d b y a  close r  analysi s o f  th e learnin g 
patterns . 

When we analyze the results for the individual pat-
tern s o f  words ,  IB L appear s t o hav e discovere d sub -
regularitie s i n th e dat a tha t  ar e no t  (even ,  cannot )  b e 
accounte d fo r  i n th e metrica l  framework .  Indeed ,  i n 
th e latter ,  syllable s ax e use d i n th e analysi s a s fa r  a s 
thei r  weight s ar e concerned .  Th e identit y o f  individ -
ual  vowel s an d consonant s i s no t  take n int o accoun t 
i n th e construction s o f  metrica l  trees .  An d hence , 
fo r  th e wor d type s considered ,  importan t  subclasse s 
of  word s tha t  behav e homogeneousl y canno t  b e iden -
tified .  Bu t  give n th e phonemi c encodin g use d i n th e 
learnin g experiment ,  th e algorith m quit e successfull y 
trace s thes e subregularities .  Fo r  instance ,  th e hig h 
succes s score s fo r  final  stres s i n word s wit h a  V X -
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V V - V C patter n i s partl y du e t o th e fac t  tha t  almost 
hal f  o f  thes e word s (48% )  hav e / E /  i n thei r  final  syl -
lable .  The y ar e successfull y stresse d (93.51%) .  IB L 
seems t o hav e discovere d th e mor e genera l  suhrog -
ularit y i n th e lexico n wit h respec t  t o thes e words , 
viz .  word s i n / E /  almos t  unanimousl y prefe r  fina l 
stres s (94.48 % fina l  stress ,  5.22 % penultimat e stress , 
and 0.3 % antepenultimat e stres s o n a  tota l  o f  32 6 
words) .  Thi s outspoke n homogeneou s behaviou r  o f 
word s wit h / E /  i n thei r  final  syllabl e i s reflecte d i n 
th e succes s score :  88.34% .  Th e regula r  word s wit h 
final  stres s wer e eve n mor e accuratel y stresse d b y 
IB L (95.47%) . 

The ability to trace subregularities in the data and 
th e breadt h o f  tha t  abilit y  i s  furthe r  illustrate d i n 
th e followin g example :  2 5 % o f  th e V C final  word s 
hav e / U /  i n thei r  final  syllable .  Thi s categor y o f 
word s i s a n almos t  perfec t  exampl e o f  lexica l  dif -
fusion :  48.08 % hav e penultimat e stres s an d 44.23 % 
antepenultimat e stress .  IB L appear s t o hav e m a d e 
finer  distinction s withi n thi s se t  o f  words :  (Latin ) 
word s wit h /i /  i n th e prefina l  syllabl e an d / U m /  i n 
th e final  syllabl e ac t  a s a  fairl y  homogeneou s cate -
gor y wit h respec t  t o stres s (95.24 % o f  thes e word s 
hav e antepenultimat e stres s an d 4,76 % penultimat e 
stress) .  Henc e th e succes s scor e equal s thi s propor -
tion :  96.43 % o f  th e word s ar e correctl y stressed . 

These results lead us to the conclusion that the 
correspondenc e betwee n markednes s i n th e metrica l 
framewor k an d eas e o f  learnin g b y th e algorith m als o 
hold s a t  th e leve l  o f  individua l  type s o f  words ,  bu t  a t 
thi s leve l  th e correspondenc e i s no t  acros s th e board . 
However ,  apparen t  exception s ca n b e accounte d fo r 
by fac t  tha t  th e algorith m trace d subregularitie s i n 
th e dat a tha t  canno t  b e capture d usin g th e les s fine-
graine d weigh t  string s use d i n th e metrica l  frame -
work . 

C o n c l u s i o n 

In this paper we have shown that a data-oriented 
similarity-base d machin e learnin g techniqu e i s abl e 
t o maste r  th e tas k o f  stres s assignment .  Moreove r  i t 
was show n tha t  IB L workin g o n phonemi c inpu t  en -
coding s yield s superio r  result s tha n whe n workin g o n 
weigh t  strings .  Thi s mean s tha t  (i )  a t  leas t  fo r  thi s 
task ,  th e a  prior i  knowledg e require d i n a  Principle s 
and Parameter s approac h doe s no t  appea r  t o b e nec -
essary ,  an d (ii )  th e problem s th e P & P approac h run s 
into ,  e.g. ,  wit h respec t  t o establishin g extrametrical -
ity ,  ar e circumvented . 

A second major finding relates to metrical phonol-
ogy :  ou r  experimen t  show s tha t  markednes s i n 
suc h a  framewor k correspond s t o eas e o f  learnin g 
by a n artificia l  learnin g algorithm .  I t  wa s foun d 

tha t  th e mor e marke d stres s pattern s ar e les s accu -
ratel y learned .  Thi s correspondenc e betwee n metri -
cal  markednes s an d eas e o f  learnin g wa s establishe d 
on a  globa l  leve l  a s wel l  a s o n th e leve l  o f  individ -
ual  categorie s o f  words .  Ou r  wor k therefor e add s 
computationa l  groundin g t o th e theor y o f  metrica l 
phonolog y a s applie d t o Dutch .  I n addition ,  learn -
abilit y  o f  marke d (exceptional )  wor d type s coul d b e 
accounte d fo r  b y th e fac t  tha t  th e similarity-base d 
algorith m extract s subregularitie s fro m th e dat a tha t 
canno t  b e capture d usin g th e machiner y o f  metrica l 
phonology ,  whic h explain s th e superio r  performanc e 
wit h a  phonemi c encodin g i n compariso n t o a  met -
rical ,  les s fine-grained  encodin g i n term s o f  weight 
strings . 

R e f e r e n c e s 

Aha, D., Kibler, D. and Albert, M. 199L Instance-
Based Learnin g Algorithms .  Machin e Learnin g 
6:37-66 . 

Chomsky,  N .  1981 .  Principle s an d parameter s i n syn -
tacti c theory .  I n Hornstein ,  N .  an d Lighfoot ,  D .  eds . 
Explanation s i n linguistics :  Th e logica l  proble m o f 
languag e acquisition .  London :  Longman .  32-75 . 

Dresher ,  E .  an d Kaye ,  J .  1990 .  A  computationa l  learn -
in g mode l  fo r  metrica l  phonology .  Cognitio n 34:137 -
195. 

Gillis ,  S. ,  W .  Daelemans ,  G .  Durieux ,  an d A .  va n de n 
Bosch .  1992 .  Explorin g Artificia l  Learnin g Algo -
rithms .  API L 71 . 

Gupta ,  P .  an d Touretzky ,  D .  1991 .  Connectionis t  mod -
el s an d Unguisti c theory :  Investigation s o f  stres s 
system s i n language .  Unpublishe d ms . 

Nyberg ,  E .  1992 .  A  non-deterministic ,  success-drive n 
model  o f  paramete r  settin g i n leinguag e acquisition . 
Unpublishe d PhD ,  Carnegi e Mello n University . 

Quinlan ,  J .  R .  1986 .  Inductio n O f  Decisio n Trees .  Ma -
chin e Learnin g 1:81-106 . 

Riesbeck ,  C .  K .  an d Schank ,  R.S .  1987 .  Insid e Case -
Based Reasoning .  Hillsdale :  Erlbaum . 

Rumelhart ,  D.E. ,  Hinton ,  G.E .  an d Williams ,  R.J . 
1986 .  Learnin g Interna l  Representation s b y Erro r 
Propagation .  I n D.E .  Rumelhar t  an d J.L .  McClel -
lan d (eds.) .  Paralle l  Distribute d Processing :  Vol .  2 . 
Cambridge ,  M A :  M I T Press . 

Skousen ,  R .  1989 .  Analogica l  Modelin g o f  Language . 
Kluwer :  Dordrecht . 

Stanfill ,  C .  an d Waltz ,  D.L .  1986 .  Towar d Memory -
base d Reasoning .  Communication s o f  th e A C M 
29:1213-1228 . 

Trommelen ,  M .  an d Zonneveld ,  W .  1990 .  Stres s I n En -
gUsh An d Dutch :  A  Comparison .  D W P E LL 17 . 

Weiss ,  S .  an d Kulikowski ,  C .  1991 .  Compute r  System s 
That  Learn .  Sa n Mateo :  Morga n Kaufmann . 

457 


	cogsci_1993_452-457



