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Cue-base d learner s i n parametr i c languag e systems :  applicatio n o f  genera l  result s t o 

a recentl y propose d learnin g algorith m base d o n u n a m b i g u o u s 'superparsing ' 

Stefano Bertolo, Kevin Broihier, Edward Gibson and Kenneth Wexler 
Departmen t  o f  Brai n an d Cognitiv e Science s -  MI T 

Cambridge ,  M A 0213 9 
{bertolo ,  kevin ,  gibson ,  wexler}(ipsych e .mit .  ed u 

Abstrac t 

Cue-based learners have often been proposed as models of 
languag e acquisitio n b y linguist s workin g withi n th e Principle s 
and Parameter s framework .  Drawin g o n a  genera l  theor y o f 
cue-base d learner s describe d i n detai l  elsewher e (Bertol o e t 
al. ,  1997) ,  w e sho w her e tha t  a  recentl y propose d learnin g 
algorith m (Fodor' s Structura l  Trigger s Learne r  (1997) )  i s a n 
instanc e o f  a  cue-base d learne r  an d tha t  i t  i s  therefor e unabl e t o 
lear n system s o f  linguisti c parameter s tha t  hav e bee n prove d t o 
be beyon d th e reac h o f  an y cue-base d learne r  W e demonstrat e 
thi s analytically ,  b y investigatin g th e behavio r  o f  th e ST L o n a 
linguisticall y plausibl e spac e o f  syntacti c parameters . 

Parametric Linguistics and Cue-based 

L e a r n e r s 

If ,  a s ha s bee n propose d b y Chomsk y (1981) ,  huma n lan -
guage s al l  obe y a  c o m m o n se t  o f  principle s an d diffe r  from 
one anothe r  onl y i n finitel y man y respect s (ofte n referre d t o a s 
parameters )  an d i n thes e respect s onl y i n finitel y man y way s 
(th e value s o f  th e parameters) ,  the n huma n languag e learnin g 
can b e see n a s a  searc h proble m i n a  finit e hypothesi s space : 
th e chil d doe s no t  nee d t o hypothesiz e grammar s tha t  fal l 
beyon d thos e tha t  ar e consisten t  wit h th e c o m m o n se t  o f  prin -
ciple s (ofte n referre d t o a s Universa l  G rammar )  an d an y o f 
th e possibl e assignmen t  o f  value s t o th e linguisti c parameters . 
However ,  althoug h finite ,  thi s spac e o f  hypothese s ca n stil l 
be quit e larg e (recen t  principle d estimate s plac e thi s numbe r 
aroun d 2* ^  differen t  possibl e grammars' )  an d i t  i s  therefor e 
imperativ e fo r  an y parametri c mode l  o f  languag e acquisitio n 
t o sho w h o w suc h a  hug e hypothesi s spac e coul d b e searche d 
effectively ,  tha t  is ,  rapidly .  Indeed ,  thi s proces s appear s t o b e 
so rapi d i n childre n tha t  i t  i s difficul t  t o fin d evidenc e fo r  th e 
incorrec t  settin g o f  a  paramete r  i n an y language .  Fo r  a  revie w 
of  thes e finding s se e Wexle r  (1996) ,  w h o formulate s th e hy -
pothesi s o f  Ver y Earl y Parameter-Setting ,  namely ,  tha t  basi c 
claus e structur e parameter s ar e se t  befor e th e chil d begin s t o 
produc e multipl e wor d utterances ,  i.e .  approximatel y 1;6 . 

I t  ha s bee n observe d (Dreshe r  &  Kaye ,  (1990) ,  Bren t 
(1996) ,  Fodo r  (1997) )  tha t  thi s hug e hypothesi s spac e coul d b e 
searche d effectivel y i f  childre n wer e capabl e o f  establishin g 
conclusivel y th e valu e o f  certai n parameter s b y attendin g t o 
linguisti c event s o f  a  particula r  natur e i n thei r  environment .  I n 

'Thi s estimat e ca n b e obtaine d b y restrictin g al l  parametri c vari -
atio n t o th e abiht y o r  inabilit y  o f  functiona l  head s t o attrac t  otiie r 
heads o r  maxima l  projection s an d b y estimatin g th e numbe r  o f  func -
tional  head s tha t  ar e require d fo r  descriptiv e adequacy .  O n thi s se e 
Robert s (1996) . 

Tes t  inpu t  strin g 
T\ :  tw o a' s i n a  row ? 
Ti :  tw o b  ' s  i n a  row ? 
T^ :  tw o c' s i n a  row ? 
T4:  tw o d' s i n a  row ? 

Respons e i f  tes t  positiv e 
set  p \  t o valu e b U a 

set  p \  t o valu e b * 
set  p i  t o valu e d  U  c 

set  p 2 t o valu e d * 

Figur e 1 :  A  batter y o f  test s fo r  parametri c languag e learnin g 

fact ,  i f  al l  parameter s ar e binary ,  conclusivel y establishin g th e 
valu e o f  a  paramete r  eliminate s exactl y hal f  o f  th e hypothe -
ses from  th e hypothesi s space .  Ideally ,  4 0 suc h observation s 
coul d b e sufficien t  t o singl e ou t  a  gramma r  ou t  o f  2"* °  possibl e 
alternatives . 

The followin g artificia l  exampl e shoul d hel p t o giv e a n ide a 
as t o wha t  thes e observation s coul d amoun t  to . 

Examp l e 1  Suppos e yo u wer e tryin g t o determine ,  fro m a 
collectio n o f  positiv e examples ,  whic h on e o f  th e followin g 
fou r  regula r  expression s generate s th e sample : 

/  6U a 1  /  dU c \  , 
° |  6 *  ]' [  d *  j' f 

One wa y t o solv e thi s proble m coul d b e t o se t  u p a  batter y o f 
test s (se e figure  1 )  t o b e applie d t o eac h on e o f  th e positiv e 
sample s an d t o mak e choice s abou t  th e valu e assignmen t  tha t 
i s  appropriat e fo r  eac h paramete r  dependin g o n th e outcom e 
of  thes e tests .  I n thi s construction ,  th e observabl e even t  o f  a 
sampl e strin g havin g tw o a' s i n a  ro w i s take n a s a  cu e t o th e 
6 U  a  valu e assignmen t  fo r  th e first  paramete r 

Th e goa l  o f  th e cue-base d learnin g enterpris e i s  t o sho w tha t 
i t  i s  simultaneousl y possibl e t o reconstruc t  linguisti c variatio n 
parametricall y an d t o singl e ou t  i n eac h possibl e targe t  lan -
guag e a  se t  o f  cue s tha t  woul d allo w a  learne r  t o acquir e 
th e correc t  settin g fo r  eac h parameter .  Furthe r  motivatio n 
fo r  thi s enterpris e come s from  th e stud y o f  languag e change . 
Lightfoo t  (1997 )  ha s argue d tha t  cue-base d learnin g coul d ex -
plai n th e 'catastrophic '  natur e o f  historicall y atteste d languag e 
changes . 

A theory of cue-based learners 

Althoug h th e centra l  intuitio n abou t  th e desig n philosoph y o f 
a cue-base d learne r  emerge s quit e clearl y from  th e exampl e 
above ,  a  forma l  characterizatio n o f  th e clas s o f  thes e algo -
rithms  turn s ou t  t o b e quit e usefu l  o n a t  leas t  tw o counts .  Firs t 
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of  a l  1 ,  a  forma l  definitio n wil l  m a k e i t  possibl e t o captur e s o m e 
essentia l  desig n feature s i n learnin g adgorithm s tha t  appea r  t o 
be prim a faci e unrelated .  Second ,  b y establishin g leamabilit y 
result s abou t  th e clas s o f  cue-base d algorithm s a t  larg e on e 
wou l d automaticall y hav e result s tha t  ca n b e applie d t o eac h 
individua l  algorithm .  W e wil l  n o w introduc e a  forma l  theor y 
of  cue-base d learner s base d o n materia l  discusse d a t  lengt h i n 
Bertoloetal .  (1997) . 

Since ,  a s w e saw ,  th e salien t  featur e o f  a  cue-base d learne r 
i s t o restric t  th e hypothesi s spac e o f  a  parametri c learnin g 
problem ,  w e first  nee d t o introduc e a  definitio n o f  paramete r 
spaces. ^ 

Definitio n 1  A  paramete r  spac e V  i s a  tripl e <  par ,  L ,  I  > , 
wher e Z  i s a  finite  alphabe t  o f  symbol s an d pa r  i s a  finite 
set  o f  set s {pi ,  •  •  • ,  Pn} -  Give n a  p i  i n par ,  it s  member s 

ar e enumerate d a s v\,. .  .,vl' \  Give n th e cartesia n produc t 

P =  p ,  X  p 2 X  .. .  X  p„ ,  a  paramete r  vecto r  P  i s a  member  o f 
P.  Th e functio n L  :  P_h- *  2^ '  assign s a  possibl y empt y subse t 
of  I. "  t o eac h vecto r  P  6  P  .  Th e expressio n £(P )  denote s 
theset{L(Fi),...,L(P^^)} . 

In example!, the space has two parameters, pi = {6Ua,6'} 
andp i  =  { d U c,d'} .  Th e alphabe t  Z  i s {a,b,c,d,e,f }  an d 
th e functio n L  take s a s inpu t  couple s o f  regula r  expression s z 
and y  an d output s th e se t  o f  al l  string s generate d b y th e regula r 
expressio n axcye f .  Notic e tha t  ther e i s nothin g specificall y 
'linguistic '  abou t  thi s definitio n o f  a  paramete r  space .  Th e 
result s tha t  w e repor t  ca n therefor e b e applie d t o an y searc h 
proble m wher e th e searc h spac e fall s unde r  definitio n 1  an d 
th e searc h algorith m unde r  definition s 4  an d 5. ^ 

Give n a  paramete r  space ,  i t  turn s ou t  t o b e usefu l  t o b e abl e 
t o refe r  t o a n assignmen t  o f  value s t o some ,  bu t  no t  al l  o f  th e 
parameters . 

Definitio n 2  Le t  V  b e a  paramete r  space .  A  partia l  assign -
ment  i n V  i s an y subse t  B  ofy}p^ ĵ̂ ^ {̂{pi ]  x  p, )  suc h tha t 
fo r  ever y p i  i n pa r  ther e i s a t  mos t  on e <  Pi,v ^  >  i n B . 
Give n tw o partia l  assignment s A  an d B  i n V ,  B  i s sai d t o b e 
A-consisten t  i f f A U B i s als o a  partia l  assignmen t  i n V . 

Exampl e 2  I f  V  i s a  paramete r  spac e wit h parameter s 
Pi,P2 ,  •••,P3 7 the n th e se t  A  =  { < p\, 0 > , < pn ,  1  > 
,  <  P3I. 0 > }  i s a  partia l  assignmen t  i n V ,  becaus e i t  spec -
ifie s a  consisten t  valu e assignmen t  fo r  some ,  bu t  no t  all ,  o f 
th e parameter s ofV .  Th e se t  fl =  { < p3, 0 > , < pn. O > 
,  <  P28. 0 >  }  / 5 als o a  partia l  assignmen t  i n V .  However ,  B 
i s no t  A-consisten t  sinc e A\ J B  i s no t  a  partia l  assignmen t 
i n V ,  becaus e i t  include s tw o conflictin g valu e assignment s t o 
paramete r  p\T . 

Suc h partia l  assignment s ca n i n tur n b e use d t o isolat e onl y 
thos e part s o f  a  paramete r  spac e tha t  agre e o n th e value s 
assigne d t o th e parameter s i n a  partia l  assignment .  Crucially , 
suc h a  portio n o f  a  paramete r  spac e is ,  b y definitio n 1 ,  itsel f  a 
paramete r  space . 

Definitio n 3  Le t  V  b e a  paramete r  spac e <  par ,  L ,  Z  > . 
Then'P[ID]= < par*,L, I  > = < par ,  L, Z > = V .  IfV[A ]  i s 

^An alternative, equivalent, definition can be found in Frank & 
Kapur(I996) . 

'Fo r  example ,  a n appropriatel y empoverishe d versio n o f  Versio n 
Space s (Mitchel l  1978) . 

a paramete r  spac e <  p a r ^ ,  Z- ,  I  >  a n d B  i s a n A-consisten t 
partia l  assignmen t  i n V ,  the n th e subspac e V [ A U  B ]  i s th e 
paramete r  spac e <  p a r ^ ^ B , L , I .  >  suc h that ,  give n H  -
U i e B ''•i(̂ ) '  (wher e •k\{x )  denote s th e first  elemen t  o f  th e 
ordere d pai r  x )  ifp j  ̂  H  the n p f ^ ^  =  p f  a n d ifp j  e  H 

the n p f ^ B =  {i;̂ "* }  wher e v f  i s  th e onl y v  €  P j  suc h tha t 

< P j  ,vj *  > G B .  Finally ,  V[A\ j 'B ]  i s  th e paramete r  spac e < 

par^'^'^ ^  i  £  >  where ,  foreveryp i  i n H ,  p<*^ ^  =  p f  -p f " " ^ 

and ,  fo r  ever y p i  no t  i n H ,  p f ^ ^  =  pf- . 

E x a m p l e s / /  A  i s th e se t  o f  assignment s { < pi, 0 > 
, < P2 ,  1  > , < P3, 0 > ) ,  V I A ]  denote s th e portio n o f 
th e paramete r  spac e V  i n whic h al l  language s agre e o n th e 
value s 0 ,  I  a n d 0  fo r  parameter s p\ ,  p 2 a n d p 3 respectively . 

We ar e n o w read y t o formaliz e th e notio n o f  s o m e paramete r 
value s bein g establishe d a s a  resul t  o f  observin g certai n event s 
i n th e linguisti c environment . 

Definitio n 4  Le t  V  b e a  paramete r  space ,  B  a  subse t  o f  th e 
set  B *  o f  al l  partia l  assignment s i n V  an d C  a  non-empt y 
subse t  o f  U p g p L { P ) ,  a  cu e functio n o f  w i n d o w siz e n  fo r 

V i s a  functio n <i> c :  U"= i  C "  x  B  i — B '  wher e C '  i s th e 
cartesia n produc t  o f C wit h itsel f  i  times . 

T h e functio n (p c ca n b e see n a s a  forma l  representatio n o f 
th e batter y o f  test s discusse d i n exampl e 1 .  There ,  C  i s th e se t 
of  al l  string s tha t  hav e tw o a's ,  b's ,  c' s o r  d' s i n a  row ,  th e siz e 
of  th e w i n d o w i s jus t  on e an d 0 c return s valu e assignment s 
t o paramete r  independentl y o f  whateve r  assignment s hav e 
alread y bein g established .  So ,  fo r  example , 

<f>ci< aace, 0 >) =< pi, 6 U a > but also 

(j)c{< aace,{< P2,dLic >} >) =< pi,6Ua > 

I t  i s  importan t  t o notic e tha t  definitio n 4  generalize s ou r  origi -
nal  intuitio n i n tw o importan t  respects .  Firs t  o f  all ,  i t  capture s 
th e possibilit y  tha t  th e learner ,  upo n observatio n o f  a  linguisti c 
event ,  coul d reac h differen t  conclusion s dependin g o n wha t 
it s curren t  stat e o f  belie f  (assignmen t  o f  valu e t o certai n pa -
rameters )  is .  Secondly ,  i t  allow s fo r  th e existenc e o f  linguisti c 
event s tha t  ca n onl y b e observe d comparin g n  distinc t  dat a 
point s (i n th e cas e o f  synta x learning ,  typicall y  sentences) . 

Finally ,  a  cue-base d learne r  i s  a  learnin g algorith m tha t 
doe s al l  it s  learnin g vi a a  cu e function .  T h e crucia l  featur e o f 
suc h learner s i s th e absenc e o f  an y for m o f  backtracking :  a s 
definitio n 5  shows ,  i f  th e cu e functio n return s an y paramete r 
assignmen t  tha t  i s no t  i n agreemen t  wit h th e curren t  assign -
ment ,  th e i  nconsisten t  portio n o f  th e outpu t  o f  th e cu e functio n 
i s simpl y discarded. * 

Definitio n 5  Le t  V  be a parameter  space ,  B' ,  B  an d C  a s i n 
definitio n 4  an d (j> c a  cu e functio n o f  windo w siz e nfo r  V .  A 
cue-base d learne r  fo r  V  i s a  functio n 

Ac : {V[A]\A eB}x[jC'^ {'P[A]\A € B'] 
i  =  \ 

^Fo r  thi s reason ,  i n it s presen t  formulation ,  thi s theor y o f  cue -
base d learner s canno t  represen t  th e notio n o f  a  'default '  valu e fo r  a 
paramete r  whic h i s s o crucia l  fo r  Dreshe r  an d Kaye' s algorithm .  A 
suitabl e extensio n tha t  capture s thi s notio n an d preserve s th e resul t 
reporte d her e i s discusse d i n Bertol o e t  al .  (1997) . 
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suc h tha t 

)^c{nA],s )  = 

A] 
AUBa] if<t>c{s,A )  i s no t 

A-consisten t 
otherwis e \  V[A\J4>c{s,A) ] 

where Ba is the largest A-consistent subset of<t>c{s, A). 

As i s standar d i n forma l  model s o f  languag e acquisition' , 
we characteriz e cue-base d learner s a s successfu l  i f  an d onl y 
if ,  fo r  ever y possibl e targe t  i n a  paramete r  spac e the y eventu -
all y outpu t  a  paramete r  spac e tha t  contain s onl y on e languag e 
and tha t  languag e i s a t  leas t  weakl y equivalen t  t o th e actua l 
targe t  (tha t  is ,  i t  generate s exactl y th e sam e se t  o f  strings ,  al -
thoug h possibl y wit h a  differen t  structura l  description) .  Give n 
thi s characterization ,  w e wer e abl e t o prov e a  genera l  resul t 
showin g th e existenc e o f  a  propert y (th e Globa l  Natura l  Sub -
spac e Propert y -  G N S P)  tha t  i s  necessar y an d sufficien t  fo r  a 
paramete r  spac e t o b e learne d b y a  cue-base d learner . 

Definitio n 6  Le t  V  b e a  paramete r  spac e an d A  a  partia l  as -
signment .  'P[A ]  i s sai d t o hav e th e Natura l  Subspac e Propert y 
(NSP)  if f  eithe r  \V'̂ \  =  Ui.e. .  th e subspac e contain s â singl e 
language )  or ,  fo r  ever y P  G  P'* ,  ther e i s a n s  6  L { P y an d 
an A-consisten t  partia l  assignmen t  B  suc h tha t  P  €  P^" ^ 
and ,  fo r  ever y < p i , v ^  > € B  -  A , 

• ^ u L{p 'y . 

V ha s th e Globa l  N S P (GNSP )  iff ,  fo r  ever y partia l  assignmen t 
A , V [ A ] h a s t h e N S P 

To exemplify ,  th e paramete r  spac e o f  exampl e 1  ha s th e 
G N SP because ,  i n ever y subspac e P [ ^ ] ,  ever y languag e L { P ) 
contain s a t  leas t  a  strin g s  fo r  whic h a  relevan t  paramete r  p * 
can b e found ,  i n th e sens e tha t  s  doe s no t  belon g t o an y 
languag e of'P[^ ]  i n whic h p *  i s se t  differentl y tha n i n L { P ) . 

As a  specia l  cas e o f  tha t  resul t  w e prove d tha t  i f  i n a  param -
ete r  spac e ther e ar e tw o o r  mor e weakl y equivalen t  languages , 
the n th e G N S P doe s no t  hol d and ,  a s a  consequence ,  n o cue -
base d learne r  ca n successfull y lear n th e space. * 

I n th e nex t  sectio n w e wil l  appl y thi s resul t  b y provin g 
tha t  Fodor' s Structura l  Trigger s Learne r  (STL )  canno t  lear n 
a plausibl e spac e o f  syntacti c parameter s tha t  i s  a n extensio n 
of  th e spac e o f  parameter s (discusse d i n Gibso n &  Wexler , 
1994 )  tha t  th e S T L wa s designe d t o learn .  Thi s proo f  wil l 
be obtaine d i n tw o steps :  w e wil l  first  sho w tha t  th e S T L i s 
indee d a  cu e base d learner ,  a s characterize d i n definitio n 5 ^ 

'For a general discussion of leamability criteria in systems with 
weak equivalence s se e Wexle r  &  Culicove r  (1980) .  Fo r  leamabilit y 
i n paramete r  spaces ,  se e Dreshe r  an d Kay e (1990),Clar k (1992) ,  Gib -
son &  Wexle r  (1994) ,  Fran k an d Kapu r  (1996) ,  Niyog i  &  Berwic k 
(1996 ) 

*Mor e precisely ,  w e prove d tha t  th e spac e ca n b e learne d onl y 
i f  th e cu e functio n o n whic h th e learne r  i s base d i s arbitrary ,  i n 
th e sens e tha t  i t  return s differen t  paramete r  value s upo n exposur e 
t o linguisti c event s tha t  canno t  b e discriminate d b y an y batter y o f 
tesu ,  i n th e sens e o f  th e exampl e discusse d above .  W e tak e th e 
restrictio n t o non-arbitrar y cu e function s t o b e justifie d o n ground s 
of  psychologica l  plausibility . 

'i t  i s  impossibl e t o prov e anythin g o f  th e kin d withou t  a  rigorous 
definitio n o f  th e clas s o f  cue-base d learners .  Henc e th e nee d fo r  th e 
somewhat  length y definitions . 

C o m p - H e ad 
V P -  Ver b Ob j 
V P — Ob j  Ver b 

Spec-Hea d 
I P — Sub j  I-ba r 
I P — I-ba r  Sub j 

Verb-Secon d 
C - 0 
C - ^  Ver b 

Figur e 2 :  Rule s associate d wit h th e Comp-Head ,  Spec-Hea d 
and Verb-Secon d parameter s 

and the n w e wil l  sho w a n extensio n o f  Gibso n an d Wexler' s 
origina l  spac e o f  syntacti c parameter s tha t  contain s cluster s 
of  weakl y equivalen t  languages . 

The limits of learning via unambiguous 

' superpars ing ' 

I n he r  analysi s o f  Gibso n an d Wexler' s spac e o f  syntacti c 
parameter s Fodo r  (1997 )  discusse s th e advantage s o f  a  para -
metri c learne r  tha t  doe s no t  se t  th e valu e o f  an y paramete r  unti l 
th e correc t  valu e ha s bee n conclusivel y establishe d an d doe s 
not  abando n an y valu e assignmen t  tha t  ha s bee n conclusivel y 
established .  Fodor' s insightfu l  ide a consist s o f  showin g tha t  i t 
shoul d b e possibl e t o establis h conclusivel y th e valu e o f  syn -
tacti c parameter s b y mean s o f  a  mechanis m tha t  a  languag e 
learne r  mus t  posses s anyway ,  tha t  i s  a  parser . 

Fodo r  speculate s that ,  i f  i t  i s  possibl e t o reconstruc t  th e val -
ues o f  eac h paramete r  a s alternativ e set s o f  grammatica l  rule s 
whos e applicatio n coul d b e detecte d b y a  'superparser '  usin g 
thei r  unio n se t  a s it s grammar ,  the n th e tas k o f  parametri c lan -
guag e learnin g coul d b e reduce d t o th e tas k o f  unambiguousl y 
detectin g th e applicatio n o f  a  give n rul e i n al l  th e 'superparses ' 
of  a n inpu t  sentence .  Fo r  concreteness ,  i f  th e rule s i n figure  2 
ar e associate d t o alternativ e value s o f  th e Comp-Head ,  Spec -
Head an d Verb-Secon d parameters, *  the n a  sentenc e suc h a s 

(1 )  M a x sa h 
M ax sa w 

Ut e 
Ut e 

'Ma x sa w Ute ' 

i s  parametricall y ambiguou s wit h respec t  t o th e Verb-Secon d 
parameter .  I n fact ,  th e followin g ar e amon g th e parse s i t 
generate s wit h respec t  t o a  supergramma r  tha t  contain s al l  o f 
th e rule s i n figure  2 : 

(2 )  [cp[5pec c Max][^[ c sah][/p.. .  [vpUtet]]] ] 

(3 )  [cp[5pecc0][c[c01[/ p [spe d M a x ]  [v P sa h Ute]]] ] 

As i s apparent ,  whil e pars e 2  use s th e rul e associate d wit h 
th e positiv e valu e o f  th e Verb-Secon d paramete r  ( C —•  Verb) , 
pars e 3  use s th e rul e associate d wit h th e negativ e valu e ( C 
— 0) .  A s a  consequence ,  th e superparse r  canno t  rel y o n 
sentenc e 1  t o establis h conclusivel y th e valu e o f  th e Verb -
Secon d parameter .  I t  can ,  however ,  rel y o n th e followin g 
sentenc e 

(4 )  Plotzlic h sa h M a x Ut e 
Suddenl y sa w M a x Ut e 

'Thes e parameter s determin e respectivel y whethe r  complement s 
follo w o r  preced e thei r  heads ,  whethe r  specifier s follo w o r  preced e 
thei r  head s an d whethe r  o r  no t  th e ver b o f  roo t  clause s move s t o th e 
C position ,  causin g Spec- C t o b e fille d wit h som e othe r  material , 
typicall y a  maxima l  projection . 
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1.  Initializ e th e gramma r  G  t o b e th e unio n se t  o f  U G an d al l 
th e value s o f  al l  parameters ; 

2.  Initializ e th e se t  A  o f  paramete r  assignment s t o th e empt y 
set  an d th e se t  P  t o includ e al l  parameter s i n th e paramete r 
space ; 

3.  If ,  fo r  ever y paramete r  p ,  ther e i s a n assignmen t  <  p, ,  v  • "  > 
i n A ,  retur n A .  Otherwis e g o t o 4 . 

4.  Receiv e a  sentenc e s  fro m th e linguisti c environmen t 

(a )  initializ e t o th e empt y se t  th e se t  N  o f  paramete r  assign -
ment s reveale d b y s ; 

(b )  lis t  al l  parse s o f  s ; 

(c )  lis t  th e se t  R  o f  al l  th e rule s tha t  hav e bee n employe d i n 
ev^r y pars e o f  s ; 

(d )  fo r  ever y paramete r  p i  i n P  an d ever y valu e vj "  o f  p , 
comput e th e intersectio n nj "  D  R ; 

(e )  forever y v;".ift;,̂ n/Z7« t  0 s e t N =  N U { < p i , v ^  > } ; 

5.  Se t  A  =  A U N 

6.  G o t o 3 ; 

Figure 3: Structural Triggers Learner Algorithm 

'Suddenly ,  M a x sa w Ute ' 

which ,  althoug h ambiguou s wit h respec t  t o th e Comp-Hea d 
parameter ,  canno t  b e parse d unles s th e rul e associate d wit h 
th e positiv e valu e o f  th e Verb-Secon d paramete r  i s  used : 

(5 )  [c p Plotzlic h [ci c sah][/p[5p.e /  M a x ]  [v p Ut e t]]] ] 
(6 )  [c P Plotzlic h [ci c sah][ip[spec i  M a x ]  W p t  Ute]]] ] 

The STL algorithm is a cue-based learner 

If ,  a s w e hav e assume d i n th e expositio n o f  Fodor' s ide a o f 
paramete r  learnin g vi a 'superparsing' ,  U G ca n b e regarde d a s 
a se t  o f  rule s an d eac h valu e o f  eac h paramete r  i s als o a  se t 
of  rules ,  the n a  formalizatio n o f  th e "superparsing '  algorith m 
(figur e 3 )  wil l  revea l  straightforwardl y tha t  i t  i s  a n instanc e o f 
a cue-base d learner .  W e wil l  star t  b y observin g tha t  ste p 4  o f 
th e S T L algorith m coul d b e see n a s th e functio n 

< ĉ(s > A )  =  { < Pi,vY '  >  I  ever y pars e o f  s  require s v!^ } 

Since ,  b y constructio n o f  ste p 2  o f  th e STL ,  bot h th e se t  A 
and th e se t  { < Pi,v^ ^  >  \  ever y pars e o f  s  require s r;|" }  ar e 
partia l  assignment s i n th e sens e o f  definitio n 2 ,  b y definitio n 4 
ste p 4  o f  th e S T L i s a  cu e function .  Thre e comment s ar e i n 
orde r  here : 

1.  I n thi s particula r  cas e th e se t  C  i n th e subscrip t  o f  th e cu e 
functio n i s simpl y th e unio n se t  o f  al l  th e language s i n th e 
paramete r  space .  I n othe r  words ,  ever y strin g o f  ever y 
languag e i s i n a  sens e a  cue .  Al l  th e sentence s tha t  ar e 
parametricall y ambiguou s wit h respec t  t o ever y parameter , 
however ,  ca n onl y cu e th e S T L fo r  th e empt y paramete r 
assignment . 

2.  Th e cu e functio n o n whic h th e S T L relie s i s insensitiv e t o 
th e curren t  assignmen t  o f  value s t o th e parameters .  I n othe r 
words ,  althoug h w e represente d (̂ c  a s a  functio n o f  bot h s 
and A ,  th e outpu t  o f  4> c onl y depend s o n s . 

3.  Althoug h definitio n 4  i s genera l  enoug h t o includ e cu e func -
tion s tha t  tak e a s inpu t  linguisti c event s consistin g o f  se -
quence s o f  n  strings ,  fo r  an y numbe r  n ,  th e cu e functio n o n 
whic h th e S T L relie s take s a s inpu t  onl y individua l  strings . 
Such restrictio n coul d b e reconmiende d o n ground s o f  psy -
chologica l  plausibility .  Mor e generally ,  th e smalle r  th e 
windo w o n whic h th e cu e functio n operates ,  th e smalle r  th e 
memory requiremen t  o f  a  cue-base d learner . 

Havin g show n tha t  ste p 4  o f  th e S T L i s a  cu e functio n <j)c , 
al l  w e hav e t o sho w i s tha t  th e whol e S T L algorith m ca n b e 
see n a s a  functio n A c tha t  fall s  unde r  definitio n 5 .  Bu t  thi s 
i s certainl y true ,  since ,  b y construction ,  th e S T L extract s al l 
th e paramete r  assignment s fro m th e cu e functio n base d o n th e 
"superparser". ' 

A space of syntactic parameters 

Havin g show n tha t  th e S T L i s indee d a n instanc e o f  a  cue -
base d learne r  w e wil l  no w tur n t o a  brie f  descriptio n o f  a 
spac e o f  syntacti c parameter s tha t  i s  a n extensio n o f  th e spac e 
th e S T L wa s originall y designe d t o learn .  Th e spac e w e 
presen t  her e ha s bee n implemente d i n orde r  t o investigat e 
th e interaction s o f  seve n distinc t  parameter s tha t  hav e bee n 
propose d b y linguist s o n ground s o f  descriptiv e adequacy.' " 

I n additio n t o th e Complement-Head ,  Specifier-Hea d an d 
Verb-Secon d parameter s tha t  hav e bee n briefl y introduce d 
abov e an d discusse d a t  lengt h i n Gibso n an d Wexle r  (1994) , 
we hav e analyze d th e effect s o f  alternativ e setting s fo r  th e 
fou r  parameter s tha t  ar e her e briefl y described . 

The Complementizer-Direction Parameter In languages 
suc h a s Japanes e 

(7 )  John-w a Mari-g a kawaii-d a t o omotteir u 
John-to p Mary-no m pretty-i s tha t  thin k 

'Joh n think s tha t  Mar y i s pretty ' 

th e positio n o f  th e complementize r  'to '  wit h respec t  t o th e 
embedded claus e ca n indee d b e derive d a s a  specia l  cas e o f 
th e settin g o f  th e Complement-Hea d parameter .  I n particular , 
jus t  a s th e direc t  objec t  precede s it s head ,  th e verb ,  i n Japanes e 
embedded clause s preced e thei r  head ,  th e complementizer . 

Ther e ar e othe r  languages ,  however ,  i n whic h thi s corre -
spondenc e i s no t  observed .  I n particular ,  i n German ,  whic h i s 
als o analyze d a s a  head-fina l  language ,  embedde d clause s d o 
not  preced e bu t  follo w th e complementizer : 

(8 )  Johan n glaub t  das s Mari e hiibsc h is t 
Joh n think s tha t  Mar y prett y i s 

'Joh n think s tha t  Mar y i s pretty ' 

I n orde r  t o cove r  thi s cas e w e hav e introduce d a  Dir-Com p 
paramete r  tha t  determine s th e relativ e orde r  o f  complemen -
tizer s an d th e highes t  inflectiona l  projection ,  independentl y o f 

'i n fact ,  w e shoul d als o prov e tha t  ste p 5  o f  th e ST L i s guarantee d 
neve r  t o outpu t  a n inconsisten t  paramete r  assignment ,  a s i s require d 
by definitio n 5 .  Fo r  thi s t o happen ,  ther e mus t  b e a  targe t  languag e L 
whose p ,  -t h paramete r  i s se t  t o valu e v ™ whic h ha s tw o sentence s s  i 
and 3 2 suc h tha t  s  i  onl y belong s t o language s tha t  hav e p ,  se t  t o valu e 
v ^  an d 3 2 onl y belong s t o language s tha t  hav e p ,  se t  t o a  differen t 
valu e V* .  However ,  thi s i s  impossible ,  since ,  b y hypothesis ,  s :  i s  a 
member  o f  L  an d s o i t  belong s t o a t  leas t  a  languag e tha t  ha s p ,  se t 
t o valu e v,"* . 

'° A LIS P implementatio n ca n b e obtaine d fro m th e first  author . 
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th e valu e o f  th e Complement-Hea d parameter .  I n thi s respec t 
a languag e lik e Japanes e woul d b e a  complementizer-fina l 
languag e whil e Germa n woul d b e a  complementizer-initia l 
language . 

The Verb-to-Agr Parameter Pollock (1989) has observed 
tha t  Frenc h an d Englis h diffe r  fro m on e another ,  amon g othe r 
things ,  i n th e possibilit y  o f  lexica l  materia l  intervenin g be -
twee n th e ver b an d it s direc t  objec t  i n Frenc h bu t  no t  i n En -
glish : 

(9 )  Jea n embrass e souven t  Mari e 
Joh n kisse s ofte n Mar y 

'Joh n ofte n kisse s Mary ' 

(10 )  *Joh n kisse s ofte n Mar y 

I n fact ,  i n Frenc h V P adverb s lik e 'souvent '  ar e actuall y 
require d t o appea r  betwee n th e ver b an d it s objec t  a s th e 
ungrammaticalit y o f  th e followin g exampl e shows : 

(11 )  *  Jea n souven t  embrass e Mari e 

Polloc k ha s explaine d suc h variatio n assumin g tha t  i n 
French ,  bu t  no t  i n English ,  ver b movemen t  t o Inf l  i s  obliga -
tory .  Sinc e i n ou r  syste m o f  parameter s w e adop t  a  versio n 
of  Pollock' s split-Inf l  hypothesis ,  splittin g Inf l  int o Tens e an d 
Agr  (wit h Tens e dominatin g Agr) ,  thi s parametri c variatio n i s 
reconstructe d b y leavin g th e ver b i n sit u fo r  on e valu e o f  th e 
paramete r  an d movin g i t  obligatoril y  t o Ag r  fo r  th e alternativ e 
value . 

The Verb-to-T Parameter No possible value assignment 
t o th e Comp-Head ,  Spec-Head ,  Dir-Comp ,  Verb-Secon d an d 
V-to-Ag r  parameter s coul d captur e th e V S O wor d orde r  tha t 
i s  typica l  o f  Celti c  language s suc h a s Iris h o r  Breton ,  i f  w e 
assume,  a s w e d o i n ou r  system ,  tha t  subject s ar e generate d 
i n Spec-Agr .  I n orde r  t o captur e th e V S O wor d order ,  w e 
hav e therefor e followe d Carnie' s (1995 )  analysi s o f  Iris h an d 
introduce d a  secon d ver b movemen t  paramete r  tha t  move s th e 
ver b t o Tense .  Th e V-to-Ag r  an d th e V-to- T movement s ar e 
analyze d i n ou r  paramete r  spac e a s sequentia l  movements . 
Dependin g o n th e valu e o f  V-to-Agr ,  th e ver b doe s o r  doe s 
not  mov e t o Agr .  Afte r  this ,  i f  th e V-to- T paramete r  i s  se t  t o 
th e valu e tha t  require s th e movemen t  t o tak e place ,  th e ver b 
i s move d fro m whereve r  i s wa s (eithe r  V  o r  Agr )  t o T . 

The Embedded-Verb-Second Parameter This parameter 
determine s whethe r  verb-secon d movement s tak e plac e i n 
embedded clauses .  A m o n g thos e language s tha t  exhibi t  verb -
secon d effect s i n roo t  clause s i t  i s  possibl e t o dra w a  distinctio n 
betwee n thos e tha t  hav e obligator y verb-secon d movement s 
i n embedde d clause s an d thos e tha t  mak e suc h movement s 
possibl e (an d i n tha t  cas e als o optional )  onl y whe n th e em -
bedde d claus e i s bein g introduce d b y verb s o f  a  specia l  kind . 
For  example ,  i n Danis h an d German ,  embedde d verb-secon d 
movement s exis t  onl y i f  th e matri x ver b i s a  "bridge-verb "  a 
ver b expressin g a  cognitiv e stat e suc h a s 'believe' ,  'hope '  an d 
th e lik e (latrido u an d Kroc h 1992 ,  Vikne r  1994) . 

Clusters of weakly equivalent languages 

I n ou r  syste m o f  parameters ,  a s i t  i s  currentl y implemented , 
th e onl y lexica l  materia l  tha t  coul d possibl y interven e betwee n 
th e Ag r  an d th e Tens e hea d i s a  subjec t  N P i n Spec-Agr . 
I t  i s  importan t  t o realize ,  however ,  tha t  thi s onl y happen s 

Spec- C 

••.  A 

Agr-ba r  Spec-Ag r 

V P Sub j 

A d v V P 

•  Ver b Ob j 

Figur e 4 :  Alternativ e parse s fo r  "Ver b A d v Ob j  Subj ' 

when complement s an d specifier s ar e positione d i n opposit e 
direction s wit h respec t  t o thei r  heads ,  a s i t  woul d happe n 
i n language s tha t  ar e comp-fina l  an d spec-initia l  o r  comp -
initia l  an d spec-final .  W h e n a  languag e i s eithe r  comp-fina l 
and spec-fina l  o r  comp-initia l  an d spec-initial ,  however ,  th e 
subjec t  N P appear s i n th e strin g eithe r  afte r  o r  befor e bot h 
th e Tens e an d Ag r  (o r  Ag r  an d Tense )  position s respectively . 
W h en thi s happens ,  th e orde r  o f  lexica l  element s i n a  strin g i s 
not  sufficien t  t o determin e th e interna l  structur e o f  a  sentenc e 
wit h respec t  t o th e V-to-Ag r  an d V-to- T movemen t  an d a s 
a result ,  thre e distinc t  paramete r  assignment s (V-to-T + an d 
V-to-Agr+ ;  V-to-T + an d V-to-Agr- ;  V-to-T -  an d V-to-Agr+ ) 
end u p generatin g exactl y th e sam e se t  o f  strings . 

I n orde r  t o se e h o w thi s stat e o f  affair s i s  problemati c fo r  th e 
STL,  let' s  ste p throug h th e cas e i n whic h th e targe t  languag e i s 
spec-final ,  comp-final ,  complementizer-initial ,  verb-second- , 
embedded-verb-second -  v-to-t + an d v-to-agr+ .  T o simplif y 
th e discussion ,  let' s  assum e tha t  th e S T L ha s alread y correctl y 
determine d th e value s o f  al l  parameter s bu t  V-to- T an d V-to -
Agr. "  T o star t  with ,  i t  i s  eas y t o se e tha t  th e learne r  coul d 

"i t  i s  actuall y instructiv e t o se e wh y a  singl e sentenc e suc h a s 
"Ver b Com p Ver b Ob j  Sub j  Subj "  woul d b e sufficien t  fo r  th e ST L 
t o establis h this .  Th e fac t  tha t  th e maui x ver b appear s i n th e first 
positio n i s a n unambiguou s indicatio n tha t  th e languag e canno t  b e 
verb-second+ .  S o i t  ha s t o b e verb-second- ,  an d therefor e als o 
embedded-verb-second- .  Th e subjec t  o f  th e matri x claus e follow s 
th e matri x verb ,  whic h indicate s tha t  th e languag e i s spec-final .  Th e 
fac t  tha t  th e embedde d claus e follow s th e matri x ver b reveal s tha t 
th e languag e i s comp-final .  Finally ,  sinc e th e complementize r  o f 
th e embedde d claus e precede s th e embedde d verb ,  th e languag e i s 
complementizer-initial .  Th e fac t  tha t  s o man y paramete r  value s ca n 
be fixed  o n th e basi s o f  a  singl e degree- 1 sentenc e i s a n attractiv e 
featur e o f  th e STL .  Th e cos t  o f  computin g al l  possibl e 'superpanes ' 
fo r  a  sentence ,  however ,  especiall y a t  th e beginning ,  whe n th e 'su -
pergrammar '  i s  stil l  ver y large ,  ma y offse t  thi s advantage .  W e ar e 
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not  possibl y unambiguousl y detec t  an y ver b movemen t  unti l 
i t  i s presente d wit h a  sentenc e i n whic h som e lexica l  materia l 
intervene s betwee n th e Ag r  hea d an d th e verb .  Thi s mean s 
tha t  ver b movemen t  wil l  onl y b e detecte d i n sentence s suc h a s 
"Ver b A d v Ob j  Subj" ,  wher e th e ver b move s pas t  a  prcverba l 
adver b tha t  i s  lef t  adjoine d t o th e VP .  Suc h a  sentenc e i s 
impossibl e t o pars e withou t  assumin g tha t  th e ver b ha s moved . 
However ,  althoug h i t  i s  a t  thi s poin t  certai n tha t  th e ver b ha s 
moved,  i n orde r  t o se t  V-to- T an d V-to-Ag r  t o thei r  correc t 
valu e th e parse r  als o need s t o determin e unambiguousl y wher e 
exactl y th e ver b ha s lande d (whethe r  i n Agr ,  o r  highe r  up ,  i n 
T) .  This ,  however ,  i s impossibl e t o do ,  sinc e i n thi s languag e 
no lexica l  materia l  intervene s betwee n tha t  T  an d th e Ag r 
head .  A s a  consequence ,  fo r  ever y sentenc e wit h a  pre-verba l 
adver b (th e onl y kin d o f  sentenc e tha t  woul d revea l  anythin g 
at  al l  abou t  ver b movement) ,  th e parse r  wil l  alway s retur n 
thre e distinc t  parses : 

(12 )  [cp.. .  [TVerb][ .  U,rt] [  tObj]] ] 

(13 )  [cp.. .  [rVerbK.. .  [^,r0][..tObj]] ] 

(14 )  [cp.. .  [t0][.. .  U, r  Verb ]  L. t  Obj]] ] 

What  thi s show s i s tha t  unambiguou s 'superparsing '  i s 
neve r  possibl e fo r  string s comin g fro m a  cluste r  o f  weakl y 
equivalen t  languages .  Bu t  sinc e th e S T L learn s th e valu e o f 
parameter s onl y vi a unambiguou s 'superparsing '  thi s mean s 
i n tur n tha t  i n thi s particula r  paramete r  spac e th e valu e o f 
certai n parameter s i s neve r  acquire d b y th e STL .  I t  shoul d 
be note d tha t  th e proble m w e hav e cite d i s no t  simpl y tha t 
th e cue-learnin g mechanis m converge s o n a  gramma r  tha t  i s 
onl y weakl y equivalen t  t o th e "correct "  grammar ;  rather ,  th e 
proble m i s tha t  th e cue-learnin g mechanis m doesn' t  converg e 
on a  fully-specifie d parameter-settin g a t  ail ;  th e relevan t  pa -
rameter s remai n unset ,  fo r  an y cue-learnin g mechanism . 

Conclusions 

As usual ,  wheneve r  a  negativ e leamabilit y resul t  i s  provided , 
i t  i s  possibl e t o procee d i n tw o differen t  directions ,  dependin g 
on wha t  assumption s on e i s mor e attache d to .  Fo r  example , 
one coul d argu e tha t  th e paramete r  spac e shoul d b e refine d 
by includin g dat a tha t  woul d revea l  th e actua l  landin g sit e o f 
ver b movemen t  an d mak e unambiguou s 'superparsing '  feasi -
ble .  Alternatively ,  on e coul d modif y th e S T L algorithm ,  b y 
allowin g a  certai n amoun t  o f  guessin g whe n th e learne r  get s 
pushe d u p agains t  a  cluste r  o f  weakl y equivalen t  languages . 
Such a  chang e woul d obviousl y plac e th e resultin g algorith m 
outsid e th e clas s o f  cue-base d learners .  I t  mus t  b e noted , 
however ,  tha t  thi s solutio n encounter s severa l  problems .  Firs t 
of  all ,  ther e i s a n issu e o f  'timing' :  ho w woul d th e learne r 
kno w whe n it' s tim e t o sto p superparsin g an d t o star t  guess -
ing ? Secondly ,  thi s solutio n i s guarantee d t o wor k onl y whe n 
al l  th e language s i n th e remainin g subspac e ar e equivalen t  t o 
one another .  Th e presen t  cas e show s howeve r  that ,  sinc e thi s 
situatio n doesn' t  alway s obtain ,  non-deterministi c extension s 
of  th e S T L ar e no t  alway s guarantee d t o succeed .  Observe , 
i n fact ,  tha t  a  rando m assignmen t  o f  valu e t o th e V-to- T an d 
V-to-Ag r  parameter s ha s on e chanc e i n fou r  o f  returnin g v -
to-t -  an d v-to-agr -  yieldin g a  languag e that ,  a s th e reade r  ca n 
verify ,  i s  distinc t  fro m th e intende d targe t  (v-to-t+ ;  v-to-agr+) . 
Such case s ar e discusse d a t  lengt h i n Bertol o e t  al .  (1997) . 

currentl y investigatin g thi s issue . 

Attempt s t o circumven t  thi s secon d proble m b y lettin g th e 
learne r  selec t  a  rando m valu e assignmen t  onl y amon g thos e 
setting s tha t  yiel d weakl y equivalen t  language s woul d requir e 
th e learne r  eithe r  t o hav e acces s t o a  look-u p tabl e tha t  list s 
al l  th e languag e equivalence s o r  t o b e abl e t o comput e them . 
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