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A C o m p u t a t i o n a l  B a s i s f o r  B r o w n ' s R e s u l t s o n 

M o r p h e m e O r d e r  A c q u i s i t i o n 

Sheldon Nicholl and David C. Wilkins 

Dept .  o f  Compute r  Scienc e 

Universit y o f  Illinoi s 

1304 W .  Springfiel d Ave . 

Urbana ,  I L 6180 1 

Abstrac t 

Thi s pape r  present s th e resul t  tha t  a  compute r 
progra m ca n mimi c th e acquisitio n b y childre n o f 
a sdecte d se t  o f  grammatica l  morphemes .  Roge r 
Brown [Brown ,  1973 ]  studie d th e acquisitio n o f 
14 morphemes ,  an d showe d ho w a  se t  o f  partia l 
orde r  relation s describe s thi s aspec t  o f  chil d lan -
guag e learning .  W e sho w tha t  thes e relation s ca n 
be give n a  computationa l  basis .  The y follo w di -
rectl y fro m a  clas s o f  Boolea n learnin g algorithm s 
whic h hav e thre e simpl e constraint s i n th e manne r 
i n whic h the y conside r  hypotheses .  I  wil l  cal l  thes e 
thre e constraint s th e C A M constraints .  C A M con -
strain t  1  i s t o increas e th e lengt h o f  th e conjunct s 
one ter m a t  a  time .  Th e secon d C A M constrain t 
i s  t o conside r  al l  hypothese s o f  th e sam e lengt h 
simultaneously .  Finally ,  C A M constrain t  3  i s t o 
collec t  al l  single-ter m hypothese s involvin g nou n 
feature s int o a  singl e conjunctio n prio r  t o Boolea n 
learning . 

Introduction 

The proble m o f  ho w languag e i s acquire d i s stil l  on e 
of  th e cor e problem s i n understandin g cognition .  Con -
tribution s t o a n understandin g o f  languag e acquisitio n 
hav e com e no t  onl y fro m Psycholog y an d Linguistic s 
[Brown ,  1973] ,  [Pinker ,  1984 ]  bu t  als o fro m Compute r 
Scienc e [Gold ,  1967 ]  an d artificia l  intelligenc e [Berwick , 
1985] .  Therefor e w e woul d expec t  furthe r  progres s i n 
th e stud y o f  languag e acquisitio n t o dra w mor e an d 
more fro m multipl e fields  i n th e cognitiv e sciences , 
rathe r  tha n t o dra w fro m purel y on e area . 

Brown' s result s [Brown ,  1973 ]  provid e a  fine  exampl e 
of  thi s interdisciplinar y transfer .  I n studyin g th e lan -
guag e developmen t  o f  thre e children ,  Brow n focusse d 
hi s attentio n o n th e acquisitio n o f  1 4 particula r  gram -
matica l  morphemes .  Brow n wa s abl e t o writ e dow n th e 
acquisitio n orde r  o f  a  significan t  subse t  o f  thes e gram -
matica l  morpheme s i n term s o f  partia l  orders .  Thi s 
stil l  stand s a s a  majo r  resul t  i n th e stud y o f  languag e 
acquisition . 

The goa l  o f  thi s pape r  i s t o exhibi t  a  compute r  mode l 
of  som e o f  Brown' s acquisitio n orde r  result s (se e Tabl e 

Morpheme 
Presen t  Progressiv e 
Plura l 
Past  Irregula r 
Thir d Perso n regula r 
Uncontractibl e Auxiliar y 

Meanin g 
Temporar y duration ; 
Number 
Earliernes s 
Number;  Earliernes s 
Temporar y duration ; 
number ;  earlierness ; 
(process-state ) 

Tabl e 1 :  Excerp t  fro m Brown' s Tabl e 60 ,  p .  36 9 
(Brown ,  1973 ) 

3) .  Thi s compute r  mode l  i s base d o n a  se t  o f  con -
straint s fo r  whos e plausibilit y  w e hop e t o argue .  I 
wil l  cal l  thes e constraint s th e C A M constraints .  Th e 
C AM constraint s ar e par t  o f  a  large r  mode l  o f  languag e 
acquisitio n calle d C A M (Categories ,  Agreement ,  an d 
Morphology )  whic h ha s bee n implemente d i n Common 
Lisp . 

Brown's Results 

Brow n use d th e ide a o f  a  complexit y orderin g t o 
len d a n underlyin g paradig m t o hi s order-of-acquisitio n 
data .  Differen t  grammatice d construction s ar e ranke d 
on a  scal e o f  increasin g complexity ;  th e mor e comple x 
th e construction ,  th e longe r  i t  take s t o learn .  Brow n 
considere d tw o complexit y orderings ,  on e base d o n syn -
tax ,  th e othe r  base d o n semantics .  Th e syntax-base d 
orderin g i s state d i n term s o f  a  theor y whic h i s seri -
ousl y ou t  o f  dat e (Chomsky' s Standar d Theor y [Chom-
sky ,  1965] )  an d als o depend s o n transformations ,  whic h 
C AM doe s no t  represent ;  thi s orderin g wil l  therefor e 
not  b e furthe r  considere d here . 

What  i s o f  interes t  her e i s Brown' s semanti c com -
plexit y ordering .  I t  i s  appropriat e t o begi n wit h a  de -
scriptio n o f  th e actua l  semantic s tha t  for m th e basi s o f 
th e ordering . 

Tabl e 1  show s th e meaning s o f  th e plura l  an d pas t 
morphemes. ^  Not e tha t  althoug h Tabl e 1  refer s t o bot h 

'A s Brow n point s out ,  th e subjunctiv e us e o f  th e past . 
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regula r  an d irregula r  forms ,  thi s distinctio n i s no t  o f 
consequenc e here ,  sinc e bot h form s encod e th e sam e 
meaning .  Thi s i s tru e o f  th e pas t  form s a s wel l  a s th e 
thir d perso n forms .  N o w th e thir d perso n form s refe r 
t o bot h Numbe r  an d Earlierness ,  sinc e thi s morphem e 
ca n onl y b e use d i n singular ,  presen t  tens e contexts. ^ 
Finally ,  th e auxiliar y refer s t o thre e features :  tempo -

rar y duration, '  Number ,  an d Earlierness .  Th e tempo -
rar y duratio n featur e arise s fro m th e correlatio n be -
twee n th e auxiliarie s wit h th e progressive ,  a t  leas t  i n 
th e dat a Brow n considered : 

I  a m wal k -in g 
I S A U X V  progressiv e 

Th e othe r  feature s reflec t  th e particula r  choic e o f  th e 
auxiliary :  is ,  are ,  was ,  an d wer e eac h mak e differen t 
commitment s t o Numbe r  an d Tense ;  henc e th e nee d 
fo r  th e features . 

N ow tha t  th e meaning s o f  th e morpheme s hav e bee n 
explained .  Brown' s partia l  order s base d o n thos e mean -
ing s ca n b e described .  Her e i s  Brown' s actua l  listin g 
of  th e partia l  orders ,  redraw n slightl y t o fit  i n thi s col -
umn: 

plural(z )  1 
pas t  irregular(j/ )  J 

Uncont .  copula( z +  y ) 
3rd-perso n reg.(a ;  +  y ) 

Uncont .  copula(; .  +  I, )  |  Jjn .  Anx{ x +  y  +  z ) 
3rd-perso n reg.(a ;  +  y )  j  \  i f  ; 

Progressive(z) < Uncontractible Aux(a! + y+ z) 

Tabl e 2 :  Brown' s Tabl e 61 :  " A partia l  orderin g i n 
term s o f  cumulativ e semanti c complexity. " 

In a formal sense, the less-than symbol '<' means 
"les s comple x than" .  S o fo r  example ,  plural(i )  < 
third-perso n regular( z +  2/) ,  a  relatio n implie d b y Tabl e 
2,  mean s tha t  th e plural ,  whic h depend s o n onl y on e 
variable ,  x  (number) ,  i s  strictl y les s comple x tha n th e 
thir d perso n regular ,  whic h depend s o n tw o variables , 
X an d y ,  wher e x  i s  numbe r  an d y  i s earlierness .  Th e 
plu s sig n '-I-'jus t  mean s "i n som e combinatio n with" ; 
i t  ha s n o relatio n t o arithmeti c addition . 

Fortunately ,  th e purel y formal ,  "les s comple x than " 
sens e o f  '< '  correspond s t o a n importan t  real-worl d 
sens e o f  '<' :  "acquire d before" .  Thi s means ,  fo r  in -
stance ,  tha t  nou n plura l  form s lik e boy s ar e acquire d 

which is vised to refer to unactualized events, need not be 
considere d here ,  sinc e th e childre n lear n thi s meeinin g o f  th e 
past  lon g afte r  th e morpheme s o f  interes t  her e hav e alread y 
been learned . 

^  Brow n ha s apparentl y suppresse d Perso n from  hi s 
Tables . 

' I  a m suppressin g "process-state "  from  m y expositio n 
becaus e ther e ar e to o man y exception s t o th e notio n 
tha t  th e progressiv e someho w encode s th e process-stat e 
distinction . 

befor e third-perso n regula r  form s lik e Joh n walks .  N o w 
"acquired "  i n Brown' s usag e refer s t o th e first  speec h 
sampl e tha t  i s  "th e first  speec h sampl e o f  three ,  suc h 
tha t  i n al l  thre e th e inflectio n i s supplie d i n a t  leas t  9 0 
percen t  o f  th e context s i n whic h i t  i s  clearl y required. " 
(Brow n quotin g Cazden ,  p .  258).' *  Fo r  mos t  o f  th e chil -
dre n a  speec h sampl e consiste d o f  tw o hour s o f  tape d 
speec h ever y secon d wee k (Brown ,  p .  52) .  T h e pre -
diction s o f  Tabl e 5  ar e largel y confirme d (Brown ,  p . 
371 )  accordin g t o th e 9 0 % criterion .  Th e goa l  o f  thi s 
pape r  i s t o provid e a  computatione d mode l  o f  thes e re -
sults .  Th e specifi c  result s addresse d b y thi s pape r  ar e 
th e subjec t  o f  th e nex t  section . 

CAM 

C A M i s a  semantics-base d progra m i n tha t  i t  get s no t 
oid y a  linguisti c strin g a s input ,  bu t  a  representatio n o f 
th e string' s meanin g a s well .  I n th e interes t  o f  greates t 
generality ,  th e representationa l  powe r  o f  th e meanin g 
formalis m ha s bee n restricte d a s muc h a s seem s possi -
ble .  Oid y word s referrin g t o clearl y perceptibl e physi -
cal  objects ,  event s involvin g physice d objects ,  o r  state s 
involvin g physica l  object s ar e labelle d a s suc h i n th e 
meanin g representation ;  al l  othe r  word s i n th e strin g 
regardles s o f  thei r  syntacti c categor y ar e give n a  nul l 
lexica l  meaning .  C A M ' s learnin g i s interestin g becaus e 
i t  ca n stil l  for m a  g ramma r  despit e th e impoverishe d 
natur e o f  it s input . 

As mentione d before ,  C A M i s a  languag e acquisitio n 
progra m concentratin g primaril y o n Categories ,  Agree -
ment ,  an d Morphology .  C A M ha s separat e module s fo r 
Categor y learning ,  e.g. ,  se e [Nicho U an d Wilkins ,  1990] , 
C F G rul e learning ,  affi x  orde r  learning ,  an d agreemen t 
rul e learning ,  amon g others .  I t  i s  th e agreemen t  rul e 
learne r  tha t  i s o f  primar y interes t  i n thi s paper ,  sinc e 
th e agreemen t  rul e learne r  i s implemente d wit h a  sim -
pl e bottom-u p nominal-featur e Boolea n learnin g algo -
rith m tha t  obey s th e thre e C A M constraints . 

The Set of Morphemes Studied Here 

For  a  variet y o f  reason s I  wil l  explai n shortly ,  C A M 
canno t  a t  presen t  acquir e al l  1 4 o f  Brown' s morphemes . 
Fortunately ,  th e C A M constraint s ar e no t  affecte d b y 
any o f  thes e considerations ,  s o i t  i s  entirel y possibl e 
tha t  wit h appropriat e refinement s i n othe r  part s o f 
C A M,  al l  1 4 morpheme s m a y someda y b e covered . 

A quic k examinatio n o f  Tabl e 1  show s tha t  Brow n 
makes a  distinctio n betwee n th e contractibl e an d un -
contractibl e form s o f  a  morpheme .  Fo r  example ,  you'r e 
walkin g i s a  contracte d versio n o f  yo u ar e walking , 
but  ar e yo u walking ? allow s n o contraction ,  an d i s 
henc e uncontractible .  Althoug h syntacti c factor s d o 
hav e a  bearin g o n contractibility ,  i t  i s  als o clea r  tha t 
phonologica l  factor s ar e ver y important .  C A M make s 
th e importan t  bu t  certairU y no t  unprecedente d distinc -
tio n betwee n synta x an d phonolog y an d henc e ha s n o 

*Thi s i s th e "90 % criterion "  whic h I  wi U refe r  t o later . 
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phonologica l  componen t  a s yet .  Th e fac t  tha t  C A M 
can stil l  duplicat e som e (bu t  no t  all )  o f  Brown' s ma -
jo r  results ,  i.e. ,  T&bl e 3  (bu t  no t  Tabl e 2) ,  i s  unprece -
dented ,  a s fa r  a s I  know ,  an d i s th e majo r  resul t  o f  thi s 

paper .  Th e clea r  implicatio n i s tha t  synta x an d se -
mantic s ar e th e principi d (bu t  no t  total )  determinant s 
of  acquisitio n orde r  i n thi s domain . 

Similarly ,  Tabl e 1  make s a  distinctio n betwee n reg -
ula r  {ui d irregula r  forms .  Thi s distinctio n i s largel y 
lexical .  Sinc e C A M focusse s o n th e learnin g o f  gen -
era l  rules ,  irregula r  form s ar e neglected .  Thi s i s born e 
out  i n th e dat a t o som e extent ,  sinc e th e learnin g o f 
irregula r  form s i s differen t  fro m tha t  o f  regula r  forms . 
Brow n als o distinguishe s betwee n copulzi s an d auxil -
iaries .  C A M ha s n o provisio n fo r  copula s a s such ,  du e 
t o th e semanti c indistinguishabilit y  o f  stativ e verb s an d 
adjectives :  bot h ar e states ;  bot h ar e predicates .  Bu t 
sinc e C A M ca n stil l  lear n th e ful l  agreemen t  rule s fo r 
th e auxiliar y version s o f  al l  th e copulas ,  thi s ma y no t 
be muc h o f  a  problem ,  especiall y i f  th e acquisitio n o f 
copula s i s regarde d a s "parasitic "  o n th e acquisitio n o f 
auxiliaries .  Possessive s ar e exclude d fro m th e presen t 
implementatio n o f  C A M du e agai n t o th e difficult y o f 
learnin g states .  Fo r  a n enlightenin g discussio n o f  th e 
zimbiguou s representatio n o f  state s i n natura l  language , 
see [Lyons ,  1977] .  Finally ,  th e preposition s i n an d on , 
lik e al l  othe r  prepositions ,  fai l  th e Relevanc e Propert y 
[Nichol l  an d Wilkins ,  1990 ]  fo r  frequentl y grammati -
cize d features ,  an d ar e therefor e deliberatel y ignore d 
by C A M. 

pit1eg2dar(y )  } < Third-perso n regular(a ;  +  y ) 

3rd-person ieg.{x + y) < Uncont. Aux(z + y + z) 

Progressive(z )  <  Uncontractibl e Aiix(a ;  +  y  +  z ) 

Tabl e 3 :  Orde r  o f  chil d languag e acquisitio n experi -
mentall y observe d b y Brown ,  a  subse t  derive d fro m hi s 
tabl e 61 ,  p .  37 0 (als o Tabl e 2 ,  thi s article) .  Th e '< ' 
sig n i s Brown' s notatio n fo r  "acquire d before. "  Th e 
relation s her e i n Tabl e 3  hav e bee n computationall y 
duplicate d b y usin g th e C A M constreunts .  Fo r  exam -
ples ,  se e Tabl e 5 . 

Of Brown's original 14 morphemes, this leaves the 
followin g morpheme s learnabl e b y C A M:  th e progres -
sive ,  plural ,  past ,  third-perso n regular ,  an d auxiliar y 
ver b morphemes .  Fortunately ,  thes e ar e almos t  exactl y 
th e sam e morpheme s covere d b y Brown' s acquisitio n 
orde r  result s (Tabl e 2 )  s o littl e i s  lost . 

The form s o f  th e morpheme s learnabl e b y C A M ar e 
as follows .  Fo r  th e progressive ,  -in g i s th e for m learned . 
For  th e plural ,  - s i s th e allowabl e for m becaus e irreg -
ula r  plural s ar e excluded .  Th e sam e i s tru e fo r  th e 
past :  -e d i s learned ,  whil e th e irregula r  pas t  form s ar e 

neglecte d here .  A s on e migh t  expect ,  - » i s learne d fo r 
th e third-perso n regular .  Th e cas e o f  auxiliar y verb s 
i s mor e interesting .  C A M learn s t« ,  are ,  was ,  were , 
and am ,  bu t  no t  be.' ^  Althoug h bee n an d certai n form s 
of  hav e ar e als o learnabl e b y C A M,  the y won' t  b e ad -

dresse d furthe r  her e sinc e the y ar e irrelevan t  t o th e 
subjec t  o f  thi s paper . 

Tabl e 3  therefor e summarize s th e targe t  ordering s 
C AM shoul d b e abl e t o learn . 

Input 

The relevan t  excerp t  o f  a  typice d inpu t  t o C A M i s th e 
following : 

((the )  (man )  (is )  (wal k ing) ) 
(( )  (3rd-per8o n ( )  (presen t 

singular )  progressive) ) 

The first  lin e show s th e linguisti c string ,  whic h i s seg -
mente d int o words .  I f  a  wor d contain s inflectiona l  mor -
phemes,  thes e ar e segmente d fro m thei r  stems . 

The secon d lin e o f  th e inpu t  show s th e feature s o f  th e 
perceptuall y salien t  word s i n th e sentence .  Thes e fea -
ture s ar e assume d t o b e perceptuall y recoverable :  a  vi -
sio n syste m capabl e o f  th e objec t  recognitio n require d 
fo r  thi s tas k coul d presumabl y recove r  thes e additiona l 
feature s wit h littl e difficulty . 

The inpu t  file  tha t  generate d Tabl e 5  consist s o f  a  se -
quenc e o f  2 4 input s a s jus t  described .  Whil e thi s inpu t 
forma t  ma y see m a  bi t  simplistic ,  i t  i s  sufficien t  fo r  th e 
acquisitio n o f  mos t  o f  th e subject-ver b agreemen t  rule s 
i n English .  Also ,  CAM' s input s needn' t  b e watere d 
down i n orde r  t o avoi d th e occurrenc e o f  a  construc -
tio n tha t  migh t  interfer e wit h it s abilit y  t o construc t  a 
grammar .  C A M i s capabl e o f  filtering  ou t  input s to o 
comple x t o handle .  Th e abilit y  t o filter  ou t  irrelevan t 
features ,  suc h a s thos e encodin g animac y o r  shap e i n 
Englis h fo r  example ,  ha s no t  ye t  bee n implemente d i n 
C A M,  bu t  ther e i s n o theoretica l  proble m wit h usin g 
th e Relevanc e Propert y [Nichol l  an d Wilkins ,  1990 ]  t o 
do so ,  sinc e n o morphem e tha t  fall s  unde r  th e scop e 
of  th e Relevanc e Propert y i s relevan t  fo r  animac y o r 
shap e i n English .  Th e spee d o f  th e Relevanc e Algo -
rith m use d t o implemen t  th e Relevanc e Propert y i s 
suc h tha t  man y suc h irrelevan t  feature s ca n als o b e 
filtered  out . 

Procedure 

C AM i s actuall y a  syste m o f  severa l  learnin g proce -
dure s eac h devote d t o learnin g a  differen t  aspec t  o f 
language .  Befor e agreemen t  learnin g proceeds ,  cate -
gorie s ar e forme d an d C F G rule s ar e built :  thi s i s  wh y 
th e whol e C A M syste m i s necessary ;  a  Boolea n learne r 
canno t  handl e synta x independently .  Fo r  example ,  th e 
formatio n o f  on e close d categor y (AUX )  i s discusse d i n 

*Thi s i s simpl y becaus e modal s hav e no t  ye t  bee n give n 
t o C A M i n experimenta l  trieds ;  C A M ha s n o theoretica l 
learnabilit y  problem s wit h modals . 
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1.  Increas e th e lengt h o f  th e conjunct s on e ter m a t  a 
time . 

2.  Conside r  al l  hypothese s o f  th e sam e lengt h simulta -
neously . 

3.  Collec t  al l  single-ter m hypothese s involvin g nou n 
feature s int o a  singl e conjunctio n prio r  t o Boolea n 
learning . 

Tabl e 4 :  Boolea n learne r  constraints .  Thes e con -
straint s ar e sufficien t  t o enabl e a  Boolea n learne r  t o 
duplicat e Brown' s complexit y orderings .  Se e text . 

[Nicholl and Wilkins, 1990]. Agreement rules are con-
structe d afte r  a n inpu t  lik e tha t  abov e i n sectio n 3. 2 i s 
full y  parse d b y previousl y learne d C F G rules . 

Once a n inpu t  ca n b e unambiguousl y parse d b y pre -
viousl y acquire d C F G rules ,  th e feature s i n lin e 2  o f  th e 
inpu t  (se e sectio n 3.2 )  ar e percolate d (o r  projected )  t o 
th e maxima l  categor y o f  th e wor d the y correspon d to . 
C AM use s a  traditiona l  gramma r  formalism ,  s o th e 
feature s Ord-perso n singular) ,  whic h correspon d 
t o man ,  ge t  propagate d al l  th e wa y t o NP .  A  dif -
feren t  grammatica l  theor y migh t  propagat e t o JV̂"*" * 
instead. ^ 

Once th e feature s ar e propagated ,  the y ar e rea d of f 
th e maxima l  categorie s i n th e sentence s Jilon g wit h 
thei r  syntacti c position s an d collecte d togethe r  int o 
a set .  Then ,  th e grammatica l  morpheme s alread y 
learne d an d recognize d b y C A M ar e collecte d int o an -
othe r  set .  S o i n th e cas e o f  th e exampl e inpu t  i n th e 
previou s section ,  th e featur e se t  woul d loo k lik e th e fol -
lowing ,  althoug h wit h mor e precisio n a s t o th e exac t 
syntacti c positio n o f  th e element s i n question : 

(NP 3rd-person ) 
(NP singular ) 
( V present ) 
( V progressive ) 

Accordin g t o C A M constrain t  3 ,  th e noun-relate d 
term s ar e collecte d togethe r  int o on e conjunction , 
shown below .  Thi s no t  onl y lead s t o faste r  acquisi -
tion ,  i t  als o lead s t o mor e accurat e result s tha n other -
wise ,  sinc e i f  thi s i s no t  done ,  a  "rac e condition "  ca n 
develo p betwee n noun-relate d term s an d verb-relate d 
terms ,  occasionall y leadin g t o acquisitio n order s tha t 
violat e Brown' s orderings . 

(an d (N P 3rd-person )  (N P singular) ) 
( V present ) 
( V progressive ) 

The se t  o f  grammatica l  morpheme s woul d loo k lik e 
this : 

verb-endin g =  -in g 
ADX =  i s 

The ter m verb-endin g i s jus t  fo r  exposition ;  i n actual -
it y a n interna l  syntacti c representatio n i s use d instead . 
Same fo r  A U X .  I  shal l  avoi d mor e precisio n i n th e in -
teres t  o f  greates t  generality . 

Results 

( = 
( = 
( = 
( = 
(  = 
( = 
( = 
( = 
(  = 

( S 4  V  3  R  1 )  ING ) 
( S 2  V  2  R  1 )  ED ) 
(NP 3  N  2  R  1 )  S ) 
( S 4  AUX 2 )  (AM) ) 
( S 2  V  2  R  1 )  S ) 
( S 4  AU I  2 )  (IS) ) 
( S 4  ADX 2 )  (WAS) ) 
( S 4  AUX 2 )  (ARE) ) 
( S 4  AUX 2 )  (WERE) ) 

( = 
( = 
( = 
(  = 
(  = 
( = 
( = 
(  = 
(  = 

( S 2  V  2  R  1 )  ED ) 
( S 4  V  3  R  1 )  ING ) 
(NP 3  N  2  R  1 )  S ) 
( S 4  AUX 2 )  (IS) ) 
( S 4  AUX 2 )  (AM) ) 
( S 2  V  2  R  1 )  S ) 
( S 4  ADX 2 )  (WAS) ) 
( S 4  AUX 2 )  (ARE) ) 
( S 4  AUX 2 )  (WERE) ) 

*'NP '  i s  o f  cours e a  mor e traditiona l  representatio n fo r 
'Nou n Phrase' ,  whil e 'N"^" '  i s from  X-ba r  theory .  M y in -
tentio n her e i s t o kee p th e expositio n a s genera l  a s possible , 
and avoi d makin g a  commitmen t  t o an y specifi c  syntacti c 
theor y s o worker s i n dififeren t  theorie s ca n stil l  mak e us e o f 
what  i s  presente d here . 

Tabl e 5 :  Edite d outpu t  o f  C A M showin g th e orde r  i n 
whic h i t  acquire s morphemes . 

One can see clearly that this algorithm will duplicate 
Brown' s acquisitio n orde r  formalism ,  sinc e hi s result s 
sho w tha t  childre n lear n shorte r  conjunction s befor e 
longe r  ones .  Fo r  example , 

3rd-person reg.(z + y) < Uncont. Aux(a; -\-y + z) 

is not only (1) one of Brown's acquisition order results 
obtaine d fro m observation s o f  childre n (Tabl e 3) ,  bu t 
(2 )  th e orde r  resultin g fro m th e C A M constraint s abov e 
(se e Tabl e 5) .  Al l  th e othe r  result s i n Tabl e 3  follo w 
fro m th e C A M constraint s i n th e sam e way . 

Now th e actua l  run s o f  C A M show n i n Tabl e 5  man -
ifes t  th e C A M constraint s a s wel l  a s Brown' s acquisi -
tio n orde r  result s (Tabl e 3) .  Thi s i s wha t  w e wante d 
t o demonstrate . 

Discussion and Future Work 

Thi s pape r  ha s show n ho w th e thre e C A M constraint s 
ar e sufficien t  t o duplicat e Brown' s complexit y order -
ing s whe n applie d t o a  Boolea n learne r  embedde d i n a 
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latge i  languag e acquisitio n piogiam .  W e suspec t  tha t 
prio r  wor k i n forma l  languag e acquisition ,  e.g. ,  [Ander -
son ,  1983] ,  [Pinker ,  1984] ,  canno t  duplicat e Brown' s 
result s becaus e thes e system s d o no t  obe y C A M con -
straint s 2  an d 3 .  Bot h system s examin e on e featur e a t  a 

tim e i n sequence ;  i f  thi s sequenc e happen s t o b e incor -
rect ,  thei r  acquisitio n order s wil l  deviat e fro m Brown' s 
results .  C A M constrain t  2  prevent s thi s fro m happen -

ing . 

verb-ending :  IN G 
( V PROGRESSIVE) 

verb-ending: ED 
( V PAST ) 

verb-ending: S 
(((AN D (N P 3RD-PERS0N) 

(NP SINGULAR) 
( V PRESENT)) 

ADI: AM 
(AND (N P IST-PERSON ) 

(NP SINGULAR) 
( V PRESENT)) 

AUX: WERE 
(((O R 

(AND (N P 3RD-PERS0N) 
(NP PLURAL) 
( V PAST) ) 

(AND (H P 2ND-PERS0N) 
(NP PLURAL) 
( V PAST) ) 

(AND (N P 2ND-PERS0N) 
(NP SINGULAR) 
( V PAST) ) 

(AND (N P IST-PERSON ) 
(NP PLURAL) 
( V PAST)) ) 

migh t  b e possibl e t o exten d th e inpu t  t o th e Boolea n 
learne r  t o includ e lexica l  forms .  Possessive s migh t 
come next ,  especiall y  i f  CAM' s semanti c inpu t  i s ex -
tended :  presentl y C A M ha s n o wa y o f  representin g 

possessio n o r  an y othe r  adjectiva l  property .  Finally , 
th e copula s an d preposition s migh t  b e mastered ,  bu t 
oid y afte r  cross-linguisti c researc h ha s identifie d th e 
variou s syntacti c realization s o f  states ,  an d whethe r 
ther e migh t  b e test s fo r  these . 
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Tabl e 6 :  Som e o f  th e morphem e rule s learne d b y C A M. 
Lightl y edited . 

The CAM constraints are not logically necessary 
constraint s becaus e ther e ar e potentiall y  man y othe r 
constraint s (o r  edgorithms )  tha t  coxil d stil l  duplicat e 
Brown' s results .  On e possibilit y  woul d b e t o simpl y t o 
replac e C A M constraint s 1  an d 3  with :  "ad d exactl y 
one ver b featur e a t  a  time. "  Thi s migh t  work ,  sinc e 
i n al l  o f  Brown' s ordering s (se e Tabl e 3) ,  th e onl y dif -
ference s ar e du e t o th e presenc e o r  absenc e o f  (1 )  th e 
pas t  featur e an d (2 )  th e progressivit y feature . 

The mos t  obviou s directio n fo r  futur e wor k woul d 
be t o exten d thes e result s t o al l  1 4 o f  Brown' s mor -
phemes.  Th e irregular s ar e a  clea r  target ,  i n tha t  i t 
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