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Ttii s  stud y o f  natura l  languaq o comprehensio n b y 
natura l  understandin g systems  (children )  i s base d 
on a  procedura l  analysi s represente d i n th e for m 
of  a  progranmin g language .  T o clarif y wha t  i s 
coqnitivel y require d fo r  a  chil d t o respon d appro -
priatel y t o certai n expression s i n English ,  w e 
sho w ho w thes e form s ca n b e translate d int o 
procedure s i n a  high-leve l  progranmin q language . 
I t  i s  the n possibl e t o discuss  tw o kind s o f  diffi -
cultie s a  natura l  languag e for m ca n presen t  t o th e 
listener :  (i )  incompatibilit y  o f  th e for m wit h it s 
associate d procedur e an d (ii )  complexit y o f  tha t 
procedure .  A n exampl e o f  procedur e complexit y i s 
th e nestin g o f  loops ,  wherea s a  contributo r  t o 
incompatibilit y  i s  a  wor d o r  contiguou s ohras e 
tha t  correspond s t o separate d piece s o f  th e proce -
dure .  Wc shal l  presen t  evidenc e o f  bot h type s o f 
difficult y frc n experiment s wit h childre n an d wil l 
compar e th e prediction s o f  ou r  procedura l  vie w 
wit h thos e o f  a  los s detaile d syntacti c explan -
atio n tha t  ha s bee n advance d fo r  a  subse t  o f  th e 
phenomena . 
Many cognitive tasks can be expressed either as a 
natura l  languag e contnan d o r  a s a  programmin g 
languag e procedure .  I n man y task s requirin g som e 
elementar y mathematica l  kjiowledq e (e.q. ,  count -
ing) ,  th e cognitiv e procedur e appears  t o b e 
substantiall y  mor e comple x tha n th e syntacti c 
structur e o f  th e conmand .  I n suc h tasks ,  a n 
explanatio n o f  children' s difficultie s ca n b e 
pursue d mor e profitabl y i n th e real m o f  cognitiv e 
procedur e tha n o f  syntacti c structur e o r  parsing . 
To take a particularly simple example, the verb 
'count '  ha s th e capacit y t o serv e a s eithe r  a 
transitiv e o r  a n intransitv e verb ,  bu t  i t  i s  prob -
abl y neve r  th e firs t  suc h verb  encountere d b y a 
child ;  compar e 'let' s  eat '  an d 'ea t  you r  cracker. ' 
Therefor e th e transitio n fro m intransitiv e us e o f 
'count '  t o it s transitiv e us e involve s n o syntac -
ti c innovatio n fo r  a  child .  Pu t  despit e bein g 
syntacticall y ordinary ,  'count '  present s complex -
itie s bot h i n it s procedur e an d i n translatio n t o 
tha t  procedure .  Jus t  as k th e nex t  three-year-ol d 
yo u se e t o count ,  an d the n t o coun t  a  fe w objects . 
Chance s ar e goo d tha t  yo u wil l  ge t  error s o n th e 
transitiv e (latter )  tas k bu t  no t  o n th e intrans -
itiv e one .  A  loo k a t  thes e error s wil l  giv e som e 
perspectiv e o n wha t  a  correc t  procedur e mus t  do . 
Oie kind of attempt at transitive counting 
involve s blithel y swingin g a  finge r  pas t  th e 
object s t o b e counted ,  whil e apparentl y countin g 
essentiall y  intransitively ,  wit h n o attemp t  t o 
coordinat e individua l  objects  t o individua l  nuntv -
bers .  A  somewha t  mor e sophisticate d performanc e 
has th e finge r  stoppin g a t  som e o r  al l  o f  th e 
objects ,  bu t  i n imperfec t  coordinatio n wit h th e 
numbers .  TTies e misperformances ,  w e believe ,  aris e 
and persis t  no t  ou t  o f  ignoranc e o f  th e lexica l 
ite m 'count '  o r  th e associate d dat a structur e o f 
positiv e integers ,  no r  fro m th e synta x o f  trans -
itiv e verb s (which ,  i t  wa s suggeste d above ,  ha s 
alread y bee n learned) ,  bu t  becaus e o f  difficult y 
inheren t  i n formin g a  correc t  procedur e fo r  th e 
tas k o f  transitiv e counting . 

Conside r  procedure s i  an d ii ,  intende d t o 
represen t  correc t  procedure s fo r  th e tw o kind s o f 
counting ,  expresse d a t  a  coars e enoug h grai n tha t 
individua l  statement s ca n b e take n a s havin q 
theoretica l  content .  Tti e token s ar e intende d t o 
be mor e o r  les s self-explanatory .  I n th e interes t 
of  simplicity ,  n o mentio n i s mad e o f  initializ -
ation ,  store d data ,  o r  output . 
i procedure: 'Count.' 

repea t  Tti e procedur e run s 
nex t  numbe r  throug h successiv e number s 

unti l  fai l  unti l  ther e ar e n o more . 

ii procedure: 'Count them.' 
repea t 

nex t  objec t  A t  eac h cycle ,  th e nex t 
nex t  numbe r  objec t  an d numbe r  ar e 

unti l  fai l  noted . 

For i to bo utilized in forming ii, it is neces-
sar y t o inser t  ne w material ,  specificall y 'nex t 
object, '  int o th e loo p alread y presen t  i n i .  TTiu s 
one approac h t o accountin g fo r  th e difficult y 
pose d b y th e transitiv e cas e i s t o hypothesiz e 
tha t  breakin g int o a  loo p i s a  difficul t  o r  low -
priorit y mov e fo r  acquisitio n o r  comprehension .  A 
relate d vie w i s implici t  i n ii i  wher e i t  ca n b e 
see n tha t  a  singl e word ,  'count, '  correspond s t o 
tw o separat e piece s o f  procedure .  Ttii s  phenomeno n 
can appropriatel y b e calle d translationa l  discont -
inuit y i n th e sens e tha t  i t  pertain s t o th e 
relationshi p betweee n tw o representations .  Sinc e 
i t  arise s i n th e translatio n fro m a  (very )  high -
leve l  languag e (English )  t o a  less-high-leve l 
languag e (o f  procedures) ,  i t  ca n als o b e calle d a 
compilin g discontinuity .  Not e tha t  ther e i s n o 
discontinuit y i n th e phras e structur e o f  th e 
languag e for m itself . 
ii i  procedure:  'Coun t  ... ' 

repea t 
next number 

unti l  fai l 
To take these ideas a step further, consider the 
phras e 'th e secon d gree n ball. '  Roepe r  (1972 ) 
foun d tha t  man y childre n interpre t  thi s phras e a s 
i f  'second '  an d 'green '  eac h modif y th e nou n i n 
th e sam e way ,  tha t  is ,  a s i f  th e phras e mean t 
somethin g lik e 'th e bal l  whic h ha s th e propertie s 
of  bein g bot h gree n an d second. '  Matthe i  (1978 ) 
expresse s thi s observatio n a s a  distinctio n i n 
syntacti c phras e structure ,  assignin g th e adul t 
interpretatio n th e phras e structur e '(secon d 
(gree n ball))' ,  an d th e non-adul t  interpretatio n 
'(secon d gree n ball). '  TVi e ide a o f  usin g syntac -
ti c phras e structur e i n thi s wa y t o encod e semant -
i c interpretation s mus t  rel y o n scm & assumption s 
abou t  ho w semantic s relate s t o syntacti c struct -
ure ,  fo r  example ,  a  compositiona l  semantic s tie d 
t o th e syntacti c phras e marker .  I n an y case ,  n o 
suc h phrase-structura l  distinctio n i s possibl e fo r 
phrase s lik e 'secon d ball, '  fo r  whic h Ttetthe i 
foun d substantia l  correspondin g errors :  36 % o f 
response s (four -  an d five-year-olds ,  mostly ) 
interprete d 'secon d ball '  a s 'th e on e tha t  i s bot h 
secon d an d a  ball, '  a s oppostx i  t o th e 52 % wh o mad e 
th e simila r  erro r  o n th e exampl e abov e tha t  ha d a n 
adjectiv e i n th e phrase . 
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Pursuin g th e procedural  approac h wit h thi s con -
struction ,  w e ne w fin d no t  onl y ccnpilin q 
discontinuit y bu t  als o neste d loops .  Thes e 
aspect s o f  th e procedur e appea r  bot h wit h an d 
withou t  th e adjective ,  a s ca n b e see n wit h refer -
enc e t o i v an d v ,  agai n emittin g initializatio n 
and an y dat a structures . 
iv procedure: 'socxxid ball' 

repea t 
repea t 

nex t  C3b]ec t 
unti l 

pre d bal l 
nex t  numbe r 

unti l 
pre d tw o 

V procedure: 'second green hall' 
repea t 

repea t 
nex t  objec t 

unti l 
pre d qreo n 
pre d bal l 

nex t  numbe r 
unti l 

pre d tw o 
The task environment is a display of several 
object s i n a  rcw ,  wit h a  left-to-righ t  orderin g 
clearl y connunicate d i n advance .  Th e chil d i s 
aske d t o 'tak e th e secon d ball '  frc n a  displa y o f 
ball s an d boxes ,  o r  t o 'tak e th e secon d gree n 
ball '  frc n a  displa y o f  re d an d gree n balls .  T o 
tak e th e forme r  case ,  suppos e tha t  th e firs t 
objec t  i s  a  box .  The n eve n i f  th e secon d objec t 
i s a  ball ,  s o tha t  i t  i s  bot h secon d an d a  ball , 
i t  i s  stil l  no t  th e secon d ball .  Procedur e i v 
correctl y make s thi s distinctio n (whic h elude s s o 
many children )  b y mean s o f  neste d loop s i n whic h 
successiv e object s ar e checke d fo r  ballhoo d i n th e 
inne r  loo p an d countin g proceed s i n th e oute r  onl y 
i n cas e th e curren t  objec t  i s  a  ball . 

With an adjective present the appropriate 
procedur e i s v ,  whic h i s  lik e i v  excep t  tha t  th e 
inne r  loo p i s  exite d onl y i n th e even t  tha t  tw o 
successiv e predicate s ar e satisfied .  Rathe r  tha n 
introduc e a n 'and '  operato r  i n v ,  w e hav e allcwe d 
th e possibilit y o f  multipl e exi t  tests ,  thereb y 
makin g conjunctio n loo k simple r  tha n disjunction . 
Even so ,  on e stil l  shoul d expec t  th e extr a 
predicat e t o ad d som e processin g burde n an d indee d 
th e phras e i n v  doe s lea d t o mor e error s tha n tha t 
i n iv .  Furthermor e th e oute r  predicat e shoul d 
als o impos e a  processin g burden .  Suppos e w e 
remov e i t  an d interpre t  th e absenc e o f  an y exi t 
tes t  a s signifyin g 'repea t  foreve r  o r  unti l  syste m 
breakdow n (sa y b y failur e o f  a  'next '  operator). ' 
What  i s  the n lef t  o f  v  i s a  procedur e fo r  'coun t 
th e qree n balls, '  whic h doe s indee d appea r  t o 
caus e childre n les s difficult y tha n 'secon d gree n 
hall. '  (Matthe i  regarde d th e tw o a s cognitivel y 
equivalent) . 
Not only do the words 'second' and "ball' together 
translat e int o neste d loops ,  bu t  the y d o s o i n a 
discontinuou s manner .  Thi s i s s o becaus e 'second ' 
i s  responsibl e fo r  th e oute r  loo p an d 'ball '  (i n 
iv )  i s  responsibl e fo r  th e inne r  loop .  Wors e yet , 
th e programin g statemen t  'nex t  obiect '  i s 
implici t  i n th e countin g loop ,  s o tha t  unde r  a n 
absolutel y left-to-righ t  contro l  structure ,  th e 
stat e o f  (cognitive )  affair s afte r  'second '  i s 
processe d woul d b e a s i n vi .  Processin g th e 
remainde r  o f  th e phras e requires ,  o n thi s model , 
locatin g 'nex t  object '  i n th e existin g loop ,  usin g 
i t  ('nex t  object' )  i n constructin g a  ne w loop ,  an d 

finall y nestin g th e ne w loo p i n th e existin g one . 
vi  procedure :  'secon d ... ' 

repea t 

next ob]ect 

nex t  numbe r 
unti l 

pre d tw o 

It is our view that these ccnplexities are what 
make suc h phrase s difficul t  fo r  children .  No t 
onl y doe s thi s accoun t  indicat e wher e corplexitie s 
lie ,  bu t  i n additio n i t  provide s a n accoun t  o f  ho w 
specifi c  error s ca n aris e fro m a  straightforwar d 
attemp t  t o avoi d breakin g int o loop s an d incurrin g 
cotnpilin q discontinuity .  Suppos e tha t  a  chil d 
simpl y taclc s o n th e appropriat e tes t  ('pre d ball' ) 
at  th e en d o f  v i  t o for m vii .  Thi s i s  possibl e i f 
th e conventio n introduce d i n v ,  above ,  i s  use d 
agai n here :  allowin g a  sequenc e o f  'pred ' 
statement s a s a  compoun d exi t  test .  TTii s plo y 
yield s precisel y tli e observe d incorrec t  resul t 
wheneve r  i t  i s  possibl e (whe n th e secon d objec t  i s 
a ball) ,  an d a n infinit e loo p otherwise . 
vii procedure: 'second ball' 

(incorrec t  interpretation ) 
repea t 

nex t  objec t 
nex t  numbe r 

unti l 
pre d tw o 
pre d bal l 

To gain perspective on the earlier examples and 
rais e som e ne w issues ,  conside r  th e phras e 'secon d 
bigges t  ball. '  Her e th e orderin g alon g whic h 
'second '  i s  t o b e counte d i s  base d no t  o n positio n 
but  o n size .  Thi s orderin g mus t  b e a t  leas t  part -
iall y  determine d b y th e subject ,  usin g a n appro -
priat e algorithm .  Tli e usua l  sortin g algorithm s 
(ripple ,  bubble .  Shell ,  etc. )  ar e probabl y poo r 
motiel s bot h becaus e the y ar e severel y nonparalle l 
and becaus e the y provid e a  complet e orderin g wher e 
onl y a  partia l  on e i s  needed . 
In addition to some sorting, this task demands 
menor y o f  som e orde r  relationship s tha t  hav e bee n 
establishe d b y tha t  sorting .  Thes e siz e relation -
ship s i n short-ter m memor y mus t  b e use d i n concer t 
wit h th e orderin g o f  positiv e integer s hel d i n 
long-ter m meinory .  Thi s requiremen t  i s  no t  presen t 
fo r  th e earlie r  task s sinc e th e positional  order -
in g i s  continuall y availabl e fro m th e display .  I n 
our  experiment s th e displa y ha s bee n a  car d wit h a 
ro w o f  picture d objects ,  s o subject s canno t  creat e 
a physica l  order .  I f  separat e physica l  object s 
wer e used ,  the n a  child' s sequenc e o f  move s migh t 
revea l  us e o f  a  specifi c  sortin g algorithm . 

Results of pilot experiments suggest that 'second 
bigges t  ball '  is ,  a s on e woul d expec t  fro m thes e 
considerations ,  a n extremel y difficul t  phras e t o 
interpret .  We devise d th e mos t  straightforwar d w e 
coul d tha t  woul d tes t  comprehensio n o f  thi s 
phrase ;  al l  th e object s wer e identica l  excep t  i n 
size ;  al l  bu t  tw o wer e o f  th e sam e snai l  size ;  th e 
remainin g tw o wer e bot h substantiall y  large r  tha n 
th e snalle r  ones ,  adjacen t  t o eac h othe r  an d 
noticeabl y differen t  fro m eac h othe r  i n size ; 
neithe r  wa s i n secon d position .  I n experiment s s o 
fa r  th e erro r  rat e ha s bee n 80% ;  w e wil l  re -
por t  mor e comprehensiv e testin g a t  th e conference . 
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I t  i s  possibl e t o se t  u p mor e oonple x display s i n 
whic h differen t  miscxjmprehension s loa d t o distinc t 
choice s a s response .  Wit h ball s an d boxe s o f  var -
iou s size s ther e exis t  array s i n which ,  say ,  on e 
objec t  i s  bot h secon d bigges t  an d a  bal l  bu t  i s 
not  th e secon d bigges t  ball ;  o r  i n whic h th e 
secon d bal l  i s  th e biggest ;  etc .  A  welte r  o f 
possibilitie s exist s fo r  testin g th e wa y i n whic h 
ordinals ,  superlatives ,  relativ e adjectives ,  abso -
lut e adjectives ,  noun s an d relativ e clause s ar e 
canprehende d b y childre n an d wha t  th e cours e o f 
developmen t  looJc s like ,  i n term s o f  th e kind s o f 
procedure s w e hav e posite d here .  Suc h develop -
menta l  sequence s are ,  i n turn ,  th e ra w materia l 
fo r  theorie s o f  a n acquisitio n device . 
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