
UC Merced
Proceedings of the Annual Meeting of the Cognitive Science 
Society

Title
A Sketched Computational Theory of Language Comprehension

Permalink
https://escholarship.org/uc/item/7dr6j59s

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 20(0)

Author
Yeap, Wai-Kiang

Publication Date
1998
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/7dr6j59s
https://escholarship.org
http://www.cdlib.org/


A Sketche d Computa t iona l  Theo r y o f  L a n g u a g e C o m p r e h e n s i o n 

Wai-Kian g Yea p (yeap_vvk@cs.otago.ac.nz ) 
Artificia l  Intelligenc e Laborator y 

Departmen t  o f  Compute r  Scienc e 

Universit y o f  Otago ,  Dunedin ,  N e w Zealan d 

Abstrac t 

Thi s pape r  describe s a  semanticall y base d computationa l  the -
or y o f  natura l  languag e comprehension .  Th e theor y argue s fo r 
a semanticall y rich  lexico n whos e entrie s ca n b e describe d a s 
monosemic ,  generativ e an d image-like .  Th e comprehensio n 
proces s use s th e basi c definitio n o f  a  wor d t o decid e ho w ne w 
informatio n i s t o b e combine d wit h wha t  ha s bee n interprete d 
so far .  Next ,  an d mor e importantly ,  th e backgroun d informa -
tio n i s use d t o generat e th e meanin g o f  th e combine d words . 
Othe r  semanticall y base d approache s ar e als o reviewed ,  on e 
eac h fro m th e discipline s o f  AI ,  Cognitiv e Science ,  an d Lin -
guistics . 

Background 

H u m an languag e i s generativ e i n th e sens e tha t  speaker s ca n 
creat e an d easil y understan d ne w sentence s endlessly ,  despit e 
a finit e vocabulary .  Thi s generativ e propert y o f  languag e re -
sult s fro m applyin g regula r  principle s o f  combinin g vocabu -
lar y items .  Th e questio n is ,  wha t  i s  th e basi s o f  thes e 
combinator y principles ? A  traditiona l  answe r  i s tha t  the y ar e 
syntacticall y base d (Chomsky ,  1988) .  However ,  i n th e las t 
severa l  decade s th e alternative ,  tha t  combinatoria l  principle s 
ar e semanticall y based ,  ha s bee n explore d b y variou s re -
searcher s (Dowty ,  1979 ;  Lakoff ,  1987 ;  Langacker ,  1990) . 
Sinc e th e earl y 70's ,  A I  researcher s hav e als o emphasize d th e 
use o f  semantics ,  beginnin g wit h thei r  attemp t  t o buil d wholl y 
semanti c sentenc e analyzer s t o curren t  model s whic h exploi t 
bot h syntacti c an d semanti c construct s (Ritchie ,  1983) . 

Despit e thes e efforts ,  n o semanticall y base d computationa l 
model  ha s bee n develope d whic h ca n explai n adequatel y h o w 
languag e works .  Mos t  existin g (AI )  systems ,  althoug h encod -
ed wit h al l  kind s o f  knowledge ,  onl y us e thei r  knowledg e a s 
a las t  resort ,  i.e .  whe n othe r  mechanism s hav e failed .  Thi s 
strateg y i s contrar y t o th e on e whic h human s use ,  namel y on e 
whic h involve s rapi d an d apparentl y effortles s retrieva l  o f 
ver y larg e amount s o f  'encyclopedic '  knowledge .  Humans ' 
interpretatio n an d productio n o f  languag e i n rea l  time ,  an d 
first-languag e acquisitio n b y childre n sugges t  tha t  suc h ency -
clopedi c knowledg e i s immediatel y availabl e t o th e composi -
tiona l  proces s (Hoff-Ginsber g &  Shatz ,  1982 ;  Marslen -
Wilso n &  Tyler ,  1987) . 

Previou s attempt s t o mode l  th e compositiona l  proces s us -
in g wor d meaning s ar e to o concerne d wit h wha t  wor d mean -
in g is ,  an d wha t  kind s o f  informatio n mus t  b e encode d a s 
sens e properties .  Thes e ar e difficul t  question s t o answe r  an d 
perhap s shoul d b e lef t  alon e (Levi n &  Pinker ,  1991) .  1  hav e 
thu s take n a  differen t  approach ,  tha t  ther e i s n o principle d 
way t o differentiat e wor d meanin g from  othe r  knowledg e 
(suc h a s pragmati c an d commonsense) ,  an d instea d allo w al l 

kind s o f  knowledg e t o b e encode d a t  th e lexica l  level ,  a t  leas t 
initiall y  (lik e a  chil d learnin g a  ne w word) .  Therefore ,  I  as k 
not ,  wha t  doe s a  wor d mea n bu t  rathe r  wha t  i s neede d an d 
what  i s mad e explici t  a t  eac h ste p o f  th e process ,  fro m inpu t 
t o output .  I n particular ,  I  a m concerne d wit h h o w wor d mean -
ing s ar e combine d wit h precedin g contex t  t o creat e a  meanin g 
of  th e composit e phras e an d unde r  wha t  condition s th e com -
positiona l  proces s mus t  b e hel d i n abeyance . 

The theor y wil l  b e describe d nex t  befor e discussin g relate d 
work .  A s pointe d ou t  above ,  a  ke y featur e o f  th e theor y i s it s 
emphasi s o n ho w th e differen t  kind s o f  knowledg e abou t 
word s encode d a t  th e lexica l  leve l  i s use d i n comprehension . 
T o captur e suc h a  possibl y hug e amoun t  o f  knowledge ,  i t  i s 
importan t  t o distinguis h wha t  som e linguist s calle d th e basi c 
definitio n o f  a  wor d (Ruhl ,  1989 )  fro m othe r  relate d informa -
tion .  Hence ,  i t  i s propose d tha t  eac h lexica l  entr y consist s o f 
tw o parts ,  namely ,  (i )  a  basi c definitio n an d (ii )  som e back -
groun d information .  A s w e shal l  soo n see ,  th e forme r  pro -
vide s th e initia l  constraint s fo r  combinin g word s an d th e latte r 
provide s th e initia l  contex t  fo r  sens e generation .  Th e resul t  i s 
a rich  outpu t  whic h I  refe r  t o a s a  Menta l  Sketch . 

I n th e sectio n o n relate d work ,  th e wor k o f  Pustejovsk y an d 
Bogurae v (1993 )  o n generativ e lexicon ,  Frank s (1995 )  o n 
sens e generatio n an d Langacke r  (1990 )  o n cognitiv e gram -
mar  ar e criticall y reviewed .  W e shar e a  c o m m o n vie w tha t 
languag e i s generativ e bu t  w e diffe r  i n h o w th e proces s migh t 
be realized .  Th e conclusio n present s a  summar y o f  th e mai n 
point s o f  th e theory . 

A Computational Theory 

Word Images 

What  i s neede d a s par t  o f  a  wor d definitio n i n orde r  t o under -
stan d language ? Conside r  th e outpu t  produce d from  havin g 
parse d th e phrase ,  /  eat ,  b y filling  i n argumen t  structur e o f  th e 
verb : 

Eat  :wh o I  :wha t  ?  :ho w ?  etc . 

Although who is eating is now part of the representation, one 
must  kno w muc h mor e i n orde r  t o clai m understandin g o f  th e 
phrase .  I n particular ,  i t  i s  reasonabl e t o expec t  th e us e o f 
hand s t o transfe r  foo d t o th e mout h an d dependin g o n th e 
food ,  cutler y suc h a s chopstick s o r  a  spoo n wil l  b e used . 
S o me kind s o f  foo d ar e cooke d an d prepare d i n certai n way s 
and eatin g i s performe d wit h manners .  Th e phrase ,  th e lio n 
eats ,  woul d conjur e u p a  ver y differen t  interpretation . 

The lac k o f  suc h contextua l  knowledg e i s a  majo r  proble m 
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wit h approache s whic h advocat e th e us e o f  a n independen t 
syntacti c modul e prio r  t o semanti c processing .  A  typica l 

solutio n i n th e pas t  ha s alway s bee n t o m a k e availabl e th e 
contex t  a s soo n a s possible ,  thu s producin g system s whic h 

:teli c  non e 

I  -  :is a perso n 

perso n -  :haspart s - i — mout h -  :teli c  - i — ea t  -  perso n use s nniout h t o che w an d swallo w ? R 

\  •  us e spoo n t o ge t  ? R i f  eatin g soup ,  ice-cream ,  etc . 

^  •  us e hand s t o hol d ? R i f  eatin g fruit ,  sweets ,  etc . 

•  chec k ? R i s no t  to o ho t 

— eye s •  che w ? R properl y befor e swallo w 

•  was h hand s befor e eatin g 

—talk.. . 

drink... . 

nos e 

an -  ? R :quantit y on e 

•chec k i f  ? R i s countabl e 

apple -  thasparts ; 

eat  -  ? L use s mout h t o che w an d swallo w ? R 

•  i f  ? R i s bigge r  tha n mouth ,  che w a  bi t  a t  a  tim e 

•  usuall y ? L i s hungr y •  chec k tha t  ? R i s edibl e 

•  tes t  i f  ? L i s animat e and/o r  ha s a  mouth ,  i f  no t  repor t 

•  ? R wen t  int o th e stomac h 

•  fir m rounde d par t 

\  ^  stal k 

Xjgli g .. ^  eatin g -  ?food=appl e 

^  cookin g -  ?ingredient=appl e 

•  man y varietie s suc h a s braebum ,  delicious ,  etc . 

•  on e o f  th e mai n expor t  crop s o f  NewZealan d 

Figure 1. Examples of how some words are defined in the lexicon (see text). 

proces s syntacti c an d semanti c parsin g i n tandem .  Bu t  wha t 
i s  context ? F ro m a n implementatio n standpoin t  th e rea l  con -
cer n i s h o w m u c h context ? I f  to o m u c h i s allowed ,  th e sys -
te m wil l  b e slo w an d m a y no t  b e abl e t o proces s languag e i n 
real-time .  I f  to o little ,  th e informatio n availabl e m a y no t  be , 
usefu l  enough .  I  woul d lik e t o argu e her e tha t  th e questio n 
shoul d no t  b e h o w m u c h informatio n i s mad e availabl e a s 
contex t  bu t  h o w th e contextua l  informatio n i s t o b e used . 
Thi s i s becaus e th e amoun t  o f  informatio n depend s o n th e 
situation ,  no t  o n th e syste m bein g give n a  predetermine d 
contex t  fo r  eac h word .  Similarly ,  suc h information ,  lik e th e 
differen t  sense s o f  a  word ,  shoul d b e generative . 

The lexico n thu s propose d her e wil l  allo w a s m u c h o r  a s 
littl e contex t  t o b e encode d a s par t  o f  a  wor d definition .  Nat -
urally ,  som e word s hav e mor e an d other s hav e les s bu t  i t  i s 
assumed tha t  i t  i s  alway s possibl e t o expan d th e contex t  i f 
necessary .  Naturall y too ,  on e woul d expec t  tha t  fo r  mos t 
words ,  th e amoun t  o f  contextua l  informatio n encode d i s 
quit e significance .  T o avoi d th e proble m o f  havin g t o proces s 
thi s possibl y hug e amoun t  o f  information ,  a  distinctio n i s 
made betwee n one' s experienc e wit h th e us e o f  a  particula r 
wor d (i. e th e context )  an d it s basi c definition .  Thus ,  eac h lex -
ica l  entr y wil l  consis t  o f  tw o parts :  on e par t  fo r  describin g it s 
basi c definitio n an d th e othe r  fo r  an y relate d information . 
The latte r  i s  als o referre d t o a s backgroun d information . 

Figur e 1  show s som e example s o f  h o w word s ar e 
describe d i n th e lexico n usin g th e abov e scheme .  Th e basi c 
definitio n i s i n bol d an d th e backgroun d informatio n i s a  lis t 
of  statement s and/o r  questions .  Not e tha t  th e wor d /  i s  sim -
plifie d t o hav e th e sam e meanin g a s th e wor d person .  Sinc e 
we ar e no t  intereste d i n implementatio n detail s here ,  eac h 
entr y show s onl y wha t  informatio n i s m a d e explici t  (an d 
late r  I  wil l  argu e w h y )  bu t  no t  th e exac t  mechanis m b y whic h 

i t  shoul d b e implemented . 
Th e :haspart s fo r  eac h nou n wor d i s intende d t o captur e it s 

basi c information .  I f  th e wor d describe s a  physica l  object , 
the n visua l  image s o f  th e objec t  woul d b e it s bes t  descrip -
tion .  Fo r  ou r  discussio n here ,  a  lis t  o f  th e differen t  part s i s 
use d instead .  O n e als o learn s th e functio n o f  eac h nou n an d 
thi s extr a informatio n i s als o include d a s par t  o f  it s  basi c def -
inition .  Followin g Pustejovsk y an d Bogurae v (1993 )  thi s par t 
i s  referre d t o a s it s teli c  role .  A n y subpar t  o f  a  nou n i s itsel f  a 
nou n an d therefore ,  i f  necessary ,  wil l  hav e it s o w n haspart s 
and teli c rol e definition ,  thu s producin g a  recursiv e structure . 

Th e basi c definitio n fo r  eac h ver b i s a  proces s description . 
I n i t  ther e ar e variabl e fields  whic h nee d t o b e assigne d cor -
rectl y t o obtai n th e ver b meaning .  Word s lik e articles , 
adverb s an d adjective s enhanc e th e meanin g o f  a n adjacen t 
word .  Therefor e thei r  basi c definitio n consist s o f  a  variabl e 
field  togethe r  wit h som e extr a information .  Th e variabl e field 
wil l  b e assigne d wit h th e definition s o f  th e appropriat e adja -
cen t  wor d an d th e extr a informatio n wil l  the n b e use d t o 
enhanc e tha t  definition .  A s w e shal l  soo n see ,  th e extr a infor -
matio n itsel f  m a y contai n variabl e fields  whic h wil l  nee d t o 
be assigne d a s well . 

Not e tha t  th e syntacti c categor y o f  word s i s no t  m a d e 
explici t  i n th e lexico n althoug h th e differen t  representation s 
mean tha t  suc h informatio n i s implicitl y  available .  Therefore , 
when on e perceive s a  wor d an d retrieve s it s definition ,  i t  i s 
not  it s  syntacti c clas s o r  propertie s tha t  on e i s attendin g t o 
but  a  comple x descriptio n o f  it s  meaning .  Thi s cortespond s 
t o th e powerfu l  imager y o f  word s tha t  human s s o ofte n pro -
duc e o n hearin g a  word .  I n thi s sense ,  eac h lexica l  entr y i s 
referre d t o a s a  wor d imag e an d thei r  compositio n woul d pro -
duc e a  comple x imag e whic h i s referre d t o a s a  Menta l 
Sketch .  Not e tha t  th e tw o m a y b e use d interchangeabl y sinc e 
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a Menta l  Sketc h i s bu t  a  large r  image . 

W h en combinin g tw o wor d images ,  thei r  backgroun d 

infomiatio n i s merged .  I t  i s  durin g thi s proces s tha t  muc h o f 
th e reasonin g goe s o n t o generat e th e meanin g o f  th e ne w 
image .  Th e resul t  i s  tha t  som e o f  th e backgroun d informatio n 
wil l  b e highlighte d (o r  selected )  t o describ e th e meanin g o f 
th e phras e an d th e res t  wil l  remai n a s backgroun d informa -
tio n i n th e individua l  image .  Figur e 2  show s h o w th e inter -
pretatio n o f  th e tw o phrase s /  ea t  an d Lio n eat s produce s 
differen t  results .  Th e importan t  ide a i s tha t  differen t  back -
groun d informatio n i s highlighte d an d thi s the n provide s a 
contex t  fo r  late r  interpretation .  Thi s contras t  significantl y 
wit h thos e approache s whic h identifie d onl y a  subject-ver b 
agreemen t  bu t  nothin g else . 

[I* uses mouth to chew and swallow ?food] 
•  i f  ?foo d i s bigge r  tha n mouth ,  che w a  bi t  a t  a  tim e 
•  usuall y [I* ]  i s  hungr y •  chec k tha t  ?foo d i s edibl e 
•  ?foo d wen t  int o th e stomac h 
•  us e spoo n fo r  ?food=soup ,  ice-cream . 
•  us e hand s fo r  ?food=fruit ,  sweets ,  etc . 
•  chec k ?foo d i s no t  to o ho t 
•  che w ?foo d properl y befor e swallowin g 
•  was h hand s befor e eatn g 

[lion* uses mouth to chew and swallow ?food] 
•  [lion* ]  i s  hungr y •  ?foo d i s usuall y a  smal l  anima l 
•  ge t  ?foo d b y chasin g an d killin g usin g claw s an d mout h 

•  ?foo d i s tor n t o piece s an d eate n ra w •  bone s lef t  behin d 

Figure 2. Interpreting the phrases, / eat and Lion eats, will 
produc e differen t  backgroun d informatio n fo r  th e sam e 
ver b eat . 

It is important to stress that the background information is 
m a de expUci t  t o indicat e h o w th e individua l  understand s th e 
phras e an d not ,  a s i n th e earl y wor k o n predictiv e parsers ,  fo r 
predictin g wha t  i s  next .  T o successfull y  predict ,  on e need s t o 
k n o w wit h hig h probabilit y  wha t  i s nex t  an d thi s i s no t  possi -
bl e i n languag e (a s ha s bee n demonstrate d i n th e earl y  work) . 
I f  th e backgroun d informatio n i s no t  use d t o predic t  wha t  i s 
next ,  h o w doe s on e m a k e us e o f  i t  i n th e compositiona l  pro -
cess ? Th e tric k i s t o us e th e basi c definitio n o f  th e incomin g 
wor d a s th e initia l  basi s fo r  combinin g words .  Thi s i s 
describe d i n th e nex t  section . 

Computing Mental Sketches 

Sinc e i t  i s  th e definitio n o f  th e nex t  wor d perceive d whic h wil l 
be use d t o enhanc e th e descriptio n o f  th e Menta l  Sketch ,  i t  i s 
argue d tha t  it s  definitio n shoul d provid e th e (initial )  basi s fo r 
decidin g wha t  t o d o next .  However ,  give n tha t  th e back -
groun d informatio n contain s mainl y relate d information ,  i t  i s 
argue d tha t  i t  i s  th e basi c definitio n whic h i s mos t  useful . 

Observ e tha t  mos t  word s hav e image s wit h variable s a s 
par t  o f  thei r  basi c definitio n (se e Figur e 1) .  Thi s suggest s tha t 
th e mai n tas k i n combinin g word s i s t o reaso n h o w on e 
imag e coul d b e use d t o replac e a  variabl e i n anothe r  image . 
Thus ,  whe n a  wor d i s perceived ,  it s imag e i s retrieve d an d 
checke d fo r  variabl e words .  I f  found ,  a n attemp t  i s mad e t o 
us e th e image s i n th e Menta l  Sketc h t o replac e thos e vari -

ables .  I f  not ,  i t  wil l  attemp t  t o us e th e imag e itsel f  t o replac e 

one o f  th e variable s i n th e Sketc h (especiall y a  ? R variable , 
see below) .  I t  i s  no t  alway s possibl e o r  necessar y t o ad d th e 
curren t  imag e t o th e Sketc h an d i f  thi s i s th e case ,  th e Sketc h 
wil l  hol d independen t  image s (whic h wil l  hav e t o b e com -
bine d a t  a  late r  stag e fo r  a  meaningfu l  interpretation) . 

Observ e als o tha t  i n mos t  languages ,  certai n word s hav e a 
preferenc e wher e t o loo k fo r  image s t o replac e it s variables . 
The choic e i s eithe r  a  preferenc e fo r  th e imag e o n it s lef t  o r 
on it s right .  T o indicat e thi s i n th e representation ,  specia l 
variable s ar e use d (e.g .  ? L fo r  lef t  preferenc e an d ? R fo r 
right) .  However ,  a  ? R variabl e ca n stil l  b e combine d wit h 
somethin g o n it s lef t  bu t  eve n i f  i t  does ,  i t  i s  importan t  t o se t 
up anothe r  possibl e pars e whic h wil l  chec k ou t  wha t  i s o n it s 
right .  I f  th e nex t  imag e turn s ou t  t o b e a  suitabl e imag e t o 
replac e th e ? R variable ,  the n tha t  imag e i s preferred .  I n thi s 
way,  on e thu s set s u p a  preferenc e mechanis m fo r  combinin g 
words .  S o m e exampl e phrase s indicatin g th e nee d fo r  suc h a 
mechanis m ar e show n below : 

(1) He runs fast. 
(2 )  H e run s fas t  foo d restaurants . 
(3 )  Th e wor d 'a '  i s  a n exampl e o f  a n articl e i n English . 
(4 )  *Th e wor d a  spide r  induce s terro r  i n som e people . 

Sentences (1) and (2) show the preference for adjectives 
ove r  adverbia l  us e o f  th e word/a.sf .  Sentenc e (3 )  show s ho w 
a ? R variabl e ca n stil l  b e replace d b y a n imag e o n it s lef t  an d 
sentenc e (4 )  sho w h o w eve n fo r  a  sentenc e whic h i s no t 
grammaticall y correct ,  suc h preferentia l  bindin g i s stil l 
clearl y perceived . 

Th e abov e algorith m show s h o w on e coul d quickl y com -
bin e word s withou t  explicitl y  identifyin g syntacti c categorie s 
of  word s an d withou t  explicitl y  specifyin g th e graimna r 
rules .  However ,  thi s i s onl y th e first  par t  o f  th e process .  Th e 
nex t  importan t  ste p i s t o reaso n whethe r  th e combinatio n 
makes sens e an d i f  not ,  on e eithe r  signal s wha t  i s wron g o r 
trie s t o accommodat e th e difference s i n a  variet y o f  way s 
(se e below) .  T o illustrat e thi s reasonin g process ,  conside r  th e 
parsin g o f  a  simpl e phras e /  ea t  a n apple .  O n perceivin g th e 
first  word ,  on e simpl y retrieve s it s  image ,  denote d b y I* .  an d 
place d i n th e Menta l  Sketch ,  denote d b y []' . 

I -» [I*] 

The next word perceived, eat, has both a ?L and a ?R vari-
able .  Thi s prompt s i t  t o loo k int o th e sketc h fo r  a n imag e t o 
replac e it s ? L variable .  Ther e i s onl y on e imag e i n th e sketc h 
and combinin g th e tw o produce s th e outpu t  a s show n i n Fig -
ur e 2 .  Thei r  backgroun d informatio n i s merged . 

Th e thir d wor d perceived ,  an ,  ha s a  ? R variabl e an d thi s 
require s creatin g a n independen t  imag e i n th e Menta l  Sketc h 
as follow s (independen t  image s ar e capture d a s a  stack) : 

[?R :quantity one] 
[I *  use s mou t h t o che w an d swallo w ? R ] 

Since the Mental Sketch is not empty, its images in it is 
checke d t o se e whethe r  th e imag e o f  a n ca n b e use d t o replac e 
any o f  th e ? R variabl e i n th e Menta l  Sketc h itself .  Not e tha t 
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suc h a  replacemen t  whic h i s no t  i n th e preferre d sequenc e 
woul d requir e tha t  th e compositio n b e meaningful .  Tha t  is , 
one wil l  hav e t o infe r  tha t  th e compositio n make s sens e give n 
th e curren t  context .  Fo r  example ,  i n th e phras e run s fas t  th e 
v/or d fas t  i s use d t o describ e a n actio n an d run s i s a n action . 
Thi s strongl y suggest s tha t  i t  i s possibl e t o combin e th e two , 
wit h th e definitio n o f  fas t  modifyin g th e definitio n o f  runs . 
However ,  i n th e abov e example ,  i t  i s no t  possibl e t o combin e 
eat  wit h an .  Th e fourt h wor d perceived ,  apple ,  ha s n o variabl e 
i n it s  definitio n an d on e thu s use s i t  t o replac e a  variabl e i n th e 
Menta l  Sketch .  Thi s i s don e successfull y an d th e resul t  is : 

[apple* : quantity one] 
[I *  use s mout h t o che w an d swallo w ?R ] 

The process repeats itself until there is only one image on 
th e stac k o r  tha t  th e proces s canno t  procee d further .  Th e im -
age,  [apple *  :quantit y one ]  i s no w a  complete d imag e an d 
onc e agai n i t  i s  use d t o replac e a  variabl e i n th e Menta l 
Sketch .  Thi s wa s don e successfull y agai n an d th e resul t  is : 

[I* uses mouth to chew and swallow [apple* : 
quantit y one] ] 

•  che w a  bi t  a t  a  tim e 

•  usuall y  [I* ]  i s hungr y 
•  on e [apple* ]  wen t  int o th e stomac h 
•  us e hand s t o hol d [apple* ] 
•  che w [apple* ]  properl y befor e swallowin g 
•  was h hand s befor e eatin g 

The presence of adjectives and prepositions in the sentence 
requir e mor e sophisticate d reasonin g whe n buildin g th e 
Menta l  Sketch .  Fo r  example ,  i n additio n t o addin g extr a 
informatio n t o anothe r  image ,  a n adjectiv e mus t  firs t  wor k 
out  whic h aspec t  o f  tha t  imag e tha t  i t  i s modifying > Thus ,  t o 
understan d th e phras e a  fas t  book ,  on e ha s t o find  ou t  wha t  i s 
"fast "  abou t  th e book .  Thi s tas k i s reflecte d i n th e basi c defi -
nitio n o f  eac h adjectiv e word .  Fo r  example ,  th e wor d fas t  i s 
define d a s follows :  fas t  -  [? R :?actio n don e quickly] .  Th e 
?actio n mean s tha t  th e proces s mus t  find  ou t  wha t  i s "fast " 
abou t  ? R tha t  on e i s describing . 

For  prepositiona l  phrase s on e woul d utiliz e th e basi c defi -
nitio n o f  th e phras e muc h mor e i n orde r  t o selec t  wher e i t 
shoul d b e attache d t o i n th e Menta l  Sketch .  Fo r  example ,  t o 
pars e th e sentenc e /  sa w th e gir l  i n th e par k wit h a  telescope , 
th e phras e wit h a  telescop e wil l  b e attache d t o th e ver b sa w 
base d o n th e teli c  rol e o f  th e wor d telescope .  Henc e whe n th e 
phras e wit h a  telescop e i s parsed ,  i t  wil l  immediatel y searc h 
th e Menta l  Sketc h fo r  a  'seeing '  actio n an d i f  found ,  attac h 
th e phras e t o it .  I f  thi s fail s  the n th e Menta l  Sketc h wil l  b e 
searche d fo r  anothe r  possibl e attachment .  Thi s exampl e als o 
highlight s th e fac t  tha t  althoug h th e earlie r  example s ma y 
sugges t  tha t  interpretatio n take s plac e preferentiall y  ove r 
ver y shor t  ranges ,  thi s  i s onl y becaus e th e example s ar e sim -
pl e ones .  Th e issu e i s no t  shor t  versu s lon g rang e dependen -
cie s i n languag e bu t  ho w contextua l  informatio n i s brough t 
t o bea r  o n th e parsin g process . 

I n summary ,  wha t  i s propose d i s a  natura l  languag e under -
standin g proces s whic h emphasize s o n it s reasonin g powe r  t o 
interpre t  a  sentence .  Th e lexica l  entr y require d m a y bes t  b e 

viewe d a s monosemi c (Ruhl ,  1989) ,  generativ e (Franks , 
1995 ;  Pustejovsk y an d Boguraev ,  1993 )  an d eve n image-lik e 
(Langacker ,  1990) .  Yet ,  anothe r  importan t  aspec t  o f  th e lexi -
co n i s tha t  th e informatio n serve s a s onl y a  guid e a s t o ho w 
eac h wor d ma y b e interpreted .  I n particular ,  it s definitio n ca n 
be generalize d o r  simplifie d whe n interpretin g a  particula r 
phrase .  A s a  las t  example ,  conside r  parsin g th e sentenc e M y 
ca r  drink s petrol .  O n combinin g th e image s o f  m y ca r  an d 
drinks ,  th e proces s mus t  tr y t o mak e sens e o f  it .  O n e possibl e 
outcom e is : 

[[car* :owner me] swallows ?R] 
•  [car* ]  no t  animat e - » can' t  drink ,  how ? 
•  [car* ]  doe s no t  hav e mouth ,  use s what ? 
•  chec k ? R i s liqui d 
-  ? R flow s int o th e stomach ? 
•  [car*] ? i s possibl y thirst y 

The image of the next word, petrol, when added to the 
Menta l  Sketc h satisfie s th e requiremen t  o f  ? R an d a  relatio n 
betwee n petro l  an d ca r  ha s t o b e established .  Petro l  flows 
int o th e petro l  tan k o f  th e car ,  thu s givin g th e followin g inter -
pretatio n (= > indicate s generalization) : 

[[car* : owner me] swallows petrol*] 
•  how ? - ^  [petrol* ]  pumpe d int o th e [car* ] 
•  [car* ]  use s (mout h = > openin g t o petro l  tank ) 
•  [petrol* ]  flow s int o th e (stomac h = > petro l  tank ) 
•  [car*] ? i s (possibl y thirst y = > take s a  lo t  o f  petrol ) 

There are many variations in language use and how well 
th e theor y ca n adequatel y explai n thes e variation s remai n t o 
be seen .  A  compute r  progra m i s currentl y bein g imple -
mente d t o tes t  th e theor y an d preliminar y result s see m 
encouraging . 

Related Work 

Generative Lexicon 

Pustejovsk y an d Bogurae v (1993 )  (henceforth ,  P & B )  argu e 
strongl y fo r  th e nee d t o hav e a  rich  an d expressiv e vocabular y 
fo r  lexica l  informatio n s o tha t  i t  coul d account ,  amon g othe r 
things ,  fo r  th e creativ e us e o f  language .  O f  significanc e i s th e 
ide a o f  a  quali a structur e fo r  eac h lexica l  entr y an d th e us e o f 
some generativ e device s operatin g upo n the m t o produc e th e 
require d interpretations .  Th e quali a structur e propose d i s a 
syste m o f  fou r  relations :  a  constitutiv e rol e whic h describe s 
th e relatio n betwee n a n objec t  an d it s constituen t  parts ,  a  for -
mal  rol e whic h describe s it s rol e withi n a  large r  domain ,  a  tel -
i c  rol e whic h describe s it s purpos e an d function ,  an d a n 
agentiv e rol e whic h describe s th e factor s involve d i n it s  ori -
gin .  Fo r  example ,  followin g P & B ,  th e quali a structur e fo r  th e 
wor d ca r  woul d be : 

car(x) 
C O N ST =  {body,engine,... }  F O R M AL =  physobj(x ) 
TEL I C =  drive(P,y,x )  A G E N T I V E =  artifact(x ) 

An important generative device is that of type coercion 
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whic h combine s word s b y selectin g th e appropriat e typ e o f 
informatio n fro m on e wor d s o tha t  i t  coul d b e use d a s a n ar -
gument  fo r  th e other .  Usin g th e exampl e o f  interpretin g th e 
phrase ,  a  fas t  car ,  P & B argue d that/a^ r  i s viewe d a s alway s 
predicatin g th e Teli c rol e o f  a  nomina l  an d thu s on e woul d se -
lec t  th e relatio n driv e t o generat e th e meanin g " a ca r  whic h 

ca n g o fast" .  Similarly ,  othe r  meaning s fo r  phrases ,  suc h a s a 
fas t  typist ,  a  fas t  book ,  an d t o decid e fast ,  coul d als o b e gen -
erated .  Thi s metho d thu s avoid s th e nee d t o enumerat e th e dif -
feren t  definition s m a d e explici t  i n th e lexicon . 

Anic k an d Bergle r  (1992 )  outline d h o w th e quali a struc -
tur e i s use d t o resolv e metonym y an d othe r  violation s o f 
selectiona l  restriction s whe n parsin g complet e sentence s 
whil e Copestak e an d Brisco e (1992 )  argue d th e nee d t o us e 
lexica l  rule s i n conjunctio n wit h th e coercio n process . 
Althoug h thi s wor k furthe r  support s th e nee d t o hav e seman -
ticall y ric h lexica l  information ,  the y fai l  t o questio n whethe r 
th e quali a structur e itsel f  i s  adequat e o r  not .  I f  a  riche r 
descriptio n o f  a  wor d i s needed ,  w h y impos e suc h a n arbi -
trar y structure ? 

Perhap s th e nee d t o impos e suc h a  structur e ha s t o d o wit h 
th e nee d fo r  stron g typin g information .  Fo r  example ,  whe n 
discussin g sentence s (5 )  -  (8) ,  Anic k an d Bergle r  (1992 )  ar e 
onl y concerne d wit h h o w t o describ e th e selectiona l  restric -
tio n impose d b y th e ver b ea t  o n it s direc t  objec t  an d ho w t o 
accommodat e bage l  a s th e objec t  o f  a  prepositio n selectin g 
fo r  a n event : 

(5 )  Joh n at e th e bagel . 
(7 )  Joh n lef t  afte r  th e meal . 

(6 )  Joh n at e th e meal . 
(8 )  Joh n lef t  afte r  th e bagel . 

The abov e show s a  seriou s lac k o f  emphasi s o n th e us e o f 
th e "rich "  semanti c informatio n mad e availabl e i n th e quali a 
structure .  Fo r  instance ,  n o reasonin g i s afforde d a s t o th e 
appropriatenes s o f  attachin g eatin g th e bage l  t o th e earlie r 
par t  o f  th e sentence ,  Joh n lef t  afte r  Wha t  i f  th e sentenc e i s 
Joh n at e afte r  th e bagel l  I n thi s case ,  on e need s t o searc h fo r 
a mor e appropriat e action ,  no t  jus t  a n even t  type .  O n e migh t 
argu e tha t  suc h reasonin g i s don e a t  a  late r  stage ,  bu t  i f  tha t  i s 
th e cas e the n on e i s no t  usin g m u c h o f  wha t  i s availabl e i n 
th e enriche d lexicon . 

Ther e i s n o reaso n w h y a  lo t  mor e o f  th e informatio n avail -
abl e i n th e lexico n shoul d no t  b e use d t o provid e a  contex t 
fo r  reasonin g abou t  th e sentence .  A s such ,  i t  i s  no t  necessar y 
t o restric t  th e lexico n b y imposin g th e us e o f  a  quali a struc -
ture .  Not e tha t  th e significanc e o f  P&B ' s exampl e i n derivin g 
a generativ e meanin g fo r  th e wor d fas t  lie s i n th e wa y i n 
whic h th e wor d fas t  i s  define d an d use d an d no t  th e fac t  tha t 
th e wor d ca r  i s  bein g define d usin g a  quali a structure .  I  hav e 
provide d a n alternativ e lexico n an d th e accompanyin g pro -
ces s whic h show s h o w i t  migh t  b e done . 

Sense Generation 

Frank s (1995 )  als o presente d a  generativ e approac h t o under -
standin g concep t  combinatio n an d i n particula r  h e showe d 
h o w differen t  view s o f  privativ e combination s (suc h a s fak e 
gun ,  ston e lion )  coul d b e compute d vi a a  two-ste p process . 
Th e first  ste p combine s th e tw o word s t o generat e it s basi c 
meanin g an d th e secon d ste p i s t o generat e a n appropriat e in -
terpretatio n dependin g o n th e viewpoint s needed . 

Althoug h h e suggeste d th e us e o f  a  representatio n whic h i s 
mor e psychologicall y motivate d tha n P&B' s approac h (se e 

Figur e 3) ,  hi s metho d o f  generatin g wor d meaning s i s quit e 
similar .  Fo r  example ,  t o understan d th e phrase ,  ston e lion ,  h e 
coerce d th e tw o description s b y negatin g th e centra l 

attribute s o f  lio n usin g wha t  h e calle d a n M T C r  operator . 
Th e resul t  o f  th e coerce d representatio n i s show n i n Figur e 4 . 

Lion : 
Central :  Diagnostic : 

legs :  4 organic :  + 
animate :  + 
genus :  lio n 
biologica l 
essence :  lio n 

tail :  + 
texture :  sof t 
colour :  tawn y 

Stone : 
Central :  Diagnostic : 

Hard :  + 
texture :  roug h 
weight :  heav y 
colour :  gre y 

organic :  -
animate :  -
solid :  + 

Figur e 3 .  Eac h concep t  i s represente d a s havin g bot h 
centra l  an d diagnosti c features ,  a n ide a borrowe d fro m 
psychologica l  studie s o f  human s concep t  formatio n 
(Medi n &  Shoben .  1988) . 

I have also used a two-level description in my word defini-
tion s (whic h ar e loosel y equivalen t  t o Frank' s concep t  repre -
sentations) .  However ,  I  find  th e distinction ,  betwee n centra l 
versu s diagnosti c propertie s unnecessar y a t  th e lexica l  level . 
Lik e P & B ,  Frank s als o di d no t  utiliz e m u c h o f  th e availabl e 
contex t  i n generatin g th e appropriat e sens e o f  th e combine d 
phrase .  Usin g th e approac h outline d here ,  th e meanin g o f  th e 
phras e ston e lio n i s obtaine d b y first  observin g tha t  bot h 
word s d o no t  hav e variable s i n thei r  basi c definition .  O n e ha s 
t o searc h th e contex t  fo r  mor e information .  I f  i t  i s  possibl e t o 
realiz e tha t  "ston e i s som e kin d o f  materia l  fo r  makin g 
?things" ,  the n th e imag e o f  lio n woul d b e use d t o replac e th e 
variabl e ?things .  Thi s generate s th e meanin g o f  a  lio n mad e 
of  stone . 

Ston e lio n 

_ Central :  _ 

Organic : 

Animate : 

Solid :  + 

—(Genus:  lio n 

"(Biologica l 

essence :  lio n 

Diagnostic : 

Hard :  + 

Texture :  roug h 

Weight :  heav y 

Color :  gra y 

Legs :  4 

Tail :  + 

Figur e 4 .  Interpretin g th e phras e ston e lio n usin g 
Franks '  approach . 

Cognitive Grammar 

Langacker' s (1990 )  cognitiv e gramma r  argue s strongl y tha t 
eac h linguisti c expressio n i s understoo d b y evokin g th e com -
ple x conceptua l  description s o f  eac h wor d an d combinin g 
the m usin g a  gramma r  whic h i s inherentl y 'symbolic' .  Th e 
forme r  implie s tha t  wor d meaning s ar e no t  describe d i n isola -
tio n bu t  withi n on e o r  mor e wide r  domains .  Eac h descriptio n 
i s th e produc t  o f  a  proces s o f  imagery ,  whic h shape s th e con -
ten t  o f  a  domai n i n a  variet y o f  way s s o a s t o captur e th e ap -
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propriat e relationshi p betwee n it s salien t  an d relate d features . 
Thus ,  fo r  example ,  certai n feature s o f  a  domai n ma y b e high -
lighte d an d describe d a t  variou s level s o f  precisio n o r  a t  a  dif -
feren t  scal e an d scope .  Figur e 5  show s a n example . 

G O NE 

Figur e 5 .  Differen t  sense s o f  g o define d usin g imagery . 
The lef t  show s tha t  th e wordg o i s define d b y showin g 
tha t  a  trajector y (tr )  i s  movin g furthe r  an d furthe r  awa y 
fro m a  stationar y landmar k (Im) .  Usin g th e sam e 
domain ,  th e righ t  show s ho w gon e i s defined .  Repro -
duce d fro m figure  4  o f  Langacke r  (1990) . 

The latter, claiming that grammar is symbolic, implies that 
grammar  rule s ar e als o represente d i n th e for m o f  conceptua l 
description s posite d fo r  representin g lexica l  items .  I n gen -
eral ,  suc h a  descriptio n o f  gramma r  act s onl y a s a  schemati c 
template s representin g establishe d pattern s fo r  th e assembl y 
of  comple x symboli c structure s (se e Figur e 6) .  Wha t  i s 
important ,  therefore ,  i s  tha t  th e cognitiv e gramma r  doe s no t 
posi t  abstrac t  dee p structure s fro m whic h differen t  sentence s 
ar e generated .  Rather ,  th e use r  ha s a n inventor y o f  symboli c 
resource s o f  whic h th e gramma r  i s a  part .  Th e use r  mus t 
activel y construc t  th e outpu t  usin g thes e resources . 

A B O V E - T A B LE P-NP 

/ 

ABOV 

c ^ t T H 

Figur e 6 .  Representin g gramma r  rule s (right )  a s sym -
boli c structure .  Reproduce d fro m figure  1 2 o f  Lan -
gacke r  (1990) . 

Langacker's idea of combining word meanings from eval-
uatin g th e semantic s o f  eac h wor d wit h th e gramma r  onl y a s 
a guid e i n th e proces s i s als o centra l  t o th e mode l  propose d 
here .  Althoug h Langacke r  emphasize d th e comple x descrip -
tio n o f  eac h lexica l  item ,  h e ha s no t  show n ho w th e extr a in -
formatio n i s use d i n formin g th e composit e structure .  H e di d 
stres s th e importanc e o f  establishin g th e profil e o f  th e com -

posit e imag e bu t  a s show n here ,  i t  i s als o importan t  t o estab -
lis h th e necessar y backgroun d informatio n whe n generatin g 
th e composit e meaning .  A s fo r  th e 'imagic '  characteristi c o f 
th e grammar ,  I  hav e show n tha t  thi s i s no t  necessar y here . 

Conclusion 

Althoug h th e meaning s o f  word s i n a n expressio n pla y a  cru -
cia l  rol e i n understandin g tha t  expression ,  i t  i s als o tru e tha t 
th e gramma r  o f  th e languag e give s u s th e orde r  o f  interpreta -
tion .  Thus ,  i n th e sentenc e Joh n sa w Jane ,  ther e i s nothin g i n 
th e semantic s tha t  wil l  tel l  u s w h o i s doin g th e seein g an d wh o 
i s bein g seen .  A  semanticall y base d approac h t o combinin g 
word s therefor e doe s no t  impl y tha t  gramma r  i s no t  needed . 
However ,  i t  doe s impl y tha t  muc h o f  th e effor t  i n th e proces s 
shoul d b e expende d o n th e reasonin g proces s base d o n wor d 
meaning s an d tha t  muc h o f  th e informatio n shoul d b e avail -
abl e a s par t  o f  wor d definition s i n th e lexicon . 

I  hav e show n her e ho w thi s i s possibl e an d suggeste d a 
two-ste p proces s o f  languag e comprehension .  Th e first  ste p 
utilize s th e basi c definitio n o f  a  wor d (whic h incorporate s 
some grammatica l  information )  an d th e second ,  it s back -
groun d informatio n (whic h encod e whateve r  th e individua l 
feel s a s important) .  Th e first  ste p i s don e quickl y s o tha t 
much effor t  ca n b e spen t  o n th e secon d ste p fo r  reasonin g 
abou t  th e composit e meaning s o f  th e combine d words .  Th e 
theor y i s currentl y bein g teste d wit h a  compute r  program . 
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