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Stat e Universit y o f  N e w Yor k a t  BufTal o 

peters@cs.bufralo.edu ,  rapaport@cs.bufTalo.ed u 

ABSTRACT 

Representations for natural category systems and a retrieval-based framework are presented that provide the 

means fo r  applyin g generi c knowledg e abou t  th e semanti c relationship s betwee n entitie s i n discours e an d th e 

relativ e salienc e o f  thes e entitie s impose d b y th e curren t  context .  A n analysi s o f  th e us e o f  basi c an d superordi -

nat e leve l  categorie s i n discours e i s presented ,  an d th e us e o f  ou r  representation s an d processin g i n th e tas k o f 

discours e comprehensio n i s demonstrated . 

1. Introduction. We present represenlalions for natural category systems based on a Roschian model of categories 

tha t  ha s bee n extende d t o accommodat e recen t  categorizatio n researc h [Barsalo u &  Billma n 1988 ;  Kei l  1989 ;  Medi n 

1985 ,  1987 ;  Muiph y 1985 ,  1988 ,  1989] .  W e tak e issu e wit h th e assumption ,  implici t  i n mos t  artificia l  intelligenc e 

(AI) ,  natura l  languag e processin g (NLP )  systems ,  tha t  generi c concept s ca n b e viewe d a s simpl e list s o r  collection s o f 

attributes .  Riche r  representation s o f  categorie s ar e neede d t o provid e th e intraconcep t  relation s tha t  structur e 

categorie s an d interconcep l  relation s tha t  provid e connection s t o th e res t  o f  th e knowledg e base ;  thes e semanti c rela -

tion s provid e som e o f  th e backgroun d o r  commonsens e knowledg e necessar y fo r  languag e interpretation .  A n analysi s 

of  th e us e o f  basi c an d superordinat e leve l  categorie s i n discours e i s presented ,  an d th e us e o f  ou r  representation s an d 

processin g i n th e tas k o f  discours e comprehensio n i s demonstrated .  Publishe d texts ,  th e twent y Englis h "Pea r  Story " 

ora l  narrative s tol d b y subject s afte r  viewin g a  film  [Chaf e 1980] ,  an d fort y unpublishe d narrative s writte n b y studen t 

subject s wh o wer e directe d t o retell  th e stor y o f  O .  Henry' s A  Retrieve d Reformatio n [unpublishe d dat a collecte d b y 

Scot t  &  Segal ]  provid e th e dat a analyze d i n thi s paper . 

2.  Representation s fo r  Natura l  Categor y Systems .  W e hav e previousl y discusse d th e specia l  statu s o f  th e basi c 

leve l  i n promotin g inferences :  th e informativenes s o f  th e basi c leve l  arise s fro m th e larg e amoun t  o f  informatio n 
organize d a t  thi s leve l  an d th e perceptua l  groundin g o f  basi c leve l  object s [Peter s &  Shapir o 1987ab ;  Peters ,  Shapiro , 

& Rapapor t  1988] .  I n thi s pape r  w e wil l  discus s extension s t o previousl y presente d representations .  Ou r  implementa -

tio n use s th e SNeP S knowledg e representation  an d reasonin g system ,  includin g a  generalize d A T N parser-generato r 

[Shapir o 1978 ;  Shapir o &  Rapapor t  1987] .  Sinc e th e basi c leve l  ha s specia l  statu s i n ou r  representation s an d process -

ing ,  w e wil l  begi n wit h thi s level . 

3.  Enhance d Representation s fo r  Basi c Leve l  Concepts .  Defaul t  generalization s ar e use d t o represen t  fact s abou t 

th e typica l  member s o f  a  categor y i n ou r  system .  Thus ,  a  basi c leve l  categor y i n ou r  semanti c networ k is ,  i n part ,  a 

collectio n o f  defaul t  generalization s abou t  part/whol e structure ,  othe r  imag e schemati c structure ,  additiona l  percepts , 

and functiona l  an d interactiona l  propertie s [Se e Peter s &  Shapir o 1987ab ,  Peters ,  Shapiro ,  &  Rapapor t  198 8 fo r  a  dis -

cussio n o f  thes e structures] .  Figur e 1  show s a  defaul t  rul e tha t  ca n b e paraphrase d as/o r  al l  x ,  i f  x  i s  a  car .  the n typi -

call y X  ha s a n engine ,  o r  mor e simpl y a s typicall y car s hav e engines .  W e buil d man y suc h defaul t  generalization s 

about  a  basi c leve l  categor y suc h a s car . 

ml: for all X, if m2, 
Iticl i  typicall y 111 6 

in 2 X  i s a  ca r 
in 6 ther e exis u a  y 

nic h tha i  m 5 n d m 4 
m S:  y  i s i  pa n o f  x 
m 4.  y  i s a n engin e 

C 5 D 
^eng in e ̂  

The followin g define s a  pat h 1 0 find  al l  th e part s o f  basi c leve l  objeci s 
(def'pai h pan s (compos e arg2 -  aig l  pan -  whol e fonll -  an i  class) ) 

Figur e 1 
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ref-obj 

i r  engin e 

Figan 2. EHgiius arc iitunor pans of cars 

J X  J  Q  ineclunical^^ ^ 

car engin e 

iif-o b 

icto n 

\  run/g o ) 

engin e 

Figur e 3 :  Enginc i  ar c mechanica l  part s o f  car s Figur e 4 ;  Engine s enabl e car s t o ru n 

M a ny researcher s hav e pointe d ou t  tha t  a s people' s knowledg e increases ,  the y c o m e t o rejec t  mer e collection s o f  sur -

fac e attribute s an d othe r  typica l  feature s a s bein g adequat e t o specif y concepts ;  categorie s becom e furthe r  structure d 

by "deeper "  conceptua l  relation s [Barsalo u &  Billma n 1988 ;  Kei l  1987 .  1989 ;  Medi n &  Wattenmake r  1987 ;  Murph y 

& Medi n 1985] .  Additiona l  defaul t  rule s ar e buil t  t o captur e thes e "deepe r  conceptua l  relations .  Thus ,  i n additio n t o 

j)art-whol e relation s (m 5 i n Figur e 1 )  an d relation s abou t  othe r  percepts ,  w e structur e basi c leve l  categorie s suc h a s 

ca r  wit h enabling ,  functional ,  an d spatia l  relations ,  suc h a s thos e show n i n Figure s 2-4 .  ( W e hav e no t  show n th e 

entir e defaul t  rules ,  jus t  th e additiona l  conceptua l  relation s tha t  provid e intraconcep t  connections .  I.e ,  rnS .  m 9 ,  an d 

m i l  woul d replac e m 5 ,  th e part-whol e relation ,  i n th e defaul t  rul e o f  Figur e 1 ,  creatin g thre e simila r  defaul t  rules. ) 

Figur e 2  show s a  spatia l  relatio n tha t  furthe r  structure s (an d clusters )  th e interio r  part s o f  car .  W e structur e th e exter -

nal  part s o f  ca r  similarly .  Figur e 3  i s use d t o furthe r  structur e o r  cluste r  mechanica l  pan s o f  cars ,  suc h a s th e brake s 

an d engine ;  Figur e 4  show s a n enablin g relation :  engine s enabl e car s t o run/go .  Thus ,  i n ou r  system ,  ther e wil l  b e 

m a ny assertion s linkin g ca r  an d engine :  th e knowledg e associate d wit h a  basi c leve l  categor y suc h a s ca r  i s highl y 

interconnecte d an d organize d b y spatial ,  temporal ,  casual ,  explanatory ,  an d enablin g relations .  Basi c leve l  categorie s 

i n ou r  syste m ar e highl y structure d b y intraconcep t  relations .  Interconcep t  relation s provid e additiona l  structure .  E.g. , 

mortgag e i s a  themati c associat e o f  house .  Figur e 5  show s th e enablin g relatio n tha t  connect s thes e tw o concepts . 

3.1 .  Context-independen t  an d Context-dependen t  Structure .  Ou r  representation s an d processin g ar e als o base d 

o n th e vie w tha t  th e informatio n activate d afte r  hearin g o r  readin g a  categor y n a m e varie s widel y acros s linguisti c 

contexts .  I.e. ,  categorizin g a n entit y a t  th e basi c leve l  provide s acces s t o a  larg e amoun t  o f  information ;  however , 

onl y a  smal l  subse t  o f  th e informatio n associate d wit h a  categor y i n lon g ter m m e m o r y ( L T M )  i s incorporate d i n th e 

tempK)rar y concep t  constructe d i n workin g m e m o r y ( W M )  • "  a  particula r  context .  Barsalo u [1982 ]  ha s propose d tha t 

ther e ar e tw o kind s o f  informatio n associate d wit h categorie s i n L T M :  context-independen t  (CI )  propertie s ar e 

activate d b y th e wor d fo r  a  categor y o n al l  occasions ,  independen t  o f  context ;  context-dependen t  (CD )  propertie s ar c 

activate d onl y i n relevan t  contexts . 

We ha d originall y decide d tha t  topographi c structure ,  i.e. ,  pan s tha t  defin e th e overal l  shap e o f  basi c leve l 

objects ,  wer e context-independen t  attributes ,  i.e. ,  automaticall y activate d acros s al l  contexts .  [Peters ,  Shapiro ,  & 

Rapapo n 1988] .  However ,  a n examinatio n o f  th e normativ e dat a showin g th e propertie s liste d b y subject s fo r  basi c 

leve l  object s i n fre e articulatio n task s [Ashcraf t  1978 ;  Rosc h e l  al .  1976 ;  Tversk y &  H e m e n w a y 1984 ]  disconfirm s th e 

hypothesi s tha t  al l  o f  th e externa l  part s tha t  contribut e t o th e overal l  shap e ar e context-independent .  Productio n fre -

quenc y o f  propertie s i s considere d t o b e a  measur e o f  semanti c relatednes s betwee n categor y name s an d thei r  proper -

tie s [Ashcraf t  1978) ,  an d althoug h som e exterio r  part s o f  object s ar e alway s generate d i n thes e tasks ,  man y ar e no t  I n 

addition ,  s o m e interio r  (hidden )  part s an d som e non-pa n attribute s ar e alway s articulated .  E.g. ,  subject s generat e 

wheels ,  tires ,  seats ,  engine ,  steers ,  an d transportatio n fo r  car .  Here ,  onl y wheel s an d tire s ar e exterio r  parts .  Tail , 

lon g ears ,  whit e fur ,  soft ,  an d anima l  ar e generate d fo r  rabbi t  (onl y tai l  an d lon g ear s ar e externa l  parts) ,  an d wings , 

beak ,  feathers ,  flies ,  eggs ,  an d nest s fo r  bird .  W e hypothesiz e tha t  context-independenc e arise s a s additiona l  causa l 

an d explanator y relation s integrat e o r  interconnec t  thes e attribute s an d th e categor y nam e tha t  evoke s them .  Thus , 

engin e achieve s context-independenc e becaus e o f  it s  functiona l  importanc e an d becaus e o f  th e man y conceptua l  rela -

tion s tha t  interconnec t  engin e an d car .  M a n y interactiona l  propertie s ar e als o CI ;  e.g. ,  seat s an d steerin g whee l 

achiev e context-independenc e becaus e w e interac t  wit h car s b y sittin g o n th e seat s an d usin g th e steerin g wheel . 

Thus ,  no t  al l  part s m a y achiev e C I  status ,  bu t  rather ,  on e coul d argu e tha t  onl y part s attende d t o ge l  processe d i n a 

manner  t o produc e C I  status ;  i n thi s case ,  causall y relevan t  part s woul d hav e a  distinc t  advantag e (Barsalo u 1989 ,  per -

sona l  communication] . 
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Figure  S: Mortgages enable buying houses 

open y 

eoniem-  v 
independcn i  ' 

Figur e 6 :  Havin g a n engin e i s a  coniexi-indepemUn i  propert y o f  car s 

We currentl y creat e a n assertio n tha t  mark s C I  properties ,  afte r  a  hig h degre e o f  connectivit y arise s betwee n propertie s 

and th e categor y name .  Figur e 6  show s suc h a n assertion ,  whic h w e paraphras e a s havin g a n engin e i s a  C I  propert y 
of  cars .  C I  properties ,  marke d b y suc h a n assertion ,  ar e alway s activate d w h e n th e categor y n a m e i s mentioned . 

The category knowledge composed of the less strongly associated attributes (thematic associates and other non-

centrall y relate d entities )  form s th e context-dependen t  structur e o f  basi c leve l  categories .  W e us e th e semanti c rela -

tionship s betwee n verb s an d noun s i n discours e t o evok e context-dependen t  entities ,  i.e. ,  mak in g th e interrelate d infer -

ence s normall y m a d e w h e n particula r  verb s ar e use d wit h particula r  nouns .  E.g. ,  ca r  i s associate d wit h m a n y differen t 

kind s o f  generalize d actions :  driving ,  gettin g gas ,  washing ,  repairing ,  traveling ,  buying .  I n ou r  system ,  differen t 

knowledg e associate d wit h th e categor y ca r  i s activate d fo r  eac h o f  thes e generalize d actions .  T h e demonstratio n run s 

i n Appendi x A  s h o w th e activatio n o f  C I  an d C D entitie s i n discours e comprehension ,  i.e. ,  wha t  interrelate d infer -

ence s ar e made ,  an d w h e n the y ar e made . 

3.2 .  Example s o f  Contextua l  Fluctuations .  T w o shor t  example s illustrat e th e differen t  entitie s highlighte d i n 
differen t  contexts .  I n th e firs t  passage ,  part s o f  th e ca r  relevan t  t o driving ,  starting ,  an d stoppin g ar e referenced : 

As th e ca r  aep t  u p th e slop e o f  th e bridge ,  th e inspecto r  burs t  ou t  laughing .  H e laughe d s o har d h e coul d scarcel y giv e 
hi s nex t  direction .  "Sto p here, "  h e said ,  wipin g hi s eyes ,  "the n star t  'e r  u p again. " 

Maria n pulle d u p besid e th e curb .  Sh e pu t  th e ca r  i n neutral ,  pulle d o n th e emergency ,  waite d a  moment ,  an d the n pu t 
th e ca r  int o gea r  again .  He r  fac e wa s set .  A s sh e release d th e brake ,  he r  foo t  slippe d of f  th e clutc h peda l  an d th e en -
gin e stalle d (A .  Gibbs ,  Th e Test ,  p .  255 ,  italic s added) . 

In the second passage, in which the car is stopped, and the characters get out and move around the outside of the car, 

exterio r  part s o f  th e ca r  ar e referenced : 

Lloy d brough t  th e ca r  t o a  screechin g hal l  a t  th e ver y edg e o f  th e boa t  launchin g ramp . 
Lloy d looke d calm ,  cool ,  an d loade d a s h e go t  ou t  an d swaye d hi s wa y aroun d t o th e rea r  o f  th e car .  I  though t  h e wa s 
goin g t o ope n th e trun k an d presen t  m e wit h m y father' s coat ,  bu t  instea d h e hoiste d himsel f  u p o n th e bac k o f  th e car . 
He li t  a  cigarett e an d fro m hi s perc h o n th e roofh t  seeme d t o b e enjoyin g m y frigh t  ove r  th e nea r  plung e int o th e wate r 
(P .  Zindel ,  Confession s o f  a  Teenag e Baboon ,  pp .  106-113 ,  italic s added) . 

The next example shows the use of activated CI information. Since ywr is automatically activated for Cyril, the cat, 

(fu r  ha s C I  status ,  sinc e i t  i s  a n interactiona l  property ;  i.e. ,  jieopl e pe t  cats ,  strokin g thei r  fur) ,  disambiguatio n o f  th e 

referenc e lu s fu r  i s  easil y handled .  Disambiguatio n her e doe s no t  involv e choosin g th e mos t  activate d o r  highl y 

focuse d entity ,  bu t  rathe r  choosin g a n activate d entit y wit h thi s activate d property .  C law s als o ha s C I  statu s fo r  cats . 

W h en Jur y { a detective )  opene d th e doo r  t o Racer' s (Jury' s boss )  sanctuary ,  Cyri l  (cat )  sli d betwee n hi s feet ,  streake d 
snake-lik e acros s a  carpe t  th e colo r  o f  hi s  fur ,  an d wa s scalin g th e bookcas e se t  bac k agains t  th e wal l  t o th e lef t  o f 
Racer' s larg e desk .  Hi s claw s wer e lik e pinion s diggin g int o forensi c science ,  .. .  (M .  Grimes ,  Th e Fiv e Bell s an d 
Bladebone ,  p .  188 ,  italic s added) . 

An example showing a reference to a CD entity follows. Here the paw is evoked in the context of the cat striking at 
th e water : 

The ca t  walke d ou t  o f  th e seclude d garde n an d towar d th e ban k o f  a  strea m farthe r  on .  Her e i t  crouche d an d watche d a 
wre n havin g a  dus t  bath .  Befor e i t  coul d pounce ,  th e wre n wa s away ,  skimmin g acros s th e water .  Lookin g int o th e 
stream ,  a s i f  th e bir d migh t  hav e falle n there ,  th e ca t  sa w shadow s dee p ir«id e darting ,  hangin g suspended ,  dartin g for -
war d again .  Th e ca t  struc k a t  th e water ,  tryin g t o fi x  th e movin g shadow .  .. .  I t  yawne d again ,  washe d a t  th e paw , 
stoppe d whe n i t  sa w somethin g skitterin g acros s th e footbridg e an d followed .  (M .  Grimes ,  p .  11 ,  italic s added ) 

4. Superordinates and Basic Level Names in Discourse. Since basic level categories carry the most information, 

the y denot e referent s a t  thei r  leve l  o f  "usual "  utility ;  i.e. ,  a t  a  leve l  tha t  i s  bot h sufficientl y informativ e an d cogni -

tivel y efficien t  t o manipulate .  Thu s th e us e o f  basi c leve l  term s t o refe r  t o entitie s i n discours e follow s th e Gricea n 
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m a x i m s o f  conversationa l  quantit y an d manner ,  sinc e basi c leve l  name s usuall y carr y sulTicien t  informatio n fo r  a n 

addressee/reade r  t o b e abl e t o identif y th e individua l  o r  categor y bein g referre d lo .  W h a t  constraint s caus e a 

speaker/write r  t o abando n basi c leve l  term s i n categorizin g a  give n entit y a t  a  give n point ? I n particular ,  whe n ar e 

supcrordinat e leve l  name s use d i n discourse ,  an d h o w i s th e knowledg e store d wit h superordinat e leve l  concept s use d 

durin g discours e comprehension ? Th e nex t  section s wil l  analyz e th e us e o f  superordinat e term s i n writte n an d ora l 

narratives . 

4.1 .  Discours e Analysis :  Us e o f  Superordinat e Leve l  N a m e s .  Basi c leve l  term s constitute d 9 3 % o f  th e nomina l 

reference s t o concret e entitie s i n th e twent y "Pea r  Story "  ora l  narratives ;  superordinat e leve l  term s wer e use d ver y 

infrequently ,  constitutin g onl y 2 % o f  th e reference s [Downing ,  1980] .  Basi c leve l  term s agai n predominate d i n th e 

Scot t  &  Sega l  subjects '  writte n narratives ,  constitutin g 7 5 % o f  nomina l  reference s l o concret e entities .  Superordinale s 

occurre d m u c h mor e frequentl y tha n i n th e ora l  "Pea r  Story "  narratives ,  constitutin g 1 7 % o f  th e reference s i n th e 

Scot l  &  Sega l  writte n narratives .  I n th e nex t  section s superordinat e leve l  reference s wil l  b e examine d mor e carefully . 

4.1.1 .  G roups ,  Collections ,  an d Classes .  I t  ha s bee n suggeste d [e.g. ,  Murph y &  Wisniewsk i  1989 ;  Wisniewsk i  & 

M u r p h y 1989 ]  tha t  superordinale s ar e frequentl y use d l o refe r  l o groups ,  collections ,  an d classes .  I.e. ,  basi c leve l 

names ar e frequentl y use d l o refe r  l o individual s o r  singl e objects ,  whil e speaker s us e superordinat e name s suc h a s 

furniture ,  clothe s an d plant s l o refe r  t o group s o f  relate d object s simultaneousl y [Wisniewsk i  &  Murph y 1989] .  Ou r 

tex t  analysi s confirme d thi s usag e o f  superordinat e names .  Th e followin g passage s fro m O .  Henry' s A  Retrieve d 

Reformatio n (wit h italic s adde d l o indicat e th e superordinat e leve l  term )  illustrat e thi s usage : 

(1 )  Tak e hi m back ,  Cronin ,  smile d th e warden ,  an d fix  hi m u p wit h outgoin g clothes . 

(2) Pulling out from the wall a folding-bed, Jimmy slid back a panel in the wall and dragged out a dust-covered 
suitcase .  H e ojacne d thi s an d gaze d fondl y a t  th e finest  se t  o f  burglar' s tool s i n th e East . 

(3) He was at much at home in the family of Mr. Adams and that of Annabel's married sister as if he were already a 
member. 

I n ih e followin g section s w e discus s additiona l  use s o f  superordinat e label s tha t  wer e foun d i n th e writte n an d ora l 

narrative s examined . 

4.1.2 .  Introductor y Ment ion s o f  Entities .  Frequentl y superordinat e label s ar e use d l o introduc e entitie s t o th e 

hearer/reader ,  i.e. ,  a n author/speake r  use s a  superordinat e leve l  ter m fo r  th e first  mentio n o f  a n entity ,  late r  switchin g 

t o a  basi c leve l  ter m [Downing ,  1980] .  Thi s techniqu e i s typicall y use d onl y wit h character s an d othe r  element s tha t 

ar e centra l  t o th e narrative .  T w o example s o f  thi s techniqu e follow : 

I t  wa s o n th e Dove r  roa d tha t  lay ,  o n a  Frida y nigh t  lat e i n November ,  befor e th e first  o f  th e person s wit h w h o m thi s 
histor y ha s business .  [Dickens ,  A  Tal e o f  Tw o Cities ,  p .  8 ] 

About three hundred eighty-five thousand years ago, when the oceans and continents were in place as we know them to-
day ,  th e lan d bridg e from  Asi a wa s open ,  an d a  hug e ponderou s animal ,  lookin g muc h lik e a n oversize d elephan t  bu t 
wit h enormou s protrudin g tusks ,  slowl y mad e hi s wa y eastward ,  followe d b y fou r  female s an d thei r  young .  [Michener , 
Alaska ,  p .  15 ] 

I n bot h o f  thes e example s th e reade r  ha s th e expectatio n tha t  sh e wil l  soo n find  ou t  mor e abou t  th e character s bein g 

introduce d b y th e superordinat e leve l  terms ,  an d th e superordinat e leve l  name s see m t o contribut e t o th e reader s bein g 

graduall y " d r a w n "  int o th e story .  Thus ,  th e readers '  attentio n become s focuse d o n entitie s introduce d i n thi s way . 

4.1J .  Reference s t o Focuse d Discours e Entities .  A  superordinat e labe l  i s  als o frequentl y use d t o refe r  t o a 

discours e entit y tha t  i s  focused ,  bu t  no t  s o highl y activate d tha t  a  pronou n o r  zer o i s eas y t o understand ,  ye t  to o highl y 

activate d fo r  a  basi c leve l  ter m t o b e use d withou t  soundin g childis h o r  redundant .  I.e. ,  th e basi c leve l  ter m m a y giv e 

to o m u c h information ,  give n th e focu s leve l  o f  th e referent .  Fo r  example : 

He too k a  trai n fo r  thre e hours ,  go t  of f  an d wen t  t o a  caf e owne d b y Mik e Dolan .  Dola n gav e Jimm y hi s key .  Jimm y 
went  t o a  roo m i n th e bac k o f  th e establishment .  [Scot t  &  Sega l  unpublishe d data ,  subject' s retellin g o f  O .  Henry's ,  A 
Retrieve d Reformation ] 

At  th e en d o f  thi s passag e th e ke y an d th e caf e ar e competing ,  focuse d discours e entitie s (bot h ca n b e referre d t o 

usin g it) .  Sinc e th e ke y i s mor e highl y focused ,  a  pronomina l  referenc e t o th e caf e (us e o f  it )  seem s les s suitabl e tha n 

th e us e o f  th e superordinat e ter m th e establishment .  Th e us e o f  th e basi c leve l  ter m th e caf e als o seem s les s suitabl e 

tha n th e establishment ,  becaus e i t  i s  redundant .  A n additiona l  exampl e follows : 

The ca b stoppe d i n fron t  o f  Lloyd' s hous e an d I  go t  out .  I  thin k th e drive r  though t  I  wa s goin g t o ru n awa y withou t 
payin g bu t  m y slack s wer e s o tigh t  I  couldn' t  ge t  m y mone y ou t  o f  m y pocke t  withou t  standin g up .  I  gav e hi m th e fare , 
includin g a  goo d tip ,  whic h lef t  m e wit h abou t  a  dolla r  an d twenty-nin e cent s t o m y name .  I t  wa s th e absolut e en d o f 
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my saving s fro m th e las t  cas e m y mothe r  had ,  wher e he r  bos s gav e m e a  coupl e o f  dollar s a  da y t o wal k hi s Yorkies . 
The drive r  jus t  floored  hi s jun k hea p an d loo k of f  makin g s o muc h nois e I  didn' t  hea r  th e lil t  o f  musi c unti l  th e tax i 
turne d a t  th e fa r  comer .  I t  ha d bee n quit e a  whil e sinc e Hele n an d I  ha d vacate d th e plac e an d I  couldn' t  believ e th e 
part y wa s stil l  goin g on .  [P .  Zindel ,  Confession s o f  a  Teenage d Baboon ,  p .  141 ] 

Here ,  a  pronomina l  referenc e t o th e hous e (// )  canno t  b e used ,  becaus e ther e i s to o m u c h distanc e betwee n th e first 

mentio n o f  th e hous e an d thi s reference .  However ,  th e supcrordinate ,  th e place ,  i s easil y disambiguated .  T h e nex t 

exampl e agai n show s competing ,  focuse d discours e entities : 

Anyway ,  thi s tim e i t  wa s a  blac k ca t  reclinin g i n th e middl e o f  thi s bus y boulevar d an d i t  wa s positione d s o i t  looke d 
lik e i t  ha d bee n hal f  ru n ove r  b y a  car ,  squashin g par t  o f  it s  bod y int o a  typ e o f  bas e lik e a  buttres s fo r  a  pape r  doll .  I t 
looke d lik e I  wa s starin g a t  a  ston e statu e o f  a  ca t  wit h metalli c  eye s glaze d wit h fir e an d tha t  i f  I  wante d t o I  coul d jus t 
tak e th e thin g hom e an d us e i t  a s a  garde n ornament .  Th e anima l  seeme d dea d excep t  fo r  it s  eyes ,  an d I  ha d th e strang -
est  feelin g i t  migh t  stil l  b e alive ,  .. .  [P .  Zindel ,  Confession s o f  a  Teenage d Baboon ,  p .  121 ] 

Her e th e supcrordinat e labe l  th e thin g refer s t o on e discours e entity ,  th e ston e statu e o f  a  cat ,  whil e th e anima l  refer s 

t o a  secon d discours e entity ,  th e cat . 

4.1.4 .  Superordinates :  Generality .  Sinc e superordinal e label s ar e mor e genera l  (les s specific )  tha n basi c leve l 

terms ,  the y ca n b e use d t o communicat e a  sens e o f  "vagueness" .  Thus ,  a  supcrordinat e n a m e m a y b e use d t o com -

municat e tha t  someon e (a )  doesn' t  k n o w wha t  somethin g is ,  o r  wha t  th e n a m e o f  somethin g i s (se e exampl e (1 ) 

below) ;  (b )  canno t  se e somethin g ver y wel l  (se e exampl e (2 )  below ;  (c )  doesn' t  remembe r  specificall y wha t  somethin g 

was (se e exampl e (3 )  below) ;  (d )  doesn' t  wan t  t o cal l  attentio n t o irrelevan t  detail s o r  promot e to o m a n y inference s 

(se e exampl e (3 )  again) ,  o r  (e )  want s t o deliberatel y concea l  informatio n (e.g. ,  i n a  myster y th e detectiv e m a y choos e 

not  t o revea l  th e specifi c  murde r  weapo n use d t o commi t  th e crim e t o a  witnes s bein g questioned) . 

(1 )  Thre e boy s cam e out ,  helpe d hi m pic k himsel f  up ,  pic k u p hi s bike ,  pic k u p th e pears ,  on e o f  the m ha d a  toy ,  whic h 
was lik e a  clapper .  And ,  I  don' t  kno w wha t  yo u cal l  i t  excep t  a  paddl e wit h a  bal l  suspende d o n a  string .  [Chafe ,  1980 , 
transcrip t  fro m Englis h "Pea r  Film "  narrative ] 

(2) Zoe squinted through a square of the lattice. Outside the crawl space it was lighter. She could see three figures 
standin g besid e a  smal l  truck .  [Z .  Oneal ,  Wa r  Work ,  p .  133 } 

(3) He [Jimmy] jumps on a train heading for the state boarder [sic] after he has some food and wine not of prison ori-
gin .  [Scot t  &  Sega l  unpublishe d data ,  subject' s retellin g o f  O .  Henry's ,  A  Retrieve d Reformation ] 

I n (1 )  th e speake r  tellin g th e stor y o f  th e "Pea r  Fi lm "  didn' t  k n o w a  n a m e fo r  th e to y tha t  a  characte r  i n th e film  w a s 

playin g with .  I n (2 )  Zo e canno t  se e th e character s sh e i s describin g ver y well .  I n (3 )  th e subjec t  retellin g th e stor y 

eithe r  didn' t  remembe r  tha t  th e foo d J i m m y Valentin e ha d eate n w a s broile d chicken ,  o r  chos e t o b e les s specifi c 

when recountin g thi s event ,  usin g a  supcrordinat e labe l  rathe r  tha n a  mor e specific ,  basi c leve l  one . 

4.2 .  Non-taxonomi c Superordinates .  I n general ,  superordinate s conve y m u c h les s informatio n tha n basi c leve l 

terms .  However ,  non-taxonomi c superordinate s (e.g. ,  friend ,  enemy ,  jerk )  frequentl y ad d information ,  communicatin g 

an attitud e towar d th e referent(s) : 

I' m fifty  an d fo r  hal f  o f  thos e year s I  ha d worke d fo r  a  Chicag o newspape r  I  woul d rathe r  no t  identif y becaus e i t  n o 
longe r  exists .  It s nam e exists ,  bu t  i t  i s  a  vulga r  ra g filled  wit h se x an d crime ,  edite d b y a  gan g o f  creeps ,  an d owne d b y 
a righ t  win g egomania c wh o bough t  i t  fo r  a  son g fro m th e childish ,  idioti c woma n wh o inherite d it .  [D .  Kiker ,  Murde r 
on Cla m Pond ,  p .  22 ] 

Non-taxonomi c superordinate s als o frequentl y focu s attentio n o n particula r  attributes .  I n th e followin g example , 

enemy evoke s o r  activate s entitie s suc h a s claws ,  tusks ,  teet h a s wel l  a s externa l  bod y parts .  Al l  o f  thes e ar e relevan t 

i n th e contex t  o f  th e struggl e betwee n thes e tw o enemies . 

.. .  h e [Mastodon ]  hear d a  rustl e tha t  disturbe d him .  Prudently ,  h e withdre w les t  som e enem y lea p upo n hi m fro m a 
hidin g plac e hig h i n th e trees ,  an d h e wa s no t  a  moment  to o soon ,  fo r  a s h e turne d awa y fro m th e willow ,  h e sa w em -
ergin g fro m th e protectio n o f  a  nearb y cops e hi s mos t  fearsom e enemy . 

I t  wa s a  kin d o f  tige r  wit h powerfu l  claw s an d a  pai r  o f  frightfu l  uppe r  teet h almos t  thre e fee t  lon g an d incredibl y sharp . 
Mastodo n kne w tha t  thoug h thi s saber-toot h coul d no t  driv e thos e fearsom e teet h throug h th e heav y ski n o f  hi s protecte d 
rea r  o r  sides ,  i t  coul d i f  i t  obtaine d a  secur e foothol d o n hi s back ,  sin k the m int o th e softe r  ski n a t  th e bas e o f  hi s neck . 
.  .  .  Mastodo n ha d hi s lon g tusks ,  o f  course ,  bu t  h e coul d no t  lung e forwar d an d expec t  t o impal e hi s adversar y o n 

them ,  the y wer e no t  intende d fo r  thi s purpose .  [J .  Michcner ,  Alaska ,  p .  17 ,  italic s added ] 

4J. Superordinates: Theories and Causal Reasoning. A number of researchers [e.g., Keil 1987, 1989; Murphy 

& Medi n 1985 ;  Barsalo u &  Billma n 1988 ]  hav e pointe d ou t  tha t  ou r  deep ,  ric h theorie s abou t  object s ar e linke d t o 

superordinal e leve l  concepts :  theorie s tha t  tak e u s beyon d categorizatio n base d o n perceptua l  o r  surfac e similarity .  I n 

161 



orde r  t o appropriatel y categoriz e a  whal e a s a  m a m m a l ,  w e ar e require d t o m o v e beyon d usin g surfac e similarit y a s a 

basi s fo r  categorization :  w e nee d t o recogniz e tha t  hidde n feature s an d elaborate d theorie s abou t  origin s ar e mor e 

importan t  tha n perceptua l  feature s i n categorizin g biologica l  kind s a t  a  superordinat e level .  Theoretica l  knowledg e 

als o help s u s t o deduc e reason s fo r  correlation s amon g basi c leve l  features :  e.g. ,  wings ,  hollo w bones ,  small ,  an d flie s 

ar e correlate d becaus e Ihe y ar c causall y linked .  Ou r  scientifi c  knowledg e organize d a t  th e superordinat e leve l  help s u s 

understan d thes e linkages .  Taxonomi c supcrordinalc s enric h basi c leve l  concepts ,  providin g acces s t o dee p causa l  an d 

explanator y relations . 

4.4 .  Causa l  Reasonin g i n Discours e Understanding .  Eve n whe n supcrordinalc s ar e no t  explicitl y  mentione d i n 

discourse ,  the y m a y provid e th e causa l  an d explanator y relation s necessar y t o ou r  understandin g o f  discourse .  Ou r 

understandin g o f  humo r  frequentl y depend s o n ou r  us e o f  superordinat e leve l  knowledge .  E.g. ,  i n a  shor t  monologu e 

abou t  coffee .  Garriso n Keillo r  state d tha t  althoug h peopl e sai d tha t  decaffeinate d coffe e wa s dangerou s an d tha t  a 

chemica l  use d t o decaffeinat e coffe e cause d cance r  i n rats ,  hi s feelin g wa s tha t  th e mor e rat s tha t  ge t  cance r  th e bette r 

[Garriso n Keillor' s America n Radi o C o m p a n y o f  th e Air ,  Februar y 16 ,  1990 ,  W N E D - F M ] .  Thi s jok e lik e m a n y other s 

i s amusin g becaus e w e recogniz e tha t  a n inappropriat e conclusio n ha s bee n drawn :  th e reasonin g ha s bee n ineffectual . 

I.e. ,  w e k n o w tha t  rats ,  lik e people ,  ar e animal s (i n fac t  w e k n o w tha t  bot h ar e m a m m a l s ) ;  tha t  anima l  model s ar e use d 

t o scree n carcinogeni c agent s (wit h rat s frequentl y bein g use d a s tes t  animals) ;  tha t  i f  a  chemica l  cause s cance r  i n on e 

kin d o f  animal ,  ther e i s a  grea t  likelihoo d tha t  i t  wil l  caus e cance r  i n othe r  animal s (especiall y closel y relate d 

animals) .  T h e knowledg e use d i n thi s reasonin g i s superordinat e leve l  knowledge . 

5.  Discours e Processing :  Inferences .  Th e processin g performe d b y ou r  syste m wil l  b e illustrate d b y considerin g 

th e proble m o f  comprehendin g reference s t o implicitl y  evoke d C I  an d C D entitie s i n discourse .  A s state d previously , 

basi c leve l  categorie s evok e a  ric h se t  o f  entitie s whic h m a y b e referre d t o late r  i n discourse .  Supcrordinalcs ,  i n con -

trast ,  evok e fe w discours e entitie s directl y associate d wit h th e superordinat e categor y itself ,  bu t  frequentl y infiucnc e 

what  i s activate d 

Th e inference s m a d e a l  th e basi c leve l  see m t o involv e automati c processing :  i.e. ,  the y ar e initiate d b y well -

establishe d m e m o r y structures ,  rel y o n connectivit y betwee n concepts ,  ar e computationall y "cheap" ,  an d ar e plausibl e 

inference s rathe r  tha n logicall y derive d assertion s whic h necessaril y  follo w fro m th e text .  Supcrordinalcs ,  i n contrast , 

d o no t  see m t o promot e m a n y inference s [Rosc h 1981 ;  Tversk y &  H e m c n w a y 1984 ;  Ge lma n 1989] :  subject s fre -

quentl y lis t  fe w o r  n o ato-ibute s fo r  superordinat e leve l  concepts .  Thus ,  ou r  knowledg e abou t  superordinat e concept s 

i s a  deepe r  an d les s easil y verbalize d knowledge ,  involvin g underlyin g principle s an d theorie s abou t  th e world . 

Inferencin g a t  thi s leve l  i s  no t  computationall y "cheap "  an d effortless ,  bu t  instea d seem s t o requir e substantia l  alten -

tiona l  resources .  T h e inference s m a d e involv e causa l  knowledg e an d explanator y relation s (iheorelically-orienic d 
knowledge) ,  an d ar e deducibl e fro m th e tex t  an d th e knowledg e base .  W e us e a  "spreadin g activation "  for m o f 

inferenc e simila r  t o marke r  passin g t o activat e th e relevan t  basi c leve l  information ,  an d deductiv e inferenc e t o reaso n 

abou t  theory-lade n superordinat e leve l  knowledge ,  formin g assertion s whic h follo w logicall y o r  necessaril y  fro m th e 

tex t 

5.1 .  Path-Base d Inference .  Th e S N e P S path-base d inferenc e packag e provide s th e subconsciou s reasonin g require d 

fo r  th e automati c activatio n o f  C I  an d relevan t  C D entities :  th e definitio n o f  appropriat e path s i n th e networ k enable s 

th e automati c retrieva l  o f  th e relevan t  satellit e concept s o f  basi c leve l  concepts .  T h e context-independen t  eniitie s ca n 

be retrieve d b y definin g a  pat h o f  arc s fro m a  nod e representin g a  basi c leve l  category ,  e.g. ,  car ,  t o it s context -

independen t  properties :  wheels ,  tires ,  engine ,  seats ,  steerin g wheel .  Th e followin g pat h i s use d t o retriev e al l 

context-independen t  propertie s o f  basi c leve l  categories : 

(fin d (compos e arg2 -  arg -  dcq -  object -  (domain-restric t  (propert y context-independcnl) )  objec t  an t  class)(fin d le x basic-level-category-name) ) 

Our  curren t  implementatio n activate s context-dependen t  informatio n i n respons e t o discours e comprehensio n o f 

event s containin g generalize d action s suc h a s buying/sellin g a  house ,  driving/stopping/repairing/washin g a  car , 

seeing/walking/washin g a  dog .  Additiona l  path s ar e define d t o retriev e thes e entities .  Part s ca n b e retrieve d b y 

definin g a  pat h o f  arc s fro m a  nod e representin g a  basi c leve l  category ,  e.g. ,  car ,  t o it s  pans :  engine ,  roof ,  hood ,  trunk . 

wheels ,  brakes ,  etc .  Figur e 1  i n sectio n 3  show s a  define d pat h calle d part s whic h i s use d t o activat e thes e eniities . 

Th e "parts "  pat h i s neve r  use d alone ,  rathe r  it' s  use d i n conjunctio n wit h additiona l  path s specifie d throug h defaul t 

rule s suc h a s thos e show n i n par t  i n Figure s 2-4 ,  i.e. ,  path s throug h th e spatial ,  enabling ,  an d othe r  intraconcep t  an d 

interconcep t  relation s describe d earlier .  E.g. ,  w e us e a n "exterio r  o r  surfac e part s path "  t o retriev e onl y exterio r  part s 

followin g generalize d action s suc h a s washin g a  ca r  o r  watchin g a  bird ,  an d interior ,  mechanica l  part s followin g gen -

eralize d action s suc h a s repairin g a  car .  Causa l  an d enablin g relation s ar e considere d t o b e mor e importan t  tha n othe r 

relation s i n thi s system ,  an d satellit e associate s tha t  enabl e action s ar e activate d b y usin g "path s t o enablers "  t o 

retriev e thes e associate s i n th e relevan t  contexts .  E.g. ,  mortgag e i s retrieve d followin g th e generalize d action ,  buyin g 

a house .  A n A T N gramma r  the n make s us e o f  th e define d path s t o activate ,  i.e. ,  impliciU y focus ,  th e context -
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independen t  an d relevan t  context-dependen t  satellit e entitie s o f  a  basi c leve l  categor y (tha t  ha s bee n eithe r  encoun -

tere d i n inpu t  o r  activate d b y a  subordinat e leve l  concept) :  relumin g al l  th e node s tha t  ar e foun d a t  th e en d o f  th e 

define d path s o f  arc s emanatin g fro m th e basi c leve l  categorie s an d placin g the m i n th e system' s workin g memory . 

(I t  i s  wel l  establishe d tha t  categorie s automaticall y activat e thei r  superior s [Rosc h 1978 ;  Barsalo u 1982]. ) 

6.  Demonstratio n o f  Discours e Processing .  Appendi x A  show s fou r  sampl e run s o f  S N e P S / C A S S I E illustratin g 

some o f  ou r  curren t  capabilities .  Use r  inpu t  i s o n line s wit h th e :-prompt ;  th e systems '  outpu t  an d timin g informa -

tio n ar e o n th e followin g lines .  Afte r  a  fe w o f  th e sentences ,  a  lis t  o f  th e activate d context-independen t  (CI )  an d 

context-dependen t  ( C D )  entitie s o r  node s (labele d C I  evoke d an d C D evoke d respectively )  associate d wit h th e basi c 

leve l  categor y ca r  i s shown .  ( A complet e listin g o f  th e associate s o f  ca r  activate d i n thes e sampl e run s i s als o foun d 

i n Appendi x A .  Se e Node s Evoke d i n D e m o s 1,2 ,  &  3. ) 

I n sentenc e (labc) ,  comprehensio n o f  th e basi c leve l  categor y ca r  implicitl y  evoke s m a n y entities ,  includin g th e 

followin g C I  entities :  th e engine ,  seats ,  steerin g wheel ,  wheels ,  an d tires }  I n addition ,  th e ver b bough t  i n conjunctio n 

wit h ca r  activate s a  C D entity :  th e price  o f  th e car .  Sentenc e (2a )  o f  D e m o 1  contain s a  referenc e t o a n implicitl y 

focuse d C I  item ,  th e engine ;  sentenc e (3a) ,  a  referenc e t o a n implicitl y  focuse d C D item ,  th e price .  Th e ver b fixed  i n 

conjunctio n wit h ca r  i n sentenc e (4a )  o f  D e m o 1  cause s th e activatio n o f  m a n y C D associate s o f  car ,  e.g. ,  th e car -

buretor ,  distributor ,  spar k plugs ,  battery ,  an d brakes. ^  Sentence s (5a )  -  (7a )  contai n reference s t o previousl y activate d 

CI  an d C D entities . 

I n sentenc e (2b )  o f  D e m o 2 ,  th e generalize d actio n washin g th e ca r  cause s activatio n o f  m a n y C D entities : 

exterio r  part s o f  car s (th e bumper ,  grill ,  trunk ,  hood ,  roof ,  tires ,  wheels ,  windshield ,  finish,  an d th e exterior) .  M a n y o f 

thes e activate d entitie s ar e reference d i n sentence s (3b )  -  (7b) . 

I n sentenc e (4c )  o f  D e m o 3 ,  th e mentio n o f  startin g th e ca r  evoke s m a n y C D entities ,  e.g. ,  th e ignition ,  key , 

battery ,  accelerator ,  brakes ,  an d a  C I  entity ,  th e engine .  Sentence s (5c )  -  (12c )  contai n reference s t o thes e activate d 

entities . 

I n sentenc e (Id )  o f  D e m o 4  comprehensio n o f  th e basi c leve l  categor y hous e implicitl y  activate s m a n y C I  enti -

tie s (e.g. ,  windows ,  doors ,  roof ,  shelter) .  I n addition ,  th e ver b bough t  i n conjunctio n wit h house ,  activate s suc h C D 
entitie s a s th e mortgag e an d price .  Thus ,  th e concep t  hous e constructe d i n W M ha s bee n tailore d t o th e curren t  con -

tex t  Sentenc e (2d )  contain s a  referenc e t o th e mortgag e whic h wa s activate d i n (Id) .  Sentenc e (4d )  contain s a  refer -

enc e t o th e butler ,  a n entit y tha t  ha s no t  bee n activated ,  sinc e i t  i s  no t  a  C I  associat e o f  hou.'se ,  an d wa s no t  activate d 

i n th e contex t  o f  buyin g a  house .  Thus ,  comprehensio n o f  th e butle r  require s infercncin g usin g th e tota l  knowledg e 
base .  A  compariso n o f  th e timin g informatio n fo r  sentence s (2d )  an d (4d )  iilusU'ate s tha t  i n ou r  syste m th e 

comprehensio n tim e fo r  a  non-activate d entit y (th e butler )  i s  longe r  tha n tha t  fo r  a n activate d entit y (th e mortgage) . 

Sentenc e (5d )  contain s a  referenc e t o th e subordinat e leve l  categor y collie ,  whic h activate s it s immediat e superior ,  th e 

basi c leve l  categor y dog .  Th e usua l  inference s abou t  dog s ar e the n drawn ,  an d m a n y C I  entitie s (e.g. ,  tail ,  barking . 

animaf )  ar e activated .  I t  als o contain s th e generalize d actio n o f  buyin g a  dog ,  s o cos t  i s activated .  I n sentenc e (6d) , 
resolutio n o f  th e definit e anapho r  he r  barkin g canno t  b e base d o n th e norma l  mechanis m o f  finding  th e mos t  highl y 

focuse d anteceden t  tha t  matche s th e semanti c feature s o f  th e possessiv e pronou n her .  I t  wa s no t  Lucy' s barking ! 
Rather ,  i t  require s a  searc h o f  W M fo r  th e concep t  o f  barking ,  returnin g it s evokin g concep t  collie .  Sentence s (12d ) 

and (13d )  als o illustrat e th e nee d fo r  usin g a  focusin g mechanis m base d o n mor e tha n aclivatedness ,  recency ,  an d 

matchin g semanti c features .  I.e. ,  tai l  wa s evoke d a s par t  o f  th e basi c leve l  categor y ca t  i n (7d) ,  bu t  no t  a s par t  o f 
eithe r  th e subordinat e leve l  categor y canar y o r  it s immediat e superio r  bird ;  wherea s chir p wa s evoke d a s associate d 

wit h bird/canar y i n (9d) ,  bu t  no t  wit h cat .  Ou r  processin g o f  hi s tai l  an d hi s chir p simpl y involve s searchin g W M fo r 

thes e previousl y activate d entitie s an d thei r  evokin g concepts ,  no t  a  searc h o f  th e whol e knowledg e base .  Thus , 

integratio n o f  implicitl y  evoke d associate s (e.g. ,  chirp )  wit h th e previousl y mentione d evokin g concep t  (e.g. , 

birdlcanarylTweety )  i s quit e simpl e an d comprehensio n tim e quit e fast . 

'  Th e C I  entitie s tha t  ar e alway s automaticall y activate d i n ou r  syste m ar e thos e associate s tha t  hav e man y causa l  an d explanator y relation s in -
tegratin g the m wit h th e basi c leve l  categor y nam e tha t  evoke s them .  The y als o ar e take n fro m property-nor m dat a o f  Ashcrafl ,  Rosch ,  an d Tvcrsk y 
& Hemenway reference d earlie r  i n thi s paper . 

B̂ecaus e o f  spac e limitation s fo r  thes e sampl e runs ,  onl y a  fe w C D entitie s ar e show n a s bein g evoked .  Man y mor e node s ar e actuall y ac -
tivated . 
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7 .  F u t u r e Resea rch .  M a n y problem s remai n l o b e solved .  I n parlicular ,  furthe r  w o r k i s neede d i n developin g 

representation s fo r  an d usin g sujjcrordinai c leve l  know ledge ,  i n decidin g wh ic h propertie s associate d wit h a  categor y 

hav e context-independen t  status ,  an d i n extendin g ou r  w o r k t o conside r  contex t  effect s arisin g fro m th e topi c area ,  th e 

tas k a t  hand ,  goal s an d discours e purposes . 
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Appendi x A 

Demo 1 ;  Repairin g th e Ca r 

(U): Lucy bought «n old car. 
I  undosun d iha i  Luc y bough t  a n ol d ca r 
a evoked :  (ml3 g mSl  m 2 0 m l 2 m 3 mil? ) 
CD evoked :  (m94 ) 
Oexoc :  12.4 1 le c gc :  4.7 1 te c 
(2a) : the engine was rebuilt. 
I  undersun d tha t  th e engin e o f  th e ol d ca r  i s 
rebuil t 
0 exec :  9.2 8 se c gc :  2.3 5 se c 
(3a): the price was low. 
I  understan d tha t  th e pric e o f  th e ol d ca r  i s 
lo w 
0 exec :  9.2 1 se c gc :  23 3 se c 
(4a): A mechanic fixed the car. 
I  understan d tha t  a  mechani c fixed  th e ol d ca r 
CD evoked:(m24 S m22 4 m21 7 ml5 3 m3 5 
m3) 
0 exec :  13.0 8 se c gc :  2.4 3 se c 
(5a): He tuned the engine. 
1 undeisun d tha t  th e mechani c tune d th e en -
gin e o f  th e ol d ca r 
0 exec :  11.8 6 se c gc :  4.8 5 se c 

(6a): He replaced the carburetor. 
I  understan d tha t  th e mechani c r^lace d th e 
carbureto r  o f  th e ol d ca r 
0 exec :  11.8 1 se c gc :  2.3 8 se c 

(7a): He fixed the distributor. 
I  understan d tha t  th e mechani c  ̂ e d th e dis -
tributo r  o f  th e ol d ca r 
0 exec :  11.8 6 se c gc :  2.4 0 se c 

DMno 2 :  Waahin g th e Ca r 

(lb) :Lucy boughl a red car 
1 undenun d tha t  Luc y bough t  a  re d ca r 
aevoked:(ml38m5 1 m 2 0 m l 2 m 3 m317 ) 
CD evoked :  (m94 ) 
( )  exec :  12.3 8 te c gc:4.g3ie c 
(2b): She washed the car. 
I  understan d tha t  Luc y washe d th e re d ca r 
CD evoked :  (m27 8 m26 5 m l  3 1 m 8 7 m S O 
m73 m 6 6 m 5 9 m2 8 m 2 0 m 12 ) 
()exec :  11.8 8 se c gc :  2.35se c 
(3b): She cleaned the windshield. 
I  undeisun d tha t  Luc y cleane d th e windshiel d 
of  th e re d ca r 
0 exec :  11.9 8 se c gc :  4.8 3 se c 
(4b): She washed the griU. 
I  undersun d tha t  Luc y washe d th e gril l  o f  th e 
re d ca r 
( )  exec :  11.7 5 se c gc :  4.8 1 se c 
(5b): She scrubbed the front bumper.. 
I  undentan d tha t  Luc y scrubbe d th e fron t 
bumper  o f  th e re d ca r 
0 exec :  12.3 6 se c gc :  4.9 8 se c 
(6b): She waxed the hood. 
I  understan d tha t  Luc y waxe d th e hoo d o f  th e 
re d ca r 
( )  exec :  12.2 1 se c gc :  2.6 3 se c 
(7b) : The exterior is sparkling. 
I  undeisun d tha t  th e exterio r  o f  th e re d ca r 
i s  sparklin g 
(  )  exec :  10.5 5 se c gc :  2.4 8 se c 

Demo 4 :  Genera l  Demo 

(Id )  :  Luc y bough t  a  Victoria n house . 
1 undersun d tha t  Luc y bough t  a  Victoria n 
hous e 
( )  exec :  11.2 8 se c gc :  4.8 3 se c 

(2d) :  Th e mortgag e i s huge . 
I  understan d tha t  th e mortgag e o f  th e Victori -
an hous e i s hug e 
( )  exec :  9.2 8 se c gc :  2.3 5 se c 

(3d) :  Joh n visite d her . 
1 undeisun d tha t  Joh n visite d Luc y 
( )  exec :  8.4 8 se c gc :  24 8 se c 

(4d) :  Th e butle r  opene d th e door . 
I  undersun d tha t  a  butle i  opene d th e doo r  o f 
th e Victoria n hous e ( ) 
exec :  20.8 3 se c gc :  7.4 5 se c 

(5d) :  Luc y bough t  a  collie . 
I  undeisun d tha t  Luc y bough t  a  colli e 
0 exec :  11.8 3 se c gc :  2.6 1 se c 

(6d) :  He r  bar k wake s Lucy . 
I  undeisun d tha t  th e bad e o f  th e colli e i s  wak -
in g Luc y 
0 exec ;  13.9 8 se c gc :  5.1 6 se c 
(7d) :  Joh n own s •  ca t 
I  undersun d tha t  Joh n own s a  ca t 
0 exec :  10.2 0 se c gc :  2.4 6 se c 

D e mo 4  C o n t i n u e d 

(8d )  :  Th e ca t  i s  name d Sylvester . 
I  undeisun d tha t  Sylveste r  i s  th e ca t 
( )  exec :  8.0 5 se c gc :  OOO se c 

(9d) :  H e bough t  a  canaiy . 
I  undeistan d tha t  Joh n bough t  a  canai y 
( )  exec :  10.6 6 se c gc :  2.4 8 se c 

(lOd) :  Th e bir d i s name d Tweety . 
I  undeisun d tha t  Tweet y i s  th e bir d 
0 exec :  8.6 0 se c gc :  OOO se c 

(lid) :  Th e ca t  sulk s Tweety . 
I  undeisun d tha t  Sylveste r  i s  sulkin g Tweet y 
( )  exec :  11.8 6 se c gc :  2.3 6 se c 

(12d) :  Hi s ui l  i s  swishing . 
I  understan d tha t  th e ui l  o f  Sylveste r  i s  swish -
in g 
( )  exec :  10.6 3 se c gc :  2.5 3 se c 

(13d) :  Th e diii p alerte d John . 
I  undeistan d tha t  th e chir p o f  Tweet y alerte d 
Joh n 
0 exec :  13.4 6 se c gc :  2.5 8 se c 

Demo 3 :  Drivin g th e Ca r 

(Ic): Lucy bought an old car. 
I  undeistan d tha t  Luc y bough t  a n ol d ca r 
Qcvoked :  (ml38m5 1 m 2 0 m l 2 m 3 m317 ) 
CD evoked :  (m94 ) 
0 exec :  12.7 3 le c gc :  4.8 0 te c 
(2c) : the look a driving test. 
I  imdeistan d tha t  Luc y too k a  drivin g les t 
0 exec :  10.3 6 se c gc :  4.7 3 se c 
(3c): She was nervous. 
I  undeisun d tha t  Luc y i s nervou s 
Oexoc :  6.1 8 se c gc :  24 0 te c 

(4c): the suned the car. 
I  understan d tha t  nervou s Luc y tlarte d th e ol d 
car 
CD evoked :  (m22 4 m l 6 0 m l 4 7 m 4 3 m 3 5 m 3) 
( )  exec :  12.5 1 te c gc :  2.4 1 se c 
(Sc): she flooded the engine. 
I  undeisun d tha t  nervou s Luc y floode d th e en -
gin e o f  th e ol d ca r  ( ) 
exec :  13.0 1 se c gc :  4.8 5 se c 
(6c): she resurted the car. 
I  undersun d tha t  nervou s Luc y resurte d th e ol d 
car 
( )  exec :  11.3 3 te c gc :  2.4 1 te c 
(7c): the upped the accelerator. 
I  undeistan d tha t  nervou s Luc y uppc d th e accel -
erato r  o f  th e ol d ca r  ( ) 
exec :  12.9 0 se c gc :  4.9 5 se c 
(8c): she entered a busy street. 
I  undeisun d tha t  nervou s Luc y entere d a  bus y 
stree t 
( )  exec :  12.3 0 se c gc :  4.8 6 se c 
(9c) : she approached an inieisecuon. 
I  undersun d tha t  nervou s Luc y approache d a n 
intersectio n 
( )  exec :  10.2 5 se c gc :  2.4 8 se c 
(10c) ;she stopped the car. 
I  undeisun d tha t  nervou s Luc y stoppe d th e ol d 
car 
Oexoc :  13.1 5 se c gc :  2.5 8 se c 
(He) : the brakes were squeaky. 
I  understan d tha t  th e brake s o f  th e ol d ca r  ar e 
squeak y 
( )  exec :  8.2 5 se c gc :  0.0 0 se c 
(12c):  she failed the test. 
I  undeisun d tha t  nervou s Luc y faile d th e drivin g 
tes t 
( )  exec :  11.0 3 se c gc :  2.5 8 se c 
Nodes evoked in Demos 1, 2, & 3: 
(m3 Oex (engme))) 
(ml 2 0ex(tire)) ) 
(m20 Oe x (wheel)) )  (m2 8 Oe x (windshield)) ) 
(m35 Oe x (brake)) )  (m4 3 (le x (accelerator)) ) 
(in5 1 Oe x (seal)) )  (m5 9 Oe x (trunk ) 
(m66 Oe x (roof)) )  (m7 3 Oe x (hood) ) 
(m80 Oe x (exterior)) ) 
(m87 Oe x (finish) )  (m9 4 Oe x (price)) ) 
(ml3 1 Oe x (door)) ) 
(ml3 8 (le x (steeringwheel)) ) 
(ml4 7 Oe x (ignition)) ) 
(ml  5 3 Oe x (carburcior)) ) 
(ml6 0 0ex*ey)) ) 
(m21 7 0e x (sparkplugs)) ) 
(m22 4 Oe x OMUery)) ) 
(m24 5 Oe x (distributor)) ) 
(m26 5 Oe x (grill)) ) 
(m27 8 Oe x (bumper)) ) 
(m31 7 Oe x (vehicle)) ) 
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