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T h e Rol e o f  Ontolog y i n Creativ e Understandin g 

Kennet h Moorma n an d Ashwi n R a m 
Georgi a Institut e o f  Technolog y 

Colleg e o f  Computin g 
Atlanta .  G A 30332-028 0 

{ k e n n e t h m , a s h w i n } @ c c . g a t e c h . e d u 

Abstrac t 

Successful creative understanding requires that a reasoner be 
abl e t o manipulat e know n concept s i n orde r  t o understan d nove l 
ones .  A  majo r  proble m arises ,  however ,  whe n on e consider s 
exactl y ho w thes e manipulation s ar e t o b e bounded .  I f  a  boun d 
i s impose d whic h i s to o loose ,  th e reasone r  i s likel y t o creat e 
bizarr e understanding s rathe r  tha n usefu l  creativ e ones .  O n 
th e othe r  hand ,  i f  th e boun d i s to o tight ,  th e reasone r  wil l  no t 
hav e th e flexibilit y  neede d t o dea l  wit h a  wid e rang e o f  creativ e 
understandin g experiences .  Ou r  approac h i s t o mak e us e o f 
a principle d ontolog y a s on e sourc e o f  reasonabl e bounding . 
Thi s allow s ou r  creativ e understandin g theor y t o hav e goo d ex -
planator y powe r  abou t  th e proces s whil e allowin g th e compute r 
implementatio n o f  th e theor y (th e ISAA C system )  t o b e flexi-
bl e withou t  bein g bizarr e i n th e tas k domai n o f  readin g scienc e 
fiction  shor t  stories . 

I n t r oduc t i o n 

Over  th e las t  severa l  years ,  w e hav e bee n developin g a  func -
tiona l  theor y o f  creativ e readin g (see ,  e.g. ,  M o o r m a n &  R a m , 
1994a ;  M o o r m a n &  R a m ,  1994b) .  Th e theor y i s bein g im -
plemente d i n th e I S A A C readin g system ,  whic h read s shor t 
science-fictio n stories .  A n importan t  portio n o f  th e theor y in -
volve s th e abilit y  t o understan d nove l  concepts ,  whic h w e cal l 
creativ e understanding .  Th e theor y ha s n o w bee n develope d 
t o a  poin t  tha t  w e ar e abl e t o carefull y evaluat e th e precis e rol e 
tha t  ontolog y i s playin g i n th e proces s o f  creativ e understand -
ing .  Th e question s t o answe r  include :  Wha t  ar e th e theory' s 
ontologica l  commitments? ;  Wher e d o the y com e from? ;  Wha t 
power  d o the y impar t  o n th e theory? ;  an d Wha t  limitation s d o 
the y create? . 

The Creative Understanding Process 

I n orde r  t o comprehen d text s wit h nove l  concepts ,  w e hypoth -
esiz e th e us e o f  a  creativ e understandin g proces s (Moorma n 
& R a m ,  1994c) ,  m a d e u p o f  fou r  tasks :  memor y retrieval , 
analogy ,  base-constructiv e analogy ,  an d proble m reformula -
tion .  W h e n a  concep t  i s  presente d t o th e reasoner ,  th e m e m o r y 
tas k i s use d t o discove r  i f  i t  i s  previousl y known .  I f  i t  i s  an d i f 
th e preexistin g knowledg e i s sufficien t  t o allo w th e concep t  t o 
be explaine d o r  t o m a k e prediction s abou t  th e concept ,  the n 
understandin g i s successful .  I f  ther e i s n o existin g concep t 
or  i f  existin g concept s d o no t  allo w explanatio n an d predic -
tion ,  the n th e remainin g thre e task s ar e calle d upo n t o pro -
duc e a  creativ e understandin g o f  th e nove l  concept .  Analog y 
attempt s t o find  a  functionally-consisten t  mappin g betwee n 
concept s whic h wer e retrieve d an d th e on e bein g considered . 

Base-constructiv e analog y i s calle d upo n i f  n o concept s ex -
is t  wit h whic h t o dra w a n analog y from ;  i n thi s case ,  a  ne w 
bas e m a y b e dynamicall y create d fo r  us e i n a n analog y b y 
appealin g t o know n concepts .  I f  th e reasone r  realize s tha t  th e 
curren t  understandin g focu s i s no t  th e correc t  one ,  proble m 
reformulatio n i s invoked ;  thi s act s t o refocu s th e reasone r  s o 
tha t  successfu l  understandin g i s mor e likel y t o occur .  Th e 
proces s iterativel y continue s unti l  eithe r  a  successfu l  under -
standin g i s achieve d o r  th e reasone r  i s willin g t o "giv e up "  o n 
understanding . 

Whil e performin g th e creativ e understanding ,  th e reasone r 
m ay nee d t o manipulat e existin g concept s i n orde r  t o achiev e 
success .  I t  i s  her e tha t  som e constrain t  mus t  b e maintaine d 
t o avoi d th e proble m o f  bizarreness .  Bizarr e understandin g 
occur s whe n a n understandin g i s reache d whic h i s no t  usefu l 
t o th e reasoner .  Fo r  example ,  suppos e a  reade r  begin s a  stor y 
whic h start s wit h a  character ,  John ,  slappin g anothe r  character , 
Mary .  O n e predictiv e questio n whic h coul d b e generate d i s 
w hy Joh n woul d d o suc h a  thing .  O n e understandin g o f 
th e even t  i s tha t  i t  occurre d becaus e spac e alien s fro m th e 
Vega syste m ha s controlle d John' s min d i n a n experimen t  t o 
tes t  h u m a n reactio n t o violen t  behavior .  And ,  i n th e scop e 
of  a  science-fictio n story ,  thi s migh t  eve n b e th e eventua l 
solution .  However ,  assumin g thi s a t  thi s poin t  i n th e stor y 
wit h th e informatio n provide d i s prematur e an d no t  usefu l  fo r 
comprehendin g th e res t  o f  th e narrative .  Thus ,  w e classif y 
thi s understandin g a s bizarre . 

Ther e ar e tw o primar y element s whic h w e us e t o guid e 
th e modificatio n process :  satisfactio n an d ontology .  Th e sat -
isfactio n solutio n bound s th e creativ e understandin g proces s 
by virtu e o f  i t  existin g withi n a  large r  cognitiv e task—i n ou r 
case ,  reading .  Understandin g ca n b e sai d t o b e successfu l  a s 
soo n a s th e qualit y o f  explanatio n o r  predictio n provide d i s 
hig h enoug h t o allo w th e readin g proces s t o continue .  A s a n 
example ,  conside r  th e worl d o f  Sta r  Trek .  Th e war p driv e i s 
an exampl e o f  a  concep t  whic h mus t  b e understoo d t o com -
prehen d th e stories .  But ,  i f  a  particula r  stor y ha s th e war p 
driv e functionin g normally ,  the n th e reade r  ca n b e satisfie d 
by simpl y understandin g tha t  i t  provide s a  wa y t o ge t  fro m 
poin t  A  t o poin t  B  really ,  reall y quickly .  O n th e othe r  hand ,  i f 
a stor y involve s th e breakdow n o f  th e antimatte r  i n th e war p 
core ,  a  reade r  ha s t o reac h a  highe r  leve l  o f  understandin g wit h 
respec t  t o th e war p drive ,  o r  th e comprehensio n o f  th e stor y 
wil l  b e impaired .  I n thi s fashion ,  th e reade r  wil l  neve r  pus h a 
concep t  t o th e leve l  a t  whic h i t  become s bizarre. '  However , 

'Not e tha t  w e ar e no t  sayin g tha t  thi s i s  th e onl y strateg y tha t  a 
reade r  ma y use .  Reader s wit h a n interes t  i n faster-than-ligh t  travel . 
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th e satisfactio n solutio n i s onl y par t  o f  th e answer .  Adde d 
t o i t  i s  th e ontolog y solution ;  tha t  is ,  i t  i s  necessar y t o cre -
at e a  knowledg e organizatio n whic h reflect s th e worl d o f  th e 
reasoner ,  allow s creativ e manipulation s t o occur ,  an d act s t o 
prohibi t  bizarr e ones .  Thi s aspec t  i s th e focu s o f  th e remainde r 
of  thi s paper . 

Motivating Examples 

Conside r  th e sentence ,  Joh n wa s a  bear ,  whic h coul d b e th e 
openin g lin e o f  a  story .  Sinc e ther e i s n o additiona l  infor -
mation ,  a t  thi s point ,  fro m th e tex t  itself ,  ther e ar e numerou s 
interpretations : 

•  Joh n ( a human )  act s lik e a  bear . 

•  Joh n ( a human )  ha s bee n transforme d int o a  bear . 

•  Joh n (a n agent )  i s a  were-bear . 

•  Joh n ( a bear )  i s a  bear . 

For  comprehensio n t o b e successful ,  a  reade r  mus t  formulat e 
an interpretatio n whic h i s consisten t  give n othe r  informatio n 
possesse d b y th e reasoner .  Althoug h al l  o f  th e abov e interpre -
tation s ar e possible ,  som e ma y b e mor e probabl e tha n other s 
i n a  give n context .  H o w i s a  reasone r  t o selec t  th e "best " 
interpretatio n give n al l  othe r  informatio n available ? 

A reade r  coul d simpl y "skip "  thi s sentenc e an d assum e tha t 
late r  sentence s wil l  disambiguat e th e confusion .  Unfortu -
nately ,  thi s simpl y pushe s th e proble m bac k a  level—a t  som e 
point ,  a n interpretatio n mus t  b e create d (give n th e problem s 
of  keepin g al l  possibl e option s simultaneousl y activ e i n m e m-
ory) .  Also ,  huma n reader s ar e abl e t o mak e a  choic e betwee n 
th e alternative s i f  yo u sto p th e readin g proces s an d quer y them . 
Some mechanis m mus t  b e allowin g th e selectio n o f  a  "best " 
choic e a t  som e poin t  i n th e readin g process . 

One optio n i s simpl y t o allo w a n arbitrar y choice .  O n 
th e othe r  en d o f  possibilities ,  a  designe r  o f  a  readin g syste m 
coul d encod e a  se t  o f  rule s whic h woul d allo w th e syste m t o 
selec t  on e choic e ove r  th e other .  Unfortunately ,  th e forme r 
of  thes e option s lead s t o potentiall y  bizarr e result s occurrin g 
(ho w often ,  afte r  all ,  i s  a  stor y beginnin g wit h th e exampl e 
sentenc e goin g t o b e abou t  were-bears?) ;  th e latte r  optio n lead s 
t o a  hug e knowledg e engineerin g proble m an d th e potentia l 
t o overloo k possibilitie s whic h woul d the n caus e les s tha n 
optima l  performance .  W e follo w a  mor e genera l  approac h 
of  allowin g a  basi c ontolog y t o constrai n th e problem .  Thi s 
allow s creativ e understandin g o f  concept s t o occur ,  whil e 
preventin g bizarr e interpretation s fro m bein g formed . 

The Ontological Grid 

Al l  knowledg e withi n th e I S A A C syste m i s organize d b y a 
top-leve l  ontologica l  grid ,  consistin g o f  twent y ontologica l 
categorie s (Figur e 1  show s thi s breakdow n an d exampl e con -
cept s fro m eac h category) .  O n e axi s o f  th e ontolog y gri d 
represent s th e typ e o f  a  concept :  action ,  agent ,  state ,  an d 
objec t  (Domeshek ,  1992 ;  Schan k &  Abelson ,  1977) .  Th e 
othe r  dimensio n represent s th e domai n o f  a  concept :  phys -
ical ,  mental ,  social ,  emotional ,  an d temporal .  A  reasone r 
possesse s k n o w l e d g e conce rn in g th e cell s o f  th e gri d t h e m -
selves ,  a s wel l  a s k n o w l e d g e a b o u t  th e particula r  r o w s a n d 

for instance, may try to extend their understanding of the warp drive 
eve n i f  a  m o r e in-dept h understandin g i s no t  neede d fo r  a  particula r 
story . 
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Figur e 1 :  Knowledg e gri d 

column s (e.g. ,  knowledg e abou t  physica l  type s i n general ,  o r 
knowledg e o f  object s i n general) .  Whil e performin g creativ e 
understanding ,  a  concep t  m a y nee d t o b e transitione d fro m 
on e cel l  t o another .  I f  a  principle d metho d ca n b e develope d 
t o boun d thes e transition s base d o n th e ontology ,  the n a  rea -
sonabl e boun d o n th e creativ e understandin g proces s wil l  the n 
exist . 

Representation of Concepts 

The movement s o f  concept s withi n th e gri d i s partiall y  de -
penden t  o n th e representatio n forma t  w e mak e use  o f  i n th e 
theory .  Concept s mus t  b e capabl e o f  bein g combine d wit h 
othe r  concept s (o r  part s o f  concepts) ,  whic h mean s a  fairl y 
flexible  knowledg e representatio n syste m i s required .  Thi s 
aspec t  o f  th e wor k draw s heavil y fro m researc h i n artificia l 
intelligenc e concernin g exactl y wha t  elements  shoul d mak e 
up a  "proper "  knowledg e representation .  Althoug h th e idea s 
of  bot h semanti c network s an d fram e representation s g o bac k 
decade s (see ,  fo r  example ,  Quillian ,  196 6 an d Minsky ,  1975 , 
respectively) ,  th e structur e o f  knowledg e withi n man y artifi -
cia l  intelligenc e system s i s ad-hoc .  A  notabl e exceptio n i s tha t 
of  Wilensky' s wor k (1986 )  wit h K O D I A K ,  whic h motivate d 
much o f  ou r  curren t  approach . 

Whil e a  concep t  i s physicall y create d an d store d withi n th e 
syste m a s a  frame-lik e entity ,  thi s i s mor e fo r  retrieva l  eas e 
tha n anythin g else .  Th e prope r  abstractio n o f  th e storag e use d 
i s tha t  a  concep t  i s represente d a s a  nod e i n a  graph-lik e sunc -
tur e (Barsalou ,  1992 ;  Wilensky ,  1986) .  Th e traditiona l  rol e o f 
slot s exist s i n th e syste m a s dat a object s o n th e node ,  whic h 
contai n pointer s t o othe r  node s i n th e memory .  Thes e desig n 
decision s wer e drive n t o allo w flexible  storag e an d retrieva l  o f 
concept s vi a a  spreadin g activatio n mode l  o f  m e m o r y (Franci s 
& R a m ,  1993) . 

Conside r  th e robo t  exampl e i n Figur e 2 .  HEIGHT- I S i s a 
pointe r  t o a  relationshi p schem a containin g genera l  informa -
tio n abou t  height .  I n particular ,  al l  suc h relationship s wil l 
contai n a  domai n an d codomain ,  represente d i n th e framelik e 
representatio n a s simpl y th e frame-nam e an d th e filler  fo r  th e 
indicate d slot .  Furthermore ,  th e rol e o f  traditiona l  slot-names , 
whic h ar e assume d t o b e relationship s i n ou r  approach ,  ca n 
be describe d a s states .  Thus ,  HEIGHT- I S i s par t  o f  th e stat e 
descriptio n fo r  a n object . 
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Figur e 2 :  Represente d concep t 

Additionally ,  eac h concep t  i s tagge d wit h th e curren t  func -
tio n i t  i s  bein g viewe d a s performing ,  a s wel l  a s a  se t  o f  possi -
bl e function s i t  i s  know n t o b e capabl e o f  performing .  Thi s fac t 
i s  utilize d t o achiev e flexible  memor y retrieval—durin g on e 
searc h throug h memory ,  a  ca r  an d a  hors e migh t  b e similar ; 
wit h a  differen t  functio n i n mind ,  a  hors e an d a  zebr a woul d 
be mor e closel y related .  Th e proces s o f  functio n taggin g 
follow s th e wor k o f  Barsalo u o n a d ho c categorie s (1989) ; 
rathe r  tha n havin g al l  categorie s predefined ,  a  reasone r  ca n 
creat e temporar y categorie s b y collectin g concept s wit h sim -
ila r  functions .  Th e primar y attribute s o f  a  concep t  determin e 
h o w i t  achieve s it s function ,  whil e th e secondar y attribute s 
represen t  additiona l  information .  I f  th e curren t  functio n o f  a 
concep t  i s  change d (fo r  example ,  a  reasone r  stop s viewin g th e 
hors e a s a n anima l  an d start s viewin g i t  a s a  mod e o f  trans -
portation) ,  i t  migh t  b e necessar y t o repartitio n th e primar y 
and secondar y attributes .  And ,  b y considerin g nove l  combi -
nation s o f  primar y an d secondar y attributes ,  i t  i s  possibl e t o 
hypothesiz e nove l  function s fo r  a  concept . 

Manipulations of Concepts 

W h en a n existin g concep t  need s t o b e manipulate d durin g th e 
cours e o f  a  creativ e understandin g episode ,  ther e ar e thre e 
basi c outcome s wit h respec t  t o th e grid .  Th e concep t  ca n 
be manipulated ,  ye t  remai n i n th e sam e gri d cel l  a s whe n i t 
started .  Fo r  example ,  a  reasone r  m a y us e a  hors e t o understan d 
th e concep t  o f  azebra .  Second ,  a  concep t  ma y transitio n alon g 
a ro w o r  a  column .  I f  a  reasone r  use s thei r  knowledg e o f 
physica l  concept s i n orde r  t o understan d socia l  one s ( a bos s 
blockin g you r  promotion) ,  thi s i s a n exampl e o f  thi s shift . 
Finally ,  a  transitio n m a y occu r  whic h move s th e concep t  i n 
term s o f  bot h axes .  A  reasone r  understandin g somethin g 
lik e Hi s min d wa s a  stee l  tra p i s makin g us e o f  thi s dua l 
transition— a physica l  objec t  i s  transitione d t o a  menta l  state . 
Thes e thre e possibilitie s represen t  a  simpl e orderin g o f  th e 
amount  o f  cognitiv e wor k require d t o manipulat e an y give n 
concept .  Finally ,  a  se t  o f  high-leve l  heuristic s i s neede d t o 
boun d th e possibl e motio n withi n th e grid .  Thes e are : 

•  Physica l  type s ca n becom e transitione d t o othe r  domain s 
mor e easil y tha n othe r  domai n type s ca n b e transitione d t o 
physical .  Thi s wa s a  recen t  empirica l  discover y resultin g 
fro m experimentatio n performe d o n th e system .  W e the -
oriz e tha t  sinc e human s ar e physica l  entitie s wit h a  grea t 

deal  o f  experienc e wit h othe r  physica l  entities ,  i t  i s  "'easier " 
t o believ e i n th e existenc e o f  a  novel ,  non-physica l  entit y 
forme d fro m a  physica l  analogu e tha n i t  i s  t o accep t  di e 
creatio n o f  a  ne w typ e o f  physica l  entity .  Consider ,  Joh n 
sa w th e day s fly  by .  I s thi s a  nove l  us e o f  sa w an d fly  create d 
by alterin g physica l  concept s int o th e tempora l  domain ,  o r 
i s i t  a  nove l  us e o f  day s create d b y considerin g a  tempora l 
objec t  a s a  physica l  one ? 

•  A n objec t  ma y transitio n t o a n actio n b y creatin g a n actio n 
whic h capture s a  functio n o f  tha t  objec t  an d vic e versa . 
English ,  i n particular ,  tend s t o hav e man y lexica l  example s 
of  this .  A  fa x i s th e thin g yo u sen d whe n yo u fa x someone . 
A (Sta r  Trek )  transporte r  i s th e devic e use d t o transpor t 
materia l  fro m on e locatio n t o another . 

•  A n objec t  ma y transitio n t o a  stat e b y creatin g a  stat e whic h 
capture s a  primar y attribut e fo r  tha t  object ,  an d vic e versa . 
Throug h thi s transition ,  w e ge t  man y c o m m o n simile s an d 
metaphors ,  suc h a s Hungr y a s a  bea r  an d A s goo d a s gold . 

•  Agent s an d object s ca n easil y transitio n betwee n eac h other . 
Thi s result s fro m tw o observations .  First ,  agent s exis t  a s 
embodie d entitie s i n th e worl d (Johnson ,  1987) ,  explainin g 
th e agen t  t o objec t  transition .  Fo r  example ,  on e ma y u-ea t 
Joh n a s a  physica l  object .  Second ,  i t  i s  possibl e t o vie w 
object s a s thoug h the y posses s intentio n (Newell ,  1981) , 
enablin g th e objec t  t o agen t  transition .  Fo r  instance ,  a 
thermosta t  ma y b e though t  o f  i n term s o f  agency ,  i.e. ,  i t 
want s t o kee p th e hous e a t  a  constan t  temperature . 

•  M a k e th e minima l  change s necessary .  Thi s i s simpl y a 
genera l  rule ,  al a Occam' s Razor .  I t  result s fro m th e earlie r 
discusse d ide a o f  satisfactio n ultimatel y drivin g th e creativ e 
understandin g process—sto p th e proces s onc e yo u hav e a 
"goo d enough "  understandin g t o allo w th e highe r  cognitiv e 
tas k t o continue . 

By combinin g th e thre e basi c movemen t  type s wit h th e 
high-leve l  heuristics ,  w e ge t  a n orderin g o f  th e amoun t  o f 
cognitiv e effor t  require d t o manipulat e concept s (fro m easies t 
t o mos t  difficult) : 

I .  Concept s ma y transitio n withi n a  singl e cell . 

2.  Agent s ma y b e treate d a s object s an d object s ma y b e treate d 
as agents . 

3.  Concept s ma y verticall y transitio n accordin g t o th e modi -
ficatio n heuristics . 

4.  Physica l  type s ma y transitio n t o othe r  domain s (horizonta l 
motion) . 

5.  Othe r  domai n type s ma y u-ansitio n t o th e physica l  domai n 
(horizonta l  motion) . 

6.  Combination s o f  2- 5 ma y occur . 

Withi n thi s ordering ,  however ,  operation s whic h resul t  i n th e 
minima l  change s ar e preferre d ove r  thos e whic h ar e mor e 
complex . 

Implementation Details and Examples 

The I S A A C syste m i s th e a  compute r  syste m whic h instanti -
ate s ou r  creativ e readin g theory .  I S A A C i s writte n i n C o m m on 
Lisp ,  usin g th e K R fram e packag e (Giuse ,  1990 )  fo r  knowl -
edg e representation ,  di e Garne t  packag e (Myers ,  1988 )  fo r 
graphica l  inpu t  an d output ,  an d th e C O M P E RE syste m (Ma -
hesh ,  1993 )  fo r  comprehendin g individua l  sentences .  Whil e 
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th e syste m i s specificall y designe d t o b e a  testbe d fo r  ou r 
theor y o f  creativ e understanding ,  th e complet e readin g the -
or y i s implemented .  Th e theor y describe s readin g a s bein g 
made u p o f  si x supertasks ,  o r  larg e collection s o f  function -
all y relate d tasks ,  includin g stor y structur e comprehension , 
scenari o comprehension ,  memor y management ,  sentenc e pro -
cessing ,  explanation ,  an d metacontrol .  Mor e informatio n o n 
th e readin g aspect s o f  th e mode l  ca n b e foun d i n Moorma n 
and R a m (1994b) .  I S A A C i s currentl y capabl e o f  readin g 
thre e short ,  previousl y published ,  scienc e fictio n storie s (on e 
t o thre e pages) ,  a s wel l  a s severa l  paragrap h synopse s o f  Sta r 
Trek :  Th e Origina l  Serie s episode s (Asherman ,  1989) .  I n 
addition ,  severa l  smal l  example s hav e bee n studied ,  outsid e 
th e contex t  o f  readin g complet e stories .  W e no w presen t  sev -
era l  o f  thes e t o sho w th e exten t  whic h th e ontolog y aid s th e 
creativ e understandin g process . 

First ,  w e retur n t o th e origina l  example :  Joh n wa s a  bea r 
Wit h al l  th e possibilities ,  th e leas t  movemen t  occur s i f  w e sim -
pl y allo w Joh n t o b e th e nam e o f  a  particula r  bear .  Thus ,  thi s 
i s  th e versio n tha t  I S A A C prefers ,  i f  n o additiona l  informatio n 
fro m th e stor y i s provided. ^ 

A secon d exampl e come s fro m th e M e t a - A Q U A syste m 
(Ra m &  Cox ,  1994 )  whic h read s a  stor y involvin g a  drug -
snifhn g dog .  M e t a - A Q U A initiall y  know s onl y tha t  dog s wil l 
bar k a t  agent s whic h threate n them .  But ,  i n th e story ,  a  do g 
i s barkin g a t  a  suitcase .  I n I S A A C ,  th e syste m i s presente d 
wit h tw o possibilities—it s knowledg e o f  dog s i s wron g o r 
it s knowledg e o f  suitcase s is .  Th e first  involve s alterin g a n 
existin g physica l  agen t  t o creat e a  varian t  o f  it ,  a n intracellula r 
movement .  Th e secon d involve s shiftin g a  physica l  objec t  t o 
th e physica l  agen t  cell ,  a  vertica l  movement .  Th e intracellula r 
movement  i s preferred . 

I n th e stor y M e n Ar e Differen t  (Bloch ,  1963) ,  a  roboti c ar -
chaeologis t  i s  studyin g th e destroye d civilizatio n o f  mankind . 
The stor y i s presente d a s a  first-person  narrative .  I S A A C i s 
awar e tha t  narrators ,  archaeologists ,  an d protagonist s ar e al l 
known t o b e human ;  robot s ar e industria l  tools ;  bu t  th e nar -
rator ,  archaeologist ,  an d protagonis t  o f  th e stor y i s know n t o 
be a  robot .  I S A A C ca n creat e a  ne w typ e o f  robo t  whic h 
embodie s agent-lik e aspects ,  o r  i t  ca n chang e th e definition s 
of  narrators ,  archaeologists ,  protagonists ,  an d th e action s i n 
whic h the y ma y participate .  Th e ne w robo t  concep t  represent s 
a mor e minima l  change . 

The final  exampl e involve s th e stor y Zo o (Hoch ,  1978) ,  i n 
whic h th e reade r  i s presente d wit h a n intergalacti c zo o whic h 
travel s fro m plane t  t o planet ,  givin g th e inhabitant s o f  thos e 
planet s a  chanc e t o vie w exoti c creatures .  A t  th e en d o f 
story ,  however ,  th e reade r  i s show n tha t  th e tru e natur e o f  th e 
intergalacti c ship—i t  i s a n opportunit y fo r  th e "creatures "  o n 

T̂hi s ma y see m counter-intuitive ;  t o mos t  people ,  thi s exam -
pl e woul d mak e mor e "sense "  i f  interprete d a s Joh n i s bear-like . 
a metaphorica l  usage .  Remember ,  however ,  tha t  thes e ontologica l 
constraint s hav e th e mos t  effec t  whe n n o othe r  informatio n i s known . 
Thi s informatio n ca n b e backgroun d knowledg e o r  stor y knowledge , 
so a  reasone r  alread y familia r  wit h th e bea r  metapho r  ma y retriev e 
tha t  interpretatio n instea d o f  thi s defaul t  one .  I t  i s  importan t  t o 
not e tha t  ou r  approac h handle s metapho r  a s a  norma l  par t  o f  th e un -
derstandin g cycle .  Sinc e metaphor s ar e pervasiv e i n languag e (se e 
Carbonell ,  1982 ;  Johnson ,  1987 ;  Lakof f  &  Johnson ,  1980 .  fo r  ex -
ample) ,  w e conside r  thi s "unified "  handlin g o f  non-metaphor s an d 
metaphor s t o b e a n importan t  featur e o f  ou r  overal l  theory . 

th e shi p t o visi t  exoti c planets ,  protecte d fro m th e dangerou s 
inhabitant s b y th e cage s the y ar e in .  T o understan d th e ne w 
zoo ,  th e syste m draw s a n analog y betwee n th e know n zo o an d 
th e nove l  one .  Th e result ,  then ,  i s simpl y a  shif t  fro m on e 
physica l  objec t  t o anothe r  physica l  one . 

Drawbacks and Limitations 

Extra Knowledge Engineering 

There are three known problems with the approach which 
we ar e currentl y pursuing .  Th e first  i s  simpl y th e nee d t o 
correctl y mar k eac h concep t  i n memor y a s belongin g t o on e o f 
th e twent y top-leve l  categories .  Thi s mean s som e additiona l 
wor k i s require d whe n knowledg e i s bein g represente d fo r 
I S A A C initially .  However ,  th e leve l  o f  increase d wor k ha s 
not  bee n prohibitiv e t o th e project . 

Origin of the Categories 

There is some concern that the ontological categories being 
use d ma y b e to o limite d t o allo w a n accurat e mode l  o f  th e 
world .  But ,  w e hav e bee n drive n b y functiona l  constraint s o n 
th e creativ e understandin g process ,  s o w e ca n sa y tha t  ou r  on -
tolog y i s sufficien t  fo r  th e cognitiv e task s i n th e theory .  Adde d 
t o this ,  w e hav e als o bee n motivate d b y prio r  psychologica l 
researc h concernin g ontology .  Thi s ha s mainl y bee n studie d 
by developmenta l  psychologist s w h o attemp t  t o explai n th e 
change s whic h tak e plac e t o a  child' s ontolog y a s the y mature , 
as wel l  a s attemptin g t o explai n what ,  i f  any ,  ontolog y ma y 
exis t  fro m birth . 

The first  are a t o conside r  i s tha t  o f  wha t  ontologie s exist . 
T wo importan t  ontologica l  distinction s hav e bee n studie d b y 
a numbe r  o f  researchers .  Th e physical-immateria l  distinc -
tio n i s a n importan t  on e whic h arise s relativel y earl y i n th e 
developmen t  patter n o f  norma l  children ,  althoug h i t  contin -
ues t o b e refine d an d sophisticate d a s the y ag e (Carey ,  1992 ; 
Care y &  Speike ,  1994) .  Anothe r  majo r  ontologica l  divisio n 
i s th e object-even t  distinction—som e thing s i n th e worl d ar e 
object s (lik e rocks ,  people ,  etc. )  whil e othe r  thing s ar e event s 
(suc h a s walking )  (Carey ,  1992) . 

The secon d aspec t  o f  th e previou s researc h t o not e i s th e 
recognitio n tha t  shiftin g basi c ontologica l  categorie s i s diffi -
cult .  Numerou s researcher s hav e notice d an d theorize d abou t 
thi s (e.g. ,  Carey ,  1992 ;  Chi ,  1993) ,  bu t  on e o f  th e bes t  descrip -
tion s o f  th e possibl e rang e o f  change s come s fro m Thagar d 
(1992) .  I n hi s framework ,  ther e ar e nin e degree s t o conceptua l 
change ,  rangin g fro m th e simpl e additio n o f  ne w instance s o f 
know n concept s t o th e complet e reorganizatio n o f  th e onto -
logica l  hierarchy .  Th e lowe r  level s ar e fa r  easie r  t o perform ;  i t 
i s  onl y wit h growin g abilit y  an d sophisticatio n tha t  a  reasone r 
wil l  achiev e th e reorganizatio n level . 

Finally ,  viewin g variou s ontologica l  experiment s ove r  th e 
cours e o f  th e researc h ha s prompte d som e researcher s t o clai m 
tha t  certai n type s o f  ontologica l  categorie s ar e fundamenta l 
t o huma n reasonin g an d would ,  therefore ,  nee d t o b e accu -
ratel y modeled .  Fo r  example .  Brewe r  (1993 )  suggest s tha t  a 
ric h ontolog y i s needed ,  consistin g o f  (a t  least )  natura l  kinds , 
nonexistin g natura l  kinds ,  artifacts ,  socia l  entities ,  psycholog -
ica l  entities ,  an d abstrac t  entities .  Whil e ou r  approac h doe s 
not  duplicat e thi s exactly ,  th e basi c idea s ar e consistent . 
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Categor y M e m b e r s h i p 

Finally ,  ther e i s potentiall y  th e mos t  dangerou s proble m facin g 
th e theory—th e proble m o f  decidin g categor y membershi p fo r 
a concep t  i f  th e syste m ha s manipulate d it .  Whil e i t  i s eas y 
i n theor y t o sa y tha t  a  concep t  ma y shif t  acros s conceptua l 
gri d cel l  boundaries ,  i t  i s  sometime s difficul t  i n practic e t o 
determin e wher e it s ne w locatio n shoul d be. '  Conside r  th e 
concep t  o f  tim e travel ,  fo r  a  moment .  A  reasone r  wit h n o prio r 
knowledg e ca n utiliz e informatio n concernin g physica l  trans -
por t  action s an d th e tempora l  colum n t o transfor m a  physica l 
transpor t  concep t  int o a  tempora l  transpor t  actions ;  i.e. ,  a 
horizonta l  shif t  from  th e physica l  actio n cel l  t o th e tempora l 
actio n cell .  Notic e tha t  bot h action s hav e physica l  agent s fo r 
thei r  initiatin g actor s an d physica l  object s fo r  thei r  transporte d 
objects .  Now ,  conside r  a  devic e capabl e o f  performin g tim e 
travel ,  namel y a  tim e machine .  Again ,  a  reasone r  ca n star t 
wit h knowledg e o f  physica l  transpor t  machine s an d th e tem -
pora l  domai n an d develo p th e concep t  o f  a  tim e machine .  But , 
i n thi s case ,  a  physica l  objec t  ha s remaine d a  physica l  object . 
Bot h manipulation s use d simila r  knowledge ;  on e resulte d i n a 
horizonta l  shif t  whil e th e othe r  resulte d i n a n intracellula r  one . 
For  th e moment ,  th e proble m i s circumvente d b y appealin g 
t o th e minimu m chang e heuristic ,  bu t  i t  i s  certainl y a n are a o f 
researc h t o b e explored . 

Conclusion 

The knowledg e representatio n an d ontologica l  commitment s 
of  th e I S A A C framework  allow s u s t o reasonabl y boun d th e 
creativ e understandin g proces s withou t  havin g t o resor t  t o a 
larg e lis t  o f  rule s an d thei r  exceptions .  Additionally ,  ther e 
i s th e adde d knowledg e engineerin g benefi t  o f  no t  havin g t o 
worr y abou t  th e precis e placemen t  o f  concept s withi n th e im -
plemente d system—a s lon g a s th e top-leve l  ontologica l  cat -
egor y i s correct ,  th e theor y enable s th e syste m t o functio n 
wit h a  grea t  dea l  o f  flexibility  an d robustness .  A s large r  arti -
ficial  intelligenc e system s ar e develope d whic h ar e expecte d 
t o b e robust ,  real-worl d reasoners ,  i t  wil l  becom e importan t 
fo r  researcher s t o b e awar e o f  th e ontologica l  realit y o f  th e 
worl d i n whic h thei r  theorie s exist .  Indeed ,  b y takin g advan -
tag e o f  th e ontology ,  researcher s ma y discove r  tha t  th e tas k o f 
engineerin g large ,  robus t  system s i s mad e somewha t  easier . 
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