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Abstrac t 

Reading has been studied for decades by a variety of cognitive 
disciplines ,  ye t  n o theorie s exis t  whic h sufficientl y describ e an d 
explai n ho w peopl e accomplis h th e complet e tas k o f  readin g 
real-worl d texts .  I n particular ,  a  typ e o f  knowledg e intensiv e 
readin g know n a s creativ e readin g ha s bee n largel y ignore d b y 
th e pas t  research .  W e argu e tha t  creativ e readin g i s a n aspec t 
of  practicall y al l  readin g experiences ;  a s a  result ,  an y theor y 
whic h overlook s thi s wil l  b e insufficient .  W e hav e buil t  o n 
result s fro m psychology ,  artificia l  intelligence ,  an d educatio n 
i n orde r  t o produc e a  functiona l  theor y o f  th e complet e readin g 
process .  Th e overal l  framewor k describe s th e se t  o f  task s 
necessar y fo r  readin g t o b e performed .  Withi n thi s framework , 
we hav e develope d a  theor y o f  creativ e reading .  Th e theor y 
i s implemente d i n th e I S A A C (Integrate d Stor y Analysi s An d 
Creativity )  system ,  a  readin g syste m whic h read s scienc e fiction 
stories . 

Introduction 

Researcher s from  psychology ,  education ,  an d artificia l  intel -
ligenc e hav e studie d th e proces s o f  readin g fo r  decades ;  how -
ever ,  whil e m a n y theorie s hav e bee n proposed ,  non e explaine d 
th e complet e process .  I n particular ,  creativ e readin g ha s bee n 
largel y ignored ;  whil e creativit y i s  recognize d a s a  centra l 
an d crucia l  issu e i n reading ,  pas t  languag e researcher s hav e 
disregarde d it .  B y analyzin g existin g evidenc e an d reviewin g 
propose d theorie s fro m psychology ,  artificia l  intelligence ,  an d 
education ,  w e hav e create d afunctiona l  theor y whic h ca n ac t 
as a  framework  fo r  describin g th e complet e rang e o f  cognitiv e 
task s involve d i n reading .  T h e framewor k i s instantiate d b y 
buildin g a  computationa l  mode l  o f  th e processe s an d knowl -
edg e tha t  underli e th e readin g tasks .  Thi s approac h allow s u s 
t o investigat e a  broade r  se t  o f  readin g issue s tha n wa s possibl e 
i n th e past ,  namel y th e se t  o f  processe s neede d fo r  creativ e 
readin g t o occur .  Ou r  focu s i s o n th e scienc e fiction  genr e 
sinc e thes e storie s offe r  m a n y opportunitie s fo r  creativ e read -
ing .  W e ar e implementin g ou r  theor y o f  creativ e readin g i n th e 
I S A A C (Integrate d Stor y Analysi s A n d Creativity )  system . 

Reading, creativity, and creative reading 

Numerou s term s hav e bee n propose d t o describ e wha t  th e 
layperso n call s "reading, "  includin g tex t  understanding ,  nar -
rativ e understanding ,  tex t  comprehensio n an d sentenc e pro -
cessing .  Unfortunately ,  eac h o f  thes e term s represen t  researc h 
effort s whic h focu s o n onl y smal l  part s o f  th e overal l  tas k 
of  reading ,  thereb y carryin g connotation s whic h w e wis h t o 
avoid .  W e ,  therefore ,  choos e t o us e th e c o m m o n ter m readin g 
t o denot e th e proces s b y whic h a n agen t  translate s a n external . 

writte n representatio n o f  a  tex t  int o a n interna l  se t  o f  repre -
sentations ;  thes e interna l  representation s ca n the n b e use d t o 
explai n element s o f  th e text ,  t o predic t  futur e events ,  o r  t o 
suppor t  othe r  reasonin g tasks .  Thi s shoul d b e considere d a 
workin g definition ;  whil e i t  capture s a  grea t  dea l  o f  th e cogni -
tiv e aspect s o f  reading ,  ther e m a y b e area s i n whic h i t  i s  eithe r 
to o broa d o r  to o narrow . 

Our  definitio n o f  creativit y  i s als o a  workin g one .  Ther e ar e 
tw o facet s t o creativity :  creativ e inventio n (e.g. ,  Hofstadte r 
& M c G r a w ,  1993 ;  Kolodne r  &  Wills ,  1993 )  i s a  directed , 
interna l  proces s b y a  cognitiv e agen t  whic h result s i n a n ar -
tifac t  whic h i s  nove l  an d useful ;  creativ e understandin g i s a 
directed ,  interna l  proces s b y a  cognitiv e agen t  whic h result s 
i n a  usefu l  understandin g o f  a  nove l  artifact .  Finally ,  w e ca n 
defin e creativ e readin g a s readin g whic h include s nove l  con -
cept s whic h th e reade r  mus t  creativel y understan d i n orde r  t o 
comprehen d th e text .  Activ e engagemen t  o f  th e tex t  i s a  pre -
requisit e fo r  creativ e readin g t o occur ;  reader s mus t  attemp t 
t o incorporat e th e tex t  int o thei r  o w n backgrounds . 

I n orde r  t o creativel y read ,  a  perso n mus t  b e a  capabl e 
reade r  a t  a  numbe r  o f  levels ,  fro m simple  decodin g o f  word s 
int o interna l  concept s t o th e activ e engagemen t  o f  th e tex t 
and buildin g o f  comple x menta l  world s t o mode l  th e textua l 
elements .  Educatio n researcher s hav e believe d fo r  decade s 
tha t  creativ e readin g i s a  par t  o f  al l  successfu l  readin g experi -
ence s (see ,  fo r  example ,  Harri s &  Sipay ,  1990 ;  Stoodt ,  1989) ; 
recen t  wor k b y Popo v (1993 )  als o show s th e importanc e o f 
creativit y fo r  readin g comprehension .  Ou r  chose n genr e o f 
study ,  scienc e fiction,  i s  well-suite d fo r  researc h int o creativ e 
reading .  Mos t  h u m a n reader s wil l  no t  hav e al l  o f  th e con -
cept s neede d t o understan d a  scienc e fiction  story ,  especiall y 
i f  the y ar e first  tim e reader s o f  th e genre .  Conside r  th e story , 
M en Ar e Different ,  show n i n Figur e 1 .  I n orde r  fo r  mos t  pas t 
"stor y understanding "  system s t o comprehen d thi s story ,  al l 
th e prope r  concept s woul d nee d t o b e i n m e m o r y a t  readin g 
time .  A  syste m woul d nee d t o k n o w tha t  Mankin d wa s ex -
tinct ,  tha t  Robot s wer e intelligent ,  an d s o forth .  Notic e tha t 
thes e concept s ar e fals e outsid e th e confine s o f  thi s stor y (an d 
possibl y relate d scienc e fiction  tales) .  Th e stor y i s no t  a  sim -
plificatio n o f  th e rea l  worid ,  i t  i s a  falsehoo d abou t  th e rea l 
world .  Yet ,  h u m a n reader s d o no t  nee d t o posses s al l  th e "cor -
rect "  concept s a  prior i  whe n readin g a  story .  Instead ,  mos t 
reader s o f  scienc e fiction  hav e n o proble m suspendin g thei r 
disbelie f  o f  thes e nove l  concept s an d attemptin g t o understan d 
the m withi n th e worl d o f  th e story .  Ou r  goa l  i s t o produc e a 
theor y whic h i s abl e explai n thi s abilit y an d t o embod y i t  i n a 
computationa l  mode l  whic h coul d produc e simila r  behavior . 
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I' m a n archaeologist ,  an d Me n ar e m y busines s Jus t  th e same .  I 
wonder  i f  we'l l  eve r  find  ou t  abou t  M e n —I  mea n reall y find  ou t 
what  mad e Ma n differen t  fro m u s Robots—b y diggin g aroun d 
on th e dea d planets .  Yo u see ,  I  live d wit h a  Ma n once ,  an d 1 
kno w i t  isn' t  a s simpl e a s the y tol d u s bac k i n school . 

We have a few records, of course, and Robots like me are 
filling  i n som e o f  th e gaps ,  bu t  I  thin k no w tha t  w e aren' t  reall y 
gettin g anywhere .  W e know ,  o r  a t  leas t  th e historian s sa y w e 
know,  tha t  Me n cam e fro m a  plane t  calle d Earth .  W e know , 
too ,  tha t  the y rod e ou t  bravel y fro m sta r  t o star ;  an d whereve r 
the y stopped ,  the y lef t  colonies—Men ,  Robots ,  an d sometime s 
both—agains t  thei r  return .  Bu t  the y neve r  cam e back . 

Those  were the shining days of the world. But are we so old 
now? Me n ha d a  brigh t  flame—the  ol d wor d i s "divine, "  1 
think—tha t  flung  the m fa r  acros s th e nigh t  skies ,  an d w e hav e 
los t  th e strand s o f  th e we b the y wove . 

Our scientists tell us that Men were very much like us—and the 
skeleto n o f  a  Ma n is ,  t o b e sure ,  almos t  th e sam e a s th e skeleto n 
of  a  Robot ,  excep t  tha t  it' s mad e o f  som e calciu m compoun d 
instea d o f  titanium .  Jus t  th e same ,  ther e ar e othe r  differences . 

It was on my last field trip, to one of the inner planets, that I 
met  th e Man .  H e mus t  hav e bee n th e las t  Ma n i n thi s system , 
and he' d forgotte n ho w t o talk—he' d bee n alon e s o long .  I 
planne d t o t o brin g hi m bac k wit h me .  Somethin g happene d t o 
him ,  though . 

One day, for no reason at all, he complained of the heat. I 
checke d hi s temperatur e an d decide d tha t  hi s thermosta t  circuit s 
were shot .  I  ha d a  ki t  o f  field  spare s wit h me ,  an d h e wa s 
obviousl y ou t  o f  order ,  s o I  wen t  t o work .  I  pushe d th e needl e 
int o hi s nec k t o operat e th e cut-of f  switch ,  an d h e stoppe d 
moving ,  jus t  lik e a  Robot .  Bu t  whe n I  opene d hi m u p h e 
wasn' t  th e sam e inside .  An d whe n I  pu t  hi m bac k togethe r 
I  couldn' t  ge t  hi m runnin g again .  The n h e sor t  o f  weathere d 
away—and b y th e tim e I  wa s read y t o com e home ,  abou t  a  yea r 
later ,  ther e wa s nothin g lef t  o f  hi m bu t  bones .  Yes ,  Me n ar e 
indee d different . 

Figure 1: Men Are Different (Bloch, 1963) 

A funct iona l  t h e o r y o f  r e a d i n g 

To produce Afunctional theory of reading, we need to identify 
th e task s whic h variou s processe s mus t  perfor m i n orde r  t o 
produc e th e behavior ,  th e knowledg e whic h th e processe s use , 
and th e contro l  mechanism s whic h coordinat e th e processe s 
and results .  W e hav e identifie d si x supertask s necessar y fo r 
explainin g th e readin g proces s (Figur e 2) .  Supertask s ar e 
group s o f  conceptuall y simila r  task s whic h interac t  t o produc e 
a particula r  for m o f  understanding .  Th e supertask s are : 

• sentence processing: This supertask is responsible for low-
leve l  understanding ,  an d include s task s suc h a s pronou n 
reference ,  syntacti c parsing ,  an d lexica l  retrieval .  Fo r  ex -
ample ,  i n th e secon d lin e o f  th e las t  paragrap h o f  Men... , 
a reade r  mus t  retriev e meaning s fo r  th e variou s word s an d 
determin e w h o th e "he "  i s referrin g to .  Othe r  task s ar e 
punctuatio n analysi s an d tens e analysis . 
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Figur e 2 :  Functiona l  mode l  o f  readin g 

stor y structur e understanding :  Thi s supertas k handle s 
detail s whic h relat e t o stor y structure .  Task s includ e char -
acte r  identification ,  includin g protagonis t  an d antagonist ; 
settin g identificatio n (tim e an d location) ;  plo t  description , 
whic h build s a  coheren t  summar y o f  th e story' s plot ;  an d 
genr e identification ,  whic h identifie s th e text' s  style .  Thi s 
supertas k i s largel y th e resul t  o f  th e wa y i n whic h readin g 
i s taugh t  i n Wester n cultur e (Smith ,  1986) . 

scenari o understanding :  Th e task s makin g u p th e sce -
nari o understande r  ar e th e even t  parser ,  whic h identifie s 
agents ,  actions ,  states ,  objects ,  an d location s withi n a n 
episode ;  th e agen t  modeler ,  whic h maintain s description s 
of  th e agents ,  an d track s thei r  goals ,  knowledge ,  an d be -
liefs ;  th e actio n modeler ,  whic h maintain s description s o f 
th e act s wit h whic h th e agent s ar e involved ;  an d th e de -
vic e modeler ,  whic h form s understanding s o f  h o w variou s 
object s function . 

explanatio n an d reasoning :  Thi s supertas k perform s 
high-leve l  reasonin g an d learning .  Creativ e understandin g 
attempt s  t o understan d concept s whic h d o no t  fit  th e reader' s 
worl d view .  Interes t  managemen t  control s  th e reader' s leve l 
of  interes t  i n th e story .  Belie f  managemen t  msimige s th e be -
lief s o f  th e agent s involve d i n th e episode .  Di d th e robo t 
actuall y believ e tha t  th e M a n wa s capabl e o f  bein g turne d 
off ? I f  so ,  h o w di d i t  arriv e a t  thi s erroneou s conclusion ? 
Th e explanatio n tas k build s th e inference s neede d t o con -
nec t  th e event s o f  th e story ,  enablin g th e reade r  t o lear n fro m 
th e material .  Finally ,  metareasonin g reflect s o n th e reader' s 
action s durin g th e readin g process ;  thi s informatio n i s als o 
use d fo r  learning . 

m e m o ry managemen t :  Thi s supertas k handle s genera l 
memory storag e an d retrieval .  I t  consist s o f  ca^ ^  building , 
whic h construct s th e variou s case s whic h resul t  fro m read -
ing ;  memor y retrieval ;  an d memor y storage .  S o m e o f  th e 
m e m o ry even t  whil e readin g Men.. .  m a y b e spontaneous ; 
fo r  example ,  th e stor y m a y trigge r  memorie s o f  othe r  sto -
rie s whic h concer n th e extinctio n o f  humankind .  Othe r 
m e m o ry processe s wil l  b e mor e deliberate ;  whil e readin g 
Men... ,  th e reade r  migh t  tr y t o remembe r  th e las t  scienc e 
fiction  stor y the y rea d writte n b y Ala n Bloch . 
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•  metacontrol :  Metacontro l  integrate s th e othe r  supertasks . 
I t  includes/oc« 5 control ,  whic h manage s th e dept h o f  read -
in g base d o n interes t  an d understanding ;  tim e management , 
whic h allow s th e reade r  t o malc e decision s base d o n tim e re -
sources ;  an d suspensio n o f  disbelief ,  whic h enable s a  reade r 
t o accep t  a  tex t  whic h violate s thei r  worl d view .  Thi s las t 
functio n i s particularl y importan t  i n th e cas e o f  readin g a 
stor y containin g unfamilia r  concepts .  A  reade r  o f  Men.. . 
know s tha t  th e stor y canno t  b e true .  Mankin d stil l  exists , 
extensiv e spac e trave l  doe s not ,  an d robot s ar e merel y m e -
chanica l  tools .  I n orde r  t o understan d th e story ,  th e reade r 
must  accep t  thes e unfamilia r  idea s fo r  th e duratio n o f  th e 
readin g experience . 

The supertasks were identified through functional analyses 
of  readin g processes ,  supporte d b y evidenc e fro m psycholin -
guistic s (e.g. ,  Holbroo k e t  al. .  1992 ;  va n Dij k &  Kintsch , 
1983) ,  readin g comprehensio n (e.g. .  Blac k &  Seifert ,  1981 ; 
Graesse r  e t  al. ,  1991) ,  stor y understandin g (e.g. .  R a m ,  1991 ; 
Rumelhart ,  1977) ,  m e m o r y (e.g. ,  Anderson ,  1974 ;  Kolodner , 
1984) ,  an d metacognitio n (e.g. .  R a m &  Cox ,  1994 ;  Weinert , 
1987) . 

Th e powe r  o f  thi s modular ,  integrate d approac h i s tha t  eac h 
supertas k directl y support s al l  o f  th e others .  N o singl e super -
tas k ca n exis t  i n a  vacuum ;  rather ,  eac h relie s o n aspect s o f  th e 
processin g bein g performe d b y th e remainin g ones .  Further -
more ,  ever y tas k i n th e theor y i s situate d wit h respec t  t o th e 
overal l  framework ;  thi s act s t o focu s th e behavio r  o f  eac h wit h 
respec t  t o th e ultimat e goa l  o f  readin g a  give n text .  Similarly , 
th e entir e readin g ac t  i s  situate d i n th e real-worl d stor y contex t 
bein g deal t  with ,  addin g furthe r  focu s t o th e supertasks .  I t  i s 
th e synerg y o f  th e si x supertask s i n relatio n t o th e tex t  whic h 
produce s th e behavio r  w e cal l  reading . 

I n additio n t o thi s modula r  breakdow n o f  tasks ,  ou r  theor y 
makes us e o f  model s i n orde r  t o provid e crucia l  knowledg e 
fo r  comprehension .  Sentenc e model s provid e th e capabilit y 
of  dealin g wit h differen t  low-leve l  structures ,  suc h a s ques -
tions ,  declarativ e sentences ,  quotations ,  broke n o r  interrupte d 
speech ,  an d sentenc e fragments .  Next ,  stor y structur e model s 
includ e genr e specifi c  models ,  a s wel l  a s model s describin g 
narrativ e type s (suc h a s first-person  an d third-perso n narra -
tives) .  A  simila r  ide a ha s bee n propose d b y Carpente r  an d Al -
terma n (1993) ;  i n thei r  model ,  case-base d reasonin g i s use d 
t o contro l  th e readin g proces s whic h "knows "  h o w variou s 
tex t  genre s shoul d b e rea d (e.g. ,  whe n confronte d wit h a  se t 
of  comple x instructions ,  ski m th e first  fe w page s lookin g fo r 
an enumerate d lis t  a s thes e ar e importan t  t o instructio n fol -
lowing) .  Scenari o model s explai n differen t  style s o f  agen t 
interaction .  Thes e includ e variou s combination s o f  "socia l 
states "  i n communication ;  fo r  example ,  th e typ e o f  interac -
tion s on e woul d expec t  t o se e betwee n tw o clos e mal e friend s 
woul d b e ver y differen t  fro m th e typ e o f  interactio n exhibite d 
betwee n a  bos s an d a n employe e i n a  forma l  busines s setting . 
Severa l  o f  thes e socia l  relation s ca n b e see n i n M e n Ar e Differ -
ent :  th e protagonis t  i s a  pee r  a m o n g th e robo t  archaeologists , 
i t  wa s a  studen t  o f  th e historian s discusse d i n th e story ,  an d 
i t  wa s a  researche r  wit h respec t  t o th e experimenta l  subjec t 
(th e m a n ) .  Th e reader' s high-leve l  reasonin g i s guide d b y th e 
variou s reasonin g models .  Thes e contro l  h o w m u c h expla -
natio n a  reasone r  m a y choos e t o d o i n a  give n scenario ;  e.g. , 
i f  a  person' s ca r  break s d o w n o n th e highway ,  d o the y im -

mediatel y tr y t o find  help ,  reaso n an d examin e th e immediat e 
possibl e causes ,  o r  attemp t  t o reaso n th e proble m throug h t o 
completion ? M e m o r y model s permi t  differen t  type s o f  m e m-
or y acces s t o occur ;  base d o n th e typ e o f  materia l  bein g read , 
a reasone r  ma y reques t  th e constructio n o f  a  carefu l  memor y 
of  th e materia l  (e.g. ,  studyin g fo r  a  midter m test )  o r  reques t 
a mor e shallo w m e m o r y b e buil t  (e.g. ,  readin g a  cerea l  bo x 
fo r  th e lis t  o f  ingredients) .  Finally ,  metacontro l  model s allo w 
th e reade r  t o tailo r  readin g pattern s t o a  give n situation .  I s th e 
materia l  bein g rea d fo r  pleasure ,  fo r  study ,  o r  t o kil l  time ? 

Creative understanding 

Readin g occur s whe n th e si x supertask s interac t  an d mak e us e 
of  th e reasoner' s existin g knowledg e t o translat e a  tex t  repre -
sentatio n int o a  se t  o f  interna l  representations .  I f  th e reader' s 
knowledg e i s sufficien t  t o comprehen d th e text ,  creativ e un -
derstandin g i s no t  needed .  However ,  i t  i s  likel y tha t  a t  som e 
poin t  i n th e readin g process ,  th e reade r  wil l  b e face d wit h a 
concep t  tha t  canno t  b e understoo d wit h existin g knowledge . 
At  thi s point ,  th e creativ e understandin g proces s mus t  attemp t 
t o understan d th e nove l  concept .  Th e algorith m i s a  fou r  ste p 
cycle ;  eac h pas s throug h th e algorith m increase s th e potentia l 
fo r  successfu l  understanding .  A n overvie w o f  thi s proces s fol -
lows ;  fo r  a  mor e complet e descriptio n se e M o o r m a n &  R a m 
(1994) . 

1.  Durin g reading ,  interna l  representation s o f  th e tex t  ar e be -
in g buil t  an d maintained .  A s eac h tex t  phras e i s decoded , 
th e reade r  attempt s t o incorporat e i t  int o th e existin g struc -
tures .  M e m o r y retrieva l  occurs ,  wit h th e ne w concep t  actin g 
as a  probe .  I f  th e concep t  alread y exist s i n memory ,  on e o f 
tw o thing s occurs .  First ,  th e concep t  ma y fit  int o th e ex -
istin g representations .  I f  so ,  processin g ca n continue .  O n 
th e othe r  hand ,  th e concep t  m a y no t  fit;  thi s  i s a  signa l  tha t 
mor e in-dept h understandin g i s needed . 

2.  I t  m a y b e tha t  th e ne w concep t  wil l  fit  int o th e existin g 
structures .  Rathe r  tha n a  direc t  fit,  however ,  a n analog y 
(e.g. ,  Falkenhainer ,  1987 ;  Centner ,  1989 )  m a y hav e t o b e 
derived ,  relatin g a n existin g concep t  (th e base )  t o th e ne w 
concep t  (th e target) .  Th e algorith m examine s th e existin g 
representatio n an d check s t o se e i f  an y o f  th e concept s ther e 
ca n b e relate d t o th e ne w concept .  I f  suc h a  relationshi p 
exists ,  readin g continues . 

3.  I f  n o relationshi p ca n b e found ,  th e algorith m attempt s t o 
forc e a  relationshi p t o exist .  B y usin g genera l  backgroun d 
knowledge ,  th e reade r  m a y b e abl e creat e a  concep t  whic h 
capture s th e essenc e o f  th e origina l  on e o r  a  generalizatio n 
of  th e origina l  concept .  Thi s i s simila r  t o analogy ,  bu t 
th e bas e whic h i s use d t o understan d th e ne w concep t  i s 
dynamicall y create d b y th e reasoner ;  w e therefor e cal l  thi s 
mechanis m base-constructiv e analogy. ^ 

4.  I f  th e abov e step s hav e faile d t o produc e a n understanding , 
th e creativ e understandin g algorith m resort s t o proble m re -
formulation .  I t  m a y b e tha t  th e initiall y  retrieve d concep t 
i s no t  th e on e whic h shoul d hav e bee n remembered .  I t  ma y 
als o b e th e cas e tha t  a  portio n o f  th e existin g representa -
tion s i s flawed  an d i s no t  usefu l  t o th e curren t  reasoning . 

'Whil e w e ar e no t  th e first  t o describ e a  cognitiv e proces s simila r 
t o thi s (e.g. ,  Nersessian ,  1992 ;  Clement ,  1989) ,  w e d o no t  kno w o f 
any model s whic h implemen t  it . 
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Figur e 3 :  Knowledg e organizatio n gri d 

Therefore ,  th e algorith m reconsider s th e retrieve d concept , 
base d o n informatio n containe d withi n th e stor y concept . 
Thi s reformulate d concep t  i s the n use d t o prob e m e m o r y 
fo r  potentiall y  bette r  response s tha n th e origina l  attempt . 

Successfu l  creativ e understandin g m a y resul t  i n th e rea -
sone r  undergoin g co/jcepr«a/c/ia/î e (Chi ,  1993 ;  R a m ,  1993) ; 
tha t  is ,  a  concep t  m a y shif t  i n th e reasoner' s knowledg e sys -
tem.  I f  th e reasone r  possesse s a  usefu l  ontolog y a t  th e outse t  o f 
a readin g experience ,  thi s conceptua l  chang e ca n b e use d a s a 
heuristi c  t o guid e th e creativ e understandin g process .  Ther e i s 
an inheren t  dange r  wit h th e creativ e understandin g algorithm : 
at  som e poin t  th e algorith m wil l  b e s o fa r  remove d fro m th e 
origina l  concep t  tha t  understandin g wil l  m o v e fro m bein g cre -
ativ e t o bein g simpl y bizarre .  T o overcom e this ,  som e metho d 
of  contro l  i s needed .  Ou r  theory' s ontolog y place s knowledg e 
int o a  two-dimensiona l  grid ,  a s see n i n Figur e 3 .  I f  conceptua l 
chang e leave s th e concep t  i n th e sam e gri d cell ,  i t  i s unlikel y 
t o b e bizarre .  A  movemen t  alon g eithe r  axi s i s potentiall y 
more creativ e bu t  als o mor e bizarre .  Finally ,  a  conceptua l 
chang e whic h transfer s a  concep t  alon g bot h axe s i s th e mos t 
potentiall y  creativ e an d mos t  potentiall y  bizarr e an d shoul d 
be approache d wit h grea t  care . 

Implementation 

The I S A A C syste m i s currentl y abl e t o rea d th e stor y pre -
sente d i n Figur e 1 .  I S A A C i s buil t  i n C o m m on Lis p an d use s 
th e K R frame  packag e (Giuse ,  1990 )  fo r  knowledg e represen -
tatio n an d th e C O M P E RE syste m (Holbroo k e t  al. ,  1992 )  fo r 
th e sentenc e processin g supertask .  I S A A C build s a  detaile d 
stor y structur e model ,  a  scenari o mode l  o f  th e events ,  an d a 
metareasonin g mode l  o f  it s activitie s durin g th e readin g pro -
cess .  Figur e 4  show s a  portio n o f  it s understandin g o f  M e n 
Ar e Different . 

A s I S A A C begin s reading ,  it s defaul t  stor y structur e m o d e l 
include s informatio n tha t  a  tex t  wi t h a  phras e a n d a n agen t 
prio r  t o th e firs t  paragrap h c a n b e a s s u m e d t o h a v e a n explici t 
titl e an d author .  Metacontro l ,  therefore ,  treat s th e stand-alon e 
phras e M e n A r e Differen t  a s th e title ,  a n d th e agen t  A l a n 
Bloc k a s th e author .  N e x t ,  th e sentenc e processo r  parse s th e 
titl e phrase ;  i t  i s  recognize d a s a n ex tende d stat e declaration : 
I S A A C expect s a n objec t  t o b e relate d t o anothe r  objec t  i n 
a give n w a y .  Scenar i o understandin g tag s M e n a s th e first 
objec t  an d Differen t  a s th e relation .  Metacont ro l  n o w expect s 
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Figur e 4 :  Partia l  vie w o f  ISAAC' S understandin g o f  M e n Ar e 
Differen t 

t o find  th e secon d object .  Sinc e non e i s available ,  metacontro l 
decides ,  du e t o it s knowledg e o f  titles ,  tha t  thi s  i s a n importan t 
omissio n an d expect s t o find  th e objec t  i n late r  text .  Finally , 
variou s m e m o r y request s ar e generated .  Metacontro l  request s 
tha t  th e m e m o r y supertas k stor e th e titl e an d autho r  informa -
tion ,  an d a  retrieva l  i s performe d t o se e i f  th e syste m ha s eithe r 
rea d thi s stor y befor e o r  rea d simila r  works .  Sinc e thi s  i s th e 
first  readin g event ,  nothin g i s returned . 

By th e en d o f  th e first  paragraph ,  I S A A C realize s tha t  some -
thin g i s no t  quit e right .  I S A A C onl y know s abou t  robot s whic h 
ar e industria l  machines .  Th e robo t  i n th e stor y i s ver y differ -
ent  from  this .  Metacontro l  decide s t o suspen d disbelie f  an d 
creativel y understan d th e concep t  o f  th e stor y robot .  M e m -
or y retrieva l  return s a  concep t  o f  robo t  whic h i s insufficien t 
t o explai n th e character ,  an d a n attemp t  a t  analog y fail s sinc e 
ther e ar e no t  enoug h relevan t  feature s (betwee n th e stor y robo t 
and th e robo t  from  m e m o r y )  whic h ar e similar .  Next ,  I S A A C 
attempt s t o transfe r  th e concep t  t o a  volitiona l  domai n (base -
constructiv e analogy) .  Thi s attemp t  i s no t  successfu l  sinc e 
th e concep t  o f  robo t  directl y violate s th e concep t  o f  volition . 
Finally ,  I S A A C trie s proble m reformulation ,  changin g fro m 
tryin g t o understan d th e characte r  a s a  robo t  t o tryin g t o un -
derstan d i t  a s a  volitiona l  agent .  Thi s result s i n th e productio n 
of  a  merge d concep t  containin g element s o f  th e robo t  con -
cep t  an d th e bes t  volitiona l  agen t  th e syste m ca n retriev e fro m 
m e m o r y —a man .  Th e resul t  i s  a  man-like ,  intelligent ,  voli -
tiona l  robot .  Th e ne w concep t  maintain s m a n y characteristic s 
of  th e origina l  robot—i t  i s m a d e o f  metal ,  resistan t  t o damage , 
use s sensor s an d feedbac k a s a  contro l  mechanism ,  an d s o on . 
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Thi s concep t  i s sufficien t  t o understan d th e robo t  i n th e story , 
so I S A A C store s i t  i n m e m o r y a s a  story-robot ,  a  ne w kin d o f 
robot . 

Skippin g ahea d t o th e las t  paragraph ,  w e se e tha t  I S A A C 
must  trea t  thi s a s a  "story-within-a-story. "  T o appreciat e th e 
ending ,  th e reade r  mus t  hav e maintaine d a  correc t  mode l  o f  th e 
narrator ,  includin g it s belief s an d goals ,  i n orde r  t o understan d 
w hy th e robot' s mistak e too k place .  I S A A C need s t o perfor m 
a simila r  creativ e understandin g tas k o n th e m a n i n th e stor y 
as i t  di d o n th e robo t  narrator .  I n thi s case ,  th e creativ e 
understandin g arise s fro m a  nee d t o understan d w h y th e robo t 
narrato r  acte d i n th e fashio n tha t  i t  did .  A s a  result ,  I S A A C 
understand s tha t  th e robo t  i s seein g th e m a n a s mor e simila r 
t o itsel f  tha n i s warranted ;  thi s explain s th e logica l  error . 

Th e ke y iron y i n th e stor y ca n b e see n a s a  dua l  shif t  withi n 
our  knowledg e organizatio n grid .  I S A A C i s presente d wit h 
a robo t  characte r  whic h i s actin g a s a n agen t  rathe r  tha n a s a 
physica l  object .  Thi s i s th e first  shif t  whic h mus t  tak e plac e 
fo r  I S A A C t o "mak e sense "  o f  th e story .  Th e twis t  endin g 
occur s becaus e th e robo t  narrato r  decide s t o trea t  th e M a n , 
a physica l  agent ,  a s a  physica l  objec t  an d disassemble s hi m 
wit h th e inten t  o f  doin g a  field  repair . 

Related work 

In addition to modeling the process of reading and creative 
understanding ,  ou r  theor y allow s previou s theorie s t o b e ex -
amine d withi n a  c o m m o n framework .  Pas t  readin g system s 
hav e no t  bee n greatl y successfu l  du e t o thei r  insufficien t  cov -
erag e o f  th e readin g process .  Earl y example s suc h a s S A M 
and P A M (se e chapter s 5  an d 7  i n Schan k &  Riesbeck ,  1981 ) 
wer e narro w attempt s t o handl e wha t  w e cal l  th e scenari o un -
derstandin g supertas k throug h script s an d plans .  The y di d no t 
tr y t o benefi t  fro m th e othe r  supertask s w e hav e identified ;  fur -
thermore ,  the y deal t  wit h extremel y shor t  narratives .  Dyer' s 
B O R I S (1983 )  wa s a  mor e involve d syste m whic h attempte d 
t o overcom e th e deficiencie s o f  earlie r  one s b y integratin g 
th e curren t  theorie s o f  it s da y i n orde r  t o perfor m "in-depth " 
reading .  Unfortunately ,  i t  overlooke d som e crucia l  aspect s 
of  th e readin g proces s whic h w e hav e identified ,  suc h a s th e 
stor y structure .  Thi s le d t o th e syste m bein g overloade d b y th e 
shee r  amoun t  o f  knowledg e containe d i n eve n a  shor t  story . 
Late r  system s trie d t o var y th e readin g depth ,  suc h a s IP P 
(Lebowitz ,  1983 )  an d A Q U A (Ram ,  1991) .  Unfortunately , 
IP P faile d t o d o an y high-leve l  reasoning ,  suc h a s explanatio n 
of  anomalies .  A Q U A adde d th e explanatio n an d reasonin g 
supertask ,  a s wel l  a s som e o f  th e m e m o r y supertask ,  bu t  i t 
ignore d th e stor y structur e aspect s whic h coul d hav e bee n a 
valuabl e aid . 

Ther e als o exist s a  lon g histor y o f  researc h o n readin g fro m 
th e teachin g readin g discipline .  M u c h o f  thi s researc h blur s 
th e lin e betwee n tas k an d knowledge ,  bu t  th e theorie s ca n stil l 
be analyze d i n ou r  fi-amework.  Graesse r  (1981 )  describe d si x 
basi c knowledg e source s involve d wit h textua l  comprehen -
sion :  linguistic ,  rhetorical ,  causal ,  intentional ,  spatial ,  an d 
roles ,  personalities ,  an d objects .  Thi s theor y i s highl y de -
scriptiv e o f  th e knowledg e whic h readin g needs ,  bu t  th e lac k 
of  a  proces s mode l  make s i t  impossibl e t o implement .  A 
model  suggeste d b y Clyme r  (1968 )  brok e readin g int o decod -
ing ,  graspin g th e author' s meaning ,  testin g an d recombinin g 
th e author' s messages ,  an d application/extensio n o f  th e rea d 

material .  Thi s process-oriente d mode l  contain s element s o f 
th e sentenc e processin g supertas k (decoding )  an d th e stor y 
structure ,  scenario ,  an d explanatio n supertask s (th e remain -
in g areas) .  Unfortunately ,  non e o f  Clymer' s area s wer e well -
specifie d an d th e lac k o f  contro l  an d explici t  memor y opera -
tion s i s a  sever e limitation .  Thes e approache s exis t  mor e a s 
framework s fo r  exploratio n tha n a s cognitiv e theories . 

Thi s shortcomin g i s certainl y no t  th e cas e wit h th e las t 
tw o models .  Va n Dij k an d Kintsc h (1983 )  propos e a  uni -
fied  proces s whic h i s responsibl e fo r  th e characteristic s o f 
reading .  Tex t  i s transforme d int o proposition s (unit s o f  infor -
mation )  whic h ar e combine d b y th e reade r  int o highe r  leve l 
understandin g structures .  Th e mode l  ha s bee n extremel y suc -
cessfu l  i n modelin g psychologica l  dat a regardin g th e readin g 
process ,  particularl y researc h dealin g wit h recal l  o f  rea d ma -
terial .  Despit e thes e accomplishments ,  th e theor y fail s  t o 
conside r  tw o aspect s o f  readin g whic h ar e importan t  (fo r  a 
recen t  discussio n o f  thes e issues ,  se e Gerrig ,  1993) .  First , 
creativ e readin g i s no t  handled .  Thus ,  whil e th e theor y ma y 
be vali d fo r  explainin g structure d readin g tasks ,  i t  i s  unabl e 
t o handl e pleasur e reading .  Second ,  th e theor y doe s no t  plac e 
enoug h emphasi s o n th e rol e o f  th e author ,  an d i s force d t o 
make readin g mor e in-dept h tha n i t  need s t o be .  Finally ,  Car -
pente r  an d Jus t  (1988 )  concentrat e o n th e workin g memor y 
constraint s o f  th e reade r  an d h o w thes e influenc e readin g an d 
recal l  issues .  They ,  too ,  hav e ha d a  grea t  dea l  o f  succes s 
modelin g huma n performanc e withi n thei r  R E A D E R frame -
work .  Th e approach ,  however ,  als o ignore s issue s o f  creativ e 
readin g an d autho r  intent .  Th e primar y focu s o f  thei r  wor k 
has alway s bee n o n memory' s influenc e o n reading ;  i n tha t 
regard ,  thei r  wor k ha s ha d tremendou s succes s an d impac t  o n 
th e field.  Unfortunately ,  i t  i s  insufficien t  fo r  modelin g th e 
typ e o f  readin g i n whic h w e ar e mos t  interested . 

Conclusions 

Although our theory has proven sufficient for describing the 
comprehensio n o f  a  real-wori d stor y an d man y o f  th e un -
derlyin g point s embodie d i n th e theor y hav e bee n supporte d 
by existin g evidenc e fro m psycholog y an d education ,  ther e 
ar e stil l  importan t  issue s t o explore .  Fo r  example ,  in-dept h 
evaluatio n o f  th e understandin g produce d b y th e mode l  need s 
t o b e performed .  Also ,  th e syste m need s t o b e extende d 
wit h th e additio n o f  ne w storie s fo r  I S A A C t o read ;  w e ar e 
currentl y workin g o n th e additio n o f  Zo o b y Edwar d Hoc h 
(1978) .  Whil e simila r  t o M e n Ar e Different ,  i t  contain s inter -
estin g variation s whic h wil l  hel p u s t o gaug e th e rang e o f  ou r 
theory' s coverag e an d scope . 

By makin g extensiv e us e o f  th e knowledg e whic h exist s 
withi n a  stor y an d b y relyin g o n a  clos e interactio n betwee n 
th e variou s readin g tasks ,  ou r  theor y i s capabl e o f  modelin g 
th e readin g proces s t o a  degre e no t  befor e possible .  Further -
more ,  th e theor y explain s pleasur e readin g i n additio n t o mor e 
structure d form s o f  reading ,  a n are a whic h man y theorie s hav e 
ignored .  W e als o provid e a  framewor k i n whic h t o analyz e 
previou s systems .  Mos t  importantly ,  th e theor y incorporate s 
a genera l  proces s o f  creativ e understandin g a s a n integra l  par t 
of  reading .  Th e powe r  o f  th e ac t  come s fro m a  willingnes s t o 
not  b e boun d b y curren t  worl d knowledge ,  t o tak e a  cognitiv e 
risk  an d attemp t  t o understan d somethin g i n a  wa y i t  ha s neve r 
bee n understoo d before . 
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