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I'lhen Individuals comprehend prose, they construct 
a larg e numbe r  o f  Inference s an d expectations .  Wher e 
do thes e Inference s an d expectation s com e from ? i t  I s 
believe d tha t  generi c srhema s provid e th e backgroun d 
knowledg e tha t  I s neede d t o generat e inference s an d 
expectations .  Th e schema s correspon d t o differen t 
knowledg e domain s an d level s o f  structure .  Ther e ar e 
schemas fo r  objects ,  actors ,  even t  sequences ,  goa l 
oriente d activities ,  an d s o on .  Durin g comprehensio n 
th e coraprehende r  Identifie s a  variet y o f  schemas .  When 
a schem a I s Identified ,  I t  guide s th e interpretatio n 
of  explici t  inpu t  a s wel l  a s th e constructio n o f 
Inference s an d expectations . 
There are several schema-based models in psychology 
and othe r  discipline s I n cognitiv e science .  Psycholog -
ist s hav e typicall y Investigate d globa l  issue s regard -
in g schema s i n comprehension .  The y hav e rarel y speci -
fie d detaile d representation s an d symboli c procedures . 
However ,  durin g th e las t  fou r  year s th e Cognitiv e 
Researc h Grou p a t  Ca l  Stat e î ullerto n ha s venture d 
int o a  detaile d an d ver y time-consumin g project .  We 
se t  ou t  t o explor e th e followin g problems : 

(1) To identify the Inferences and expectations 
thn t  comprehender s generat e whe n a  passag e i s 
comprehended . 

(2) To trace the constructive history of specific 
inference s an d expectation s whe n a  passag e i s 
comprehende d on-line . 

(3 )  T o formulat e a  syste m fo r  representin g 
knowledge . 

(4) To map out the content and structure of schemas 
whic h are  Invoke d whe n a  passag e i s comprehended . 

(5) To examine how conceptualizations in generic 
schemas ar e passe d t o th e representatio n o f  a 
specifi c  passage . 

(6 )  T o asses s whethe r  behaviora l  dat a ca n h e 
explaine d b y propertie s o f  passag e representation s 
and th e proces s o f  constructin g thes e representa -
tions .  The  behaviora l  task s Includ e questio n 
answering ,  recall ,  an d inferenc e verification . 

We have analysed both narrative and expository 
passages .  However ,  th e mos t  extensiv e analyse s hav e 
been o n shor t  narrativ e passage s suc h a s th e following : 

The Cza r  an d Hi s Daughter s 

Once ther e wa s a  Cza r  wh o ha d thre e lovel y dnughfers . 
One da y th e thre e daughter s wen t  walkin g i n th e woods . 
They wer e enjoyin g themselve s s o muc h tha t  the y for -
got  th e tim e an d staye d to o long .  A  drago n kidnappe d 
th e thre e daughters .  A s the y wer e bein g dragge d off , 
the y crie d fo r  help .  Thre e heroe s hear d th e crie s an d 
set  of f  t o rescu e th e daughters .  Th e heroe s cam e an d 
fough t  th e drago n an d rescue d th e maidens .  The n th e 
heroe s returne d th e daughter s t o thei r  palace .  When 
th e Cza r  hear d o f  th e rescue ,  h e rewarde d th e heroes . 

Conceptual Graph Structures 
I t  i s  believe d tha t  knowledg e ca n b e represente d i n 

th e for m o f  conceptua l  grap h structures .  A  grap h struct -
ure  i s constructe d whe n a n individua l  comprehend s a 
passag e suc h a s th e Cza r  story .  Bot h explici t  statement s 
and inference s ar e structurall y interrelate d i n a  grap h 
structure .  Similarly ,  th e conten t  o f  generi c schema s 
ar e represente d a s conceptua l  grap h structures . 
In our representational system, a graph structure 
i s a  se t  o f  Libele d statemen t  nodr s whic h are  inter -
relate d b y labeled ,  directe d arcs .  A  statemen t  nod e I s 
roughl y a  proposition .  Eac h statemen t  nod e i s assigne d 
t o one  o f  si x nod e categories :  Physica l  State- ,  Physica l 
Event ,  Interna ]  State ,  Interna l  Event ,  Goa l  (whic h 

include s actions) ,  an d Style .  Fo r  example ,  thre e heroe s 
hear d th e crie s an d se t  of f  t o rescu e th e daughter s ha s 
th e followin g fou r  statemen t  nodes : 

(l)lnterna l  Event :  heroe s hear d crie s 
(2)Physlca l  State :  ther e wer e thre e heroe s 
(3)Goal :  heroe s se t  of f 
(4)Goal :  heroe s rescu e daughter s 

Ther e ar e fiv e categorie s o f  labeled ,  directe d arcs : 
ReaBnn(R) ,  Inltiate(I) ,  Manner(M) ,  Consequence(C) ,  an d 
Property(P) .  Thes e arc s Interrelat e th e nodes .  Th e abov e 
fou r  statement s woul d b e interrelate d a s follows : 

For  a  mor e complet e descriptio n o f  thi s representationa l 
system ,  se e Graesse r  (1981 )  an d Graesser ,  Robertson ,  an d 
Anderso n (1981) . 

One distinctiv e featur e o f  thi s representatio n I s tha t 
i t  capture s difference s betwee n p.onl-orlente d structure s 
(wit h Goa l  nodes .  Reaso n arcs ,  an d Initiat e arcs )  an d 
causally-oriente d structure s (wit h Even t  nodes .  Stat e 
nodes ,  an d Consequenc e arcs) . 

A Questio n Answerin g Metho d o f  Exposin g Implici t  Node s 

A question answering (Q/A) method has been used to 
expos e Inference s an d expectations .  Afte r  comprehender s 
rea d a  passage ,  the y answe r  why ,  how ,  an d what-happened -
nex t  (WHN)  question s abou t  eac h explici t  statemen t  I n 
th e text .  Th e answer s Includ e a  larg e numbe r  o f  Implici t 
nodes .  A n implici t  nod e i s analyze d i f  i t  i s  produce d a s 
an answe r  b y a t  leas t  tw o comprehenders .  Thus ,  th e 
ideosyncrati c answer s are  eliminated . 
When comprehenders are probed with questions after 
readin g a  passage ,  th e inference s i n th e Q/ A protocol s 
ar e classifie d a s preserve d nodes .  Ther e i s a  larg e 
nvimbe r  o f  preserve d node s i n a  shor t  passag e suc h a s 
th e Cza r  story .  I n ou r  analyses ,  ther e wer e 18 9 preserv -
ed nodes .  Therefore ,  ther e wer e 1 0 uniqu e Inferenc e 
node s fo r  ever y explici t  node .  Conceptua l  grap h struct -
ure s wer e compose d fro m th e se t  o f  explici t  node s an d 
inferenc e nodes . 

Constructin g Grap h Structure s On-lin e 
I t  i s  possibl e t o trac e th e constructiv e histor y o f 

eac h nod e i n a  passag e structure .  Thi s i s accomplishe d 
by manipulatin g th e amoun t  o f  passag e contex t  tha t  a 
comprehende r  receive s befor e a  statemen t  1 5 probe d wit h 
questions .  I n a  N o Contex t  condition ,  passag e state -
ment s ar e probe d ou t  o f  context .  Th e inference s gener -
ate d i n thi s conditio n ar e classifie d a s statement -
drive n (SD) .  I n a  Prio r  Contex t  condition ,  passag e 
statement s ar e probe d on-line ;  th e comprehende r  read s 
onl y th e passag e conten t  u p throug h th e targe t  state -
ment  an d the n th e statemen t  I s probed .  Inference s i n 
thi s conditio n ar e classifie d a s prior-context-drive n 
(PCD)  I f  the y are  no t  SD.  I n a  Ful l  Contex t  condition , 
th e comprehende r  read s th e entir e passag e befor e th e 
passag e statement s ar e probed .  Inference s i n thi s 
conditio n ar e subsequent-context-drive n (SCD )  i f  the y 
are  neithe r  S D no r  PCD. 

On th e basi s o f  thes e contex t  manipulation s w e 
trace d th e constructiv e histor y o f  eac h inferenc e nod e 
(answe r  t o wh y o r  ho w question )  an d expectatio n nod e 
(answe r  t o WHN question) .  Eac h implici t  nod e wa s 
classifie d o n th e basi s o f  th e firs t  explici t  nod e I n 
th e passag e whic h activate d th e implici t  node .  Of  th e 
preserve d Inferenc e nodes ,  61 % wer e SD ,  34 % wer e PCD, 
and onl y 5 % wer e SCD.  Consequently ,  th e on-lin e repre -
sentatio n o f  a  targe t  statemen t  account s fo r  95 % o f  th e 
inference s associate d wit h th e statement ;  subsequen t 
contex t  add s ver v little . 26 8 
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Sonetlne s Implici t  node s ar e generate d sometim e 

durin g comprehensio n ,  bu t  ar e late r  dlsconfirmed . 
Ther e wer e 10 8 dlsconfirme d node s I n th e Cza r  story . 
Erroneou s S D node s wer e usuall y disconflrme d b y sub -
sequen t  context ,  rathe r  tha n bein g blocke d b y prio r 
context . 

We trace d th e entir e evolutio n o f  th e conceptua l 
grap h structure s a s passag e statement s ar e interprete d 
incrementally ,  statemen t  b y statement .  Thi s analysi s 
Include d bot h preserve d node s an d inferenc e nodes .  Th e 
analysi s o f  th e Cza r  stor y reveale d tha t  establishe d 
conceptualization s ar e rarel y restructure d a s ne w 
Informatio n i s received .  Ne w node s wer e rarel y Inserte d 
Inbetwee n ol d nodes ;  erroneou s ol d node s wer e rarel y 
remove d fro m chain s o f  ol d node s tha t  en d u p bein g 
preserved .  Instead ,  ne w node s wer e appende d t o ol d nodes ; 
erroneou s node s an d nod e chain s wer e prune d fro m ol d 
structures .  A  prunlng+appendln g mechanis m explaine d 
much o f  th e on-lin e constructio n o f  grap h structure s 
fo r  narrative . 

Schema Content and Structure 
A free generation plus Q/A method has been used to 
map ou t  th e conten t  an d structur e o f  schemas .  Conside r 
a DAUGHTER schema .  Individual s i n a  fre e generatio n 
grou p writ e dow n typica l  action s an d attribute s o f 
daughters .  Fre e generatio n node s includ e al l  statement s 
tha t  ar e produce d b y tw o o r  mor e Individuals .  A  secon d 
grou p o f  individual s participat e i n a  Q/ A task .  Eac h o f 
th e fre e generatio n node s ar e probe d wit h a  wh y an d a 
how question .  Th e fina l  se t  o f  node s includ e al l  state -
ment s produce d b y a t  leas t  tw o Individuals .  Conceptua l 
grap h structure s ar e the n prepare d fo r  schema s suc h a s 
th e DAUGHTER schema . 
We have identified 31 schemas that are relevant to 
th e Cza r  story .  Th e conten t  o f  thes e schema s ha s bee n 
analyze d usin g th e fre e generatio n plu s Q/ A method . 
Twent y o f  thes e schema s wer e classifie d a s microstruct -
ur e schema s becaus e the y referre d t o explicitl y  mentione d 
actors ,  objects ,  actions ,  o r  propertie s (e.g. ,  HERO, 
PALACE,  KIDNAP ,  ATTRACTIVENESS).  Ther e wer e 1 1 macro -
structur e schema s whic h wer e derive d fro m th e tex t  o n 
th e basi s o f  ou r  intuition s (e.g. ,  GOODNESS,  FAIRYTALE , 
RETURNING FAVOR) .  Th e numbe r  o f  node s pe r  schem a varie d 
fro m 3 2 t o 18 7 wit h a  mea n o f  9 3 nodes .  Th e numbe r  o f 
fre e generatio n node s varie d fro m 3  t o 2 2 wit h a  mea n o f 
13.  Therefore ,  th e Q/ A tas k expose d mos t  o f  th e schem a 
content . 
Passin g Schem a Node s t o Passag e Representation s 

Among th e 3 1 schema s relevan t  t o th e Cza r  story ,  ther e 
wer e 288 3 nodes .  Onl y 36 2 o f  thes e generi c node s matche d 
an inferenc e nod e i n th e passage .  Ther e wer e thre e type s 
of  matche s betwee n Inferenc e node s an d schem a nodes . 
Exact  matche s accounte d fo r  9 % o f  th e matches .  Mos t  o f 
th e matche s (86% )  Involve d a n argumen t  substitution ,  a s 
shown below : 

Schema node :  perso n ge t  exercis e 
Inferenc e node :  daughter s ge t  exercis e 

Some matche s (5% )  wer e mor e complex .  Sinc e onl y 13 % o f 
th e schem a node s wer e passe d t o th e conceptua l  grap h 
structur e fo r  th e passage ,  a  substantia l  numbe r  o f  schem a 
node s ar e someho w eliminated .  We ar e presentl y examinin g 
symboli c mechanism s tha t  migh t  explai n whic h generi c 
node s ar e passe d t o th e passag e structure . 

The schema s accounte d fo r  mos t  o f  th e node s I n th e 
Czar  stor y structure .  Fo r  79 % o f  th e implici t  passag e . 
nodes ,  ther e wa s a  matc h wit h a  nod e i n a t  leas t  on e 
schema.  Fo r  74 % o f  th e Inferenc e nodes ,  ther e wa s a 
matc h wit h a  nod e i n a t  leas t  on e microstructur e 
schema;  ther e wa s a  matc h wit h a  nod e i n a t  leas t 
one macrostructur e schem a fo r  31 % o f  th e inferenc e 
nodes .  On th e average ,  a n Inferenc e nod e ha d a  matc h 
wit h 1. 7 schemas .  We ar e presentl y examinin g ho w schem a 
structure s ar e synchronize d wit h structure s o f  passag e 
excerpts—a s passag e statement s ar e comprehende d 
on-line . 

Questio n Answering ,  Recall ,  an d Verificatio n Rating s 

Do the conceptual graph structures correspond closely 
t o huma n conceptualizations ? On e wa y t o asses s thi s i s 
t o examin e whethe r  th e structure s explai n behaviora l 
data .  We hav e extensivel y examine d pattern s o f  dat a i n 
thre e tasks :  questio n answering ,  recal l  o f  explici t 
information ,  an d verificatio n o f  node s i n th e grap h 
structure s (se e Craesser ,  1981 ;  Graesse r  e t  al. ,  1981) . 
The result s o f  thes e analyse s hav e bee n encouraging . 
We assumed that specific symbolic procedures are 
invoke d i n an y give n behaviora l  task .  Mos t  o f  th e sym -
boli c procedure s wer e writte n i n th e for m o f  a  product -
io n system .  A  productio n syste m operate s o n a  conceptua l 
grap h structur e an d thereb y generate s expecte d output . 
Hopefully ,  th e expecte d outpu t  woul d matc h closel y t o 
th e obtaine d behaviora l  output .  Fo r  example ,  w e formula -
te d productio n system s fo r  specifi c  type s o f  questions . 
The productio n syste m fo r  on e typ e o f  questio n follow s 
differen t  path s o f  arc s an d node s tha n doe s tha t  o f 
anothe r  typ e o f  question ;  th e expecte d answer s woul d 
therefor e b e differen t  fo r  th e tw o type s o f  questions . 
The productio n system s an d grap h structure s hav e 
togethe r  accounte d fo r  90 % o f  th e specifi c  answer s t o 
specifi c  questions . 
Final Comments 
We have been Impressed with the Q/A method as an 
empirica l  techniqu e fo r  explorin g comprehension .  Th e 
metho d ca n b e use d t o dra g ou t  th e implici t  knowledg e 
tha t  i s par t  o f  passag e representation s an d schemas . 
The metho d ca n als o b e use d t o trac e th e proces s o f 
constructin g structure s whil e passage s ar e comprehende d 
on-line .  Ou r  researc h ha s uncovere d dozen s o f  informa -
tiv e trend s whic h hav e Importan t  implications .  However , 
I t  i s  beyon d th e scop e o f  thi s presentatio n t o repor t 
many o f  th e interestin g observation s (se e Graesser , 
1981) .  I t  suffice s t o sa y tha t  th e dat a ar e suffici -
entl y ric h an d distinctiv e t o discove r  ne w piece s t o 
th e puzzle s o f  comprehension . 
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