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A MODEL OF QUESTION ANSWERING 

Arthur C. Graesser David KoIzimI . 
Meiphl s Stat e Universit y Californi a Stat e University ,  Fullerto n 

George Va«os C. Scott El ofson 
Universit y o f  Souther n Californi a Californi a Stat e University ,  Fullerto n 

Abstrac t 

This short report sumrlzes a new lodel of question answering that 
we hav e develope d an d tested .  Th e lode l  specifie s ho w huaan s answe r 
•an y differen t  kind s o f  question s (Includin g wh ^  how ,  when ,  where . 
enablement .  consequence ,  an d significanc e questions )  afte r 
comprehendin g narrativ e passages .  Fo r  example .  I f  a  narrativ e 
passag e containe d th e episod e th e drago n kidnappe d th e maidens ,  th e 
i^y-questlo n fo r  thi s episod e woul d b e wh ^  di d th e drago n kidna p 
th e maidens ? an d possibl e answer s woul d b e becaus e th e drago n 
wante d t o e| t  th e maiden s an d becaus e th e drago n wa s lonely . 
Accordin g to  th e model ,  th e majo r  Informatio n source s fo r  answer s 
t o question s Includ e th e passag e structur e an d th e generi c 
knowledg e structure s tha t  ar e associate d wit h th e conten t  word s I n 
th e quer y (I.e. ,  DRAGON,  miDEN ,  KIDNAPPING) .  Afte r  thes e 
knowledg e structure s ar e activate d I n workin g memory ,  ther e ar e 
convergenc e mechanism s whic h narro w dow n th e nod e spac e t o a  se t  o f 
relevan t  answer s to  a  give n question .  Th e convergenc e mechanism s 
Involv e fou r  majo r  components .  First ,  ther e I s a n ar c searc h 
procedure ,  associate d wit h eac h questio n category ,  whic h specifie s 
)^ t  categorie s an d path s o f  arc s ar e sample d whe n knowledg e 
structure s ar e tappe d fo r  answers .  Second ,  ther e ar e a  se t  o f 
heuristic s fo r  establishin g prioritie s amon g knowledg e structures . 
Third ,  ther e I s a n Intersectin g nod e Identifie r  whic h segregate s 
thos e node s I n a  give n knowledg e structur e whic h overla p (match )  a 
node I n a t  leas t  on e othe r  knowledg e structur e I n workin g memory . 
Fourth ,  ther e I s a  constrain t  propagatio n componen t  whic h prune s 
out  erroneou s node s durin g th e evaluatio n o f  (a )  th e intersectin g 
node s an d (b )  th e node s tha t  radiat e fro m Intersectin g nodes .  Th e 
model  ha s bee n teste d b y simulatin g questio n answerin g protocol s 
collecte d fro m huma n subjects . 

This paper summarizes a model which accounts for the answers that 
adult s giv e t o question s afte r  the y comprehen d simpl e narrativ e passages . 
For  example ,  suppos e tha t  th e comprehende r  read s a  passag e abou t  a  drago n 
who kidnap s som e maiden s I n a  fores t  an d som e heroe s wh o rescu e th e 
maiden s fro m th e dragon .  (O f  course ,  th e settin g an d plo t  woul d b e a  bi t 
more embellished. )  Afte r  th e passag e I s read ,  th e comprehende r  may b e 
aske d a  numbe r  o f  question s abou t  th e episode s I n th e passage .  Th e 
followin g action s coul d b e aske d abou t  th e episod e th e drago n kidnappe d 
th e maidens) ; 
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Why di d th e drago n kidna p th e laldens ? 
How di d th e drago n kidna p th e M l  dens ? 
yhe n di d th e drago n kidna p th e Midens ? 
Where di d th e drago n kidna p th e Midens ? 
Uhat  enable d th e drago n t o kidna p th e Midens ? 
What  ar e th e consequence s o f  th e drago n kidnappin g th e Midens ? 
What  I s th e significanc e o f  th e drago n kidnappin g th e Midens ? 

The proposed todel explains how adults answer these seven categories of 
question s (why ,  how ,  >*«n ,  where ,  enableient ,  consequence ,  an d 
significance) .  Th e tode l  specifie s th e knowledg e structure s tha t  ar e 
tappe d fo r  answer s an d th e proces s o f  convergin g o n th e relevan t  answer s 
t o specifi c  questions . 

During the last decade, researchers In artificial intelligence have 
vigorousl y Investigate d th e proces s o f  questio n answerin g i n th e contex t 
of  narrativ e tex t  an d Mjndan e worl d knowledg e (Bobro w &  Winograd ,  1977 ; 
Oyer ,  1983 ;  Lehnert ,  1978 ;  Schan k &  Abe l  son ,  1977) .  However ,  researc h i n 
cognitiv e psycholog y ha s onl y recentl y begu n t o eierg e (se e Graesse r  & 
Black ,  1985) .  Perhap s th e tos t  comprehensiv e psychologica l  Mode l  o f 
questio n answerin g wa s Introduce d an d develope d b y Graesse r  (Graesser , 
1981 ;  Graesse r  &  Clark ,  1985 ;  Graesse r  &  Nurachver ,  1985 ;  Graesser , 
Robertson ,  &  Anderson ,  1981) .  Th e presen t  «ode l  constitute s a  Mjo r 
extensio n an d Modificatio n o f  Graesser' s earlie r  wor k o n questio n 
answering . 

A Rich Data Base for Testing Models of Question Answering 

Graesser has collected an extensive set of question answering 
protocol s an d othe r  relevan t  dat a fro R adul t  subject s (Graesse r  &  Clark , 
1985) .  Thes e dat a provid e a  testbe d fo r  evaluatin g alternativ e Model s o f 
questio n answering .  First ,  Graesse r  ha s ha s Mppe d ou t  passag e structure s 
fo r  fou r  shor t  narrativ e passage s whic h var y I n coheslveness .  Th e passag e 
structure s Includ e explici t  stateMent s an d knowledge-base d Inference s tha t 
ar e neede d fo r  establishin g conceptua l  connectivit y betwee n explici t 
statements .  Th e bridgin g Inference s wer e extracte d fro M subject s 
empiricall y (fo r  detail s abou t  Methods ,  se e Graesse r  an d Clark ,  1965) . 
Second ,  Graesse r  Mppe d ou t  generi c knowledg e structure s (GKSs )  associate d 
wit h explici t  conten t  word s I n th e fou r  narrativ e passage s an d wit h 
higher-leve l  GKSs whic h ar e triggere d b y pattern s o f  InforMtlon .  Again , 
th e conten t  o f  eac h GKS wa s extracte d eiiplrlcall y fro M huM n subject s (se e 
Graesse r  an d Clark ,  198 5 fo r  details) .  Third ,  Graesse r  collecte d questio n 
answerin g protocol s fro M adul t  subject s afte r  the y coMprehende d th e fou r 
narrativ e passages .  Graesse r  querie d eac h statemen t  i n th e passage s wit h 
seve n question s (why ,  how ,  when ,  where ,  enableMent ,  consequence ,  an d 
significance) .  Thus ,  ther e wa s a n answe r  distributio n fo r  eac h specifi c 
question .  Thes e dat a (an d othe r  dat a whic h w e wil l  no t  discus s here ) 
provide d a  ric h dat a bas e fo r  discoverin g questio n answerin g MechanlsM S 
and fo r  testin g Model s o f  questio n answering .  Th e Mode l  propose d i n thi s 
paper  i s grounde d I n a  ric h foundatio n o f  dat a collecte d fro M adults . 

The knowledge eMbodled In each passage structure and GKS was 
translate d Int o a  conceptua l  grap h structure .  A  conceptua l  grap h 
structur e I s a  se t  o f  categorize d stateMen t  node s whic h ar e Interrelate d 
by a  networ k o f  categorized ,  directe d arcs .  I n th e representationa l 
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syste i  adopte d b y Graesse r  an d Clar k (1965) ,  a  statemen t  nod e I s a 
proposition-lik e descriptio n tha t  I s assigne d t o on e o f  fiv e categories : 
Event ,  State ,  Goal ,  Action ,  an d Styl e specification .  Ther e ar e nin e ar c 
categories :  Reason ,  Outcote ,  Initiate ,  Manner ,  Consequence ,  Iiplles , 
Property ,  Se t  Membership ,  an d Referentia l  Pointer .  I t  I s  beyon d th e scop e 
of  thi s report ,  however ,  t o defin e thes e nod e an d ar c categories .  Th e 
Importan t  poin t  I s tha t  th e empiricall y extracte d knowledg e wa s structure d 
accordin g t o a  representationa l  syste i  develope d b y Graesse r  an d Clar k 
(1965) . 

When considering the four narrative passages, an average passage 
containe d 12 5 statemen t  nodes ,  wit h 2 5 explici t  node s an d 10 0 Inferenc e 
nodes .  A  typica l  passag e activate d 3 5 GKSs.  Approximatel y two-third s o f 
th e GKSs associate d wit h a  passag e corresponde d t o a  conten t  wor d I n th e 
text .  Fo r  example ,  th e passag e statemen t  th e drago n kidnappe d th e maiden s 
woul d activat e thre e GKSs:  DRAGON,  KIDNAP ,  an d MAIDEN.  Th e othe r  thir d o f 
th e GKSs wer e pattern-activate d GKSs,  tha t  Is ,  the y wer e triggere d b y 
pattern s o f  Informatio n rathe r  tha n explici t  word s I n th e tex t  (e.g. , 
FAIRYTALE,  CONFLICT,  FEAR) .  A n averag e GKS containe d 16 6 statemen t  node s 
I n It s conceptua l  grap h structure .  Onc e again ,  th e node s I n thes e 
structure s ha d bee n extracte d empiricall y fro m huma n subjects . 

One Problem with Graesser's Previous Models of Question Answerlng 

Graesser's previous models (Graesser & Murachver, 1965) went a long 
way I n explainin g th e answer s tha t  human s produc e whe n the y answe r  th e 
seve n categorie s o f  questions .  Th e model s Identifie d th e majo r 
Informatio n source s fo r  th e answer s t o th e questions .  Specifically ,  75 -
60 % o f  th e answer s t o question s ta p node s i n eithe r  (a )  th e passag e 
structur e o r  (b )  th e GKSs correspondin g t o th e conten t  word s i n th e query . 
For  example ,  suppos e tha t  th e questio n I s  wh] ^  di d th e drago n kidna p th e 
maidens ? I n th e contex t  o f  narrativ e passag e N .  Th e answer s t o thi s 
questio n woul d com e fro m fou r  knowledg e structures :  passag e structur e N , 
th e GKS fo r  DRAGON,  th e GKS fo r  KIDNAP ,  an d th e GKS fo r  MAIDEN. 
Graesser' s previou s model s als o Identifie d th e ar c searc h procedure s 
associate d wit h th e differen t  questio n categories .  A n ar c searc h 
procedur e specifie s th e categorie s o f  arc s tha t  ar e sample d whe n searchin g 
throug h knowledg e structure s fo r  answers .  Fo r  example ,  answer s t o why -
Actio n question s sampl e forwar d Reaso n arc s (leadin g t o superordinat e 
goals )  an d backwar d Initiat e arc s (correspondin g t o events ,  states ,  an d 
action s tha t  Initiat e goal s I n animat e agents) .  Th e ar c searc h procedure s 
of  othe r  questio n categorie s ar e different .  Graesse r  reporte d tha t  96 % o f 
th e obtaine d answer s t o question s woul d b e generate d I f  th e theoretica l 
ar c searc h procedure s wer e applie d t o th e relevan t  knowledg e structure s 
(give n tha t  th e answe r  nod e ca n b e foun d I n thes e knowledg e structures) . 

There was one major problem with Graesser's previous models of 
questio n answering .  Th e model s generate d to o man y theoretica l  answer s t o 
specifi c  question s whe n theoretica l  questio n answerin g procedure s wer e 
applie d t o th e relevan t  knowledg e structures .  Fo r  example ,  th e mode l 
woul d generat e 5 0 answer s t o a  questio n (ou t  o f  thousand s o f  nodes ) 
wherea s adult s woul d generat e onl y 10 .  Thus ,  ther e wa s a  convergenc e 
proble m I n th e models—th e model s di d no t  satisfactoril y  converg e o n a 
smal l  se t  o f  answer s tha t  ar e relevan t  t o th e question .  Ou r  ne w mode l  o f 
questio n answerin g doe s a  bette r  Jo b capturin g convergenc e mechanisms . 
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The Ne w Hode l  o f  Questio n Answer 1 r w 

The new aodel of question answering Incorporates Many of the 
assumption s an d component s o f  Graesser' s earlie r  models .  However ,  th e 
new mode l  addresse s th e proble m o f  convergenc e mor e satisfactorily . 
Liste d belo w ar e th e si x majo r  component s o r  propertie s o f  th e ne w model . 

Working memory. During the process of answering a question, 
knowledg e structure s ente r  a  limite d capacit y workin g memor y an d Interac t 
wit h eac h other .  Sometime s on e structur e directl y communicate s wit h 
anothe r  knowledg e structur e accordin g t o a  privat e lin e o r  part y line . 
Alternatively ,  on e structur e may pos t  constraint s tha t  ar e broadcaste d t o 
al l  othe r  knowledg e structure s I n workin g memory . 

Activation of knowledge structures In working memory. During 
questio n answering ,  a  give n knowledg e structur e I s activate d I n workin g 
memory throug h patter n recognitio n processes .  Graesse r  an d Clar k (1965 ) 
specifie d wha t  knowledg e structure s occup y workin g memor y durin g passag e 
comprehensio n an d durin g questio n answering .  We adopte d thes e assumption s 
I n th e presen t  model .  Specifically ,  whe n a  questio n I s aske d (e.g. ,  wh ^ 
di d th e drago n kidna p th e maidens? )  th e knowledg e structure s I n workin g 
memory Includ e (a )  th e passag e structur e (actually ,  a  proximat e 
substructur e fro m th e passag e structure) ,  (b )  th e GKSs correspondin g t o 
th e conten t  word s I n th e questio n (I.e. ,  DRAGON,  KIDNAP ,  an d miDEH) ,  an d 
(c )  occasionall y som e pattern-activate d GKSs (e.g. ,  EVILNESS ,  FAIRYTALE) . 

Arc search procedure. For each question category, there Is an arc 
searc h procedur e t l̂c h specifie s th e lega l  path s o f  arc s tha t  may b e 
pursue d whe n th e procedur e I s applie d t o a  knowledg e structure .  We 
adopte d th e ar c searc h procedure s specifie d I n Graesse r  an d Clar k (1985 ) 
becaus e the y prove d t o b e satisfactor y I n accountin g fo r  th e questio n 
answerin g protocols . 

Priorities among knowledge structures In working memory. We adopted 
a se t  o f  heuristic s fo r  establishin g prioritie s amon g knowledg e structure s 
I n workin g memory .  Thes e heuristic s wer e neede d fo r  resolvin g conflict s 
when knowledg e structure s Interac t  I n workin g memory .  Fo r  example ,  on e 
heuristi c I s tha t  th e passag e structur e ha s priorit y ove r  GKSs I n workin g 
memory.  Anothe r  heuristi c I s tha t  th e GKS associate d wit h th e ver b ha s 
priorit y ove r  th e GKSs associate d wit h noun s I n th e query .  I t  shoul d b e 
note d tha t  th e verb s conve y action/even t  Informatio n tha t  I s centra l  t o 
th e plo t  I n narrativ e passages . 

Intersecting nodes. ^k>des that Intersect (I.e., match, overlap) 
between/amon g knowledg e structure s hav e a  specia l  statu s I n th e questio n 
answerin g process .  Th e analyse s reveale d tha t  th e intersectin g node s ha d 
a muc h highe r  likelihoo d o f  bein g produce d a s answer s t o question s tha n 
di d th e nonlntersectin g nodes .  Moreover ,  node s tha t  wer e proximat e t o 
Intersectin g node s wer e produce d a s answer s wit h a  highe r  likelihoo d tha n 
wer e distan t  nodes .  When w e Inspecte d th e knowledg e structure s I n workin g 
memory,  w e foun d tha t  th e likelihoo d o f  producin g a n answe r  decrease d 
exponentiall y  a s a  functio n o f  th e distanc e fro m th e neares t  Intersectin g 
node . 
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Constrain t  propagation .  When knowledg e structur e X  ha s priorit y ove r 
knowledg e structur e Y  I n workin g leiory ,  constraint s fro R X  ar e lupose d 
on knowledg e structur e Y  an d thereb y prun e ou t  node s i n Y  fro i 
consideratio n (a s answer s t o th e question) .  We Identifie d lan y o f  th e 
criteri a fo r  prunin g ou t  node s I n th e constrain t  propagatio n lechanlsi . 
One criterio n I s direc t  contradiction .  A  nod e I n structur e X  directl y 
contradict s a  nod e structur e Y ,  s o th e nod e I n Y  I s prune d fro i 
consideratio n (a s wel l  a s al l  node s tha t  radiat e fro a th e prune d node , 
away fro i  th e neares t  intersectin g node) .  Othe r  criteri a includ e tli e 
frai e Incoapatibil l  ties ,  argumen t  fraa e Inconpatlblltles ,  an d conflict s I n 
resource s » ^ n agent s tr y t o execut e plan s (se e Wllensky ,  1983) . 

It Is Important to emphasize that the assumptions of our lodel of 
questio n answerin g wer e discovere d and/o r  teste d b y examinin g th e rich , 
qualitativ e databas e tha t  wa s collecte d I n Graesse r  an d Clark' s (1985 ) 
earlie r  study .  Moreover ,  part s o f  th e tode l  hav e bee n simulate d o n 
compute r  I n LIS P an d I n PROLOG. 
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