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Answerin g Why-Quest ions : 

Test of a Psychological Model of Question Answering 

Jonatha n M .  Goldin g Arthu r  C .  Graesse r 
Memphis Stat e Universit y Memphi s Stat e Universit y 

Abstrac t 

We conducted an experimental test of the Graesser and 
Clar k (1985 )  mode l  o f  question-answerin g fo r  why -
questions .  Thi s mode l  specifie s ho w individual s answe r 
differen t  type s o f  question s b y searchin g throug h 
variou s source s o f  informatio n afte r  comprehendin g a 
text .  Th e source s o f  informatio n includ e th e passag e 
structur e an d th e generi c knowledg e structure s whic h 
ar e associate d wit h th e conten t  word s i n th e query . 
Afte r  thes e knowledg e structure s ar e activate d i n 
workin g memory ,  searc h component s narro w dow n a  se t  o f 
relevan t  answers .  A  subse t  o f  thes e component s wer e 
teste d i n thi s experiment :  (1 )  a n ar c searc h procedur e 
specifyin g whic h node s an d arc s withi n a n informatio n 
sourc e ar e sample d fo r  answer s t o a  why-question ;  (2 ) 
ar c distance ,  th e numbe r  o f  arc s i n th e 
representationa l  networ k tha t  connec t  th e querie d nod e 
t o th e answe r  node ;  an d (3 )  th e intersectio n o f 
informatio n betwee n th e passag e structur e an d th e 
generi c knowledg e structure s associate d wit h th e query . 
Afte r  readin g shor t  stories ,  subject s wer e presente d 
wit h question s an d a  numbe r  o f  theoretica l  answer s t o 
eac h question .  Subject s wer e time d a s the y judge d 
whethe r  eac h answe r  wa s "Good "  (appropriat e an d 
relevant )  o r  "Bad "  (inappropriat e o r  i r re levant) . 
Result s supporte d th e validit y o f  th e ar c searc h 
procedur e i n tha t  subject s robustl y dist inguishe d 
theoreticall y goo d answer s fro m theoretical l y ba d 
answer s t o specifi c  questions . 

Thi s pape r  report s a n empirica l  tes t  o f  Graesse r  an d 
Clark' s (1985 )  mode l  o f  questio n answerin g i n th e contex t  o f 
why-quest ions .  Thi s mode l  i s a n extensio n o f  earl ie r  model s 
o f  question-answerin g (Graesse r  &  Murachver ,  1985 ;  Graesser , 
Robertson ,  &  Anderson ,  1981 ;  Lehnert ,  1978 ) ,  an d i s 
develope d fro m a  ric h dat a bas e o f  questio n answerin g 
protocol s an d othe r  relevan t  dat a (fo r  detai l s abou t 
methods ,  se e Graesse r  &  Clark ,  1985) .  Th e mode l  specif ie s 
(1 )  th e majo r  source s o f  informatio n tha t  ar e tappe d fo r 
answer s t o question s an d (2 )  th e processin g component s tha t 
acces s node s withi n th e relevan t  informatio n sources . 
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Ther e ar e tw o majo r  informatio n source s fo r  answer s t o 
quest ions :  th e passag e structur e an d generi c knowledg e 
structure s (GKSs) .  Th e passag e structur e include s explici t 
statement s an d knowledge-base d inference s tha t  ar e neede d 
fo r  establ ishin g coherenc e betwee n th e explici t  statements . 
Th e generi c knowledg e structure s ar e eithe r  associate d wit h 
expl ic i t  conten t  word s i n a  quer y o r  wit h highe r  leve l  GKSs 
whic h ar e tr iggere d b y pattern s o f  informatio n (e.g , 
FAIRYTALE) .  Fo r  example ,  conside r  th e questio n "Wh y di d th e 
drago n kidna p th e maidens? "  i n th e contex t  o f  narrativ e 
passag e N .  Fou r  informatio n source s woul d b e searche d fo r 
answers :  passag e N ,  th e GK S fo r  DRAGON,  th e GK S fo r  KIDNAP , 
an d th e GK S fo r  MAIDEN.  Th e fou r  passage s Graesse r  an d 
Clar k (1985 )  studie d containe d 2 5 explici t  statement s an d 
10 0 inferences ,  o n th e average .  I n addit ion ,  a  typica l 
passag e activate d 3 5 GKSs ,  wi t h approximatel y 16 0 statemen t 
node s i n eac h GKS. 

Each passage and each GKS were represented in the form 
o f  a  conceptua l  grap h structure .  A  structur e contain s 
proposit ion- l ik e statemen t  node s tha t  ar e interrelate d b y a 
networ k o f  categorized ,  directe d arcs .  Eac h statemen t  nod e 
i s assigne d t o on e o f  fiv e categories :  Event ,  State ,  Goal , 
Act ion ,  an d Style .  Ar c categorie s included :  Reason , 
Outcome ,  Ini t iate ,  Manner ,  Consequence ,  Implies ,  Property , 
Set  Membership ,  an d Referentia l  Pointer .  Graesse r  an d Clar k 
(1985 ,  Chapte r  2 )  hav e define d th e statemen t  nod e an d ar c 
categorie s i n detai l .  Fo r  th e purpos e o f  th e presen t  paper , 
i t  i s  importan t  t o not e tha t  th e conceptua l  grap h i s 
structure d accordin g t o expl ici t ,  quasi-forma l  constraints . 

There are seven major components involved in accessing 
informatio n source s an d convergin g o n a  smal l  se t  o f 
answer s relevan t  t o a  question .  Thes e includ e (1 )  workin g 
memory,  (2 )  th e activatio n o f  knowledg e structure s i n 
workin g memory ,  (3 )  ar c searc h procedure s (specifyin g 
" legal "  ar c p a t h s ) ,  (4 )  priori t ie s amon g knowledg e 
structure s i n workin g memory ,  (5 )  th e intersectio n 
between/amon g knowledg e structures ,  (6 )  distanc e betwee n 
node s (ar c d is tance) ,  an d (7 )  constraint s o n knowledg e 
structures .  Fo r  example ,  whe n answerin g a  why-questio n 
involvin g a n actio n (e.g. ,  "Wh y di d th e drago n kidna p th e 
ma idens?" ) ,  specif i c  informatio n woul d b e activate d i n 
workin g memor y (th e passag e structure ,  an d th e GKSs fo r 
DRAGON,  KIDNAP ,  an d MAIDEN) .  A n entr y nod e (E )  i n workin g 
memory woul d b e foun d whic h matche d th e querie d statement . 
An ar c searc h procedur e woul d examin e path s o f  arc s 
radiat in g fro m nod e E  t o superordinat e goal s vi a forwar d 
Reaso n arc s an d backwar d Manne r  arcs .  Finally ,  convergenc e 
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mechanism s (e.g. ,  intersectio n betwee n structures , 
pr ior i t ies ,  constraints )  woul d converg e furthe r  o n a  se t  o f 
relevan t  answers . 

Testing Components of the Model 

The present experiment focuses on three of the model's 
component s fo r  why-questions :  ar c searc h procedures ,  ar c 
distance ,  an d th e intersectio n o f  informatio n betwee n th e 
passag e structur e an d th e GKSs associate d wit h th e query . 
Sixtee n subject s rea d tw o shor t  storie s analyze d b y Graesse r 
an d Clar k (1985) .  Afte r  readin g eac h story ,  subject s wer e 
presente d wit h fou r  why-even t  question s an d fou r  why-actio n 
question s o n a  CRT .  Followin g eac h questio n wer e a  numbe r 
of  differen t  answer s t o tha t  question .  Subject s wer e aske d 
t o decid e (b y pressin g a  specifi c  key )  whethe r  eac h answe r 
was "good "  (appropriat e an d relevant )  o r  "bad " 
(inappropriat e o r  i r re levant) ,  base d o n th e story .  I n 
additio n t o recordin g good/ba d judgments ,  decisio n t im e wa s 
measure d i n mil l iseconds .  Eac h subjec t  mad e judgment s fo r 
25 6 answers ,  altogether . 

An answer to a specific question was designated as 
"theoreticall y good "  i f  th e ar c searc h procedur e generate d 
th e answer .  Fo r  eac h goo d answe r  ther e wa s a  lega l  pat h o f 
arc s betwee n th e querie d nod e an d th e answe r  nod e i n th e 
passag e structure .  Otherwise ,  a n answe r  wa s designate d a s 
"theoreticall y bad. "  Ar c distanc e wa s define d a s th e numbe r 
of  arc s (i n th e passag e structure )  betwee n th e querie d nod e 
an d th e answe r  node .  Eac h answe r  wa s als o scale d o n th e 
number  o f  intersectin g GKSs .  A  GK S wa s score d a s 
"intersecting "  i f  i t  containe d a  nod e tha t  matche d th e 
answe r  node .  Fo r  example ,  ther e woul d b e a  matc h betwee n 
th e answe r  nod e "th e daughte r  cried "  an d "th e perso n cried " 
i n th e GK S fo r  KIDNAP .  Base d o n th e Graesse r  an d Clar k 
model ,  i t  wa s predicte d that :  (1 )  subject s woul d distinguis h 
theoreticall y goo d fro m ba d answers ,  (2 )  subject s woul d 
respon d mor e quickl y t o answer s havin g a  greate r  overla p 
betwee n passag e knowledg e an d GKSs associate d wit h th e quer y 
(se e als o Reder ,  1982) ,  an d (3 )  woul d tak e longe r  t o respon d 
t o answer s whic h wer e mor e arc s awa y fro m th e entr y nod e 
(se e als o Anderson ,  1983 )  . 

Analyses robustly confirmed the validity of the arc 
searc h procedure s fo r  why-actio n an d why-even t  questions . 
Subject s correctl y judge d goo d theoretica l  answer s a s "good " 
( M =  .6 5 fo r  action s an d M =  .  6 2 fo r  events )  mor e tha n the y 
judge d ba d answer s a s "good "  ( M =  .2 0 fo r  action s an d 
M =  .2 3 fo r  events) .  Multipl e regressio n analyse s wer e 
performe d t o asses s th e impac t  o f  severa l  predicto r 
variable s o n th e subjects '  likelihoo d o f  judgin g a n answe r 
as good .  Th e importan t  predictor s include d whethe r  th e 
answe r  wa s theoreticall y goo d o r  theoreticall y ba d 
(GOOD/BAD),  th e numbe r  o f  GKSs wit h node s tha t  intersec t  th e 
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answe r  nod e ( INTERSECT) ,  an d th e numbe r  o f  arc s betwee n th e 
entr y nod e an d th e answe r  nod e (DISTANCE) .  A  les s importan t 
predicto r  wa s th e l ikelihoo d tha t  a  part icula r  answe r 
presente d i n th e experimen t  ha d bee n generate d t o it s 
associate d questio n b y a n independen t  grou p o f  subject s i n 
Graesse r  an d Clark' s (1985 )  questio n answerin g tas k 
(GENERATE).  I n addit ion ,  eac h answe r  wa s scale d o n othe r 
predicto r  var iable s whic h wer e no t  o f  direc t  concer n i n thi s 
stud y (e.g. ,  numbe r  o f  word s i n th e answer ,  difference s 
betwee n stor ies ,  whethe r  th e answe r  wa s a  state ,  event ,  o r 
g o a l ) .  Amon g th e predictors ,  ther e wa s n o proble m o f  co -
l ineari t y fo r  eithe r  action s (rang e r^ = -.3 5 t o .34 )  o r 
event s (rang e r^ = -.2 5 t o . 3 8 ) ,  excep t  fo r  GENERATE an d 
GOODBAD (actio n r ^  =  .5 9 an d even t  r ^  =  . 5 0 ) . 

The overall regression equations were significant for 
bot h answer s t o why-act io n questions ,  F(7,125 )  =  18.50 , 
p <  .01 ,  R ^  =  .5 1 an d answer s t o why-even t  quest ions , 
F (7 ,  135 )  =  12.35 ,  p  <  -01 ,  R ^  =  .39 .  A s show n i n Tabl e 1 , 
th e bet a weight s indicat e tha t  GOOD/BAD wa s th e onl y 
signif ican t  predicto r  variabl e fo r  bot h o f  thes e questio n 
types .  I n fact ,  GOOD/BAD accounte d fo r  mos t  o f  th e 
predictabl e varianc e fo r  bot h action s (R ^  =  .46 )  an d event s 
(r 2 =  . 3 4 ) .  I t  i s  importan t  t o not e tha t  th e GENERATE 
predicto r  wa s onl y marginall y signif ican t  fo r  th e querie d 
events .  Thus ,  th e theoretica l  ar c searc h procedur e 
(reflecte d i n th e GOOD/BAD variable )  i s a  mor e robus t 
predicto r  tha n simpl y th e numbe r  o f  peopl e wh o generat e a 
specif i c  answe r  t o a  specif i c  questio n i n a  quest ion -
answerin g task . 

Another set of multiple regression analyses were 
performe d o n decisio n latencies ,  usin g th e sam e predicto r 
var iables .  Th e overal l  regressio n equation s significantl y 
predicte d latencie s fo r  act ions ,  F(7 ,  125 )  =  6.37 ,  p  <  .01 , 
R^  =  .26 ,  an d fo r  events ,  F(7 ,  135 )  =  5.98 ,  p  <  .01 , 
R^  =.24 .  Th e beta-weight s i n Tabl e 2  indicat e tha t  GOOD/BAD 
was agai n th e onl y signif ican t  predictor .  Decisio n 
latencie s wer e signif icantl y longe r  fo r  goo d answer s tha n 
ba d answers . 

The lack of effects for arc distance (DISTANCE) and 
intersectin g GKSs (INTERSECT )  le d t o additiona l  mult ipl e 
regressio n analyses .  I t  wa s fel t  tha t  th e overal l  spee d o f 
a judgmen t  migh t  hav e determine d whethe r  th e predicto r  ha d 
an effec t  o n decisio n latencies .  Perhap s th e DISTANC E an d 
INTERSECT variable s ar e signif ican t  onl y whe n decisio n 
latencie s ar e comparativel y fast ;  th e effec t  ma y b e maske d 
by othe r  processe s whe n th e decisio n latencie s ar e ver y 
long .  Th e analyse s wer e conducte d o n th e fou r  fastes t  t ime s 
an d fou r  slowes t  t ime s fo r  eac h answer ,  segregatin g querie d 
act ion s an d querie d events .  Onc e again ,  however ,  GOOD/BAD 
was th e onl y consisten t  signif ican t  predictor .  Moreover , 
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accurac y wa s essentiall y  equa l  fo r  th e fas t  an d slo w 
judgments .  Regardles s o f  th e t im e take n t o mak e th e 
judgment ,  th e ar c searc h procedur e yielde d th e sam e degre e 
o f  accuracy . 

Discussion 

This experiment investigated three components of 
Graesse r  an d Clark' s (1985 )  mode l  o f  questio n answering :  ar c 
searc h procedures ,  ar c distance ,  an d th e intersectio n 
betwee n th e passag e structur e an d GKSs associate d wit h th e 
query .  Ther e wa s clea r  suppor t  fo r  th e ar c searc h 
component .  Fo r  bot h event s an d act ions ,  subject s robustl y 
distinguishe d goo d theoretica l  answer s fro m ba d theoretica l 
answers .  Decisio n latencie s wer e longe r  fo r  th e goo d 
theoretica l  answer s tha n th e ba d theoretica l  answers .  Thes e 
result s underscor e th e importanc e o f  specifyin g th e lega l 
path s o f  arc s an d node s whil e searchin g fo r  answer s durin g 
questio n answering . 

The lack of significant effects for other predictor 
variable s await s furthe r  investigation .  Th e lac k o f  a n ar c 
distanc e effect ,  especiall y i n th e fast-slo w analyse s i s 
perplexing .  Th e us e o f  cohesiv e text s ma y hav e maske d thi s 
effect .  Perhap s th e effect s o f  ar c distanc e an d passage-GK S 
intersectio n wil l  emerg e fo r  expositor y tex t  an d narrative s 
whic h d o no t  fi t  a  clea r  scrip t  o r  prototypica l  stor y forma t 
(e.g .  Keenan ,  Bail let ,  &  Brown ,  1984 )  . 

The absence of an effect for passage-GKS intersection 
migh t  b e a  resul t  o f  th e typ e o f  questio n bein g studied . 
Why-question s generall y prob e th e explici t  statement s an d 
comprehension-generate d inference s i n th e passag e structur e 
(Graesse r  &  Clark ,  1985) .  Consequently ,  th e GKSs ma y hav e 
ha d a  minima l  rol e i n questio n answerin g procedures .  Othe r 
type s o f  question s migh t  highligh t  th e rol e o f  GKSs durin g 
questio n answering .  Fo r  example ,  how-question s involv e GKSs 
t o a  greate r  exten t  tha n th e passag e structure .  Perhap s th e 
passage-GK S intersectio n wil l  b e mor e pronounce d whe n how -
question s ar e analyze d i n th e contex t  o f  ou r  narrat iv e 
passages . 
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Tabl e 1 

Question Answering Data for Answers to Why-Questions 

Regression Coefficients of Predictor Variables"'-: 

Probability of Saying Good Answer 

Queried Queried 
Actio n Even t 

GOOD/BAD .61*** .48*** 
INTERSECT .15* *  .0 4 
DISTANCE -.0 2 .0 1 
GENERATE -.0 2 .17* * 

Regression Coefficients of Predictor Variables-*-: 

Decision Latencies 

Queried Queried 
Actio n Even t 

GOOD/BAD .16* .25*** 
INTERSECT .0 3 .0 3 
DISTANCE -.0 4 .1 0 
GENERATE -.1 5 -.0 7 

*  p  <  .1 0 
* *  p  <  .0 5 
** *  p  <  .0 1 

'-GOOD/BA D :  whethe r  a n answe r  wa s generate d b y 
theoretica l  ar c searc h procedure . 

INTERSECT:  numbe r  o f  GKSs wit h a  nod e intersectin g th e 
answe r  nod e i n th e passag e structure . 

DISTANCE :  numbe r  o f  arc s betwee n querie d nod e an d 
answe r  nod e i n passag e structure . 

GENERATE :  numbe r  o f  subject s wh o woul d generat e th e 
specifi c  answe r  t o th e questio n i n 
question-answerin g protocols . 
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