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Abstrac t 

We investigated how college students answer questions 
abou t  th e conten t  o f  illustrate d expositor y text .  Subject s 
studie d illustrate d text s describin g causa l  even t  chain s tha t 
unfol d durin g th e operatio n o f  everyda y machines . 
Subject s subsequentl y provide d writte n answer s t o 
question s abou t  event s occurrin g i n eac h machine .  Fou r 
type s o f  question s wer e asked :  wh y di d even t  X  occur? . 
hQw di d X  occur? ,  wha t  ar e th e gonsequence s p f  X 
occurring? ,  an d wha t  i f  X  didn' t  occur? .  I n ou r  analysi s o f 
th e answe r  protocols ,  w e adopte d th e theoretica l  framewor k 
of  th e Q U E ST mode l  o f  huma n questio n answerin g 
(Graesse r  &  Franklin ,  1990) .  Th e presen t  stud y supporte d 
prediction s generate d fro m thre e component s o f  th e Q U E ST 
model :  questio n categorization ,  utilizatio n o f  informatio n 
sources ,  an d convergenc e principles .  Ou r  result s als o 
reveale d tw o nove l  findings .  First ,  subject s ha d a  bia s 
towar d samplin g informatio n fro m th e tex t  mor e tha n fro m 
th e picture .  Second ,  subject s tende d t o sampl e infontiatio n 
depicte d i n bot h th e tex t  an d th e picture . 

Introduction 

H o w d o adult s answe r  deep-reasonin g question s abou t  th e 
inne r  working s o f  machine s afte r  studyin g text s wit h 
illustrations ? Figur e 1  present s a n illustrate d tex t  describin g 
th e working s o f  a  cylinde r  lock .  W e aske d colleg e student s 
t o stud y thes e material s a t  thei r  leisur e an d t o provid e 
writte n answer s t o dee p explanator y question s suc h a s th e 
following : 

W hy doe s th e cylinde r  rotate ? 
H o w doe s th e cylinde r  rotate ? 
What  ar e th e consequence s o f  th e cylinde r  rotating ? 
What  i f  th e cylinde r  di d no t  rotate ? 

I n ou r  analysi s o f  th e answe r  protocols ,  w e adopte d th e 
theoretica l  framewor k o f  th e Q U E S T mode l  o f  huma n 
questio n answerin g (Graesse r  &  Franklin ,  1990) .  Th e 
presen t  stud y i s th e first  t o evaluat e Q U E S T i n th e contex t 
of  illustrate d expositor y texts . 

T h e rol e o f  illustration s i n tex t  comprehensio n ha s 
recentl y receive d considerabl e attentio n (Glenber g & 
Langston ,  1992 ;  Hegart y &  Just ,  1993 ;  Mand l  &  Levin , 
1989 ;  M a y e r  &  Anderson ,  1989 ;  Schnot z &  Kulhavy , 
1994) .  However ,  thes e studie s hav e no t  directl y investigate d 
h o w dee p question s ar e answere d i n th e contex t  o f  th e 

illustrate d texts .  Give n tha t  answer s t o dee p explanator y 
question s ar e a n importan t  reflectio n o f  understandin g 
(Graesser ,  Singer ,  &  Trabasso ,  1994 ;  Schank ,  1986) ,  th e 
presen t  stud y investigate d th e mechanism s tha t  generat e 
answer s t o thes e questions . 

QUEST: A Model of Human 
Questio n Answerin g 

We focuse d o n thre e component s o f  th e QUEST model : 
questio n categorization ,  informatio n sources ,  an d 
convergenc e principles . 

Question Categorization 

Q U E ST assume s (a )  tha t  ther e i s a  catalo g o f  questio n 
categories ,  (b )  tha t  eac h questio n categor y ha s a n associate d 
question-answerin g procedur e whic h operate s o n relevan t 
knowledg e structure s t o generat e appropriat e answers ,  an d (c ) 
tha t  a n incomin g questio n i s  assigne d t o on e o f  thes e 
questio n categories .  Th e presen t  stud y investigate d fou r 
questio n stems :  why ,  how ,  what-are-the-consequences .  an d 
what-if-not . 

Information Sources 

Q U E ST specifie s th e informatio n source s (i.e. ,  knowledg e 
structures )  tha t  ar e activ e i n workin g memor y afte r  a  quer y 
occurs .  W e assume d tha t  th e tex t  an d th e pictur e wer e th e 
primar y informatio n source s availabl e t o subject s durin g 
questio n answering . 

Q U E ST use s conceptua l  graph s structure s (CGS's )  t o 
represen t  informatio n fro m bot h th e tex t  an d th e pictur e 
(Baggett ,  1994) .  Thi s representationa l  syste m i s simila r  t o 
thos e o f  conceptua l  dependenc y theor y (Schan k &  Abelson , 
1977 )  an d causa l  chai n theorie s (Trabasso ,  va n de n Broek ,  & 
Suh,  1989) .  A  C G S consist s o f  a  grou p o f  statemen t  node s 
tha t  ar e relate d b y labeled ,  directe d arcs .  Figur e 2  give s a 
portio n o f  th e C G S associate d wit h th e cylinde r  loc k 
materials .  I n general ,  a  statemen t  nod e contain s a  predicat e 
(e.g. ,  verb ,  adjective ,  o r  adverb )  an d on e o r  mor e argument s 
(e.g. ,  nou n o r  a n embedde d proposition) .  Tha t  is ,  a 
statemen t  nod e i s essentiall y a  propositio n tha t  i s  assigne d 
t o a  categor y (Kintsc h &  va n Dijk ,  1978) .  Th e C G S i n 
Figur e 2  contain s 1 4 node s tha t  represen t  8  causall y relate d 
events ,  4  supportin g state s o f  th e world ,  an d 2  goal s o f  th e 
use r  o f  th e device . 
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Sprinc , 

CYLlNDt R 

Bol t  Pulle d Bac k 

CYLINDER LOC K 
W h en th e doo r  i s closed ,  th e sprin g presse s th e bol t  int o 
th e doo r  frame .  Insertin g th e ke y raise s th e pin s an d free s 
th e cylinde r  W h e n th e ke y i s turned ,  th e cylinde r  rotates , 
makin g th e ca m dra w bac k th e bol t  agains t  th e sprin g 
W h en th e ke y i s released ,  th e sprin g pushe s bac k th e bol t 
rotatin g th e cylinde r  t o it s initia l  positio n an d enablin g 
th e ke y t o b e withdrawn . 

Kt Y Turne d 

Figur e 1 :  Exampl e illustrate d tex t  describin g a  cylinde r  lock .  (Fro m Th e W a y Thing s W o r k b y Davi d Macaulay . 
Compilatio n copyrigh t  (c )  Dorlin g Kindersle y Ltd. ,  London .  Illustratio n copyrigh t  (c )  198 8 Davi d Macaulay .  Tex t  copyrigh t 
(c )  198 8 Davi d Macaulay ,  Nei l  Ardley .  Reprinte d b y permissio n o f  Houghto n Miffli n Company .  Al l  right s reserved. ) 

O 

O 

Inser t  th e ke y (Goa l  1 ,  T ) 

R 

Tur n th e ke y (Goa l  2 ,  T ) 

Key i s inserte d (Even t  1 ,  T )  ~^ -

The pins rise (Event 2, T) 

The pins are next to the cylinder (State 1, P) ^- The cyhnder is freed (Event 3, T) 

The key is turned (Event 4, T P) 
The cyhnde r  i s Th e ro d i s i 
nex t  t o a  ro d nex t  t o th e ca m y  C 
(Stat e 2 ,  P )  (Stat e 3 ,  P )  Xh e cylinde r  rotate s (Even t  5 ,  T ) 

The cylinder is connected to the cam (State 4, P) ^- The cam rotates (Event 6, P) 

The cam draws back the bolt (Event 7, T P) 

The boh is pulled back against the spring (Event 8, T P) 

Figure 2: A portion of the cylinder lock materials represented as a conceptual graph structure. The arc categories include 
consequenc e (C) ,  reaso n (R) ,  an d outcom e (O) .  Eac h nod e i s labele d a s bein g depicte d i n th e pictur e alon e (P) ,  th e tex t  alon e 
(T) ,  o r  bot h tex t  an d pictur e ( T P) . 
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M a ny o f  th e node s i n Figur e 2  ar e connecte d b y 
consequenc e arc s (o r  C-arcs) .  Consequenc e arc s conve y a 
weak sens e o f  causality .  Typically ,  a  consequenc e ar c 
originate s fro m a n even t  o r  stat e nod e X  an d terminate s a t  a n 
even t  nod e Y ,  indicatin g tha t  X  cause s o r  enable s Y .  Th e 
goal  node s i n Figur e 2  ar e connecte d b y reaso n arc s (o r  R -
arcs) .  Reaso n arc s connec t  subordinat e goal s t o thei r 
immediat e parent ,  superordinat e goals .  Tha t  is ,  a  reaso n ar c 
originate s fro m a  goa l  nod e G  an d terminate s a t  a  goa l  nod e 
G' ,  indicatin g tha t  a n agen t  wishe s t o accomplis h goa l  G  i n 
orde r  t o facilitat e accomplishin g goa l  G' .  Finally ,  th e goa l 
node s i n Figur e 2  ar e connecte d t o thei r  correspondin g even t 
node s b y outcom e arc s (o r  O-arcs) .  Typically ,  outcom e arc s 
indicat e tha t  a n even t  i s th e resul t  o f  som e goa l  o f  a n agent . 
An intentiona l  actio n i s th e amalgamatio n o f  a  goa l  nod e 
and a n even t  nod e tha t  signifie s it s successfu l  outcom e 
(Graesse r  &  Clark ,  1985) .  Althoug h ther e ar e othe r 
categorie s o f  node s an d arc s (se e Graesser ,  Gordon ,  & 
Brainerd ,  1992) ,  thos e describe d abov e ar e adequat e fo r  ou r 
curren t  purposes . 

Th e C G S i n Figur e 2  als o specifie s whic h statemen t 
node s com e from  th e tex t  (labele d 7^ ,  th e pictur e (labele d P) , 
and fro m bot h th e tex t  an d th e pictur e (labele d T  P) .  Th e 
proces s o f  segregatin g a  tex t  int o statemen t  node s ha s bee n 
specifie d i n detai l  (Graesse r  &  Clark ,  1985) .  W e augmente d 
th e C G S o f  th e tex t  b y addin g informatio n containe d i n th e 
picture . 

Picture s conve y informatio n abou t  machine s i n a t  leas t 
tw o ways .  First ,  spatia l  adjacencie s o f  machin e component s 
conve y "next-to "  relations .  Fo r  example ,  th e pictur e i n 
Figur e 1  include s th e informatio n tha t  "th e pin s ar e nex t  t o 
th e cylinder. "  Thus ,  a  stat e nod e correspondin g t o thi s 
relatio n (stat e nod e 1 )  wa s adde d t o th e C G S .  Second , 
picture s conve y informatio n abou t  th e movement s o f  som e 
component s throug h th e us e o f  arrows .  Fo r  example ,  a n 
arro w o n th e secon d depictio n o f  th e syste m i n Figur e 1 
indicate s th e event ,  "th e c a m rotates. "  Thus ,  a 
correspondin g even t  nod e (even t  nod e 6 )  wa s adde d t o th e 
CGS. 

Convergence Principles 

Convergenc e principle s narro w d o w n th e se t  o f  node s whic h 
serv e a s goo d answer s t o a  question .  Th e qualit y o f  answer s 
was assume d t o b e positivel y correlate d wit h th e frequenc y 
of  th e answer s produce d i n th e questio n answerin g protocols . 
Th e convergenc e principle s o f  Q U E S T includ e (1 )  th e 
intersectio n principle ,  (2 )  th e ar c searc h procedures ,  an d (3 ) 
structura l  distance . 

Intersection principle. The intersection principle 
predict s tha t  th e qualit y o f  a  potentia l  answe r  nod e increase s 
wit h th e numbe r  o f  informatio n source s tha t  stor e th e node . 
That  is ,  node s whic h c o m e fro m bot h th e tex t  an d th e 
pictur e ar e predicte d t o b e bette r  answer s tha n thos e comin g 
fro m th e tex t  alon e o r  fro m th e pictur e alone .  Suppos e 
even t  nod e 3  i n Figur e 2  wer e querie d wit h a  consequenc e 
question ,  i.e. .  W h a t  ar e th e consequence s o f  th e cylinde r 
bein g freed? .  Th e intersectio n principl e predict s tha t  event s 

4,  7 ,  an d 8  wil l  b e mentione d i n th e answe r  protocol s mor e 
frequentl y tha n th e othe r  event s an d state s becaus e event s 4 , 
7,  an d 8  com e fro m bot h th e tex t  an d th e picture .  I t  shoul d 
be note d tha t  intersectio n mechanism s als o pla y a  critica l 
rol e i n Anderson' s A C T *  mode l  (Anderson ,  1983) . 

Arc search. Each question category has an associated arc 
searc h procedur e whic h specifie s th e subse t  o f  lega l  path s 
among thos e path s tha t  radiat e fro m th e querie d node .  Th e 
lega l  path s shoul d includ e goo d answer s t o a  question .  Fo r 
example ,  lega l  answer s t o h o w question s li e alon g path s o f 
backwar d consequenc e arcs .  Thus ,  lega l  answer s t o ho w 
question s represen t  causa l  antecedent s o f  th e querie d event . 
Suppos e even t  nod e 3  i n Figur e 2  i s querie d wit h a  ho w 
question .  Lega l  answer s consis t  o f  stat e nod e 1  an d even t 
node s 1  an d 2 ,  wherea s al l  othe r  node s ar e illega l  answers . 
The ar c searc h principl e predict s tha t  lega l  answer s ar e give n 
mor e frequentl y tha t  illega l  answers .  Th e strateg y o f 
answerin g question s b y samplin g relationa l  arc s ha s bee n 
adopte d b y a  numbe r  o f  model s i n A I  (Lehnert ,  1978 ;  Ram, 
1990 ;  Schan k &  Ableson ,  1977 ;  Souther ,  Acker ,  Lester ,  & 
Porter ,  1989) . 

Thi s stud y wa s th e first  t o includ e what-if-no t  question s i n 
test s o f  Q U E S T.  I t  wa s anticipate d tha t  what-if-no t 
question s woul d b e answere d b y negate d causa l  consequence s 
of  th e querie d event .  Fo r  example ,  lega l  answer s t o Wha t  i f 
th e cylinde r  wer e no t  freed ? includ e "Th e ke y i s no t  turned, " 
and "Th e bol t  i s  no t  pulle d bac k agains t  th e spring. "  Lega l 
answer s t o consequenc e question s consis t  o f  causa l 
consequence s o f  th e querie d event .  Graesse r  &  Hemphil l 
(1991 )  foun d tha t  lega l  answer s t o wh y question s consis t  o f 
bot h causa l  antecedent s an d causa l  consequence s o f  th e 
querie d event .  Subject s apparentl y develope d teleologica l 
representation s o f  mechanism s fro m th e biologica l  an d 
technologica l  sciences ,  a s evidence d b y thei r  tendenc y t o 
answe r  w h y question s i n thos e domain s wit h causa l 
consequences . 

Structural distance. The structural distance between two 
node s i s th e numbe r  o f  arc s o n th e shortes t  pat h betwee n th e 
nodes .  Q U E S T predict s tha t  answe r  qualit y decrease s a s th e 
structura l  distanc e betwee n th e querie d nod e an d th e potentia l 
answer  nod e increases .  Accordin g t o thi s principle ,  whe n 
even t  nod e 3  i n Figur e 2  i s querie d wit h a  h o w question , 
even t  nod e 2  i s a  bette r  answe r  tha n even t  nod e 1 .  Thi s 
structura l  distanc e gradien t  i s  compatibl e wit h th e spreadin g 
activatio n mechanis m i n th e A C T *  mode l  (Anderson ,  1983) . 
Not e tha t  th e predicte d effec t  o f  structura l  distanc e ma y b e 
challenge d b y th e presenc e o f  illustration s i n th e 
instructiona l  materials .  Tha t  is ,  illustration s ma y enhanc e 
subject' s memorie s fo r  portion s o f  th e causa l  sequence , 
whic h allow s subject s t o mak e mor e distan t  associations . 

Methods 

Subjects 

The subject s wer e 3 2 undergraduate s fro m Th e Universit y o f 
Memphis . 
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Material s 

Stud y booklet s consiste d o f  fou r  illustrate d text s o n separat e 
pages .  Th e text s wer e excerpt s fro m Th e W a y Thing s Wor k 
(Macaulay ,  1988) .  Th e text s describe d causa l  even t  chain s 
associate d wit h a  cylinde r  lock ,  a  ca r  engin e crankshat'l ,  a 
microwav e oven ,  an d a  wate r  meter . 

Fro m eac h text ,  fou r  event s wer e selecte d fo r  querying . 
Each subjec t  rea d al l  o f  th e texts ,  bu t  a  give n subjec t 
answere d question s abou t  onl y on e o f  th e event s associate d 
wit h a  text .  W e counterbalance d th e orde r  i n whic h subject s 
rea d th e passage s an d th e assignmen t  o f  querie d event s t o 
subjects . 

Procedure 

Subject s wer e instructe d t o stud y th e illustrate d text s a t  thei r 
o wn pac e befor e answerin g an y questions .  Afte r  readin g 
eac h text ,  the y answere d fou r  question s abou t  th e text . 
Subject s wer e encourage d t o refe r  bac k t o th e illustrate d text s 
durin g questio n answerin g an d t o fill  th e thre e line s provide d 
fo r  answer s t o eac h question . 

Variables 

For  al l  analyses ,  th e independen t  variable s wer e questio n 
categor y (why ,  how ,  consequence ,  versu s what-if-not )  an d 
answe r  categor y (a s describe d below) .  Th e dependen t 
variabl e wa s th e answe r  frequenc y pe r  question .  Mos t  (79% ) 
of  th e answer s referre d t o explici t  informatio n s o w e di d no t 
analyz e inferences .  I n th e analyse s o f  informatio n source s 
and structura l  distance ,  eac h empirica l  answe r  frequenc y wa s 
compare d t o a n appropriat e bas e rat e answe r  frequency .  Th e 
bas e rat e frequencie s reflec t  rando m samplin g o f  th e node s i n 
th e illustrate d texts .  Th e bas e rat e frequenc y fo r  eac h answe r 
categor y wa s compute d b y multiplyin g th e mea n numbe r  o f 
explici t  answer s statement s subject s produce d pe r  question , 
1.7 ,  b y th e proportio n o f  C G S statemen t  node s i n tha t 
category . 

R e s u l t s &  D i s c u s s i o n 

Writte n question-answerin g protocol s wer e analyze d alon g 
thre e dimension s specifie d b y th e Q U E S T mode l  o f  huma n 
questio n answering :  informatio n sources ,  ar c searc h 
procedures ,  an d structura l  distance .  Al l  comparison s 
discusse d i n thi s sectio n wer e statisticall y reliable ,  unles s 
state d otherwise . 

Information Sources 

The explici t  answer s wer e segregate d int o thos e comin g 
fro m th e tex t  alone ,  th e pictur e alone ,  versu s both .  Figur e 3 
summarize s th e result s o f  th e informatio n sourc e analysis . 
For  eac h answe r  categor y (tex t  alone ,  pictur e alone ,  versu s 
both) ,  th e empirica l  answe r  frequenc y wa s compare d t o th e 
bas e rat e answe r  frequenc y fo r  tha t  category .  Th e bas e rat e 
frequencie s reflec t  rando m samplin g o f  th e node s i n th e 
illustrate d texts . 

O ne o f  th e provocativ e finding s i s tha t  subject s gav e 
answer s whic h com e fro m th e tex t  alon e m u c h mor e ofte n 

1 

0.7 5 -

Mean Answe r 
Frequenc y 0 5 -

Per  Questio n 

0.2 5 -

0- -

M Empinca J 
Answer s 

• Base Rate 
Samplin g 

Text Pictur e 
Answer Category 

Bot h 

Figur e 3 :  Empirica l  an d bas e rat e answe r  frequencie s 
f r o m th e informatio n sourc e analysis . 

than their base rate availability among the total pool of 
information .  Apparent ly ,  informatio n i n th e tex t  ha s a 
privilege d status .  Subject s focuse d o n informatio n provide d 
i n th e tex t  a lon e dur in g e n c o d i n g ,  retrieval ,  and/o r 
articulation .  I n contrast ,  subject s g a v e answer s w h i c h c o m e 
f ro m th e pictur e alon e m u c h les s ofte n tha n thei r  bas e rat e 
availabilit y  a m o n g th e tota l  poo l  o f  information .  T h u s , 
w h e n informatio n w a s presente d i n th e pictur e a lone , 
subject s tende d t o ignor e th e informatio n dur in g stud y o r 
filter  i t  ou t  durin g questio n answering . 

Ano the r  provocativ e finding  i s tha t  subject s g a v e answer s 
w h i c h c o m e f r o m bot h th e tex t  a n d th e pictur e m o r e ofte n 
tha n thei r  bas e rat e availability .  I t  shoul d b e note d tha t  thi s 
bas e rat e include s a n adjustmen t  fo r  th e doub l e presentatio n 
o f  th e information .  W h y d o subject s focu s o n informatio n 
presente d i n bot h th e tex t  an d th e pictur e ove r  an d a b o v e it s 
doub l e presentation ? O n e explanat io n o f  thi s effec t  i s 
q u e s t ' s intersectio n principle .  Accordin g t o Q U E S T,  a 
statemen t  nod e represent s a  bette r  answe r  t o a  questio n t o th e 
exten t  tha t  i t  come s fro m multipl e informatio n sources .  Fo r 
example ,  a  statemen t  tha t  i s rea d i n bot h a  newspape r  articl e 
and a  boo k come s fro m a t  leas t  tw o explici t  informatio n 
sources .  Fro m thi s poin t  o f  view ,  th e simpl e fac t  tha t  th e 
tex t  an d th e pictur e ar e distinc t  informatio n source s cause s 
the m togethe r  t o hav e a  greate r  tha n additiv e impac t  o n 
answer  frequency . 

An alternativ e explanatio n o f  th e latte r  findin g come s 
fro m th e dua l  cod e hypothesi s (Paivio ,  1971) .  Accordin g t o 
th e dua l  cod e hypothesis ,  memorie s ar e mor e likel y t o b e 
recalle d t o th e exten t  tha t  the y ar e tie d t o bot h th e visua l  an d 
verba l  modalities . 

I n summary ,  subject s ar e biase d towar d samplin g 
informatio n fro m th e tex t  mor e tha n fro m th e picture .  Thi s 
finding  i s compatibl e wit h th e result s o f  ey e trackin g studie s 
conducte d b y Hegart y an d Jus t  (1993) .  Thes e studie s 
indicat e tha t  i t  i s  th e tex t  rathe r  tha n th e pictur e tha t  drive s 
comprehension .  Moreover ,  subject s exhibi t  a  bia s towar d 
informatio n comin g fro m bot h th e tex t  an d th e picture . 
That  is ,  th e effec t  o f  presentin g informatio n i n th e tex t  ca n 
be strengthene d b y presentin g i t  i n th e pictur e a s well .  Th e 
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F igur e 4 :  Empi r ica l  a n s w e r  frequencie s 
from  th e ar c searc h analysis . 

latter effect is compatible with QUEST'S intersection 
principl e a n d w i t h th e dua l  c o d e hypothesis . 

Arc Search Procedures 

The explici t  answer s wer e segregate d int o causa l  antecedent s 
versu s causa l  consequence s o f  th e querie d event .  Figur e 4 
summarize s th e result s o f  th e ar c searc h analysis .  Fo r  eac h 
questio n type ,  w e compare d th e empirica l  answe r  frequencies 
of  causa l  antecedent s an d causa l  consequence s o f  th e querie d 
event . 

The dat a clearl y substantiat e th e prediction s mad e b y 
QUEST 'S ar c searc h procedures .  Th e ar c searc h componen t 
correctl y predicte d tha t  th e lega l  answer s fo r  how , 
consequence ,  an d what-if-no t  question s sampl e causa l 
antecedents ,  causa l  consequences ,  an d negate d causa l 
consequence s o f  th e querie d event ,  respectively .  Q U E ST 
accommodate s bot h causa l  antecedent s an d causa l 
consequence s a s answer s t o wh y questions ,  an d i n fac t  th e 
differenc e i n answe r  frequencies  wa s no t  significant . 

Structural Distance 

The explici t  answer s wer e categorize d accordin g t o th e 
number  o f  arc s o n th e shortes t  pat h betwee n th e querie d nod e 
and th e answe r  nod e (one ,  two ,  versu s thre e o r  more) . 
Figur e 5  summarize s th e result s o f  th e structura l  distanc e 
analysis .  Fo r  eac h questio n typ e an d eac h answe r  category , 
th e empirica l  answe r  frequenc y wa s compare d t o th e 
appropriat e bas e rat e answe r  frequency .  W e focu s o n th e 
frequencie s o f  answer s whic h ar e eithe r  nea r  (on e arc )  o r 
distan t  (thre e o r  mor e arcs )  fro m th e querie d node .  Again , 
th e bas e rat e frequencie s reflec t  rando m samplin g o f  th e 
node s i n th e illustrate d texts . 

The dat a sho w som e suppor t  fo r  th e predicte d structura l 
distanc e gradient .  W h e n subject s answere d what-if-no t 
questions ,  the y apparentl y sample d th e node s o n lega l  path s 
randoml y wit h regar d t o structura l  distance .  Fo r  al l 
comparison s involvin g why ,  how ,  an d consequenc e 
questions ,  however ,  th e difference s wer e i n th e directio n 
predicte d b y QUEST ' S structura l  distanc e gradient .  Tha t  is , 
th e frequencie s o f  answer s whic h wer e nea r  (on e ar c awa y 
from )  th e querie d even t  nod e wer e highe r  tha n thei r 
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Figure 5: Empirical and base rate answer frequencies 
f r o m th e structura l  distanc e analysis . 

respective base rates; the frequencies of answers which were 
distan t  (thre e o r  m o r e arc s a w a y )  from  th e querie d even t  nod e 
w e r e l owe r  tha n thei r  respectiv e bas e rates .  T h e s e result s ar e 
consisten t  wi t h th e predictio n tha t  a n s w e r  qualit y decrease s 
as th e structura l  distanc e b e t w e e n th e quer ie d n o d e a n d th e 
potentia l  a n s w e r  n o d e increases . 

References 

Anderson ,  J .  R .  (1983) .  Th e architectur e o f  cognition . 
Cambridge ,  M A :  Harvar d Universit y Press . 

Baggett ,  W.B .  (1994) .  Questio n Answerin g an d Illustrate d 
Expositor y Text .  Unpublishe d master' s thesis . 
Memphis ,  TN :  Th e Universit y o f  Memphis . 

Glenberg ,  A.M. ,  &  Langston ,  W . E .  (1992) . 
Comprehensio n o f  illustrate d text :  Picture s hel p t o buil d 
menta l  models .  Journa l  o f  Memor y an d Language ,  31 , 
129-151 . 

Graesser ,  A.C. ,  &  Clark ,  L.C .  (1985) .  Structure s an d 
procedure s o f  implici t  knowledge .  Norwood ,  NJ :  Ablex . 

Graesser ,  A.C. ,  &  Franklin ,  S.P .  (1990) .  Q U E S T:  A 
cognitiv e mode l  o f  questio n answering .  Discours e 
Processes ,  13 ,  279-303 . 

Graesser ,  A.C. ,  Gordon ,  S.E. ,  &  Brainerd ,  L.E .  (1992) . 
Q U E S T:  A  mode l  o f  questio n answering .  Computer s an d 
Mathematic s wit h Applications ,  23 ,  733-745 . 

Graesser ,  A.C. ,  &  Hemphill ,  D .  (1991) .  Questio n 
answerin g i n th e contex t  o f  scientifi c  mechanisms . 
Journa l  o f  Memor y an d Language ,  30 ,  186-209 . 

Graesser ,  A.C. ,  Singer ,  M. ,  &  Trabasso ,  T .  (1994) . 
Constructin g inference s durin g narrativ e tex t 
comprehension .  Psychologica l  Review ,  101,371-95 . 

Hegarty ,  M. ,  &  Just ,  M.A .  (1993) .  Constructin g menta l 
model s o f  machine s fro m tex t  an d diagrams .  Journa l  o f 
Memory an d Language ,  32,717-742 . 

Kintsch ,  W. ,  &  va n Dijk ,  T.A .  (1978) .  Towar d a  mode l  o f 
tex t  comprehensio n an d production .  Psychologica l 
Review ,  85 ,  363-394 . 

Lehnert ,  W.G .  (1978) .  Th e proces s o f  questio n answering . 
Hillsdale ,  N J :  E r l b a u m . 

338 



Macaulay ,  D .  (1988) .  Th e wa y thing s work .  Boston : 
Houghto n Miffli n Company . 

Mandl ,  H. ,  &  Levin ,  J.R .  (1989) .  Knowledg e acquisitio n 
fro m tex t  an d pictures .  Amsterdam :  Nort h Holland . 

Mayer ,  R.E. ,  &  Anderson ,  R.B .  (1989) .  Model s fo r 
understanding .  Revie w o f  Educationa l  Research ,  59 ,  43 -
64. 

Paivio ,  A .  (1971) .  Imager y an d verba l  processes .  N e w 
York :  Holt ,  Rinehart ,  an d Winston . 

Ram,  A. ,  (1990) .  Knowledg e goals :  A  theor y o f 
interestingness .  I n Proceeding s o f  th e 12t h Annua l 
Conferenc e o f  th e Cognitiv e Scienc e Societ y (pp .  206 -
214) .  Hillsdale ,  NJ :  Erlbaum . 

Schank ,  R.C. ,  Abelson ,  R .  (1977) .  Scripts ,  plans ,  goal s an d 
understanding :  A n inquir y int o huma n knowledg e 
structures .  Hillsdale ,  NJ :  Erlbaum . 

Schnotz ,  W. ,  &  Kulhavy ,  R .  (1994) .  Comprehensio n o f 
graphics .  Elmsford ,  N Y :  Pergamo n Press . 

Souther ,  A. ,  Acker ,  L. ,  Lester ,  J. ,  &  Porter ,  B .  (1989) . 
Usin g vie w type s t o generat e explanation s i n intelligen t 
tutorin g systems .  Proceeding s o f  th e 11t h Annua l 
Conferenc e o f  th e Cognitiv e Scienc e Societ y (pp .  123 -
130) ,  Hillsdale ,  NJ :  Erlbaum . 

Trabasso ,  T. ,  va n de n Broek ,  P.W. ,  &  Suh ,  S.Y .  (1989) . 
Logica l  necessit y an d transitivit y o f  causa l  relation s i n 
stories .  Discours e Processes ,  12 ,  1-25 . 

339 


	Cogsci_1995_334-339



