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QUESTION ANSWERING I N TH E CONTEXT O F C A U S AL MECHANISMS 

Arthur C. Graesser, Darold Hemphill, and Lawrence E. Brainerd 
Departmen t  o f  Psycholog y an d th e Institut e fo r  Intelligen t  System s 
Memphis Stat e Universit y 
Memphis ,  T N 3815 2 

Abstract 

A model of human question answering (called QUEST) accounts for the answers 
tha t  adult s produc e whe n the y answe r  differen t  categorie s o f  open-clas s question s 
(suc h a s why ,  how ,  when ,  what-enabled ,  an d what-are-the-consequences) .  Thi s 
projec t  investigate d th e answer s tha t  adult s generat e whe n event s ar e querie d i n th e 
contex t  o f  biological ,  technological ,  an d physica l  mechanisms .  Accordin g t o 
Q U E S T,  a n even t  sequenc e i n a  scientifi c  mechanis m i s represente d a s a  causa l 
networ k o f  event s an d states ;  a  teleologica l  goa l  hierarch y ma y als o b e 
superimpose d o n th e causa l  networ k i n biologica l  an d technologica l  domains ,  bu t 
not  i n physica l  system s (e.g. ,  rainfall ,  earthquake) . 

When questions are answered, QUEST systematically operates on the causal 
network s an d goa l  hierarchie s tha t  underli e a  causa l  mechanism .  Answer s t o ho w 
and enablemen t  question s sampl e causa l  antecedent s o f  th e querie d even t  i n th e 
causa l  network ;  consequenc e question s sampl e causa l  consequents .  Answer s t o 
when question s sampl e antecedent s t o a  greate r  exten t  tha n consequent s eve n 
thoug h event s fro m bot h direction s fumis h sensibl e answers .  Answer s t o wh y 
question s sampl e bot h causa l  antecedent s i n th e causa l  networ k an d superordinat e 
goal s fro m goa l  hierarchie s tha t  exis t  i n technologica l  an d biologica l  knowledg e 
structures . 

Graesser and Franklin (in press) have developed a model of human question answering 
calle d Q U E S T.  Thi s mode l  account s fo r  th e answer s tha t  ar e produce d whe n individual s 
answer  differen t  categorie s o f  open-clas s questions :  why ,  how ,  when ,  where ,  enablement , 
consequence ,  etc .  Question s ar e answere d i n th e contex t  o f  differen t  type s o f  material , 
includin g stories ,  scripts ,  an d expositor y text s o n scientifi c  mechanisms .  Th e component s 
of  Q U E ST hav e foundation s i n som e previou s model s tha t  specif y th e Q/ A processe s 
whic h operat e o n structure d database s representin g worl d knowledg e (Allen ,  1987 ; 
Brachman ,  1983 ;  Graesser ,  Robertson ,  &  Anderson ,  1981 ;  Graesse r  &  Murachver,  1985 ; 
Lehnert ,  1978 ;  Lehnert ,  Dyer ,  Johnson ,  Yang ,  &  Harley ,  1983 ;  McKoewn ,  1985) . 

This research focuses on short scientific texts that depict causal event sequences in 
biological ,  technological ,  an d physica l  mechanisms .  Fo r  example ,  suppos e tha t  a n 
individua l  read s th e th e followin g tex t  abou t  a  nuclea r  powe r  plant . 

Event 1: Atoms are split. 
Event  2 :  Hea t  energ y i s released . 
Event  3 :  Th e wate r  i n th e surroundin g tan k i s heated . 
Event  4 :  Stea m drive s a  serie s o f  turbines . 
Event  5 :  Th e turbine s produc e electricity . 

After reading this text, individuals were probed with five different categories of questions: 

WHY Why is water in the surrounding tank heated? 
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H OW H o w i s wate r  i n th e surroundin g tan k heated ? 
E N A B LE Wha t  enable s wate r  i n th e surroundin g t o b e heated ? 
W H EN W h e n i s wate r  i n th e surroundin g tan k heated ? 
C O NS -  Wha t  ar e th e consequence s o f  wate r  i n th e surroundin g tan k bein g heated ? 

QUEST accounts for the answers that are produced when particular events are probed with a 
panicula r  categor y o f  question .  Thi s projec t  focuse s o n th e "answe r  likelihoo d scores "  o f 
explici t  event s i n th e text .  Fo r  example ,  wha t  i s  th e likelihoo d tha t  Even t  3  i s produce d whe n 
Event  2  i s probe d wit h a  C O NS question ? 

Representation of Knowledge 

QUEST assumes that causal networks organize the events that are explicitly mentioned in 
even t  sequences .  I n th e exampl e causa l  networ k below ,  ther e i s a n even t  sequenc e tha t 
unfold s chronologicall y an d causall y (event s 1 ,  2 ,  3 ,  an d 4) .  Ther e ma y b e som e loop s i n 
th e even t  sequenc e (a s i n event s 2  an d 3) .  A  se t  o f  enablin g state s (state s 5 ,  6 ,  7 ,  an d 8 ) 
ar e neede d fo r  th e even t  sequenc e t o unfold . 

The Consequence (C) arcs in a causal network denote a weak sense of causality. If a 
forwar d C-ar c connect s node s X  an d Y ,  the n th e connectio n mus t  satisf y bot h tempora l  an d 
causa l  criteria .  Regardin g temporality ,  nod e X  mus t  occu r  o r  exis t  prio r  t o nod e Y . 
Regardin g causality ,  X  mus t  fumis h on e o r  mor e o f  severa l  causa l  relationship s wit h Y . 
For  example ,  a  necessit y relationshi p exist s wheneve r  a  counterfactua l  tes t  i s  satisfied :  i f  X 
i s negate d o r  remove d fro m th e system ,  the n Y  wil l  no t  occur .  Othe r  type s o f  causa l 
relationship s involv e sufficienc y ( X i s sufficien t  fo r  Y  t o occur) ,  an d operativit y ( X mus t 
be operating/existin g whe n Y  occurs) .  Th e causa l  analysi s i s simila r  t o Trabasso' s causa l 
chai n theor y (Trabass o &  va n de n Broek ,  1985 )  an d som e theorie s i n qualitativ e physic s 
(Forbus ,  1985) . 

Our naive understanding of a scientific system may often be teleological. That is, events 
ar e organize d accordin g t o a  functional ,  purposeful ,  goal-oriente d knowledg e structure . 
For  example ,  a  nuclea r  powe r  plan t  i s  designe d t o achiev e th e goa l  o f  producin g electricity ; 
th e pla n o f  achievin g thi s goa l  i s  superimpose d o n th e causa l  networ k o f  event s an d states . 
Technologica l  system s ar e typicall y motivate d b y th e goal s an d plan s o f  animat e agents . 
Biologica l  system s ar e ofte n interprete d teleologically .  Accordin g t o a  naiv e vie w o f 
evolution ,  fo r  example ,  a  specie s develop s i n orde r  t o acquir e a  superio r  capacity .  Physica l 
system s (e.g. ,  rainfall ,  eanhquakes )  receive d a  goal-oriente d interpretatio n whe n th e 
Greek s ha d myth s abou t  god s governin g th e natura l  event s an d processes . 

Even t  4 Even t  3 Even t  1 Even t  2 

Stat e 6 Stat e 7 (state ^ 

TIM E 
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Goal-oriente d knowledg e i s represente d a s a  hierarch y o f  goal s tha t  ar e relate d b y Reaso n 

(R )  arcs ,  a s show n above .  Th e mos t  superordinat e goa l  (goa l  1 )  i s th e primar y goa l  tha t 

th e agen t  want s t o achieve .  Th e subordinat e goal s correspon d t o intermediat e plan s an d 

low-leve l  action s o r  processes .  States/event s i n th e worl d initiat e th e goal s (signifie d b y th e 

l-arc) ;  th e goal s m a y hav e outcome s (signifie d b y th e O-arc )  tha t  ar e positiv e o r  negative . 

Goal/pla n hierarchie s ar e ver y popula r  i n theorie s o f  actio n an d proble m solvin g (Miller , 

Galanter ,  &  Pribram ,  1960 ;  Graesse r  &  Clark ,  1985 ;  Newel l  &  Simon ,  1972 ) 

When there is a teleological understanding of a causal mechanism, a goal hierarchy is 

superimpose d o n th e causa l  network .  Thi s i s illustrate d belo w i n th e contex t  o f  th e shor t 

tex t  o n nuclea r  power .  Fo r  ever y event ,  ther e i s a  correspondin g goal .  Jus t  a s even t  5  i s 

th e final  even t  i n th e even t  chain ,  goa l  5  i s th e mos t  superordinat e goa l  i n th e goa l 

hierarchy .  Jus t  a s even t  1  i s th e initia l  even t  i n th e chain ,  goa l  1  i s th e mos t  subordinat e 

goal  i n th e goa l  hierarchy . 

(  Even t  5 ) 

Event  4 j 

1 ^ 

Event  3 

M 

f  Even t  2  j 

j T c 

f  Even t  1 j 

The turbine s produc e 

electricity . 

Stea m drive s a  serie s o f 

turbines . 

The wate r  i n th e 

surroundin g tan k i s heat < 

Heat  energ y i s 

released . 

Neutron s ar e spli t  int o 

tw o particles . 

QUERIED 

E N T RY 

N O DE 
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Questio n Answerin g Procedure s 

According to QUEST, each question category has an arc search procedure which specifies 
th e lega l  pat h o f  arc s betwee n (a )  a n "entr y node "  (th e even t  bein g queried )  an d (b )  a  "goo d 
answer "  nod e i n th e knowledg e structure .  Fo r  example ,  a  questio n categor y migh t  sampl e 
node s tha t  ar e causa l  antecedent s t o th e entr y node .  Causa l  anteceden t  node s ar e o n path s 
tha t  radiat e fro m th e entr y nod e vi a backward s C-arc s i n th e causa l  network .  Whe n even t  3 
i s probe d wit h a  HOW-questio n (Ho w i s wate r  i n th e surroundin g tan k heated?) ,  th e 
anteceden t  node s woul d b e event s 1  an d 2 ,  bu t  no t  4  an d 5 .  Th e ar c searc h procedure s ar e 
specifie d fo r  W H Y,  H O W,  E N A B L E ,  W H E N,  an d C O NS question s i n thi s paper . 

Materials and Question Answering Protocols 

The texts were 24 event sequences that were extracted from passages in the American 
Academi c Encyclopedia .  Al l  text s ha d fiv e events ,  a s wit h th e exampl e o n nuclea r  power . 
Eigh t  passage s wer e i n th e technologica l  domai n (e.g. ,  television ,  nuclea r  power) ,  8  wer e 
i n th e biologica l  domai n (e.g. ,  mitosis ,  photosynthesis) ,  an d 8  wer e i n th e physica l  scienc e 
domai n (e.g. ,  earthquake ,  rainfall) . 

Question answering (Q/A) protocols were collected from college students at Memphis State 
University .  Eigh t  subject s provide d Q/ A protocol s fo r  eac h text ,  yieldin g 19 2 subject s 
altogether .  Give n tha t  a  tex t  ha d 5  sentence s an d tha t  ther e wer e 5  questio n categorie s 
( W H Y,  H O W,  E N A B L E ,  W H E N,  an d C O N S ) ,  eac h subjec t  answere d 2 5 questions .  Th e 
"answe r  likelihood "  scor e fo r  a  particula r  answe r  wa s th e proportio n o f  subject s (ou t  o f  8 ) 
who gav e tha t  answe r  t o a  particula r  question . 

Table 1 shows mean answer likelihood scores for those events that were causal antecedents 
versu s causa l  consequent s o f  th e querie d events .  A  causa l  anteceden t  occurre d prio r  t o th e 
querie d even t  (vi a a  backward s C-ar c o r  R-arc )  wherea s a  causa l  consequen t  occurre d 
subsequen t  t o th e querie d even t  (vi a a  forwar d C-ar c o r  R-arc) .  Th e answe r  likelihoo d 
score s ar e segregate d accordin g t o questio n categor y (averagin g ove r  th e thre e knowledg e 
domains) .  I n addition ,  WHY-question s ar e segregate d accordin g t o technological , 
biological ,  versu s physica l  domains .  Thes e mean s ar e interprete d i n th e nex t  section .  I n 
test s o f  statistica l  significance ,  th e erro r  ter m reflect s th e variabilit y  amon g item s (i.e. ,  a 
particula r  answe r  A  t o a  questio n Q  i n a  tex t  T) . 

Tabl e 1 

Questio n 
Cateaor v 

Why? 

How? 

What  enables ? 
When? 

What  ar e th e 

consequences ? 

Why-Question s Segregate d 

by Knowledg e 

Physica l 

Technologica l 

Biologica l 

Domain 

Anteceden t 

Event 

.1 6 

.2 1 

.2 6 

.3 6 

.0 8 

.3 0 

.0 8 

.1 0 

Consequen t 

Event 

.17 

.0 6 

.0 8 

.1 0 

.3 6 

.1 0 

.2 0 

.2 0 
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Analysi s o f  Fiv e Questio n Categorie s 

WHY-quesrions. The answers to WHY-questions were evenly divided between causal 
antecedent s an d causa l  consequents ,  accordin g t o Tabl e 1 .  However ,  causa l  consequent s 
wer e prevalen t  i n technologica l  an d biologica l  domains ,  bu t  no t  i n physica l  domain s (se e 
botto m o f  Tabl e 1) .  I n physica l  scienc e domains ,  th e node s i n causa l  network s ar e sample d 
by pursuin g path s o f  backward s C-arc s fro m th e entr y node ;  goa l  hierarchie s ar e no t  ver y 
prevalent .  I n technologica l  an d biologica l  domains ,  goa l  hierarchie s ar e mor e prevalent ;  th e 
answer s t o why-question s sampl e superordinat e goal s vi a forwar d R-arc s (Graesse r  e t  al. , 
1981 ;  Graesse r  &  Clark ,  1985 ;  Graesse r  &  Franklin ,  i n press) .  Therefore ,  teleologica l 
interpretation s ar e impose d o n technologica l  an d biologica l  domains ,  bu t  rarel y o n physica l 
scienc e domains . 

HOW-questions. Answers to HOW-questions included causal antecedents to the entry 
node i n th e causa l  network ,  a s predicte d b y QUEST.  Th e fac t  tha t  causa l  consequent s wer e 
occasionall y sample d (answe r  likelihoo d =  .06 )  ca n b e attribute d t o occasiona l  loop s i n th e 
even t  chai n an d t o answerer s occasionall y samplin g th e tex t  i n a  haphazar d manner . 
Q U E ST als o predict s tha t  som e answer s t o HOW-question s specif y th e speed ,  force , 
intensity ,  and/o r  qualitativ e manne r  i n whic h a n even t  occur s (e.g. ,  X  occurre d quickly , 
forcefully ,  i n circles) . 

ENABLE-questions. Answers to these questions include causal antecedents to the entry 
node i n th e causa l  network ,  a s predicte d b y Q U E S T.  Thus ,  th e answer s t o H O W an d 
E N A B LE question s ar e quit e similar . 

WHEN-questions. Strictly speaking, it is possible to relate a queried event temporally with 
eithe r  a  causa l  anteceden t  (i.e. ,  querie d even t  occurre d afte r  th e answe r  event )  o r  wit h a 
causa l  consequen t  (i.e. ,  querie d even t  occurre d befor e th e answe r  event) .  However ,  ther e 
was a  stron g bia s towar d anteceden t  event s i n thi s stud y an d i n earlie r  researc h o n narrativ e 
passage s (Graesse r  &  Murachver ,  1985) .  Th e answer s specifie d tha t  a  querie d even t 
occur s afte r  it s  anteceden t  rathe r  tha n befor e it s consequent .  Accordin g t o Q U E S T, 
answer s t o WHEN-question s ma y als o refe r  t o higher-order ,  globa l  even t  descriptions ;  th e 
querie d even t  woul d occu r  durin g th e mor e globa l  event . 

CONS-questions. As predicted by QUEST, these answers included causal consequents of 
th e entr y nod e i n th e causa l  networ k (vi a path s o f  forwar d C-arcs) .  Answer s t o C O N S-
question s ar e essentiall y  opposit e o f  th e answer s t o H O W,  E N A B L E ,  an d W H EN 
questions . 

Distance effects. Answer likelihood scores decreased as a function of the distance between 
th e entr y nod e an d th e answe r  node .  A  rathe r  simpl e mathematica l  mode l  provide d a  ver y 
good fi t  t o th e complet e se t  o f  answe r  likelihoo d scores .  Th e complet e se t  include s 2 0 
score s fo r  eac h passag e ( 5 querie d event s an d 4  explici t  answer s pe r  event) ,  2 4 passages , 
and 5  questio n categorie s (yieldin g 24(X )  score s altogether) . 

The mathematical model has three free parameters associated with each passage. Parameter 
a i s th e likelihoo d o f  pursuin g a  causa l  anteceden t  pat h wherea s paramete r  c  i s th e 
Ukelihoo d o f  pursuin g a  causa l  consequenc e path .  Paramete r  t  i s  th e likelihoo d o f 
traversin g a  singl e ar c o n a  pat h wherea s n  i s th e numbe r  o f  arc s betwee n th e enu- y nod e 
and th e answe r  node .  Th e answe r  likelihoo d score s ar e closel y predicte d b y a* t  fo r  causa l 
antecedent s an d c* t  fo r  causa l  consequents .  Th e overal l  mea n valu e wa s .6 7 fo r  t ,  th e 
distanc e dampenin g parameter .  Regardin g th e causa l  anteceden t  paramete r  (a) ,  th e mea n 
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valu e wa s substantiall y  highe r  i n thos e cell s tha t  ar e predicte d a s goo d answer s b y Q U E ST 
(.63 )  tha n i n thos e cell s tha t  ar e no t  predicte d t o b e goo d answer s (.18) .  Regardin g th e 
causa l  consequen t  paramete r  (£) ,  agai n th e mea n wa s muc h highe r  i n goo d answe r  cell s 
(.51 )  tha n i n ba d answe r  cell s (.19) . 

To summarize, when distance effects are combined with the arc search procedures of 
Q U E S T,  a  ver y simpl e mathematica l  mode l  provide s a n impressiv e fi t  t o th e answe r 
likelihoo d scores .  I t  shoul d b e emphasize d onc e again ,  however ,  tha t  a n adequat e accoun t 
of  answer s t o WHY-question s mus t  assum e th e existenc e o f  (1 )  teleologica l  goa l 
hierarchie s bein g superimpose d o n causa l  network s an d (2 )  systemati c difference s amon g 
technological ,  biological ,  an d physica l  scienc e mechanisms . 
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