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SHAPING EXPLAHATIONS: 
Effect s o f  questionin g o n tex t  interpretatio n 

Richard H. Granger, Jr. 
Artificial'Intelligenc e Projec t 

Compute r  Scienc e Departmen t 
Universit y o f  Californi a 
Irvine ,  Californi a 9271 7 

ABSTRACT 

Results in cognitive psychology have shown 
tha t  reader s ca n b e steere d awa y fro m a n other -
wis e plausibl e interpretatio n o f  a  stor y b y 
extra-textua l  factor s suc h a s th e sourc e o f  th e 
text ,  th e state d readin g purpose ,  interruption s 
and repetitio n o f  question s abou t  th e text .  Fo r 
instance ,  successiv e repetition s o f  th e sam e 
questio n abou t  a  give n tex t  wil l  ofte n elici t  a 
serie s o f  alternativ e interpretation s o f  th e 
text .  Thi s effec t  canno t  b e accounte d fo r  b y 
establishe d principle s o f  tex t  processin g be -
havior ,  suc h a s people's  preferenc e fo r  cohesiv e 
and parsimoniou s representation s o f  text .  Thi s 
paper  present s a  compute r  progra m calle d 
MACARTHUR,  whic h model s thi s behavio r  b y varyin g 
th e dept h an d directio n o f  it s  inferenc e pursui t 
i n respons e t o re-questioning ,  resultin g i n a 
serie s o f  markedl y differen t  interpretation s o f 
th e sam e text .  I n ligh t  o f  th e results ,  som e 
new experiment s ar e suggeste d i n hope s o f  ar -
rivin g a t  a  ne w principle ,  beyon d cohesio n an d 
parsimony ,  t o accoun t  fo r  th e observe d tex t 
processin g behavior . 

1.0 INTRODUCTION 

tol d tha t  i t  wa s excerpte d fro m th e Ne w Yor k 
Times ,  a n Agath a Christi e novel .  Cosmopolita n 
magazine ,  a  grammar-schoo l  histor y textboo k o r  a 
Jimmy Stewar t  movie .  Thei r  interpretation s o f 
th e tex t  varie d significantl y dependin g o n th e 
state d tex t  source . 

These observations about people's reading 
behavio r  agre e wit h experiment s i n cognitiv e 
psycholog y i n whic h varyin g th e state d readin g 
purpos e (e.g. .  Blac k [1980] ,  Frederikse n 
[1975]) ,  an d interposin g question s abou t  th e 
tex t  (e.g. ,  Rothkop f  an d Bisbico s [1967] , 
Anderso n an d Biddl e [1975] )  resulte d i n differ -
ence s i n inference s mad e b y th e readers ,  a s ev -
idence d b y test s fo r  fals e recognitio n o f 
statement s correspondin g t o inference s fro m th e 
text . 

This paper presents a program called 
MACARTHUR whic h i s abl e t o redirec t  it s  ow n in -
ferenc e processe s whe n a  questio n abou t  a  tex t 
i s  re-aske d repeatedly .  MACARTHUR demonstrate s 
it s successiv e interpretation s b y generatin g 
Englis h answer s t o question s abou t  th e text . 
For  example ,  afte r  readin g a  versio n o f  th e 
abov e stor y [1] ,  MACARTHUR respond s i n Englis h 
t o th e followin g sequenc e o f  questions : 
Q)  Why di d th e ambassado r  g o t o Albania ? 
A)  H E WENT ON A  VACATION I N ALBANI A AND 
PAKISTAN. 

Q) Are you sure? Why did he go to Albania? 
A)  MAYBE H E WANTED T O MEET WIT H TH E GOVERNMENT 

OF ALBANIA ,  BUT H E WANTED T O KEEP I T A  SECRET. 

Conside r  th e followin g story : 

[1] The Pakistani Ambassador to the United 
State s mad e a n unschedule d sto p i n Albani a 
yesterda y o n hi s wa y hom e t o wha t  a n aid e 
of  th e Ambassado r  describe d a s " a workin g 
vacation" . 

Why di d th e ambassado r  g o t o Albania ? 
Peopl e i n informa l  experiment s mos t  ofte n answe r 
tha t  h e may hav e simpl y gon e ther e a s par t  o f 
hi s vacation .  However ,  whe n th e sam e questio n 
i s repeated ,  the y generat e alternativ e explana -
tions ,  suc h a s th e following : 
1.  Ther e coul d hav e bee n som e secre t  politica l 

meetin g there . 

2. There might have been plane trouble; say, 
an emergenc y landin g t o fi x  a  fue l  leak . 

3. Maybe he just wanted to avoid reporters on 
hi s vacation . 

The tex t  present s a n explanatio n o n th e 
surfac e (tha t  th e ambassado r  wa s o n vacation) , 
whic h i s adequat e t o serv e a s a n interpretatio n 
of  th e event s i n th e story .  However ,  reader s 
can b e steere d awa y fro m thi s explanatio n b y 
externa l  factor s suc h a s repetitio n o f  th e sam e 
question .  I n a  relate d serie s o f  informa l  ex -
periments ,  peopl e wer e tol d differen t  "sources " 
of  th e text ;  i n particular ,  the y wer e eithe r 

Most  existin g tex t  understandin g system s 
(e.g. ,  CuUingfor d [1978] ,  Wilensk y [1978] , 
DeJong [1979] ,  Charnia k [1978] )  d o no t  accoun t 
fo r  people' s abilit y  t o mak e differen t  infer -
ence s dependin g o n externa l  factor s suc h a s 
re-probing .  MACARTHUR's abilit y  t o re-direc t 
it s  ow n inference s arise s fro m a  ne w classifi -
catio n schem e fo r  explanation s base d o n a n 
attribut e terme d th e "shape "  o f  a n explanation . 
The progra m i s intende d t o provid e a  test-be d 
fo r  comparin g implementation s o f  ou r  theorie s 
abou t  people' s readin g behavio r  wit h actua l  ex -
perimenta l  evidence .  Toward s thi s end ,  th e 
concludin g sectio n o f  thi s pape r  proposes  som e 
possibl e ne w experiments ,  an d som e possibl e ex -
tension s t o MACARTHUR. 

2.0 BACKGROUND: COHESION AND PARSIMONY 

2.1 The cohesion principle 

Results in cognitive psychology have shown 
tha t  peopl e almos t  universall y construc t  inter -
pretation s o f  tex t  whic h serv e t o coherentl y 
connec t  th e separat e statement s i n a  text ,  eve n 
when suc h connection s ar e no t  a t  al l  obvious . 
For  instance ,  Haberland t  an d Bingha m [1978 ]  hav e 
foun d evidenc e fo r  causa l  connectiv e inference s 
bein g mad e amon g th e sentence s i n example s lik e 
th e following : 

[2] Brian punched George. George called the 
doctor .  Th e docto r  arrived . 
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[3 ]  Bria n punche d George .  Georg e like d th e 
doctor .  Th e docto r  arrived . 

Subjects took longer to read [31 than [2], pre-
sumabl y spendin g th e extr a tim e tryin g t o infe r 
causa l  o r  intentiona l  connectiv e inference s 
among th e statement s i n th e text . 

Similarly, Bower, Black and Turner [1979] 
foun d tha t  readin g time s wer e longe r  whe n read -
er s ha d t o perfor m mor e tha n on e inferentia l 
"step "  t o establis h a  causa l  connectio n betwee n 
tw o statement s i n a  narrative .  Thes e result s 
and other s providin g evidenc e fo r  spatial ,  in -
strumental ,  referential ,  causa l  an d intentiona l 
connectiv e inferenc e hav e demonstrate d tha t  a 
crucia l  featur e o f  huma n tex t  understandin g i s 
th e abilit y  t o construc t  a  connecte d an d 
coheren t  representatio n o f  a  text .  Take n to -
gether ,  thes e result s for m wha t  w e may ter m th e 
"cohesio n principle "  o f  tex t  processin g behav -
ior . 

Researchers in AI have constructed a number 
of  proces s model s o f  tex t  understandin g whic h 
ar e consisten t  wit h th e cohesio n principle .  A I 
program s tha t  hav e addresse d th e proble m o f 
connectednes s i n text s includ e th e MARGIE pro -
gra m (Schan k [19751 )  i n term s o f  causa l  connec -
tions ,  th e SA M an d Ms.Malapro p program s i n term s 
of  script -  an d frame-base d connection s (Schan k 
et  a l  (19751 ,  Cullingfor d [19781 ,  Charnia k 
[19791) ,  an d th e PA M an d BELIEVE R program s i n 
term s o f  intentiona l  connection s (Schan k an d 
Abelso n [19771 ,  Wilensk y [19781 ,  Sridhara n an d 
Schmid t  [1978]) . 

2.2 The parsimony principle 

The cohesion principle alone is not 
sufficien t  t o accoun t  fo r  people' s interpreta -
tion s o f  text .  Fo r  instance ,  conside r  th e fol -
lowin g deceptivel y simpl e exampl e (fro m Grange r 
[1980]) : 

[4] Mary picked up a magazine. She swatted a 
fly . 

When asked why Mary picked up the magazine, 
peopl e i n informa l  experiment s overwhelmingl y 
answer  tha t  sh e picke d i t  u p wit h th e intentio n 
of  swattin g th e fly .  However ,  thi s answe r  cor -
respond s t o onl y on e o f  (a t  least )  thre e possi -
bl e interpretation s o f  th e text ,  non e o f  whic h 
ca n b e rule d ou t  o n ground s o f  logi c o r  th e 
cohesio n principle : 

(4a) Mary picked up a magazine to read it. She 
the n wa s annoye d b y a  fly ,  an d sh e swatte d 
i t  wit h th e magazin e sh e wa s holding , 

(4b) Mary picked up a magazine to read it. She 
the n wa s annoye d b y a  fly ,  an d sh e swatte d 
i t  wit h a  flyswatte r  tha t  wa s handy . 

(4c) Mary picked up a magazine to swat a fly 
wit h it . 

This same phenomenon occurs in any "garden path" 
text ;  i.e. ,  a  tex t  tha t  suggest s a n initiall y 
plausibl e inferenc e whic h turn s ou t  t o b e 
"supplanted "  (Grange r  [1980] )  i n th e fina l  rep -

resentation .  T o accoun t  fo r  thes e observations . 
Grange r  propose d th e Parsimon y Principle ,  whic h 
state s tha t  th e preferre d interpretatio n o f  a 
tex t  i s  th e on e i n whic h th e fewes t  numbe r  o f 
inferre d intention s o f  a  etor y characte r  accoun t 
fo r  th e maximu m numbe r  o f  hi s actions .  Thi s 
principl e ha s bee n incorporate d int o a  compute r 
progra m calle d ARTHUR ( A Reade r  THa t  Understand s 
Reflectively) ,  whic h ca n supplan t  it s ow n ini -
tia l  inference s i n ligh t  o f  subsequen t  informa -
tio n i n a  text ,  thereb y enablin g i t  t o rea d 
garde n pat h stories . 

3.0 THE SHAPE OF EXPLANATIONS 

The cohesion and parsimony principles to-
gethe r  stil l  fai l  t o accoun t  deterministicall y 
fo r  certai n tex t  understandin g behavior .  I n 
particular ,  people' s abilit y  t o generat e alter -
nativ e interpretation s o f  a  tex t  i n respons e t o 
re-questionin g canno t  b e explaine d b y thes e 
principles ,  since ,  fo r  example ,  al l  fou r  o f  th e 
interpretation s give n earlie r  i n thi s pape r  fo r 
stor y [1 ]  ar e coheren t  an d parsimonious . 

In order to account for this behavior, we 
hav e develope d a  classificatio n schem e fo r  al -
ternativ e explanation s base d o n a n attribut e o f 
explanation s w e ter m thei r  "shape" .  Thi s schem e 
has prove n usefu l  i n th e explanation-selectio n 
algorith m use d b y MACARTHUR i n generatin g al -
ternativ e interpretation s o f  a  text .  Followin g 
i s a  lis t  o f  th e fou r  shape s MACARTHUR currentl y 
knows about .  Thi s i s no t  intende d t o b e a  com -
plet e list ,  i t  simpl y reflect s th e presen t  stat e 
of  ou r  analysis : 

1. Pursue-desired-state: This refers to simple 
goa l  pursuit ,  i.e .  a  stor y i n whic h a 
characte r  ha s a  goa l  an d perform s plan s i n 
servic e o f  tha t  goal . 

2. Avoid-undesired-state: A character may not 
hav e a  specifi c  goa l  o r  desire d state ,  bu t 
rathe r  i s actin g ou t  plan s tha t  ar e i n ser -
vic e o f  th e avoidanc e o f  a  particula r  unde -
sire d state ,  suc h a s sleepines s (fo r  whic h a 
remed y i s t o inges t  coffe e o r  othe r  stimu -
lants) ,  hunge r  (remedie s includ e doin g 
somethin g distractin g lik e reading ,  o r 
takin g die t  pills ,  o r  eve n goin g t o sleep) , 
etc . 

3. Accident-reaction: A character may be in-
volve d i n som e event s tha t  unintentionall y 
hinde r  hi s goals .  Th e character' s subse -
quen t  action s may includ e attempt s t o in -
vestigat e th e caus e o f  th e accident ;  over -
comin g th e acciden t  b y re-plannin g an d re -
acting ;  abandonin g o r  postponin g th e goal ; 
or  simpl y tryin g again . 

4. Cover-stories: A character may have a goal 
tha t  h e wishe s t o achiev e secretly .  I f  h e 
canno t  simpl y avoi d bein g observed ,  the n h e 
may construc t  a  "cove r  story" ;  i.e. ,  a n 
alternativ e connecte d explanatio n fo r  hi s 
action s whic h ca n serv e a s a n "alibi "  t o an y 
observers .  Complet e understandin g o f  suc h 
storie s involve s th e abilit y  t o maintai n 
separat e belie f  space s fo r  differen t  char -
acters ,  an d t o recogniz e deceptio n vi a con -
flictin g belief s hel d b y differen t  charac -
ter s . 
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Followin g i s a n illustratio n o f  ho w thes e 
explanatio n shape s ca n giv e ris e t o a  serie s o f 
alternativ e interpretation s o f  stories .  Recal l 
stor y [11 : 

[1] The Pakistani Ambassador to the United 
State s mad e a n unschedule d sto p i n Albani a 
yesterda y o n hi s wa y hom e t o wha t  a n aid e 
of  th e Ambassado r  describe d a s " a workin g 
vacation" . 

The four alternative explanations previously 
give n fo r  thi s stor y ca n no w b e categorize d b y 
explanatio n shape : 

1. He may have gone there as part of his vaca-
tion .  (PURSUE-DESIRED-STATE) 

2. There could have been some secret political 
meetin g there .  (COVER-STORY) 

3. There might have been plane trouble; say an 
emergenc y landing .  (ACCIDENT-REACTION ) 

4. Maybe he just wanted to avoid reporters on 
hi s vacation .  (AVOID-UNDESIRABLE-STATE ) 

Conside r  stor y [5] ,  anothe r  stor y tha t 
MACARTHUR ca n proces s (se e Grange r  [1981 ]  fo r 
example s o f  detaile d outpu t  fro m MACARTHUR): 

[5] Dr. Fitzsimmons yawned loudly. He left 
Carne y an d Samuelso n an d wen t  int o th e nex t 
room.  H e opene d th e refrigerator . 

Following are four differently-shaped explana-
tion s fo r  thi s story . 

1.  Mayb e h e wante d t o mak e som e war m mil k t o 
hel p hi m ge t  t o sleep .  (PURSUE-DESIRED-
STATE) 

2. Maybe he wanted to make some coffee to help 
hi m sta y awake .  (AVOID-UNDESIRABLE-STATE ) 

3. Maybe he heard something fall down in there 
and h e wen t  t o investigate .  (ACCIDENT -
REACTION) 

4. Maybe he actually had some secret reason for 
goin g i n there ,  s o h e yawne d t o preten d h e 
was tired .  (COVER-STORY) 

The actua l  result s o f  th e experimen t  indi -
cate d tha t  th e memor y tas k cause d th e mos t  fals e 
recognition s o f  inferenc e items ,  whil e th e essa y 
tas k cam e secon d an d th e comprehensibilit y  tas k 
came lowest ,  a s expected .  A  post-ho c analysi s 
of  th e recognitio n tes t  item s reveale d tha t  th e 
essa y tas k cause d significantl y mor e fals e rec -
ognition s tha n th e othe r  tw o group s o n inferenc e 
item s whic h wer e "relate d t o th e mai n point "  o f 
th e story ,  eve n thoug h th e numbe r  o f  fals e rec -
ognition s overal l  (i.e. ,  includin g item s bot h 
relate d an d unrelate d t o th e mai n point )  wa s 
lowe r  fo r  th e essa y tas k tha n fo r  th e memor y 
task . 

In other words, the experiment was looking 
fo r  a  monotonicall y increasin g effec t  o f  mor e 
inference s correspondin g t o "deeper "  processing . 
However ,  wha t  i t  foun d wa s a  differenc e i n no t 
onl y th e "depth" ,  bu t  als o i n th e "direction "  o f 
inference s generated .  I n particular .  Blac k ac -
knowledge s th e existenc e o f  "main-poin t 
oriented "  processin g i n th e essa y tas k whic h di d 
not  appea r  i n th e othe r  tw o tasks . 

Consider a similar set of experiments based 
on mor e difficul t  stories ,  i.e. ,  storie s tha t 
ar e les s strongl y connecte d t o a  singl e mai n 
poin t  tha n th e essay s use d i n Black' s study . 
For  example ,  non-straightforwar d text s lik e [1 ] 
and [5 ]  i n thi s pape r  coul d b e used .  Accordin g 
t o th e cohesio n principle ,  reader s ten d t o wor k 
at  findin g connection s amon g sentence s i n a 
text ,  eve n whe n suc h connection s ar e no t  ob -
vious .  Hence ,  w e predic t  tha t  subject s woul d 
dutifull y  generat e connectiv e inference s t o ex -
plai n th e sentence s i n thes e non-straightforwar d 
texts .  However ,  sinc e ther e ar e a  numbe r  o f 
differen t  alternativ e interpretation s fo r  thes e 
texts ,  differen t  explanation s migh t  b e produce d 
by differen t  subjects ,  perhap s a s a  functio n o f 
differen t  type s o f  externa l  factor s suc h a s 
readin g purpose ,  tex t  source ,  interpose d ques -
tion s an d re-probing .  Fo r  example ,  i n a 
reading-purpos e experimen t  th e "shallower " 
reader s migh t  generat e a  "naive "  interpretatio n 
of  a  difficul t  text ;  whil e deepe r  reader s migh t 
generat e no t  jus t  mor e inference s bu t  differen t 
inferences ,  correspondin g t o thei r  significantl y 
differen t  interpretatio n o f  th e text .  We pro -
pos e suc h a  se t  o f  experiments ,  designe d aroun d 
non-straightforwar d texts ,  an d makin g us e o f 
othe r  type s o f  extra-textua l  factor s tha n jus t 
readin g purpose ;  i n particular ,  th e effect s o f 
interpose d question s an d re-probing . 

4. 0 CONCLUSIONS:  PROPOSED EXPERIMENTS 

Black' s [1980 ]  experiment s o n th e effect s 
of  readin g purpos e o n memor y fo r  tex t  assume d 
tha t  th e tas k o f  ratin g th e comprehensibilit y  o f 
a tex t  wa s " a 'shallow '  task" ,  preparin g fo r  a 
memory tes t  wa s " a 'deeper '  task" ,  an d preparin g 
fo r  a n essa y tes t  i n whic h th e subject s woul d 
hav e t o mak e us e o f  th e mai n poin t  o f  th e tex t 
was " a 'deepest '  task "  [p .  20] .  Black' s initia l 
predictio n wa s basicall y tha t  th e "deeper "  th e 
readin g purpose ,  th e greate r  th e numbe r  o f  in -
ference s th e subjec t  woul d produce ,  a s evidence d 
by th e numbe r  o f  fals e recognition s exhibite d o n 
teste d inferenc e items . 
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