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Abstrac t 

Abduction  is often viewed as inference to the "best" explana-
tion.  However ,  th e evaluatio n o f  th e goodnes s o f  candidat e hy -
pothese s remain s a n ope n problem .  Mos t  artificia l  intelligenc e 
researc h addressin g thi s proble m ha s concentrate d o n syntac -
tic  criteria ,  applie d uniforml y regardles s o f  th e explainer' s in -
tende d us e fo r  th e explanation .  W e demonstrat e tha t  syntacti c 
approache s ar e insufficien t  t o captur e importan t  difference s i n 
explanations ,  an d propos e instea d tha t  choic e o f  th e "best "  ex -
planatio n shoul d b e base d o n explanations '  utilit y  fo r  th e ex -
plainer' s purpose .  W e describ e tw o classe s o f  goal s motivatin g 
explanation :  knowledg e goal s reflectin g interna l  desire s fo r  in -
formation ,  an d goal s t o accomplis h task s i n th e externa l  world . 
We describ e ho w thes e goal s impos e requirement s o n explana -
tions,  an d discus s ho w w e appl y thos e requirement s t o evaluat e 
hypothese s i n tw o compute r  stor y understandin g systems . 

In order to learn from experience, a reasoner must be able to 
explai n wha t  i t  doe s no t  understand .  W h e n a  nove l  o r  poorl y 
understoo d situatio n i s  processed ,  i t  mus t  b e interprete d i n 
term s o f  knowledg e structure s alread y i n memory .  A s lon g 
as thes e structure s provid e expectation s tha t  allo w th e rea -
sone r  t o functio n effectivel y i n th e ne w situation ,  ther e i s n o 
reaso n t o revis e them .  However ,  th e expectation s ma y fai l  t o 
apply .  I n tha t  case ,  th e reasone r  i s  face d wit h a n anomal y 
— a  conflic t  betwee n expectation s an d ne w informatio n — 
and learnin g i s  neede d t o preven t  futur e failures .  I n orde r 
t o revis e it s knowledge ,  th e reasone r  need s t o kno w wh y i t 
made th e mistake n predictions ,  an d t o explai n wh y th e fail -
ur e occurred .  I n othe r  words ,  i t  mus t  identif y th e knowledg e 
structure s tha t  gav e ris e t o th e fault y expectations ,  an d un -
derstan d wh y it s domai n mode l  wa s violate d i n thi s situation . 
Once revised ,  th e knowledg e ca n the n b e store d i n memor y 
fo r  futur e use .  Abduction ,  th e constructio n o f  explanations ,  i s 
a centra l  componen t  o f  thi s learnin g process . 

Abductio n i s ofte n viewe d a s inferenc e t o th e "best "  expla -
nation .  However ,  ther e i s  ofte n n o on e "right "  explanation ; 
th e definitio n o f  "best "  i s  dependen t  o n th e goal s o f  th e rea -
sone r  i n formin g th e explanation .  I n thes e situations ,  th e 
"best "  explanatio n mus t  b e mor e tha n a  causa l  chai n tha t  cor -
rectl y describe s th e domain ;  i t  mus t  als o addres s th e reaso n 
tha t  a n explanatio n wa s require d i n th e first  place .  Th e exten t 
t o whic h i t  doe s s o determine s ho w effectivel y th e reasone r 
can lear n fro m th e explanation . 

'Ashwi n Ram' s researc h wa s supporte d i n par t  b y th e Nationa l 
Scienc e Foundatio n unde r  contrac t  IRI-9009710 .  Bot h authors '  re -
searc h wa s als o supporte d i n par t  b y th e Defens e Advance d Researc h 
Project s Agenc y an d th e Offic e o f  Nava l  Researc h unde r  contrac t 
N00O14-85-K-O1O8 ,  an d b y th e Ai r  Forc e Offic e o f  Scientifi c Re -
searc h unde r  contract s F49620-88-C-005 8 an d AFOSR-85-0343 . 

Thi s pape r  addresse s th e proble m o f  evaluatin g th e "good -
ness "  o f  hypothese s i n th e contex t  o f  a  reasonin g task .  W e 
focu s o n explanator y hypotheses ,  whic h ar e causa l  chain s tha t 
attemp t  t o justif y a  give n anomalou s fac t  i n term s o f  causa l 
relationship s wit h reasoner' s prio r  beliefs .  W e begi n wit h dis -
cussin g th e natur e o f  explanator y hypotheses .  W e the n discus s 
tw o classe s o f  evaluatio n criteri a fo r  suc h hypotheses .  Struc -
tura l  criteri a rel y o n structura l  o r  syntacti c propertie s o f  th e 
causa l  chain .  Fo r  example ,  a  reasone r  migh t  alway s choos e 
th e shortes t  causa l  chai n a s th e bes t  explanation .  Utility-base d 
criteri a selec t  hypothese s accordin g t o requirement s arisin g 
fro m th e system' s intende d us e fo r  a n explanation ,  suc h a s 
formin g prediction s abou t  futur e events . 

Althoug h structura l  criteri a hav e receive d th e mos t  atten -
tio n i n artificia l  intelligenc e programs ,  w e wil l  argu e i n favo r 
of  utility-base d criteri a o n functiona l  grounds .  Sinc e thes e 
criteri a judg e candidat e hypothese s wit h respec t  t o th e par -
ticula r  tas k an d reasonin g need s tha t  th e reasone r  i s currentl y 
face d with ,  the y ar e mor e likel y t o enabl e th e reasone r  t o pic k 
explanation s tha t  ar e "right "  fo r  th e occasion . 

We divid e utility-base d evaluatio n criteri a int o tw o sub -
classes :  thos e base d o n knowledg e goals ,  an d thos e base d o n 
tasks .  Criteri a base d o n knowledg e goal s attemp t  t o evaluat e 
a hypothesi s base d o n th e reasoner' s interna l  need s fo r  knowl -
edge .  Fo r  example ,  i f  a  syste m i s  tryin g t o for m a  distinc -
tio n betwee n tw o categorie s i n memory ,  a n explanatio n tha t 
provide s th e informatio n require d mak e suc h a  distinctio n i s 
more usefu l  eve n thoug h i t  ma y no t  b e th e shortes t  explana -
tion .  Task-base d criteri a evaluat e hypothese s fro m th e poin t 
of  vie w o f  th e rea l  worl d task s tha t  th e reasone r  i s tryin g t o 
perform .  A  detective ,  fo r  example ,  migh t  nee d t o buil d a  ver y 
differen t  explanatio n fo r  a  stai n o f  bloo d o n a  carpe t  tha n a 
cleane r  tryin g t o figure  ou t  ho w t o remov e tha t  stain . 

Our  theor y i s  base d o n a  functiona l  analysi s o f  th e pur -
pose s fo r  whic h explanation s wil l  b e used ,  an d motivate d b y 
empirica l  psychologica l  evidence .  Peopl e quit e clearl y hav e 
what  psychologist s ofte n cal l  "goa l  orientations, "  whic h hav e 
a significan t  effec t  o n th e inference s tha t  peopl e dra w fro m 
thei r  experiences .  Ther e i s a  larg e bod y o f  psychologica l 
researc h o n goa l  directio n i n focu s o f  attention ,  particularl y 
fro m socia l  psychology .  Zukier' s (1986 )  revie w concludes : 
"Experimenta l  studie s hav e clearl y demonstrate d tha t  a  per -
so n wil l  structur e an d proces s informatio n quit e differently , 
dependin g o n th e futur e us e h e o r  sh e intend s t o mak e o f  it " 
(p .  495) .  A I  researcher s hav e als o propose d theorie s o f  "sub -
jectiv e interpretation "  (e.g. ,  Carbonel l  (1979) ,  R a m (1989) )  i n 
whic h a  system' s prio r  belief s an d goal s influenc e th e interpre -
tation s draw n i n a  give n situation .  I n addition ,  A I  researc h o n 
operationalit y o f  explanation s ha s considere d th e questio n o f 

867 

mailto:ashwin@cc.gatech.edu
http://indiana.edu


generatin g suitabl e explanation s fo r  syste m use ,  althoug h th e 
rang e o f  use s considere d ha s bee n limite d (se e Kelle r  (1988 ) 
fo r  a  discussio n o f  operationalit y considerations) . 

F ro m th e functiona l  poin t  o f  view ,  thes e idea s ar e relate d 
t o th e "goa l  satisfactio n principle "  o f  Hayes-Rot h an d Lesse r 
(1976) ,  whic h state s tha t  mor e processin g shoul d b e give n t o 
knowledg e source s whos e response s ar e mos t  likel y t o satisf y 
processin g goals ,  an d t o th e "relevanc e principle "  o f  Sperbe r 
and Wilso n (1986) ,  whic h state s tha t  human s pa y attentio n 
onl y t o informatio n tha t  seem s relevan t  t o them .  Thes e prin -
ciple s mak e sens e becaus e cognitiv e processe s ar e geare d t o 
achievin g a  larg e cognitiv e effec t  fo r  a  smal l  effort . 

Utility-base d evaluatio n o f  explanator y hypothese s attempt s 
t o maximiz e th e utilit y  o f  explanation s b y explicitl y  consid -
erin g th e need s o f  th e reasone r  i n formin g th e explanation . 

Furthe r  example s o f  th e task-sensitiv e natur e o f  huma n ex -
planatio n ca n b e foun d i n psychologica l  researc h o n excus e 
theory ,  whic h demonstrate s tha t  peopl e manipulat e explana -
tion s t o displac e blam e fo r  poo r  performanc e (e.g. ,  Meh lma n 
& Snyde r  (1983)) . 

The explanation cycle 

Th e proces s mode l  fo r  th e tas k o f  explanatio n consist s o f  th e 
followin g steps : 

1.  A n o m a l y detection :  Identificatio n o f  a n unusua l  fac t  tha t 
need s explanation .  (Se e Leak e (1989a ;  1989b )  an d R a m 
(1989 )  fo r  ou r  approache s t o anomal y detection. ) 

2.  Explanator y hypothesi s construction :  Constructio n o f 
on e o r  mor e explanator y hypothese s tha t  woul d resolv e th e 
anomal y an d explai n th e situation .  Thi s i s typicall y don e 
by chainin g togethe r  causa l  inferenc e rule s throug h a  searc h 
proces s (e.g. ,  Riege r  (1975) ,  Morri s &  O'Rork e (1990)) , 
throug h a  weighte d o r  cost-base d searc h (e.g. ,  Hobb s e t 
al .  (1990) ,  Sticke l  (1990)) ,  o r  throug h a  case-base d rea -
sonin g proces s i n whic h previou s explanation s fo r  simila r 
situation s ar e retrieve d an d adapte d fo r  th e curren t  situatio n 
(e.g. ,  Schan k (1986) ,  Kas s e l  al .  (1986) ,  Leak e (1989b) , 
R a m (1990b)) . 

3.  Hypothesi s verification :  Confirmatio n o r  refutatio n o f 
possibl e explanation s or ,  i f  ther e i s mor e tha n on e hypoth -
esis ,  discriminatio n betwee n th e alternatives .  A  hypothesi s 
i s a  causa l  grap h tha t  connect s th e premise s o f  th e explana -
tio n t o th e conclusion s vi a a  se t  o f  intermediat e assertions . 
At  th e en d o f  thi s step ,  th e reasone r  i s lef t  wit h on e o r  mor e 
alternativ e hypotheses .  Partiall y  confirme d hypothese s ar e 
typicall y maintaine d i n a  dat a dependenc y networ k (e.g. , 
A Q U A ' S hypothesi s tre e (Ram ,  1989)) . 

Evaluation criteria 

Regardles s o f  h o w explanator y hypothese s ar e constructed , 
th e evaluatio n o f  thes e hypothese s (ste p 3  i n th e explanatio n 
cycl e above )  i s a  centra l  an d difficul t  problem .  W e categoriz e 
evaluatio n criteri a int o structura l  (o r  syntax-based )  an d utility -
base d (o r  goal-based )  criteria . 

Structural criteria 

Structura l  criteri a us e th e structura l  o r  syntacti c propertie s o f 
th e causa l  chai n t o evaluat e hypotheses .  A  goodnes s measur e 
fo r  eac h hypothesi s i s compute d base d o n th e lengt h o f  th e 
causa l  chain ,  th e numbe r  o f  abductiv e assumptions ,  o r  othe r 
suc h structura l  properties . 

Most  structura l  criteri a appea l  t o Occam' s razo r  b y requir -
in g minimalit y o f  hypotheses .  Simpl y stated ,  a  hypothesi s 
tha t  i s  "minimal "  wit h respec t  t o som e criterio n i s preferre d 
ove r  on e tha t  i s no t  (e.g. ,  Chamia k (1986) ,  Kaut z &  Alle n 
(1986)) .  Fo r  example ,  Konolig e (1990 )  argue s tha t  "closur e 
-I -  minimizatio n implie s abduction. "  T o tak e anothe r  exam -
ple ,  th e T A C I T U S syste m fo r  natura l  languag e interpretatio n 
merge s redundancie s a s a  wa y o f  gettin g a  minima l  interpre -
tation ,  whic h i s assume d t o b e a  bes t  interpretatio n (Hobb s e t 
al ,  1990) .  Minimalit y criteri a include : 

• Length: Causal chains with the shortest overall length are 
preferred . 

•  Abductiv e assumptions :  Explanation s requirin g th e 
fewes t  abductiv e assumption s ar e preferred . 

•  Subsumption :  I f  tw o candidat e hypothese s ar e foun d an d 
on e subsume s th e other ,  th e mor e genera l  hypothesi s i s 
preferred . 

Another approach focuses on the structural relationship of 
proposition s i n a n explanatio n rathe r  tha n minimality : 

• Explanatory coherence: The cohesion of an explanation 
i s measured ,  base d o n th e for m o f  connection s betwee n 
an explanation' s propositions ,  an d th e "bes t  connected "  ex -
planatio n i s favore d (e.g. ,  Thagar d (1989) ,  N g &  Moone y 
(1990). ) 

While structural criteria provide an easy way to evaluate the 
goodnes s o f  a  hypothesis ,  the y ar e no t  ver y usefu l  i n rea l 
situations .  Explanation s ar e no t  constructe d i n a  vacuum . 
Typically ,  ther e i s a  rea l  worl d tas k tha t  th e reasone r  i s per -
formin g tha t  require s th e reasone r  t o see k a n explanation .  Th e 
reasone r  ma y als o nee d a n explanatio n t o hel p i t  wit h a  piec e 
of  reasonin g tha t  i t  i s  tryin g o f  perform .  Bot h thes e type s o f 
motivation s fo r  explanatio n influenc e evaluatio n criteria . 

Utility-based criteria 

An explainer' s motivatio n fo r  explainin g wil l  ofte n plac e ad -
ditiona l  requirement s o n candidat e explanations ,  beyon d thei r 
form .  Fo r  example ,  explanation s prompte d b y anomalie s 
must  provid e particula r  information ,  i n orde r  t o resolv e th e 
anomaly .  Fo r  example ,  suppos e tha t  w e expecte d tea m X  t o 
wi n ove r  tea m Y  becaus e o f  th e talen t  o f  X' s sta r  player ,  bu t 
we ar e tol d tha t  tea m X  actuall y lost .  I f  someon e explaine d 
th e los s b y ' Y score d mor e point s tha n X, "  th e explanatio n 
woul d b e inadequate .  Althoug h i t  i s  a  correc t  explanation ,  i t 
give s n o informatio n abou t  wh y ou r  expectatio n wen t  wrong . 
The explanatio n "X' s sta r  wa s injure d an d couldn' t  play " 
doe s accoun t  fo r  wha t  wa s neglecte d i n prio r  reasoning ,  an d 
consequentl y i s a  bette r  explanation .  However ,  thi s explana -
tio n woul d no t  b e preferre d o n structura l  ground s alone .  Th e 
causa l  chai n underlyin g tha t  explanatio n i s mor e complex ,  s o 
i t  woul d no t  b e favore d b y minimalit y criteria .  Likewise ,  th e 
explaine r  o f  th e g a m e ha s acces s t o onl y on e observation ,  th e 
fac t  tha t  tea m X  lost ,  s o coherenc e metric s tha t  measur e ho w 
an explanatio n relate s pair s o f  observations ,  suc h a s thos e 
describe d b y N g an d Moone y (1990) ,  giv e n o ground s fo r 
preferrin g th e secon d explanation . 

To stat e ou r  relevanc e criterio n anothe r  way ,  a n explanatio n 
must  addres s th e failur e o f  th e reasone r  t o mode l  th e situatio n 
correctly .  I n additio n t o resolvin g th e incorrec t  predictions , 
i t  mus t  als o poin t  t o th e erroneou s aspec t  o f  th e chai n o f 
reasonin g tha t  le d t o thos e predictions .  A n explanatio n i s 
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usefu l  i f  i t  allow s th e reasone r  t o leam ,  o r  t o accomplis h 
curren t  tasks .  Th e clai m her e i s tha t  a n explanatio n mus t  b e 
bot h causa l  an d relevan t  i n orde r  t o b e useful . 

A n explanatio n o f  a n anomaly ,  therefore ,  mus t  answe r  tw o 
type s o f  questions : 

1.  W h y di d thing s occu r  a s the y di d i n th e world ? Thi s 
questio n focuse s o n understanding ,  an d learnin g about ,  th e 
causa l  structur e o f  th e domain . 

2.  W h y di d I  fai l  t o predic t  thi s correctly ? Thi s questio n 
focuse s o n understanding ,  an d improving ,  th e organizatio n 
of  th e reasoner' s o w n mode l  o f  th e domain . 

The answe r  t o th e first  questio n i s calle d a  domai n explanatio n 
sinc e i t  i s  a  statemen t  abou t  th e causalit y o f  th e domain .  Th e 
answer  t o th e secon d questio n i s calle d a n introspectiv e o r 
meta-explanatio n sinc e i t  i s  a  statemen t  abou t  th e reasonin g 
processe s o f  th e system . 

Each o f  th e abov e question s relate s t o a  nee d t o collec t  o r 
organiz e th e missin g informatio n tha t  cause d th e anomaly ,  an d 
tha t  utility-base d evaluatio n criteri a mus t  address .  Th e first 
questio n give s ris e t o knowledg e acquisitio n goals ,  whic h ar e 
goal s t o collec t  informatio n o r  knowledg e abou t  th e domai n 
tha t  th e anomal y ha s signale d a s bein g missing .  Th e secon d 
questio n give s ris e t o knowledg e organizatio n goals ,  whic h ar e 
goal s t o improv e th e organizatio n o f  knowledg e i n memory . 
Let  u s conside r  th e secon d questio n first. 

Introspective explanations: Addressing knowledge organi-
zatio n goals .  O n e o f  th e question s a n explanatio n mus t  ad -
dres s i s w h y th e reasone r  faile d t o mak e th e correc t  predictio n 
i n a  particula r  situation .  Thi s coul d happe n i n thre e ways : 

1.  Nove l  situation :  Th e reasone r  di d no t  hav e th e knowledg e 
structure s t o dea l  wit h th e situation . 

2.  Incorrec t  worl d model :  Th e knowledg e structure s tha t  th e 
reasone r  applie d t o th e situatio n wer e incomplet e o r  incor -
rect . 

3.  Mis-indexe d domai n knowledge :  Th e reasone r  di d hav e 
th e knowledg e structure s t o dea l  wit h th e situation ,  bu t  i t 
was unabl e t o retriev e the m sinc e the y wer e no t  indexe d 
unde r  th e cue s tha t  th e situatio n provided . 

W h en a n explanatio n i s built ,  th e reasone r  need s t o b e abl e 
t o identif y th e kin d o f  processin g erro r  tha t  occurre d an d in -
vok e th e appropriat e learnin g strateg y t o preven t  recurrenc e 
of  th e error .  Fo r  example ,  i f  a n incomplet e knowledg e struc -
tur e i s applie d t o a  situation ,  th e knowledg e activate d b y th e 
resultin g processin g erro r  mus t  represen t  bot h th e knowledg e 
tha t  i s missing ,  an d th e fac t  tha t  thi s piec e o f  knowledge , 
when i t  come s in ,  shoul d b e use d t o fill  i n th e ga p i n th e 
origina l  knowledg e structure .  Similarly ,  i f  a n erro r  aros e du e 
t o a  mis-indexe d knowledg e structure ,  th e explanation ,  whe n 
available ,  shoul d b e use d t o re-inde x th e knowledg e structur e 
appropriately . 

Knowledg e organizatio n goal s ca n b e categorize d b y th e 
typ e o f  ga p tha t  gav e rise  t o them ,  o r  b y th e typ e o f  learnin g 
tha t  result s fro m thei r  satisfaction : 

•  Missin g knowledg e -  lea m n e w knowledg e t o fill  ga p i n 
domai n mode l 

•  Unconnecte d knowledg e -  lea m ne w connectio n o r  ne w 
inde x 

•  Implici t  assumptio n -  lea m heuristic s fo r  whe n t o chec k 
assumptio n explicitl y 

•  Calculate d simplificatio n -  lea m heuristic s fo r  whe n t o 
chec k assumptio n i n detai l 

•  Explici t  assumptio n -  lea m n e w knowledg e t o correc t  th e 
assumptio n 

•  Conjunctiv e assumption s -  lea m n e w interaction s 

A hypothesis is evaluated from the point of view of knowl-
edg e organizatio n goal s b y checkin g t o se e i f  i t  provide s th e 
informatio n necessar y fo r  th e typ e o f  leamin g tha t  th e rea -
sone r  i s tryin g t o perform .  Fo r  example ,  suppos e th e reasone r 
read s a  newspape r  stor y abou t  a  Lebanes e teenage r  who ,  i t 
turn s out ,  i s  blackmaile d int o goin g o n a  suicid e bombin g 
mission .  Eve n i f  th e reasone r  alread y know s abou t  terrorism , 
religiou s fanatic s an d blackmail ,  th e stor y m a y nevertheles s 
be anomalou s i f  th e reasone r  ha s neve r  see n thi s particula r 
scenari o before .  Th e difficult y arise s fro m th e fac t  tha t  black -
mai l  i s  no t  ordinaril y  somethin g tha t  come s t o min d whe n on e 
read s abou t  suicid e bombing .  Here ,  th e reasone r  ca n lea m a 
ne w connectio n betwee n th e knowledg e stmcture s describin g 
suicid e bombin g an d blackmail ,  respectively .  I n orde r  t o d o 
this ,  th e explanatio n mus t  provid e th e informatio n require d 
t o identif y th e condition s unde r  whic h a  suicid e bombin g i s 
likel y t o b e cause d throug h blackmail . 

Thi s typ e o f  analysi s i s essentia l  i n determinin g whethe r 
an explanatio n i s sufficien t  fo r  th e purpose s o f  th e reasonin g 
tas k a t  hand .  I n thi s example ,  th e reasonin g tas k i s t o satisf y 
a knowledg e organizatio n goal ,  whic h i s a  goa l  t o lea m b y 
reorganizin g existin g knowledg e i n memory . 

Domain explanations: Addressing knowledge acquisition 
goals .  Knowledg e acquisitio n goal s see k n e w causa l  knowl -
edg e abou t  th e domain .  A  domai n explanatio n i s a  causa l 
chai n tha t  demonstrate s w h y th e anomalou s propositio n migh t 
hol d b y introducin g a  se t  o f  premise s tha t  causall y lea d u p 
t o tha t  proposition .  I f  th e reasone r  believe s o r  ca n verif y 
th e premise s o f  a n explanation ,  th e conclusio n i s sai d t o 
be explained .  Explanation s ar e ofte n verbalize d usin g thei r 
premise s o r  abductiv e assumptions .  However ,  th e rea l  ex -
planatio n include s th e premises ,  th e causa l  chain ,  an d an y 
intermediat e assertion s tha t  ar e par t  o f  th e causa l  chain . 

I n orde r  t o b e useful ,  a  hypothesi s mus t  provid e th e in -
formatio n tha t  i s bein g sough t  b y th e knowledg e acquisitio n 
goal s o f  th e reasoner .  Fo r  example ,  i f  th e reasone r  ha s a  goa l 
t o acquir e knowledg e abou t  th e biochemica l  propertie s o f  a 
particula r  virus ,  a  descriptio n o f  a  sic k patien t  mus t  provid e 
th e biochemica l  informatio n i n orde r  t o qualif y a s a n expla -
natio n fro m th e poin t  o f  vie w o f  tha t  goal .  A n altemativ e 
hypothesi s tha t  provide s causa l  informatio n suggestin g h o w 
some dru g migh t  destro y th e vims ,  whil e usefu l  from  th e poin t 
of  vie w o f  curin g th e patient ,  m a y no t  provid e th e require d 
information . 

Task-triggere d knowledg e acquisitio n goals .  Knowledg e 
acquisitio n goal s ofte n aris e fro m a n explainer' s tasks .  A 
docto r  wishin g t o cur e a  patien t  wil l  see k a n explanatio n o f 
th e patient' s symptom s tha t  suggest s th e pla n o f  actio n fo r  a 
cure ;  a n epidemiologis t  m a y see k a n explanatio n i n term s o f 
environmenta l  factors ,  t o m a k e simila r  diseas e outbreak s les s 
likely .  I n orde r  t o reflec t  suc h factor s i n evaluation ,  w e mus t 
identif y th e basi c task s tha t  ca n b e prompte d b y a n anomaly , 
i n tur n promptin g explanation s tha t  focu s o n particula r  as -
pect s o f  a  situation .  Fo r  example ,  eac h o f  th e task s belo w i s 
associate d wit h particula r  knowledg e acquisitio n goals : 
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•  Choosin g a  respons e t o a n unexpecte d even t  -  lear n 
cause s tha t  allo w discriminatio n betwee n possibl e plans , 
by predictin g event s o r  identifyin g curren t  circumstance s 

•  Repairin g a n undesirabl e stat e -  lear n repairabl e cause s 
of  tha t  stat e 

•  Causin g recurrenc e -  lear n achievabl e cause s 

•  Preventin g recurrenc e -  lear n blockabl e cause s 

•  Assignin g credi t  o r  blam e -  lear n particula r  actors '  influ -
enc e o n a n outcom e 

•  Replicatin g anothe r  actor' s succes s -  lear n motivation s o f 
th e observe d actor' s unusua l  plannin g decision s 

Since each of these tasks requires different information, ex-
planation s t o serv e the m mus t  b e evaluate d i n th e contex t 
of  thos e tasks .  Evaluatio n criteri a base d o n knowledg e or -
ganizatio n goals ,  knowledg e acquisitio n goals ,  an d task s ar e 
collectivel y calle d utility-base d criteri a i n thi s paper . 

Two case studies 

We hav e develope d tw o compute r  program s t o tes t  ou r  the -
ory .  Althoug h spac e limitation s preclud e detaile d description s 
of  thes e programs ,  w e describ e the m briefl y t o illustrat e th e 
kin d o f  abductiv e reasonin g tha t  ou r  theor y o f  explanatio n 
evaluatio n supports .  I t  shoul d b e note d tha t  bot h program s 
deal  wit h rea l  worl d example s i n domain s i n whic h provabl y 
correc t  domai n theorie s ar e unavailable .  Bot h program s con -
struc t  explanation s i n servic e o f  othe r  task s (e.g. ,  learning , 
natura l  languag e understanding) ,  an d henc e mus t  evaluat e ex -
planation s i n th e contex t  o f  thes e tasks . 

The AQUA program 

Our  first  exampl e progra m i s A Q U A,  a  stor y understandin g 
progra m tha t  learn s fro m wha t  i t  read s (Ram ,  1987 ;  Ram, 
1989) .  A Q U A read s newspape r  storie s abou t  terrorism ,  suc h 
as th e "blackmaile d int o suicid e bombing "  stor y mentione d 
abov e (Ne w Yor k Times ,  No v 27 ,  1985) .  I n orde r  t o under -
stan d text ,  A Q U A mus t  integrat e th e text ,  whic h i s ofte n am -
biguous ,  elUpti c an d vague ,  wit h it s worl d knowledge ,  whic h 
i s ofte n incomplet e an d possibl y incorrect .  I n orde r  t o lea m 
fro m wha t  i t  reads ,  i t  mus t  detec t  perceive d anomalie s i n th e 
tex t  whic h ma y identif y flaws  o r  gap s i n it s mode l  o f  th e 
domain ,  formulat e explanation s t o resolv e thos e anomalies , 
confir m o r  refut e potentia l  explanations ,  an d possibl y lea m 
new explanation s o r  modif y incorrec t  ones . 

The proces s o f  natura l  languag e understandin g generate s 
reasonin g goal s o r  questions ,  representin g wha t  th e under -
stande r  need s t o kno w i n orde r  t o perfor m a n understandin g 
task ,  b e i t  explanation ,  learning ,  o r  som e othe r  cognitiv e task . 
Thes e question s constitut e th e specifi c  knowledg e goal s o f  th e 
understande r  generate d durin g a  parsin g experience ,  an d ar e 
used t o focu s th e reasonin g processe s o n aspect s o f  th e inpu t 
tha t  ar e actuall y relevant .  Thes e goal s ar e als o use d t o focu s 
th e learnin g proces s s o tha t  th e understande r  learn s wha t  i t 
needs t o kno w i n orde r  t o bette r  carr y ou t  it s tasks . 

A Q UA use s th e followin g criteri a t o evaluat e hypotheses . 
Althoug h A Q U A use s a  case-base d approac h usin g expla -
natio n pattern s t o construc t  explanation s (Ram ,  1990b) ,  th e 
criteri a liste d her e ar e applicabl e t o othe r  kind s o f  explana -
tio n constructio n method s whic h rel y o n domai n knowledg e 
i n th e for m o f  inferenc e rules ,  cases ,  schemas ,  o r  othe r  type s 
of  knowledg e structures . 

1.  Believability :  D o I  believ e th e domai n knowledg e fro m 
whic h th e hypothesi s wa s derived ? Thi s i s a n issu e fo r  an y 
learnin g progra m i n a  realisti c domai n fo r  whic h a  correc t 
domai n theor y i s no t  ye t  known . 

2.  Applicability :  Ho w wel l  doe s th e domai n knowledg e (th e 
particula r  rules ,  case s o r  schemas )  appl y t o thi s situation ? 
Di d i t  fit  th e situatio n withou t  an y modifications ? 

3.  Relevance :  Doe s th e hypothesi s addres s th e underlyin g 
anomaly ? Doe s i t  addres s th e knowledg e goal s o f  th e rea -
soner ? Th e hypothesi s i s evaluate d i n th e contex t  o f  bot h 
knowledg e acquisitio n an d organizatio n goals . 

4.  Verification :  Ho w definitel y wa s th e hypothesi s confirme d 
or  refute d i n th e curren t  situation ? Doe s th e hypothesi s 
spawn ne w knowledg e goal s (requirin g furthe r  informatio n 
t o hel p verif y th e hypothesis) ? 

5.  Specificity :  I s th e hypothesi s abstrac t  an d ver y general , 
or  i s i t  detaile d an d specific ? Thi s i s a  structura l  criterio n 
i n th e sens e tha t  i t  i s  base d o n th e structure ,  an d no t  th e 
content ,  o f  th e hypothesis .  However ,  th e structur e o f  th e 
hypothesi s i s evaluate d i n th e contex t  o f  th e organizatio n 
of  causa l  memory . 

Intuitively, a "good" explanation is not necessarily one that 
can b e prove n t o b e "true "  (criterio n 4) ,  bu t  als o on e tha t 
seems plausibl e ( 1 an d 2) ,  fits  th e situatio n wel l  ( 2 an d 5) , 
and i s relevan t  t o th e goal s o f  th e reasone r  (criterio n 3) . 

A Q UA i s a  dynami c stor y understandin g progra m tha t  i s 
drive n b y it s question s o r  goal s t o acquir e knowledge .  Rathe r 
tha n bein g "canned, "  th e progra m i s alway s changin g a s it s 
question s change ;  i t  read s simila r  storie s differentl y an d form s 
differen t  interpretation s a s it s question s an d interest s evolve . 
A Q UA judge s th e interestingnes s o f  th e inpu t  wit h respec t 
t o it s knowledg e goal s (Ram ,  1990c) ,  an d learn s abou t  th e 
domai n b y answerin g it s question s (Ram ,  1990a) .  Bot h thes e 
processe s ar e goal-based .  Here ,  w e ar e proposin g tha t  th e 
evaluatio n o f  explanation s b e goal-base d a s well .  I t  i s  impor -
tan t  fo r  th e evaluatio n criteri a t o b e sensitiv e t o th e curren t 
goal s o f  th e reasoner . 

The ACCEPTER program 

Our  secon d exampl e i s ACCEPTER (Leake ,  1989b) ,  whic h 
was designe d a s th e centra l  understandin g componen t  fo r  a 
case-base d explanatio n syste m (Kas s e t  al. ,  1986 )  t o bot h de -
tec t  problem s i n explanatio n an d guid e adaptatio n t o resolv e 
them.  ACCEPTER processe s storie s o f  episode s o f  deat h 
(suc h a s th e deat h o f  ̂ e sta r  racehors e Swale) ,  damag e (suc h 
as ca r  problems) ,  an d destructio n (suc h a s th e explosio n o f 
th e Spac e Shuttl e Challenger) . 

Lik e A Q U A,  ACCEPTER i s a  stor y understandin g progra m 
tha t  detect s anomalou s event s i n th e storie s i t  processes ,  an d 
evaluate s th e goodnes s o f  candidat e explanation s fo r  thos e 
anomalies .  However ,  ACCEPTER' S evaluatio n o f  explana -
tion s include s task-base d criteria ,  accordin g t o user-selecte d 
explaine r  goals .  Th e system' s evaluatio n criteri a involv e cri -
teri a t o determine : 

1. Relevance of an explanation to an anomaly (i.e., whether 
th e explanatio n account s fo r  wh y reasonin g failed ) 

2.  Plausibilit y  o f  a n explanatio n 

3.  Usefulnes s o f  a n explanatio n fo r  th e curren t  tas k 

Al l  thre e criteri a mus t  ofte n b e satisfie d fo r  a n explanatio n t o 
be satisfactory ,  bu t  i n som e case s no t  al l  ar e importan t  (e.g. . 
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plausibilit y  migh t  actuall y b e undesirabl e i n a  humorou s ex -
planation. )  Give n a  task ,  A C C E P T ER examine s th e cause s 
outline d i n a  candidat e explanation ,  t o determin e whethe r 
thos e cause s ar e sufficien t  t o accomplis h th e task .  Fo r  exam -
ple ,  suppos e th e explainer' s tas k i s t o repai r  a  malliinclionin g 
device .  A n explanatio n mus t  accoun t  fo r  th e sym|>i{)ni s o f 
th e malfunction ,  an d sho w h o w thos e symptom s rcsui i  troi n 
abnormalitie s i n th e device .  Fo r  example ,  i f  a  televisio n se t  i s 
smoking ,  a  goo d explanatio n fo r  repai r  mus t  sa y whic h part s 
ar e causin g th e smoke ,  rathe r  tha n simpl y sayin g th e smok e 
i s th e resul t  o f  combustio n withi n th e device . 

A C C E P T ER evaluate s explanation s fo r  fou r  purposes :  pre -
dictin g a n event ,  controllin g it s futur e occurrence ,  repairin g 
an undesirabl e state ,  an d assignin g responsibility .  Dependin g 
on whic h purpos e i s i n effect ,  th e syste m require s differen t  in -
fonmatio n t o b e include d i n a n explanation .  Fo r  example ,  on e 
episod e fo r  whic h th e syste m evaluate s explanation s involve s 
a ca r  recall .  I t  i s  offere d tw o possibl e explanation s fo r  th e 
recall :  tha t  ther e wa s ba d qualit y contro l  whe n th e ca r  wa s 
manufactured ,  an d tha t  th e ca r  ha s a  defectiv e transmission . 
Bot h explanation s ar e plausibl e whe n take n ou t  o f  context , 
but  whe n A C C E P T ER evaluate s the m fo r  th e repai r  task ,  i t 
reject s th e first  explanatio n an d accept s th e second ,  sinc e onl y 
th e secon d provide s th e informatio n neede d fo r  th e repair . 

A C C E P T E R 'S evaluatio n o f  usefulnes s i s dynamic ,  depend -
in g o n th e curren t  task .  I t  m a y requir e tha t  a n explanatio n 
includ e cause s tha t  ar e observable ,  predictive ,  an d distinc -
tiv e (fo r  th e tas k o f  predictin g an d avoidin g futur e problems) , 
repairabl e (fo r  repairin g a  ba d state) ,  controllabl e (fo r  pre -
ventin g o r  causin g a n outcome) ,  o r  desirable/undesirabl e (fo r 
assignin g prais e o r  blame) .  Al l  thes e criteri a reflec t  th e con -
ten t  o f  th e explanation ,  rathe r  tha n structur e alone .  A  mor e 
detaile d descriptio n ca n b e foun d i n Leak e (1989b ;  1990) . 

Conclusion 

Abduction ,  o r  inferenc e t o th e bes t  explanation ,  i s  a  centra l 
componen t  o f  th e reasonin g process .  Th e "best "  explanatio n 
i s no t  on e tha t  i s th e mos t  "correct, "  i f  correctnes s i s eve n 
measurabl e i n th e domai n o f  interest ,  bu t  on e tha t  i s mos t 
usefu l  t o th e proces s tha t  i s seekin g th e explanation .  Conse -
quently ,  criteri a fo r  evaluatin g th e goodnes s o f  explanation s 
must  depen d o n a  theor y o f  th e type s o f  use s t o whic h expla -
natio n m a y b e applied .  W e hav e argue d tha t  tw o mai n classe s 
of  purpose s mus t  b e considered :  thos e base d o n knowledg e 
goal s reflectin g interna l  desire s fo r  information ,  an d thos e 
base d o n goal s t o accomplis h task s i n th e externa l  world . 

Th e rol e o f  knowledg e goal s i n explanatio n evaluatio n 
has bee n explore d i n th e A Q U A an d A C C E P T OR programs . 
A Q UA i s a  compute r  mode l  o f  th e theor y o f  question-drive n 
understanding .  A Q U A build s explanation s i n orde r  t o find 
answer s t o question s raise d b y gap s i n it s domai n knowledge , 
and learn s b y incrementall y improvin g it s understandin g o f 
th e domain .  Th e relationshi p betwee n task s an d requirement s 
fo r  explanation s ha s bee n investigate d i n A C C E P T E R,  a  pro -
gra m t o evaluat e th e usefulnes s o f  explanation s o f  anoma -
lie s fo r  majo r  classe s o f  overarchin g goals .  W e ar e currentl y 
investigatin g th e relationship s betwee n task s an d knowledg e 
goals ,  an d explorin g h o w a  syste m migh t  generat e differen t 
knowledg e goal s dependin g o n it s curren t  tasks .  Bot h A Q U A 
and A C C E P T ER tak e a  strongl y context-dependen t  vie w o f 
evaluatio n o f  hypotheses :  th e final  determinan t  o f  a n explana -
tion' s goodnes s i s whethe r  i t  provide s th e desire d information . 
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