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Abstrac t 

Over the past few years there has been a grow-
in g interes t  i n th e notio n o f  usin g causa l  expla -
nation s i n bot h learnin g ([Dejon g an d Mooney , 
1986]  [Mitchel l  e t  a/. ,  1986] )  an d plannin g ([Ham -
mond,  1989] ,  [Hammond ,  1987 ]  an d [Simmonsan d 
Davis ,  1987]) .  Th e stud y o f  ho w comple x causa l 
explanation s ca n b e use d i n learnin g ha s turne d 
int o somethin g o f  a  cottag e industr y i n AI ;  how -
ever ,  littl e attentio n ha s pai d t o ho w explanation s 
may b e constructed .  I n thi s paper ,  w e wil l  exam -
in e som e o f  th e curren t  proposal s concernin g th e 
proces s o f  explanation ,  augmen t  the m wit h a  fe w 
idea s o f  ou r  own ,  an d sugges t  a  new ,  mor e strate -
gi c leve l  o f  knowledg e abou t  explanation s tha t  ca n 
be use d t o guid e th e explanatio n process .  I n par -
ticular ,  w e ar e intereste d i n th e problem s involve d 
wit h integratin g rule-base d method s o f  explana -
tio n constructio n wit h memory-base d approaches . 

Exp lanat ion :  U s e vs .  Cons t ruc t io n 

I n recen t  years ,  explanatio n ha s bee n rediscovere d a s 
a theoretica l  issu e i n Cognitiv e Science .  Th e stress , 
however ,  i n th e stud y o f  explanatio n ha s bee n aime d a t 
th e us e o f  explanations ,  rathe r  tha n thei r  construction . 
Littl e wor k ha s bee n don e o n th e issu e o f  explanatio n 
as a  constructiv e task .  Ou r  goa l  i s  t o develo p a  mode l 
of  th e tas k tha t  i s  a  conten t  theor y o f  th e proces s o f  ex -
planation .  I n particular ,  w e ar e intereste d i n a  theor y 
tha t  include s a  strategi c leve l  o f  knowledg e abou t  ex -
planation s tha t  ca n b e use d t o guid e th e constructio n 
as wel l  a s th e us e o f  explanations . 

The nee d fo r  suc h a  theor y i s straightforward :  Ex -
planation s ar e bein g bille d a s th e answe r  t o th e prob -
le m o f  credi t  assignmen t  i n learnin g ([Dejon g an d 
Mooney,  1986 ]  an d [Mitchel l  e t  ai ,  1986] )  a s wel l  a s a 
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credibl e approac h t o avoidin g extensiv e searc h i n plan -
nin g ([Hammond ,  1989] ,  [Hammond ,  1987 ]  an d Sim -
mons an d Davis ,  1987]) .  Fo r  thes e claim s t o b e any -
thin g mor e tha n th e exchang e o f  on e se t  o f  intractabl e 
problem s fo r  another ,  w e nee d a  theor y tha t  provide s 
us wit h a  metho d fo r  constructin g a s wel l  a s fo r  us -
in g causa l  explanations .  A s a  first  ste p toward s this , 
we wil l  examin e th e differen t  proposal s tha t  hav e bee n 
made concernin g explanatio n a s a  tas k an d attemp t 
t o organiz e th e operation s require d b y eac h i n int o a 
singl e knowledg e base .  W e wil l  furthe r  propos e a  three -
levele d organizatio n o f  tha t  knowledg e bas e int o Task , 
M e t h o d an d D o m a i n leve l  knowledge . 

Explanation in Learning: Backward 

C h a i n i n g 

The mos t  recen t  impac t  tha t  causa l  explanatio n ha s 
had i n Artificia l  Intelligenc e i s a s a  mechanis m fo r 
credi t  assignmen t  i n variou s theorie s o f  learning .  Ini -
tiall y  propose d a s a  metho d fo r  learnin g macr o oper -
ator s i n STRIP S ([Fike s e t  ai ,  1972] )  i t  wa s rediscov -
ere d b y bot h DeJon g an d Mitchel l  an d implemente d 
i n E G Gs an d E B G respectively .  Althoug h bot h re -
searcher s sugges t  a n interestin g us e fo r  explanations , 
neithe r  ha s gon e o n t o sugges t  a n advancemen t  ove r 
existin g method s fo r  th e constructio n o f  th e explana -
tion s tha t  the y use . 

DeJong ,  becaus e h e ha s bee n concerne d wit h do -
main s involvin g planfu l  action ,  ha s relie d o n a  PAM-
lik e ([Wilensky ,  1978] )  proces s o f  explanatio n tha t  per -
form s goa l  regression ;  tha t  is ,  backwar d chainin g fro m 
a perceive d goa l  throug h th e step s tha t  ar e inpu t  t o th e 
system .  Th e bac k chainin g i s don e usin g a  se t  o f  causa l 
rule s tha t  includ e provid e link s betwee n actions ,  state s 
and intentions .  A s i n P A M,  a n actio n i s explaine d 
when i t  i s  linke d t o a  plan ,  a  pla n i s explaine d whe n 
i t  i s  linke d t o a  goa l  an d a  goa l  i s  explaine d whe n i t  i s 
eithe r  linke d t o a n existin g them e o r  ha s bee n provide d 
t o th e syste m a s par t  o f  it s  input . 

Unfortunately ,  als o lik e P A M,  thi s proces s i s non -
deterministi c an d therefor e potentiall y  exponential . 
DeJong handle s thi s proble m b y introducin g a n arbi -
trar y lengt h limi t  t o th e chain s tha t  th e explanatio n 
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proces s i s allowe d t o construct .  A s a  result ,  an y se t  o f 
input s tha t  includ e gap s large r  tha n thi s limi t  simpl y 
canno t  b e explained .  Thi s limi t  is ,  i n som e sense ,  es -
sentia l  t o th e overal l  argumen t  tha t  DeJon g propose s 
fo r  th e us e o f  explanation s i n learning .  Withou t  it ,  al l 
input s woul d fal l  int o th e clas s o f  "explainable "  cases , 
and ther e woul d b e n o reaso n t o buil d ne w script s tha t 
ar e th e resul t  o f  th e learnin g process .  Wit h it ,  th e onl y 
input s tha t  ca n b e explaine d ar e thos e whic h ar e eithe r 
sufficientl y detaile d t o allo w th e explanatio n proces s t o 
lin k th e steps ,  o r  thos e tha t  ar e example s o f  previousl y 
constructe d scripts . 

E BL i s no t  th e onl y theor y wit h thi s drawback ; 
Mitchell' s  E B G ,  thoug h concerne d wit h mor e struc -
tura l  explanation s an d categories ,  als o face s thi s prob -
lem .  Th e fac t  tha t  Mitchel l  ha s tende d t o us e theo -
re m prover s a s th e basi s fo r  th e explanatio n proces s 
tend s t o mak e thi s fac t  eve n mor e apparen t  becaus e 
th e technique s h e use s ar e know n t o b e worst-cas e ex -
ponential .  Whil e thes e technique s ar e know n t o b e 
potentiall y  exponential ,  thei r  extensiv e us e ha s mini -
mize d th e problemati c statu s o f  thes e solution s t o th e 
explanatio n problem . 

Explanation Patterns: Reminding and 

T r a n s f o r m a t i o n 

Outsid e o f  th e real m o f  EBL ,  som e wor k ha s bee n don e 
i n th e are a o f  explanatio n generation .  Schan k ha s sug -
geste d a  memor y intensiv e approac h tha t  use s struc -
ture s calle d Explanation s Pattern s ([Schank ,  1986] ) 
tha t  recor d existin g explanation s i n a  for m tha t  al -
low s the m t o b e reuse d analogically .  Schank' s ap -
proac h combine s a  retrieva l  stag e i n whic h th e feature s 
of  a n unexplaine d even t  ar e use d t o find  a n explanatio n 
patter n (o r  X P )  i n memory ,  followe d b y a  transfe r  o r 
"tweakin g stage "  i n whic h th e existin g explanatio n i s 
transforme d t o fit  th e curren t  case .  Thi s approac h dif -
fer s fro m backwar d chainin g becaus e i t  involve s searc h 
of  a  spac e o f  transformation s rathe r  tha n a  spac e o f 
operators .  Give n th e natur e o f  mos t  domain s (non -
homogeneou s wit h cluster s o f  viabl e explanations) ,  thi s 
approac h i s a  potentia l  winne r  i n term s o f  efficienc y o f 
search . 

I t  appear s tha t  th e technique s tha t  Schan k suggest s 
may b e directl y adaptabl e t o th e proble m o f  buildin g 
th e causa l  dependenc y structure s tha t  th e EB L meth -
ods require .  A  muc h cleare r  cas e fo r  th e reus e o f  pack -
aged explanation s i n th e constructio n o f  dependenc y 
structure s ha s bee n provide d b y Simmons '  G T D ,  a n ex -
planator y syste m tha t  use s associationa l  rule s t o gener -
at e approximat e explanation s an d detaile d causa l  rule s 
t o debu g the m ([Simmon s an d Davis ,  1987]) .  Whil e 
differen t  i n form ,  thi s approac h depend s o n th e sam e 
principl e a s Schank' s XP's .  Tha t  is ,  viabl e explana -
tion s fo r  event s i n a  domai n ten d t o b e foun d i n clus -
ters ,  makin g th e approac h o f  "approximat e an d debug " 
an effectiv e one . 

Bot h o f  thes e approache s res t  o n th e overal l  coher -

ence o f  mos t  domains .  The y construc t  approximat e 
solution s Schan k throug h recal l  o f  existin g pattern s 
and Simmon s throug h th e us e o f  associationa l  rule s 
tha t  ar e the n modifie d t o fit  th e fact s tha t  requir e ex -
planation .  Th e interestin g aspec t  o f  bot h i s tha t  the y 
ar e alternative s t o simpl e backwar d chaining ,  an d pro -
vid e a  differen t  mean s b y whic h th e spac e o f  possibl e 
explanation s ca n b e searched .  Specifically ,  th e spac e 
of  explanation s i s searche d vi a transformationa l  rule s 
tha t  allo w th e explanatio n proces s t o chang e th e struc -
tur e o f  a n explanatio n withou t  an y backtracking . 

Understanding as Explanation: Script 

Appl ica t io n 

Ther e i s a  thir d vie w o f  explanatio n tha t  is ,  i n som e 
sense ,  th e simplies t  theor y o f  ho w explanation s ar e con -
structed .  Thi s i s th e vie w o f  understandin g a s a n ex -
planatio n process ,  i n whic h ne w event s ar e explaine d 
by virtu e o f  thei r  identificatio n withi n a  script .  Th e 
resul t  o f  thi s vie w i s th e notio n tha t  scrip t  applicatio n 
i s a n explanator y proces s i n whic h attentio n i s focuse d 
on relevan t  aspect s o f  th e situatio n b y th e scrip t  o r 
fram e ([Minskv ,  1975] ,  [Charniak ,  1977] ,  [Schan k an d 
Abelson ,  1977] ,  [Wilensky ,  1978 ]  an d [DeJong ,  1979]) . 

The basi c proces s o f  scrip t  (o r  frame )  applicatio n 
has tw o parts :  scrip t  selectio n an d scrip t  application . 
Scrip t  selectio n require s th e us e o f  semanti c indexin g 
of  script s i n a  knowledg e bas e tha t  i s traverse d i n th e 
initia l  phase s o f  understanding .  Onc e a  scrip t  i s  found , 
i t  i s  applie d (o r  instantiated )  b y havin g empt y fields 
i n th e scrip t  filled  i n wit h informatio n gleane d fro m a 
piec e o f  tex t  o r  se t  o f  conceptua l  structures . 

Lik e th e proces s o f  explanatio n transformatio n sug -
geste d b y Schan k an d Simmons ,  thi s proces s rest s o f 
th e existenc e o f  structure s i n memor y tha t  approxi -
mat e th e final  for m o f  th e explanation .  Lik e backwar d 
chaining ,  however ,  i t  i s  essentiall y  non-deterministi c i n 
bot h selectio n an d instantiatio n o f  th e scripts ,  openin g 
th e doo r  t o th e possibilit y  o f  exponentia l  search . 

Rules, Memories and Scripts 

Each o f  thes e thre e approache s t o explanatio n make s 
use o f  a  differen t  knowledg e base ;  specifically ,  domai n 
leve l  inferenc e rule s fo r  backwar d chaining ,  explici t 
memorie s fo r  reminding/transformatio n an d script s fo r 
selection/instantiation .  Bu t  wha t  i s th e relationshi p 
betwee n thes e approaches ? I s ther e a  wa y t o combin e 
the m int o a  singl e mode l  o f  explanation ? 

An obviou s approac h woul d b e t o characteriz e 
script s an d episodi c informatio n a s macr o version s 
(combinations )  o f  th e inferenc e rules .  Thi s approac h 
i s immediatel y problematic :  Th e basi c algorith m o f 
transformationa l  (memory-based )  explanatio n i s ver y 
differen t  tha n tha t  o f  backwar d chaining ,  i n tha t  th e 
interna l  structur e o f  th e remindin g i s altere d usin g do -
mai n neutra l  transformatio n rule s ([Kas s e t  al. ,  1986]) . 
Likewise ,  th e proces s o f  scrip t  selectio n an d instantia -
tio n make s us e o f  contro l  heuristic s tha t  hav e littl e t o 
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do wit h th e searc h contro l  rule s o f  backwar d chaining . 
Sinc e th e method s ar e incompatible ,  simpl y combinin g 
th e rul e set s i s unworkable . 

The opposit e approach ,  tha t  o f  characterizin g back -
war d chainin g a s a  degenerat e for m o f  remindin g 
plu s transformation ,  seem s t o b e equall y problematic . 
Ther e ar e dynamic s an d technolog y involve d i n back -
war d chainin g tha t  canno t  currentl y b e reproduce d 
withi n th e confine s o f  th e reminding/transformatio n 
approach . 

The onl y alternative ,  then ,  i s t o vie w thes e thre e 
approache s t o explanatio n a s exactl y that ,  thre e sep -
arat e an d distinc t  method s fo r  constructin g explana -
tions .  Thi s implies ,  however ,  tha t  w e mus t  no w thin k 
i n term s o f  ho w the y interact ,  an d ho w w e ca n integrat e 
the m int o a  singl e theor y o f  explanation .  I n effect ,  i t 
implie s th e nee d fo r  a  theor y o f  ho w t o contro l  th e 
movement  betwee n thes e approache s i n constructin g 
viabl e explanations .  I n som e ways ,  thi s theor y wil l  b e 
analogou s t o conten t  theorie s o f  searc h control ;  how -
ever ,  th e basi c operation s tha t  mak e u p th e right-hand -
side s o f  th e contro l  rule s wil l  diffe r  i n tha t  the y wil l  re -
fe r  t o th e component s o f  remindin g -  transformation , 
selectio n an d instantiatio n -  a s wel l  a s rul e applica -
tion .  Th e intentio n her e i s t o provid e fo r  explanatio n 
what  Stefi k di d fo r  plannin g ([Stefik ,  1981a]) ;  tha t  is , 
sugges t  a  conten t  theor y o f  th e processe s involve d i n 
th e constructio n o f  explanations . 

Step One: Representation 

Our  basi c notio n o f  explanatio n come s ou t  o f  th e lit -
eratur e o n pla n understandin g ([Wilensky ,  1978 ]  an d 
[Charniak ,  1983] )  an d DeJong' s wor k i n explanation -
based learnin g ([Dejon g an d Mooney ,  1986]) .  I n thi s 
work ,  a n explanatio n i s a  se t  o f  dependencie s i n whic h 
state s ar e supporte d b y action/rul e pairs ,  action s ar e 
supporte d b y plan/rul e pairs ,  plan s ar e supporte d 
by goal/rul e pair s an d goal s ar e supporte d b y th e 
theme/rul e pairs .  W e wil l  ignor e fo r  a  moment  th e 
suppor t  structur e o f  th e rule s themselves . 

While ,  eac h suppor t  require s bot h a  rul e an d a  fact , 
eithe r  ca n b e a n assumptio n require d t o construc t  th e 
explanation .  Thi s for m i s exactl y wha t  i s produce d 
throug h backwar d chaining ,  an d i s store d i n memor y 
fo r  us e i n th e constructio n o f  ne w explanations .  Script s 
tak e a  slightl y differen t  for m i n tha t  the y organiz e mul -
tipl e part-o f  relationship s int o a  singl e structur e tha t 
has a  standar d goa l  associate d wit h it .  Th e fina l  for m 
of  th e typ e o f  explanatio n associate d wit h scripts ,  how -
ever ,  stil l  consist s o f  thes e dependenc y structures . 

Althoug h ther e i s a  singl e fina l  for m fo r  eac h o f 
thes e methods ,  eac h use s a  differen t  sor t  o f  knowledg e 
base.  Explanatio n vi a chainin g require s a  bas e o f  in -
ferenc e rule s tha t  allow s th e incrementa l  additio n o f 
individua l  link s t o th e fina l  dependenc y chain .  Ex -
planatio n vi a remindin g plu s transformatio n require s 
a knowledg e bas e o f  know n explanation s an d a  se t  o f 
transformatio n rule s tha t  allow s thes e explanation s t o 

be modified .  An d scrip t  base d explanatio n require s a 
knowledg e bas e o f  abstracte d script s tha t  ca n b e re -

fine d throug h th e us e o f  slo t  filling  mechanisms .  Thes e 
differen t  kind s o f  fact s abou t  a  domai n mak e u p wha t 

we cal l  th e D o m a i n Leve l  o f  knowledg e use d i n ex -
planation . 

Step Two: The Task 
The tas k o f  explanatio n begin s wit h th e notio n o f  a n 
anomal y ([Schank ,  1986] )  an d end s whe n tha t  anomal y 
supporte d b y a  dependenc y structur e tha t  serve s t o 
lin k i t  t o know n o r  assume d facts .  A s w e hav e said , 
thi s ca n b e don e throug h th e us e o f  an y on e o f  th e thre e 
method s w e hav e discussed .  Bu t  eac h o f  thes e method s 
bring s it s ow n characteristi c metho d an d dynami c t o 
th e problem . 

Backwar d chainin g involve s th e us e o f  domai n rule s 
t o travers e a  virtua l  A N D / O R tree ,  usin g contro l  rule s 
t o guid e th e search .  Reminding/transformatio n re -
quire s th e retrieva l  o f  explanation s fro m memor y an d 
th e subsequen t  transformatio n o f  thos e explanations . 
Thi s i s supporte d b y rule s tha t  selec t  th e appropriat e 
feature s fro m th e initia l  proble m fo r  us e i n indexing , 
and rule s tha t  contro l  th e applicatio n o f  th e transfor -
matio n rule s themselves .  Scrip t  applicatio n als o de -
pend s o n th e us e o f  indexin g technique s t o find  th e 
appropriat e scrip t  i n a  librar y o f  possibilities . 

Step Three: The Actions 
I n thi s section ,  th e centra l  issu e o f  th e se t  o f  action s 
tha t  ca n b e applie d durin g th e constructio n o f  a  ex -
planatio n i s addressed .  Wha t  w e examin e her e ar e th e 
"righ t  han d sides "  o f  th e contro l  rule s tha t  guid e th e 
constructio n o f  explanations .  Som e o f  thes e actions , 
suc h a s rul e o r  scrip t  selection ,  ar e alread y par t  o f  th e 
standar d repertoir e o f  understandin g an d explanation . 
Others ,  suc h th e featur e selectio n an d recastin g o f  rep -
resentation ,  ar e mor e recen t  addition s t o thi s list .  Fo r 
presentatio n purposes ,  th e mor e familia r  o f  thes e ac -
tion s ar e considere d first,  followe d b y mor e recen t  ad -
ditions .  However ,  th e unifyin g notio n i s tha t  thes e 
action s ma y b e take n a t  an y tim e durin g th e construc -
tio n o f  a n explanation .  Whil e som e ar e logicall y de -
penden t  o n other s (e.g. ,  yo u hav e t o selec t  a  se t  o f 
feature s t o us e i n indexin g befor e lookin g fo r  a n expla -
natio n i n memory) ,  th e ide a i s tha t  thes e action s ar e 
on th e righ t  han d sid e o f  rule s tha t  theoreticall y ca n 
be fired  a t  an y tim e durin g th e explanatio n process . 
I n particular ,  w e wan t  t o stres s tha t  th e selectio n o f 
an explanatio n metho d (chaining ,  scrip t  applicatio n o r 
reminding/transformation )  i s no t  fixed:  A n explaine r 
can (an d almos t  alway s will )  mov e betwee n th e differ -
ent  methods . 

Ther e reall y ar e onl y tw o action s (asid e fro m backin g 
up)  tha t  ca n b e take n i n constructin g a n explanatio n 
out  o f  a  bas e o f  domai n rules ;  namely ,  rul e selectio n 
and rul e application .  Whil e the y ar e no t  th e mos t  im -
portan t  rule s i n th e librar y w e ar e constructing ,  searc h 
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contro l  rule s ar e th e mos t  familiar .  Thes e ar e rule s 
tha t  guid e th e selectio n o f  th e individua l  domai n rule s 
tha t  ar e applie d t o explai n a n anomal y whe n a  disjunc t 
of  possibilitie s i s presented .  Fo r  example ,  i n tryin g t o 
explai n wh y Jac k i s ou t  o f  orang e juice ,  w e coul d hav e 
attempte d t o find  a n explanatio n tha t  involve d som e 
use o f  orang e juic e othe r  tha n a s a n ingestibl e liquid . 
But  thi s lin e o f  reasonin g i s cu t  shor t  b y contro l  rule s 
tha t  giv e preferenc e t o th e explanatio n tha t  include s 
th e "standard "  use .  Bu t  chainin g i s onl y a  smal l  par t 
of  th e overal l  explanatio n proces s an d i s reall y onl y at -
tempte d afte r  m a n y othe r  step s ar e taken .  I n fact , 
ther e ar e m a n y step s involve d wit h constructin g a n 
explanatio n tha t  com e wel l  befor e th e selectio n o f  a 
backwar d chainin g rul e o r  eve n th e decisio n t o appl y 
backwar d chainin g a s a  metho d i n th e constructio n o f 
th e explanation . 

Befor e buildin g a n explanation ,  ther e mus t  b e some -
thin g t o explain ;  therefore ,  th e first  ste p i s th e selectio n 
of  th e anomal y o r  se t  o f  anomalie s t o explain .  W h a t 
i s neede d a t  thi s stag e i s a  se t  o f  rule s fo r  decidin g 
whic h anomalie s ar e eve n candidate s fo r  inclusio n i n 
a singl e explanation .  Thes e rule s ar e neede d t o ini -
tiall y  focu s th e explainer' s attentio n o n th e event s an d 
state s tha t  i t  shoul d attemp t  t o connect .  I n a n earlie r 
pape r  ( [ H a m m o n d an d Hurwitz ,  1988]) ,  w e suggeste d a 
set  o f  heuristic s base d o n temporal ,  physica l  an d sys -
temi c proximit y tha t  guide d th e attempt s a t  joinin g 
separat e anomalie s int o a  singl e coheren t  explanation . 
Thes e rule s ar e particularl y importan t  whe n th e ex -
plaine r  doe s no t  hav e a  complet e se t  o f  domai n rules , 
an d thu s mus t  m a k e assumption s abou t  th e connectiv -
it y (o r  lac k o f  connectivity )  o f  a  se t  o f  inpu t  features . 

Thes e rule s allo w a  syste m t o propos e causa l  rela -
tionship s betwee n anomalou s feature s tha t  wer e proxi -
mat e fro m on e o f  m a n y possibl e point s o f  view .  Schan k 
has als o propose d thi s typ e o f  heuristi c ([Schank , 
1986]) ;  i n particular ,  attemptin g t o coordinat e anoma -
lie s tha t  occu r  a t  th e sam e tim e a s wel l  a s thos e tha t 
ar e o f  th e sam e type .  Likewise ,  Falkenhaine r  ([Palken -
hainer ,  1988] )  ha s propose d a  simila r  heuristi c tha t 
look s fo r  particula r  difference s i n th e inpu t  (a s com -
pare d t o a  standar d model )  t o tr y t o connect . 

T h e importan t  poin t  her e i s tha t  thes e heuristic s fo -
cus th e explainer' s attentio n o f  a  selec t  sub-se t  o f  fea -
ture s tha t  wil l  b e include d i n th e explanatio n itself .  O f 
course ,  thes e ar e heuristics ,  and ,  a s such ,  ar e ope n t o 
error .  Bu t  i t  i s  importan t  t o understan d that ,  lik e th e 
searc h contro l  rule s o f  backwar d chaining ,  the y ar e es -
sentia l  t o controllin g th e movemen t  throug h th e spac e 
of  possibl e explanation s tha t  ca n b e constructe d fo r 
any on e se t  o f  inputs . 

Once a  se t  o f  anomalie s ar e selected ,  th e nex t  ste p 
i s t o decid e o n th e basi c strateg y tha t  shoul d b e take n 
i n tryin g t o joi n the m int o a  singl e explanation .  Thi s 
i s jus t  th e decisio n a s t o whethe r  t o tr y t o find a  sin -
gl e caus e fo r  al l  o f  th e anomalies ,  t o explai n the m i n 
term s o f  a  flow  o f  caus e an d effec t  o r  t o find  a n expla -

natio n tha t  include s multipl e actor s an d goal s tha t  ti e 
th e anomalie s together .  Fo r  example ,  i n tryin g t o ex -
plai n th e correlatio n betwee n a  ris e i n ic e crea m sale s 
an d a  ris e i n th e occurrenc e o f  drownings ,  on e impor -
tan t  ste p i s t o se e th e tw o fact s a s th e dua l  effect s o f  a 
singl e cause ;  namely ,  th e onse t  o f  summer .  A n attemp t 
t o explai n thes e event s b y creatin g a  causa l  chai n lead -
in g fro m on e t o th e othe r  ("eatin g ic e crea m give s yo u 
stomac h cramp s whe n yo u tr y t o swim "  o r  "peopl e wh o 
watc h drownin g victim s bein g take n awa y ten d t o ea t 
a lo t  o f  ic e cream" )  lead s th e explaine r  awa y fro m a 
mor e reasonabl e explanation . 

Example s o f  usefu l  heuristic s includ e attemptin g t o 
buil d chain s forwar d fro m earlie r  actions ,  buildin g ou t 
fro m intentiona l  action s t o states ,  an d attemptin g t o 
construc t  th e typica l  theme->goaI->pIan->act io n 
chain s tha t  ar e ofte n use d t o explai n h u m a n behavio r 
([Schan k an d Abelson ,  1977]) .  Lik e th e rule s deter -
minin g th e selectio n o f  th e anomalies ,  thes e heuristic s 
ar e a  larg e par t  o f  wha t  control s th e searc h fo r  th e 
explanation . 

Next ,  somewha t  dependen t  o n th e selecte d strat -
egy ,  come s th e selectio n o f  actua l  metho d t o us e i n 
th e constructio n o f  th e explanatio n (o r  par t  o f  a n ex -
planation) .  Thi s involve s decidin g o n whic h o f  chain -
ing ,  scrip t  applicatio n o r  reminding/transformatio n t o 
appl y t o th e problem .  A s w e mentione d earlier ,  thi s 
decisio n i s no t  a  fixed  on e tha t  wil l  remai n unchange d 
throughou t  th e explanatio n process .  Existin g script s 
or  explanation s ofte n hav e t o b e extende d usin g indi -
vidua l  causa l  rules .  Likewise ,  a  partia l  explanatio n 
constructe d usin g backwar d chainin g wil l  uncove r  a 
ne w se t  o f  feature s tha t  m a y b e use d t o find a  scrip t 
or  existin g explanation . 

Thi s flexibility  i n metho d applicatio n i s a n impor -
tan t  poin t  i n thi s model :  W e ar e proposin g a n in -
tegrate d approach ,  no t  advocatin g on e metho d ove r 
others .  I t  i s  clea r  tha t  eac h o f  thes e method s ha s it s 
advantages ,  an d tha t  eac h ha s it s problems .  Scrip t 
and memory-base d method s provid e a  goo d mean s 
fo r  searchin g ver y regula r  space s o f  explanations ,  an d 
chainin g give s u s th e abilit y  t o d o a  forma l  analysi s 
of  th e search .  Howeve r  th e complexit y o f  scrip t  an d 
memory-base d approache s whe n applie d t o les s regu -
la r  domain s ha s ye t  t o b e solved ,  whil e simpl e chainin g 
method s d o no t  allo w fo r  th e possibilit y  o f  reus e o f  al -
read y forme d explanations .  So ,  i t  i s  clea r  tha t  th e bes t 
approac h i s on e tha t  attempt s t o integrat e thes e int o a 
singl e methodolog y fo r  constructin g an d savin g expla -
nations .  I t  m a y i n fac t  b e th e cas e that ,  a s a  mode l  o f 
h u m an cognition ,  a  variet y o f  suc h approache s ar e nec -
essar y t o replicat e th e flexibility  o f  th e explanatio n pro -
cess .  Dependin g upo n ho w thes e separat e processe s ar e 
defined ,  ther e m a y b e functiona l  justification s fo r  thei r 
existenc e withi n a n arsena l  o f  method s t o b e applie d 
t o problems .  Finally ,  som e psychologica l  evidenc e sug -
gest s tha t  proble m solvin g ability ,  an d creativity ,  ma y 
be linke d t o th e individual' s abilit y  t o flexibly  mov e 
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betwee n approache s t o a  problem . 
Alon g wit h explanatio n retrieva l  an d transforma -

tion ,  ther e i s anothe r  sor t  o f  actio n tha t  need s t o b e 
take n b y m e m o r y base d explanatio n system s tha t  i s 
ofte n ignored :  Thi s i s th e recastin g o f  initia l  represen -
tation s int o form s tha t  migh t  provid e bette r  featur e 
set s fo r  us e i n retrieva l  o f  existin g explanations .  In -
tuitively ,  thi s i s wha t  w e d o whe n w e "se e somethin g 
fro m a  differen t  poin t  o f  view "  o r  "i n a  differen t  light" . 
I n orde r  fo r  thi s t o m a k e sense ,  however ,  i t  mus t  b e 
drive n b y a  se t  o f  heuristic s tha t  make s thes e change s 
fo r  a  reason . 

Kass ,  Leak e an d Owen s hav e don e som e tentativ e 
wor k i n thi s are a i n th e S W A L E projec t  ([Kas s e i  ai , 
1986]) .  I n thi s work ,  the y looke d a t  th e issu e o f  trans -
formin g slot s fillers  o f  partiall y  filled  structure s i n orde r 
t o generat e mor e indice s fo r  searc h int o memory .  Fo r 
example ,  viewin g a  rac e hors e a s a n athlet e i n orde r 
t o find  explanation s relate d t o athlete s tha t  migh t  b e 
applie d t o horses .  Mos t  o f  thi s wor k centere d o n th e 
notio n o f  movin g aroun d i n a  semanti c ne t  howeve r 
and wa s no t  concerne d wit h eithe r  th e notio n o f  gen -
eratin g characterization s o f  a n overal l  situatio n o r  i n 
usin g aspect s o f  th e macr o structur e o f  th e representa -
tio n t o generat e ne w features .  A n exampl e o f  th e first 
woul d includ e representationa l  change s suc h a s seein g 
a take-ove r  o f  spac e i n a n offic e comple x a s imperialis m 
([Schank ,  198 6 )  o r  seein g th e decisio n t o g o t o slee p 
or  kee p workin g a s a  resourc e allocatio n problem .  Th e 
poin t  i n bot h o f  thes e i s tha t  ther e i s a  representa -
tio n tha t  capture s aspect s o f  th e situatio n tha t  ar e no t 
capture d b y a  simpl e listin g o f  th e action s involved . 

Recasting ,  a s w e ar e definin g it ,  involve s lookin g a t 
even t  an d goa l  configuration s a t  a  mor e abstrac t  level . 
For  example ,  i n th e followin g story : 

Bob wa s sittin g i n a  hallwa y whe n a  w o m a n cam e 
out  an d too k a  drin k fro m th e nea r  b y wate r  foun -
tain .  A  fe w moment s afte r  sh e left ,  sh e returne d 
fo r  anothe r  drink .  A  fe w moment s afte r  this ,  sh e 
came bac k fo r  a  thir d drink .  A s sh e wa s drinking , 
a m a n cam e u p behin d he r  an d hel d a  knif e abov e 
her ,  poise d t o strike .  Sh e turned ,  screamed ,  an d 
the n th e tw o o f  the m laughe d an d walke d awa y 
together . 

As wit h th e singl e bu g assumption ,  a  strateg y selectio n 
decisio n i s m a d e t o tr y t o find a  singl e goa l  tha t  bot h 
drinkin g wate r  an d bein g attacke d migh t  satisfy .  H o w 
t o find  suc h a n explanation ? Th e flat  representatio n 
of  individua l  action s ca n b e recas t  a s th e repetitio n 
of  a  singl e even t  -  leadin g t o a  m e m o r y searc h tha t 
attempt s t o explai n wh y event s ar e repeate d -  followe d 
by th e threa t  o f  attac k an d laughter .  Thi s lead s t o a n 
attemp t  t o explai n th e stor y i n term s o f  th e possibl e 
reason s fo r  multipl e version s o f  th e sam e action . 

I n protoco l  studie s [Seifert ,  1989 ]  subject s see m 
t o perfor m thi s particula r  recastin g o f  representatio n 
whethe r  o r  no t  the y g o o n t o find  a n explanatio n fo r 
th e story .  I n particular ,  subject s ofte n propos e th e no -

tio n o f  rehearsa l  t o explai n th e repeate d events ,  eithe r 
as par t  o f  a  pla y o r  movie ,  o r  fo r  a  rea l  attack .  I n ei -
the r  case ,  th e structura l  for m o f  th e action s i s use d t o 
recogniz e a  featur e whic h ca n the n b e use d t o eithe r 
find  a n existin g explanatio n o r  hel p i n th e construc -
tio n o f  a  ne w one .  Th e poin t  i s  tha t  ther e i s a  basi c 
piec e o f  vocabular y bein g use d t o stor e informatio n i n 
m e m o ry (an d a s par t  o f  backwar d chainin g rules )  tha t 
must  b e derive d fro m eve n th e deepes t  representation s 
of  events . 

A secon d piec e o f  recastin g appear s t o b e critica l 
i n th e developmen t  o f  indice s tha t  wil l  successfull y re -
triev e a  particularl y ap t  explanatio n fro m memory .  I n 
representin g th e attack ,  th e outcom e (share d laughter ) 
i s  no t  th e expecte d one ,  an d tha t  i t  therefor e di d no t 
achiev e th e desire d result .  Therefore ,  th e notio n o f  a 
differen t  intentio n o r  actio n m a y b e considere d throug h 
a variet y o f  strategies :  th e outcom e tha t  di d occu r  ca n 
be considere d th e intende d one ,  an d th e action s recas t 
t o fit;  o r  th e outcom e ca n b e considere d a  sid e effec t  o f 
th e action s rathe r  tha n th e intende d outcome .  I n bot h 
cases ,  i f  th e attempte d attac k i s recas t  i n term s o f  it s 
actua l  outcome ,  th e screa m i s viewe d a s a  successfu l 
outcom e o f  a n attemp t  t o scar e th e w o m a n .  T h e addi -
tio n t o th e representatio n throug h recastin g -  tha t  th e 
attac k "scared "  th e w o m a n -  facilitate s th e connectio n 
of  th e repeate d action s wit h th e attack .  Attemptin g t o 
incorporat e "scarin g someone "  an d "someon e drinkin g 
water "  a s plan s i n servic e o f  th e sam e goa l  ar e muc h 
bette r  indice s t o retriev e fro m m e m o r y th e goa l  o f  cur -
in g th e hiccups ,  a n explanatio n satisfyin g al l  o f  th e 
informatio n i n th e problem . 

Thi s proces s o f  recastin g representation ,  al -
thoug h presente d her e a s a n aspec t  o f  remind -
ing/transformation ,  actuall y belong s a t  th e leve l  o f 
anomaly ,  strateg y an d metho d selection .  Thi s i s be -
caus e th e recastin g o f  representatio n ha s a  globa l  ef -
fec t  o n th e cours e o f  th e explanatio n i n m u c h th e 
same wa y tha t  i t  doe s i n proble m solving .  Tha t  is , 
i t  allow s th e introductio n o f  ne w feature s tha t  them -
selve s presen t  alternativ e path s fo r  chainin g and/o r 
scrip t  an d explanatio n retrieval .  Thes e fou r  basi c ac -
tion s mak e u p wha t  w e cal l  th e Tas k Leve l  knowl -
edg e i n explanation .  Tha t  is ,  a  leve l  o f  knowledg e 
abou t  ho w t o procee d i n buildin g a n explanatio n i n 
general .  T h e othe r  action s ar e par t  o f  wha t  w e cal l 
th e M e t h o d Leve l  i n tha t  the y ar e th e subpart s 
of  specifi c  approaches .  Thes e divisio n pla y th e sam e 
rol e i n explanatio n a s th e division s suggeste d b y bot h 
Stefi k ([Stefik ,  1981b] )  an d IIayes-Roth&Hayes-Rot h 
([Hayes-Rot h an d Hayes-Roth ,  1979] )  pla y i n planning . 
The y allo w differen t  type s o f  knowledg e t o hav e acces s 
t o th e proces s contro l  durin g th e entir e process ,  rathe r 
tha n jus t  a t  a  singl e stage . 

Th e final  se t  o f  action s i n th e metho d leve l  ar e thos e 
associate d wit h scrip t  application .  T h e tw o mos t  rel -
evan t  ar e scrip t  selectio n an d slo t  instantiation .  W e 
hol d wit h th e ide a tha t  scrip t  selectio n i s a n issu e 
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open t o guidanc e b y bot h semantic s an d pragmatic s 
(fSchan k an d Birnbaum ,  1980] )  an d tha t  slo t  instanti -
atio n i s bes t  guide d b y th e semanti c constraint s pro -
vide d b y th e scrip t  itsel f  ([DeJong ,  1979]) .  A  ful l  treat -
ment  o f  eithe r  o f  thes e issue s i s wel l  beyon d th e scop e 
of  thi s paper ,  bu t  i t  i s  importan t  t o not e tha t  thes e 
ar e th e tw o mos t  relevan t  action s i n scrip t  application , 
eve n thoug h eac h i s furthe r  decomposabl e int o subac -

tions . 
The action s involve d wit h explanatio n constructio n 

fal l  int o tw o mai n groups :  Tas k Leve l  actio n an d 
M e t h o d Leve l  actions .  Tas k leve l  action s relat e t o 
globa l  issue s o f  representatio n an d strategy .  Metho d 
leve l  action s ar e th e action s use d i n th e contro l  o f  th e 
actua l  buildin g o f  th e explanation s withi n a  particu -
la r  metho d bein g used .  A n importan t  poin t  i s  tha t 
metho d leve l  action s ten d t o b e use d onl y withi n th e 
confine s o f  particula r  method s whil e tas k leve l  action s 
ar e alway s availabl e t o guid e th e constructio n o f  th e ex -
plcination .  Knowledg e o f  rules ,  individua l  script s an d 
memorie s o f  existin g explanation s i s store d o n it s ow n 
D o m a i n Level . 

Conclusions and the next step 

Our  goa l  i n thi s pape r  wa s t o outlin e th e proces s o f 
explanatio n a s a  task .  W e hav e trie d t o accomplis h 
thi s i n thre e basi c steps .  First ,  w e hav e posite d a  gen -
era l  representatio n fo r  explanation s tha t  ca n b e (an d 
i n man y case s is )  use d fo r  wor k i n bot h E B L an d pla n 
debugging .  Second ,  w e hav e trie d t o a t  leas t  partiall y 
explicat e th e differen t  proces s model s tha t  hav e bee n 
proposed .  An d third ,  w e hav e suggeste d a n integra -
tio n o f  thos e proposal s throug h th e decompositio n o f 
th e primitiv e action s tha t  fit  int o a  thre e leve l  orga -
nizatio n o f  Task ,  M e t h o d an d D o m a i n leve l  knowl -
edge .  Thi s decompositio n i s th e first  ste p i n a  tru e 
integratio n o f  th e differen t  method s int o a  singl e the -
or y o f  explanatio n construction .  W e sugges t  tha t  th e 
final  for m o f  thi s integratio n wil l  b e simila r  t o th e dis -
tribute d system s suggeste d b y Stefik ,  an d Hayes-Rot h 
and Hayes-Roth ,  fo r  us e i n planning . 

References 

E. Charniak. Ms. malaprop: A language compre-
hensio n program .  I n Th e Proceeding s o f  th e Fift h In -
ternationa l  Join t  Conferenc e o n Artificia l  Intelligence , 
Cambridge ,  Mass. ,  Augus t  1977 .  IJCAI . 

E.  Charniak .  Paissin g markers :  A  theor y o f  contex -
tua l  influenc e i n languag e comprehension .  Cognitiv e 
Science ,  7:171-190 ,  1983 . 

G.  Dejon g an d R .  Mooney .  Explanation-base d learn -
ing :  A n alternativ e view .  Machin e Learning ,  1(2):145 -

176,  1986 . 

G.  DeJong .  Skimmin g Storie s i n Rea l  Time :  A n 
Experimen t  i n Integrate d Understanding .  Ph D thesis , 
Yal e University ,  Ma y 1979 . 

B.  Falkenhainer .  Th e utilit y  o f  difference-base d rea -
soning .  I n Th e Proceeding s o f  th e Sevent h Annua l  Con -
ferenc e o n Artificia l  Intelligence ,  St .  Paul ,  Minnesota , 
Augus t  1988 .  AAAI . 

R.E. Fikes, P.E. Hart, and N.J. Nilsson. Learning and 
executin g generalize d robo t  plans .  Artificia l  Intelli -
gence ,  3:251-288,1972 . 

K. Hammond. Learning and re-using explanations. In 
Proceeding s o f  th e Fourt h Internationa l  Conferenc e o n 
Machin e Learning ,  Irvine ,  CA ,  Jun e 1987 .  ML . 

K. Hammond. Case-Based Planning: Viewing Plan-
nin g a s a  Memor y Task .  Academi c Press ,  1989 . 

B. Hayes-Roth and F. Hayes-Roth. A cognitive model 
of  planning .  Cognitiv e Science ,  3(4) ,  1979 . 

A. Kass, D. Leake, and C. Owens. Programming 
th e theory :  Swale ,  a  progra m tha t  explains .  I n R . 
Schank ,  editor .  Explanatio n Patterns :  Understandin g 
Mechanicall y an d Creatively .  Erlbaum ,  1986 . 

M. Minsky. A framework for representing knowledge. 
I n P .  Winston ,  editor .  Th e Psycholog y o f  Compute r 
Vision ,  chapte r  6 ,  page s 211-277 .  McGraw-Hill ,  Ne w 

York ,  1975 . 

T.M. Mitchell, R.M. Keller, and S.T. Kedar-Cabelli. 
Explanation-base d generalization :  A  unifyin g view . 
Machin e Learning ,  l(l):47-80 ,  1986 . 

R. Schank and R. Abelson. Scripts, Plans, Goals and 
Understanding .  Lawrenc e Erlbau m Associates ,  Hills -
dale ,  Ne w Jersey ,  1977 . 

M. Schank, R. Lebowitz and L. Birnbaum. An inte-
grate d understander .  America n Journa l  o f  Computa -
tiona l  Linguistics ,  6(l):13-30 ,  1980 . 

R. Schank. Explanation Patterns: Understanding Me-
chanicall y an d Creatively .  Lawrenc e Erlbau m Asso -
ciates ,  1986 . 

C. M. Seifert. Inference in problem solving. Unpub-
lishe d manuscript ,  1989 . 

R.F. Simmons and R. Davis. Generate, test, and de-
bug:  combinin g associationa l  rule s an d causa l  models . 
I n Th e Proceeding s o f  th e Tent h Internationa l  Join t 
Conferenc e o n Artificia l  Intelligence ,  Milan ,  Italy , 
1987 .  Morga n Kaufman . 

M.J. Stefik. Planning and meta-planning. Artificial 
Intelligence ,  16:141-169 ,  1981 . 

M.J. Stefik. Planning with constraints. Artificial In-
telligence ,  16:141-169,1981 . 

R. Wilensky. Understanding Goal-Based Stories. PhD 
thesis ,  Yal e University ,  1978 .  Researc h Repor t  #140 . 

154 


	cogsci_1991_149-154



