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Abs t rac t 

This  paper presents a theory of motivational anal-
ysis ,  th e constructio n o f  volitiona l  explanation s t o 
describ e th e plannin g behavio r  o f  agents .  We dis -
cuss bot h th e conten t  o f  suc h explanations ,  a s wel l 
as th e proces s b y whic h a n understande r  build s th e 
explanations .  Explanation s ar e constructe d fro m 
decisio n models ,  whic h describ e th e plannin g pro -
cess tha t  a n agen t  goe s throug h whe n considerin g 
whethe r  t o perfor m a n action .  Decisio n model s 
ar e represente d a s explanatio n patterns ,  whic h ar e 
standar d pattern s o f  causalit y base d o n previou s 
experience s o f  th e understander .  W e discus s th e 
natur e o f  explanatio n patterns ,  thei r  us e i n repre -
sentin g decisio n models ,  an d th e proces s b y whic h 
the y ar e retrieved ,  use d an d evaluated . 

1 Issue s i n explanat io n 

I n orde r  t o lear n fro m experience ,  a  reasone r  mus t 
be abl e t o explai n wha t  i t  doe s no t  understand . 
When a  nove l  o r  poorl y understoo d situatio n i s pro -
cessed ,  i t  i s  interprete d i n term s o f  knowledg e struc -
ture s alread y i n memory .  A s lon g a s thes e struc -
ture s provid e expectation s tha t  allo w th e reasone r 
t o functio n effectivel y i n th e ne w situation ,  ther e i s 
no problem .  However ,  i f  thes e expectation s fail ,  th e 
reasone r  i s face d wit h a n anomaly .  Th e worl d i s dif -
feren t  fro m it s expectations .  I n orde r  t o lear n fro m 
thi s experience ,  th e reasone r  need s t o kno w wh y i t 
made thos e predictions .  I t  als o need s t o explai n wh y 
th e failur e occurred ,  i.e. ,  t o identif y th e knowledg e 
structure s tha t  gav e ris e t o th e fault y expectations , 
and t o understan d wh y it s domai n mode l  wa s vio -
late d i n thi s situation .  Finally ,  i t  mus t  stor e th e ne w 
experienc e i n memor y fo r  futur e use .  Explanatio n 
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i s a  centra l  issu e i n thi s proces s o f  understandin g 
and learning . 

The constructio n o f  explanation s i s als o know n a s 
abduction ,  o r  inferenc e t o th e bes t  explanation .  Thi s 
proces s i s usuall y viewe d a s th e chainin g togethe r 
of  causa l  inferenc e rule s i n orde r  t o creat e a  causa l 
chain ,  i n whic h a  propose d se t  o f  premise s i s show n 
t o b e causall y responsibl e fo r  th e even t  o r  fac t  bein g 
explained .  However ,  ther e ar e tw o problem s wit h 
thi s view . 

The firs t  proble m i s th e familia r  on e o f  combi -
natoria l  explosio n o f  inferences .  Mos t  explanatio n 
program s creat e explanation s b y chainin g togethe r 
inferenc e rule s tha t  describ e th e causalit y o f  th e do -
main .  Fo r  example ,  P A M [Wilensky ,  1978 ]  use d 
a se t  o f  plannin g rule s connectin g togethe r  typi -
cal  goal s an d plan s o f  people ,  an d chaine d the m 
togethe r  t o for m motivationa l  explanation s fo r  ac -
tion s observe d i n a  story .  However ,  thi s proces s 
i s ver y inefficien t  i n comple x domains ,  wher e th e 
causa l  chain s ma y b e severa l  step s long . 

The secon d proble m i s th e evaluatio n o f  explana -
tions .  Sinc e th e chainin g proces s i s seekin g a  con -
nectio n betwee n tw o concepts ,  mos t  theorie s us e a n 
evaluatio n criterio n base d o n th e structura l  proper -
tie s o f  thi s connection .  Fo r  example ,  marke r  pass -
in g an d spreadin g £w;tivatio n technique s (whic h ar e 
ofte n propose d a s a  solutio n t o th e combinatoria l 
explosio n problem )  usuall y judg e th e goodnes s o f 
an explanatio n b y th e lengt h o f  th e causa l  chain . 
The shortes t  correc t  explanatio n i s assume d t o b e 
th e "best "  one .  However ,  th e definitio n o f  "best "  i s 
dependen t  o n th e goal s o f  th e reasone r  i n formin g 
th e explanatio n an d no t  jus t  o n th e lengt h o r  cor -
rectnes s o f  th e causa l  chai n underlyin g th e expla -
nation .  I n situation s wher e ther e i s n o on e "right " 
explanation ,  th e "best "  explanatio n mus t  b e mor e 
tha n a  causa l  chai n tha t  describe s th e event s i n th e 
domain ;  i t  mus t  als o addres s th e reaso n tha t  a n ex -
planatio n wa s require d i n th e first  place .  Thi s i n 
tur n determine s wha t  th e reasone r  ca n lear n fro m 
th e explanation . 
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I n additio n t o processin g issues ,  a  theor y o f  expla -
natio n mus t  als o addres s th e conten t  issue s o f  th e 
natur e an d representatio n o f  explanations .  W h a t  i s 
an explanation ,  an d wha t  kind s o f  knowledg e doe s 
i t  provide ? W h a t  i s th e natur e o f  th e causa l  knowl -
edge tha t  underlie s volitiona l  explanations ? Th e an -
swer s t o thes e question s depen d bot h o n th e expla -
nation s tha t  w e desir e t o build ,  a s wel l  a s o n th e 
proces s tha t  i s  use d t o buil d them . 

Thi s pape r  present s a  theor y o f  explanatio n base d 
on th e clai m tha t  ne w explanation s ar e built ,  no t 
by chainin g inferenc e rule s together ,  bu t  rathe r  b y 
reusin g explanation s tha t  hav e bee n encountere d i n 
previou s situation s an d ar e alread y know n t o th e 
syste m [Schank ,  1986] .  Ou r  vie w raise s severa l  ques -
tions : 

•  Conten t  an d representation :  W h a t  kind s o f 
knowledg e mus t  a n explanatio n provide ? H o w 
do w e represen t  thi s knowledge ? W h a t  kind s o f 
structure s ar e use d t o represen t  explanation s i n 
memory? W h a t  i s th e vocabular y ou t  o f  whic h 
thes e structure s ar e built ? 

•  Retrieval :  H o w d o w e fin d pre-store d explana -
tion s i n memor y withou t  havin g t o tr y eac h one ? 

•  Evaluation :  H o w d o w e determin e wha t  kin d o f 
explanatio n i s needed ,  an d whic h explanatio n i s 
th e "best "  on e i n a  particula r  situation ? 

•  Learning :  H o w ar e explanation s learne d s o tha t 
the y ca n b e reuse d i n th e future ? W h a t  happen s 
when pre-store d explanation s don' t  appl y t o th e 
curren t  situation? ^ 

The theor y presente d her e ha s bee n implemente d 
i n th e A Q U A program ,  a  stor y understandin g pro -
gra m whic h learn s abou t  terroris m b y readin g news -
pape r  storie s abou t  unusua l  terroris t  incident s i n 
th e Middl e East .  W e wil l  illustrat e ou r  idea s wit h 
example s take n fro m thi s program .  Furthe r  detail s 
may b e foun d i n [Ram ,  1987 ;  Schan k an d R a m , 
1988 ;  Ram ,  1989] . 

2 What is an explanation? 

The nee d fo r  a n explanatio n arise s whe n som e ob -
serve d fac t  doesn' t  quit e fit  int o th e reasoner' s worl d 
model ,  i.e. ,  th e reasone r  detect s a n anomaly .  A n ex -
planatio n i s a  knowledg e structur e tha t  make s th e 
anomal y g o away .  T o illustrat e th e natur e o f  suc h a 
structure ,  le t  u s conside r  som e candidat e explana -
tion s fo r  th e followin g stor y (Ne w Yor k Times ,  No v 
27,  1985 ,  pag e A9 )  fro m th e domai n o f  th e A Q U A 
program : 

S-1 :  Suicid e bombe r  strike s Israel i  pos t  i n 
Lebanon . 

SIDON,  Lebanon ,  Novembe r  2 6 — A  teenag e 
gir l  explode d a  ca r  bom b a t  a  join t  pos t  o f  Is -
rael i  troop s an d pro-Israel i  militiame n i n souther n 

'Thes e issue s ar e beyon d th e scop e o f  thi s paper . 

Lebano n today ,  killin g hersel f  an d causin g a  num -
ber  o f  casualties ,  Lebanes e securit y source s said . 

A statement by the pro-Syrian Arab Baath 
Par t  name d th e bombe r  a s Hamid a Mustaf a al -
Taher ,  bor n i n Syri a i n 1968 .  Th e statemen t  sai d 
she ha d detonate d a  ca r  rigge d wit h 66 0 point s o f 
explosive s i n a  militar y bas e fo r  5 0 Sout h Lebano n 
Army me n an d Israel i  intelligenc e an d thei r  vehi -
cles . 

W hy di d Hamid a g o o n th e bombin g mission ? 
(1 )  Becaus e Lebano n i s a  Middl e Easter n coun -

try . 
(2 )  T o destro y th e Israel i  militar y base . 
(3 )  Becaus e sh e wa s a  religiou s fanatic . 
(4 )  Becaus e sh e didn' t  realiz e sh e wa s goin g t o 

di e durin g th e mission . 

Conside r  (1) .  Thi s doe s no t  see m lik e a n explana -
tio n fo r  S-1 .  Th e reaso n isn' t  tha t  (1 )  i s  false ,  bu t 
rathe r  tha t  ther e seem s t o b e n o causa l  connectio n 
betwee n (1 )  an d S-1 .  Thu s i t  i s  no t  sufficien t  fo r 
a propose d explanatio n t o b e true ;  a n explanatio n 
must  b e causall y connecte d t o th e anomaly .  I t  mus t 
contai n a  se t  o f  premise s an d a  causa l  chai n link -
in g thos e premise s t o th e anomalou s proposition .  I f 
th e reasone r  believe s th e premises ,  th e propositio n 
cease s t o b e anomalou s sinc e th e causa l  interaction s 
underlyin g th e situatio n ca n no w b e understood . 

However ,  no t  al l  causa l  structure s ar e explana -
tions .  Fo r  example ,  (2 )  i s  causall y relevan t  t o S-1 , 
but  i t  stil l  doesn' t  fee l  lik e a n explanation .  T o un -
derstan d why ,  le t  u s mak e th e anomal y i n S- 1 ex -
plicit .  Th e rea l  questio n isn' t  " W h y di d Hamid a 
go o n th e bombin g mission?" ,  bu t  rathe r  on e o f  th e 
following : 

S-2 :  W h y wa s Hamid a willin g t o sacrific e he r  lif e 
i n orde r  t o destro y th e Israel i  militar y base ? 

S-3 :  W h y di d Hamid a g o o n a  missio n tha t  woul d 
resul t  i n he r  ow n death ? 

Th e reaso n tha t  explanatio n (2 )  feel s strang e i s 
tha t  i t  misse s th e poin t  o f  th e question .  I f  th e poin t 
i s  mad e explici t  a s i n S-2 ,  (3 )  i s  a  possibl e expla -
natio n fo r  th e anomaly .  Alternatively ,  i f  th e rea l 
questio n i s intende d t o b e S-3 ,  (4 )  i s  a  possibl e ex -
planation .  Th e poin t  i s  that ,  i n orde r  t o qualif y a s 
an explanation ,  a  causa l  descriptio n mus t  addres s 
th e underlyin g anomaly . 

To stat e thi s anothe r  way ,  a n explanatio n mus t 
addres s th e failur e o f  th e reasone r  t o mode l  th e sit -
uatio n correctly .  I n additio n t o resolvin g th e incor -
rec 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 th e in -
correc t  predictions .  A n explanatio n i s usefu l  i f  i t 
allow s th e reasone r  t o lear n an d t o improv e it s per -
formanc e a t  it s  task ;  th e clai m her e i s tha t  a n ex -
planatio n mus t  b e bot h causa l  an d relevan t  i n orde r 
t o b e useful .  Thi s i s importan t  i n evaluatin g expla -
nation s t o determin e th e bes t  on e fo r  a  particula r 
situation . 
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3 E x p l a n a t i o n p a t t e r n s 

A n explanatio n i s a  causa l  chai n tha t  demonstrate s 
w hy th e anomalou s propositio n migh t  hav e occurre d 
by introducin g a  se t  o f  premise s tha t  causall y lea d 
u p t o tha t  proposition .  Ther e m a y b e mor e tha n 
one explanatio n fo r  a  situation ,  dependin g o n th e 
questio n tha t  th e reasone r  i s intereste d in .  Fo r  ex -
ample ,  i f  th e syste m need s t o explai n th e motiva -
tion s behin d th e girl' s  action s i n stor y S-1 ,  i t  m a y 
buil d wha t  w e thin k o f  a s th e religiou s fanati c expla -
nation :  Th e gir l  wa s a  Mosle m fanatic ;  sh e wa s s o 
determine d t o furthe r  th e caus e o f  he r  religio n tha t 
she wa s willin g t o di e fo r  it ;  an d sh e believe d tha t 
destroyin g th e militar y bas e woul d hel p he r  religiou s 
cause . 

Th e premis e o f  thi s explanatio n i s tha t  th e gir l 
was a  religiou s fanatic .  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 con -
clusio n i s sai d t o b e explained .  Explanation s ar e 
ofte n verbalize d usin g thei r  premises .  Thu s i n nor -
mal  conversatio n thi s explanatio n woul d b e state d 
succinctl y a s "Becaus e sh e wa s a  religiou s fanatic. " 
However ,  th e rea l  explanatio n include s th e premises , 
th e causa l  chain ,  an d an y intermediat e assertion s 
(suc h a s th e girl' s  belie f  tha t  th e bombin g woul d 
hel p he r  religiou s cause )  tha t  ar e par t  o f  th e causa l 
chain . 

H ow migh t  a  reasone r  construc t  suc h a n expla -
nation ? P A M [Wilensky ,  1978 ]  use d a  se t  o f  plan -
nin g rule s connectin g typica l  goal s an d plan s o f  peo -
ple ,  an d chaine d the m togethe r  t o for m explana -
tion s suc h a s th e above .  However ,  thi s i s to o inef -
ficien t  i n complicate d situations ,  wher e th e causa l 
chain s coul d b e severa l  step s long .  T o ge t  aroun d 
thi s problem ,  A Q U A use s pre-store d explanation s 
fo r  stereotypica l  situations .  Thes e explanation s rep -
resen t  standar d pattern s tha t  ar e observe d i n thes e 
situations ,  an d henc e ar e calle d explanatio n pattern s 
[Schank ,  1986] . 

A n explanatio n patter n (XP )  i s a  stoc k expla -
natio n fo r  a  stereotypica l  situation .  Fo r  example , 
religiou s fanati c doe s terroris t  ac t  i s  a  standar d X P 
m a ny peopl e hav e abou t  th e Middl e Eas t  terroris m 
problem .  O n e migh t  thin k o f  the m a s th e "scripts " 
of  th e explanatio n domain. ^  W h e n a  reasone r  en -
counter s a  situatio n fo r  whic h i t  ha s a  canne d XP , 
i t  trie s t o appl y th e X P t o avoi d detaile d analysi s 
of  th e situatio n fro m scratch . 

Thi s approac h i s know n a s case-base d explana -
tion ,  sinc e previou s case s o r  explanation s know n t o 
th e reasone r  ar e use d t o hel p i n th e constructio n 

^Unlik e scripts ,  however ,  XP s ar e flexible  sinc e the y 
contai n a  descriptio n o f  th e causalit y underlyin g a  sit -
uatio n i n additio n t o a  descriptio n o f  th e situatio n it -
self .  Thi s allow s XP s t o b e usefu l  i n nove l  situations , 
whil e retainin g th e advantage s o f  pre-store d structure s 
i n stereotypica l  situations .  Th e incrementa l  elaboratio n 
of  XP s i n nove l  situation s i s discusse d i n [Ram ,  1989 ; 
Ram,  1990b] . 

of  ne w explanations .  Explanator y case s i n A Q U A 
ar e base d o n th e theor y o f  explanatio n pattern s de -
scribe d b y [Schank ,  1986] ,  t o whic h w e ad d a  theor y 
of  th e representationa l  structur e an d conten t  o f  th e 
X Ps use d i n stor y understanding . 

Explanation s ca n b e divide d int o tw o broa d cat -
egories ,  physica l  an d volitional . 

3.1 Physical explanations 

Physica l  explanation s lin k event s wit h th e state s 
tha t  resul t  fro m them ,  an d furthe r  event s tha t 
the y enable ,  usin g causa l  chain s simila r  t o thos e 
of  [Rieger ,  1975 ]  an d [Schan k an d Abelson ,  1977) . 
Physica l  explanation s answe r  question s abou t  th e 
physica l  causalit y o f  th e domain .  Fo r  example ,  i f  th e 
syste m ha d neve r  rea d a  stor y abou t  a  ca r  bombin g 
before ,  i t  migh t  encounte r  a n anomaly :  "Ho w ca n a 
car  b e use d t o blo w u p a  building? "  Th e answe r  t o 
thi s questio n i s a  physica l  explanation : 

(1 )  A  ca r  i s a  physica l  object . 

(2 )  A  ca r  ca n contai n explosives . 

(3 )  A  ca r  ca n b e propelle d b y drivin g it . 

(4 )  Explosive s ca n b e blow n u p b y th e sudde n impac t 
of  a  ca r  collidin g wit h a  building . 

(5 )  A  buildin g ca n b e blow n u p b y blowin g u p explo -
sive s i n it s immediat e vicinity . 

Thu s th e explanatio n i s tha t  th e bombe r  drov e 
an explosive-lade n ca r  int o th e building ,  th e impac t 
cause d th e explosive s t o detonate ,  whic h cause d th e 
buildin g t o blo w up . 

3.2 Volitional explanations 

Volitiona l  explanation s lin k action s tha t  peopl e per -
for m t o thei r  goal s an d beliefs ,  yieldin g a n un -
derstandin g o f  th e motivation s o f  th e characters . 
For  example ,  th e syste m migh t  detec t  a  differen t 
anomal y o n readin g stor y S-1 ,  suc h a s " W h y woul d 
someone commi t  suicid e i f  the y ar e no t  depressed? " 
A n explanatio n fo r  thi s question ,  suc h a s th e reli -
giou s fanati c explanation ,  mus t  provid e a  motiva -
tiona l  analysi s o f  th e reason s fo r  committin g sui -
cide .  Fo r  thi s reason ,  volitiona l  explanation s ar e 
als o calle d motivationa l  explanations .  Althoug h th e 
basi c structur e o f  volitiona l  explanation s i s th e sam e 
as tha t  o f  physica l  explanations ,  th e vocabular y 
use d t o represen t  th e causa l  chai n i s ver y different . 

Volitiona l  explanation s fal l  int o tw o broa d cate -
gories : 

1.  Abstrac t  explanatio n pattern s fo r  wh y peo -
pl e d o things .  Thes e ar e standar d high-leve l  ex -
planation s fo r  zictions ,  suc h a s "Acto r  doe s actio n 
becaus e th e outcom e o f  actio n satisfie s a  goa l  o f 
th e actor. " 

2.  Stereotypica l  explanatio n patterns .  Thes e 
ar e specifi c  explanation s fo r  particula r  situation , 
suc h a s "Shiit e Mosle m religiou s fanati c goe s o n 
suicid e bombin g mission. " 
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For  example ,  a n explanatio n o f  typ e 1  fo r  th e sii i 
cid e bombin g stor y coul d b e "Becaus e sh e wante d 
t o destro y th e Israel i  bas e mor e tha n sh e wante d 
t o sta y alive. "  A n explanatio n o f  typ e 2  woul d b e 
simpl y "Becaus e sh e wa s a  religiou s fanatic. "  T h e 
interna l  causa l  structur e o f  th e latte r  explanatio n 
coul d the n b e elaborate d t o provid e a  detaile d m o -
tivationa l  analysi s i n term s o f  explanation s o f  th e 
firs t  typ e i f  necessary . 

Volitiona l  explanation s thu s correspon d t o th e 
fillin g ou t  o f  th e "belief-goal-plan-action "  chai n 
[Schan k an d Abelson ,  1977 ;  Wilks ,  1977 ;  Wilensky , 
1978 ;  Schank ,  1986] ,  althoug h w e nee d t o expan d 
th e vocabular y o f  thi s chai n i n orde r  t o mode l  suc h 
explanation s adequatel y [Ram ,  1989] .  A  volitiona l 
explanatio n relate s th e action s i n whic h th e charac -
ter s i n th e stor y ar e involve d t o th e outcome s tha t 
thos e action s ha d fo r  them ,  th e goals ,  beliefs ,  emo -
tiona l  state s an d socia l  state s o f  th e character s a s 
wel l  a s prioritie s o r  ordering s amon g th e goals ,  an d 
th e decisio n proces s tha t  th e character s g o throug h 
i n considerin g thei r  goals ,  goal-ordering s an d likel y 
outcome s o f  th e action s befor e decidin g whethe r  t o 
do thos e actions .  A  detaile d volitiona l  explanatio n 
involvin g th e plannin g decision s o f  a  characte r  i s 
calle d a  decisio n model ,  an d i s illustrate d i n figure  1 . 

Decisio n model s provid e a  theor y o f  motivationa l 
coherenc e fo r  storie s involvin g volitiona l  agents . 
W h en a  decisio n mode l  i s applie d t o th e action s o f 
a give n characte r  i n a  story ,  i t  focusse s attentio n o n 
fault y assumption s o r  inconsistencie s identifie d i n 
th e applicatio n o f  th e decisio n mode l  t o th e story . 
Thes e inconsistencie s signa l  anomalies ,  whic h mus t 
be explaine d b y determinin g whethe r  differen t  part s 
of  th e decisio n mode l  (e.g. ,  th e goal s o f  th e agent , 
hi s belief s abou t  th e outcome ,  o r  hi s volitio n i n de -
cidin g t o perfor m th e action )  ar e actuall y presen t 
as assumed . 

For  example ,  th e religiou s fanati c explanatio n i s 
base d o n th e followin g decisio n model: ^ 

1.  Explains ;  W h y volitional-agen t  A  di d a 
suicide-bombin g M ,  wit h result s = 

(1 )  death-stat e o f  A 
(2 )  destroyed-stat e o f  target ,  a  physical -

objec t  whos e oone r  i s a n opponen t  religiou s group . 

2.  Premises : 

(1 )  A  believe s i n th e religio n R . 
(2 )  A  i s a  religious-fanatic ,  i.e. ,  A  ha s high -

religious-zeal . 

3.  Internals : 

(1 )  A  i s religiou s an d believe s i n th e religio n R  (a n 
emotional-state ,  perhap s cause d b y a  social -
state ,  suc h a s upbringing) . 

•'Typewrite r  fon t  represent s actua l  vocabular y 
item s use d b y th e A Q U A program .  Furthe r  detail s o f 
th e representatio n ma y b e foun d i n [Ram ,  1989] . 

(2 )  A  i s strongl y zealou s abou t  R  (a n emotional -
state) . 

(3 )  A  want s t o sprea d hi s religio n R  ( a goal ,  initi -
ate d b y (1 )  an d (2)) . 

(4 )  A  place s a  hig h priorit y o n hi s goa l  i n (3) ,  an d 
i s willin g t o sacrific e othe r  goal s whic h w e woul d 
normall y plac e abov e th e religio n goa l  ( a goal -
ordering ,  initiate d b y (1 )  an d (2)) . 

(5 )  A  believe s tha t  performin g a  suicid e bombin g 
agains t  opponen t  religiou s group s wil l  hel p hi m 
achiev e hi s goa l  i n (3 )  ( a belie f  o r  expected -
outcome) . 

(6 )  A  know s tha t  th e performanc e o f  a  suicid e 
bombin g ma y resul t  i n a  negativ e outcom e fo r  hi m 
(a n expected-outcome) . 

(7 )  A  weigh s hi s goal s (3) ,  goal-ordering s (4) ,  an d 
likel y outcome s (5 )  an d (6 )  ( a consideration) . 

(8 )  A  decide s t o d o th e suicid e bombin g M ( a 
decision ,  base d o n th e consideration s i n (7)) . 

(9 )  A  doe s th e suicid e bombin g M (a n actio n o r  mop , 
whose acto r  i s A ) . 

(10 )  Th e suicid e bombin g ha s som e outcom e fo r  A , 
whic h i s eithe r  positiv e o r  negativ e a s viewe d fro m 
th e poin t  o f  vie w o f  A' s goal s an d goal-ordering s ( a 
self-outcome) . 

The representation of the religious fanatic expla-
natio n i s show n i n figure  2 .  T h e decisio n mode l  ha s 
th e followin g components : 

The outcome of an action: Every action results 
i n som e se t  o f  state s tha t  m a y o r  m a y no t  b e benefi -
cia l  t o th e peopl e involve d i n tha t  action ,  dependin g 
on thei r  goal s a t  tha t  time .  T h e outcom e o f  a n ac -
tion ,  therefore ,  mus t  b e modelle d fro m th e poin t  o f 
vie w o f  a  particula r  volitiona l  agen t  involve d i n tha t 
action .  T h e mos t  c o m m o n volitiona l  participant s 
ar e acto r  an d plaimer ,  bu t  an y rol e involvin g a 
volitiona l  agen t  mus t  potentiall y  b e explained . 

The decision process: Every agent involved in 
an actio n make s a  decisio n abou t  whethe r  t o par -
ticipat e i n tha t  particula r  volitiona l  rol e (actor , 
plcomer ,  object ,  etc. )  i n th e action .  Suc h deci -
sion s represen t  th e plannin g proces s tha t  th e agen t 
underwen t  prio r  t o th e action .  A  complet e mode l 
of  thi s proces s require s a  sophisticate d vocabular y 
of  goals ,  goa l  interactions ,  an d plans ,  suc h a s tha t 
of  [Wilensky ,  1983 ]  o r  [ H a m m o n d ,  1986] .  Ther e ar e 
thre e basi c kind s o f  decisions : 

1. Choice: The agent chooses to participate or not 
t o participat e i n a  give n volitiona l  rol e i n som e 
action .  T h e explanatio n mus t  describ e w h y h e 
m a de thi s choice . 

2. Agency: The agent is induced to participate or 
not  t o participat e i n a  give n vohtiona l  rol e i n a n 
action .  Thi s i s simila r  t o th e previou s cas e i n 
tha t  th e agen t  "enters "  th e actio n o f  hi s o w n vo -
lition .  T h e differenc e i s tha t  her e th e agen t  i s act -
in g unde r  th e agenc y o f  anothe r  agent .  Thu s th e 
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Figure 1: The structure of volitional explanations. A volitional-agent participates in some volitional-role 
i n a  mop ,  whic h the n result s i n a n outcom e ( a collectio n o f  states) .  Prio r  t o this ,  th e volitional-agen t  un -
dergoe s a  decisio n proces s i n whic h h e consider s hi s goals ,  goal-ordering s an d expected-outcome ,  whic h the n 
•entally-result s i n th e volitional-role-relatio n bein g considere d bein g tru e (in )  o r  fals e (out )  dependin g o n 
th e outcom e o f  th e decisior L 

explaine r  m u s t  b e abl e t o m o d e l  inter-agen t  in -
teraction s [Schan k an d Abelson ,  1977 ;  Wilensky , 
1983 ;  Ram,  1984] . 

3. Coercion: The agent is forced to participate 
or  no t  t o participat e i n a  give n volitiona l  rol e 
i n a n action .  Thi s cas e arise s whe n a n agen t 
i s physicall y coerce d int o participatio n o r  non -
participation . 

Considerations in decisions: The system also 
needs t o reaso n abou t  wha t  a n agen t  wa s consider -
in g a s h e mad e a  particula r  decision .  Consideration s 
model  th e goal s an d belief s o f  a n agent ,  alon g wit h 
ordering s amon g thes e goal s an d expecte d outcom e 
of  th e actio n bein g considered .  Consideration s ar e 
compose d o f  thre e constituents :  (1 )  goal s consid -
ere d b y th e agen t  whil e decidin g whethe r  o r  no t 
t o participat e i n a n action ,  (2 )  goal-orderings , 
th e agent' s prioritizatio n o f  thes e goals ,  an d (3 )  th e 
expected-outcome :  th e agent' s belief s abou t  wha t 
th e outcom e o f  th e actio n i s hkel y t o be .  Thi s i s 
represente d b y th e conside r  nod e i n figur e 1 . 

Each o f  thes e constituent s ma y itsel f  nee d t o b e 
explaine d further .  Fo r  example ,  th e syste m migh t 

questio n th e socia l  o r  menta l  (e.g. ,  emotional )  state s 
tha t  initiate d a  particula r  goa l  o r  goal-orderin g 
i n a n agent ,  o r  ho w a  particula r  belie f  abou t  th e 
outcom e o f  a n actio n cam e about .  Explanations , 
therefore ,  ma y nee d t o b e elaborate d accordin g t o 
th e demand s o f  th e stor y an d th e goal s o f  th e sys -
tem. 

4 Structure of explanation patterns 

A Q UA ha s severa l  XP s indexe d i n memory ,  repre -
sentin g it s causa l  knowledg e o f  th e terroris m do -
main .  Thes e XP s ar e represente d a s grap h struc -
ture s (a s illustrate d above )  wit h fou r  mai n compo -
nents : 

1.  P R E - X P - N O D E S:  Node s tha t  represen t  wha t 
i s know n befor e th e X P i s applied .  On e o f  thes e 
nodes ,  th e EXPLAIN S node ,  represent s th e par -
ticula r  actio n bein g explained . 

2.  X P - A S S E R T E D - N O D E S:  Node s asserte d b y 
th e X P a s th e explanatio n fo r  th e EXPLAIN S 
node .  Thes e compris e th e premise s o f  th e expla -
nation . 

3.  I N T E R N A L - X P - N O D E S :  Interna l  node s as -
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Figur e 2 :  Th e religiou s fanati c explanatio n pattern .  A  i s th e agent ,  R  hi s religion ,  M th e actio n h e choose s t o do , 
and G S an d B S th e goo d an d ba d outcome s fo r  A  a s a  resul t  o f  doin g tha t  action .  A  volitionall y choose s t o perfor m 
M knowin g bot h outcomes ,  th e death-stat e o f  A  an d th e destroyed-stat e o f  th e target . 

serte d b y th e X P i n orde r  t o lin k th e XP -
ASSERTED-NODES t o th e EXPLAIN S node . 

4. LINKS: Causal Unks asserted by the XP. These 
take n togethe r  wit h th e INTER N AL-XP-NODE S 
ar e als o calle d th e internal s o f  th e XP . 

An explanation pattern states that the XP-
ASSERTED-NODES lea d t o th e EXPLAIN S nod e 
(whic h i s par t  o f  a  particula r  configuratio n o f  PRE -
XP-NODES)  vi a a  se t  o f  INTER N AL-XP-NODES , 
th e node s bein g causall y linke d togethe r  vi a th e 
LINK S (whic h i n tur n coul d invok e furthe r  XPs) . 
I n othe r  words ,  a n X P represent s a  causa l  chai n 
composed o f  a  se t  o f  node s connecte d togethe r  us -
in g a  se t  o f  LINK S (causa l  rule s o r  XPs) .  Th e 
"antecedent "  (o r  premise )  o f  thi s causa l  chai n i s 
th e se t  o f  XP-ASSERTED-NODES,  th e "interna l 
nodes "  o f  th e causa l  chai n ar e th e INTERNAL -
XP-NODES o f  th e XP ,  an d th e "consequent "  i s 
th e EXPLAIN S node .  Th e differenc e betwee n XP -
ASSERTED-NODES an d INTER N AL-XP-NODE S 
i s tha t  th e forme r  ar e merel y asserte d b y th e X P 

withou t  furthe r  explanation ,  wherea s th e latte r  hav e 
causa l  antecedent s withi n th e X P itself . 

5 The explanation cycle 

An explanation-base d understande r  mus t  b e abl e 
t o detec t  anomalie s i n th e input ,  an d resolv e the m 
by buildin g motivationa l  an d causa l  explanation s 
fo r  th e event s i n th e stor y i n orde r  t o understan d 
why th e character s acte d a s the y did ,  o r  wh y cer -
tai n event s occurre d o r  di d no t  occur .  Thi s pro -
cess characterize s bot h "stor y understanders "  tha t 
tr y t o achiev e a  dee p understandin g o f  th e storie s 
tha t  the y read ,  a s wel l  a s program s tha t  nee d t o un -
derstan d thei r  domain s i n servic e o f  othe r  problem -
solvin g tasks .  Explanation s ar e constructe d b y re -
trievin g XP s fro m memory ,  applyin g the m t o th e 
situatio n a t  hand ,  an d verifyin g o r  evaluatin g th e 
resultin g hypotheses . 

5.1 Anomaly detection 

Anomal y detectio n refer s t o th e proces s o f  identi -
fyin g a n unusua l  fac t  tha t  need s explanation .  Th e 
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anomalou s fac t  m a y b e unusua l  i n th e sens e tha t 
i t  violate s o r  contradict s som e piec e o f  informatio n 
i n memory .  Alternatively ,  th e fac t  ma y b e unusua l 
because ,  whil e ther e i s n o explici t  contradiction ,  th e 
reeisone r  fail s  t o integrat e th e fac t  satisfactoril y  i n 
it s memory . 

5.2 Explanation pattern retrieval 

W h en face d wit h a n anomalou s situation ,  th e rea -
sone r  trie s t o retriev e on e o r  mor e explanatio n pat -
tern s tha t  woul d explai n th e situation .  Ideally ,  a n 
X P shoul d b e indexe d i n memor y suc h tha t  i t  i s  re -
trieve d onl y i n thos e situation s i n whic h i t  i s  appli -
cable .  Bu t  thi s i s impossibl e i n practice .  Fo r  exam -
ple ,  conside r  th e applicabiht y condition s fo r  "black -
mail. "  I n general ,  blackmai l  i s  a  possibl e explana -
tio n wheneve r  "someon e doe s somethin g h e doesn' t 
want  t o d o becaus e no t  doin g i t  result s i n somethin g 
wors e fo r  him. "  Bu t  tryin g t o sho w thi s i n genera l 
i s  ver y hard .  Thus ,  i n additio n t o genera l  appli -
cabilit y  conditions ,  a  reasone r  mus t  lear n specific , 
sometime s superficial ,  feature s tha t  sugges t  possibl y 
relevan t  X P s eve n thoug h the y m a y no t  completel y 
determin e th e apphcabilit y  o f  th e X P t o th e situa -
tion .  Fo r  example ,  a  classi c blackmai l  situatio n i s 
one wher e a  ric h businessma n w h o i s cheatin g o n hi s 
wif e i s blackmaile d fo r  mone y usin g th e threa t  o f  ex -
posure .  I f  on e rea d abou t  a  ric h businessma n w h o 
suddenl y bega n t o withdra w larg e sum s o f  mone y 
fro m hi s ban k account ,  on e woul d expec t  t o thin k 
of  th e possibilit y  o f  blackmail .  However ,  on e doe s 
not  normall y thin k o f  blackmai l  whe n on e read s a 
stor y abou t  suicid e bombing ,  althoug h theoreticall y 
i t  i s  a  possibl e explanation . 

A Q UA indexe s motivationa l  X P s i n memor y us -
in g typica l  context s i n whic h th e X P s migh t  b e en -
countere d {situatio n indices) ,  a s wel l  a s characte r 
stereotype s representin g typica l  categorie s o f  peo -
pl e t o w h o m th e X P s migh t  b e applicabl e {stereo -
typ e indices )  [Ram ,  1989] .  Th e thir d typ e o f  inde x i s 
know n a s th e anomal y inde x o r  categor y index .  Re -
cal l  tha t  i n additio n t o explainin g th e occurrenc e o f 
th e event ,  i t  i s  importan t  fo r  th e X P t o addres s th e 
anomal y whic h aros e fro m th e failur e o f  th e reasone r 
t o mode l  th e situatio n correctly .  Thu s th e typ e o f 
th e anomal y provide s a n inde x t o th e typ e o f  X P 
require d t o buil d a n explanation .  Fo r  example ,  i f 
th e anomal y wa s on e wher e a n acto r  performe d a n 
actio n tha t  violate d on e o f  th e actor' s ow n goals , 
th e re3isone r  migh t  loo k fo r  a  "goa l  sacrifice "  X P 
(suc h a s a  rehgiou s fanati c sacrificin g he r  lif e fo r 
th e caus e o f  he r  rehgion) ,  o r  a n "acto r  didn' t  kno w 
outcome "  X P (suc h a s a  gullibl e teenage r  no t  re -
ahzin g wha t  th e outcom e o f  he r  eictio n wa s goin g 
t o be) .  However ,  th e categor y o f  goa l  sacrific e X P s 
woul d b e inappropriat e fo r  a n anomal y i n whic h th e 
acto r  faile d t o perfor m a n actio n whic h onl y ha d a 
goo d outcom e fo r  th e actor ;  i n thi s case ,  a  "misse d 
opportunity "  X P migh t  b e chosen . 

5. 3 E x p l a n a t i o n pa t te r n applicatio n 

Once a  se t  o f  potentiall y  applicabl e X P s i s re -
trieved ,  th e reasone r  trie s t o us e the m t o resolv e 
th e anomaly .  Thi s involve s instantiatin g th e XPs , 
fining  i n th e detail s throug h elaboratio n an d spec -
ification ,  an d checkin g th e validit y o f  th e final  ex -
planations .  A n X P i s instantiate d b y unifyin g th e 
E X P L A I N S nod e o f  th e X P wit h th e descriptio n 
of  th e situatio n bein g explained ,  an d instantiatin g 
th e I N T E R N A L - X P - N O D E S an d L INKS .  I f  al l  th e 
P R E - X P - N O D ES an d I N T E R N A L - X P - N O D E S o f 
th e X P fit  th e situation ,  th e hypothesi s i s appli -
cable .  I f  th e unificatio n fails ,  th e hypothesi s i s 
rejected. ^ 

5.4 Hypothesis verification and 

evaluat io n 

Th e final  ste p i n th e explanatio n proces s i s th e con -
firmation  o r  refutatio n o f  possibl e explanations ,  or , 
i f  ther e i s mor e tha n on e hypothesis ,  discrimina -
tio 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 ex -
planatio n t o th e conclusion s vi a a  se t  o f  interme -
diat e assertions .  A t  th e en d o f  thi s step ,  th e rea -
sone r  i s lef t  wit h on e o r  mor e alternativ e hypothe -
ses .  Partiall y  confirme d hypothese s ar e maintaine d 
i n a  dat a dependenc y networ k calle d a  hypothe -
si s tree ,  alon g wit h question s (unconfirme d XP -
A S S E R T E D - N O D E S)  representin g wha t  i s require d 
t o verif y thes e hypotheses . 

Ther e ar e five  criteri a fo r  evaluatin g th e goodnes s 
of  a n explanation : 

1.  Believability :  Doe s th e syste m believ e th e X P 
fro m whic h th e hypothesi s wa s derived ? Thi s i s 
not  a n issu e whe n al l  X P s i n memor y ar e believed , 
but  fo r  a  progra m tha t  learn s ne w XPs ,  som e o f 
whic h m a y b e incomplete ,  th e behevabilit y  o f  th e 
X P i s a n importan t  criterio n i n decidin g whethe r 
t o believ e th e resultin g hypothesis . 

2.  Applicability :  H o w wel l  doe s th e X P appl y t o 
thi s situation ? Di d i t  fit  th e situatio n withou t 
any modifications ? 

3.  Relevance :  Doe s th e X P addres s th e underly -
in g anomaly ? Doe s i t  addres s th e knowledg e goal s 
of  th e reasone r  (i.e. ,  doe s i t  allo w th e reasone r  t o 
learn) ? 

4.  Verification :  H o w definitel y wa s th e explana -
tio n confirme d o r  refuted ? 

5.  Specificity :  H o w specifi c  i s  th e X P ? I s i t  ab -
strac t  an d ver y genera l  (e.g. ,  a  proverb) ,  o r  i s  i t 
detaile d an d specific ? 

Intuitively ,  a  "good "  explanatio n i s no t  necessar -
il y  on e tha t  ca n b e prove n t o b e "true "  (criterio n 

*  Ther e i s als o th e possibilit y  o f  modifyin g th e hy -
pothesi s t o fi t  th e situatio n [Schank ,  1986 ;  Kas s e t  ai , 
1986] . 
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4) ,  bu t  als o on e tha t  seem s plausibl e ( 1 an d 2) ,  (it s 
th e situatio n wel l  ( 2 an d 5) ,  an d i s relevan t  t o th e 
goal s o f  th e reasone r  (criterio n 3) . 

Th e relevanc e criterio n i s importan t  i f  th e expla -
natio n i s create d fo r  som e purpos e (an d no t  a s a n 
end i n itself) .  T h e fac t  tha t  th e reasone r  encoun -
tere d a n anomal y indicate s a  nee d t o learn ,  whic h 
coul d aris e i n severa l  ways .  Th e reasone r  m a y no t 
hav e th e knowledg e structure s t o dea l  wit h a  nove l 
situation ,  o r  th e knowledg e structure s tha t  th e rea -
sone r  applie s t o th e situatio n m a y b e incomplet e 
or  incorrect .  T h e domai n knowledg e m a y b e mis -
indexe d i n memory ,  i.e. ,  th e reasone r  m a y hav e th e 
knowledg e structure s t o dea l  wit h th e situation ,  bu t 
i t  ma y b e unabl e t o retriev e the m sinc e the y ar e no t 
indexe d unde r  th e cue s tha t  th e situatio n provides . 

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 invok e th e appropriat e learnin g 
strategy .  Fo r  example ,  i f  a n incomplet e knowledg e 
structur e i s applie d t o a  situation ,  th e resultin g pro -
cessin g erro r  represent s bot h th e knowledg e tha t  i s 
missing ,  a s wel l  a s th e fac t  tha t  thi s piec e o f  knowl -
edge ,  whe n i t  come s in ,  shoul d b e use d t o fill  i n th e 
gap 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 
be use d t o re-inde x th e knowledg e structur e appro -
priately .  Th e explanatio n i s therefor e constraine d 
by th e need s o f  th e learnin g proces s [Ram ,  1990a] . 

6 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 .  Abduc -
tio n i s viewed ,  no t  a s a  proces s o f  chainin g togethe r 
inferenc e rule s t o produc e causa l  chains ,  bu t  rathe r 
one o f  case-base d reasonin g fro m pre-store d causa l 
chains ,  know n a s explanatio n patterns ,  associate d 
wit h prio r  experience s i n memory .  Thi s provide s 
a wa y t o contro l  th e combinatoria l  explosio n o f  in -
ferences ,  bu t  introduce s a  ne w se t  o f  issues :  th e 
conten t  an d representatio n o f  explanatio n patterns , 
th e type s o f  indice s use d t o retriev e X P s fro m m e m-
ory ,  th e evaluatio n o f  candidat e hypotheses ,  an d th e 
learnin g o f  ne w XPs . 

Evaluatio n i s facilitate d b y usin g anomal y charac -
terization s a s retrieva l  indice s fo r  XPs .  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 .  Th e anomal y de -
tectio n proces s provide s retrieva l  cue s tha t  ar e use d 
t o fin d explanatio n pattern s tha t  ar e likel y t o b e 
relevan t  t o th e anomaly . 

Thes e idea s hav e bee n explore d i n th e A Q U A pro -
gram,  a  compute r  mode l  o f  th e theor y o f  question -
drive n understanding .  A Q U A learn s abou t  terror -
is m b y readin g newspape r  storie s abou t  terroris t  in -
cident s i n th e Middl e East .  Th e requirement s o f  thi s 

tas k provide d constraint s o n th e theor y o f  explana -
tio n presente d here . 
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