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C o m b i n i n g S i m u l a t i v e a n d M e t a p h o r - B a s e d R e a s o n i n g 

a b o u t  Belief s 

John A. Barnden Stephen Helmreich Eric Iverson Gees C. Stein 

Computing Research Lab & Computer Science Dept 
New Mexic o Stat e Universit y 
Las Cruces ,  N M 88003-800 1 

{jbamden ,  shelmrei ,  iverson ,  gstein}QiUDSU .  ed u 

Abstrac t 

An unprecedented combination of simulative and 
metaphor-base d reasonin g abou t  belief s i s  achieve d 
i n a n A I  system ,  ATT-Meta .  Muc h mundan e dis -
cours e abou t  belief s use s conceptus J metaphor s (e.g. , 
M I N D A S C O N T A I N E R)  productively ,  an d A T T -
Meta' s metaphor-base d reasonin g accordingl y lead s t o 
crucia l  discours e comprehensio n decisions .  ATT-Meta' s 
non-metaphorica l  mod e o f  belie f  reasonin g include s sim -
ulativ e reasonin g (SR) .  I n ATT-Meta ,  metaphor-base d 
reasonin g ca n bloc k an d otherwis e influenc e th e cours e 
of  SR .  Also ,  ATT-Met a ca n nes t  S R an d metaphor -
base d reasonin g withi n themselve s an d eac h other .  A s 
wel l  a s currentl y allowin g ATT-Met a t o simulativel y 
reaso n abou t  belief s abou t  belief s ... ,  th e nestin g wil l 
i n th e nea r  futur e allo w th e syste m t o handl e chaine d 
metaphors ,  ascrib e it s ow n metaphor-base d reasonin g t o 
othe r  agents ,  an d appl y simulativ e reasonin g t o purel y 
metaphorica l  agents . 

Introduction 

Metaphor s i n discours e affec t  a n understander' s tas k o f 
obtainin g a  coheren t  understanding .  Thi s i s  clea r  from , 
e.g. ,  Hobb s (1990) ,  Marti n (1990 )  an d Naya k &  Gibb s 
(1990) .  Conside r  th e discours e fragmen t  (1) ,  an d con -
tras t  som e possibl e continuation s o f  it ,  namel y (la-c) : 

(1) Veronica was preparing for her dinner party. Her 
brother' s recip e ha d sai d t o fr y th e mushroom s fo r  on e 
hour . 

(la) She did this even though she believed the recipe to 
be wrong . 

(lb) She did this even though in the recesses of her mind 
she believe d th e recip e t o b e wrong . 

(Ic) She did this even though she thought, "The recipe's 
wrong. " 

Continuation (la) contains a non-metaphorical mental-
stat e description .  Sentenc e (lb )  manifest s th e M I N D A S 
P H Y S I C AL S P A C E conceptua l  metaphor. *  Th e sen -
tenc e refer s t o a  specifi c  subregio n o f  th e whol e "space " 
of  th e mind .  Idea s o r  thinkin g episode s i n on e subregio n 

'See Lakoff (1993) for the notion of conceptual metaphor 
— somethin g tha t  i s importan t  i n th e wa y peopl e vie w thing s 
— a s oppose d t o mer e linguisti c manifestation s o f  metaphor . 
I n thi s pape r  a  metapho r  i s a  conceptua l  vie w o f  somethin g 
as somethin g else ,  no t  a  linguisti c form . 

ca n b e incompatibl e wit h idea s i n another .  Fo r  instance , 
one subregio n ca n contai n th e though t  tha t  a  recip e i s 
wrong ,  wherea s anothe r  ca n contai n th e though t  tha t 
th e recip e i s  right .  Alternatively ,  thought s i n on e sub -
regio n ca n simpl y b e absen t  fro m another .  I n (Ic )  w e 
see th e conceptua l  metapho r  o f  I D E A S A S I N T E R N A L 
U T T E R A N C ES (followin g Barnden ,  1992) .  A  thinkin g 
episod e i s  portraye d a s inne r  speec h withi n th e agent . 
We tak e IDEA S A S I N T E R N A L U T T E R A N C ES t o b e 
a specia l  cas e o f  M I N D A S PHYSICA L SPACE,  wit h th e 
interna l  utteranc e bein g a n even t  tha t  take s plac e withi n 
th e "space "  o f  th e agent' s mind .  M I N D A S PHYSICA L 
SPACE an d IDEA S A S I N T E R N A L U T T E R A N C ES 
ar e tw o o f  th e metaphor s t o whic h w e hav e pai d mos t 
attentio n i n ou r  work .  Anothe r  i s M I N D P A R T S A S 
PERSONS,  briefl y mentione d a t  th e en d o f  th e paper . 
However ,  ther e ar e man y commonly-use d metaphor s o f 
mind .  See ,  fo r  example :  Barnde n (1992) ,  Cook e & 
Barth a (1992) ,  Lakoff ,  Espenso n k  Schwart z (1991) ,  an d 
Sweetse r  (1990) . 

I f  on e looke d onl y a t  (lb,c )  on e migh t  disput e th e 
abov e claim s abou t  metaphor ,  sayin g tha t  (lb,c )  jus t  in -
volv e canne d form s o f  language .  However ,  conside r  th e 
followin g productiv e variant s o f  thos e sentences : 

(lb') She did this after forcibly shoving the idea thai the 
recip e wa s wron g t o a  murk y corne r  o f  he r  mind . 

(Ic') She did this even while whining to herself, "Oh no, 
thi s damne d recipe' s wrong .  " 

Consider also the immense potential for further varying 
these ,  e.g .  usin g verb s othe r  tha n "shove "  an d "whine. " 
Th e mos t  economica l  explanatio n o f  th e sens e tha t  (Ib' -
c' )  an d thei r  furthe r  variant s m a k e i s tha t  the y appea l  t o 
th e metaphor s w e mentione d abov e (cf .  th e observation s 
i n Lakof f  1993) .  Then ,  fo r  uniformit y an d continuity ,  i t 
i s a  shor t  ste p t o sayin g tha t  (lb,c )  als o manifes t  thos e 
metaphors ,  thoug h i n a  mor e palli d way .  (Ic )  doe s dif -
fe r  markedl y fro m (Ic' )  i n no t  usin g a n ordinar y ver b 
of  speech .  However ,  w e m a k e thre e observations .  First , 
peopl e commonl y experienc e som e thought s a s "inne r 
speech, "  s o tha t  i t  i s  fai r  t o tak e (Ic )  a s sayin g tha t 
Veronic a wa s experiencin g inne r  speech .  Secondly ,  th e 
ver b "think "  i s i n fac t  ofte n use d t o portra y rea l  speec h 
i n th e followin g way :  "Veronic a though t  alou d tha t  th e 
recip e wa s wrong. "  Thirdly ,  th e ide a tha t  (Ic )  reall y i s 
suggestin g speec h i s reinforce d b y th e effec t  o f  introduc -
in g th e evaluativ e adjectiv e "damned "  int o th e quotatio n 
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i n (Ic) . 
I n (la,b,c )  ther e i s a  disparit y betwee n Veronica' s 

obeyin g th e recip e an d he r  belie f  i n it s  incorrectness . 
T h e differen t  way s th e belie f  i s  describe d lea d t o differen t 
degree s o f  plausibilit y fo r  variou s possibl e explanation s 
of  th e disparity .  O n e reasonabl e interpretatio n fo r  (lb ) 
i s tha t  Veronica' s wrong-recip e belie f  wa s onl y minimall y 
involved ,  i f  a t  all ,  i n he r  consciou s thinking ,  s o tha t  sh e 
di d no t  consciousl y thin k (t o an y stron g degree )  tha t 
sh e -wa s followin g a  recip e tha t  wa s incorrect .  Bu t  (Ic ) 
place s th e wrong-recip e belie f  squarel y i n he r  consciou s 
thinking ,  s o i t  seem s muc h mor e likel y tha t  Veronic a de -
liberatel y wen t  agains t  he r  o w n stron g doubts ,  fo r  som e 
reason .  Fo r  example ,  sh e migh t  hav e bee n ordere d t o 
obe y th e recipe .  Thi s i s no t  t o sa y tha t  suc h a n explana ^ 
tio n fo r  (lb )  coul d no t  hol d fo r  (Ic) ,  o r  tha t  explanation s 
fo r  (Ic )  coul d no t  hol d fo r  (lb) .  Rather ,  th e balanc e o f 
rcasonat/encs s o f  explanation s i s differen t  betwee n (lb ) 
an d (Ic) .  Th e non-metaphorica l  (la )  i s  vague r  i n it s im -
plication s ths m (lb,c) ,  bu t  (lc)-typ e explanation s see m 
mor e likel y tha n (Ib)-typ e ones . 

We hav e develope d a n A I  system ,  ATT-Meta ,  tha t 
seek s explanation s suc h a s th e one s above .  A n advance d 
prototyp e o f  th e reasonin g modul e i s  implemente d i n 
Prolog .  Th e reasonin g syste m currentl y take s a s inpu t 
logica l  expression s constructe d b y hand ,  bu t  w e ar e com -
pletin g th e implementatio n o f  a  natura l  languag e front -
end . 

Th e syste m currentl y doe s no t  dea l  wit h menta l  state s 
othe r  tha n belief ,  bu t  w e pla n t o broade n it s scop e i n 
th e future .  I t  doe s no t  dea l  wit h nove l  metaphors :  i t 
alread y know s abou t  th e metaphor s tha t  ar e o f  interes t 
i n ou r  research .  However ,  i t  ca n us e it s  metaphor s i n 
open-ended ,  nove l  ways .  I t  deal s onl y wit h metaphor s 
of  mind ,  bu t  ther e appear s t o b e nothin g t o preven t  th e 
extensio n t o numerou s othe r  type s o f  metaphor . 

A T T - M e t a use s a n intimat e combinatio n o f  "simu -
lativ e reasoning "  (SR )  an d metaphor-base d reasonin g 
( M 4 B R)  abou t  beliefs .  Simulativ e reasonin g ha s bee n 
propose d withi n A I  by ,  fo r  instance ,  Chalupsk y (1993) , 
Crear y (1979) ,  Haa s (1986) ,  Konolig e (1986 )  an d Moor e 
(1973) ;  an d se e Dinsmor e (1991 )  fo r  th e linguisti c con -
text .  I t  als o correspond s t o a n aspec t  o f  th e philosophi -
cal/psychologica l  Simulatio n Theor y (ST )  o f  ho w peopl e 
reaso n abou t  othe r  people' s belief s an d behavio r  (Davie s 
& Stone ,  i n press) .  I n SR ,  a  syste m temporaril y  pre -
tend s t o adop t  som e o f  th e belief s o f  th e agen t  i n ques -
tion ,  reason s fro m thos e preten d facts ,  an d the n (defea -
sibly )  ascribe s th e result s t o th e agent .  S R / S T ha s som e 
advantage s ove r  non-simulativ e reasonin g (se e Barnde n 
chapte r  i n Davie s k .  Stone ,  i n press ;  Haas ,  1986) . 

Sketch of ATT-Meta's Reasoning 

Here w e outlin e th e mai n reasonin g step s ATT-Met a 
take s fo r  example s (1-la) ,  (1-lb )  an d (1-lc) ,  conveyin g 
th e roug h flavo r  o f  it s simulativ e an d metaphor-base d 
reasonin g an d o f  thei r  intimat e interaction.' ^  Th e sec -

tio n als o illustrate s th e uncertaint y an d defeasibilit y o f 
ATT-Meta' s reasoning ,  largel y apparen t  belo w throug h 
th e us e o f  th e qualifie r  "presumably. "  A  propositio n s o 
qualifie d i s amenabl e t o bein g defeated .  I n thi s pape r  w e 
do no t  g o int o th e forma l  detail s o f  th e system .  M a n y o f 
thes e ar e containe d i n Barnde n e t  al .  (1994) . 

Case (1-la) 

ATT-Meta' s explanatio n i n thi s cas e i s tha t  sh e presum -
abl y ha d som e specia l  reeiso n fo r  followin g th e recip e 
eve n thoug h sh e wa s consciousl y awar e o f  th e disparit y 
betwee n doin g s o an d th e recipe' s bein g wron g (accord -
in g t o her) .  Thi s explanatio n arise s a s follows . 

Fro m th e fac t  tha t  Veronic a followe d th e recipe ,  A T T -
Met a infers : 

(2) presumably, Veronica consciously believed she was 
followin g it . 

This is by a rule that says that when people follow in-
struction s the y presumabl y d o i t  consciously .  ATT-Me t a 
als o infers : 

(3) presumably, she believed it wasn't good to follow the 
recipe . 

This happens as follows. ATT-Meta sets up a special rea-
sonin g environmen t  fo r  conductin g a  partia l  simulatio n 
of  Veronica' s (hypothesized )  though t  processes .  Withi n 
th e environment ,  A T T - M e t a adopt s th e premis e tha t  th e 
recip e i s wrong .  Thi s i s a  belie f  o f  Veronica's ,  accordin g 
t o th e secon d claus e o f  (la) .  Becaus e A T T - M e t a ca n 
be viewe d a s temporaril y  pretendin g t o adop t  Veronic a ' s 
beliefs ,  w e cal l  th e environmen t  a  "simulatio n pretenc e 
cocoon. "  Usin g a  rul e tha t  say s tha t  i f  a  bod y o f  in -
struction s i s wron g it' s no t  goo d t o follo w it ,  ATT-Met a 
infer s withi n th e cocoo n tha t 

(3') it's not good to follow the recipe. 

Since this conclusion is within the cocoon, it is a hy-
pothesize d belie f  o f  Veronica's ,  an d A T T - M e t a make s 
thi s poin t  explici t  b y automaticall y concludin g (3) . 

Further ,  b y virtu e o f  (2) ,  A T T - M e t a adopt s th e fol -
lowin g premis e withi n th e cocoon : 

(2') Veronica follows the recipe.^ 

Then, within the cocoon, ATT-Meta infers the conjunc-
tio n o f  (2' )  an d (3') ,  namel y 

(4') Veronica follows the recipe AND it's not good to 
follo w th e recipe . 

Concomitantly, ATT-Meta infers, outside the cocoon, 
tha t  Veronic a presumabl y believe s thi s conjunction . 
Tha t  is : 

^At  th e tim e o f  writing ,  ATT-Met a ha s onl y a  simplifie d 
implementatio n o f  th e comple x "specificity "  principle s ap -
peale d t o i n cas e (1-lb) ,  s o tha t  th e descriptio n her e goe s 

slightl y beyon d th e curren t  capabilitie s o f  th e implementa -
tion .  Anothe r  departur e b y ATT-Met a fro m th e descriptio n 
i n thi s sectio n i s  tha t  ATT-Met a proceed s i n a  backwards -
chaining ,  goal-directe d way ,  wherea s th e descriptio n portray s 
a mor e easil y presentabl e forward-chainin g process . 

^Sinc e ATT-Met a i s simulatin g Veronica ,  i t  woul d b e bet -
te r  t o couc h thi s premis e a s " I  a m followin g th e recipe. "  How -
ever ,  ATT-Met a doe s no t  ye t  hav e a  treatmen t  o f  indexicals . 
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(4 )  presumably ,  Veronic a believe s that :  sh e follow s th e 
recip e A N D it' s  no t  goo d t o follo w it . 

Notice here that an SR conclusion such as (3) or (4) 
i s  alway s qualifie d b y "presumably, "  reflectin g th e fac t 
tha t  ATT-Met a merel y presume s tha t  th e agen t  actu -
all y doe s th e inferencin g correspondin g t o ATT-Meta' s 
within-cocoo n reaisoning . 

Now,  ATT-Met a ha s th e followin g (admittedl y over -
simpUfied )  rule : 

(R.l)  IF someone is using something (e.g., a set of in-
structions )  an d believe s something ,  P ,  abou t  it ,  T H E N , 
presumably ,  (s)h e consciousl y believe s P . 

Therefore, ATT-Meta infers that Veronica's belief in 
th e wrongnes s o f  th e recip e wa s presumabl y conscious . 
Thus ,  bot h premise s use d i n th e simulatio n cocoo n 
(namely :  th e recip e i s wrong ;  Veronic a follow s th e recipe ) 
reflec t  consciou s belief s o f  Veronica's .  A s a  result ,  ATT -
Meta presume s tha t  an y belie f  resultin g fro m th e sim -
ulatio n i s als o conscious .  Therefore ,  a  furthe r  resul t  o f 
th e simulatio n i s 

(4c) presumably, Veronica consciously believed that: 
she follow s th e recip e A N D it' s  no t  goo d t o follo w th e 
recipe . 

This feeds into a rule that can be paraphrased as follows: 

(R.2) IF agent X does action A and consciously believes 
tha t  [(s)h e doe s A  A N D it' s  no t  goo d t o d o A /THEN , 
presumably ,  th e explanatio n i s tha t  (s)h e ha s a  specia l 
reaso n fo r  doin g A  despit e havin g tha t  consciou s belief . 

Thus, ATT-Meta is able to infer the main result of the 
example ,  namely : 

(5) presumably, Veronica had a special reason for fol-
lowin g th e recip e eve n thoug h consciousl y believin g tha t 
[she' s followin g th e recip e A N D i t  i s no t  goo d t o follo w 
It] . 

Case (1-lc) 

We defe r  (1-lb )  a s i t  involve s mor e comple x reason -
in g tha n (1-lc )  does .  ATT-Meta' s genera l  approac h t o 
metapho r  i s t o "pretend "  t o tak e a  metaphorica l  utter -
ance a t  fac e valu e (i. e "literally") .  Tha t  is ,  i n th e cas e 
of  (Ic) ,  ATT-Met a pretend s tha t 

(6) there was a real utterance of "The recipe's wrong" 
withi n Veronica' s mind . 

Concomitantly, ATT-Meta pretends that 

(7) Veronica's mind was a PHYSICAL SPACE. 

These pretences are embodied as the adoption of 
premise s (6 )  an d (7 )  withi n a  specia l  environmen t  tha t 
we cal l  a  metaphorica l  pretenc e cocoo n fo r  Veronica's -
IDEAS A S INTERNA L U T T E R A N C E S.  Now ,  th e rea l 
forc e o f  suc h cocoon s i s tha t  inferenc e processe s ca n 
tak e plac e withi n them ,  muc h a s withi n simulatio n co -
coons .  Thi s wil l  happe n i n cas e (1-lb) .  However ,  i n 
th e presen t  example ,  th e onl y importan t  actio n tha t 
ATT-Met a base s o n th e metapho r  i s t o us e th e followin g 

"transfe r  rule "  linkin g certai n metaphorica l  cocoon s t o 
reality : 

(TR.lc )  I F [withi n a  cocoo n fo r  agen t  X's-IDEA S A S 
I N T E R N AL U T T E R A N C E S]  ther e i s a n utteranc e o f 
a declarativ e sentenc e S  withi n X' s min d T H E N ,  pre -
sumably ,  X  consciousl y believe s th e propositio n state d 
byS. 

Thus ,  ATT-Met a infer s that ,  presumably ,  Veronic a con -
sciousl y believe d th e recip e t o b e wrong .  Thi s i s als o 
inferre d b y mean s o f  R. l  jus t  a s i n cas e (1-la) .  Thus , 
th e remainde r  o f  th e reasonin g i s essentiall y  th e sam e 
as tha t  fo r  (1-la) ,  an d ATT-Met a agai n construct s th e 
mai n resul t  (5) . 

However ,  ATT-Met a i s theoreticall y i n a  positio n t o 
dee m (5 )  t o b e mor e strongl y supporte d i n th e (1-lc ) 
case tha n i n th e (1-la )  case .  Thi s i s fo r  reason s detaile d 
below ,  bu t  i s t o d o wit h TR.l c providin g a  mor e specifi c 
basi s tha n R. l  doe s fo r  th e conclusio n tha t  Veronic a con -
sciousl y believe s th e recip e t o b e wrong . 

Case (1-lb) 

I n cas e (1-lc) ,  th e M 4 B R wa s minimal ,  an d further -
more di d no t  affec t  th e cours e o f  simulativ e reasonin g a s 
such .  Thing s ar e markedl y differen t  i n th e cas e o f  (1-lb) . 
ATT-Met a stil l  trie s t o d o th e sam e simulativ e reasonin g 
about  Veronic a a s above ,  an d come s u p wit h hypothesi s 
(4 )  again .  However ,  thi s hypothesi s i s defeated .  Thi s 
i n tur n mean s tha t  neithe r  (4c )  no r  (5 )  i s  inferred .  Th e 
reaso n fo r  th e defea t  o f  (4 )  i s a s follows . 

Suppos e ATT-Met a come s t o a  within-cocoo n conclu -
sio n Q ,  an d tha t  thi s wa s directl y base d o n within-cocoo n 
proposition s PI ,  ... ,  Pn .  ATT-Met a concomitantl y set s 
up th e externa l  conclusio n tha t  th e agen t  (X )  believe s 
Q,  a s Wci s implie d above .  However ,  anothe r  actio n i s t o 
recor d tha t  thi s conclusio n i s dependen t  upo n th e hy -
pothesi s tha t 

(I )  X  perform s som e inferenc e proces s yieldin g Q  fro m 
PI,  ... ,  Pn . 

Thi s hypothesi s is ,  normally ,  deeme d b y ATT-Met a t o b e 
presumabl y true .  I t  turn s ou t  tha t  fo r  example s (1-la ) 
and (1-c )  ther e i s nothin g tha t  defeat s thi s presumption . 
However ,  on e us e o f  M 4 B R i n ATT-Met a i s precisel y 
t o defea t  presumption s o f  for m (I) .  Bu t  i f  al l  instance s 
of  I  fo r  a  give n Q  ar e defeate d the n (i n th e absenc e o f 
othe r  support )  ATT-Met a abandon s th e conclusio n tha t 
X believe s Q ,  an d concomitantl y abolishe s Q  withi n th e 
cocoon .  Tw o instance s o f  I  ar e se t  u p i n cas e (1-lb) ,  fo r 
differen t  proposition s Q : 

(I.l )  Veronic a performe d soTu e inferenc e proces s yieldin g 
[i t  i s  no t  goo d t o follo w th e recipe ]  fro m [th e recip e i s 
wrong] ; 

(1.2 )  Veronic a performe d som e inferenc e proces s yield -
in g [Veronic a follow s th e recip e A N D i t  i s  no t  goo d 
t o follo w th e recipe ]  fro m [Veronic a follow s th e recipe ] 
and [i t  i s  no t  goo d t o follo w th e recipe] . 

Thes e aris e becaus e o f  within-cocoo n reasonin g step s jus t 
lik e thos e i n case s (1-la )  an d (1-lc) .  (I.l )  arise s fro m 
th e reasonin g t o (3' )  an d (1.2 )  fro m th e reasonin g t o (4') . 
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Now,  par t  o f  ATT-Meta' s understandin g o f  th e M I N D 
AS PHYSICA L S P A C E metapho r  is : 

(TR.lb) X's performing an inference process yielding Q 
fro m PI ,  ... ,  P n correspond s metaphoricall y t o PI ,  ... , 
Pn physicall y interactin g withi n X' s min d spac e t o 
produc e Q . 

(If n is 1 then Q arises just out of PI, without an inter-
actio n wit h somethin g else. )  Thi s principl e i s couche d 
i n a  se t  o f  transfe r  rule s analogou s i n for m t o TR.lc . 
I n addition ,  ATT-Met a ha s a  rul e purel y abou t  physica l 
interaction s tha t  say s 

(R.2) IF some things are spatially separated from each 
othe r  [rathe r  tha n bein g clos e together ]  T H E N ,  pre -
sumably ,  the y d o no t  interact . 

Another purely physical rule is 

(R.3) IF PI ,..., Pn physically interact to produce Q 
and th e P i  ar e al l  withi n a  particula r  regio n R ,  T H E N , 
presumably ,  Q  i s m R . 

Other pMts of ATT-Meta's understanding of the 
metapho r  ar e th e followin g transfe r  principles : 

(R.4) X believing P corresponds to the thought-thai-P 
bein g a t  som e positio n i n X' s mind-space ; 

(R.5) X consciously believing P corresponds to X's mind 
havin g a  fron t  regio n an d th e ihought-that- P bein g i n 
tha t  region ; 

(R.6) IF a thought is m the recesses of X's mind THEN, 
presumably ,  i t  i s  no t  conscious . 

ATT-Meta sets up a metaphorical pretence cocoon for 
Veronica's-MIN D A S PHYSICA L SPACE.  ATT-Met a 
take s (lb )  a t  fac e valu e an d adopt s th e within-cocoo n 
premis e tha t  i n th e recesse s o f  thi s spac e ther e wa s th e 
though t  tha t  th e recip e wa s wrong .  Becaus e o f  hypoth -
esi s (I.l )  an d transfe r  principl e (TR.lb) ,  ATT-Met a es -
tablishe s th e followin g hypothesi s insid e th e metaphori -
cal  pretenc e cocoon : 

(8) the thought thai the recipe was wrong physically 
produce d th e though t  tha t  i t  wa s no t  goo d t o follo w 
It . 

By R.3, it follows that the latter thought was also in the 
recesse s o f  Veronica' s mind . 

However ,  ATT-Met a infer s a s i n (1-la )  tha t  presum -
abl y Veronic a consciousl y believe d tha t  sh e wa s followin g 
th e recipe .  Hence ,  b y R.5 ,  th e though t  tha t  Veronic a fol -
low s th e recip e wa s i n th e fron t  o f  he r  mind .  ATT-Met a 
take s th e fron t  an d th e recesse s t o b e separate d fro m eac h 
other .  Therefore ,  ATT-Met a use s R. 2 t o infe r  withi n 
th e metaphorica l  pretenc e cocoo n tha t  th e though t  tha t 
Veronic a follow s th e recip e di d no t  physicall y interac t 
wit h th e though t  tha t  i t  i s  no t  goo d t o follo w th e recipe . 
Vi a TR.lb ,  thi s undermine s 1.2 .  Bu t  1. 2 wa s th e onl y 
suppor t  fo r  hypothesi s (4) .  Hence ,  (4 )  i s  defeated .  A s a 
result ,  (4c )  an d (5 )  ar e no t  inferred . 

On th e othe r  hand ,  (I.l )  i s  no t  undermine d becaus e 
i t  reflect s a  within-simulation-cocoo n inferenc e fro m a 

singl e premis e (tha t  th e recip e i s  wrong) ;  ther e i s n o 
issu e arisin g her e o f  tw o premise s bein g bein g physicall y 
separate d withi n Veronica' s mind-SPACE . 

We hav e see n tha t  ATT-Met a doe s no t  conclud e (4c) . 
I n fact ,  fo r  reason s explaine d a t  th e en d o f  th e nex t  sec -
tion ,  ATT-Met a i s abl e t o com e t o th e stronge r  conclu -
sio n tha t  Veronic a actuall y faile d t o believ e th e conjunc -
tio n (4' )  (eve n thoug h sh e doe s believ e eac h conjunc t 
separately) .  Thi s the n allow s th e followin g rul e t o pro -
ceed : 

(R.7) IF agent X does action A, believes that it's not 
good t o d o A ,  bu t  fail s  t o believ e tha t  [ X doe s A  A N D 
it' s  no t  goo d t o d o /l/THEN ,  presumably ,  thi s failur e 
explain s th e apparen t  disparit y betwee n X' s actio n an d 
belie f 

Thus ,  ATT-Met a i s abl e t o infe r  th e mai n resul t  o f  th e 
example ,  namely : 

(9) presumably, the explanation for the apparent dispar-
it y concernin g Veronic a i s tha t  sh e faile d t o believ e tha t 
[Veronic a follow s th e recip e A N D th e recip e i s  wrong] . 

It turns out that ATT-Meta does arrive at some weak 
suppor t  fo r  th e explanatio n give n b y (9 )  i n case s (1-la ) 
and (1-lc) ,  an d conversel y come s u p wit h som e wea k 
suppor t  fo r  th e explanatio n give n b y (5 )  i n cas e (1-lb) . 
(What  wea k suppor t  amount s t o i s clarifie d below. )  Thi s 
reflect s ou r  poin t  i n sectio n 1  tha t  th e metaphor s affec t 
th e balanc e o f  reasonablenes s o f  explanations ,  an d d o 
not  totall y discoun t  particula r  explanations . 

Finally ,  recal l  tha t  i n (1-la )  ATT-Met a inferre d that , 
presumably ,  Veronic a consciousl y believe d th e recip e t o 
be wrong .  Thi s inferenc e i s attempte d als o i n cas e (1 -
Ib) .  However ,  i t  i s  defeate d indirectl y b y th e give n in -
formatio n tha t  th e though t  tha t  th e recip e wa s wron g 
was i n th e recesse s o f  he r  mind ,  whic h support s vi a R. 6 
th e hypothesi s tha t  th e belie f  wa s no t  conscious .  Th e 
suppor t  fo r  thi s hypothesi s i s judge d t o b e mor e specific , 
and therefor e stronger ,  tha n th e suppor t  fo r  th e hypoth -
esi s tha t  th e belie f  wa s conscious .  Thi s i s becaus e o f 
genera l  specificity-compariso n principle s i n ATT-Meta , 
discusse d below . 

The Two Types of Pretence Cocoon 

ATT-Met a use s simulatio n pretenc e cocoon s t o "ge t  in -
sid e people' s minds, "  an d metaphorica l  pretenc e cocoon s 
t o "ge t  insid e metaphorica l  views. "  Notic e carefully , 
however ,  tha t  th e reasonin g withi n a  metaphorica l  pre -
tenc e cocoo n concerne d wit h someone' s min d i s never -
theles s fro m a  standpoin t  outsid e th e person' s mind . 
We coul d unif y th e tw o type s o f  cocoo n b y regardin g 
a metaphorica l  pretenc e cocoo n a s a  simulatio n cocoo n 
fo r  simulatin g a  hypothetica l  observe r  wh o take s th e 
metapho r  a t  fac e valu e — e.g. ,  actuall y believe s Veron -
ica' s min d literall y t o b e a  physica l  space . 

Uncertainty and Defeasibility 

Proposition s (fact s i n th e database ,  o r  reasonin g goals ) 
ar e tagge d wit h a  confidenc e ratin g (CR) .  Th e mos t 
importan t  rating s ar e Suggested ,  Presume d an d Cer -
tain .  Presume d mean s tha t  ATT-Met a presume s tha t 
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th e propositio n holds ,  bu t  allow s tha t  i t  migh t  no t  d o so . 
The ratin g ca n als o b e glosse d a s "b y default. "  Presume d 
correspond s t o ou r  us e o f  "presumably "  i n th e previou s 
section .  Suggeste d mean s intuitivel y tha t  ther e i s reaso n 
t o sugges t  th e propositio n migh t  hold ,  bu t  th e availabl e 
evidenc e i s no t  enoug h t o mak e A T T - M e t a presum e it . 
A propositio n an d it s complemen t  (wher e P  an d N O T -
P ar e complements )  m a y bot h b e rate d a s Suggested ,  o r 
one ma y b e Suggeste d an d th e othe r  Presumed .  However , 
othe r  combination s ar e no t  allowed . 

Suggeste d i s th e ratin g tha t  (9 )  end s u p wit h i n cas e 
(l-la,c )  [contrastin g wit h it s Presume d ratin g i n cas e 
(1-lb) ]  an d tha t  (5 )  end s u p wit h i n (1-lb )  [contrastin g 
wit h it s Presumer f  ratin g i n cas e (l-a,c)] . 

The notio n o f  belie f  i s  divide d u p int o qualitativ e de -
grees .  W e ca n hav e tha t  " X believes- C P" ,  wher e C  i s 
one o f  Suggested ,  Presume d o r  Certain .  Th e meanin g 
i s respectivel y that :  X  believe s ther e i s som e reaso n t o 
sugges t  P ;  X  presume s P ;  an d X  i s certai n tha t  P .  No -
tic e carefull y tha t  ATT-Meta' s C R fo r  " X believes- ^  P " 
i s independen t  o f  degre e p .  I n th e previou s section ,  w e 
oversimplifie d b y no t  mentionin g degree s o f  belief . 

I n a  simulativ e reasonin g cocoo n fo r  agen t  X ,  an y o f 
ATT-Meta' s ow n rule s ca n b e used ,  althoug h i n th e fu -
tur e w e pla n t o ad d th e capabilit y  o f  o f  restrictin g th e 
ascriptio n o f  rule s t o agents .  Within-cocoo n premise s 
aris e onl y fro m Presume d o r  Certai n proposition s abou t 
X' s beliefs .  However ,  suc h proposition s ca n b e conclu -
sion s fro m genera l  rule s lik e "i f  X  i s a n Englis h telephon e 
operato r  the n X  believe s tha t  N e w Mexic o i s no t  par t  o f 
th e U.S. " 

ATT-Met a ha s a  rul e suc h that ,  fo r  eac h agen t  X  an d 
eac h propositio n P ,  th e syste m presume s tha t  X  lack s 
a belie f  (o f  an y degree )  i n P .  (Not e tha t  thi s doe s no t 
mean tha t  X  believe s not-P. )  However ,  th e presumptio n 
i s overridde n b y an y Presume d o r  Certai n databas e fac t 
t o th e contrary ,  o r  b y rul e tha t  trie s t o contribut e a 
PresumedOT Certai n ratin g t o X  believin g P .  Th e defaul t 
tha t  X  lack s a  belie f  i n P  i s th e reaso n tha t  i n cas e (1-lb ) 
ATT-Met a ca n infe r  tha t  (presumably )  Veronic a faile d 
t o believ e th e conjunctio n (4' )  mentione d there ,  becaus e 
(a s i t  happens )  th e evidenc e fro m th e discours e fragmen t 
lead s merel y t o a  Suggeste d ratin g fo r  he r  believin g th e 
conjunction . 

Th e C R value s ar e als o use d a s strength s o f  rules .  Th e 
propositio n conclude d b y th e rul e i s give n a  strengt h 
equa l  t o th e m i n i m u m o f  th e rule' s ow n C R togethe r 
wit h th e C R s o f  th e proposition s picke d u p b y th e con -
dition s o f  th e rule .  W h e n severa l  rule s suppor t  a  con -
clusion ,  th e m a x i m u m o f  th e rules '  individua l  strength -
contribution s i s taken .  Specia l  action s ar e take n whe n 
bot h a  propositio n an d it s complemen t  ar e give n a 
strengt h o f  Presume d o r  Certain .  Mos t  interestingly ,  i n 
th e Presumed /  Presume d cas e bot h rating s ar e reduce d t o 
Suggested ,  unles s th e system' s specificit y principle s (se e 
below )  ar e abl e t o establis h tha t  th e suppor t  fo r  on e i s 
more specifi c  tha n th e suppor t  fo r  th e other .  I n tha t 
case ,  onl y th e les s specifi c  Presume d i s downgrade d t o 
Suggested . 

Specificit y C o m p a r i s o n Heur is t i c 

Th e curren t  specificit y compariso n heuristi c wit h whic h 
we ar e currentl y experimentin g i s comple x an d i s se t  ou t 
i n detai l  i n Barnde n e t  al .  (1994) .  Her e wil l  jus t  giv e 
th e flavor  o f  on e aspec t  o f  it .  Recal l  tha t  a t  th e en d 
of  th e subsectio n o n th e reasonin g fo r  Cas e (1-lb) ,  w e 
state d tha t  whe n A T T - M e t a consider s whethe r  o r  no t 
(C )  Veronic a consciousl y believe s th e recip e t o b e wrong , 
i t  finds  th e suppor t  fo r  N O T - C stronge r  (i.e. .  mor e spe -
cific )  tha n th e suppor t  fo r  C .  Initially ,  C  get s a  Pre -
sumed ratin g b y R. l  bein g applie d (i n part )  t o th e Cer -
tai n propositio n (Fl )  tha t  Veronic a believe s th e recip e t o 
be wrong .  N O T - C get s a n initia l  Presumer f  ratin g b y R. 6 
bein g applie d t o th e Certai n propositio n (F2 )  tha t  th e 
though t  tha t  th e recip e wa s wron g wa s i n th e recesse s o f 
Veronica' s mind .  N o w ,  F l  ca n b e inferre d fro m F 2 vi a 
R.4 ,  bu t  F 2 canno t  b e inferre d fro m Fl .  A s a  result ,  F l 
i s  regarde d a s bein g les s specifi c  tha n F2 .  (F 2 describe s 
a mor e specia l  situatio n tha n F l  does. )  Becaus e o f  this , 
i t  turn s ou t  tha t  th e overal l  suppor t  fo r  C  i s les s specifi c 
tha n th e overal l  suppor t  fo r  N O T - C . 

We als o state d tha t  th e specificit y compariso n princi -
ple s coul d als o b e use d t o judg e (5 )  t o b e mor e strongl y 
supporte d i n th e (1-lc )  cas e tha n i n th e (1-la )  case . 
(However ,  th e A T T - M e t a implementatio n currentl y doe s 
not  tr y t o compar e conclusion s fro m differen t  examples. ) 
(5 )  arise s fro m R.2 ,  whos e conditio n par t  require s a  con -
sciou s belief .  Th e belie f  i n questio n i s tha t  Veronic a 
follow s th e recip e an d it' s  no t  goo d t o follo w it .  Th e 
inferenc e proces s i n cas e (1-la )  tha t  supplie s th e con -
sciou s qualit y o f  thi s belie f  i s  simila r  t o th e proces s tha t 
occur s i n cas e (1-lc) ,  an d use s th e Presume d proposi -
tio n C  (tha t  Veronic a consciousl y believe s th e recip e t o 
be wrong) .  However ,  a  crucia l  differenc e i s a s follows . 
For  (1-la) ,  i t  i s  onl y R. l  actin g (partly )  o n propositio n 
Fl  tha t  support s th e consciousnes s i n C .  B y contraist , 
fo r  (1-lc )  th e consciousnes s i n C  i s als o supporte d b y 
TR.l c actin g o n th e propositio n (F3 )  tha t  ther e wa s a n 
utteranc e o f  "Th e recip e i s wrong "  i n Veronica' s mind . 
F3 i s mor e specifi c  tha n Fl ,  m u c h a s F 2 is . 

Nesting of SR and M4BR 

An importan t  thoug h relativel y neglecte d advantag e o f 
SR i s tha t  i t  allow s an y typ e o f  reasoning ,  no t  jus t  deduc -
tiv e reasoning ,  t o b e ascribe d t o agents .  Withou t  SR ,  th e 
syste m woul d nee d a n elaborate ,  explici t  theor y o f  eac h 
typ e o f  reasonin g — e.g. ,  abductio n o r  analogy-base d 
reasonin g — t o enabl e i t  t o reaso n abou t  othe r  agents ' 
hypothesize d abduction ,  analogy-base d reasoning ,  etc . 
I n th e A T T - M e t a case ,  th e system' s o w n defeasibl e rea -
sonin g i s routinel y use d withi n simulatio n cocoons .  A s a 
specia l  case ,  th e system' s M 4 B R capabilit y  coul d b e use d 
withi n simulatio n cocoons .  Thi s woul d allo w th e simula -
tio n o f  agents '  hypothesize d M 4 B R .  Equally ,  simulativ e 
reasonin g coul d b e use d withi n metaphorica l  pretenc e 
cocoons ,  t o simulat e peopl e tha t  appea r  i n th e sourc e do -
mai n o f  a  metaphor .  Fo r  example ,  i f  a n inanimat e entit y 
wer e metaphoricall y viewe d a s a  person ,  tha t  metaphor -
ica l  perso n coul d b e subjecte d t o simulativ e reasoning . 

Th e nestin g o f  S R withi n itsel f  i s  alread y use d i n th e 
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ATT-Met a implementatio n t o reeiso n abou t  agents '  rea -
sonin g abou t  othe r  agents '  beliefs .  Th e fina l  cas e i s nest -
in g o f  M 4 B R withi n itself .  Thi s i s usefu l  fo r  dealin g wit h 
chaine d metaphor .  Fo r  instance ,  a  personificatio n o f  a n 
inanimat e objec t  coul d b e combine d wit h a  M I N D A S 
PHYSICAL S P A C E vie w o f  th e metaphorica l  person . 

Novel Uses of Familiar Metaphor 

Althoug h ATT-Met a currentl y onl y deal s 
wit h metaphor s famiUa r  t o it ,  i t  ca n respon d t o nove l 
uses o f  them .  Fo r  instance ,  suppos e a n inpu t  sentenc e i s 
"One par t  o f  Veronic a wa s vociferousl y insistin g tha t  th e 
recip e wa s wrong. "  Thi s manifest s a  familia r  metapho r 
calle d M I N D P A R T S A S PERSONS.  Assum e neverthe -
les s tha t  ATT-Met a ha s n o transfe r  rule s (cf .  TR.lb.c ) 
fo r  mappin g th e "insisting "  t o som e menta l  qualit y o f 
Veronica's .  Thi s doe s no t  preven t  ATT-Met a fro m infer -
rin g a t  leas t  a s muc h a s i t  coul d fro m th e sentenc e "On e 
par t  o f  Veronic a believe d tha t  th e sentenc e wa s wrong. " 
Fro m it s genera l  knowledg e abou t  rea l  natura l  languag e 
communication ,  i t  know s tha t  i f  someon e insist s some -
thin g the y normall y believ e it .  Thi s rul e ca n b e use d 
withi n th e metaphorica l  pretenc e cocoo n t o infe r  tha t 
th e insistin g par t  o f  Veronic a believe d tha t  th e recip e 
was wrong .  Thi s the n allow s th e inferenc e tha t  Veron -
ic a t o som e exten t  believe d tha t  th e recip e wa s wrong , 
by a  transfe r  rule .  Similarly ,  sinc e rea l  peopl e usuall y 
onl y insis t  thing s whe n face d b y objections ,  ATT-Met a 
can presum e tha t  there' s anothe r  metaphorica l  perso n i n 
Veronica' s min d wh o believe d tha t  th e recip e wa s cor -
rect .  Therefore ,  ATT-Met a ca n infe r  tha t  Veronic a als o 
t o som e exten t  believe s tha t  th e recip e wa s correct . 

Her e w e hav e a  simpl e illustratio n o f  th e poin t  that , 
as lon g a s metaphorica l  element s i n th e inpu t  sentenc e 
lea d t o within-metaphorical-cocoo n conclusion s tha t  d o 
lin k u p wit h transfe r  rules ,  muc h ca n b e done . 

Concluding Remarks 

To ou r  knowledg e th e us e o f  metaphor-base d reason -
in g t o ai d belie f  reasonin g i s unique ,  whethe r  o r  no t 
belie f  reasonin g ca n b e don e simulativel y a s i n ATT -
Met a o r  otherwise .  (No t  al l  o f  ATT-Meta' s belie f  rea -
son i s simulative :  fo r  instance ,  conclusion s tha t  a n 
agent  doe s no t  believ e somethin g ar e arrive d a t  non -
simulatively. )  ATT-Met a i s als o on e o f  th e fe w de -
taile d computationa l  scheme s fo r  performin g significan t 
metaphor-base d reasonin g i n discours e understandin g 
(other s ar e th e scheme s o f  Hobbs ,  1990 ,  an d Mar -
tin ,  1990) ,  a s oppose d t o doin g semanti c analysi s o f 
metaphorica l  sentences . 

Finally ,  w e ar e startin g o n a  psychologica l  experimen -
tatio n progra m t o asses s th e exten t  t o whic h peopl e com e 
up wit h explanation s concernin g mind-metaphorica l  dis -
cours e fragment s i n broadl y th e wa y w e hav e designe d 
ATT-Met a to .  A t  th e tim e o f  writin g w e ar e conductin g 
th e firs t  se t  o f  experiments . 
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