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T o w a r d s a  Comoutatlona l  Mode l 

of  kietapho r 

i n C o m m on Sens e Reasonin g 

Ja im e G .  Carbonel l 
Carnegle-Metlo n Universit y 

Pittsburgh ,  P A 1521 3 

1 .  I n t r o d u c t i o n 
The theor y tha t  metapho r  dominate s larg e aspect s o f  huma n 

thinking ,  a s  wel l  playin g a  significan t  rol e i n linguisti c 
communication ,  ha s bee n argue d wit h considerabl e forc e 
[10 ,  8 .  3 .  1| .  However ,  th e validit y o f  suc h a  theor y i s a  matte r  o f 

continuin g debat e tha t  appear s neithe r  t o dissuad e it s proponent s 
nor  convinc e it s detractors .  Bein g amon g th e proponents ,  I 
propos e t o develo p a  computationall y effective ,  c o m m o n sens e 
reasonin g syste m base d o n underlyin g metaphors .  I  clai m tha t  i f 
suc h a  syste m exhibit s cognitivel y plausibl e c o m m o n sens e 
reasonin g capabilities ,  i t  wil l  demonstrat e th e utilit y o f 
metaphonca l  reasoning .  Moreover ,  i f  th e mode l  ca n accoun t  fo r 
observe d instance s o f  naiv e huma n reasonin g t>ette r  tha n existin g 
inferenc e systems ,  i t  wil l  provid e convincin g evidenc e m favo r  o f 
th e metaphorica l  reasonin g theory .  Thi s brie f  pape r  investigate s 
aspect s o f  th e metaphonca l  rezisonin g phenomeno n an d 
describe s th e initia l  step s toward s developin g a  computationa f 
model . 

tha t  suc h reasonin g i s seldo m necessar y an d whe n applie d 
require s a  mor e concerte d cognitiv e effor t  tha n mundan e 
metaphorica l  inference . 

3.  Toward s Metaphorica l  Reasoning :  Th e 
Balanc e ly/ietapho r 

Conside r  a  prevalen t  metapho r  reasonin g abou t  imponderabl e 
or  abstrac t  entitie s a s thoug h the y wer e obiect s wit h a  measurabl e 
weight .  O n e o f  severa l  reasonin g pattern s base d o n thi s simpl e 
metapho r  i s th e balanc e principle .  Th e physica l  analo g o f  thi s 
reasonin g patter n i s a  prototypica l  scal e wit h tw o balance d plates . 
Larg e number s o f  metaphor s appea l  t o thi s simpl e devic e couple d 
wit h th e processe s o f  bringin g th e syste m int o (an d ou t  of ) 
equilibrium .  First ,  conside r  som e example s o f  th e basi c metaphor , 
i n whic h ih e relevan t  aspec t  o f  a n abstrac t  concep t  m a p s ont o th e 
weight '  0 /  a n unspecilie d physica l  object . 

Arms contro l  i s  a  weight y i i 

2.  Experientia l  Reasonin g v s Forma l 
System s 

H u m a ns lear n fro m experienc e t o a  degre e ttia t  n o fonna f 
system .  A l  model ,  o r  philosophica l  theor y ca n match .  Th e 
statemen t  tha t  th e huma n min d i s (o r  contains )  th e su m tota l  o f  it s 
experience s i s i n itsel f  rathe r  vacuous .  A  mor e precis e formulatio n 
of  expenence-base d reasonin g ma y b e structure d i n term s o f 
coordinate d answer s t o th e followin g questions :  H o w ar e 
experience s brough t  t o tiea r  i n understandin g ne w situations ? 
H ow i s lon g ter m memor y modifie d an d indexed ? H o w ar e 
inferenc e pattern s acquire d i n a  particula r  domai n an d adapte d t o 
appl y i n nove l  situations ? H o w doe s a  perso n "se e th e light "  wtie n 
a previousl y incomprehensibl e proble m i s viewe d fro m a  ne w 
perspecove ? H o w ar e th e vas t  maiont y o f  irrelevan t  o r 
inappropriat e experience s an d inferenc e pattern s filtere d ou t  i n 
th e understandin g process ? Answerin g al l  thes e "how "  question s 
require s a  proces s m o d e l  capabl e o f  orqanizin g larg e amoun t  o f 
knowledg e an d mappin g relevan t  aspect s o f  pas t  experienc e t o 
ne w situations .  S o m e meaningfu l  start s hav e bee n mad e toward s 
large-scal e eoisodicbase d memor y organizatio n [14.15,12 ,  9 J 
and toward s episodi c base d analogica l  reasonin g [5,4,2] , 
Bearin g thes e question s i n mind .  I  tur n toward s th e issu e o f 
c o m m on sens e reasonin g I n knowledge-nc h mundan e domains . 
Mv central claim is that reasoning in mundane, recurrent 
:..̂ „tion ;  o  t̂jilili.,...-;; ^  diiieren t  irc m rt„:,onin g i n mor e abstrac t 
and exponentiall y  uniqu e situation s (suc h a s som e mathematica l 
or  puzzle-solvin g domains) .  Th e forme r  consist s o f  recallin g 
cippropriai e pas t  experience s an d inferenc e patterns ,  wherea s th e 
latte r  require s knowledge-poo r  searc n processe s mor e typica l  o f 
pas t  an d presen t  A l  proble m solvin g systems .  Sinc e compute r 
program s perfor m muc h tiefte r  i n simple ,  elegant ,  abstrac t 
domain s m a n m "scruffy "  exoenence-nc h huma n domains ,  i t  i s 
eviden t  tha t  a  fundamenta l  reasonin g mechanis m i s lackin g fro m 
th e A l  repenoir e Th e issu e i s no t  merel y tna t  A l  system s lac k 
experienc e i n mundan e huma n scenario s -  the y woul d b e unabl e 
t o benefi t  fro m suc h experienc e i f  i t  wer e encode d i n thei r 
knowledg e base .  I  postulat e tha t  th e missin g reasonin g metho d i s 
on e o f  metaphor-base d transfe r  o f  prove n inferenc e pattern s an d 
experientia l  knowledg e acros s domains .  Thi s i s no t  t o sa y tha t 
humans ar e largel y incapabl e o f  mor e forma l  reasoning ,  bu t  rathe r 
13 

The worrie s o f  a  natio n weig h heavil y upo n hi s shoulders . 

The Argentirte air force launched a mmssiv* attacK on ttie 
Britis h fleet .  O n e frigat e wa s heavil y damaged ,  bu t  onl y 
ligh t  casualtie s wer e suffere d b y  Britis h sailors .  Th e 
Argentine s paye d a  /leavjrtol l  i n downe d aircraf t 

IMot tieing in the mood for heavy drama, John went to a 
ligh t  comedy ,  whic h turne d ou t  t o b e a  piec e o f 
meaningles s fluff . 

Pendergast was a real /ieairyMre>g/i( in the 1920s Saint 
Loui s politica l  scene . 

The crime weighed heavily upon his conscience. 

The weight of the evidence was overwhelming. 

Weight clearly represents different things in the various 
metaphors :  th e sevent y o f  a  nation' s problems ,  th e numbe r  o f 
attackin g aircraft ,  th e exten t  o f  physica l  damage ,  th e emotiona l 
affec t  o n auaience s o f  theatrica l  productions ,  th e amoun t  o f 
politica l  muscl e (t o us e anothe r  metaphor) ,  th e reactio n t o violate d 
mora l  principles ,  an d th e degre e t o whic h evidenc e i s foun d t o b e 
convincing .  I n general ,  mor e i s heavier :  les s i s lighter .  O n e ma y 
argu e tha t  sinc e languag e I s heavil y endowe d wit h word s tha t 
describ e v/eight .  mas s an d othe r  physica l  attnbute s (suc h a s high t 
and onentation[10)) ,  on e borrow s suc h word s whe n discussin g 
mor e abstrac t  entitie s [13 ]  • -  to r  lac k o f  alternat e vocabulary . 
Wherea s thi s argumen t  i s widel y accepted ,  i t  fall s  fa r  shor t  o f  th e 
conjectur e I  wis h t o make . 

Conjecture :  Physica l  metaphor s directl y mirro r  th e 
unaeriyin g inferenc e processes .  Pattern s o t  inferenc e vali d 
lo r  physica l  attribute s ar e mappe d invarian t  an d 
reinstantiate d i n th e targe t  domai n o f  th e metaphor . 

In order to illustrate the validity of this coniecture consider a 
c o m m on inferenc e patter n base d o n th e weigh t  o f  physica l 

Mass I S virluall y synonymou s witt i  weigti t  i n naiv e reasoning . 



objects :  Th e inferenc e patter n i s th e balanc e principl e mentione d 
earlie r  a s applie d t o a  scal e wit h tw o plates .  Th e scal e ca n b e i n 
balanc e o r  tippe d toward s eithe r  side ,  a s a  functio n o > th e relativ e 
weight s o f  object s place d m th e respectiv e plates .  Inferenc e 
consist s o f  placin g obiect s m tti e scal e an d predictin g th o 
resultan t  situatio n - -  n o clai m i s mad e a s t o whethe r  thi s proces s 
occur s i n a  propositiona l  framewor k o r  a s visua l  imagery ,  althoug h 
I  favo r  th e former .  H o w coul d suc h a  simpl e inferenc e patter n b e 
useful ? H o w coul d i t  appf y t o complex ,  non-physica l  domains ? 
Conside r  th e followin g example s o f  metaphonca l  communicatio n 
base d o n thi s inferenc e pattern : 

The jur y foun d th e uretgh t  o f  th e evidenc e favorin g th e 
defendant .  Hi s impeccabl e recor d weighe d heavil y i n hi s 
favor ,  wherea s th e prosecutio n witness ,  bein g a  confesse d 
con-man ,  carrie d littl e weigh t  wit h th e jury .  O n balanc e 
th e stat e faile d t o a m a s s sufficien t  evidenc e fo r  a  soli d 
case . 

The SS-20 missile tips the balance of power in favor of the 
Soviets . 

Both conservative and liberal arguments appeared to carry 
equa l  weigh t  wit h th e president ,  an d hi s decisio n hun g o n 
th e balance .  However ,  hi s long-standin g oppositio n t o 
abortio n tippe d th e scal e I n favo r  o f  th e conservatives . 

The Steeters were the heavy pre-game favorites, but the 
Brown s starte d pilin g u p point s an d accumulate d a 
massiv e half-tim e lead .  I n spit e o f  a  lat e ralty ,  th e steeler s 
di d no t  scor e heavil y enoug h t o pul l  th e gam e o«i t 

The job applicant's shyness weighed against her, tjut her 
excellen t  recommendation s lippe d th e scale s i n he r  favor . 

I n eac h exampl e abov e th e sam e basi c underlyin g inferenc e 
patter n recurs ,  whethe r  representin g the .  outcom e o f  a  trial , 
statement s o f  relativ e militar y power ,  decision-makin g processes . 
or  th e outcom e o f  a  sportin g event .  Th e inferenc e patter n itsel f  i s 
quit e simple :  i t  take s a s  inpu t  signe d quantitie s -  whos e 
magnitude s ar e analogou s t o thei r  state d "weight "  an d whos e 
sign s depen d o n whic h sid e o f  a  binar y issu e thos e weight s 
correspon d - -  an d select s th e sid e wit h th e maxima i  weight , 
computin g som e qualitativ e estimat e o f  ho w fo r  ou t  o f  balanc e th e 
syste m is .  Moreover ,  th e inferenc e patter n als o serve s t o infe r  th e 
roug h weigh t  o f  on e sid e i f  th e weigh t  o f  th e othe r  sid e an d th e 
resultan t  balanc e stat e ar e known .  (E.g. ,  I f  Georgi a wo n th e 
footbal l  gam e scorin g onl y 1 7 points ,  Alabama' s scorin g mus t 
hav e bee n reall y light ) 
The central issue in my discussion is that this very simple 
inferenc e patter n base d o n a  physica l  metapho r  account s fo r  ver y 
larg e number s o f  inference s i n mundan e huma n situations .  Give n 
th e existenc e o f  suc h a  simpl e an d widel y applicabl e pattern ,  wh y 
shoul d on e suppos e tha t  mor e complicate d inferenc e method s 
explai n huma n reasonin g mor e accurately ? I t  i s  m y belie f  tha t 
ther e exis t  a  moderat e numbe r  o f  genera l  inferenc e pattern s suc h 
as th e presen t  one .  whic h togethe r  spa n mos t  mundan e huma n 
situations ,  fy/loreover .  th e te w othe r  pattern s I  hav e foun d thu s fa r 
ar e als o roote d o n simpl e physica l  principle s o r  othe r  directl y 
experience d phenomena .  However ,  sinc e th e curren t  stud y i s 
onl y i n it s initia l  stages ,  th e hypothesi s tha t  metaphorica l  inferenc e 
predominate s huma n cognitio n retain s th e statu s o f  a  conjecture , 
pendin g additiona l  investigation .  I  wouk j  sa y tha t  th e weigh t  o f  th e 
evidenc e i s a s ye t  insufficien t  t o ti p th e academi c scales . 
4.  Requirement s o n a  computationa l 

model 
Metaphorically-base d genera l  pattern s o f  inferenc e d o no t 

appea r  confine d t o naiv e reasonin g i n mundan e situations . 
Gentne r  (7 )  an d Johnso n (8 )  hav e argue d th e significan t  rol e tha t 
metapho r  play s i n formulatin g scientifi c  theories .  I n ou r 
preliminar y investigations .  Larki n an d I  [11 ]  hav e isolate d genera l 

inferenc e pattern s i n scientifi c  reasonin g tha t  transcen d th e 
traditiona l  boundarie s o f  a  science .  Fo r  instance ,  th e notio n o f 
equilibriu m (o f  force s o n a  ngk l  obiect ,  o r  o f  io n transfe r  i n 
aqueou s solutions ,  etc. )  is ,  i n essence ,  a  mor e precis e an d 
genera l  formulatio n o f  th e balanc e metaphor .  Reasonin g base d o n 
recumn g genera l  inferenc e pattern s seem s t o pervad e ever y 
aspec t  o f  huma n cognition .  Thes e pattern s encapsulat e set s o f 
rule s t o b e use d i n unison ,  an d thereb y bypas s th e combinatoria l 
problem s i n traditiona l  rule-base d deductiv e inference .  Th e 
inferenc e pattern s ar e froze n fro m experienc e an d generalize d t o 
appl y i n man y relevan t  domains . 

I have started working on a computational model that acquires 
and generalize s recurrin g inferenc e pattern s fro m prio r 
experienc e [G] ,  bu l  le t  u s focu s o n th e equail y basi c issu e o f  ho w 
suc h pattern s ma y b e use d i n th e reasonin g process . 
Conceptually ,  th e proces s ma y b e divide d int o thre e stages : 

1. Index the relevant inference patterns appropriate to the 
situatio n a t  hand .  Th e establishmen t  o f  th e appropriat e 
metapho r  i s th e reall y difficul t  part .  Thi s i s wh y i t  i s  muc h 
easie r  t o understan d someone' s descnptio n o f  observe d o r 
expenence d event s (th e metapho r  i s explicitl y  reference d b y 
th e choic e o f  words) ,  tha n t o generat e appropriat e actio n 
"  th e typica l  distinctio n betwee n plannin g an d pla n 
comprehension . 

2. Instantiate the inference patterns in the specific situation. 
Computationally ,  th e proces s o f  instantiatio n an d th e 
proces s o f  searchin g fo r  appropnat e inferenc e pattern s ar e 
tw o aspect s o f  th e sam e mechanism . 

3. Carry out the inferences stipulated In the retrieved patterns, 
and chec k whethe r  additiona l  inferenc e pattern s ar e 
invoke d a s a  resul t  o f  th e expande d knowledg e state . 

At the present stage in the investigation. I am searching for 
genera l  inferenc e pattern s an d th e metaphor s tha t  giv e rise  t o 
them ,  bot h i n mundan e an d i n scientifi c  scenarios .  A s thes e 
pattern s ar e discovered ,  the y ar e cataloge d accordin g t o th e 
situationa l  feature s tha t  indicat e thei r  presence .  Th e basi c 
metapho r  underlyin g eac h inferenc e patter n i s recorde d alon g 
wit h exemplar y linguisti c manifestations .  Th e intemei l  structur e o f 
th e inferenc e pattern s themselve s ar e simpl e t o encod e i n a n A l 
system .  Th e difficult y arise s i n connectin g the m t o th e externa l 
wori d (i.e. ,  establishin g appropnat e mappings )  an d i n determinin g 
th e condition s o f  applicabilit y  fo r  eac h inferenc e patter n (whic h 
ar e mor e accuratel y represente d b y continuou s function s tha n 
simpl e binar y tests) .  Fo r  instance ,  i t  i s  difficul t  t o formulat e a 
genera l  proces s capabl e o f  drawin g th e mappin g betwee n th e 
"weight "  o f  a  hypothetica l  objec t  an d th e correspondin g aspec t  o f 

th e non-physica l  entit y unde r  consideration ,  s o tha t  th e balanc e 
inferenc e patter n m y apply .  I t  i s  equall y difficul t  t o determin e th e 
degre e t o whic h thi s o r  an y othe r  inferenc e patter n ca n mak e a 
usefu l  contributio n t o nove l  situation s tha t  bea r  sufficien t  similarit y 
t o pas t  experienc e [4] , 
5 .  F u t u r e D i r e c t i o n s 

if  on e lend s credenc e t o th e metaphorica l  reasonin g 
hypothesis ,  severa l  avenue s o f  continue d researc h sugges t 
themselves . 

• Continue the development of a computational model to test 
th e theor y o f  metaphorica l  inferenc e an d thereb y forc e a 
finer-grai n analysi s o f  th e phenomenon . 

• Examine the extent to which linguistic metaphors reflect 
underiyin g inferenc e patterns .  Th e existenc e o f  a  numbe r 
generall y usefu l  inferenc e pattern s base d o n underiyin g 
metaphor s i s no t  incompatibl e wit h th e possibilit y  tha t  th e 
vas i  maiorit y o f  meljpho.- s i=rnai n niiir e linguisti c devices , 
as previousl y thought .  I n essence ,  th e existenc e o f  a 
phenomeno n doe s no t  necessaril y  impl y it s  universa l 

14 



presence .  Thi s i s a  matte r  i d b e resolve d b y mor e 
comprehensiv e futur e investigation . 

• Investigate the close connection bet\A/een models of 
expenentla l  learnin g an d metaphorica l  inference .  I n fact ,  m y 
earlie r  investigatio n o f  pattern s o f  analogica l  reasonin g i n 
learnin g proble m solvin g strategie s firs t  suggeste d tha t  th e 
inferenc e pattern s tha t  coul d b e acquire d fro m experienc e 
coincid e wit h thos e underlyin g man y c o m m o n metaphor s 
[4.3) . 

• Exploit the human ability for experientiallybaaed 
metaphorica l  reasonin g i n orde r  t o enhanc e th e educationa l 
process .  I n fact .  Sleema n an d other s hav e independentl y 
use d th e balanc e metapho r  t o hel p teac h algebr a t o youn g 
or  learnin g disable d children .  Briefly ,  a  scal e i s viewe d a s a n 
equation ,  wher e th e quantitie s o n th e ngh t  an d lef t  han d 
side s mus t  balance .  Algebrai c manipulation s correspon d t o 
addin g o r  deletin g equa l  amount s o f  weigh t  froi n bot h side s 
of  th e scale ,  henc e preservin g balance .  First ,  th e chil d i s 
taugh t  t o us e th e scal e wit h color-code d boxe s o r  differen t 
(integral )  weights .  Then ,  th e transfe r  t o number s i n simpl e 
algebrai c equation s I s performed .  Preliminar y result s 
indicat e tha t  childre n lear n faste r  an d bette r  whe n the y ar e 
abl e t o us e explicitl y  thi s genera l  inferenc e pattern .  I  forese e 
othe r  application s o t  thi s an d othe r  metaphorica l  inferenc e 
pattern s i n facilitatin g instructio n o f  mor e abstrac t  concepts . 
Th e teache r  mus t  mak e th e mappin g explici t  t o th e studen t 
i n domain s alie n t o hi s o r  he r  pas t  experience .  A s discusse d 
earlier ,  establishin g an d Instantiatin g th e appropriat s 
mappin g i s als o th e mos t  problematica l  phas e fro m a 
computationa l  standpoin t  an d therefor e shoul d correspon d 
t o th e mos t  difficul t  ste p i n th e learnin g process . 
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