
A Connectionis t  M o d e l  o f  Me tapho r  b y Patter n Completion . 

Michae l  S.C .  Thoma s 

Psycholog y Group .  Kin g Alfred' s Colleg e 
Sparkfor d Road .  Wincheste r  S02 2 4NR,  UK . 
& Departmen t  o f  Expaimenta l  Psycholog y 
Universit y  o f  Oxford ,  UK . 
michael.thomasSpsy.ox.ac.u k 

Deni s Marescha l 

Departmen t  o f  Psycholog y 
Universit y o f  Exete r 

Por y Road ,  Exete r  E X 4 4 Q G 
UK. 
cSmareschO s inger .  exete r  .ac.u k 

Abstrac t 

I n thi s pape r  w e presen t  a  simpl e proces s mode l  (base d o n 
connectionis t  patter n completion )  o f  A  i s B  metapho r  compre -
hension .  Th e Metaphor  b y Patter n Completio n (MPC )  mode l 
capitalize s o n a n existin g semanti c memor y mechanism .  Meta -
phorica l  enhancemen t  i s produce d b y presentin g a  semanti c 
vecto r  representatio n o f  th e targe t  wor d (A )  t o a  connectionis t 
networ k storin g th e knowledg e bas e (B) .  Effect s foun d i n 
human dat a suc h a s meanin g enhancement ,  asymmetri c 
processing ,  contex t  sensitivit y an d compoun d indexin g al l  fal l 
naturall y ou t  o f  th e patter n completio n mechanism .  Th e M P C 
model  suggest s a  simpl e wa y o f  separatin g litera l  fitom  meta -
phorica l  statements .  I t  provide s a  mean s o f  predictin g whe n a 
metapho r  wil l  appea r  t o fail .  Moreover ,  w e sugges t  tha t  th e 
mechanis m ca n for m th e basi s o f  a  compariso n procedur e tha t 
support s analogy .  Th e M P C mechanis m avoid s th e proble m o f 
identifyin g whic h feature s o f  a  concep t  ar e relevan t  fo r  simi -
larit y matchin g i n analogies ,  becaus e th e prio r  metapho r  stag e 
naturall y enhance s relevan t  feature s an d suppresse s th e irrele -
van t  features .  Th e M P C mode l  i s  bot h domai n genera l  (i n tha t 
i t  doe s no t  depen d o n th e structur e o f  th e metapho r  domain ) 
and parsimoniou s (i n tha t  i t  doe s no t  posi t  metaphor-specifi c 
mechanisms) . 

1.  I n t roduc t i o n 

In this papw we describe a simple computational model of 
th e processe s involve d i n comprehendin g metaphor s o f  th e 
for m A  i s B  (e.g. ,  "Th e Appl e i s a  Ball") .  Thes e hav e bee n 
referre d t o a s Imag e Metaphor s (Lakoff ,  1994 )  o r  simpl y 
Attribut e Mappin g (Holyoa k an d Thagard ,  1995) .  Ther e 
hav e bee n fe w attempt s t o buil d conq)utationa I  model s o f 
metapho r  becaus e i t  i s assume d tha t  a  metapho r  i s equivalen t 
t o a n analog y wit h th e compariso n m a d e imphci t  (tha t  is ,  A 
i s B  i s jus t  A 1 5 lik e B  wit h th e "like "  removed) .  Althoug h o n 
ground s o f  parsimon y i t  migh t  b e stuprisin g i f  th e processe s 
imdrarlyin g metapho r  an d analog y wer e radicall y differen t 
(Rumelhart ,  1979) ,  metaphor s ar e ofte n see n a s producin g a 
stronge r  an d subtle r  effec t  tha n simile s (Glucksber g an d 
Keysar ,  1993) .  Thi s suggest s tha t  importan t  difference s m a y 
undCTli e th e tw o processes . 

Metaphor s ca n impl y a  compariso n bu t  the y ar e no t  reduc -
ibl e t o comparison s (Black ,  1979) .  I t  seem s reasonabl e t o sa y 
" I  don' t  m e a n Richar d i s lik e a  hon ,  I  mea n tha t  Richar d i s a 

lion. "  Ther e i s a  sens e i n whic h th e metaphorica l  compari -
so n seem s stronge r  tha n th e analogica l  comparison .  Meta -
phor s ca n b e viewe d a s a n intermediat e betwee n litera l 

attributio n statement s (e.g .  Richar d i s brave )  an d simile s 
(e.g .  Richar d i s lik e a  lion) .  B y sayin g tha t  "Richar d i s a 

Uon" ,  certai n propertie s o f  a  Uo n (suc h a s bravery )  ar e 
attribute d t o Richard .  Th e proces s b y whic h th e feature s o f 
Richar d ar e modifie d throug h th e us e o f  a  metapho r  i s stil l 

ver y m u c h a n ope n question . 
Becaus e o f  th e confoun d betwee n metaphor s an d simi -

les ,  existin g computationa l  model s hav e primaril y exam -
ine d th e processe s involve d i n th e formatio n o f  analogie s 
and i n similarity-base d retrieva l  (e.g .  A C M E:  Holyoa k an d 
Thagard ,  1989 ;  M A C / F A C :  Forbus ,  Centner ,  an d Law , 
1995) .  Thes e computationa l  model s hav e propose d tha t 
analogica l  comparison s involv e eithCT :  (a )  formin g m ^ -
ping s o r  link s betwee n stati c representation s (e.g .  A C M E ) , 
or  (b )  a  kin d o f  "hig h leve l  porception "  i n whic h represen -
tation s ar e dynamicall y configure d accordin g t o domai n 
specifi c  heuristic s (e.g. .  Copycat :  Hofstadter ,  1984 ;  Mitch -
ell ,  1993 ;  Tabletop :  Hofstadte r  an d French ,  1994) .  Whil e 
most  model s see m t o fal l  int o eith ^  th e mappin g o r  hig h 
leve l  perceptio n camp .  Burn s an d Holyoa k (1994 )  hav e 
show n tha t  i f  enoug h domai n specifi c  informatio n i s pre -
wire d int o th e systems ,  the n bot h type s o f  mode l  ca n 
behav e i n a  simila r  fashion . 

Th e comprehensio n o f  comple x metaphors ,  requirin g 
th e formatio n o f  mapping s betwee n th e element s i n tw o 
structure d representations ,  m a y involv e task-specifi c  cog -
nitiv e mechanisms .  HowevCT ,  i t  i s  questionabl e h o w fi-e-
quentl y suc h comple x metaphor s ar e understoo d 'on-line ' 
by th e opCTatio n o f  a  singl e cognitiv e mechanism .  Lakof f 
(e.g. ,  Lakoff ,  1994 ;  Lakof f  an d Johnson ,  1980 )  ha s pro -
pose d tha t  th e mapping s involve d i n man y "conventional " 
comple x metaphor s ar e do-ive d an d agree d i n advanc e o f 
usage ,  b y member s o f  a  give n linguisti c community . 
MoreovCT ,  comple x metapho r  comprehensio n i s likel y t o 
incorporat e a  rang e o f  processe s an d strategies .  Th e mode l 
we presen t  i n thi s pape r  i s intende d t o captur e th e 'on-line ' 
comprehensio n o f  metaphor s occurrin g a t  ver y shor t  tim e 
scale s (e.g. ,  seconds) .  W e beUev e tha t  thes e simpl e on-lin e 
mechanism s m a y for m th e basi s o f  (o r  contribut e to )  th e 

696 

http://ac.uk


mor e comp le x comprehensio n strategie s occurrin g a t  longe r 
tim e scale s (e.g. ,  ove r  minutes) . 

Simpl e A  i s B  metaphor s provid e a  w a y o f  explorin g th e 
basi c mechan ism s whic h underii e mean in g enhancemen t 

independentl y o f  th e nee d fo r  an y prio r  comp le x mappings . 
I n particular ,  w e sugges t  tha t  mean in g enhancemen t  ca n b e 

modele d b y a  simpl e doma i n genera l  processin g mechanism . 
For  simpl e A i s B  meti4>hOTs ,  th e Metapho r  b y Patter n C o m -

pletio n ( M P C )  m o d e l  account s fo r  h o w th e semanti c feature s 
of  a  targe t  w o r d ( A )  ar e transforme d b y th e semanti c proper -
tie s o f  a  knowledg e bas e (B) .  T h e mode l  capitalize s o n th e 

ptopettie s o f  existin g semanti c m e m o r y mechan ism s an d 
doe s no t  posi t  "metaphor-specific "  processes .  I n thi s sens e i t 
i s  bot h doma i n genera l  (i n tha t  i t  doe s no t  depen d o n th e 
structur e o f  th e specifi c m e t ^ h o r  d o m a i n )  an d parsimoniou s 
(i n tha t  i t  doe s no t  nee d t o posi t  n e w mechan isms) . 

Th e hear t  o f  th e m o d e l  i s base d o n Black' s (1979 )  interac -
tio n theor y o f  A  i s B  metapho r  genesis .  Black' s theor y con -
tain s a  numbe r  o f  abstrac t  concept s whic h attemp t  t o captur e 
th e complexit y o f  th e proces s o f  metaphor .  Accordin g t o 
Black ,  A i s B metaphor s gai n thei r  effec t  throug h a n interac -
tio n betwee n th e targe t  an d th e sourc e concepts ,  whereb y 
"associate d implications "  f ro m th e sourc e concep t  ar e "pro -
jecte d u p o n "  th e targe t  concept .  T h e "associate d implica -
tions "  ar e derive d from  th e sourc e concept' s "implicativ e 
complex "  whic h i s determine d b y th e "curren t  opinion s 
share d b y m e m b e r s o f  a  certai n speech-communi ty "  (Black , 
1979 ,  p .  28) .  T h e metapho r  involve s " a shif t  i n th e speaker' s 
meanin g -  an d th e correspondin g hearer' s mean in g -  wha t 
bot h o f  the m understan d b y th e word s a s use d o n th e particu -
la r  occasion. "  {ibid.) .  T h e M P C m o d e l  provide s a  m o r e tan -
gibl e expressio n o f  thes e abstrac t  ideas . 
Th e mode l  capture s fou r  ke y p h e n o m e n a 
of  metaphorica l  comparisons :  (1 )  th e 
semanti c effec t  o f  th e juxtapositio n o f  t w o 
concepts ;  (2 )  th e directiona l  asynmietr y 
of  suc h comparison s (tha t  is ,  th e meta -
pho r  A  i s B  frequently  ha s a  quit e differ -
ent  effec t  from  th e metapho r  B i s A ,  eve n 
thoug h th e similaritie s betwee n th e t w o 
concept s ar e th e s a m e i n eac h case) ;  (3 ) 
contex t  sensitivity ;  an d (4 )  c o m p o u n d 
indexin g effect s i n metaphorica l  compari -
sons .  Further ,  th e m o d e l  m a y provid e 
some clue s a s t o h o w metaphorica l  state -
ment s ca n b e distinguishe d from  litera l 
statements .  Finall y  i t  generate s a  hypothe -
si s o f  th e relatio n betwee n metaphorica l 
an d analogica l  comparison s an d provide s 
an accoun t  o f  w h e n metaphor s wil l  fail . 

2. The Model. 

The MPC model is based on the 
processin g p o w e r  o f  three-layere d feed -
forwar d connectionis t  networks .  Figur e 1 
show s th e complet e networ k architecture . 

Bot h th e input s an d output s t o th e networ k encod e semanti c 
features .  Ther e ar e 1 3 semanti c feature s (thoug h not e Ball s 

hav e 2  extr a features ,  a s describe d i n Sectio n 3. 4 be low) . 

Inpu t  informatio n enterin g th e networ k i s vette d toward s 

separat e knowledg e base s vi a a  categorizatio n mechan ism . 

Thi s mechan i s m mus t  b e abl e t o separat e input s int o appro -

priat e categorie s a s dictate d b y perceptua l  o r  linguisti c con -
textua l  cues .  Hence ,  th e prio r  abilit y  t o categoriz e input s i s a 

necessar y assumptio n o f  thi s mode l .  T h e selecto r  m e c h a n i s m 
w as no t  actuall y implemente d i n a  connectionis t  fo r m sinc e 
i t  ha s n o direc t  impac t  o n th e proces s throug h wh ic h meta -
phor s emerge .  H o w e v e r ,  i t  coul d b e implemente d a s a  feed -
forwar d networ k wit h th e s a m e semanti c input s a s th e 
knowledge-bas e networ k bu t  wit h a  singl e categor y outpu t 
actin g a s a  shuntin g m e c h a n i s m fo r  redirectin g informatio n 
flow. 

I  Bueball(l )  ,  •  Beachbill(l )  ̂ ' 
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Figure 1. Architecture of the MPC Model. 

Table 1: Semantic Features for Concept Prototypes. 
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I n thi s limite d example ,  w e hav e chose n a  smal l  se t  o f  fea -
ture s wit h whic h t o describ e th e objects .  Th e intentio n her e 

i s t o mode l  a n 'on-line '  mechanism .  I f  thi s mechanis m fails , 
or  th e domai n i s to o complex ,  othe r  strategie s ca n com e int o 
play .  Becaus e thi s i s  a  defaul t  comprehensio n mechanism , 

we sugges t  tha t  i n a  scale d u p model ,  al l  concept s woul d b e 
represente d alon g a  c o m m o n se t  o f  defaul t  feature s (e.g. , 

hig h frequenc y o r  hig h salienc e features) .  Thes e m a y no t 

represen t  al l  concept s sufficientl y fo r  al l  purpose s bu t  the y 
shoul d suffic e a s a  defaul t  approximation .  A  concep t  tha t  i s 
not  adequatel y represente d wil l  fai l  t o b e understood ,  bot h 
literall y an d metaphoricall y (se e later) ,  an d wil l  trigge r  a 
mor e comple x strategy . 

I n orde r  t o generat e knowledg e base s fo r  separat e con -
cepts ,  th e networ k wa s traine d t o autoassociat e exemplar s o f 
eac h concept .  Fo r  simplicity ,  w e restricte d th e mode l  t o th e 
formin g o f  A  i s B  metaphor s betwee n thre e concepts : 
Apples ,  Balls ,  an d Forks .  Th e concept s wer e define d b y a  se t 
of  prototypica l  token s representin g differen t  kind s o f  apples , 
balls ,  an d fork s tha t  coul d b e encountere d i n th e individual' s 

worl d (se e Tabl e 1) .  Th e networ k wa s no t  traine d o n th e pro -

totype s themselves ,  bu t  o n exemplar s clustere d aroun d thes e 
prototypes .  Exemplar s wer e generate d fro m eac h prototyp e 
by addin g Gaussia n nois e (varianc e 0.15 )  t o th e original . 

Th e exemplar s fo r  eac h concep t  forme d thre e trainin g set s 
use d t o develo p th e network' s thre e prior-knowledg e base s 
"about "  apples ,  balls ,  an d forks .  Th e existenc e o f  a  prio r 
knowledg e bas e i s a  necessar y featur e o f  metapho r  compre -
hension .  Prior-knowledg e base s ar e analogou s t o Black' s 
(1979 )  "implicativ e complex "  an d reflec t  a n individual' s per -
sona l  experienc e wit h exemplar s o f  eac h concept .  Th e appl e 
sub-networ k wa s traine d t o autoassociat e pattern s from  1 0 
exemplar s o f  eac h o f  thre e appl e kind s (e.g. ,  red ,  green ,  an d 
rotten )  fo r  a  tota l  o f  3 0 patterns .  Similarly ,  th e bal l  sub-net -
wor k wa s traine d t o autoassociat e 1 0 exemplar s from  thre e 
differen t  kind s (fo r  a  tota l  o f  3 0 patterns) .  Finally ,  th e for k 
sub-networ k wa s traine d t o autoassociat e 1 0 exemplar s from 
1 kin d (fo r  a  tota l  o f  1 0 patterns) .  Becaus e ther e wa s onl y 1 
kin d o f  for k (a s oppose d t o 3  kind s o f  bot h apple s an d balls) , 
a singl e blan k trainin g patter n (zer o inpu t  an d output )  wa s 
adde d t o th e for k trainin g se t  t o inhibi t  overleamin g o f  th e 
for k exemplars .  Al l  network s wer e traine d wit h Backpropa -
gatio n usin g th e followin g paramete r  values :  learning-rate : 
0.1 ,  m o m e n t u m :  0.0 ,  initia l  weigh t  range :  ±0.5 .  Eac h sub -
networ k wa s traine d fo r  100 0 epochs .  Al l  reporte d result s ar e 
average d ove r  n=1 0 replications . 

I n th e M F C model ,  metaphorica l  interpretation s aris e nat -
urall y ftx)m  th e patter n completio n propertie s o f  non-linea r 
connectionis t  informatio n processing .  Patter n completio n i s 
ofte n use d t o "clea n up "  nois y inpu t  patterns .  Tha t  is ,  th e net -
wor k transform s th e inpu t  t o mak e i t  mor e consisten t  wit h 
th e knowledg e store d i n th e network .  I n th e cas e o f  meta -
phors ,  however ,  th e inpu t  i s no t  a  nois y versio n o f  a  patter n 
on whic h th e networ k ha s previousl y bee n trained ,  bu t  a n 
exempla r  o f  anothe r  concept .  Fo r  example ,  th e sub-networ k 

traine d o n Ball s migh t  b e presente d wit h a n Appl e pattern . 
The resultin g outpu t  woul d b e a n Appl e patter n transforme d 

i n suc h a  wa y a s t o mak e i t  mor e consisten t  wit h th e proto -

typica l  Bal l  representatio n store d i n th e network .  Th e natur e 
of  th e transformatio n wil l  depen d o n th e relationshi p 

betwee n th e Appl e an d Bal l  concepts .  T o cas t  thi s i n Black' s 
terms ,  a  metapho r  i s produce d whe n th e sourc e concep t  Bal l 

"projects "  it s  knowledg e representatio n o r  "associate d impli -

cations "  ont o th e targe t  concep t  Apple .  Th e resul t  i s a  ne w 
understandin g o f  Appl e i n whic h feature s ar e selectivel y 
modifie d accordin g t o th e Bal l  prototype . 

Metaphor s ar e achieve d b y th e redirectio n o f  informatio n 
flo w int o on e knowledg e bas e o r  another .  Th e rol e o f  th e "is " 
i n th e A  i s B  metapho r  i s t o trigge r  tha t  redirection .  I f  th e 

informatio n flo w wer e no t  redirected ,  th e resul t  woul d b e 
processin g o f  th e inpu t  b y th e knowledg e bas e o f  whic h i t  i s 
an exempla r  (e.g. ,  th e Appl e inpu t  woul d flo w throug h th e 
Appl e sub-network) .  Thi s woul d "clean-up "  th e Appl e inpu t 

t o mak e i t  mor e apple-lik e an d b e aki n t o "recognizin g th e 
inpu t  a s a n apple" .  Thi s typ e o f  semanti c representatio n ha s 

bee n postulate d befor e t o accoun t  fo r  prototyp e effect s i n 
semanti c memor y (McClellan d an d Rumelhart ,  1986) . 
Henc e th e M F C mode l  ca n b e see n a s merel y capitalizin g o n 
existin g semanti c memor y mechanisms . 

3. Model Performance. 

Figures  2 to 5 show the results of various simulated meta-
phors .  Fo r  eac h A  i s B  metaphor ,  th e to p ba r  char t  o f  eac h 
pai r  show s th e activatio n o f  th e semanti c featur e inpu t  repre -
sentatio n o f  th e targe t  concep t  (A) .  Th e lowe r  grap h show s 
th e semanti c featur e outpu t  representatio n o f  th e sam e targe t 

(A )  onc e i t  ha s bee n transforme d b y th e sourc e knowledg e 
bas e (B) .  Th e metapho r  represente d i s labele d a t  th e to p o f 
th e figure .  Thi s sectio n report s o n fou r  metapho r  effect s 
foun d i n human s tha t  fal l  naturall y ou t  o f  th e M F C mecha -
nism . 

3.1 Meaning Enhancement 

Figure 2 shows the enhancement of the semantic features 
of  a n appl e concep t  fo r  th e metaphor :  "Th e Appl e i s a  Ball" . 
The inpu t  i s  a n exempla r  clos e t o it s  prototyp e kind .  Th e 
effec t  o f  thi s metapho r  i s t o reduc e th e edibl e label ,  t o sug -
ges t  tha t  thi s appl e migh t  b e suitabl e fo r  throwing ,  t o 
increas e th e hardnes s an d roundnes s labels ,  whil e introduc -
in g som e ambiguit y int o th e colo r  features .  Thi s i s th e typ e 
of  enhancemen t  effec t  outline d b y Blac k (1962 ,  1979 )  (se e 
sectio n 1) .  Not e tha t  despit e th e fac t  tha t  20/3 0 o f  th e Bal l 
exemplar s ar e sof t  beachballs ,  th e Appl e i s stil l  mad e t o loo k 
harde r  rathe r  tha n softe r  b y thi s metaphor .  Thi s i s  becaus e 
th e appl e i s close r  i n siz e t o a  har d basebal l  tha n i t  i s  t o a  sof t 
beachball .  Semanti c enhancemen t  i s thu s no t  a  defaul t  impo -
sitio n o f  bal l  feature s ont o thos e o f  a n apple ,  bu t  a n interac -
tio n betwee n store d bal l  knowledg e an d th e natur e o f  th e 
appl e exempla r  bein g presente d t o th e bal l  sub-network . 
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3. 2 A s y m m e t r i c C o m p a r i s o n s . 

Real metaphors are rarely symmetrical (i.e., A is B is not 
equivalen t  t o B  i s  A ) ,  thoug h th e similaritie s betwee n A  an d 
B ar e th e sam e i n eithe r  case .  Fo r  example ,  th e metaphor s 

"sermon s ar e slippin g pills "  an d "sleepin g pill s  ar e sermons " 
hav e quit e differen t  implication s (Glucksber g an d Keysar , 
1990) .  Figur e 3  show s th e resul t  o f  th e metapho r  'Th e Bal l  i s 

an Apple" ,  th e revers e o f  tha t  show n i n Fig.2 .  Th e effec t  o f 
thi s metapho r  i s to :  reduc e th e likelihoo d o f  bein g thrown , 
th e siz e o f  th e ball ,  an d th e roundnes s label ,  an d increas e th e 

irregularit y label ,  th e softnes s labe l  an d th e edibiht y label . 
The semanti c effec t  o f  thi s metapho r  i s differen t  (tor n tha t  i n 
th e previou s cas e despit e th e fac t  tha t  th e distanc e betwee n 
th e set s o f  prototype s fo r  apple s an d ball s i n n-dimensiona l 
similarit y spac e remain s th e same .  I n fact ,  th e asymmetr y 
onl y seem s problemati c  i f  on e view s th e compariso n o f  con -
cept s a s involvin g th e measuremen t  o f  stati c distance s (e.g . 
Rumelhar t  an d Abrahamson ,  1973) .  I n th e curren t  model , 
metaphor s ar e base d o n dynami c transformations .  Ther e i s 
no reaso n fo r  thes e transformation s t o b e symmetrical . 

3.3 Context sensitivity. 

Figure 4 shows the effect of changing the target context on 
th e metapho r  process .  Th e effec t  o f  th e metaphor :  "Th e Bal l 
i s  a n Apple "  i s simila r  fo r  bot h Re d an d Gree n balls : 
roundnes s an d siz e ar e reduced ,  wherea s irregularity , 
softness ,  an d edibilit y  label s ar e increased .  However ,  a 
noticeabl y differen t  enhancemen t  i s  produce d o n Brow n 
ball .  Here ,  th e softnes s labe l  i s ver y muc h increased ,  an d th e 
bal l  retain s a  lo w edibilit y  label .  Thi s differentia l  effec t 
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occur s becaus e th e Appl e knowledg e bas e i s  constructe d 

aroun d thre e prototype s (Tabl e 1) .  Brown/Rotte n apple s 

hav e differen t  propertie s fro m othe r  apples .  Th e targe t  an d 

sourc e interac t  i n producin g th e effec t  o f  th e metaphor .  Th e 
contex t  o f  th e targe t  (e.g. ,  brow n vs .  red )  impact s o n whic h 
aspect s o f  th e knowledg e bas e (Apples )  ar e relevan t  t o th e 

metaphor .  Thi s i s als o foun d i n huma n metapho r  interpreta -
tion s (Black ,  1979) . 

3.4 Compound indexing. 

In the apple knowledge base, different kinds are implicitly 
represente d b y a  distributio n o f  exemplar s aroun d thre e pro -
totypes .  I t  i s  als o possibl e t o inde x separat e kind s explicitl y 

i n metaphor s (Malgad y an d Johnson ,  1976) .  I n th e Bal l  sub -
network ,  tw o semanti c feature s wer e adde d t o th e inpu t  an d 
outpu t  representation s i n orde r  t o cod e fo r  Baseball s an d 
Beachball s explicitl y  (Figur e 1 ,  dashe d outline) .  Figur e S 
shows th e effect s o f  th e metaphors :  "Th e Appl e i s a  Base -
ball "  an d "Th e Appl e i s a  Beachball" .  I n th e Basebal l  case , 
th e appl e i s mad e t o loo k harde r  an d pale r  an d retain s it s 
size ,  whil e i n th e Beachbal l  case ,  th e appl e remain s re d an d 
i s see n a s bot h softe r  an d larger .  Thu s a  knowledg e bas e ca n 
be explicitl y  distorte d t o enabl e a  differen t  meanin g 
enhancement . 

4. Model Implications and Predictions. 

In  this section, we describe the implications of interpreting 
metaphor s a s arisin g fro m patter n completio n processes . 
Each subsectio n discusse s modelin g wor k describe d i n mor e 
detai l  i n a  forthcomin g longe r  report . 
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4. 1 Distinguishin g metaplior s &  litera l  statements . 

A key issue in metaphor research is how to detect that a 

statemen t  i s metaphorica l  an d no t  litera l  (Ortony ,  1993) .  I n 
th e M P C model ,  bot h type s o f  statement s ar e processe d b y 

th e sam e mechanism .  A  statemen t  i s recognize d a s litera l  it ' 

onl y smal l  semanti c change s occu r  i n th e output .  Fo r  exam -

ple ,  i n sayin g "(hi s [apple-like ]  ite m i s a n apple" ,  ver y littl e 
chang e i s produce d i n th e item' s outpu t  features .  However , 
sayin g "thi s (apple-like ]  ite m i s a  ball "  result s i n a  larg e 
amount  o f  outpu t  featur e enhancement . 

I n a  give n discourse ,  th e listene r  m a y b e expectin g a  cer -
tai n amoun t  o f  meanin g chang e fro m a  give n communica -

tion .  I f  th e meanin g chang e i s greate r  tha n tha t  whic h th e 
listene r  expect s give n th e context ,  the n h e o r  sh e ma y con -
clud e tha t  th e communicatio n i s metaphorical .  Thu s th e dif -

ferenc e betwee n a  litera l  an d metaphorica l  statemen t  o f  th e 

for m A  i s B  m a y b e detecte d b y matchin g th e networ k erro r 
scor e agains t  a  criterio n suitabl e fo r  th e curren t  discourse .  I n 
our  simulations ,  whe n testin g th e metaphor s "A n Appl e i s a n 
Apple "  an d " A n Appl e i s a  Ball "  usin g a  nove l  Appl e exem -
plar ,  th e mea n erro r  score s wer e 0.0 7 an d 2.5 4 respectivel y 

(sig .  dif. ,  relate d sample s t-test ,  t=g.04 ,  9df ,  p<0.0001) .  Not e 
tha t  a  lo w erro r  scor e represent s a n accurat e autoassociation , 
but  als o a  metaphoricall y uninterestin g juxtaposition :  littl e 
meanin g enhancemen t  ha s take n place .  Thi s correspond s t o 
th e invers e relationshi p belv^ee n (h e accurac y o f  a  compari -
so n an d it s aestheti c impac t  foun d i n huma n subject s (Stern -

berg ,  Tourangeau ,  an d Nigro ;  1979) . 

4.2 Metaphors and Analogies. 

Earlier, we suggested that a metaphor such as "Richard is 
a lion "  ca n b e viewe d a s intermediat e betwee n a  litera l  attri -
butio n statemen t  "Richar d i s brave "  an d a  simil e "Richar d i s 
lik e a  lion" .  I n th e metaphorica l  case ,  w e kno w Richar d i s 
not  a  lion ,  an d thu s mus t  transfe r  som e (relevant )  feature s o f 
th e lio n t o Richard .  W e hav e see n h o w transformin g th e fea -
ture s fo r  Richar d usin g th e knowledg e w e hav e abou t  lion s 
migh t  achiev e thi s enhancement .  However ,  th e proble m o f 
extractin g th e relevan t  feature s als o exist s fo r  similes .  W h e n 
we ar e tol d tha t  Richar d i s lik e a  lion ,  h o w d o w e kno w th e 
ways i n whic h h e resemble s a  lion ? 

O ne wa y t o addres s thi s proble m woul d b e t o 
perfor m th e metapho r  "Richar d i s a  lion "  usin g th e M P C 
mechanism ,  a s a  firs t  ste p t o performin g th e simil e "Richar d 
i s lik e a  lion" .  Thi s woul d produc e a n enhance d understand -
in g o f  Richard ,  i n whic h hi s braver y wa s enhanced ,  bu t  no t 

hi s possessio n o f  a  man e (sinc e Richar d ha s n o man e fea -
ture s t o b e enhanced) .  I f  w e note d th e way s i n whic h 
Richard' s feature s ha d bee n enhanced ,  w e coul d the n ^ ^ 

tak e thes e feature s t o b e th e relevan t  similaritie s 
betwee n Richar d an d th e lion .  Thes e coul d the n b e out -
put  a s th e resul t  o f  th e compariso n proces s implie d b y 
th e simile . 

Th e proces s o f  derivin g th e relevan t  similaritie s 

woul d procee d a s follows .  Fo r  a n A  i s B  metaphor ,  th e simi -

laritie s betwee n A  an d B  woul d b e compute d base d o n thos e 

non-zer o feature s i n A  tha t  ha d bee n enhance d (o r  a t  leas t  no t 

suppressed )  durin g th e patter n completio n process .  Con -

versely ,  th e difference s woul d consis t  o f  th e semanti c fea -

ture s suppresse d b y th e mapping ,  o r  previousl y zer o feature s 

tha t  ha d bee n enhanced .  So ,  i n th e metapho r  'Th e Appl e i s a 

Ball "  (Figur e 2) ,  th e similaritie s betwee n apple s an d ball s 
are :  Round ,  Hard ,  an d Re d an d Sof t  (t o som e extent) , 
wherea s th e difference s ar e Edibility ,  Thrown ,  Irregular , 

White ,  an d Re d an d Sof t  (t o som e extent) . 
Analog y i s the n see n a s a  tw o stag e process .  Th e firs t  stag e 

comprise s "seein g A  a s i f  i t  wer e B" ,  whic h coul d b e 
describe d a s a  for m o f  hig h leve l  perception .  Th e secon d 
stag e involve s compariso n betwee n stati c representation s t o 

deriv e similarities .  I n short ,  thi s accoun t  o f  analog y incorpo -

rate s element s o f  bot h th e opposin g view s o f  th e natur e o f 

analog y formatio n outline d i n sectio n 1 ,  hig h leve l  percep -
tio n an d representationa l  mapping . 

The M P C mode l  suggest s h o w metapho r  an d analog y ma y 
be related .  Instea d o f  bein g a n implici t  for m o f  analogy ,  met -
apho r  i s see n a s a  communicativ e expressio n intende d t o 
enhanc e th e meanin g o f  a  concep t  b y borrowin g informatio n 
fro m anothe r  concept .  Analog y o n th e othe r  han d i s a  com -
municativ e expressio n intende d t o focu s attentio n o n th e 
similaritie s betwee n tw o concepts .  Metapho r  i s th e mor e pri -
mar y process ,  highlightin g an y salien t  feature s 'on-line' . 
Analog y note s th e resultin g similaritie s betwee n concepts . 

4.3 Predicting when metaphors should fail. 

The model suggests two situations under which metaphors 
wil l  fail .  Firs t  (an d somewha t  trivially) ,  a  metapho r  A  i s B 

wil l  fai l  i f  a  subjec t  know s nothin g abou t  B  (i.e. ,  i f  th e 
knowledg e bas e i s no t  formed) .  O n e mus t  hav e a  representa -
tio n o f  apple s befor e apple s ca n b e use d metaphorically .  I n 

othe r  words ,  on e mus t  b e abl e t o recogniz e apple s befor e on e 
ca n se e some(hin g els e a s i f  i t  wer e a n apple .  Mor e interest -
ingly ,  th e proces s o f  metapho r  wil l  als o b e fruitles s i f  th e tar -
get  an d sourc e hav e n o positiv e feature s i n c o m m o n (i.e. ,  i f 
th e semanti c representatio n vector s ar e orthogonal) .  Patter n 
completio n o f  targe t  b y sourc e woul d produc e n o output ,  an d 
thu s n o meaning .  Figur e 6  illustrate s thi s i n th e cas e o f  th e 
metaphor :  "Th e Appl e i s a  Fork" .  Here ,  fe w feature s sho w 
strongl y o n th e output ,  sinc e apple s an d fork s hav e ver y littl e 
i n c o m m o n o n thi s defaul t  featur e set . 

Figure 6. When Metaphors Fail. 

The Apple is a Fork. 
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5.  Conc lus ion . 

The model described in this paper provides a process 
accoun t  o f  ke y aspect s o f  metapho r  comprehension .  I t  show s 

ho w semanti c distortion ,  contex t  sensitivity ,  an d compoun d 
indexin g fal l  naturall y ou t  o f  connectionis t  patter n comple -

tio n mechanisms .  Moreover ,  i t  provide s a  simpl e explanatio n 
of  th e directiona l  asymmetr y effect s whic h hav e plague d 
model s base d o n stati c similarit y measure s (e.g. ,  Rumelhar t 
and Abrahamson ,  1973) .  Th e asymmetr y effec t  arise s from 
th e fac t  tha t  networ k transformation s ar e no t  normall y bi -

directional . 
Al l  o f  thi s i s accomplishe d throug h a  simpl e an d parsimo -

niou s mechanism .  Th e M P C mode l  capitalize s o n a n existin g 
semanti c memor y mechanis m an d doe s no t  posi t  domai n 
specifi c  mechanisms .  Existin g model s o f  analog y posi t 
numerou s comple x mechanisms .  I t  i s  wort h notin g ho w 
much ca n b e achieve d wit h s o simpl e a  mechanism .  H o w -
ever ,  althoug h compoun d indexin g (Sectio n 3.4 )  showe d thi s 
limite d cas e coul d b e extende d somewhat ,  i t  i s  no t  automati -
call y clea r  ho w th e curren t  mode l  coul d b e extende d beyon d 
featura l  representation s t o incorporat e th e structur e neces -
sar y t o accoun t  fo r  comple x metaphorica l  comparisons. ' 

We suggeste d tha t  th e patter n completio n proces s coul d b e 
used a s th e basi s fo r  a n 'on-line '  analogica l  compariso n pro -
cedur e whic h ma y begi n t o tackl e th e proble m o f  determin -
in g whic h feature s o f  a n objec t  ar e relevan t  t o a  particula r 
comparison .  A  prio r  metaphorica l  stag e automaticall y identi -
fie s th e relevan t  feature s a s thos e tha t  ar e modifie d b y th e 
metaphor .  Thi s accoun t  o f  analog y woul d incorporat e ele -
ment s o f  th e tw o opposin g view s from  curren t  researc h int o 
computationa l  processe s underlyin g analogica l  processing . 

Lastly ,  w e woul d no t  wan t  t o preten d tha t  thi s mode l  o n it s 
own ca n explai n th e ful l  richness  (o r  eve n mystery! )  o f  meta -
phor .  However ,  w e d o believ e tha t  i t  give s u s som e purchas e 
on a  comple x an d multi-facete d problem ,  a  purchas e whic h 
i s gaine d a t  th e expens e o f  ver y fe w assumptions . 
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