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Figur e 1 .  Model s o f  metapho r  comprehensio n 

Structure-mapping Engine (SME), processing begins by 

matchin g th e representation s o f  th e bas e an d targe t 

Once a  globa l  alignmen t  i s discovered ,  predicate s ma y 

be carrie d ove r  from  th e bas e t o th e targe t  usin g th e 

systematicit y criterion :  give n a  c o m m o n syste m o f 

interconnecte d predicates ,  predicate s tha t  belon g t o tha t 

syste m i n th e bas e bu t  ar e no t  ye t  presen t  i n th e targe t 

ar e mappe d t o th e targe t  a s candidat e inference s 

(Falkenhainer ,  Forbus ,  &  Centner ,  1989) .  Returnin g t o 

Ui e metapho r  A  surgeo n i s a  butcher ,  a 

Match-then-ma p proces s assert s tha t  peopl e firs t  An d 

th e commonalit y tha t  bot h surgeon s an d butcher s cu t 

flesh;  the n furth» -  propertie s belongin g t o thi s c o m m o n 

'cutting-flesh '  syste m ar e mappe d from  butcha s t o 

surgeons :  e.g. .  tha t  butcher s cu t  sloppily . 

Sinc e th e researc h her e primaril y addresse s th e 

initia l  stage s o f  processing ,  w e wil l  lum p 

match-then-ma p model s wit h th e simpl e matchin g 

model s an d cal l  the m collectivel y match-firs t  models' , 

thes e wil l  the n b e contraste d wit h map-firs t  models . 

Strength s o f  th e Processin g Account s 

Match-first models capture the intuition that metaphor 

share s wit h similarit y a  focu s o n commonalitie s (e.g. , 

Tversky ,  1977) .  A  furthe r  advantag e o f  th e match-firs t 

model s i s  thei r  abilit y t o dea l  wit h th e proble m o f 

propert y selectio n whe n th e sam e bas e i s compare d wit h 

differen t  targets .  Fo r  example ,  conside r  th e met^hor s 

The surgeo n i s a  butche r  an d Th e genera l  i s a  butcher . 

Thoug h the y hav e th e sam e base ,  the y conve y quit e 

differen t  meanings :  th e firs t  suggest s a  clums y surgeon , 

th e secon d a  ruthles s an d efficien t  general .  Thi s 

propert y selectio n proble m i s no t  a s easil y handle d b y 

m2q)-flrs t  models ,  whic h mus t  accoun t  fo r  ho w butche r 

give s ris e t o tw o differen t  abstraction s i n thes e tw o 

context s (Map-firs t  model s ca n b e augmente d wit h th e 

assumptio n tha t  peopl e tr y  abstraction s sequentially , 

unti l  on e fits  th e target ,  thoug h thi s explanatio n seem s 

cumbersom e a t  best )  Finally ,  th e match-firs t  vie w ca n 

predic t  furthe r  inferenc e a s par t  o f  a  secondar y mappin g 

stage . 

The map-firs t  perspective ,  a s exemplifie d b y 
Glucksber g an d Keysar* s (1992 )  Category-mappin g 

theory ,  ha s it s  appealin g aspect s a s well .  First ,  i t 

capture s th e intuitio n tha t  ther e shoul d b e a n intimat e 

relatio n betwee n metapho r  an d categorization .  Second , 

th e map-firs t  vie w explain s wh y metaphor s ar e ofte n 

directional .  Jus t  a s th e class-inclusio n statemen t  " A 

surgeo n i s a  doctor. "  canno t  b e reverse d t o mak e " A 

docto r  i s  a  surgeon." ,  neithe r  ca n th e metaphorica l 

statemen t  " A vacatio n i s a  doctor. "  b e reverse d t o mak e 

" A docto r  i s  a  vacation. "  Th e map-firs t  vie w als o 

offer s a n intuitiv e explanatio n fo r  ou r  abilit y t o 

understan d metaphor s tha t  conve y ne w info^ence s abou t 

th e targe t  O n hearin g "Th e waite r  i s a  skyscraper "  w e 

understan d tha t  th e waite r  i s tal l  eve n throug h "talbiess " 
i s no t  necessaril y a  featur e presen t  i n ou r  prio r 

representatio n o f  waiters .  Thi s importin g o f  ne w 

feature s i n t o th e targe t  i s  a  proble m fo r  simpl e 

matchin g models . 

Testin g th e Mode l s 

The match-first and map-first models make different 

prediction s fo r  th e tim e cours e o f  processin g o f 

metaphors .  Accordin g t o th e Category-mappin g mode l 

( a map-firs t  model) ,  processin g begin s wit h th e bas e 

term ,  from  whic h a  categor y mus t  b e derive d t o appl y t o 

th e targe t  term .  I n contras t  accordin g t o match-firs t 
models ,  processin g begin s wit h a  compariso n o f  th e tw o 

tCTms.  Thi s suggest s a  wa y t o tes t  thes e theories .  I f 

processin g begin s wit h th e base ,  a s i s  implie d b y a 

category-mappin g process ,  the n metaphori c processin g 

shoul d b e facilitate d i f  peopl e se e th e bas e i n advanc e 

of  th e metaphor .  Mor e specifically ,  ther e shoul d b e 

greate r  facilitatio n whe n th e bas e i s  give n i n advanc e 

tha n whe n th e targe t  i s  give n i n advance .  (Som e 

facilitatio n i s expecte d i n eithe r  case ,  unde r  an y model , 

simpl y b y virtu e o f  pomittin g a  hea d star t  i n encoding. ) 
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Figur e 2 :  Genera l  orde r  an d timin g o f  presentation s i n Experiment s 1 ,  2  an d 3 . 

I n contrast ,  i f  metapho r  interpretatio n begin s wit h a 

matchin g process ,  ther e shoul d b e n o differentia l 

advantag e fc v seein g th e bas e vs .  the  targe t  prio r  t o 

seein g the  metaphor . 

Base d o n thi s logic ,  w e carrie d ou t  thre e experiment s 

t o compar e the  adequac y o f  thes e model s a s 

psychologica l  account s o f  metapho r  interpretation .  I n 

al l  thre e experiments ,  w e recorde d subjects '  tim e t o 

interpre t  metaphors .  T h e metaphor s coul d b e prime d b y 

an immediatel y prio r  presentatio n o f  th e bas e term ,  th e 

targe t  term ,  bot h terms ,  o r  nothin g (n o prime) .  T h e ke y 

questio n i s  whethe r  ther e i s  mor e facilitatio n fo r  bas e 

prime s tha n fo r  targe t  primes . 

E x p e r i m e n t  1 

Me tho d 

Subjects .  Th e subject s wer e 2 4 Northwester n 

Universit y students . 

Matgrial S Twenty-fou r  metaphor s wer e draw n firom 

th e literature .  Prio r  t o th e study ,  i n orde r  t o establis h 

th e preferre d directio n o f  th e metaphors ,  w e aske d 4 0 

subject s t o orde r  eac h pai r  o f  term s t o mak e thei r 

preferre d met^hor .  I n thi s wa y w e wer e abl e t o 

independentl y determin e th e mos t  natura l  bas e an d 

targe t 

Procedure .  Subject s wer e ru n o n individua l 

computer s i n group s o f  2  t o S  subject s a t  a  time . 

Subject s wer e show n a  serie s o f  metaphors ,  randoml y 

ordered ,  an d instructe d t o begi n typin g i n a n 

interpretatio n t o eac h metapho r  a s soo n a s the y ha d i t 

wel l  formulated .  (Thes e instruction s wer e give n t o 

forestal l  subjects '  adoptin g a  strateg y o f  startin g t o typ e 

immediatel y an d the n pausin g t o develo p a n 

interpretation. )  Prio r  t o seein g eac h metaphor ,  subject s 

wer e show n eithe r  th e target ,  th e base ,  o r  a  blan k line . 

Figur e 2  show s th e orde r  i n whic h informatio n 

appeared .  Subject s wer e instructe d t o us e th e precedin g 

word s t o ge t  a  hea d star t  o n thei r  interpretation . 

Interpretation-tim e wa s recorde d fro m th e moment  th e 

metapho r  appeare d o n th e scree n unti l  th e subjec t 

presse d th e Hrs t  ke y fo r  hi s o r  he r  interpretation .  Th e 

tim e t o typ e eac h interpretatio n wa s als o recorded . 

Dssign .  Al l  prim e type s (i.e .  T A R G E T S,  B A S E s ,  o r 

b l a n k s )  wer e presente d t o eac h subjec t  an d 

counterbalance d acros s al l  met^hors . 

Result s an d Discussio n 

The mean interpretation times are shown in Table 1. 

(Al l  analyse s throughou t  thi s pape r  ar e base d o n 

subjects '  mea n responses. )  Contrar y t o th e prediction s o f 

th e Category-mappin g model ,  ther e wa s n o advantag e 

fo r  B A S E prime s ove r  T A R G E T primes ;  indeed ,  ther e 

was a  nonsignifican t  differenc e i n th e revers e direction . 

A one-wa y repeated-measure s analysi s o f  varianc e 

showe d a  significan t  effec t  o f  Prim e type ,  F  (2,46 )  = 

7.72 ,  p  <  0.(X)1 .  Pairwis e Bonferron i  test s indicate d 

tha t  a t  th e O.O S level ,  interpretatio n time s wer e faste r 

fo r  B A S E S tha n fo r  B L A N K S ,  r(23 )  =  3.2S .  an d als o fo r 

T A R G E TS tha n fo r  B L A N K S ,  /(23)=3.16 .  Interpretatio n 

time s fo r  T A R G E TS an d B A S E s .  however ,  di d no t 

diffe r  significanUy ,  r(23)=0.63 . 

Thes e result s provid e n o evidenc e fo r  th e 

category-m!4)pin g predictio n tha t  processin g begin s 

wit h th e base .  Th e result s ar e consisten t  wit h th e 

match-Hrs t  model s (althoug h onl y b y default) . 

However ,  on e concer n i n interpretin g thes e result s i s 

tha t  th e metho d m a y no t  hav e bee n fai r  t o th e 

Category-mappin g model ,  sinc e subject s wer e no t  tol d 

whethe r  th e prim e wa s a  bas e o r  a  targe t  O n e migh t 

argu e tha t  th e assumption s o f  th e Category-mappin g 

model  ar e tha t  subject s trea t  th e bas e ter m differratl y 

from  th e targe t  term .  O n thi s reasoning ,  i t  i s  t o b e 

expecte d tha t  subject s woul d b e unabl e t o begi n 
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TABLE 1 
Mean Tune t  t o Begi n a n Intopretatio n fro m Experimen t  1 

Pr im e T y p e BASE TARGET BLAN K 

Means 

Standard Error 

495 1 482 8 564 8 

996 1090 1475 

TABLE 2 
Mean Tune i  t o Begi n a n Interpretatio n fro m Bxperimen t  2 

Pr im e T y p e BOTH BAS E TARGET BLAN K 

Means 304 8 408 6 442 0 482 9 

Standard Error 1576 1474 1658 1436 

interpretatio n unti l  the y kno w tha t  the y hav e th e bas e 

term .  T o addres s thi s possibility ,  i n Experimen t  2  th e 

prime' s rol e (i.e .  whethe r  i t  wa s th e targe t  o r  base )  wa s 

made explicitl y  clear .  Thi s wa s don e t o encourag e th e 

fulles t  possibl e us e o f  th e primes .  O n e othe r  chang e 

was t o ad d a  fourt h conditio n i n whic h bot h prime s wer e 

shown togetho' .  Thi s amount s t o simpl y showin g th e 

whol e metapho r  fro m th e star t  Thi s conditio n teste d th e 

predictio n o f  th e match-fu-s t  view s tha t  havin g bot h 

term s a t  th e outse t  shoul d b e faste r  tha n havin g onl y on e 

(sinc e interpretatio n ca n begi n onl y whe n bot h term s ar e 

present) .  Th e Category-mappin g mode l  make s n o 

stron g prediction s a s t o whethe r  seein g bot h prime s 

shoul d lea d t o faste r  interpretatio n time s tha n seein g th e 

base .  Thus ,  finding  a n advantag e fo r  bot h term s ove r 

one woul d no t  distinguis h match-firs t  fro m map-firs t 

positions ,  bu t  failur e t o fin d suc h a n advantag e woul d 

coun t  agains t  match-firs t  models . 

E x p e r i m e n t  2 

Metho d 

Subjects .  Th e subject s wer e 4 0 Northwesta n 

Universit y students . 

Materials .  Th e metaphor s wer e th e sam e a s thos e 

used i n Experimen t  1 . 
Procedure .  Th e procedur e wa s th e sam e a s tha t  use d 

i n Experimen t  1  wit h tw o exceptions .  First ,  th e role s 

playe d b y th e prime s wer e mad e explici t  b y puttin g 

the m int o sentenc e firames.  So ,  i f  butche r  wa s use d a s a 

base prime ,  subject s sa w A  somethin g i s a  butcher . 

Similarly ,  i f  surgeo n wa s use d a s a  targe t  prime , 

subject s sa w A  surgeo n i s a  something .  I n th e B L A N K 

condition ,  subject s sa w A  somethin g i s a  something ,  an d 

i n th e newl y adde d B O T H condition ,  subject s sa w th e 

complet e metaphor :  e.g .  A  surgeo n i s a  butcher . 

Eesign -  A s i n Experimen t  1 ,  al l  prim e type s (i.e . 

T A R G E T,  B A S E ,  B L A N K .  B O T H )  wer e presente d t o 

eac h subjec t  an d counterbalance d acros s al l  metaphors . 

Result s a n d Discussio n 

The mean interpretation times are shown in Table 2. 

Agai n contrar y t o th e prediction s o f  th e 

Category-mappin g model ,  ther e wa s n o significan t 

advantag e fo r  B A S E prime s ove r  T A R G E T primes , 

althoug h thi s tim e th e differenc e wa s i n th e predicte d 

direction .  A  one-wa y repeate d measure s analysi s o f 

varianc e indicate d a n overal l  significan t  effec t  o f  Prim e 

type ,  F(3,114 )  =  22.24 ,  p  <  0.001 .  Pairwis e contrast s 

usin g th e Bonferron i  t  statisti c a t  th e .0 5 leve l  indicate d 

tha t  interpretatio n time s fo r  B A S E s (i.e. ,  fo r  met^hor s 

give n B A S E primes )  wer e faste r  tha n fo r  B L A N K S , 

/(40 )  =  3.14 .  I n addition ,  B O T H s wer e faste r  tha n 

BASES,  /(39 )  =  5.05 ;  an d B O T H s wer e faste r  tha n 

T A R G E T S,  r(39 )  =  5.945 .  N o significan t  differenc e 

was foun d betwee n T A R G E TS an d B L A N K s ,  t{40 )  = 

1.65 .  Comin g t o th e ke y result ,  n o significan t  differenc e 

was foun d betwee n B A S E s an d T A R G E T S,  /(40 )  = 

1.79 . 

Thus ,  a s i n Experimen t  1 ,  n o suppor t  wa s foun d fo r 

th e Category-mappin g model .  Th e match-firs t  accoun t 

fare d better :  a s {mlicted ,  seein g B O T H prime s resulte d 
i n faste r  interpretatio n time s tha n seein g eithe r  B A S E s 

or  T A R G E TS alone .  Whil e thi s i s no t  inconsisten t  wit h 

categor y mapping ,  i t  i s  a  centra l  predictio n o f  th e 

matchin g accounts . 

However ,  althoug h th e Category-mappin g mode l  ha s 

receive d n o stron g support ,  ther e ar e som e pattern s tha t 

deserv e consideration .  First ,  althoug h ther e i s n o 

significan t  B A S E advantag e ove r  T A R G E T S,  th e 

directio n o f  th e mean s i s consisten t  wit h th e prediction s 

of  Categor y mapping .  I n addition ,  B A S E s ,  bu t  no t 

T A R G E T S,  wer e foun d t o sho w a n advantag e ove r 
B L A N K S.  T o examin e th e dat a mor e closely ,  w e 

plotte d cumulativ e curve s o f  reactio n times ,  a s show n i n 
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Figur e 3 :  EIxp .  2  Cumulativ e Percentag e o f 

Interpretatio D Time s fo r  Target s an d Bases . 

Figure 3. That is, we plotted the cumulative percentage 

of  response s tha t  ha d occurre d b y eac h duratio n fro m 

th e beginnin g (i.e. ,  th e poin t  whe n th e metapho r 

appeared) .  I f  B A S E s hav e a n earl y advantag e ove r 

T A R G E T S,  w e shoul d se e a n initia l  (Ufferenc e betwee n 

th e cumulativ e curve s (tha t  is ,  ther e shoul d b e mor e 

B A SE response s tha n T A R G ET response s a t  shor t 

durations) .  I n fact ,  th e tw o curve s li e virtuall y o n to p o f 

one anothe r  i n th e initia l  par t  o f  th e distribution .  Th e 

(nonsignificant )  advantag e o f  B A S E s ove r  T A R G E TS 

appear s onl y a t  longe r  duration s \ 

I n summary ,  eve n whe n a  prime' s rol e wa s explicitl y 

marked ,  n o evidenc e wa s foun d fo r  a  categor y moping . 

So far ,  th e result s ar e consisten t  wit h a  match-firs t 

processin g account ,  an d inconsisten t  wit h a 

category-mappin g accoun t  I n Experimen t  3  w e 

considere d anothe r  facto r  tha t  migh t  affec t  whethe r 

peopl e us e a  category-mappin g model ,  namely ,  th e 

conventionalit y o f  th e metaphors .  I n th e firs t  tw o 

experiment s th e metaphor s use d wer e fo r  mos t  peopl e 

relativel y novel .  Possibl y thi s degre e o f  novelt y 

contribute d t o th e apparen t  superiorit y o f  th e match-firs t 

model  ove r  th e map-firs t  mode l  i n accountin g fo r  th e 

patterns .  Perhap s th e category-m^^in g proces s i s mos t 

probabl e whe n peopl e ar e give n metaphor s whos e base s 

hav e pre-store d 'stock '  metaphorica l  interpretations . 

Thi s woul d b e reasonable ,  becaus e wit h stoc k 

metaphor s peopl e coul d dra w o n relativel y 

unambiguou s existin g abstractions .  I n Experimen t  3  w e 

teste d thi s possibility .  W e applie d th e sam e basi c 

primin g procedur e a s i n Experimen t  2  t o met£4)hor s 

wit h conventiona l  bases :  e.g. .  Tha t  waite r  i s  a 

skyscrape r  an d Tha t  plan e i s a  dinosaur . 

'  Conceivably ,  thi s patter n o f  B A S E advantag e tha t  appear s 
onl y fo r  interpretatio n time s o f  longe r  duratio n coul d 
sugges t  a  Match-then-Ruq j  mode l  i n whic h primin g o f  th e 

base ter m facilitate s a  late r  mqipin g an d inferenc e process . 
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Figur e 4 :  Exp .  4  Cumulativ e Percentag e o f 

Interpretatio n Time s fo r  Target s an d Bases . 

E x p e r i m e n t  3 

M e t h o d 

Suly^la .  Th e subject s wer e 4 0 Northwester n 
Universit y students . 

Materials .  Twent y metaphor s wer e constructe d wit h 

base s tha t  possesse d a  stoc k metaphorica l  meaning . 

Procedure .  Th e procedur e wa s th e sam e a s tha t  use d 

i n Experimen t  2 . 

I2£sigQ .  A s i n Experimen t  3 ,  al l  prim e type s (i.e . 

T A R G E T S,  BASEs ,  B L A N K S ,  an d B O T H s )  wer e 

presente d t o eac h subjec t  an d counterbalance d acros s a U 

metaphors . 

Result s an d Discussio n 

In Experiment 3, there was a major shift in the pattern 

of  results :  B A S E prime s le d t o significantl y faste r 

respondin g tha n T A R G ET primes ,  a s predicte d b y th e 

category-mappin g model .  A  one-wa y repeate d measure s 

analysi s o f  varianc e indicate d a  significan t  effec t  o f 

Prim e type ,  F  (3.117 )  =  23.4 ,  p  <  0.001 .  Pairwis e 

contrast s a t  th e .0 1 leve l  usin g th e Bonferron i  t  statisti c 

indicate d tha t  B A S E s (Af=3577 )  wer e faste r  tha n 

T A R G E TS (M=42I8) ,  r(39 )  =  3.08 .  I n addition ,  B O T Hs 

(Af = 2770 )  wer e faste r  tha n BASEs ,  /(38 )  =  3.74 ; 

B O T Hs wer e faste r  tha n T A R G E T S,  r(38 )  =  6.620 ;  an d 

B A S ES wer e faste r  tha n B L A N K s (Af = 4632) ,  K39 )  = 

4.0S .  N o significan t  differenc e wa s foun d betwee n 

T A R G E TS an d B L A N K s ,  r(39 )  =  1.62 . 

Thi s effec t  i s  consisten t  wit h th e prediction s o f  th e 

Category-mappin g model .  Thi s conclusio n i s supporte d 

by a n inspectio n o f  th e T A R G E T an d B A S E cumulativ e 

graph s i n Figur e 4 ,  whic h sho w th e B A S E distributio n 

clearl y precede s th e T A R G E T distribution .  Tha t  is .  i n 

Experimen t  3 ,  subject s w h o sa w B A S E prime s ha d a 

highe r  percentag e o f  earl y response s tha n subject s wh o 
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sa w T A R G ET primes .  Thi s suggest s tha t  category-firs t 

model s ma y appl y wel l  t o metaphor s whos e base s hav e 

stoc k metaphorica l  meanings ,  bu t  no t  t o nove l 

metaphors . 

As i n Experimen t  2 ,  B O T H s wer e faste r  tha n B A S E s 

and T A R G E T S,  a s i s compatibl e wit h bot h th e 

Category-mappin g an d th e Match-Hrsi .  Als o a s i n 

Experimen t  2 ,  B A S E s wer e faste r  tha n B L A N K S ,  whil e 

T A R G E TS wer e no t 

Summary 

The results of these three experiments can be 

summarize d b y th e followin g conclusions :  1 ) 

Interpretatio n o f  nove l  met^^hor s begin s wit h matching , 

and 2 )  Interpretatio n o f  stoc k metaphor s ma y begi n 

wit h mapping .  Th e firs t  conclusio n wa s supporte d b y 

th e failur e t o fin d a n interpretatio n advantag e fo r 

metaphor s precede d b y base s i n th e firs t  tw o 

experiment s (whic h use d relativel y nove l  metaphors) . 

The secon d conclusio n wa s supporte d b y th e result s o f 

Experimen t  3 ,  i n whic h a  clea r  advantag e wa s observe d 

fo r  metaphor s followin g bas e prime s whe n th e 

metaphori c base s possesse d stoc k metaphori c meanings . 

Thi s suggest s implication s fo r  psychologica l  theorie s 

of  metapho r  a s follows .  Match-firs t  theories ,  suc h a s 

thos e o f  Orton y an d Falkenhainer ,  Forbu s &  Gentner , 

best  reflec t  ho w peopl e understan d metaphor s tha t  ar e 

relativel y novel .  Bu t  match-Hrs t  theories ,  notabl y 

Glucksbo- g an d Keysar' s recen t  proposal ,  bes t  represen t 

ho w peopl e understan d metaphor s wit h relativel y 

conventiona l  'stock '  bas e meanings . 

The finding s o f  thes e experiment s connec t  wel l  wit h 

recen t  wor k o n conventiona l  metaphor s i n natura l 
languag e understanding .  Bot h Marti n (1991 )  an d Gibb s 

(i n press )  hav e note d tha t  an y prope r  treatmen t  o f 

metapho r  mus t  no t  ignor e th e influenc e o f  preexistin g 

structure s i n long-ter m memory .  Th e finding s o f  thes e 

experiment s affir m th e importanc e o f  thes e preexistin g 

structure s b y demonstratin g h o w the y migh t  hav e a n 

effec t  o n processing . 

Thes e fmding s als o highligh t  a  mor e genera l 

consideration .  Mos t  theorist s woul d agre e tha t  th e targe t 

and bas e o f  a  metapho r  eithe r  belon g t o som e c o m m o n 

categor y o r  shar e som e c o m m o n attributes .  However ,  a 

questio n remain s a s t o whethe r  i t  i s  th e c o m m o n 

categor y tha t  determine s whic h feature s tw o thing s 
share ,  o r  whethe r  i t  i s  share d feature s tha t  determin e a 

common category .  W e sugges t  tha t  i n th e cas e o f 

relativel y nove l  pairings ,  a  c o m m o n categor y i s derive d 

from  a  Matching/Mappin g process .  Tha t  is ,  a  proces s 

of  matchin g (an d subsequen t  mapping )  lead s t o a 

common syste m whic h ca n serv e a s a  c o m m o n 

category .  I n time ,  thi s categor y m a y com e t o hav e 

conventiona l  status ,  i n whic h cas e th e tim e cours e o f 

subsequen t  metaphor s i s changed . 
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