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Fodor (1981) and Osherson and Smith (I98I) have claimed that 
interpretation s o f  concept s a s prototype s encounte r  problem s i n dealin g 
wit h combine d concept s suc h a s "stripe d apple "  an d "brow n cow" .  Thi s 
pape r  offer s a  theor y o f  ho w concepts ,  construe d a s prototypes ,  ca n b e 
combined .  Th e theor y take s th e for m o f  thre e kind s o f  rule s fo r 
selectin g wha t  element s o f  th e componen t  concept s wil l  b e carrie d ove r 
int o th e ne w one .  Pur e rule s tak e int o accoun t  onl y th e prio r  element s 
of  th e components .  Data-d r  ive n rule s ar e contextua l  i n tha t  the y emplo y 
feature s o f  prospectiv e instance s o f  ne w concepts .  Finally ,  goa l  -
di  recte d rule s ar e contextua l  i n a  large r  sense ,  i n tha t  the y tak e int o 
accoun t  th e problem s an d goal s o f  th e inductiv e system . 

A theory of conceptual combination requires that concepts have 
component s whic h ca n b e use d t o for m ne w concepts .  Thi s assumptio n i s 
rejecte d b y som e wh o wan t  t o trea t  concept s a s unitar y nodes ,  atomi c i n 
th e origina l  sens e o f  indivisibl e (e.g .  Fodo r  I98I) .  Suc h writer s ar e 
reduce d t o silenc e abou t  ho w ne w concept s migh t  arise .  Th e 
justificatio n fo r  considerin g concept s a s componentia l  i s  empirical :  th e 
assumptio n enable s u s t o accoun t  fo r  a  variet y o f  empirica l  phenomena . 

But what are those components? I shall adopt the terminology of 
Minsk y (1975 )  an d trea t  concept s a s frame s whic h ar e dat a structure s 
consistin g o f  slots .  Suc h structure s ca n b e easil y implemente d i n 
compute r  program s (Winsto n an d Hor n 1981). ^  A  fram e contain s 
informatio n abou t  th e typica l  characteristic s o f  a  kin d o f  thing ;  fo r 
example ,  th e fram e fo r  do g wil l  contai n a  slo t  wit h th e informatio n tha t 
dog s typicall y hav e fou r  legs .  I t  i s  crucia l  tha t  th e slot s nee d no t 
contai n de f  i  n i  tiona l  information .  Havin g fou r  leg s i s neithe r  a 
necessar y no r  sufficien t  conditio n fo r  dogness ,  bu t  i s nevertheles s 
typica l  an d shoul d generat e a n expectation .  We therefor e sa y tha t  th e 
defaul t  valu e fo r  th e numbe r  o f  leg s o f  a  do g i s four .  Th e slot s i n th e 
fram e fo r  do g d o no t  constitut e a  de f  in i  tio n o f  dog ,  bu t  contai n lot s o f 
informatio n abou t  wha t  i s typica l  o f  dog s o r  wha t  i t  i s  usefu l  t o expec t 
abou t  dogs .  Slot s i n th e concep t  o f  do g wil l  generall y contai n defau l  t 
values ,  no t  actua l  value s whic h mus t  hol d o f  al l  dog s universally .  Bu t 
some actua l  value s may b e included ,  fo r  exampl e tha t  dog s ar e warm -
blooded .  Ther e i s thu s n o proble m i n seein g a  concep t  a s containin g 
some slot s whic h involv e feature s whic h ar e i n fac t  definitional ,  bu t  i t 
woul d b e a  majo r  mistak e t o suppos e tha t  suc h slots ,  i f  available ,  woul d 
exhaus t  th e meanin g o f  th e concept .  Loose r  connection s o f  th e sor t 
establishe d b y additiona l  defaul t  value s als o matter . 

2 Pure, Concept-driven Rules 

Definition is the epitome of pure conceptual combination, 
independen t  o f  context .  Suppos e yo u hav e necessar y an d sufficien t 
condition s fo r  existin g concept s C .  an d C_ .  The n i t  i s  simpl e t o defin e 
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th e ne w concep t  C ^  whos e se t  o f  necessar y an d sufficien t  condition s i s 
jus t  th e unio n of^th e se t  o f  necessar y an d sufficien t  condition s fo r  th e 
dono r  concepts .  Fo r  example ,  i f  w e hav e definition s o f  "square "  an d 
"table" ,  th e concep t  o f  "squar e table "  i s forme d merel y b y amalgamatin g 
th e existin g definitions .  Howciver ,  suc h definition s ca n b e har d t o com e 
by ,  an d al l  w e ofte n hav e t o wor k wit h i n amalgamatin g concept s ar e 
defaul t  expectation s rathe r  tha n definin g conditions .  Becaus e th e 
expectation s generate d b y combine d concept s ma y conflict ,  conceptua l 
combinatio n require s comple x processe s o f  reconciliation .  T o repea t  a n 
exampl e fro m Osherso n an d Smit h (I98I) ,  ou r  concep t  o f  a  stripe d appl e 
i s n o simpl e su m o f  "striped "  an d "apple" ,  sinc e w e expec t  apple s t o b e 
gree n o r  red .  A s a  result ,  an y instanc e o f  a  stripe d appl e i s mor e 
typica l  o f  th e concep t  "stripe d apple "  tha n i t  i s  o f  eithe r  "striped "  o r 
"apple" .  How ,  then ,  d o w e combin e "striped "  an d "apple "  int o "stripe d 
apple" ? 

The following very simple rule suffices: 

Rl. Actual values drive out defaults. 

The concept of an apple contains a slot which sets up the expectation 
tha t  a n appl e wil l  b e re d o r  gree n o r  som e combinatio n o f  thos e colors , 
but  thi s expectatio n i s no t  definitional :  a  golde n deliciou s i s stil l  a n 
apple .  Th e adjectiv e "striped "  howeve r  incorporate s a n expectatio n 
abou t  colorin g whic h i s mor e tha n a  default ,  since ,  t o pu t  i t  tritely . 
somethin g ha s t o b e stripe d t o b e striped .  Henc e thi s definitiona l 
expectatio n override s th e merel y defaul t  expectatio n foun d i n th e appl e 
concept .  I n mos t  adjective-nou n combination s o f  thi s sort ,  th e actua l 
valu e foun d i n th e adjectiva l  concep t  wil l  driv e ou t  th e merel y defaul t 
valu e i n th e noun .  Gree n cow s ar e green . 

Most conceptual combination will not be so simple. Consider an 
exampl e o f  Tversk y an d Kahnema n (1983) '  The y sho w tha t  subject s wil l 
ofte n violat e th e conjunctio n la w o f  probability ,  whic h say s tha t  th e 
probabilit y  o f  th e conjunctio n o f  tw o proposition s i s alway s les s tha n 
th e probabilit y  o f  eithe r  conjunct .  The y gav e subject s a  descriptio n o f 
a woman Lind a wh o ha d bee n a  philosoph y major ,  wa s outspoken ,  bright , 
and concerne d wit h issue s o f  discriminatio n an d socia l  justice .  The n 
the y aske d ho w probabl e subject s woul d estimat e he r  t o b e I )  a  feminis t 
2)  a  ban k telle r  an d 3 )  a  feminis t  an d a  ban k teller .  Unsurprisingl y 
subject s though t  i t  mor e probabl e tha t  sh e wa s a  feminis t  tha n a  ban k 
teller ,  bu t  th e startlin g result ,  violatin g th e conjunctio n la w fo r 
probabilities ,  i s  tha t  subject s thin k i t  mor e probabl e tha t  sh e i s a 
feminis t  ban k telle r  tha n tha t  sh e i s a  ban k telle r  simpliciter . 

According to Tversky and Kahneman, subjects think that Linda is 
more probabl y a  feminis t  ban k telle r  tha n a  ban k telle r  becaus e th e 
forme r  categor y i s mor e representativ e o f  Linda .  I  shal l  describ e a 
rul e fo r  conceptua l  combinatio n base d o n representativenes s below :  suc h 
a rul e wil l  b e data-drive n sinc e th e descriptio n o f  Lind a appear s t o 
pla y a  rol e i n ho w peopl e construc t  th e ne w concep t  o f  feminis t  ban k 
teller .  I n thi s example ,  however ,  conceptua l  combinatio n shoul d no t  b e 
data-driven ,  sinc e subject s ar e no t  tol d tha t  Lind a i s a  feminis t  ban k 
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teller ,  onl y aske d whethe r  sh e migh t  be .  A  normativel y correc t  rul e o f 
conceptua l  combinatio n shoul d ignor e Linda . 

An appropriately pure rule can be formed on the basis of 
consideration s o f  variabilit y  simila r  t o thos e whic h pla y a  rol e i n 
assessin g th e degre e o f  confirmatio n o f  a  generalizatio n (Thagar d an d 
Nisbet t  1982 ;  Nisbett ,  Krantz ,  Jepson ,  an d Kund a I983) .  Suppos e th e 
slo t  i n th e ne w concep t  o f  feminis t  ban k telle r  unde r  disput e concern s 
politica l  activity .  Her e w e hav e a  cas e o f  rea l  conflict ,  sinc e ou r 
defaul t  expectation s ar e tha t  feminist s wil l  b e politicall y activ e bu t 
tha t  ban k teller s wil l  no t  be .  R 2 resolve s th e conflic t  b y saying : 

R2 On a given dimension, carry over the value from the donor concept 
whic h i s les s variabl e o n tha t  dimension . 

In the case of feminist bank teller, we expect that feminists are more 
consistentl y politicall y activ e tha n ban k teller s ar e politicall y 
inactive .  Henc e th e slo t  i n th e concep t  "feminis t  ban k teller "  fo r 
politica l  activit y shoul d contai n th e expectatio n tha t  feminis t  ban k 
teller s wil l  b e politicall y active .  Th e descriptio n o f  Lind a fit s thi s 
expectatio n bette r  tha n i t  doe s th e expectation s establishe d b y th e ban k 
telle r  concep t  alone . 

A third rule of pure conceptual combination is necessarily more 
vague .  We ca n expec t  tha t  i n som e concept s slot s ar e rule s ar e linke d 
t o eac h other ,  developin g connecte d expectations .  Fo r  example ,  a 
concep t  concernin g a  kin d o f  physica l  objec t  whic h ha s a  valu e fo r  siz e 
i s als o likel y t o hav e a  valu e fo r  weight .  Conceptua l  combinatio n wil l 
want  t o preserv e suc h linkages : 

R3 If the new concept C, will contain the slot C. . and C. . is 
1 inke d t o tha t  slot ,  th6 n includ e C^  ^^  i n C  .  '- ^ 

The operation of this rule assumes that the representation of concepts 
wil l  includ e som e expressio n o f  linkage s betwee n slots . 

3 Data-driven Rules 

Conceptual combination requires the reconciliation of conflicting 
expectations ,  bu t  ther e i s n o reaso n tha t  th e reconciliatio n shoul d hav e 
t o b e a  functio n o f  th e dono r  concept s alone .  Conceptua l  combinatio n i s 
selective :  fo r  mos t  concepts ,  occasion s o f  combinatio n wil l  simpl y 
neve r  arise .  Yo u probabl y wil l  neve r  hav e occasio n t o thin k o f 
Mongolia n watermelo n eaters .  When occasion s o f  combinatio n d o arise , 
the y wil l  d o s o i n a  particula r  context ,  an d th e contex t  ca n hel p t o 
gover n defaul t  reconciliation . 

The simples t  sor t  o f  contextua l  facto r  consist s o f  instance s o f  th e 
prospectiv e concept .  Suppos e C .  an d C_ ar e bein g combine d t o for m C, , 
and som e slo t  i s  incompati b e  betwee n th e tw o dono r  concepts .  Fo r 
example ,  upo n meetin g a  Canadia n violinist ,  yo u ar e presse d t o combin e 
you r  tw o concept s o f  Canadia n an d viol i  n i  st ,  whic h i s difficul t  becaus e 
you migh t  expec t  Canadian s t o b e rugge d an d outdoors y whil e violinist s 
ar e expecte d t o b e mor e delicate .  Failin g th e kin d o f  variabilit y 
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calculatio n suggeste d b y R2 ,  a  natura l  solutio n i s t o reconcil e th e 
default s i n th e directio n o f  th e on e exampl e o f  a  Canadia n violinis t  yo u 
hav e met ,  addin g whicheve r  valu e o n th e rugged/delicat e dimensio n th e 
perso n possesses .  Thi s proces s i s differen t  fro m bottom-u p concep t 
formatio n i n it s genera l  form ,  sinc e yo u ar e no t  generalizin g al l  o f 
you r  friend s characteristic s t o b e thos e o f  th e typica l  Canadia n 
violinist .  Th e datu m enter s int o th e ne w combine d concep t  onl y t o th e 
exten t  i t  enable s yo u t o reconcil e conflictin g defaults .  Th e relevan t 
rul e is : 

Rk If C- is being formed from C, and C. which conflict on some 
dimension ,  an d yo u hav e example s o f  C .  whic h hav e a  valu e o n tha t 
dimension ,  the n choos e fo r  C .  th e valo e o f  th e examples . 

A looser variant of R4 is based on the notion of representativeness 
(Tversk y an d Kahnema n 197̂ + )  •  Wherea s R̂ t  deal s wit h th e cas e wher e 
contextua l  example s hav e th e propertie s whic h ar e neede d t o choos e 
betwee n th e conflictin g value s i n th e dono r  concepts ,  R 5 i s designe d t o 
deal  wit h case s wher e th e combine d concep t  i s onl y simila r  t o th e 
examples .  Fo r  example ,  i n th e feminis t  ban k telle r  case ,  i f  Lind a wer e 
take n t o b e a n exampl e o f  a  feminis t  ban k teller ,  the n th e defaul t 
value s o f  feminis t  woul d ten d t o wi n ou t  ove r  thos e o f  ban k teller , 
sinc e feminis t  i s  mor e representativ e o f  Lind a tha n ban k teller .  Th e 
appropriat e rul e is : 

R5 Choose for C. values taken from that concept, C. or C-, which is 
more representativ e o f  th e give n instance s o f  C. . 

k Goal-directed Rules 

A concept need not be completed all at once: default 
reconciliatio n may b e a n extende d process .  I n som e cases ,  non e o f  RI- 5 
wil l  b e appropriat e fo r  reconcilin g conflict s betwee n th e expectation s 
generate d b y dono r  concepts .  Th e appropriat e respons e the n migh t  b e t o 
wai t  an d se e whic h o f  th e defaul t  value s o f  th e dono r  concept s wil l 
prov e t o b e mos t  suitable .  Suitabilit y  her e ca n mea n jus t 
representatio n o f  th e ye t  t o b e discovere d propertie s o f  instance s o f 
th e ne w concepts ,  bu t  i t  ca n als o mea n usefulnes s i n solvin g problem s 
wit h whic h th e ne w concep t  wa s intende d t o help .  Fo r  example ,  th e 
concep t  o f  a  viru s wa s forme d fro m a  kin d o f  combinatio n o f  concept s o f 
macromolecul e an d livin g cell ,  an d i t  wa s som e tim e befor e biologist s 
wer e abl e t o reconcil e conflictin g propertie s o f  thos e entities . 
Inductio n an d concep t  formatio n mus t  b e understoo d withi n th e contex t  o f 
a scientist' s  genera l  proble m solvin g behavior . 

This suggests the following rule: 

R6 Reconcile slots in favor of ones which contribute to desired 
proble m solutions . 

The rules which result from R6 are likely to be tentative and 
subjec t  t o furthe r  testing ,  bu t  ca n stil l  pla y a n importan t  rol e i n 
proble m solvin g an d explanation .  Suppose ,  fo r  example ,  tha t  th e 
situatio n whic h triggere d th e conceptua l  combinatio n o f  feminis t  an d 
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bank telle r  concerne d th e nee d t o explai n som e featur e o f  Linda' s 
politica l  behavior ,  wher e i t  wa s give n tha t  sh e i s a  feminis t  ban k 
teller .  The n addin g th e slo t  tha t  feminis t  ban k teller s ar e politicall y 
activ e provide s a n explanatio n o f  wh y Lind a i s politicall y active ,  sinc e 
sh e i s a  feminis t  ban k teller .  Of  cours e w e alread y ha d th e slo t  tha t 
feminist s ar e politicall y active ,  bu t  thi s alon e may no t  b e a  goo d 
explanatio n o f  Linda' s politica l  activit y sinc e ou r  knowledg e tha t  sh e 
i s als o a  ban k telle r  suggest s th e existenc e o f  a  potentiall y  relevan t 
alternativ e referenc e class .  Addin g th e slo t  abou t  th e expecte d 
politica l  behavio r  t o th e combine d concep t  o f  feminis t  ban k telle r 
resolve s th e problem .  Similarly ,  suppos e tha t  i n formin g th e combine d 
concep t  o f  a  Canadia n violinis t  yo u notic e tha t  you r  frien d th e Canadia n 
violinis t  prefer s hamburger s t o classica l  Frenc h cuisine .  I n orde r  t o 
explai n thi s preference ,  yo u may ad d th e defaul t  expectatio n abou t 
Canadian s t o you r  fram e fo r  Canadia n violinist ,  overrulin g th e 
expectatio n derive d fro m th e fram e fo r  violinists. * 

We have seen how Minsky's frame notion can provide the basis for 
plausibl e mechanism s o f  conceptua l  combination .  Prototyp e theorie s ar e 
not  contradicte d b y phenomen a o f  conceptua l  combination ,  an d i n fac t 
increas e ou r  understandin g o f  them . 

NOTES 

^Psychologists usually prefer the term "schema". For a discussion 
of  th e epistemolog y o f  suc h structures ,  se e Thagar d (forthcoming-FKI )  . 

*Goal-directed conceptual combination is particularly important 
fo r  scientifi c  discover y (Thagar d forthcoming-CCSD) .  Ne w scientifi c 
concept s referrin g t o non-observe d entitie s suc h a s ligh t  wave s ca n b e 
forme d b y combinatio n o f  existin g concepts . 
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