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Conceptua l  Combinatio n an d 
Fuzz y Se t  Theor y 

Edward E. Smith 
Bol t  Berane k an d Newman Inc . 

and 
Danie l  N .  Osherso n 

^4a3sachusett 3 Institut e o f  Technolog y 

Conceptua l  combinatio n i s th e proces s 
by whic h peopl e combin e existen t  simpl e 
concept s (e.g. ,  brow n an d apple )  int o 
nove l  combination s (e.g. ,  brown-apple) . 
As a  possibl e formalis m fo r  conceptua l 
combination ,  mos t  proponent s o f  prototyp e 
concept s endors e fuzzy-se t  theor y (e.g. , 
Zadeh,  1965) .  Osherso n an d Smit h (1981) , 
however ,  argu e tha t  th e amalgamatio n o f 
fuzzy-set-theor y an d prototyp e concept s i s 
fraugh t  wit h problems . 
Some fuzzy-set theory. A key notion 
i n fuzzy-se t  theor y i s tha t  o f  a 
characteristi c  function ,  whic h maps 
entitie s int o number s i n a  wa y tha t 
indicate s th e degre e t o whic h th e entit y 
i s a  member  o f  som e se t  o r  concept .  T o 
illustrate ,  conside r  th e characteristi c 
function ,  c  ,  whic h measure s degre e o f 

~F 
membershi p i n th e concep t  fis h (F) .  When 
applie d t o an y creatur e x ,  c  (x )  yield s a 

F 
number  betwee n 0  an d 1 ,  wher e th e 
large r  c  (x) ,  th e mor e x  belong s t o 

F 
F.  Thus ,  ou r  pe t  gupp y may no t  b e ver y 
typica l  o f  fish ,  s o i t  get s a 
characteristic-functio n valu e o f  .30 .  Ou r 
pet  do g wil l  ge t  a  ver y lo w value ,  sa y 
.05 .  I f  we no w conside r  pet s (P) ,  an d it s 
characteristi c  functio n c  ,  the n ou r  gupp y 

P 
and do g migh t  b e assigne d th e value s .7 0 
and .90 . 
The issue of conceptual combination 
has ofte n bee n reduce d t o a  questio n abou t 
characteristi c  functions :  namely ,  give n 
tha t  concept s P  an d F  ar e combine d t o for m 
th e comple x concep t  PSF ,  ho w d o w e specif y 
P&F' s characteristi c  functio n ( c (x )  )  o n 

PSF 
th e basi s o f  thos e o f  P  an d F  ( c (x ) 

~P 
and c  (x)) ? Th e answe r  fro m fuzz y se t 

F 
theor y i s tha t  c  (x )  i s  th e minimu m 

PSF 
of  c  (x )  an d c  (x )  . 

- p F 

Applyin g thi s mi n rul e t o ou r  pe t  guppy , 
g,  yield s 

c (g) =« min (c (g) , c (g) ) 
PSF P  F 

min (.70 ,  .80 ) .7 0 

Thi s say s tha t  ou r  gupp y i s les s typica l 
of  pe t  fis h tha n i t  i s  o f  fish .  An d 
therei n lie s th e problem .  Fo r  a s Osherso n 
and Smit h (1981 )  poin t  out ,  intuitio n 
suggest s tha t  a  gupp y wil l  b e mor e typica l 
of  th e conjunctio n pe t  fis h tha n o f  eithe r 

constituent ,  pe t  o r  fish .  Osherso n an d 
Smit h argu e tha t  thi s pet-fis h exampl e i s 
jus t  on e o f  a n indefinit e numbe r  o f 
counterexample s t o th e mi n rule . 

Rationale for the present work. 
Ther e ar e tw o problem s wit h th e Osherso n 
and Smit h (1981 )  counterexamples .  First , 
the y res t  onl y o n Osherson' s an d Smith' s 
intuitions ;  suc h claim s nee d t o b e teste d 
agains t  typicalit y rating s o f  naiv e 
subjects .  Second ,  ther e i s n o indicatio n 
of  th e generalit y o f  th e failur e o f  fuzzy -
set  theory ;  perhap s Osherso n an d Smith' s 
counterexample s ar e o f  a  fe w type s i n som e 
underlyin g taxonom y o f  conjunctions ,  wher e 
othe r  type s migh t  confor m t o th e theory . 
To dea l  wit h thes e problems ,  w e firs t 
presen t  a  taxonom y o f  adjective-nou n 
conjunctions ,  an d the n describ e som e 
relevan t  experimenta l  work . 
An initial taxonomy of adjective-noun 
conjunctions .  Al l  counterexample s o f  th e 
Osherson-Smit h variety ,  suc h a s pet-fis h 
and brown-apple ,  hav e th e followin g 
characteristics :  th e adjectiv e concep t 
(i.e. ,  th e propert y denote d b y th e 
adjective )  i s relevan t  t o th e nou n concep t 
(i.e. ,  th e objec t  denote d b y th e noun )  an d 
negativel y diagnosti c o f  it ;  e.g. ,  bein g 
brow n i s relevan t  t o whethe r  a n objec t  i s 
an apple ,  an d count s agains t  it .  Mor e 
precisely ,  a n adjectiv e i s negativel y 
diagnosti c o f  a  nou n t o th e exten t  tha t 
knowin g tha t  th e adjectiv e i s a  tru e 
descriptio n o f  som e objec t  increase s th e 
probabilit y  tha t  th e nou n i s a  fals e 
descriptio n o f  tha t  object ,  an d knowin g 
tha t  th e adjectiv e i s fals e o f  som e objec t 
increase s th e probeUjilit y  tha t  th e nou n i s 
tru e o f  tha t  object .  A n adjectiv e i s 
positivel y diagnosti c o f  a  nou n t o th e 
exten t  tha t  knowin g tha t  th e adjectiv e i s 
tru e (false )  o f  som e objec t  increase s th e 
probabilit y  tha t  th e nou n i s tru e (false ) 
of  tha t  object .  An d a n adjectiv e i s 
nondiagnosti c o f  a  nou n t o th e exten t  tha t 
knowin g tha t  th e adjectiv e i s tru e (false ) 
of  som e objec t  ha s n o bearin g o n whethe r 
th e nou n i s tru e o r  fals e o f  tha t  object . 
Thus ,  i n sliced-appl e th e adjectiv e i s 
largel y nondiagnostic ;  i n re d appl e th e 
adjectiv e i s positivel y diagnostic ;  an d i n 
brow n appl e th e adjectiv e i s negativel y 
diagnostic . 
In addition to the relation between 
th e constituents ,  w e als o considere d th e 
degre e t o whic h th e conjunctio n provide s a 
tru e descriptio n o f  a n objec t  tha t  i s  t o 
be categorized .  T o kee p thing s simple ,  w e 
conside r  onl y th e degre e t o whic h th e to -
be-categorize d objec t  manifest s th e 
propert y denote d b y th e adjectiv e i n th e 
conjunction ,  an d w e le t  th e objec t  tak e 
eithe r  a  hig h o r  lo w valu e o n thi s 
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proper ty .  Th i s g ive s a  tota l  o f  si x 
c a s e s ,  p resente d i n Tab l e 1 . 

Tabl e 1 
Initia l  Tunnoa y o f  Adjactiva-Nott n Conjunction s 

D«9r«« to Which Object M«jiifest> Property 

Relatio n 
of 
Mjectiv e 
Concept 
t o 
Noun 
Concept 

Nondiagnosti c 

Positivel y 
Oiaqnosti c 

negativel y 
Diagnosti c 

Hig h 

(1 ) 
unslics d appl e 

objec t  1 9 unslice d 

(3 ) 
red-appl e 

objec t  i s  re d 

(5 ) 
brown-appl e 

objec t  i s  brow n 

Low 
(21 

unslice d appl e 
abjec t  i s ilics d 

(4 ) 
red-appl e 

objec t  i s  brow n 

(61 
brown-appl e 

objec t  i s  re d 

Conside r  no w ho w peop l e migh t  judg e 
th e typ ica l i t y o f  va r iou s ob jec t s v i s a 
v i a th e d i f fe ren t  k ind s o f  con junc t ion s i n 
Tab l e 1 .  I n Cas e 1 ,  s inc e th e const i tuen t 
concept s ar e re lat ive l y independen t  o f  on e 
another ,  peopl e m igh t  separate l y judg e th e 
ex ten t  t o whic h a n ob jec t  i s  a n instanc e 
o f  th e ad jec t iv e concep t  an d o f  th e nou n 
concep t ,  an d the n combin e th e ou tcome s o f 
thes e tw o d is t inc t  judgement s int o a n 
overa l l  typ ica l i t y ra t ing .  S inc e thi s i s 
th e ke y ide a behin d fuzzy-se t  theory ,  som e 
va r ian t  o f  th e theor y m igh t  p rov e adequat e 
fo r  Cas e 1 .  I n con t ras t ,  Cas e S ,  wher e 
th e ad jec t i v e i s negat ive l y d iagnost i c o f 
th e noun ,  cap tu re s th e counterexample s 
use d b y Osherso n an d Smit h (1981 ) .  H e r e , 
in tu i t io n suggest s tha t  a n ob jec t  wit h a 
h ig h va lu e o n th e proper t y (e.g. ,  a n appl e 
tha t  i s  indee d brown )  wi l l  b e rate d mor e 
typ ica l  o f  th e con junc t io n (brown-apple ) 
tha n o f  ei the r  cons t i tuen t  (brow n o r 
a p p l e ) .  Th e ou tcome s fo r  th e remainin g 
Case s (2 ,  3 ,  4 ,  an d 6 )  m igh t  fal l 
somewher e inbetwee n thes e ex t remes . 
An experiment to test the taxonomy. 
For  eac h o f  4 8 p ic tu re d ob jec t s ,  on e grou p 
o f  2 0 subject s rate d th e ob ject ' s 
typ ica l i t y wi t h respec t  t o a n ad jec t iv e 
concep t  (e.g. ,  red ,  b rown ,  s l i c e d ) ,  a 
secon d grou p o f  2 0 subject s rate d it s 
typ ica l i t y v i s a  vi s a  nou n concep t  (e.g. , 
a p p l e ) ,  an d a  thir d grou p o f  2 0 rate d it s 
typ ica l i t y wi t h respec t  t o a n ad jec t i ve -
nou n con junc t io n (e.g. ,  re d app le ,  brow n 
app le .  s l ice d a p p l e ) .  Th e ad jec t ive-nou n 
con junc t ion s wer e suc h tha t  al l  si x case s 
o f  ou r  taxonom y wer e tested . 
In the Noun group, on each trial the 
exper imente r  spok e th e nam e o f  a  noun , 
the n a  p ic ture d ob jec t  appeare d an d 
sub jec t s rate d ho w goo d a n exampl e i t  wa s 
o f  th e nou n concept .  Eac h p ic tur e wa s 
presente d once .  I n th e Ad jec t iv e g roup , 
o n eac h tr ia l  th e exper imente r  spok e th e 
name o f  a n ad jec t i ve ,  the n a  p ic ture d 
ob jec t  appeare d an d sub ject s rate d ho w 
goo d a n exampl e th e p ic ture d propert y wa s 
o f  th e ad jec t iv e concep t .  Now ,  eac h 
p ic tu r e wa s presente d tw ice ,  onc e wit h a n 
ad jec t iv e denot in g a  proper t y tha t  th e 
p ic ture d ob jec t  ha d a  h ig h va lu e on ,  an d 
onc e wi t h a n ad jec t iv e denot in g a  propert y 
tha t  th e p ic tur e ha d a  lo w valu e on . ; 
e.g. ,  th e p ic tur e o f  a  re d appl e an d tha t 

o f  a  brow n appl e wer e presente d onc e wit h 
"red "  an d onc e wit h "brown. "  I n th e A d j -
Noun group ,  o n eac h tr ia l  th e exper imente r 
spok e th e name s o f  a n ad ject iv e an d noun , 
the n a  p ic tur e wa s presente d an d subject s 
rate d ho w goo d a n exampl e th e p ic ture d 
ob jec t  wa s o f  th e con junct iv e concept . 
Eac h p ic tur e wa s presente d twice ,  onc e 
wit h a  con junct io n whos e ad jec t iv e denote d 
a propert y th e p ic tur e ha d a  hig h va lu e 
on ,  an d onc e wit h a  con junct io n whos e 
ad jec t iv e denote d a  proper t y tha t  th e 
p ic tur e ha d a  lo w va lu e on ;  e.g. ,  th e 
p ic tur e o f  a  re d appl e wa s presente d onc e 
wit h "re d app le "  an d onc e wit h "brow n 
app le . "  Al l  subject s ha d te n second s t o 
make a  judgement ,  th e judgement s bein g 
made o n a  10-po in t  sca le ,  wher e highe r 
number s indicate d bette r  examples . 
The top half of Table 2 contains the 
dat a fo r  th e thre e case s o f  th e taxonom y 
wher e th e ob jec t  ha s a  hig h valu e o n th e 
proper t y denote d b y th e ad jec t ive .  Fo r 
Case 1 ,  w e expecte d th e min imu m rul e t o 
work .  Th e resul t s ar e o therw ise :  th e 
con junct ion ' s typical i t y c lear l y excee d 
th e min imu m o f  it s cons t i tuen ts .  A 
coiq>arabl e dev ia t io n fro m th e mi n rul e 
a ls o occurre d i n Cas e 3 .  Fo r  Cas e 5 , 
wher e w e expecte d th e larges t  v io lat ion s 
o f  th e mi n ru le ,  th e con junc t ions ' 
typical i t y exceed s th e min imu m va lu e o f 
th e const i tuent s b y v i r tua l l y hal f  th e 
sca le !  Fo r  al l  thre e cases ,  th e deviat io n 
fro m th e mi n rul e i s s ign i f ican t  b y a  s ig n 
test . 

tttbl e 2 
Typicalit y Rating s fo r  Ttirs e Groups , 

Separatel y fo r  Eac h Cas e 

a.  Objec t  Has Hig h valu a o n Propert y Adj-Hou n 
Cases 

I t  nondiagnosti c 

3:  Positivel y 
ISiagnosti c 

5:  Negativel y 
Diagnosti c 

Adjectiv e 
Ratin g 
8.7 1 

8.5 0 

6.9 3 

Noun 
Ratin g 
7.2 5 

7.8 1 

3.5 4 

Ad j-Nou n 
Ratin g 
8.6 5 

8.8 7 

8.5 2 

Minus 
HlniM B 
1.4 0 

1.0 6 

4.9 8 

b.  Objec t  Has Ia w valu s o n Propert y 

2:  Nondiagnosti c 

«i  Positivel y 
Diagnosti c 

6t  Negativel y 
Diagnosti c 

.45 

.02 

.81 

7.2 5 

3.5 4 

7.8 1 

.52 

.10 

.39 

.07 

.08 

-.4 2 

As fo r  a l t e r n a t i v e s ru le s w i th i n 
f u z z y - s e t  theo ry ,  non e see m t o d o a  bet te r 
job .  G o u g i n ' s (1969 )  m u l t i p l i c a t i v e rul e 
sugges t s tha t  th e c o n j u n c t i o n ' s typ ica l i t y 
rat in g shou l d b e les s tha n th e m in imu m 
va lu e o f  th e c o n s t i t u e n t s ,  wh i c h i s eve n 
wronge r  tha n th e mi n ru le .  Anothe r 
a l t e r n a t i v e i s tha t  th e con junc t i on ' s 
t yp ica l i t y v a l u e b e th e ave rag e o f  it s 
c o n s t i t u e n t s ,  bu t  th i s to o i s v io la te d b y 
th e da t a (se e Tab l e 2 ) .  Th e bes t - f i t t i n g 
pos t  ho c rul e i s tha t  th e con junc t i on ' s 
t yp ica l i t y i s  th e max imu m o f  it s 
c o n s t i t u e n t s .  Th e ma x ru l e work s we l l  fo r 
C a s e s 1  an d 3  bu t  fa i l s  fo r  Cas e 5 ;  an d i t 
i s no t  rea l l y a  se r iou s poss ib i l i t y  i n 
f uzzy -se t  theor y fo r  i f  con junc t i v e 
concep t s ar e rep resen te d b y a  max imu m the n 
ther e i s n o o b v i o u s wa y t o rep resen t 
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disjunctiv e concepts . 

The bottom half of Table 2 contains 
th e result s fo r  case s wher e th e picture d 
objec t  ha d a  lo w valu e o n th e propert y 
denote d b y th e adjective .  Fo r  al l  thre e 
case s th e mi n rul e work s well ,  bu t  onl y 
becaus e subject s i n th e Adjectiv e an d Adj -
Noun group s judge d th e picture d object s t o 
be nonmember s o f  th e relevan t  concepts . 
Thus ,  whe n presente d a  pictur e o f  a  brow n 
appl e an d aske d t o judg e it s typicalit y o f 
re d o r  o f  red-apple ,  mos t  subject s gav e i t 
0 ratings .  Thi s floor-effect ,  whic h 
prevent s u s fro m takin g th e dat a i n th e 
botto m o f  Tabl e 2  a s a  sensitiv e tes t  o f 
th e mi n rule ,  reflect s a  poo r  choic e o f 
how t o experimentall y implemen t  th e exten t 
t o whic h a n objec t  instantiate s th e 
propert y denote d b y th e adjective .  Thus , 
fo r  th e concep t  red ,  ha d w e use d picture s 
of  re d apple s an d reddish-brow n apples ,  w e 
migh t  no t  hav e obtaine d s o many 0  rating s 
fo r  th e concept s re d an d red-apple .  Thi s 
chang e ha s bee n made i n ou r  subsequen t 
experiments . 
In conclusion, for cases where an 
objec t  "fits "  a  concep t  well ,  fuzz y se t 
theor y fail s  t o provid e a n adequat e 
accoun t  o f  conceptua l  combination . Reference s 
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