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Abstrac t 

Feature s diffe r  i n thei r  mutability .  Fo r  example ,  a  robi n 
coul d stil l  b e a  robi n eve n i f  i t  lacke d a  re d breast ;  bu t  i t 
woul d probabl y no t  coun t  a s on e i f  i t  lacke d bones .  On e 
hypothesi s t o explai n thi s differentia l  transformabilit y 
i s  tha t  havin g bone s i s  mor e critica l  t o a  biologica l 
theor y tha n havin g a  red  breas t  is .  W e rejec t  thi s 
hypothesi s i n favo r  o f  a  theor y o f  mutabilit y  base d 
solel y o n loca l  dependenc y link s an d expresse d i n th e 
for m o f  a n iterativ e equation .  W e hypothesiz e tha t 
feature s ar e immutabl e t o th e exten t  othe r  feature s depen d 
on the m an d offe r  supportin g data . 

1. Introduction and background 

Th e stud y o f  conceptua l  us e an d conceptua l  transformatio n 

has take n tw o distinc t  directions .  O n on e hand ,  som e 

theorist s asser t  tha t  h u m a n conceptualizatio n i s  theory -

based ,  i n th e sens e tha t  concept s coha e b y virtu e o f 

explanator y relation s tha t  hol d betwee n concept s an d thei r 

component s (e.g. ,  Carey ,  1985 ;  Keil ,  1989 ;  Murph y & 

Medin ,  1985 ;  W e U m a n,  1990) .  O n th e othe r  hand ,  som e 

theorist s tak e wha t  Rip s (1990 )  ha s terme d th e Loos e 

vie w o f  concepts .  Thes e theorist s explai n poformanc e o n 

categorization ,  reasoning ,  an d othe r  conceptua l  task s usin g 

statistical ,  similarity-based ,  o r  associativ e model s o f 

cognitiv e processin g (e.g. ,  Holyoa k &  Thagard ,  1989 ; 

Sloman ,  i n press ;  Tversky ,  1977) . 

On th e theory-base d view ,  relation s betwee n concept s 

and thei r  component s com e i n qualitativel y differen t 

varieties .  Fo r  instance ,  th e theory-base d vie w assume s 

multipl e form s o f  <3ejpef)d&nc y relation s betwee n th e 

component s o f  concepts .  Fo r  th e concep t  robin ,  th e 

dependenc y betwee n th e featur e "ca n fly "  an d th e featur e 

"ha s wings "  i s  causal .  However ,  fo r  th e concep t  guitar , 

th e featur e "make s music "  i s  no t  causall y relate d t o 

"make s sound" ,  bu t  i s  rathe r  a  specializatio n o f  i t  (cf . 

Collin s &  Michalski ,  1989) .  I n sum ,  o n th e theory-base d 

view ,  relation s ar e labele d b y thei r  semanti c role . 

I n contrast ,  o n th e Loos e view ,  th e relation s bindin g 

concept s m a y var y i n thei r  magnitude s bu t  the y ar e al l  o f 

th e sam e semanti c type .  O n thi s view ,  onl y on e typ e o f 

relatio n i s necessar y t o bin d concept s an d th e component s 

of  a  concept .  Fo r  example ,  bot h causa l  an d specializatio n 

relation s woul d b e classifie d simpl y a s dqjendeaic y 

relations .  Ou r  ai m i s t o provid e suppor t  fo r  thi s 

hypothesis .  W e believ e tha t  m u c h o f  huma n 

conceptualizatio n ca n b e explaine d withou t  appealin g t o 

labele d relations .  W e focu s o n task s tha t  involv e 

conceptua l  transformation s o f  evayda y concept s an d off a 

evidenc e tha t  th e eas e o f  transformin g a  featur e ca n b e 

measure d o n a  unidimensiona l  scal e o f  mutability ,  a  scal e 

tha t  w e believ e i s centra l  t o explainin g performanc e o n a 

variet y o f  cognitiv e tasks .  W e als o tes t  th e hypothesi s 

tha t  mutabilit y i s  detamine d b y a  unifor m typ e o f 

dependenc y relatio n betwee n th e feature s o f  a  concept . 

Mor e specifically ,  w e hypothesiz e tha t  a  featur e i s 

immutabl e t o th e exten t  tha t  othe r  (immutable )  feature s o f 

th e concep t  depen d upo n it . 

2. The scale of mutability 

For  an y category ,  w e hav e a  notio n o f  wha t  member s o f 

tha t  categor y shoul d b e like .  Fo r  instance ,  whe n on e 

think s abou t  robins ,  on e envision s a  creatur e tha t  eats , 
build s nests ,  flies ,  ha s wings ,  a  re d breast ,  feathers ,  an d s o 

on.  Nevertheless ,  on e ca n successfull y perfor m 

conceptua l  transformation s i n whic h on e ca n imagin e a 

robi n tha t  doe s no t  buil d nest s bu t  i s  stil l  a  robin . 

Conside r  th e tw o statement s below ,  eac h o f  whic h 

describe s a  robi n tha t  i s atypical : 

(A) The robin does not have a red breast, but is 

otherwis e normal . 

(B )  Th e robi n doe s no t  eve r  eat ,  bu t  i s  otherwis e 

normal . 

Clearly, you are less likely to encounter the robin 

describe d b y Statemen t  (B )  tha n th e on e describe d b y 

Statemen t  (A )  becaus e (B )  describe s a  mor e difficul t 

conceptua l  transformation .  Somethin g tha t  doe s no t  hav e 

a re d breas t  i s mor e easil y imagine d t o b e a  robi n tha n 

somethin g tha t  doe s no t  ea t  becaus e eatin g i s mor e centra l 

i n ou r  representation  o f  "robinhood "  tha n i s a  re d breast . 

Feature s tha t  ar e centra l  t o a  representation,  lik e "eats" , 

wil l  b e referre d t o a s immutable ,  whil e thos e tha t  ar e mor e 
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easil y transformed ,  lik e "ha s a  red  breast" ,  wil l  b e rrferre d 

t o a s mutable . 

3. Determinants of mutability 

3.1 Variability 

One possibl e sourc e o f  mutabilit y  judgment s i s th e 

perceive d variabilit y  o f  feature s acros s categor y members . 

Feature s tha t  ar e almos t  alway s presen t  wil l  hav e lo w 

variabilit y  an d thu s b e immutabl e i n th e sens e tha t 

exception s ar e rare .  Feature s presen t  i n abou t  hal f  th e 

members o f  a  categor y ar e highl y variabl e an d necessaril y 

mutable .  Variabilit y  howeve r  doe s no t  provid e a 

sufficien t  explanatio n fo r  mutabilit y  becaus e th e 

psychologica l  determinant s o f  variabilit y  itsel f  an d th e 

set s i t  i s  measure d acros s ar e no t  well-defined .  Variabilit y 

does no t  eve n hav e meanin g fo r  case s i n whic h on e ha s 

onl y a  singl e experienc e wit h th e categor y token . 

Moreover ,  w e kno w perception s o f  variabilit y  ar e no t  th e 

onl y sourc e o f  mutabilit y  judgment s becaus e difference s i n 

mutabilit y  exis t  eve n whe n variabilit y  i s  hel d constant . 

Variabilit y  an d mutabilit y  ca n eve n oppos e on e another . 

Conside r  th e featur e "i s curved "  fo r  th e categorie s banan a 

and boomerang .  I n banana ,  th e featur e ha s lo w variabilit y 

(al l  banana s ar c curved) ,  bu t  i s  mutabl e (w e ca n easil y 
imagin e a  banan a tha t  i s no t  curved) .  I n boomerang ,  th e 

featur e "i s curved "  happen s t o b e variable ,  bu t  nevertheles s 

seems immutabl e (Medi n &  Shoben ,  1988) .  Thi s reversa l 

can b e accounte d fo r  i n term s o f  th e dqjendenc y relation s 

betwee n th e feature s o f  eac h categor y an d th e featur e "i s 

curved" .  N o othe r  feature s depen d upo n "i s curved "  i n 

bananas ,  whil e othe r  feature s d o dqien d upo n i t  i n 

boomerang . 

I n sum ,  mutabilit y  an d variabilit y  ar e related  inasmuc h 

as bot h type s o f  judgment s ar e sensitive ,  direct y o r 

indirectly ,  t o th e exten t  t o whic h a  featur e actuall y doe s 

var y acros s instances .  W e predic t  therefor e tha t  th e tw o 

judgment s wil l  b e correlated .  However ,  th e judgment s ar e 

not  th e same ;  mutabilit y  i s  a  propert y o f  conceptua l 

structur e an d variabilit y  i s  a n extensiona l  propert y o f 

frequenc y distributions .  W e therefor e expec t  th e tw o 

judgment s t o sometime s diverge . 

3.2 Dependency 

Our  centralit y hypothesi s state s tha t  thos e feature s tha t 

hav e man y othe r  feature s dependin g upo n the m wil l  b e 

immutable ,  whil e thos e feature s tha t  d o no t  hav e othe r 

feature s dependin g upo n the m wil l  b e mutable . 
Transformin g a  representatio n b y varyin g a n immutabl e 

featur e wil l  b e difficul t  becaus e i t  wil l  b e disruptive . 

Othe r  feature s tha t  depen d upo n th e immutabl e featur e wil l 

als o chang e an d thi s ca n hav e ramification s fo r  th e entir e 

representation .  Performin g conceptua l  transformation s 

acros s mutabl e feature s i s relativel y eas y becaus e littl e 

hinge s o n thes e features ;  the y ar e relativel y peripheral . 

We expres s thi s hypothesi s usin g th e followin g 

iterativ e equation : 

Ciit i  =  XAijCj , (1 ) 

wher e C ^  i s th e immutabilit y  o f  featur e i  a t  tim e t  an d A ^ 

i s th e dependenc y lin k fro m featur e j  t o featur e i  (th e 

dependenc e o i  featur e j  upo n featur e i) .  Accordin g t o th e 

equation ,  th e immutabilit y  o f  featur e i  i s  detamine d a t 

eac h tim e ste p b y summin g acros s th e immutabilit y  o f 

ever y othe r  featur e multiplie d b y tha t  feature' s degre e o f 

dependenc e upo n featur e i .  I n othe r  words ,  i f  a  highl y 

immutabl e featur e dq)end s upo n featur e i ,  featur e i 

becomes mor e immutabl e tha n i f  a  mutabl e feanjr e wer e 

instea d t o depen d upo n it .  A  featur e canno t  becom e 

centra l  t o a  representatio n merel y becaus e a  paiphCTa l 

featur e depend s upo n it .  Th e featur e woul d b e m u c h mor e 

centra l  i f  a  featur e dqiende d upo n i t  tha t  m a n y othe r 

features ,  i n turn ,  depende d upon .  I f  featur e X  dqjend s 

upo n featur e Y ,  an d featur e Y  depend s upo n featur e Z ,  the n 

featur e X  als o dqiend s upo n featur e Z .  Al l  othe r  thing s 

bein g equal ,  featur e Z  woul d b e les s immutabl e i f  featur e 

X di d no t  depen d upo n featur e Y .  Thes e non-loca l  effect s 

ar e accommodate d b y th e iterativ e natur e o f  Equatio n (1) . 

T o implemen t  th e model ,  immutabilit y  rating s mus t  b e 

set  t o som e initia l  arbitrar y value .  Th e mode l  iterate s 

unti l  i t  converges .  Mathematically ,  th e mode l  i s a 

repetitiv e matri x multiplicatio n an d i s k n o w n t o converg e 

t o a  stabl e solutio n i n a  smal l  numbe r  o f  step s 

(Wilkinson ,  1965) .  Th e solutio n i s a  famil y o f  vector s i n 

th e directio n o f  th e eigenvecto r  o f  th e dependenc y matri x 

wit h th e larges t  eigenvalue .  Th e mode l  converge s whe n i t 

i s  attracte d t o a  stat e i n whic h satisfactor y immutabilit y 

assignment s ar e mad e fo r  al l  feature s simultaneously . 

Equatio n (1 )  describe s ou r  attemp t  t o reduce  mutabilit y 

t o pairwise ,  unlabele d dependenc y relations .  Thes e 
relation s ca n b e conceive d o f  a s associativ e strengths . 

Althoug h w e canno t  justif y assignin g the m a  probabilisti c 

interpretation ,  th e valu e o f  A, j  m a y tur n ou t  t o b e a 

nondecreasin g functio n o f  Pr {  featur e j  I  featur e i }  -

Pr{featur e j) .  W e d o no t  presen t  a  mode l  o f  th e origi n o f 

th e dependencies .  W e assum e tha t  the y hav e multipl e 

sources ,  includin g th e detectio n o f  featur e covariation s an d 

causa l  explanation s o f  categor y structure . 

4. Testing the model 

A serie s o f  thre e studie s wa s performe d t o explor e th e 

relation s betwee n mutability ,  dependency ,  an d variability . 

We tes t  tw o predictions :  i .  Mutabilit y  judgment s ca n b e 
fit  b y Equatio n (1 )  usin g empiricall y obtaine d depaxlenc y 

judgments ;  ii .  Mutabilit y  judgment s ar e correlate d wit h 
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judgment s o f  variability .  Eac h stud y involve d 

questionnaire s whic h wer e filled  ou t  b y 2 0 Brow n 

Universit y undergraduatCv S w h o wer e pai d fo r  thei r 

participation . 

4.1 Study 1: Assessing the mutability of the 
feature s o f  a  categor y 

I n thi s study ,  mutabilit y  rating s wer e collecte d fo r  th e 

feature s o f  th e categorie s Guitar ,  Apple ,  Chair ,  an d Robin . 

The feature s use d fo r  thes e categorie s wer e take n firom 

Rosch ,  Mervis ,  Gray ,  Johnson ,  an d Boyes-Brae m (1976) . 

Rosc h et .  al .  use d a  three-ste p procedur e t o collec t 

features .  First ,  subject s wer e give n 9 0 second s t o lis t 

feature s fo r  a  category .  Second ,  responses  wer e tallie d an d 

feamre s liste d b y les s tha n on e thir d o f  th e subject s wer e 

discarded .  Next ,  seve n judge s delete d feature s tha t  the y 

believe d wer e no t  tru e o f  al l  categor y member s an d aide d 

previousl y liste d feature s tha t  the y believe d wer e tru e o f 

al l  categor y members .  A t  th e en d o f  thi s process ,  th e 

categorie s Chair ,  Guitar ,  an d Appl e eac h ha d 9  features , 

whil e th e categor y Robi n ha d 1 4 features .  I n Stud y 1 , 

subject s gav e mutabilit y  judgment s fo r  thes e features . 

Befor e makin g thei r  mutabilit y  judgments ,  subject s 

wer e tol d wha t  th e feature s o f  eac h categor y were ,  an d wer e 

aske d no t  t o deviat e drasticall y fi-om  thi s conceptio n o f  th e 

category .  The y wer e the n aske d t o answe r  question s like , 

" H o w easil y ca n yo u imagin e a  rea l  appl e tha t  i s  no t 

round? "  Subject s responded  wit h a  numbe r  fro m 0  t o 1 

tha t  reflected  th e eas e o f  th e transformation .  A t  th e en d o f 

eac h section ,  subject s wer e aske d t o lis t  al l  item s fo r 

whic h the y ha d drasticall y change d thei r  perceptio n o f  th e 

categor y (e.g .  th e subjec t  considere d a  to y robi n instea d o f 

a rea l  one) .  Thes e item s (abou t  9  percent )  wer e discarded . 

4.2 Study 2: Measuring dependency relations 

Subject s wer e shown ,  simultaneously ,  al l  th e feature s o f  a 

particula r  categor y fro m th e previou s study .  Eac h featur e 

was inscribe d i n a  circl e an d subject s wer e aske d t o dra w 

arrow s fro m eac h featur e t o eac h othe r  featur e the y judge d 

th e featur e dependen t  upon ,  creatin g a  g r ^ h lik e thos e 

show n i n Figur e 1 .  Thre e differen t  colore d marker s wer e 

use d t o indicat e th e strengt h o f  th e dependency .  Th e 

weakes t  link s wer e assigne d th e valu e 1 ,  mediu m link s 2 , 

an d th e stronges t  link s 3 .  Instruction s wer e clarifie d usin g 

a grap h o f  th e categor y "12" ,  wit h mathematica l  feature s 

lik e "ca n b e divide d b y 6" . 

4.3 Study 3: Assessing the variability of the 
feature s o f  a  categor y 

The feature s an d categorie s fro m th e previou s studie s wer e 

used .  Subject s wer e aske d question s suc h a s "Wha t 

percentag e o f  robin s hav e a  re d breast? "  an d the y responde d 

wit h a  numbe r  betwee n 0  an d 100 .  Variabilit y  wa s 

calculate d b y transformin g percentag e estimate s usin g th e 

binomia l  variabilit y  measur e X/1(X)*( 1 -  X/100 )  fo r  eac h 

feature . 

4.4 Results and discussion 

Figur e 1  display s th e mea n dependenc y lin k value s an d 

mutabilit y  judgment s (o n a  scal e o f  0  t o 1 )  give n b y 

subjects .  T o maintai n th e readabilit y  o f  th e graphs ,  onl y 

th e stronges t  dependencie s hav e bee n draw n (a n averag e o f 

1.2 5 link s pe r  feature) ,  althoug h al l  dependenc y 

informatio n wa s use d i n ou r  simulations . 

Fro m thes e graphs ,  on e ca n se e tha t  feature s wit h fe w 

othe r  feature s dependin g upo n the m ten d t o b e mutabl e 

whil e feature s wit h man y feature s dependin g upo n the m 

ten d t o b e immutable ,  a s predicted .  Tabl e 1  present s 

Spearma n ran k correlation s betwee n mutabilit y  judgment s 

and thre e dependenc y model s acros s ite m means .  Th e first 

model  simpl y sum s th e incomin g dependencie s t o 

comput e immutability .  Thi s model' s pafonmanc e 

confirm s ou r  intuitio n tha t  a  feature' s immtabilit y  varie s 

wit h th e numbe r  o f  othe r  feature s tha t  depen d upo n it . 

The secon d mode l  i s Equatio n (1 )  itself .  Clearly , 

Equatio n (1 )  outperform s th e incomin g connection s 

model ,  demonstratin g tha t  a  feature' s immutabilit y  i s  no t 

onl y a  functio n o f  a  feature' s incomin g connections ,  bu t 

als o a  functio n o f  a  feature' s plac e i n a n overal l 

dependenc y structure .  Thi s resul t  confirm s th e nee d f w 

th e iterativ e aspec t  o f  Equatio n (1) .  I n th e thir d model , 

th e modifie d model ,  a  nonlinearit y wa s adde d t o Equatio n 

(1 )  t o optimiz e th e fit  t o mutabilit y  judgments .  I n thi s 

model ,  th e resul t  o f  eac h iteratio n wa s normalize d t o fal l 

i n th e rang e 0  t o 1 ,  the n raise d t o a  powe r  i n th e rang e 0 

t o 1 ,  chose n t o maximiz e th e resultin g correlation .  Thi s 

model  give s slightl y bette r  prediction s o f  immutabilit y 

tha n Equatio n (1) ,  bu t  it s  advantag e i s modes t  relativ e t o 

it s greate r  complexity . 

Table 1: Rank correlations of three models of 
dependenc y wit h mutabilit y  judgment s fo r  fou r  categories , 

dat a b o m Studie s 1  an d 2 . 

Categor y 

<::hal r 
Gu iU r 
Appl e 
R^l n 

Sum o f 
dependencie s 

- M 
-.4 5 
-.5 8 
-.7 5 

Equatio n (1 ) 

-.̂ i 
..i l 
-.6 6 
-.5 9 

Opiimize d 
Equatio n (1 ) 

-.̂ i 
-.7 5 
-.6 0 
-.7 4 

Al l  o f  th e correlation s fo r  th e basi c mode l  (Equatio n (1) ) 

and optimize d mode l  i n Tabl e 1  ar e statisticall y great s 

tha n 0  usin g a  significanc e leve l  o f  0.0 5 excep t  fo r  three : 

thos e fo r  th e basi c mode l  o f  Guita r  an d bot h model s o f 

Apple .  However ,  al l  th e correlation s ar e significan t  a t  th e 

0.1 0 level .  W e hav e als o trie d othe r  variation s o n 

Equatio n (1) ,  non e o f  whic h consistentl y perfor m a s wel l 
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Chair : Robin : 

Comlorlib l 
S5 

Wood 

A r ms 

Apple : 

Small I  ttttthttrs 

Radbou t 

Moves Two le g 

Mit  womtf l 
58 

Lay s eg g 
86 Chirp s 

Hds n*« l 

Guitar : 

Floun d 

Sweet 

ou ea t  i t 

Grows 
on tree s 

Figur e 1 :  Categor y graphs .  Th e arrow s poin t  from  a 

featur e t o on e tha t  i t  depend s ujwn .  M e a n mutabilit y 

judgment s ar e als o show n fo r  eac h category-feature . 

as that model. Therefore, because of its combination of 

simplicit y an d empirica l  adequacy ,  w e conclud e tha t 

Equatio n (I )  i s th e appropriat e mode l  o f  mutabilit y an d 

tha t  w e succeede d i n predictin g mutabilit y  judgment s 

usin g unlabele d dependenc y relations . 

Our  metho d o f  measurin g mutabilit y  spawne d a n 

unexpecte d facto r  limitin g th e performanc e o f  ou r  mode l  . 

Extremel y immutabl e features ,  lik e "i s living "  fo r  robin , 

ar c s o immutabl e tha t  the y ten d t o caus e subject s t o 

conside r  a  differen t  category .  Subject s ar e unabl e t o 

imagin e a  rea l  robi n tha t  lay s eggs ,  eat s worms ,  an d flie s 

but  i s no t  livin g an d therefor e instea d imagin e a  to y o r 

decomposin g robin .  I n th e contex t  o f  th e ne w category , 

th e featur e i s n o longe r  judge d immutabl e althoug h it s 

Wood 

dependenc y relation s predic t  tha t  i t  shoul d be .  Mutabilit y 

judgment s fo r  suc h feature s ha d bimoda l  distributions , 

suggestin g tha t  s o m e subject s experience d difficult y 

performin g th e transformatio n an d tha t  other s di d no t 

perfor m th e tas k w e aske d o f  them .  Despit e ou r  effort s t o 

eliminat e suc h judgment s from  analysi s (se e sectio n 4.1) , 

we wer e no t  alway s abl e t o becaus e subject s w o e no t 
alway s awar e o f  thei r  error .  Thre e feature s le d t o thi s 

problem :  on e eac h from  th e categorie s Robin ,  Guitar ,  an d 

Apple .  Th e ran k correlation s betwee n mutabilit y 

judgment s an d Equatio n (1 )  improv e i f  w e eliminat e thes e 

feature s from  analysi s t o -.74 ,  -.69 ,  an d -.6 6 fo r  th e 

categorie s Robin ,  Guitar ,  an d Apple ,  respectively . 
Tabl e 2  present s Spearma n ran k correlation s betwee n 

mutabilit y an d variabilit y  judgment s acros s ite m means . 

As expected ,  feature s judge d variabl e als o tende d t o b e 

judge d mutabl e ( p <  .0 5 i n al l  fou r  cases) .  Relativel y 

hig h correlation s shoul d b e expecte d fo r  variabilit y 

because ,  i n thos e case s i n whic h variabilit y  doe s var y 
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acros s features ,  i t  i s  closel y related  t o mutabilit y  a t  a 

conceptua l  level .  Indeed ,  thei r  correlation s m a y b e hig h 

becaus e judgment s o f  mutabilit y  serve d a s a  surrogat e fo r 

judgment s o f  variability .  The y ar e als o closel y related  a t  a 

tas k level .  Variabilit y  judgment s ar e mad e a t  th e sam e 

ontologica l  leve l  a s mutabilit y  judgment s i n tha t  bot h 

consis t  o f  judgment s abou t  isolate d category-features .  I n 

contrast ,  dqiendenc y judgment s considere d pairwis e 

relations  amongs t  al l  th e feature s o f  a  category . 

Table 2: Rank correlations of mutability (Study 1) and 
variabilit y  (Snid y 3 )  judgment s fo r  fou r  categories . 

Chai r 
"Cu i uita r 
Appl e 

Correlatio n 

•3 r 

I n conclusion ,  th e results  demonstrat e tha t  unlabele d 

dependenc y relations  ar e effectiv e i n predictin g mutability . 

No aspec t  o f  th e dat a suggest s tha t  th e performanc e o f  th e 

dependenc y mode l  coul d b e improve d b y considerin g 

labele d relations.  Th e featur e g n ^ h s o f  Figur e 1  d ) 

displa y furthe r  structure .  Fo r  instance ,  i n th e Appl e 

graph ,  tw o subnetwork s o f  feature s ca n b e discerned ,  on e 

concernin g th e reproductive  aspect s o f  apple s an d th e othe r 

containin g th e foo d related  feature s o f  apples .  HowevCT , 

thi s structur e i s discernibl e withou t  attribution s o f 

causalit y o r  an y othe r  labe l  t o dqKndenc y links . 

Furthermore ,  althoug h thi s structur e i s undoubtedl y usefu l 

fo r  certai n cognitiv e task s (suc h as ,  probably ,  analogica l 

reasoning) ,  w e hav e n o reaso n t o believ e tha t  i t 

contribute s t o determinin g th e transfOTmabiUt y o f  a 

feature .  Admittedly ,  ou r  conclusio n woul d b e mor e 

compellin g i f  w e ha d directl y contraste d ou r  model' s 

results  wit h thos e obtaine d wit h a  labele d relation s model . 

Unfortunately ,  th e thewy-base d vie w remain s to o ill -

specifie d t o provid e suc h a  model . 

5. The role of mutability in other 
c o n c e p t u a l  t a s k s 

We believ e tha t  mutabilit y  ca n serv e a s a n explanator y 

devic e i n a  variet y o f  cognitiv e tasks . 

5.1 Categorization 

Mutabilit y  play s a  rol e i n determinin g th e relative 

importance  o f  feature s i n judgment s o f  categor y 

membership .  A  toke n tha t  matche s a  categor y 

representatio n i n al l  bu t  a  mutabl e dimensio n shoul d b e a 

bette r  candidat e fo r  categor y membershi p tha n a  toke n tha t 

differ s i n a n immutabl e dimensio n (Medi n &  Shoben , 

1988) .  Fo r  example ,  w e expec t  robin s withou t  re d breast s 

t o b e categorize d a s robin s wit h highe r  probabilit y  tha n 

robin s tha t  d o no t  ea t 

We hav e unpublishe d result s tha t  suppor t  thi s view . 

We aske d subject s question s like ,  "Ca n somethin g b e a 

robi n i f  i t  doe s no t  hav e a  re d breast? "  Th e percentag e o f 

"yes "  response s wer e highl y correlate d wit h mutabilit y 

judgment s i n al l  fou r  categories . 

5.2 Determining surprise and regret in 
evaluatin g event s an d concept s 

Kahneman an d Mille r  (1986 )  hav e documente d th e effect s 

of  mutabilit y  i n th e domai n o f  events .  I n thi s domain , 

mutabilit y  refers  t o th e "undoability "  o f  a  situation . 

Kahneman an d Mille r  foun d tha t  event s wit h a  negativ e 

outcom e elici t  mor e regret  i f  the y ar e see n a s mutable . 

For  instance ,  missin g a n airlin e fligh t  b y five  minute s 

was judge d mor e regrettabl e tha n missin g i t  b y hal f  a n 

hour ,  presumabl y becaus e on e coul d mor e easU y transfor m 

th e situatio n i n whic h th e flight  wa s misse d b y five 

minute s int o a  situatio n i n whic h th e flight  wa s no t 

missed . 

Mutabilit y  i s  als o a  usefu l  indicato r  o f  surprise .  Greate r 

surpris e shoul d b e elicite d from  subject s upo n viewin g a n 

objec t  varyin g i n a n immutabl e dimensio n tha n a n objec t 

varyin g i n a  mutabl e dimension .  Fo r  instance , 

encounterin g a  robi n tha t  doe s no t  hav e wing s woul d b e 

mor e surprisin g tha n encounterin g a  robi n tha t  doe s no t 

chirp . 

5.3 Explanation generation and evaluation 

Mutabilit y  ma y b e a  facto r  i n th e generatio n o f 

explanations .  A n appropriat e explanatio n fo r  wha t  make s 

a goo d compute r  woul d no t  cente r  upo n highl y immutabl e 

feature s lik e "i s a  thre e dimensiona l  object "  o r  "perform s 

calculations" ,  bu t  woul d instea d cente r  upo n feature s tha t 

ar e mor e mutabl e lik e "ha s a  ver y fas t  cloc k speed "  o r  "ha s 

a larg e cache" . 

Explanation s tha t  focu s o n immutabl e feature s wil l  b e 

unsatisfactory .  Becaus e oxyge n i s a n immutabl e featur e 

of  th e atmosphere ,  a n explanatio n tha t  a  buildin g burne d 

down becaus e ther e wa s oxyge n i n th e atmospher e seem s 

inadequat e (Kahnema n an d Miller ,  1986) . 

5.4. Problem solving 

I n reasonin g task s wher e a  forwar d o r  backwar d infCTenc e 

must  b e mad e t o determin e h o w t o m o v e from  on e 

proble m stat e t o another ,  mutabilit y  m a y indicat e th e 

feature s o f  th e proble m spac e tha t  ar e manipulable .  Fo r 

instance ,  i f  a n autonomou s agen t  mus t  manipulat e object s 

i n it s environmen t  t o achiev e som e goa l  stat e 

configuratio n o f  objects ,  a  goo d strateg y migh t  b e t o first 

focu s o n solution s involvin g easil y transformabl e object s 

(object s no t  affixe d t o th e ground ,  ligh t  objects ,  object s 

withou t  othe r  object s o n to p o f  them ,  etc.) . 
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5. 5 M e t a p h o r 

Mutabilit y ma y pla y a  rol e i n th e constructio n an d 

interpretatio n o f  met^hors .  Sometimes ,  metaphorica l 

statement s m a p characteristic s o f  th e sourc e ont o th e 

targe t  Mutabilit y  coul d hel p determin e wha t  feature s o f 

th e targe t  coul d b e successfull y m^jpe d onto .  Mutabl e 

feature s coul d b e mappe d onto ,  whil e immutabl e feature s 

woul d resis t  reinterpretation .  Conside r  thi s example . 

(C) The surgeon is a butcher. 

Our representation of surgeon contains the features "has 

medica l  training "  an d "cut s wit h grea t  precisio n an d care" . 

Our  representatio n o f  butche r  contain s neithe r  o f  thes e 

features .  Alignabl e feature s o f  butche r  coul d b e mappe d 

ont o th e representatio n o f  surgeon .  Th e featur e "ha s 

medica l  training "  i s a  fairl y  immutabl e featur e o f  surgeo n 

and resist s conceptua l  transformation ,  whil e th e featur e 

"cu t  wit h grea t  precisio n an d care "  i s  mutabl e an d i s 

mapped ont o b y butcher .  Th e resultin g representation  o f 

surgeo n i s on e i n whic h th e surgeo n ha s medica l  training , 

but  i s no t  highl y skille d a t  operating . 

6. Conclusion 

Mor e woi k need s t o b e don e i n analyzin g th e determinant s 
of  mutability ,  th e natur e o f  dependenc y relations ,  thei r 
organizatio n a t  al l  categor y levels ,  an d thei r  rol e i n 
cognitiv e processes .  Ou r  hop e i s t o contribut e t o th e 
understandin g o f  ho w th e intaxlependencie s betwee n th e 
element s tha t  compos e ou r  concept s gover n ho w ou r 
concept s coher e an d transform .  A t  present ,  tha t 
understandin g remain s mutable . 
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