
Mutability ,  Conceptua l  Transformation ,  a n d Contex t 

Bradley C. Love 
Departmen t  o f  Psycholog y 

Northwester n Universit y 
202 9 Sherida n Roa d 
Evanston ,  I L 6020 8 

loveb@nwu.ed u 

Abstrac t 

Features differ in their muUbihty. For example, a robin 
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 .  I  hav e 
hypothesize d (Lov e &  Sloman ,  1995 )  tha t  feature s ar e 
immutabl e t o th e exten t  othe r  feature s depen d o n them .  W e 
can vie w a  feature' s mutabilit y a s a  measur e o f 
transformationa l  difficulty .  I n derivin g ne w concepts ,  w e 
ofte n transfor m existin g concept s (e.g .  w e ca n g o fro m 
thinkin g abou t  a  robi n t o thinkin g abou t  a  robi n withou t  a 
re d breast) .  Th e difficult y o f  thi s transformation ,  a s 
measure d b y reactio n time ,  increase s wit h th e immutabilit y 
of  th e featur e transformed .  Conceptua l  transformation s ar e 
strongl y affecte d b y context ,  bu t  i n a  principle d manner , 
als o explaine d b y featur e dependenc y structure .  A  detaile d 
accoun t  o f  context' s effec t  o n mutabilit y  i s  given ,  a s wel l 
as corroboratin g data .  I  conclud e b y addressin g ho w 
mutability-dependenc y theor y ca n b e applie d t o th e stud y 
of  similarity ,  categorization ,  conceptua l  combination ,  an d 
metaphor . 

1 Introduction: the importance of 
re lat ion s 

Cognitive scientists have begun to gain an appreciation 
tha t  concept s (i n th e psychologica l  sense )  ar e mor e tha n 
independen t  set s o f  features .  A n y accoun t  o f  concep t 
representatio n mus t  addres s th e relation s tha t  exis t  amon g 
features .  Relation s hel p explai n wh y som e feature s ar e mor e 
centra l  t o a  representation ,  whil e other s ar e easil y 
transformable .  Fo r  instance ,  relation s amon g feature s 
explai n wh y i t  i s  difficul t  t o imagin e a  norma l  robi n 
withou t  a  heart ,  whil e imaginin g a  robi n withou t  a  re d 
breas t  i s mor e plausible .  Havin g a  re d breas t  i s a  mutabl e 
featur e o f  robins ,  whil e havin g a  hear t  i s a n immutabl e 
featur e o f  robins . 

Ther e hav e bee n varyin g account s o f  wh y som e feature s 
ar e relativel y immutable ,  whil e other s ar e mutable .  O n th e 
theory-base d vie w (e.g. ,  Carey ,  1985 ;  Keil ,  1989) ,  th e 
importanc e o f  th e hear t  ca n b e explaine d b y appealin g t o a 
biologica l  theor y o f  ho w a  robi n functions .  Suc h a  theor y 
woul d dee m th e hear t  centra l  t o ou r  notio n o f  wha t  i t  mean s 
t o b e a  norma l  robin ,  base d o n th e we b o f  relation s i n whic h 
th e hear t  i s embedde d (e.g .  "th e hear t  pump s blood" ,  "bloo d 
carrie s oxygen" ,  "th e brai n need s oxygen" ,  etc) .  Th e 
relation s amon g feature s ar e labele d b y th e typ e o f  relatio n 
the y represen t  (e.g .  carries ,  pumps ,  needs) .  O n thi s vie w 
(Murph y &  Medin ,  1985 ;  Wellman ,  1990) ,  th e concep t 
robi n cohere s b y virtu e o f  th e explanator y relation s tha t  hol d 

betwee n it s  component s (an d perhap s thos e o f  othe r 
concepts) . 

I n contrast ,  th e featur e "ha s a  re d breast "  doe s no t  pla y a s 
critica l  o f  a  rol e i n th e overal l  explanator y coherenc e o f  th e 
concep t  robin ,  makin g th e featur e mor e mutable .  Tha t  is ,  i t 
i s eas y t o imagin e a  robi n no t  havin g a  re d breas t  (perhap s 
th e robi n ha s a  brow n breast) .  No t  havin g a  re d breas t  doe s 
not  hav e seriou s ramification s fo r  a  theor y o f  wha t  i t  mean s 
t o b e a  robin . 

The stor y become s mor e comple x whe n w e conside r  tha t 
th e mutabilit y o f  a  featur e ca n var y wit h context .  Fo r 
instance ,  i n certai n contexts ,  th e featur e "ha s a  re d breast " 
can becom e mor e immutable .  I f  on e i s reminde d o r  alerte d 
t o th e matin g purpose s o f  havin g a  re d breast ,  th e featur e 
wil l  becom e mor e immutable .  Effectively ,  th e contex t  o f 
matin g highlight s feature s wit h relation s i n c o m m o n wit h 
th e featur e "ha s a  re d breast" ,  makin g "ha s a  re d breast "  mor e 
immutable .  Th e effect s o f  contex t  o n categorizatio n an d 
similarit y rating s ar e wel l  documente d (Medi n et .  al. ,  1993) . 
Contex t  ca n facilitat e th e interpretatio n o f  noun-nou n 
compounds ,  analogies ,  an d nominativ e metaphor s (Gerri g & 
Murphy ,  1992 ;  Gic k &  Holyoak ,  1980 ;  Gilde a an d 
Glucksberg ,  1983) . 

2 The dependency stance: an 
i m p l e m e n t e d t h e o r y 

The theory-based view can explain why certain features are 
mor e critica l  o r  immutable ,  bu t  th e explanatio n ha s a n a d 
hoc flavo r  an d seem s overl y complex .  I t  i s  unclea r  h o w a 
theory-base d mode l  coul d b e implemente d tha t  predict s 
whic h feature s o f  a  concep t  ar e mutabl e an d whic h ar e 
immutable .  I t  i s difficul t  t o se e ho w qualitativ e statement s 
lik e "play s a  critica l  rol e i n th e overal l  explanator y 
coherenc e o f  th e concep t  "  ca n b e mad e forma l  an d yiel d 
quantitativ e predictions .  Th e proble m become s mor e acut e 
when w e allo w contex t  t o vary . 

Sinc e relation s amon g feature s ar e labele d b y thei r  type ,  i t 
i s  no t  possibl e t o emplo y a  simpl e algorith m tha t  calculate s 
th e importanc e o f  a  feature ,  sinc e differen t  type s o f  relation s 
ar e no t  directl y comparable .  O n e coul d overcom e thi s 
difficult y b y employin g a  simple r  representationa l  schem e 
tha t  stil l  capture d th e basi c intuition s o f  th e theory-base d 
view . 

I  propos e (Lov e &  Sloman ,  1995 )  tha t  al l  type s o f 
relation s ca n b e collapse d t o on e primitiv e type ,  namel y th e 
unidirectiona l  relatio n o f  depends ;  fo r  th e purpose s o f 
calculatin g featur e mutabilities .  I n suc h a  scheme ,  th e 
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Figur e 1 :  T h e ar row s poin t  f r o m a  featur e t o o n e tha t  i t  d e p e n d s 

u p o n ,  a s rate d b y subject s ( L o v e &  S l o m a n ,  1995) . 

relation s pumps ,  carries ,  an d need s woul d al l  b e collapse d t o 
th e pairwis e relatio n depends .  Face d wit h th e challeng e o f 
equatin g differen t  type s o f  relations ,  peopl e ma y resor t  t o 
usin g onl y dependenc y informatio n i n certai n tasks .  Figur e 
1 illustrate s a  dependenc y graph ,  i n whic h relation s amon g 
feature s ar e onl y represente d a s dependencies . 

Havin g man y feature s dependin g upo n a  give n featur e wil l 
make i t  mor e difficul t  t o transfor m th e give n featur e sinc e 
th e transformatio n wil l  disrup t  th e representatio n o f  th e 
concept .  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 .  Fo r  example ,  i f  yo u wer e tol d tha t 
a particula r  robi n di d no t  hav e wings ,  yo u woul d nee d t o 
updat e you r  defaul t  assumptio n tha t  th e robi n ca n fly ,  sinc e 
"ca n fly "  depend s o n "ha s wings" .  Performin g conceptua l 
transformation s acros s mutabl e feature s i s relativel y eas y 
becaus e othe r  feature s ar e unaffecte d b y change s i n mutabl e 
features .  W e woul d expec t  reactio n tim e t o b e slowe r  fo r 
transformation s performe d acros s immutabl e features .  I n 
experimen t  1, 1 tes t  thi s prediction . 

Havin g on e typ e o f  relatio n make s i t  possibl e t o compar e 
al l  relation s o n th e basi s o f  magnitude .  Th e mutabilit y  o f  a 
featur e ca n b e calculate d b y summin g th e numbe r  an d 
strengt h o f  th e othe r  feature s tha t  depen d o n it ,  whic h i s a 
straightforwar d computation ,  ye t  account s fo r  subjects ' 
mutabilit y  rating s (Lov e &  Sloman ,  1995) .  Obviously , 
ther e ar e task s tha t  requir e peopl e t o atten d t o th e label s o f 
relations ,  suc h a s som e reasonin g tasks ,  bu t  interestingly , 
suc h task s requir e considerabl y mor e effor t  an d processin g 
tim e tha n task s tha t  d o no t  deman d labele d relation s (Ratcilf f 
& Mckoon ,  1989) . 

By positin g tha t  peopl e emplo y a  dependency-lik e 
representation ,  a n explanatio n o f  h o w contex t  affect s 
perceive d mutabilit y  i s  suggested .  W h e n formin g a  concept , 
on e draw s upo n a  hug e databas e o f  knowledge ,  onl y usin g a 
fractio n o f  i t  i n formin g an y particula r  concep t  (Barsalou , 

1993) .  A n individua l  ca n conceiv e o f  a  categor y i n a 
number  o f  differen t  ways ,  dependin g o n contex t  an d curren t 
goals .  Studyin g thes e effect s i s critica l  t o ou r  understandin g 
of  concep t  representatio n a s contex t  ca n dictat e whic h 
feature s ar e include d i n formin g a  concept . 

Sinc e a  featur e i s immutabl e t o th e exten t  tha t  othe r 
feature s depen d upo n it ,  formin g a  concep t  fro m differen t 
set s o f  feature s (i n differen t  contexts )  shoul d affec t  featur e 
mutabilit y  i n a  principle d way .  Mor e precisely ,  i f  a  featur e 
i s introduce d (o r  highlighted )  tha t  depend s upo n a  give n 
feature ,  th e give n featur e wil l  becom e mor e immutable . 
Concretely ,  i f  I  spea k extensivel y o f  th e matin g practice s o f 
robins ,  an d yo u k n o w tha t  certai n aspect s o f  th e matin g 
proces s depen d upo n th e participants '  color ,  the n "ha s a  re d 
breast "  shoul d b e mor e immutabl e i n thi s contex t  tha n i n a 
contex t  centere d aroun d flight . 

3 Testing the dependency model 

Two studies were conducted to test the following 
predictions :  i .  Feature s rate d a s mutabl e shoul d b e easie r  t o 
transform .  Subject s shoul d b e faste r  a t  imaginin g derivativ e 
concept s tha t  var y i n a  mutabl e featur e tha n i n a  immutabl e 
feature .  ;  ii .  Thi s transformatio n i s affecte d b y contex t  i n a 
principle d wa y explaine d b y th e dependenc y structur e o f  th e 
representation . 

3.1 Experiment 1: Mutability as Transformation 

If subjects are performing a transformation of the concept 
robi n t o a  derivativ e representatio n o f  robi n whe n providin g 
rating s fo r  statement s like ,  " H o w easil y ca n yo u imagin e a 
robi n tha t  doe s no t  hav e wings?" ,  the n on e woul d expec t 
tha t  th e rating s fo r  suc h question s woul d correspon d t o th e 
actua l  difficult y o f  th e transformation .  Furthermore ,  th e 
difficul t  o f  a  transformatio n shoul d b e measurabl e throug h 
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reactio n time .  Transformation s o f  highl y immutabl e 
feature s shoul d tak e longe r  tha n transformation s ove r 
mutabl e features .  I n experimen t  1, 1 teste d thi s prediction . 

Method 
Subjects .  Subject s i n th e featur e mutabilit y  ratin g tas k 

wer e 2 0 undergraduate s from  Brow n University .  The y wer e 
pai d fo r  thei r  participation .  Subject s i n th e reactio n tim e 
tas k wer e 2 0 undergraduate s fro m Northwester n University . 
They receive d cours e credi t  i n a n introductor y psycholog y 
cours e fo r  thei r  participation . 

Material s an d procedure .  Th e stimul i  consiste d o f  feature s 
fro m 4  categorie s (pin e tree ,  robin ,  cucumber ,  an d apple ) 
take n fro m Dea n an d Sloma n (1995) .  Mutabilit y  rating s 
wer e collecte d b y havin g subject s answe r  question s like , 
"Ho w easil y ca n yo u imagin e a  robi n withou t  wings? " 
Subject s responde d wit h a  numbe r  betwee n 0  an d 1  tha t 
reflecte d th e eas e o f  th e transformation .  Th e numbe r  o f 
feature s pe r  categor y varie d fro m 1 7 t o 25 .  Th e 3  mos t 
mutabl e an d immutabl e feature s fro m eac h categor y wer e 
chose n fo r  th e reactio n tim e task ,  fo r  a  tota l  o f  2 4 features . 
Subject s wer e show n th e n a m e o f  th e categor y an d th e 
featur e o n a  Macintos h computer .  The y presse d th e spaceba r 
when the y coul d imagin e a  m e m b er  o f  th e categor y no t 
havin g th e liste d feature ,  bu t  bein g norma l  i n ever y othe r 
respect . 

To ensur e tha t  an y differenc e i n reactio n tim e betwee n 
mutabl e an d immutabl e feature s coul d no t  b e attribute d t o 
th e goodness ,  accessibility ,  salience ,  o r  readin g time s o f  th e 
features ;  a  featur e confirmatio n tas k wa s include d a s a 
control .  Th e sam e stimul i  wer e use d wit h th e additio n o f  2 4 
distractors .  Subject s wer e instructe d t o pres s "p "  i f  th e 
categor y ha d th e give n feature ,  an d t o pres s "q "  i f  th e 
categor y di d no t  posses s th e feature .  Sinc e al l  th e feature s o f 
interes t  clearl y belonge d t o thei r  category ,  3 2 distracto r 
feature s tha t  di d no t  belon g t o th e presente d categor y wer e 
include d t o ensur e tha t  subject s woul d no t  b e biase d toward s 
an affirmativ e response . 

Results 
Al l  observation s mor e tha n 3  standar d deviation s abov e 

th e mea n wer e discarde d (th e cutoff s wer e 1457 6 msec s fo r 
th e imaginin g task ,  an d 334 1 msec s fo r  th e featur e 
confirmatio n task) .  Fo r  analysis ,  reactio n time s wer e 
separate d int o tw o groups :  mutabl e an d immutable . 
Subject s too k longe r  t o imagin e instance s o f  a  categor y 
varyin g i n a n immutabl e featur e (t(539)=4.ll ,  p<.001 )  wit h 
a mea n o f  515 3 msec s fo r  th e immutabl e feature s an d a 
mean o f  435 5 msec s fo r  th e mutabl e features .  Th e differenc e 
was significant . 

Ther e wa s n o statisticall y significan t  effec t  i n th e contro l 
task .  Feature' s wer e confirme d wit h a  mea n respons e tim e 
of  137 3 msec s fo r  th e immutabl e features ,  compare d t o 135 5 
msecs fo r  th e mutabl e feature s (t(459)=.39 ,  p>.70) . 

Discussion 
As predicted ,  th e tim e t o perfor m a  conceptua l 

U-ansformatio n varie d wit h th e immutabilit y  o f  th e featur e 
transformed .  Th e effec t  canno t  b e accounte d fo r  b y an y 
combinatio n o f  frequency ,  accessibility ,  salience ,  readin g 

time ,  etc. ,  sinc e an y suc h effec t  woul d b e manifes t  i n th e 
featur e confirmatio n contro l  task . 

Th e result s sugges t  tha t  mutabilit y  rating s indicat e h o w 
eas y i t  i s  t o perfor m a  conceptua l  transformatio n acros s a 
feature' s dimension .  Suc h a  positio n i s consisten t  wit h th e 
findin g tha t  immutabl e feature s ten d t o hav e othe r  feature s 
dependin g o n the m (Lov e &  Sloman ,  1995) .  Performin g a 
transformatio n acros s a n immutabl e featur e i s mor e difficul t 
becaus e th e othe r  feature s dependin g o n th e immutabl e 
featur e wil l  b e affecte d b y th e transformation . 

3.2 Experiment 2: Transformation in Context 

If the immutability of a feature is determined by the other 
feature s tha t  depen d upo n it ,  the n introducin g (o r 
highlighting )  feature s tha t  depen d upo n a  featur e shoul d 
increas e th e immutabilit y  o f  th e featur e bein g depende d on . 
For  example ,  a  contex t  o f  "ca n fly "  shoul d m a k e "ha s 
wings "  mor e immutable ,  bu t  sinc e depend s i s a  directiona l 
relation ,  "ha s wings "  shoul d hav e littl e effec t  o n th e 
immutabilit y  o f  "ca n fly" .  Experimen t  2  teste d thi s 
prediction . 

Method 
Subjects .  Subject s wer e 2 0 undergraduate s fro m 

Northwester n Universit y w h o receive d cours e credi t  i n a n 
introductor y psycholog y cours e fo r  thei r  participation . 

Material s an d procedure .  Th e stimul i  consiste d o f  a  subse t 
of  feature s fro m 4  categorie s (apple ,  chair ,  guitar ,  an d robin ) 
take n fro m Rosch ,  Mervis ,  Gray ,  Johnson ,  an d Boyes-Brae m 
(1976) .  Th e subse t  wa s chose n t o allo w A - B - C featur e 
triad s t o b e forme d fro m th e sam e categor y suc h tha t  featur e 
A depend s upo n featur e B ,  bu t  featur e B  doe s no t  depen d 
upo n featur e A ,  an d featur e C  share s n o dependenc y relation s 
wit h eithe r  feature s A  o r  B .  Th e dependenc y rating s wer e 
collecte d fro m subject s b y Lov e an d Sloma n (1995) .  A n 
exampl e o f  suc h a n A-B- C tria d fo r  th e categor y robi n i s 
"ca n fly" ,  "ha s wings" ,  an d "ha s a  re d breast" . 

Subject s rate d th e mutabilit y  o f  th e feature s i n th e A  an d 
B set s b y answerin g question s o n a  Macintos h compute r 
suc h as ,  " H o w easil y ca n yo u imagin e th e robi n withou t 
wings? "  Response s wer e mad e b y pressin g a  numbe r  labele d 
key ,  wit h 1  indicatin g tha t  th e modifie d toke n wa s ver y eas y 
t o imagin e an d 9  indicatin g tha t  th e toke n wa s ver y difficul t 
t o imagine .  Th e contex t  wa s varie d b y havin g a  featur e i n 
th e tria d preced e th e rate d featur e fo r  3  second s i n a  statemen t 
like ,  "Th e robi n ca n fly. "  Eac h subjec t  sa w onl y hal f  o f  th e 
stimul i  t o avoi d havin g an y subjec t  rat e a  featur e twice . 

Results 
Th e result s ar e liste d i n tabl e 1 .  W h e n a  featur e wa s 

precede d b y anothe r  featur e tha t  depend s o n it ,  th e featur e 
was judge d mor e immutabl e tha n whe n i t  wa s precede d b y a 
featur e i t  di d no t  shar e a  dependenc y relation ,  wit h a  mea n o f 
7.3 7 compare d t o 5.5 2 (t(197)=4.85 ,  p<.001) . 

Thi s resul t  di d no t  hol d fo r  th e reversal .  W h e n a  featur e 
was precede d b y anothe r  featur e tha t  th e rate d featur e depend s 
on ,  th e featur e wa s no t  judge d mor e immutabl e tha n whe n i t 
was precede d b y a  featur e tha t  i t  share d n o dependenc y 
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relation :  m e a n o f  5.1 6 compare d t o 5.0 6 (t(198)=.25 , 
p>.80) . 

precedin g 
contex t 

A (  > ) 

C (n o relation ) 

B (  <  ) 

C (n o relation ) 

featur e rate d 

B 

B 

A 

A 

m e an o f  rate d 
feature s 

7.3 7 

5.5 2 

5.1 6 

5.0 6 

Tabl e 1 :  Featur e A  depend s upo n featur e B ,  bu t  featur e B 
doe s no t  depen d upo n featur e A .  Feature s A  an d B  shar e 
n o dependenc y relation s wit h featur e C .  Highe r  rating s 
indicat e tha t  th e featur e i s mor e immutable . 

Discussion 
Experimen t  2  support s th e predictio n tha t  mutabilit y 

contex t  effect s ar e mediate d throug h dependenc y relations . 
Furthermore ,  i t  dispel s th e notio n tha t  dependencie s ar e 
simpl e association s an d tha t  mutabilit y i s  nothin g mor e 
tha n th e connectivit y o f  relations ,  sinc e dependenc y primin g 
was show n t o b e asymmetri c (e.g .  th e contex t  o f  "ha s 
wings "  di d no t  m a k e "ca n fly "  mor e immutable ,  bu t  th e 
contex t  "ca n fly "  di d mak e "ha s wings "  mor e immutable.) . 

I t  m a y see m strang e t o som e reader s t o cal l  a  featur e 
presente d o n a  compute r  scree n a  context .  Th e rational e fo r 
thi s decisio n i s  tha t  a  riche r  contex t  woul d activat e th e 
precedin g feature .  I t  seem s reasonabl e t o assum e tha t  a  ric h 
contex t  abou t  reproductio n an d bird s woul d activat e th e 
featur e "ca n la y eggs" .  B y presentin g th e phras e "Th e robi n 
ca n la y eggs." ,  I  circumven t  th e nee d fo r  a  ric h context . 

4. The Role of Mutability and 
D e p e n d e n c y i n C o g n i t i v e P r o c e s s e s 

4.1 Categorization and Similarity 

Mutability plays a role in determining the relative 
importanc e 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  eat . 

Lov e an d Sloma n hav e unpublishe d result s tha t  suppor t 
thi s view .  W e 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 wa s highl y correlate d wit h 
mutabilit y  judgment s i n al l  fou r  categories .  I  predic t  tha t 
contex t  affect s thes e judgment s i n th e sam e wa y tha t  i t 
affect s mutabilit y  ratings . 

Result s i n a  similarit y ratin g tas k mimi c th e 
categorizatio n results .  Subject s rat e a  toke n lackin g a 

mutabl e featur e a s mor e simila r  t o a n idea l  categor y member 
tha n a  toke n lackin g a n immutabl e feature .  Thi s resul t 
hold s ove r  th e entir e continuu m o f  featur e mutabilitie s (a s i n 
th e categorizatio n result) .  Thi s resul t  suggest s tha t  model s 
of  similarit y shoul d no t  limi t  themselve s t o considerin g 
featur e matche s an d mismatche s (Tversky ,  1977) ,  bu t  shoul d 
als o tak e int o accoun t  th e mutabilit y o f  feature s whe n 
calculatin g similarity .  S o m e feature s see m t o coun t  mor e 
tha n other s i n determinin g similarity .  Commonaltie s an d 
difference s shoul d b e weighte d b y thei r  immutabilities . 

I n contrast ,  Centner ,  Markman ,  an d Medi n (submitted ) 
propos e tha t  similarit y comparison s involv e a n analogy-lik e 
proces s i n whic h representation s ar e aligne d base d o n labele d 
relations .  Distan t  analogie s d o requir e representation s tha t 
hav e labele d relations .  Calculatin g th e similarit y betwee n 
an ato m an d a  sola r  syste m m a y b e a n entirel y differen t  typ e 
of  similarit y proces s tha n calculatin g th e similarit y betwee n 
a basebal l  an d a  tenni s ball .  A  basebal l  an d a  tenni s bal l  ar e 
easil y comparabl e o n perceptua l  propertie s an d d o no t 
demand a  compariso n proces s tha t  utilize s labele d relations . 
I  woul d expec t  tha t  th e first  similarit y tas k woul d tak e 
longe r  becaus e i t  require s th e us e o f  labele d relation s fo r 
comparison .  Th e distinctio n betwee n usin g labele d relation s 
and collapsin g acros s relation s i n favo r  o f  dependencie s i s 
deepl y relate d t o dua l  processin g theorie s (Sloman ,  1996 ) 
whic h pi t  slo w symboli c processe s agains t  fas t  associativ e 
processes .  Perhaps ,  instea d o f  proposin g tw o distinc t 
reasonin g systems ,  a  theoris t  onl y need s t o outlin e th e 
condition s unde r  whic h relatio n label s ar e use d instea d o f 
bein g discarde d i n favo r  o f  dependenc y information . 

4.2 Mapping Processes in Metaphor and 
Conceptua l  C o m b i n a t i o n 

Mutability may play a key role in the mapping process 
involve d i n interpretin g nominativ e metaphor s an d noun -
nou n combinations .  O n e ca n vie w th e interpretatio n o f  a 
nominativ e metapho r  a s involvin g processe s tha t  transfe r  a 
propert y fro m th e bas e nou n t o th e targe t  noun .  Mutabilit y 
theor y consu-ain s thi s mappin g process .  Immutabl e feanire s 
of  th e targe t  nou n wil l  resis t  conceptua l  change ,  whil e 
mutabl e feature s ar e mor e likel y t o acced e t o change . 

For  instance ,  th e metapho r  "Thi s des k i s a  junkyard "  ca n 
be interprete d a s meanin g th e des k i s  mess y sinc e "i s 
orderly "  i s a  mutabl e featur e o f  desk .  Notic e th e mappin g 
doe s no t  drasticall y transfor m o r  discar d a n immutabl e 
featur e o f  desk ,  lik e "ha s a  fla t  surface" .  Potentia l  mapping s 
tha t  destro y immutabl e feature s o f  th e targe t  ar e rejected . 
Thi s applicatio n o f  mutabilit y  theor y doe s no t  sugges t 
mappings ,  bu t  constrain s whic h mapping s ca n b e actualized . 

An additiona l  constrain t  o n mappin g processe s i s tha t  th e 
dependenc y structur e o f  th e targe t  mus t  b e abl e t o suppor t 
th e featur e mappe d ove r  fro m th e base .  I t  i s  muc h mor e 
plausibl e t o interpre t  th e noun-nou n combinatio n fro g car , 
as a  gree n car ,  tha n a s a  ca r  tha t  hops ,  becaus e th e featur e 
"ca n hop "  ha s dependencie s tha t  ar e no t  satisfie d i n th e 
target .  Mos t  car s can' t  hop .  Th e dependenc y structur e o f  ca r 
canno t  suppor t  th e additio n o f  th e featur e "ca n hop" .  Thi s 
constrain t  m a y als o prov e usefu l  i n searchin g fo r  possibl e 
mappings . 
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5.  Conc lus io n 

I have given an account of how different types of relations 
can b e collapse d t o a  dependenc y relatio n fo r  th e purpose s o f 
calculatin g featur e mutability .  I  hav e als o give n a n accoun t 
of  ho w contex t  affect s th e transformatio n o f  features . 

A questio n remains :  I f  wha t  i s immutabl e varie s wit h 
context ,  the n wha t  i s th e cor e o f  a  category ,  i f  anything ? 
Everythin g i s no t  a s slipper y a s i t  seems .  Certai n feature s 
wil l  b e presen t  acros s contexts .  Workin g car s alway s hav e 
engines ,  peopl e alway s hav e brain s (eve n i f  i t  doesn' t  alway s 
appea r  tha t  way) ,  etc .  Som e feature s ar e immutabl e acros s 
contexts .  Ther e ar e als o stron g constraint s o n wha t  ca n b e 
seen a s immutable ,  suc h a s a  tempora l  orde r  constrain t 
(Byrn e et .  al. ,  1995 ;  Kahnema n &  Miller ,  1986 )  whic h ca n 
be viewe d a s anothe r  typ e o f  dependenc y (curren t  event s 
depen d o n pas t  events) .  Ah n &  Lassalin e (1995 )  hav e 
shown tha t  effect s ar e mor e mutabl e tha n causes . 

Also ,  no t  everythin g a t  th e cor e o f  a  categor y i s relate d t o 
immutability .  Som e categorie s hav e definin g properties . 
For  instance ,  a  re d truc k ha s t o b e red ,  bu t  n o feature s o f  re d 
truc k depen d o n th e featur e "i s red" .  Still ,  interna l  structur e 
and dependencie s ar e wha t  scaffold s ar e understandin g o f 
categories . 
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