
I s S n o w Reall y Lik e a  Shovel ? 

Distinguishing Similarity from Thematic Relatedness 

Dedre Centner (gentner@nwu.edu) 
Northwester n Universit y 

Departmen t  o f  Psycholog y 
2029 Sherida n Rd . 
Evanston ,  I L 6020 8 

Sarah K. Brem (sbrem@soe.berkeley.edu) 
Universit y o f  California ,  Berkele y 

Graduat e Schoo l  o f  Educatio n 
453 3 To lma n Hall ,  #167 0 
Berkeley ,  C A 94720-167 0 

Abstrac t 

Traditionally, thematic relatedness (chicken and egg) and similarity (chicken and turkey) have been thought of as distinct phenomena, 
th e forme r  th e resul t  o f  associativ e processes ,  an d th e latte r  reflectin g compariso n processes .  However ,  recen t  studie s (Basso k & 
Medin ,  1996 ;  Wisniewsk i  &  Bassok ,  1996 )  sugges t  tha t  similarit y i s  a  resul t  o f  bot h associatio n an d comparison .  Thi s coul d cal l  fo r  a 
radica l  redefinitio n o f  similarit y a s inherentl y fuse d wit h association .  W e ter m thi s vie w th e integratio n account .  W e conside r  a n 
alternative ,  th e confusabilit y  account ,  unde r  whic h themati c influence s intrud e upo n assessment s o f  similarit y bu t  ar e no t  a n essentia l 
par t  o f  th e similarit y process .  W e presen t  tw o experiment s supportin g th e confusabilit y  account .  Th e first  indicate s tha t  compariso n 
and associatio n ar e independen t  processes .  Th e secon d show s tha t  themati c influence s rise  wit h increase d cognitiv e load .  W e behev e 
tha t  whil e a  redefinitio n o f  similarit y i s  no t  warranted ,  similarit y i s  mor e vulnerabl e t o erro r  an d intrusio n tha n i s generall y thought . 

Similarit y i s centra l  t o cognitiv e science .  I t  play s a  rol e i n 
psychologica l  an d computationa l  model s o f  analogica l 
reasonin g (Forbus ,  Centne r  &  L a w ,  1995 ;  Centner ,  1988 ; 
Holyoa k &  Thagard ,  1989) ,  proble m solvin g (Ross ,  1989 ; 
Novick ,  1988) ,  categorizatio n (Markma n &  Wisniewski , 
1997 ;  Medi n &  Heit ,  i n press ;  M u r p h y &  Allopenna ,  1994 ) 
and inferenc e (Clemen t  &  Centner ,  1991 ;  Lassaline ,  1996) . 
M u ch researc h i n cognitiv e developmen t  ha s bee n 
predicate d o n thi s distinction :  e.g. ,  researc h tha t  seek s th e 
cause s o f  th e developmenta l  shif t  fro m earl y relianc e o n 
themati c association s t o late r  relianc e o n common-categor y 
relation s (e.g. ,  M a r k m a n ,  1989 ;  Vygotsky ,  1978) .  Eve n 
model s tha t  questio n th e degre e t o whic h similarit y play s a 
rol e i n cognitiv e processe s bas e thei r  criticism s o n th e 
assumptio n tha t  similarit y i s  a  well-define d phenomeno n 
(e.g. .  Murph y &  Medin ,  1985 ;  Sloma n &  Rips ,  1998) . 
Therefore ,  whe n th e possibilit y  arise s tha t  ou r  basi c 
conceptualizatio n o f  similarit y i s  i n nee d o f  radica l 
restructuring ,  th e implication s ar e considerable .  Recently , 
tw o studie s hav e suggeste d jus t  that . 

Traditionally ,  th e similarit y betwee n tw o item s i s though t 
t o b e a  functio n o f  thei r  distanc e i n menta l  space ,  th e 
overla p o f  thei r  feature s (Tversky ,  1977 )  o r  o f  thei r  share d 
structur e (Centner ,  1983 ,  1988 ;  Centne r  &  Markman ,  1997 ; 
Medin ,  Coldstone ,  &  Centner ,  1993) .  Al l  o f  thes e 
approache s assum e tha t  similarit y result s firom  a  proces s o f 
comparison ,  whil e themati c relatednes s stem s fro m 
association .  Th e differenc e betwee n thes e tw o type s o f 

relationship s i s  clea r  whe n on e examine s thei r  predicate -
argumen t  structures .  Fo r  example ,  accordin g t o Centne r 
(1988) ,  a  shove l  an d a  spad e ar e simila r  becaus e the y shar e 
relation s (e.g. ,  M O V E [shovel ,  here ,  there ,  stuff] /MOV E 
[spade ,  here ,  there ,  stuff] )  an d attribute s (e.g. ,  H A N D L E 
[shovel] /HANDL E [spade]) .  I n contrast ,  themati c 
associate s lik e sno w an d shove l  generall y d o no t  shar e 
attributes ,  an d tak e differen t  role s i n relationa l  predicate s 
(e.g. ,  M O V E [shovel ,  here ,  there ,  snow]) .  Becaus e sno w 
and shove l  d o no t  shar e feature s o f  appearanc e o r  use ,  bot h 
Centner' s an d Tversky' s model s predic t  lo w similarity . 
S n o w an d shove l  ar e related ,  though ;  experienc e inform s 
peopl e tha t  sno w an d shovel s interact ,  appea r  i n th e sam e 
propositions ,  an d common l y co-occur .  Bu t  thi s hinge s upo n 
notin g relation s tha t  associat e sno w an d shovel ,  rathe r  tha n 
on comparin g th e tw o an d notin g c o m m o n structure . 

Perhap s becaus e th e distinctio n betwee n themati c 
associatio n an d similarit y seem s obviou s i n m a n y context s 
it s validit y ha s no t  bee n th e focu s o f  m u c h research .  I t 
seems clea r  tha t  t o bas e categorizations ,  wor d extensions , 
and inference s o n themati c association s woul d frequentl y 
caus e error .  Fo r  example ,  whale s ar e thematicall y relate d t o 
th e plankto n the y ea t  an d t o th e harpoon s wit h whic h 
whaler s hun t  them .  However ,  t o conclud e tha t  plankto n o r 
harpoon s ar e warm-bloode d lik e whale s woul d b e incorrect . 
Likewise ,  themati c association s pla y role s tha t  similarit y 
cannot .  Fo r  example ,  association s allo w u s t o detec t  an d 
m a ke prediction s o n th e basi s o f  covariatio n (Kelley ,  1973 ; 
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Novic k &  Cheng ,  1990) .  Th e associatio n betwee n smok e 
and fire  lead s u s t o soun d th e alar m whe n w e se e dar k 
cloud s billowin g from  a n apartmen t  window .  But ,  lookin g 
fo r  smok e w h e n w e se e fo g becaus e the y ar e perceptuall y 
simila r  woul d b e a  mistake .  Difference s suc h a s thes e hav e 
provide d a  stron g argumen t  fo r  treatin g similarit y an d 
themati c associatio n a s separat e processes . 

Beyon d thes e intuitions ,  m u c h o f  cognitiv e researc h 
depend s o n th e theoretica l  assumptio n tha t  themati c 
associatio n an d similarit y relationship s ar e distinct . 
Therefore ,  th e finding  tha t  th e tw o ar e no t  psychologicall y 
separabl e woul d radicall y alte r  ou r  understandin g o f 
cognition .  Yet ,  som e recen t  theorie s sugges t  a  stron g lin k 
betwee n similarit y an d association .  Sloma n (1996 ) 
propose s tha t  tha t  similarit y an d associatio n ar e processe d 
by a  singl e system ,  wit h abstrac t  rule s reposin g i n a  separat e 
system .  Further ,  Basso k an d Medi n (1996 )  hav e recentl y 
foun d tha t  w h e n judgin g th e similarit y o f  tw o sentences , 
participant s ar e influence d b y themati c relationship s 
betwee n th e sentences .  Fo r  example ,  participant s judge d th e 
sentence s Th e carpente r  fixe d th e chai r  an d Th e carpente r 
sa t  o n th e chai r  t o b e simila r  becaus e "th e carpente r  sa t  o n 
th e chai r  t o se e i f  th e repai r  woul d hold. "  Likewise , 
Wisniewsk i  an d Basso k (1996 )  compare d th e similarit y 
rating s assigne d t o simila r  pair s {milk-lemonade) ,  themati c 
pair s (milk-cow )  an d pair s sharin g bot h similarit y an d 
themati c relationship s (milk-coffee) .  Themati c relationship s 
significand y increase d similarit y ratings :  e.g. ,  mil k an d 
coffe e wer e rate d a s mor e simila r  tha n mil k an d lemonade . 
Althoug h previou s researc h ha s show n tha t  similarit y an d 
themati c relationship s ar e confusabl e b y childre n (e.g. , 
Baue r  &  Mandler ,  1989) ,  thes e experiment s g o furthe r  i n 
suggestin g tha t  thes e confusion s occu r  fo r  adult s a s well . 

Thes e result s forc e u s t o conside r  th e possibilit y  tha t 
traditiona l  model s oversimplif y th e concep t  o f  similarity . 
Under  M e d i n an d Bassok' s (1996 )  view ,  similarit y i s a n 
integratio n o f  independen t  processe s o f  compariso n an d 
association .  However ,  a n eve n mor e radica l  positio n ca n b e 
taken ,  consisten t  wit h Sloman' s position .  Unde r  thi s view , 
whic h w e ter m th e integratio n account ,  themati c 
association s an d comparison s ar e th e resul t  o f  a  unitar y 
process .  Similarit y i s thu s inherentl y intermixe d wit h 
themati c relatedness . 

Anothe r  possibilit y  i s  tha t  th e compariso n proces s i s 
distinc t  from  association ,  an d themati c influence s aris e a s 
th e resul t  o f  themati c intrusion s tha t  interfer e wit h similarit y 
judgments .  Accordin g t o thi s confusabilit y  account , 
similarit y i s th e resul t  o f  th e compariso n process ,  bu t  thi s 
proces s ca n b e deraile d b y othe r  factors .  Suc h derailmen t 
migh t  occu r  i f  participant s hav e difficult y distinguishin g 
betwee n di e menta l  outpu t  tha t  arise s fro m accessin g 
association s a s oppose d t o th e outpu t  o f  a  separate , 
independen t  compariso n process . 

Severa l  line s o f  reasonin g lea d u s t o entertai n th e 
confusabilit y  account .  First ,  M a r k m a n (1989 )  argue s tha t 
th e developmenta l  shif t  toward s a  preferenc e fo r  taxonomi c 
grouping s doe s no t  indicat e a  los s o f  salienc e fo r  themati c 
relationships ,  bu t  a  ris e i n th e salienc e o f  taxonomi c 
relationships .  Likewise ,  Smile y an d B r o w n (1979 )  argu e 
tha t  th e shif t  i s  on e o f  preference ,  rathe r  tha n a  radica l 

restructurin g o f  knowledge .  I f  adult s remai n sensitiv e t o 
themati c associations ,  themati c relationship s coul d interfer e 
wit h othe r  processes . 

A secon d lin e o f  reasonin g concern s individua l 
differences .  W e hav e foun d evidenc e o f  substantia l 
variatio n i n people' s abilit y  t o distinguis h an d identif y 
similarit y relations .  I n a  screenin g tas k (furthe r  describe d 
below) ,  participant s wer e give n a  standar d (e.g. ,  dart )  an d 
had t o choos e whic h alternativ e wa s mos t  similar :  buUsey e 
or  javelin .  Eleve n percen t  o f  th e participant s wer e 
consistentl y unabl e t o distinguis h similarit y from  themati c 
associatio n (Undifferentiating) .  Anothe r  4 1 % showe d 
varyin g degree s o f  differentiation .  I f  suc h confusio n wer e 
universal ,  i t  woul d sugges t  a  basi c fusio n o f  th e processe s o f 
compariso n an d association ,  supportin g th e integratio n 
account .  However ,  4 8 % o f  participant s sho w n o confusio n 
of  similarit y an d themati c associatio n (Differentiating) . 

Our  proposa l  i s  tha t  similarit y an d themafi c relatednes s 
resul t  fro m tw o separat e processes .  However ,  th e outpu t  o f 
thes e processe s i s sometime s difficul t  t o differentiat e 
throug h direc t  introspection ,  particularl y whe n similarit y i s 
ver y lo w (th e condition s i n whic h themati c intrusion s hav e 
bee n foun d i n similarit y  tasks) .  W e conjectur e tha t  th e 
abilit y  t o mak e th e distinctio n reliabl y an d explicitl y  i s 
learne d a s par t  o f  th e developmen t  o f  metacognitiv e skills . 
Ther e i s preceden t  fo r  th e vie w tha t  interna l  cognitiv e 
distinction s mus t  b e learned .  M a r k m a n (1979 )  foun d tha t  8 -
11 year-ol d childre n faile d t o repor t  an y comprehensio n 
difficultie s whe n readin g storie s tha t  containe d blatan t 
inconsistencie s (e.g. ,  tha t  ant s rel y o n smell ,  bu t  hav e n o 
nose s an d canno t  smell) .  Nevertheless ,  th e childre n wer e 
slowe r  t o rea d sentence s tha t  le d t o stron g inconsistencies . 
Thi s suggest s tha t  the y engage d i n som e kin d o f 
inconsistenc y processin g bu t  coul d no t  labe l  i t  a s such . 
Elsewhere ,  w e se e evidenc e fo r  people' s inabilit y  t o 
accuratel y distinguis h betwee n th e cognitiv e an d emotiona l 
state s produce d b y rea l  an d implante d memorie s (e.g. , 
Loftus ,  1997) ,  an d a n inabilit y  t o correctl y identif y wha t 
the y k n o w o r  d o no t  k n o w (e.g. ,  Koriat ,  1993) . 
Additionally ,  ther e i s evidenc e o f  developmenta l  shift s i n 
th e abilit y  t o reflec t  upo n th e product s o f  cognitio n (e.g. , 
Flavell ,  Gree n &  Flavell ,  1990 ;  Kitchene r  &  King ,  1994) . 
Goin g further ,  ther e i s evidenc e fo r  historica l  shift s i n th e 
use o f  compariso n an d association .  Medieva l  alchem y 
treate d similarit y an d themati c relatednes s a s 
interchangeabl e t o a  greate r  degre e tha n i n m o d e m scienc e 
(Gentne r  &  Jeziorski ,  1993) .  I n short ,  w e sugges t  tha t 
reliabl y distinguishin g th e sensatio n o f  relatednes s vi a 
commonalitie s from  th e sensatio n o f  relatednes s vi a 
themati c association s m a y requir e a  degre e o f  metacognitiv e 
sophistication . 

On th e confusabilit y  account ,  th e findings  o f  Basso k & 
Medi n (1996 )  an d Wisniewsk i  &  Basso k (1996 )  resu U from 
people' s failur e t o explicid y distinguis h th e result s o f  a n 
associativ e retrieva l  proces s an d th e result s o f  a  compariso n 
process .  Bu t  i f  thes e processe s ar e indee d separable ,  i t 
shoul d b e possibl e t o find a  tas k tha t  draw s onl y o n 
comparison .  I n Experimen t  1 ,  w e d o thi s b y utilizin g a 
wor d learnin g task . 
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E x p e r i m e n t  1 

To find  ou t  whethe r  peopl e ca n focu s purel y o n similarity , 
we neede d a  tas k tha t  naturall y promote s a  stron g focu s o n 
commonalities .  W e dre w o n findings  fro m cognitiv e 
development .  Acros s m a n y task s researcher s hav e note d a 
themati c preferenc e i n youn g childre n (Gelma n & 
Baillargeon ,  1983) ,  an d a  shif t  toward s taxonomi c 
preference s wit h ag e an d experienc e (Smile y &  Brown , 
1979) .  However ,  on e tas k i n particula r  ha s bee n foun d t o 
elici t  a  reliabl e shif t  toward s commonality ,  eve n amon g 
preschoo l  children :  namely ,  th e tas k o f  extendin g a  nove l 
wor d t o ne w items .  I n th e classi c wor d extensio n task ,  a 
chil d i s show n a  do g a s standard ,  togethe r  wit h a  ca t 
(perceptuall y an d taxonomicall y  similar) ,  an d a  bon e 
(thematicall y  related) .  I f  th e chil d i s simpl y aske d t o choos e 
one tha t  'goe s with '  th e dog ,  o r  eve n t o choos e 'anothe r 
one '  s/h e wil l  typicall y choos e th e bone .  Bu t  i f  th e chil d i s 
tol d tha t  dog s ar e calle d "feps "  i n a  foreig n languag e an d 
aske d t o find  th e othe r  "fep, "  s/h e choose s th e ca t  (Markma n 
& Hutchinson ,  1984 ;  W a x m a n &  Gelman ,  1986) . 

The wor d learnin g tas k appear s t o invit e a  focu s o n 
c o m m on structure .  Thu s i t  ca n provid e a  tes t  o f  whethe r 
peopl e posses s a n internall y separabl e compariso n process . 
I n thi s experimen t  w e as k whethe r  adult s wil l  sho w a  stron g 
focu s o n commonalit y i n a  word-extensio n task .  I f  adult s 
ar e lik e preschooler s i n tha t  the y sho w onl y a  wea k 
preferenc e fo r  c o m m o n structure ,  th e result s woul d b e 
consisten t  wit h th e integratio n account .  T o th e exten t  tha t 
adult s sho w a  stron g preferenc e fo r  c o m m o n structur e i n th e 
wor d extensio n condition ,  thi s woul d suppor t  th e 
separabilit y  o f  compariso n an d association . 

We showe d participant s triad s o f  object s o f  th e form : 

dog 
bon e cat 

So a s no t  t o bia s th e experimen t  i n favo r  o f  independen t 
processes ,  w e designe d th e triad s t o hav e stron g themati c 
associate s an d similarit y choice s tha t  wer e clea r  bu t  no t 
extremel y clos e t o th e standar d (e.g. ,  no t  i n th e sam e basi c 
leve l  category) .  I n th e baselin e conditio n w e aske d subject s 
t o choos e th e ite m tha t  "goe s with '  th e standard .  I n th e 
wor d condition ,  w e tol d the m th e nam e o f  th e standar d (e.g. , 
'blicket' )  i n a  foreig n language ,  an d aske d the m t o sa y 
whic h alternativ e wa s als o a  'blicket' .  I n th e baselin e task , 
sinc e bot h simila r  an d themati c item s ar e relate d t o th e base , 
eithe r  coul d i n principl e b e a n appropriat e choice .  However , 
becaus e w e chos e highl y salien t  themati c relations ,  w e 
expec t  t o se e a n advantag e fo r  th e themati c alternative . 

The ke y predictio n concern s th e wor d task .  I f  compariso n 
i s indee d a  separabl e process ,  the n ther e shoul d b e a  stron g 
similarit y focu s i n th e wor d task ,  eve n i f  baselin e 
respondin g i s strongl y thematic .  I n contrast ,  a n integratio n 
accoun t  tha t  postulate s a  singl e proces s combinin g 
compariso n an d association ,  woul d fai l  t o predic t  a 
differenc e i n th e menta l  outpu t  generate d b y th e tw o tasks . 

M e t h o d 

Materials .  Participant s sa w triad s consistin g o f  a  standar d 
compariso n alternative ,  a n 

associatio n alternative ,  an d a n unrelate d foil .  Ther e wer e 1 2 
suc h ite m sets .  (Se e Tabl e 1  fo r  examples) . 

Procedur e &  Design .  Ther e wer e tw o level s o f  Tas k 
Typ e (betwee n subjects) :  W o r d extensio n an d Baseline .  I n 
th e W o r d condition ,  subject s sa w a  sentenc e o f  th e 
followin g format :  "I n a  foreig n country ,  'X, '  th e peopl e cal l 
spoon s 'blicks. '  Wh ic h o f  thes e i s als o a  blick? "  I n th e 
Baselin e condition ,  subject s sa w a  sentenc e o f  th e followin g 
format :  "Whic h o f  th e followin g goe s wit h spoon? "  I n bot h 
tasks ,  th e thre e alternative s wer e presente d belo w th e 
sentence ,  an d subject s circle d thei r  choice . 

Participants .  Twenty-tw o Northwester n undergraduate s 
participated ,  1 1 i n eac h condition . 

Table I. Examples of items used in Experiments 1 and 2 

Base ite m 

spoo n 
rocke t 
garli c 

Compariso n 
alternativ e 
ladl e 

missil e 
onio n 

Associatio n 
alternativ e 
cerea l 
astronau t 
vampir e 

Unrelate d foi l 

shir t 
bel t 
cement 

Result s &  Discussio n 

Th e result s o f  Experimen t  1  ar e presente d i n Tabl e 2 .  A s 
predicted ,  participants '  choice s depende d overwhelmingl y 
on Tas k Type .  I n th e Baselin e task ,  participant s chos e th e 
simila r  ite m i n 2 .2 % o f  th e cases .  I n th e W o r d task ,  the y 
chos e th e simila r  ite m i n 9 6 . 9 % o f  th e cases .  Thi s 
differenc e i s significan t  (b y participants ,  t(ll )  =  33.41 ,  q .  < 
0.0001 ;  b y items ,  t(ll )  =  45.51 ,  e  <  0.0001) . 

Table 2. Experiment 1: Percentage of similarity 
response s a s a  functio n o f  Tas k Type . 

Tas k T y p e % Similarit y Response s 

Baselin e 
W o r d extensio n 

2 .2 % 
9 6 . 9 % 

Thes e result s sugges t  tha t  similarit y an d themati c 
relatednes s ar e distinct ,  separabl e processe s fo r  adults .  Th e 
stron g for m o f  th e integratio n accoun t  i s thu s seriousl y 
undermine d b y thes e findings,  a s the y canno t  b e accounte d 
fo r  b y a  unitar y proces s fusin g compariso n an d association . 

Interestingly ,  w e foun d n o individua l  difference s i n 
Experimen t  1 .  I n th e Baselin e task ,  onl y tw o participant s 
chos e an y simila r  alternatives ,  doin g s o 8 % an d 1 6 % o f  th e 
time .  I n th e W o r d task ,  onl y tw o participant s chos e 
themati c alternatives ,  doin g s o 8 % an d 2 5 % o f  th e time . 
Thi s strikin g contras t  wit h th e screenin g result s describe d 
abov e suggest s tha t  th e tw o processe s m a y b e implicitl y 
calle d fort h b y differen t  cognitiv e tasks .  Jus t  a s tas k suppor t 
help s childre n focu s o n differen t  type s o f  relationships ,  tas k 
suppor t  m a y ai d adult s i n distinguishin g similarit y fro m 
association . 

Th e result s o f  Experimen t  1  suppor t  th e confusabilit y 
account ,  an d ar e no t  compatibl e wit h conceptualizin g 
compariso n an d associatio n a s th e resul t  o f  a  single , 
undifferentiatin g process .  Participant s ca n focu s o n 

and thre e alternatives :  a 
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similarit y relation s eve n i n th e fac t  o f  ver y salien t  themati c 
relation s whe n a  naturalisti c tas k require s the m t o d o so . 

Experiment 2 

Whil e th e result s o f  Experimen t  1  suppor t  th e proposa l  tha t 
compariso n an d associatio n ar e independen t  processe s 
producin g distinc t  output ,  w e n o w nee d t o addres s th e 
confusio n o f  thes e outputs .  A s note d above ,  thes e 
confusion s occurre d no t  onl y i n Basso k &  Medi n (1996 ) 
and Wisniewsk i  &  Basso k (1996) ,  bu t  i n ou r  o w n screenin g 
studies .  Unde r  th e confusabilit y  account ,  thes e intrusion s o f 
themati c relatednes s int o similarit y judgment s aris e becaus e 
w h en participant s experienc e difficult y i n introspectivel y 
separatin g th e output s o f  compariso n an d association .  Thi s 
accoun t  implie s tha t  th e mor e difficul t  i t  become s t o engag e 
i n introspection ,  th e greate r  shoul d b e th e confusio n 
betwee n similarit y an d themati c relatedness . 

I n Experimen t  2 ,  w e aske d subject s t o mak e a  similarit y 
choic e unde r  tim e pressure ,  an d varie d whethe r  ther e wa s a 
competin g themati c relationshi p present .  W e use d triad s o f 
word s containin g a  standar d item ,  a n ite m simila r  t o th e 
standard ,  an d eithe r  a  themati c associat e o f  th e standard ,  o r 
an unrelate d foil . 

Participant s wer e t o ignor e themati c associations ,  an d 
choos e onl y item s tha t  wer e simila r  t o th e standard .  W e 
provide d example s an d substantia l  practic e wit h feedback . 
T o manipulat e cognitiv e load ,  an d thu s var y particpants ' 
difficult y i n examinin g th e outpu t  o f  thei r  menta l  processes , 
we employe d tw o deadlines ,  on e a t  100 0 m s an d on e a t 
200 0 ms . 

A n y accoun t  woul d predic t  mor e error s a t  th e shorte r 
deadline .  Bu t  th e integratio n an d confusabilit y  account s 
m a ke ver y differen t  prediction s regardin g error s a t  th e 
longe r  deadline .  Th e confusabilit y  accoun t  predict s tha t 
shorte r  deadline s wil l  differentiall y  increas e th e erro r  rat e i n 
th e presenc e o f  themati c distractors .  Thu s ther e wil l  b e a n 
interactio n betwee n tria d typ e an d deadline .  I n contrast ,  i n 
th e integratio n account ,  th e inabilit y  t o se t  asid e themati c 
influence s arise s fro m fusio n a t  th e proces s level .  Suc h 
fusio n shoul d compromis e th e separatio n o f  compariso n an d 
associatio n a t  bot h th e shorte r  an d th e longe r  deadlines . 
Thus ,  bot h account s predic t  mor e error s a t  th e shorte r 
deadline ,  bu t  onl y th e 'separat e bu t  confusabl e processes ' 
accoun t  predict s a n interactio n betwee n deadlin e an d th e 
typ e o f  triad . 

Method 

Screenin g task .  W e teste d 70 2 participant s a s par t  o f  a 
grou p testin g session ,  measurin g thei r  abilit y  t o distinguis h 
similarit y fro m themati c associatio n usin g a  triad s similarit y 
task .  Give n a  standar d (e.g. ,  dart) ,  the y chos e whic h 
alternativ e wa s mos t  similar :  e.g. ,  bullsey e o r  javelin .  W e 
selecte d tw o extrem e group s o f  participants .  Th e 
Undifferentiatin g grou p ( 1 1 % o f  th e participants )  wer e 
unabl e t o distinguis h similarit y fro m associatio n i n ove r 
9 0 % o f  cases .  Th e Differentiatin g grou p ( 4 8 % o f 
participants )  mad e th e distinctio n correctl y i n ove r  9 0 % o f 
cases .  Th e remainin g 4 1 % ,  w h o wer e intermediat e i n thei r 
performance ,  wer e omitted . 

Th e screenin g tas k wa s complete d a n averag e o f  si x 

weeks prio r  t o participatio n i n thi s experiment ,  an d n o les s 
tha n thre e week s prio r  t o participation .  N o mentio n o f  th e 
screenin g tas k wa s mad e a t  th e tim e o f  th e actua l 
experiment . 

Participants .  Eighty-fou r  Northwester n undergraduate s 
participated .  Fro m th e initia l  screenin g group ,  5 4 
Differentiatin g an d 3 0 Undifferentiatin g participant s wer e 
drawn .  Al l  wer e fluent  speaker s o f  English . 

Materials .  Participant s sa w 6 4 triad s consistin g o f  a 
standard ,  a  simila r  item ,  an d eithe r  a  thematicall y relate d 
alternativ e o r  a n unrelate d alternative .  (Se e Tabl e 1. ) 

Desig n an d Procedure .  W e manipulate d tw o variable s 
within-subjects :  Deadlin e (1000m s vs .  2000ms )  an d 
Alternativ e Typ e (Themati c vs .  Unrelated) .  Deadlin e wa s 
blocke d an d counterbalance d acros s participants .  Withi n 
eac h block ,  bot h Themati c an d Unrelate d triad s wer e seen . 
Acros s participants ,  ai l  item s appeare d i n al l  conditions .  W e 
als o include d th e categorica l  variable .  Group ,  wit h tw o 
level s (Differentiate d an d Undifferentiated) . 

Participant s wer e instructe d t o choos e th e simila r 
alternativ e i n eac h triad .  Th e tw o type s o f  relationship s 
wer e described ,  an d example s wer e give n a s illustrations . 
T o allo w participant s t o becom e accustome d t o th e 
procedure ,  the y sa w 2 4 practic e item s a t  th e ne w deadlin e a t 
th e beginnin g o f  eac h block .  The y receive d feedbac k a s t o 
th e accurac y o f  thei r  response s durin g thi s practic e session , 
but  no t  durin g th e tes t  blocks . 

Th e stimul i  wer e presente d b y computer .  Fo r  eac h item , 
participant s sa w line s o f  asterisks ,  whic h wer e replace d b y 
th e thre e word s composin g th e triad .  Th e tria d remaine d o n 
scree n unti l  th e participant s presse d th e lef t  o r  righ t  curso r 
ke y t o choos e th e lef t  o r  righ t  alternative .  I f  participant s 
faile d t o respon d withi n th e deadline ,  a  buzze r  sounde d an d 
th e word s "To o slow "  flashed  o n th e screen .  Onc e 
participant s mad e thei r  choice ,  th e nex t  ite m wa s presente d 
afte r  a  100 0 m s delay . 

Results & Discussion 

Al l  response s exceedin g th e deadlin e wer e discarded .  Th e 
percentag e o f  similarit y response s i s give n i n Tabl e 3 . 

Table 3: Percentage of Similar responses in Experiment 2. 

Differentiatin g Participant s 

1000ms 
Alternativ e Typ e 
Themati c 7 2 . 9 % 
Unrelate d 88 .3 % 

2000ms 

86.9 % 
96 .8 % 

Undifferentiatin g Participant s 

1000ms 

Alternativ e Typ e 
Themati c 6 8 . 4 % 
Unrelate d 84 .0 % 

2000ms 

84.6 % 
95 .1 % 

Ther e i s a  mai n effec t  o f  Alternativ e Type ;  thi s i s 
consisten t  wit h bot h accounts .  Participants '  performanc e 
when Simila r  alternative s wer e paire d wit h Unrelate d foil s 
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was superio r  t o thei r  performanc e whe n Themati c 
alternative s wer e presen t  (b y item ,  F(l,63 )  =  49.24 ,  p  < 
0.001 ;  b y subject ,  F(l ,  82 )  =  72.78 ,  p  <  0.001) .  Also ,  a s 
woul d b e expecte d unde r  eithe r  account ,  overal l 
performanc e wa s bette r  a t  th e 2000ni s deadlin e tha n a t  th e 
1000ms deadlin e (b y item ,  F(l ,  63 )  =  69.68 ,  p  <  0.001 ;  b y 
subject ,  F(l,82 )  =  44.36 ,  p  <  0.001) . 

However ,  consisten t  onl y wit h th e confusabilit y  account , 
ther e wa s a n interactio n betwee n Deadlin e an d Alternativ e 
Type .  Participants '  abilit y  t o identif y th e Simila r  alternativ e 
was mor e vulnerabl e t o tim e pressur e i n th e presenc e o f  a n 
Themati c distracto r  tha n i n th e presenc e o f  a n Unrelate d 
foil .  Th e interactio n i s significan t  b y subject ,  thoug h 
margina l  b y ite m (b y subject ,  F(l ,  82 )  =  6.83 ,  p  <  0.01 ;  b y 
item ,  F(l,63 )  =  3.16 ,  p  =  0.08) .  Th e integratio n accoun t 
predict s n o suc h improvemen t  i n performanc e a t  th e longe r 
deadline . 

Wit h respec t  t o individua l  differences ,  th e performanc e o f 
th e Undifferentiatin g grou p wa s slightl y lowe r  i n al l 
condition s (b y item ,  F(l ,  63 )  =  4.80 ,  p  <  0.05 ;  b y subject , 
F(l,82 )  =  4.37 ,  p  <  0.05) .  Th e interactio n o f  Deadlin e b y 
Grou p wa s no t  significan t  (b y item ,  F(l,63) = 1.98 ,  p  >  0.10 , 
by subject ,  F(l,82 )  =  1.03 ,  p  >  0.10) ,  no r  wa s an y othe r 
interactio n involvin g Grou p (al l  F s <  1.1) .  I t  appear s tha t 
bot h Undifferentiatin g an d Differentiatin g participant s ar e 
challenge d b y shorte r  deadlines .  Thi s i s consisten t  wit h a 
metacognitiv e proces s distinguishin g compariso n from 
associatio n tha t  require s som e tim e t o complete .  Individua l 
difference s coul d aris e becaus e o f  difference s i n th e spee d 
and reliabilit y  o f  thi s process .  Consisten t  wit h thi s 
possibility ,  th e grou p difference s wer e no t  specifi c  t o th e 
similarity-themati c distinction .  Rather ,  ther e wa s simpl y a n 
overal l  reductio n i n accurac y fo r  th e Undifferentiatin g 
group . 

I t  i s  als o noteworth y tha t  th e Undifferentiatin g grou p di d 
fa r  bette r  i n thi s tas k tha n i n th e screenin g task .  The y mad e 
over  9 0 % themati c fals e alarm s o n th e screenin g task ,  bu t  i n 
Experimen t  2  the y wer e correc t  (i.e. ,  abl e t o ignor e th e 
association )  6 8 % o f  th e tim e a t  th e shorte r  deadline ,  an d 
8 4 % o f  th e tim e a t  th e longe r  deadline .  Thi s i s a  strikin g 
improvement .  W e conjectur e tha t  th e initia l  practic e sessio n 
may hav e sharpene d thei r  abilit y  t o discer n th e thematic -
similarit y distinction .  I f  so ,  thi s woul d b e furthe r  evidenc e 
fo r  separabl e processe s wit h outpu t  tha t  require s experientia l 
practic e t o labe l  reliably . 

General Discussion 

The result s presente d her e ar e mos t  consisten t  wit h th e 
confusabilit y  account :  themati c associatio n an d similarit y 
ar e distinc t  processes ,  an d themati c association s intrud e 
upon similarit y judgments .  Experimen t  1  provide s evidenc e 
tha t  associatio n an d similarit y ar e distinc t  processes ,  i n tha t 
participant s coul d se t  asid e associatio n base d o n th e natur e 
of  th e task ,  choosin g simila r  alternative s i n th e Wor d tas k 
despit e th e dominanc e o f  themati c alternative s i n th e 
Baselin e task .  However ,  Experimen t  2  suggest s tha t  eve n 
peopl e wh o mak e thi s distinctio n easil y an d consistentl y 
under  norma l  condition s ca n falte r  unde r  stric t  deadlines . 
Thi s i s i n lin e wit h th e confusabilit y  account ;  i t  i s  harde r  fo r 

participant s t o se t  asid e themati c association s whe n the y 
hav e t o mak e quic k decisions . 

Althoug h th e stron g for m o f  th e integratio n accoun t  ca n 
probabl y b e dismissed ,  intermediat e position s remai n viable . 
For  example ,  perhap s compariso n an d associatio n ar e 
independen t  processe s tha t  ar e ofte n (o r  perhap s typically ) 
combine d i n judgment s o f  similarit y (Medi n &  Bassok , 
1996) .  W e als o not e tha t  ver y c o m m o n similarit y 
relationship s ma y b e cached ,  rathe r  tha n bein g recompute d 
eac h tim e the y ar e encountered .  Unde r  thes e circumstances , 
similarit y an d themati c relatednes s woul d ofte n coincide . 

Our  conjectur e i s tha t  th e majo r  culpri t  i n th e themati c 
intrusio n phenomeno n i s a  lac k o f  introspectiv e awarenes s 
of  cognitiv e states .  Thi s i s evidence d b y th e fac t  tha t  eve n 
peopl e wh o easil y distinguishe d betwee n similarit y an d 
associatio n i n th e screenin g tas k experience d difficult y wit h 
increase d cognitiv e load .  A s w e note d i n th e introduction , 
ther e i s a  considerabl e bod y o f  evidenc e suggestin g tha t 
peopl e ar e fallibl e i n thei r  abilit y  t o reflec t  accuratel y upo n 
thei r  ow n menta l  states .  Fo r  example ,  Goldston e (1994 ) 
comments o n th e fac t  tha t  peopl e ca n b e highl y variabl e i n 
thei r  interpretatio n o f  a  similarit y ratin g task ,  sometime s 
equatin g th e tas k o f  judgin g similarit y wit h tha t  o f  judgin g 
purel y perceptua l  similarity .  (Se e Goldstone ,  Medin ,  & 
Gentner ,  1993 ,  fo r  othe r  instance s o f  variabilit y  i n rate d 
similarity) .  Th e result s o f  Experimen t  2  a s wel l  a s th e 
screenin g tas k sugges t  tha t  peopl e experienc e difficultie s i n 
distinguishin g an d internall y labelin g th e menta l  state s 
produce d b y associatio n o n th e on e han d an d compariso n o n 
th e other . 

Such confusio n coul d significantl y affec t  reasonin g tasks , 
as wel l  a s a  person' s insigh t  int o thei r  ow n responses .  Fo r 
example ,  i n a  speede d versio n o f  th e word-learnin g tas k 
use d i n Experimen t  1 ,  woul d participant s mak e error s o f  th e 
sor t  see n i n Experimen t  2 ? Anothe r  intriguin g questio n i s 
whethe r  th e contextua l  task s tha t  suppor t  people' s abilit y  t o 
focu s o n similarit y als o allo w the m t o introspectivel y acces s 
th e reaso n fo r  thei r  action s (se e Markman' s (1979 )  studie s 
of  inconsistenc y detection) .  Answer s t o thes e question s wil l 
not  onl y hel p u s t o understan d ho w similarit y an d 
associatio n ar e cognitivel y represente d an d used ,  bu t  ma y 
als o she d ligh t  o n individua l  difference s i n reasonin g an d 
proble m solving .  I n th e end ,  w e believ e tha t  tha t  thes e ne w 
possibilitie s wil l  lea d t o constructiv e debate s ove r  th e 
concep t  o f  similarity ,  a  concep t  s o pervasiv e i n cognitiv e 
scienc e researc h tha t  i t  i s  ofte n take n fo r  granted . 

Acknowledgments 

The author s than k Phili p Wolff ,  Andre a Boyes ,  an d a n 
anonymou s reviewe r  fo r  comment s o n thi s versio n an d 
previou s drafts .  W e als o than k Kathlee n Brau n fo r  he r  hel p 
i n analyzin g Experimen t  1 .  Thi s researc h wa s supporte d i n 
par t  b y th e Nationa l  Scienc e Foundatio n gran t  SBR -
951175 7 awarde d t o th e firs t  author . 

References 

Bassok ,  M .  &  Medin ,  D .  L .  (1996) .  Bird s o f  a  feathe r  flock 
together :  Similarit y judgment s wit h semanticall y ric h 
stimuli .  Journa l  o f  Memor v an d Language .  36 .  311-336 . 

183 



Bauer ,  P .  J. ,  &  Mandler ,  J .  M .  (1989) ,  Taxonomie s an d 
triads :  Conceptua l  organizatio n i n one-to-two-year-olds . 
Cognitiv e Psychology .  21 .  156-184 . 

Cheng,  P .  W .  &  Novick ,  L .  R .  (1990) .  A  probabilisti c 
contras t  mode l  o f  causa l  induction .  Journa l  o f  Personalit y 
& Socia l  Psycholoev .  58 .  545-567 . 

Clement ,  C .  A .  &  Centner ,  D .  (1991) .  Systematicit y a s a 
selectio n constrain t  i n analogica l  mapping .  Cognitiv e 
Science .  15.89-132 . 

Flavell ,  J .  H. ,  Green ,  F .  L. ,  &  Flavell ,  E .  R .  (1990) . 
Developmenta l  change s i n youn g children' s knowledg e 
abou t  th e mind .  Cognitiv e Development .  5 .  1-27 . 

Centner ,  D .  (1983) .  Structure-mapping :  A  theoretica l 
framewor k fo r  analogy .  Cognitiv e Science .  7 .  155-170 . 

Centner ,  D .  (1989) .  Th e mechanism s o f  analogica l  learning . 
I n S .  Vosniado u an d A .  Orton y (Eds. )  Similarity ,  analogy . 
and though t  (pp .  189-241) .  Cambridge ,  England : 
Cambridg e Universit y Press . 

Centner ,  D .  &  Jeziorski ,  M .  (1993) .  Th e shif t  fro m 

metapho r  t o analog y i n Wester n science .  I n A .  Orton y 
(Ed. )  Metapho r  an d thought ,  (pp .  447-480) .  N e w York : 

Cambridg e Universit y Press . 
Centner ,  D .  &  Markman ,  A .  B .  (1997) .  Structur e mappin g 

i n analog y an d similarity .  America n Psychologist .  52 .  45 -
56. 

Goldstone ,  R .  L .  (1994) .  Th e rol e o f  similarit y i n 
categorization :  Providin g a  groundwork .  Cognitio n 52(2) . 
125-157 . 

Holyoak ,  K .  J .  &  Thagard ,  P .  (1989) .  Analogica l  mappin g 
by constrain t  satisfaction .  Cognitiv e Science .  13 .  295 -
355 . 

Kelley ,  H .  H .  (1967) .  Attributio n theor y i n socia l 
psychology .  Nebrask a Symposiu m o n Motivation .  15 . 
192-238 . 

King ,  P .  M .  &  Kitchener ,  K .  S .  (1994) .  Developin g 
Reflectiv e Judgmen t  :  Understandin g an d Promotin g 
Intellectua l  Growt h an d Critica l  Thinkin g i n Adolescent s 
and Adults .  Sa n Francisco :  Jossey-Bass . 

Koriat ,  A .  (1993) .  H o w d o w e kno w wha t  w e know ? Th e 
accessibilit y  mode l  o f  th e feelin g o f  knowing . 
Psychologica l  Review .  100 .  609-139 . 

Loftus ,  E .  F .  (1997) .  Creatin g childhoo d memories . 
Applie d Cognitiv e Psychology .  11 .  S75-S86 . 

Markman,  A .  B .  (1997) .  Constraint s o n analogica l 
inference .  Cognitiv e Science .  21(4) .  373-418 . 

Markman,  A .  B .  &  Wisniewski ,  E .  (1997) .  Simila r  an d 
different :  Th e differentiatio n o f  basic-leve l  categories . 
Journa l  o f  Experimenta l  Psychology :  Learning .  Memory . 
and Cognition .  23(1) .  54-70 . 

Markman,  E .  M .  (1979) .  Realizin g tha t  yo u don' t 
understand :  Elementar y schoo l  children' s awarenes s o f 
inconsistencies .  Chil d Development .  50 .  643-655 . 

Markman,  E .  M .  (1989) .  Categorizatio n an d namin g i n 
children .  Cambridge ,  M A :  M I T Press . 

Markman,  E .  M .  &  Hutchinson ,  J .  E .  (1984) .  Children' s 
sensitivit y t o constraint s o n wor d meaning :  Taxonomi c 
versu s themati c relations .  Cognitiv e Psychology .  16 .  1 -
27. 

Medin ,  D .  L. ,  Goldstone ,  R .  L. ,  &  Centner ,  D .  (1993) . 

Respect s fo r  similarity .  Psychologica l  Review .  100 .  254 -
278 . 

Medin ,  D .  L .  &  Heit ,  E .  J .  (i n press) .  Categorization .  I n D . 
Rumelhar t  &  B .  Marti n (Eds.) ,  Handboo k o f  cognitio n 
and perception .  Hillsdale ,  NJ :  Erlbaum . 

Murphy ,  G .  L .  &  Allopenna ,  P .  D .  (1994) .  Th e locu s o f 
knowledg e effect s i n concep t  learning .  Journa l  o f 
Experimenta l  Psychology :  Learning .  Memor y an d 
Cognition .  20 .  904-919 . 

Murphy ,  G .  L .  &  Medin ,  D .  L .  (1985) .  Th e rol e o f  theorie s 
i n conceptua l  coherence .  Psychologica l  Review .  92 .  289 -
316. 

Sloman ,  S .  A .  (1996) .  Th e empirica l  cas e fo r  tw o system s o f 
reasoning .  Psychologica l  Bulletin .  11 9 (1) ,  3-22 . 

Tversky ,  A .  (1977) .  Feature s o f  similarity .  Psychologica l 
Review .  84 .  327-352 . 

Sloman ,  S .  A .  &  Rips ,  L .  J .  (1998) .  Similarit y a s a n 
explanator y construct .  Cognition .  65 .  87-101 . 

Vygotsky ,  L .  S .  (1978) .  Min d i n society :  Th e 
developmen t  o f  highe r  psychologica l  processes .  M . 
Cole ,  V .  John-Steiner ,  S .  Scribner ,  &  E .  Souberma n 
(Eds.) ,  Cambridge ,  M A :  Harvar d Universit y Press . 

Waxman,  S .  R .  &  Gelman ,  R .  (1986) .  Preschoolers ' 
use o f  superordinat e relation s i n classificatio n an d 
language .  Cognitiv e Development .  1 .  139-156 . 

Wisniewski ,  E .  J .  &  Bassok ,  M .  (1996) .  O n puttin g mil k i n 
coffee :  Th e effec t  o f  themati c relation s o n similarit y 
judgments .  Proceeding s o f  th e Eighteent h Annua l 
Conferenc e o f  th e Cognitiv e Scienc e Society ,  (pp .  464 -
468) .  Hillsdale ,  NJ :  Erlbaum . 

184 


	cogsci_1999_179-184



