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Abstrac t 

This study explored the efTects c: a goal 
and subject' s knowledg e i n similsirit y  judge -
ments .  W e hypothesize d tha t  th e proces s o f 
computin g similarit y consis t  o f  tw o phases : 
th e processe s o f  explanatio n an d featur e 
comparison .  W h e n a  goa l  i s  salien t  an d th e 
knowledg e require d t o achiev e i t  i s available , 
peopl e comput e similarit y b y explainin g th e 
goal  i n term s o f  a  give n stat e b y usin g do -
mai n knowledge .  Thus ,  i n thi s case ,  rate d 
similarit y shoul d b e a  functio n o f  th e dis -
tanc e betwee n th e goa l  an d th e state .  W h e n 
th e explanatio n fails ,  th e judgement s shoul d 
instea d t o b e base d o n th e featur e compari -
son .  Expert ,  novice ,  an d naiv e subject s wer e 
aske d t o solv e th e Towe r  o f  Hano i  puzzle . 
Th e subject s wer e require d t o judg e th e simi -
Izirit y  betwee n th e goa l  an d variou s state s o f 
th e puzzle .  Th e result s showe d tha t  thei r 
judgement s differed ,  dependin g o n thei r  ex -
pertise .  Whil e experts '  rating s wer e bes t 
characterize d b y th e numbe r  o f  operator s 
necessar y t o transfor m a  give n stat e t o th e 
goal ,  thos e o f  naiv e subject s wer e completel y 
base d o n th e numbe r  o f  share d features .  Th e 
secon d experimen t  reveale d tha t  th e experts ' 
judgement s o f  similarit y ar e no t  b e du e t o 
learne d contiguit y throug h practice . 

Introduction 

People's flexible and intelligent behavior is en-
able d b y thei r  abiUt y t o us e appropriat e an d rele -
van t  pas t  experiences .  Sinc e knowledg e require d 

t o dea l  wit h a  situatio n i s  likel y t o hav e appli -
catio n i n simila r  situations ,  similarit y i s ofte n a 
goo d measur e o f  th e relevanc e an d th e appropri -
atenes s o f  suc h experiences .  Peopl e retriev e th e 
knowledg e o f  a  pas t  experienc e whic h i s  simila r 
t o th e presen t  situation ,  an d us e specifi c  fact s 
or  procedure s store d i n th e knowledg e t o under -
stand ,  expladn ,  an d lear n from ,  th e situation . 

I n thi s sense ,  judgement s o f  similarit y air e ubiq -
uitou s i n ever y kin d o f  cognition .  Actually ,  cat -
egorizatio n ha s bee n considere d a s processe s i n 
whic h peopl e comput e similaritie s betwee n a n in -
stauic e an d it s prototyp e (Smith ,  1990) .  Proble m 
solvin g m a y als o b e characterize d a s a  proces s 
by whic h simila r  experience s ar e retrieve d an d 
modifie d (Hanunond ,  1990) .  Transfer ,  on e o f  th e 
centra l  issue s i n th e stud y o f  learning ,  ca n b e 
though t  o f  a s a  matte r  o f  whic h type s o f  simi -
laritie s learner s should ,  o r  ar e ap t  to ,  atten d t o 
— dee p one s (schoo l  o f  forma l  discipline )  o r  shal -
lo w one s (Thorndykian) .  Whicheve r  similaritie s 
learner s m a y atten d to ,  i t  i s  centra l  t o th e issu e 
of  transfer . 

I f  judgement s o f  similarit y ar e involve d i n thes e 
variou s kind s o f  cognition ,  suc h judgement s can -
not  b e stable .  I n fact ,  similarit y change s dy -
namicall y acros s situations .  Fo r  example ,  stud -
ie s o n novice-exper t  difference s hav e show n tha t 
experts '  judgement s o f  similarit y o f  on e prob -
le m t o anothe r  ar e fundamentall y differen t  fro m 
novices '  (Chi ,  Feltovich ,  k .  Glaser ,  1981) .  Smit h 
(1990 )  suggeste d tha t  youn g children' s preferenc e 
fo r  globa l  similztrit y  i s grzuiuall y replace d b y di -
mensiona l  similarity .  Moreover ,  people' s judge -
ment s o f  similarit y ar e highl y contex t  sensitive . 
Tversk y an d Gat i  (1982 )  showe d tha t  rate d sim -
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ilarit y betwee n tw o couDtrie s varie d dependin g 
on th e typ e o f  stimulu a set s i n whic h the y wer e 
included .  I n addition ,  Goldstone ,  Medin ,  i c  Cen -
tne r  (1991 )  reveale d tha t  peopl e ar e sensitiv e t o 
relationa l  similaritie s whe n relation s ar e mor e 
salient ,  an d ar e sensitiv e t o attributiona l  similar -
itie s whe n attribute s ar e salient .  I n Pylyshyn' s 
terms ,  similarit y judgement s ar e cognitivel y pen -
etrabl e (Pylyshyn ,  1984) . 

Althoug h th e studie s describe d abov e consis -
tentl y sho w tha t  th e selectio n o f  featur e change s 
acros s situations ,  curren t  theorie s o f  similarit y d o 
not  tak e i t  int o account .  Fo r  example ,  th e "con -
tras t  mode r  (Tversky ,  1977 )  doe s no t  provid e 
any constraint s o n whic h featture s ar e selecte d an d 
whic h feature s shoul d b e considere d salient .  Thi s 
proble m become s mor e seriou s whe n on e notice s 
tha t  th e "fram e problem "  (McCarth y L  Hayes , 
1969 )  als o matter s i n similarit y judgement .  Smc e 
ther e ar e potentiall y  infinit e numbe r  o f  features , 
i t  i s impossibl e t o collec t  al l  o f  th e feature s o f  a n 
objec t  b y askin g peopl e t o lis t  them .  I n addi -
tion ,  peopl e creat e idiosyncrati c feature s s o tha t 
a ma n wh o get s drun k sometime s "jump s int o a 
swimmin g poo l  wit h al l  hi s clothe s on "  (Murph y 
& Medin ,  1985) . 

The secon d proble m i s tha t  mos t  o f  th e exper -
iment s i n th e previou s studie s wer e conducte d i n 
rathe r  "neutral "  setting s wher e "disturbing "  fac -
tor s suc h a s subjects '  prio r  knowledge ,  o r  goal s 
spontaneousl y generate d b y subjects ,  wer e care -
full y removed .  Althoug h thi s approac h migh t  b e 
suitabl e fo r  th e investigatio n o f  object-leve l  sim -
ilarity ,  th e result s canno t  easil y b e extende d t o 
problem-solvin g an d learning .  Thi s i s becaus e 
goal s an d knowledg e pla y critica l  role s i n thes e 
activitie s (Glaser ,  1984 ;  Resnick ,  1990) . 

Therefore ,  a  mode l  o f  similarit y shoul d b e de -
veloi>e d tha t  ca n dea l  wit h th e above-mentione d 
problems .  I n problem-B<dvin g an d learning ,  peo -
pl e hav e t o focu s o n importan t  features :  Wha t 
determine s th e importanc e o f  eac h feature ? Fe v 
tare s contributin g t o th e achievemen t  o f  th e goa l 
ar e thos e whic h shoul d b e judge d t o b e impor -
tant .  However ,  i t  i s  no t  sufficien t  simpl y t o hav e 
th e goal ,  becaus e i t  i s  quit e ofte n th e cas e tha t 
feature s satisfyin g th e goa l  ar e no t  readil y acces -
sible .  Thus ,  th e nex t  questio n is :  Wha t  deter -
mine s th e degre e t o whic h a  featur e contribute s 
t o th e go2d .  I t  i s knowledg e o f  th e domai n whic h 
determine s th e degre e o f  th e contributio n t o th e 
goal .  I f  feature s satisf y th e triggerin g conditio n 
of  knowledg e whic h contribute s t o achievin g th e 
goal ,  thes e feature s shoul d b e considere d t o b e 
contributin g t o th e goal . 

The abov e analysi s lead s t o th e ide a tha t 
th e proces s o f  computin g similarit y i s explana -
tion ,  becaus e peopl e explai n th e goal ,  usin g give n 
feature s an d th e domai n knowledg e (Mitchell , 

Keller ,  i c  Kedar-Cabelli ,  1986) .  Fo r  example , 
suppos e tha t  yo u ar e lookin g fo r  a n ashtray ,  an d 
tha t  ther e i s a  pape r  cup ,  a  juic e ca n whic h ha s 
not  bee n opene d yet ,  an d a  cooki e ca n wit h som e 
cookie s in .  Th e goal ,  knowledge ,  an d give n fea -
ture s o f  eac h objec t  i n thi s cas e ar e a s follows : 

heat-pro< (̂X ) 
open-concavity(X ) 
unimportant-in(X ) 

can(X) 
empty(X ) 
mv-content(X,- i  X ) 
can(X ) 
can(X ) 
in(water ,  X ) 

Goal : 

a8btray(X ) 

Knowledg e 
heat-proof(X )  * — 
unimportant-in(X )  < — 
empty(X )  • -
open-concavit y • — 
heat-proof(X )  < — 
heat-proof(X )  * — 

Features 
can(juice-can ) 
can(cookie-can ) 
white(paper-cup ) 
delicious(cookie ) 

The thre e condition s o f  th e goa l  ar e satisfie d b y 
transformin g th e feature s o f  th e cookie-can ,  usin g 
th e domai n knowledg e o f  th e shap e an d material . 
As a  result ,  recognitio n o f  similarit y betwee n th e 
cooki e ciu i  an d a n ashtra y i s obtained .  I t  i s  im -
portan t  t o not e tha t  irrelevan t  feature s suc h a s 
th e colo r  an d tast e o f  object s ai e no t  picke d u p 
fo r  th e computatio n o f  similarit y i n th ^  process . 

I t  i s  ofte n th e cas e tha t  ther e i s a  dUferenc e 
of  complexit y betwee n on e explanatio n an d an -
other .  Fo r  example ,  on e ca n mak e th e pape r  cu p 
an ashtra y b y pourin g juic e mt o th e cup .  How -
ever ,  th e require d explanatio n i s mor e comple x 
i n thi s cas e tha n i n th e previou s case .  Gener -
ally ,  a n ite m whos e feature s requir e mor e trans -
formatio n i s judge d t o b e les s siinilar .  Thi s woul d 
be a  sourc e o f  a  degre e o f  similarity .  Complex -
it y o f  th e explanatio n ma y partl y b e affecte d b y 
what  kind s o f  knowledg e peopl e have .  I f  on e ha s 
well-organize d an d readil y accessibl e knowledge , 
th e derive d explanatio n i s likel y t o b e muc h sim -
pler .  W e ma y therefor e expec t  t o fin d a  differenc e 
betwee n expert s an d novice s i n similarit y judge -
ment . 

What  happen s i f  th e explanatio n fails ? Ther e 
ar e tw o case s whe n th e explanatio n fails :  a  cas e 
wher e n o explici t  goa l  i s  concerned ,  aai d tha t 
wher e require d knowledg e i s no t  accessible .  I n 
thi s case ,  th e onl y availabl e informatio n i s fea -
ture s o f  item s t o b e compare d with .  A s a  result , 
judgemen t  o f  similarit y i s  carrie d ou t  o n th e basi s 
of  features . 
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Thus ,  w e hypothesiz e tha t  processe s o f  com -
putin g similarit y consis t  o f  tw o subprocesses .  I n 
th e firs t  phase ,  peopl e judg e th e degre e o f  simi -
larit y b y explanation .  A  degre e o f  similarit y i n 
thi s phas e i s define d a s th e numbe r  o f  operator s 
tha t  i s  require d t o explai n on e ite m i n term s o f 
th e goal .  Whe n th e goa l  i s  no t  obvious ,  o r  rele -
vant  operator s ar e no t  easil y accessible ,  th e sec -
ond subproces s follows .  I n thi s phase ,  people' s 
judgement s ar e base d o n feature s share d wit h o r 
specifi c  t o items ,  a s i s modele d b y th e contras t 
model . 

Ther e ar e severa l  advantage s t o thi s model . 
First ,  a s i s obvious ,  th e mode l  ca n b e appUe d 
t o problem-solvin g an d learnin g wher e goa l  an d 
knowledg e pla y dominan t  roles .  Second ,  th e 
model  ca n provid e a n accoun t  o f  featur e selection . 
Since ,  i n theory ,  on e ca n creat e a n infinit e num -
ber  o f  attribute s whic h characteriz e give n items , 
i t  i s  crucia l  fo r  model s o f  similarit y t o selec t  rel -
evan t  features .  I n thi s model ,  thes e air e resolve d 
by relevanc e o f  feature s t o th e goal .  Thus ,  /  i n 
th e contras t  mode l  i s  n o longe r  define d adho c i n 
thi s model . 

I n orde r  t o explor e th e effect s o f  a  goa l  an d 
knowledg e o n similarit y judgement ,  w e conducte d 
a serie s o f  experiment s usin g th e Towe r  o f  Hano i 
puzzle .  Subject s wer e aske d t o rat e similaritie s 
of  a  give n stat e t o th e goa l  wher e al l  disk s wer e 
place d a t  th e righ t  peg .  Th e reaso n wh y w e chos e 
thi s puzzl e i s tha t  i t  i s  eas y t o specif y th e goal , 
th e knowledg e (operators) ,  a s wel l  a s features . 

Accordin g t o ou r  hypothesis ,  whethe r  subject s 
kno w th e rul e o f  th e puzzl e determine s whethe r 
judgement s ar e base d o n explanatio n o r  featur e 
comparison .  I f  subject s kno w th e rule s o f  th e 
puzzle ,  judge d similarit y shoul d b e a  functio n o f 
th e distance ,  tha t  is ,  th e numbe r  o f  operator s re -
quire d t o transfor m a  give n stat e t o th e goal .  O n 
th e othe r  hand ,  i f  subject s d o no t  kno w th e rule , 
th e judgement s shoul d b e carrie d o n th e basi s o f 
th e numbe r  o f  share d features .  I n addition ,  th e 
model  assume s tha t  th e accessibilit y  o f  th e op -
erator s als o affect s similarit y judgements .  I t  i s 
likel y tha t  novices '  judgement s ar e base d o n th e 
number  o f  share d features ,  sinc e thos e wh o hav e 
jus t  bee n taugh t  th e rule s woul d fin d i t  mor e dif -
ficul t  t o acces s a n appropriat e operato r  tha n ex -
perts .  Therefore ,  i t  i s  predicte d tha t  whil e ex -
perts '  judgement s shoul d b e bes t  characterize d 
by th e numbe r  o f  operators ,  novices '  one s shoul d 
be base d o n bot h th e numbe r  o f  operator s an d o n 
th e numbe r  o f  share d feature . 

Experiment 1 

Method 

Subject s Subject s wer e 2 1 Toky o Institut e o f 
Technolog y graduat e an d undergraduat e stu -

dents .  The y wer e randoml y assigne d t o on e o f 
th e thre e conditiona :  expert ,  novic e an d control . 
None o f  th e subject s i n th e novic e o r  contro l  con -
dition s ha d an y prio r  experienc e wit h th e Towe r 
of  Hano i  puzzle . 

Procedure Subjects in the expert condition 
firs t  rea d instruction s tha t  describe d th e goal , 
availabl e operators ,  an d constraint s o f  th e Towe r 
of  Hano i  puzzle .  The n the y proceede d t o th e 
trainin g session .  I n thi s session ,  the y wer e give n 
th e puzzle s wit h varyin g initia l  state s an d re -
quire d t o solv e the m withi n 1 5 seconds .  Th e goa l 
was fixe d s o tha t  al l  disk s wer e place d o n th e 
rightmos t  peg .  Afte r  subject s coul d solv e the m 
successfully ,  the y proceede d t o th e nex t  session : 
pre-judgemen t  session . 

I n thi s session ,  subject s wer e give n a  twenty-si x 
page booklet .  O n eac h page ,  on e o f  2 6 state s o f 
th e three-dis k Towe r  o f  Hano i  puzzl e wa s printed , 
paire d wit h th e goa l  wher e al l  disk s wer e place d 
on th e rightmos t  peg .  Subject s wer e aske d t o 
rat e ho w simila r  th e state s were ,  an d t o circl e 
"7 "  i f  th e picture s wer e ver y similar ,  "1 "  i f  the y 
wer e leas t  similar ,  an d othe r  number s fo r  th e in -
termediar y degree s o f  similairity .  Subject s wer e 
instructe d t o respon d a s quickl y a s possible .  Af -
te r  practice ,  subject s wer e give n anothe r  bookle t 
whic h consiste d o f  thre e block s o f  2 6 pairs .  Thus , 
subject s wer e require d t o compar e th e 7 8 pair s i n 
th e sam e wa y a s the y ha d don e i n th e previou s 
session . 

The procedur e fo r  th e novic e conditio n wa s 
basicall y same ,  excep t  tha t  ther e wa s n o train -
in g session .  Thus ,  the y rea d th e instruction s o f 
th e puzzle ,  the n proceede d t o th e pre-judgemen t 
session ,  an d finall y rate d th e similaritie s o f  eac h 
78 pair .  Th e contro l  grou p performe d th e pre -
judgemen t  sessio n an d th e similuit y judgement s 
only .  Thus ,  the y ha A n o ide a tha t  th e presente d 
stimulu s wa s th e puzzle .  Th e order s o f  th e stim -
ulu s presentatio n i n th e pre-judgemen t  an d fina l 
sessio n wer e randomize d acros s subjects . 

Results and Dbcussion 

I n orde r  t o examin e th e effect s o f  th e numbe r 
of  share d feature s an d operators ,  w e calculate d 
Spearman' s ran k orde r  correlatio n coefficient s be -
twee n th e rate d similarit y an d th e numbe r  o f  op -
erator s an d th e numbe r  o f  share d features .  Th e 
number  o f  operator s wa s define d a s th e distanc e 
betwee n a  give n stat e an d th e goa l  i n th e prob -
le m spac e o f  th e puzzle .  Th e numbe r  o f  share d 
feature s wa s calculate d b y addin g attributiona l 
and relationa l  similarities .  Th e degre e o f  attri -
butiona l  similarit y wa s th e numbe r  o f  disk s o n 
th e targe t  (rightmost )  peg .  Tha t  o f  relationa l 
similarit y wa s th e numbe r  o f  on-relations .  Fo r 
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Tabl e 1 :  Spearman' s ran k orde r  correlatio n co -
efficient s o f  rate d similarit y an d th e numbe r  o f 
feature s an d distanc e 

Exper t 
Novic e 0.425' * 
Contro l  0.624 " 

No.  Share d Featur e 

058^ " 
No.  Distanc e 

-0.5i4* * 
-0.150 * 
-0.03 4 

Note :  *  show s p  <  .05 ,  * *  p  <  .0 1 
Tj  betwee n th e distjmc e an d th e featur e i s 0.038 . 

example ,  suppos e a  stat e wher e th e Iwges t  dis k 
i s locate d o n th e leftmos t  pe g an d th e othe r  disk s 
air e o n th e rightmos t  peg .  I n thi s case ,  th e degre e 
of  attributiona d similarit y i s 2  becaus e tw o disk s 
ar e o n th e rightmos t  peg ,  an d tha t  o f  relationa l 
similarit y i s 1  becaus e th e smalles t  dis k i s o n th e 
med iu m disk . 

T h e result s ar e show n i n Tabl e 1 .  T h e similar -
it y rating s i n th e exper t  conditio n ar e greatl y af -
fecte d b y th e numbe r  o f  operators ,  althoug h th e 
number  o f  share d feature s a]a o affect s th e rat -
ings .  I n contrast ,  rating s i n th e contro l  condi -
tio n ar e base d solel y o n th e numbe r  o f  share d 
features .  T h e mor e feature s tw o state s hav e i n 
conunon ,  th e mor e the y ar e judge d t o b e simi -
lar .  T h e performanc e o f  th e novic e conditio n t s 
i n betwee n th e exper t  an d contro l  conditions .  Al -
thoug h th e effect s o f  operator s ar e observed ,  th e 
judgement s ar e oriente d mainl y b y th e numbe r 
of  share d features .  AdditionaJly ,  w e performe d 
separate d A N O V A s ,  takin g th e distanc e an d th e 
condition s a s th e independen t  veiriables ,  an d th e 
rate d similarit y a s th e dependen t  variable .  Al l 
th e A N O V As sho w significan t  interactio n (fo r  on e 
share d feature ,  F(6,240 )  =  3.38( p <  0.01) ;  fo r 
tw o share d features ,  F(2,120 )  =  3.80( p <  0.05) ; 
fo r  thre e share d features ,  F(4,159 )  =  6.41( p < 
0.01)) . 

Our  hypothesi s i s  supporte d b y th e result s 
tha t  th e numbe r  o f  operator s affect s th e ratin g 
greatl y fo r  th e exper t  condition ,  moderatel y fo r 
th e novic e condition ,  an d hardl y fo r  th e contro l 
condition .  Th e difference s betwee n th e contro l 
an d th e othe r  condition s sugges t  tha t  th e recog -
nitio n o f  th e goa l  cause s subject s t o comput e th e 
similarit y b y explanation .  Th e differenc e betwee n 
th e exper t  an d novic e condition s suggest s tha t 
th e accessibilit y o f  th e appropriat e operator s de -
termine s whethe r  th e judgement s ar e carrie d ou t 
by th e explanatio n o r  th e featur e comparison . 
T h e reaso n w h y th e effec t  o f  th e numbe r  o f  share d 
feature s wa s foun d eve n i n th e exper t  conditio n 
m ay b e du e t o th e fac t  tha t  th e expert s carrie d 
out  th e judgement s b y featur e compuiso n whe n 

th e require d explanatio n wa s ver y complicated . 
Althoug h w e conclude d tha t  difference s be -

twee n th e novic e an d exper t  ar e attribute d t o th e 
differenc e i n th e accessibilit y o f  operators ,  ther e 
migh t  b e a n alternativ e interpretation .  Sinc e sub -
ject s i n th e exper t  conditio D hav e a  lo t  o f  oppor -
tunitie s t o observ e a  sequenc e o f  solution s i n th e 
trainin g session ,  the y m a y recogniz e tha t  state s 
close r  t o th e go& l  ar e alway s contiguou s t o th e 
goal .  Therefore ,  judgement s o f  th e expert s migh t 
reflec t  th e contiguit y rathe r  tha n th e accessibilit y 
of  operators . 

Experiment 2 

I n orde r  t o examin e whethe r  th e expert' s  per -
formanc e reflect s th e learne d contiguity ,  w e con -
ducte d anothe r  experimen t  wher e comparison s 
wer e mad e betwee n tw o exper t  groups . 

I t  i s  wel l  know n tha t  ther e ar e severa l  differ -
ent  strategie s t o solv e th e Towe r  o f  Hano i  puz -
zl e (Simon ,  1975) .  O n e o f  th e strategies ,  calle d 
th e "perceptua l  strategy" ,  ca n b e describe d a s 
follows :  T o construc t  th e towe r  o f  th e disk s o n 
th e targe t  peg ,  th e larges t  dis k mus t  b e place d 
on th e taû ge t  pe g first,  the n th e nex t  largest , 
and s o on .  Thi s strateg y doe s no t  alway s specif y 
th e appropriat e operato r  a t  eac h state ,  becaus e 
some move s directe d b y th e strateg y violat e th e 
constraint s o f  th e puzzle .  However ,  thi s strat -
egy give s th e bette r  understandin g o f  th e sub -
goal  structur e fo r  solvin g th e puzzle .  Anothe r 
strateg y i s calle d "move-patter n strategy. "  Thi s 
strateg y ca n b e describe d a s foUows :  O n odd -
numbere d moves ,  mov e th e smalles t  disk ;  O n 
even-numbere d moves ,  mov e th e next-smadles t 
dis k tha t  i s exposed ;  T h o smalles t  dis k i s alway s 
moved from  th e lef t  t o th e righ t  t o th e cente r  t o 
th e lef t  peg ,  an d s o on .  A s i s obviou s fro m th e 
abov e description ,  thi s strateg y i s  quit e th e oj> -
posit e o f  th e perceptua l  strategy .  Thi s strateg y 
alway s specifie s th e appropriat e operators .  How -
ever ,  thi s strateg y i s  rathe r  mechauiica l  o r  rote , 
i n a  sens e tha t  peopl e d o no t  hav e t o recogniz e 
th e subgoa l  structur e a t  all .  W h a t  i s  necessar y 
fo r  th e strateg y i s onl y t o kee p trac k o f  th e par -
it y o f  th e mov e an d th e cyclin g directio n fo r  th e 
smalles t  dis k (Simon ,  1975) . 

W h at  happen s i f  th e tw o strategie s air e use d i n 
th e similarit y judgement ? Sinc e a  subjec t  usin g 
th e perceptua l  strateg y understand s th e subgoa l 
structure ,  h e o r  sh e i s  likel y t o giv e good ,  bu t 
not  exact ,  estimate s o f  th e numbe r  o f  operator s 
t o achiev e th e goal .  Fo r  example ,  whe n th e first 
subgoa l  o f  th e strateg y ha s no t  bee n achieve d yet , 
he o r  sh e m a y judg e th e give n stat e t o b e les s 
simila r  t o th e goal .  W h e n th e secon d subgoa l 
has bee n achieved ,  th e stat e m a y b e judge d t o b e 
ver y simila r  t o th e goal .  O n th e othe r  hand ,  a 
subjec t  w h o use s th e move-patter n strateg y m a y 
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hav e difficultie s i n estimatin g th e distance .  I f  a 
subjec t  trie s t o explai n th e give n state ,  h e ha s 
t o mov e th e disk s mentall y an d coun t  th e nunv -
ber  o f  operator s t o b e applied .  Sinc e i t  place s a 
substantia l  burde n upo n workin g memory ,  i t  i s 
likel y tha t  th e subjec t  woul d giv e u p th e expl v 
natio n an d shif t  t o featur e comparison . 

I t  i s importan t  t o not e tha t  th e solutio n path s 
ar e identica l  betwee n th e tw o conditions .  Thus , 
th e "contiguity "  hypothesi s predict s tha t  ther e 
i s n o differenc e betwee n th e two ,  becaus e sub -
ject s i n bot h condition s observe d approximatel y 
th e sam e numbe r  o f  th e sequenc e o f  state s i n th e 
practic e session .  O n th e othe r  hand ,  ou r  mode l 
predict s difference s betwee n th e two .  Subject s 
who us e th e perceptua l  strateg y shoul d b e mor e 
sensitiv e t o th e numbe r  o f  operator s require d t o 
achiev e th e goal ,  becaus e the y ar e mor e likel y t o 
recogniz e th e subgoz d structur e whic h provide s 
a goo d basi s fo r  th e estimatio n o f  th e distance . 
By contrast ,  a  subjec t  wh o use s th e move-patter n 
strateg y i s likel y t o judg e th e similarit y o n th e ba -
si s o f  featur e comparison .  Tha t  i s becaus e men -
tall y executin g thi s strateg y place s a  substantia l 
burde n upo n workin g memory . 

Sinc e th e pilo t  stud y reveale d tha t  th e differ -
ences wer e ver y subtle ,  w e mad e severa l  change s 
i n orde r  fo r  th e experimen t  t o b e sensitiv e t o pos -
sibl e differences .  First ,  th e 7  point s scal e o f  th e 
ratin g i n Experimen t  1  wa s replace d wit h a  1 0 
point s scale .  I n addition ,  th e five-dis k Towe r  o f 
Hanoi  wa s use d fo r  rating ,  s o a s t o avoi d th e "ceil -
in g effect. " 

Method 

Subject s Twelv e undergraduat e student s wer e 
randoml y assigne d t o th e subgoa l  o r  rot e con -
dition .  Non e o f  the m ha d experience d wit h th e 
Tower  o f  Hano i  puzzl e prio r  t o th e experiment . 

Procedure Subjects in both conditions first 
rea d instruction s whic h describe d th e rule s o f  th e 
puzzle .  The n the y wer e give n a  descriptio n o f 
th e strategie s t o b e learned :  Subject s i n th e sub -
goal  conditio n rea d th e descriptio n o f  th e per -
ceptua l  strategy ;  Subject s i n th e rot e conditio n 
rea d th e descriptio n o f  th e move-patter n strat -
egy.  The n subject s wer e aske d t o understan d th e 
procedure .  Whe n the y di d no t  understan d it ,  a n 
experimente r  taugh t  the m th e strateg y accordin g 
t o th e instruction .  Afte r  readin g it ,  the y wer e re -
quire d t o solv e th e three-dis k puzzle ,  usin g th e 
taugh t  strategies .  Th e initia l  stat e o f  th e prac -
tic e wa s fixe d s o tha t  al l  th e disk s wer e place d 
on th e leftmos t  peg .  I f  subject s solve d th e puzzl e 
withi n te n second s withou t  mistakes ,  the y wer e 
allowe d t o procee d t o th e nex t  session .  Afte r  th e 
practic e fo r  rating ,  subject s wer e give n a  nine -
page booklet ,  an d aske d t o judg e th e similarit y 

of  a  stat e t o th e goal .  Th e goa l  an d on e o f  th e 
nin e state s wer e printe d o n eac h page .  Subject s 
wer e aske d t o judg e th e similarit y o f  th e pairs , 
as quickl y a s possible .  Th e nin e state s tha t  wer e 
used fo r  th e compariso n wer e selecte d t o approx -
imatel y balanc e th e numbe r  o f  feature s an d th e 
distanc e fro m th e goal . 

Results and Discussion 

I t  too k 11 6 second s fo r  subject s i n th e subgoa l 
conditio n an d 12 6 fo r  thos e i n th e rot e conditio n 
t o solv e th e five-dis k puzzle .  Thi s suggest s tha t 
ther e i s n o differenc e i n efficienc y o f  th e strateg y 
use i n bot h conditions . 

However ,  Spearman' s ran k orde r  correlatio n 
coefficient s betwee n th e rate d simUarit y an d th e 
number  o f  operator s sho w tha t  ther e exis t  differ -
ence s betwee n th e tw o group s o f  subject s (fo r  th e 
subgoa l  condition ,  r ,  =  -0.479( p <  0.01) ;  fo r  th e 
rot e condition ,  r ,  =  -0.219( p =  O.ll) . 

Thes e result s indicat e tha t  th e difference s ob -
serve d i n th e experimen t  1  coul d no t  b e at -
tribute d t o mer e recognitio n o f  contiguity .  Th e 
differenc e i s du e t o th e understandin g o f  th e sub -
goal  structur e whic h provide s a  goo d basi s fo r 
estimatin g th e numbe r  o f  operator s necessar y t o 
achiev e th e goal . 

General Discussion 

Similarit y mus t  b e sensitiv e t o goals ,  sinc e i t  i s 
involve d i n variou s kind s o f  huma n activitie s i n 
whic h goal s pla y privilege d roles .  Th e experi -
ment s presente d her e clearl y sho w tha t  th e judge -
ment s o f  similarit y ar e affecte d b y th e goa l  an d 
knowledg e o f  operators .  Whe n th e goa l  i s  salient , 
people' s judgement s o f  similarit y ar e carrie d ou t 
by explanation ,  sensitiv e t o th e numbe r  o f  oper -
ator s require d t o transfor m give n state s t o th e 
goal .  O n th e othe r  hand ,  judgement s com e t o 
be base d o n th e numbe r  o f  share d feature s whe n 
ther e i s n o explici t  goal ,  o r  whe n relevan t  knowl -
edge t o achiev e th e goa l  i s no t  readil y accessible . 

By incorporatin g goa l  an d knowledg e int o th e 
model  o f  similarity ,  w e ca n provid e adequat e ac -
count s fo r  severa l  phenomen a foun d i n people' s 
judgemen t  o f  similuity .  First ,  ou r  mode l  ha s di -
rec t  relevanc e t o th e "surface-structural "  argu -
ment  i n studie s o f  similarity .  Centne r  &  Lander s 
(1985 )  foun d tha t  whil e peopl e retrieve d super -
ficially  simila r  storie s i n a  memor y recal l  task , 
the y tende d t o choos e structurall y simila r  one s i n 
task s whic h require d th e ratin g o f  th e soundnes s 
of  analog y betwee n stories .  Th e shif t  fro m super -
ficial  t o structur e similarit y ca n b e attribute d t o 
th e fac t  tha t  ther e i s n o explici t  goa l  i n th e re -
cal l  task ,  wherea s th e goal s an d th e solution s ar e 
salien t  i n th e ratin g o f  analogica l  soundness .  A s 
we suggeste d before ,  th e recognitio n o f  th e goa l 
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leâ l s  peopl e t o comput e similarit y b y explana -
tion .  I n thi s case ,  th e subject s wer e sensitiv e t o 
th e goal-subgoa l  hierarch y whic h correspond s t o 
th e "structure "  o f  th e task .  Thi s woul d b e th e 
reaso n wh y subjects '  rating s wer e base d o n th e 
structur e o f  th e storie s i n th e soundnes s rating . 

More evidenc e o f  th e "surface-structural "  dis -
tinctio n come s fro m studie s o n expert-novic e dif -
ferences .  I t  i s  wel l  know n tha t  wherea s expert s 
atten d t o structura l  aspect s o f  problems ,  novice s 
atten d t o superficia l  ones .  Thes e result s ca n b e 
explaine d b y th e accessibilit y  o f  knowledge .  I n 
th e categorizatio n tas k i n Ch i  e t  al' s  experiment s 
(Chi ,  Feltovich ,  i c  Glaser ,  1981) ,  novice s seeme d 
t o kno w tha t  the y shoul d atten d t o structura l 
similarit y amon g problem s becaus e the y ha d bee n 
taugh t  a n elementar y physics .  However ,  th e lac k 
of  th e appropriat e knowledg e o f  physic s whic h 
relate d on e proble m t o anothe r  cause d the m t o 
comput e th e similarit y vi a o n th e numbe r  o f 
share d features . 

Our  mode l  ha s muc h i n common wit h th e 
M A C / F AC mode l  (Centne r  &  Forbus ,  1991) . 
The M A C / F A C mode l  consist s o f  tw o stages . 
Whil e i n th e M A C stage ,  computationall y chea p 
matcher s ac t  o n conten t  vector s o f  item s i n L T M , 
structura l  examination s ar e mad e i n orde r  t o 
comput e "deep "  similarit y i n th e F A C stage . 
The M A C an d F A C stage s correspon d t o th e 
featur e compariso n an d th e explanation ,  respec -
tively .  Thi s suggest s tha t  theorie s whic h ai m a t 
modeUng th e processe s o f  similarit y judgement s 
i n problem-solvin g context s shoul d hav e tw o sub -
processe s t o comput e dee p a s wel l  a s shallo w sim -
ilarities . 

However ,  ther e ar e severa l  difference s betwee n 
th e two .  First ,  th e rol e o f  th e goa l  i s  no t  explicitl y 
mentione d i n th e M A C / F A C model .  Althoug h 
th e M A C / F A C migh t  b e abl e t o explai n th e ef -
fect s o f  goa l  b y modifyin g conten t  vectors ,  a n ini -
tia l  se t  o f  feature s ha s t o b e changed .  I n con -
trast ,  ou r  mode l  explain s th e effect s no t  b y mod -
ifyin g th e descriptio n o f  objects ,  bu t  b y suldin g 
th e goa l  aui d th e operaitors .  Second ,  althoug h th e 
accessibilit y  o f  appropriat e operator s determine s 
whethe r  th e judgement s air e carrie d ou t  b y ex -
planatio n o r  featur e comparison ,  ther e see m n o 
mechanism s i n th e M A C / F A C mode l  t o explai n 
th e effects . 
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