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Abstract ' 

We report two experiments which assessed the 

psychologica l  validit y o f  th e Copyca t  framewor k fo r 

analogy ,  whic h propose s tha t  analog y i s a  proces s o f 

creatin g a  representation .  Experimen t  1  presente d 

subject s wit h tw o lette r  strin g analogies :  "I f  ab c i s 

change d t o ab d h o w woul d kj i  b e change d i n th e 

same way?" ,  an d th e sam e statemen t  bu t  wit h mrrjj j 

as th e strin g t o b e changed .  Eac h subjec t  attempte d t o 

solv e bot h analogie s an d orde r  o f  presentatio n wa s 

varied .  Th e prediction s o f  Copyca t  ver y closel y 

matche d th e performanc e o f  huma n subject s o n th e 
firs t  analog y peopl e solved .  However ,  th e secon d 

analog y tas k showe d substantia l  asymmetrica l  transfe r 

effect s tha t  th e mode l  doe s no t  directl y predict . 
Substantiall y  greate r  transfe r  wa s observe d from  th e 

mrrjj j  analogy ,  fo r  whic h i t  i s  har d t o produc e a 

highl y structure d representation ,  t o th e easie r  t o 

represen t  kj i  analogy ,  tha n vice-versa .  I n Experimen t 

2 th e first  par t  o f  th e statemen t  o f  th e proble m wa s "I f 
aabbc c i s  change d t o aabbcd..." .  I n thi s cas e kj i 

becomes harde r  t o represen t  tha n mrrjjj .  A s 

predicted ,  thi s versio n yielde d mor e transfe r  from  kj i 

t o mrrjj j  tha n th e reverse .  I n bot h experiment s 

transfe r  wa s asymmetricall y wit h greate r  transfe r  from 

les s structure d t o mor e structure d problem s tha n th e 

reverse .  Overal l  th e stud y supporte d Copycat' s 
contentio n tha t  representatio n i s a  vita l  componen t  fo r 

understandin g analogica l  processors . 

Copyca t  (Hofstadter ,  1985 ;  Hofstadte r  &  Mitchell , 

1988 ;  Mitchell ,  1990 ;  Mitchel l  &  Hofstadter ,  1989 , 

1990 )  i s a  progra m tha t  create s analogica l  inference s 

i n a  simpl e domain ,  a  micr o worl d consistin g o f  th e 2 6 

letter s o f  th e alphabe t  an d associate d concepts .  Th e 
progra m solve s problem s suc h as ,  give n tha t  ab c 

^Thi s researc h wa s supporte d b y Contrac t  M D A 903 -

89-K-017 9 from  th e A r m y Researc h Institute . 

change s t o abd ,  wha t  doe s srq p chang e t o 

analogically ? O r  h o w woul d mrrjj j  change ? (Not e 

tha t  th e strin g t o b e change d wil l  b e presente d i n 

bold-face ,  whil e string s tha t  ar e possibl e answer s wil l 

be i n italics )  Copyca t  differ s from  mos t  othe r  model s 

of  analog y (e.g. ,  Holyoa k &  Thagard ,  1989 ; 

Falkenhainer ,  Forbus ,  &  Centner ,  1989 )  i n tha t  othe r 

model s tak e a n existin g representatio n o f  a  situatio n 

and buil d a n analog y fro m tha t  representation . 

Copyca t  instea d propose s tha t  buildin g th e 

representatio n interact s cruciall y wit h th e mappin g o f 

th e analogy .  I n Copycat ,  representation s ar e no t  jus t 

somethin g fro m whic h analogie s ar e derived ;  rather , 
th e constructio n o f  a  representatio n i s  viewe d a s th e 

most  basi c analogica l  process .  Consequently ,  analog y 

i s viewe d a s a  m u c h mor e genera l  proces s tha n mos t 
othe r  model s o f  analog y envisage . 

Copyca t  limit s it s domai n t o lette r  string s becaus e 

analog y i s  viewe d b y Copycat' s author s a s to o 
complicate d t o b e initiall y  studie d i n a  comple x 

domai n (Hofstadter ,  1985) .  Fo r  Copycat ,  representin g 
an analog y involve s formin g relevant ,  coheren t 
structure s a t  a n appropriat e leve l  o f  abstraction .  Fo r 

example ,  a  lin k m a y b e forme d betwee n th e letter s a 

and b  becaus e b  i s th e alphabeti c successo r  t o a .  O r  a 

lin k m a y b e forme d betwee n th e letter s a  an d m 

becaus e the y ar e bot h th e left-mos t  letter s i n thei r 
strings .  Formin g structur e ca n als o requir e decidin g 

whic h aspect s ar e t o b e take n literall y an d whic h ar e 

allowe d t o "slip "  t o relate d concepts .  Fo r  example ,  c 

i s th e predecesso r  o f  d ,  bu t  unde r  appropriat e 

condition s a  representatio n m a y b e buil t  tha t  allow s 
th e concep t  o f  "predecessor "  t o sli p suc h tha t  th e 

"predecessor "  relationshi p i s  mappe d t o th e opposit e 

"successor "  relation .  I n Copyca t  thes e slippages ,  lik e 
al l  aspect s o f  buildin g th e representation ,  occu r  a s th e 

resul t  o f  competitio n betwee n differen t  interpretations . 

W h at  thes e interpretation s m a y b e i s no t  limite d b y 

th e initia l  representatio n a s i t  i s i n th e othe r  analog y 

model s mentione d above .  Lette r  strin g analogie s 

incorporat e al l  o f  th e problem s Hofstadte r  an d 
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Mitchel l  conside r  important :  the y hav e structure ,  the y 

m ay lea d t o "slippage" ,  an d ihe y ofte n hav e 

competin g interpretations .  Becaus e lette r  strin g 

analogie s ar e a  relativel y simpl e domain ,  the y mak e i t 

possibl e t o isolat e th e importan t  aspect s o f  analog y 

withou t  havin g t o incorporat e man y domain-specifl c 

mechanisms . 

However ,  becaus e Copyca t  solve s a  differen t 

domai n o f  problem s tha n tha t  o f  mos t  othe r 

computationa l  model s o f  analogica l  processes ,  i t  i s 

ver y difficul t  t o directl y tes t  Copyca t  agains t  othe r 

model s o f  analogy .  I t  i s  i n it s underlyin g approac h 

tha t  Copyca t  differ s fro m thes e othe r  models ,  rathe r 

tha n i n predictin g specifi c  differen t  results .  I t  i s  als o 

unclea r  h o w bes t  t o tes t  Copyca t  a s a  psychologica l 

model  o f  analogica l  reasoning .  Copyca t  i s no t 

designe d t o mode l  huma n behavio r  a t  a  fin e grain , 

althoug h Mitchel l  (1990 )  intend s th e Copyca t  interna l 

architectur e an d externa l  behavio r  t o provid e a 

plausibl e mode l  o f  huma n analog y making .  Anothe r 

facto r  tha t  make s i t  difficul t  t o tes t  Copyca t  a s a 

model  i s tha t  clearl y m a n y aspect s o f  huma n 

experienc e ar e exclude d fro m it s micr o worl d (e.g. , 

peopl e generall y k n o w th e alphabe t  bette r  forward s 

tha n backwards) .  I n thi s stud y w e m a k e som e initia l 

attempt s t o experimentall y tes t  implication s o f  th e 

Copyca t  approach . 

I t  woul d increas e th e psychologica l  plausibilit y  o f 

th e Copyca t  mode l  i f  i t  coul d produc e simila r  answer s 

t o letter-strin g analog y problem s t o thos e peopl e 

generate .  Copyca t  i s intende d a s a  mode l  o f  a  singl e 

individual ,  bu t  i t  i s  impractica l  t o as k th e sam e perso n 

t o solv e on e o f  thes e problem s a  thousan d time s an d 

compar e th e frequenc y o f  response s t o tha t  generate d 

by a  thousan d run s o f  th e Copyca t  program . 

Therefor e w e instea d gav e analog y problem s t o a 

number  o f  people ,  wit h th e assumptio n tha t  thei r 

response s woul d reflec t  th e biase s o f  a  singl e 

individua l  ove r  time .  Mitchel l  (1990 )  gav e analog y 

problem s t o peopl e t o solv e an d foun d tha t  Copyca t 

coul d produc e th e mos t  c o m m o n answer s peopl e 

advanced ,  bu t  i t  wa s unabl e t o generat e th e ful l  rang e 

of  answer s tha t  peopl e did .  However ,  eve n huma n 

dat a fo r  response s tha t  Copyca t  wa s abl e t o generat e 

had a  clearl y differen t  frequenc y distributio n fo r  thos e 

response s tha n tha t  Copyca t  produced .  Thi s sugges t 

tha t  Copyca t  m a y b e limite d a s a  mode l  o f  huma n 

behavior ,  reflectin g eithe r  limitation s o f  th e curren t 

instantiatio n o f  Copyca t  (a s Mitchel l  acknowledges ) 

or  th e model' s genera l  approac h t o analog y making . 

Rathe r  tha n simpl y comparin g th e frequenc y o f 

Copycat' s response s t o huma n data ,  w e sough t  t o 

evaluat e Copycat' s clai m tha t  th e interactio n o f 

representatio n an d mappin g i s critica l  t o analogica l 

reasoning .  W e wer e unabl e t o tes t  thi s clai m directly , 

but  instea d sough t  t o tes t  a  predictio n tha t  appear s t o 

be consisten t  wit h thi s claim .  I f  representatio n i s 

critical ,  the n particula r  transfe r  effect s ma y b e 

predicte d whe n subject s tr y t o solv e successiv e 

analog y problems .  (Th e Copyca t  progra m ha s neve r 

attempte d t o mode l  transfer ;  however ,  ther e appear s 

t o b e n o conceptua l  problem s wit h doin g so )  I n 

Experimen t  1  w e presente d subject s wit h tw o 

analogies :  'Suppos e tha t  th e lette r  strin g ab c wa s 

change d t o abd ;  h o w woul d yo u chang e th e lette r 

strin g kj i  i n th e sam e way?' ;  an d th e sam e analog y bu t 

wit h mrrjj j  a s th e strin g t o b e changed .  Thes e tw o 

problem s wer e chose n fro m amon g th e man y tha t 

Copyca t  ha s attempte d becaus e the y bot h ha d a t  leas t 

tw o reasonabl y frequen t  answers ,  suggestin g tha t  the y 

had enoug h inheren t  ambiguit y o f  interpretatio n t o b e 

affecte d b y attempt s t o solv e precedin g problems . 

Copyca t  generate d thre e mai n answer s t o th e kj i 

problem :  kjh ,  kjj ,  an d Iji .  Eac h o f  thes e answer s 

reflec t  a  differen t  representatio n o f  th e problem .  T o 

produc e kj h Copyca t  build s a  representatio n i n whic h 

th e kj i  strin g i s a  left-to-righ t  sequenc e o f  letter s tha t 

preced e eac h othe r  i n th e alphabet ,  whil e ab c i s a 

strin g i n whic h th e letter s ar e alphabeti c successors . 

Th e op]X)sin g natur e o f  thes e structure s cause s th e 

concep t  o f  changin g th e right-mos t  lette r  (derive d 

fro m "ab c change s t o abd" )  t o it s successo r  t o "slip " 

t o "chang e th e right-mos t  lette r  t o it s predecessor" . 

Th e strin g Ij i  result s fro m a  simila r  representatio n bu t 

instea d o f  lettin g "chang e predecessor "  sli p t o "chang e 

successor" ,  th e ide a o f  "chang e right-most "  slip s t o 

"chang e left-most" .  I n contrast ,  th e answe r  kj j  ca n b e 

produce d wit h relativel y littl e structure ,  b y directl y 

transferrin g th e ide a "chang e t o successo r  o f  left -

most "  wit h n o direc t  influenc e fro m th e strin g t o 
whic h i t  i s  bein g applied .  Littl e structur e ca n b e 

effectivel y buil t  howeve r  t o represen t  th e mrrjj j 

analog y problem .  Th e mos t  c o m m o n answer s 

Copyca t  produce s ar e mrrjjk .  an d mrrkkk ,  bot h o f 

whic h ar e th e resul t  o f  transferrin g th e unmodifie d 

rul e o f  "chang e right-most  elemen t  t o successor" ,  wit h 

th e onl y aspec t  producin g difference s bein g th e 

questio n o f  wha t  constitute s th e "right-mos t  element" . 

Mor e structur e i s buil t  fo r  mrrkk k tha n fo r  mrrjjk ,  a s 

th e answe r  mrrkk k require s th e groupin g o f  jj j  int o a 

singl e elemen t  tha t  the n map s t o th e elemen t  c . 

However ,  Copyca t  give s bot h o f  th e c o m m o n mrrjj j 

solution s a  m u c h highe r  temperatur e (temperatur e i s 

Copycat' s measur e o f  th e amoun t  o f  structur e i t  build s 

fo r  a n analogy ,  wit h lo w temperatur e indicatin g larg e 

amount s o f  structur e ar e built )  tha n i t  calculate s fo r 

th e kj h an d Ij i  answer s fo r  th e kj i  analogy . 
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T o examin e transfe r  effects ,  approximatel y hal f  th e 
subject s receive d kj i  first  an d hal f  receive d mrrjj j 
first ;  the n eac h subjec t  receive d th e othe r  analogy .  I t 
woul d b e unsurprisin g t o find  som e transfe r  effects ,  a s 
th e ide a o f  changin g th e right-most  lette r  t o ih c 
successo r  i s  applicabl e t o bot h analogies .  Bu t  i f 
subject s ar e tryin g t o buil d comprehensiv e 
representation s o f  thes e problem s (a s Copyca t  seem s 
t o sugges t  the y would )  the n ther e shoul d b e a n 
asymmetr y o f  transfe r  effects .  I t  shoul d b e relativel y 
difficul t  t o transfe r  kj i  answer s t o mrrjj j  becaus e i t  i s 
expecte d tha t  subject s wil l  buil d a  relativel y highl y 
structure d representatio n o f  kji ,  a  representatio n tha t 
wil l  the n b e a  poo r  fit  t o mrrjj j  i f  subject s tr y t o m a k e 
use o f  th e whol e representatio n the y hav e built . 
However ,  littl e structur e ca n b e buil t  fo r  mrrjjj , 
allowin g relativel y unencumbere d transfe r  o f  th e ide a 
"chang e t o successor  o f  right-mos t  letter" . 

E x p e r i m e n t  1 

Subjects were from the introductory psychology 
subjec t  poo l  a t  th e Universit y o f  California ,  Lo s 
Angeles .  A  tota l  o f  14 0 subject s attempte d th e 
analogie s eithe r  durin g o r  afte r  participatin g i n 
anothe r  experiment .  Sixty-si x subject s di d th e kj i 
analog y first  an d 7 4 di d mrrjj j  first.  Subject s ha d t o 
decid e o n on e bes t  respons e t o eac h analog y an d wer e 
give n a s lon g a s the y wante d t o complet e th e task . 
However ,  the y coul d no t  retur n t o th e first  analog y 
afte r  completin g it ,  o r  star t  th e secon d withou t 
completin g th e first . 

Jy h iLi L Ji L J l Ji L Othe r 

firs t 

second 

24 

9 

14 

43 

15 

9 

Tabl e 1 .  Frequencie s o f  eac h answe r  t o th e kj i 
analog y fo r  subject s receiving  kj i  firs t  o r  second . 

Table 1 reports the frequency of each response to kji 
tha t  occurre d m o r e tha n twic e fo r  subject s solvin g thi s 
analog y first  o r  second^ .  Le t  u s first  conside r  th e 
result s fo r  subject s solvin g th e proble m first  Copyca t 
generate d th e mos t  c o m m o n answer s tha t  peopl e 
produced ,  bu t  subject s for m a  n u m b e r  o f  answer s tha t 
Copyca t  i s no t  reporte d t o hav e produced ,  althoug h 

2 Othe r  answer s were :  kin ,  kji ,  jig ,  kli ,  hij ,  kij ,  Ikj ,  jkl , 
kjd ,  kji .  qji ,  kjk ,  ijk ,  klj ,  kjp . 
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Figur e 1 .  A  compariso n o f  th e frequenc y o f  eac h 
respons e t o th e kj i  analog y w h e n solve d first  fo r 
Copyca t  an d h u m a n subject s (a s a  percentag e o f  th e 
subse t  o f  response s tha t  Copyca t  i s  capabl e o f 
generating) . 
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mrrji k  m r r k k k mrrii i  mrrjii i  iiimr r  mrsii k mrsji j  Othe r 

firs t  1 1 

second S 

34 

11 

10 

36 

Tabl e 2 .  Frequencie s o f  eac h answe r  t o th e mrrjj j 
analog y fo r  subject s receivin g mrrjj j  first  o r  second . 

none have a high frequency. As discussed above, 
Mitchel l  (1990 )  als o foun d thi s limitatio n o f  Copycat , 
an d explanation s sh e offer s accoun t  fo r  m a n y o f  th e 
non-Copyca t  answers .  I n orde r  t o tes t  Copyca t  o n it s 
o w n term s w e use d onl y th e subse t  o f  answer s tha t 
Copyca t  w a s als o capabl e o f  generatin g an d compute d 
th e frequenc y o f  eac h answe r  a s a  percentag e o f  th e 
frequenc y o f  al l  answer s i n thi s subse t  Thes e 
percentage s ar e presente d i n Figur e 1 ,  togethe r  wit h 
th e frequenc y wit h whic h Copyca t  generate d eac h 
answe r  ove r  a  thousan d run s a s reporte d b y Mitchel l 
(1990) .  Copycat' s frequencie s ar e ver y clos e t o thos e 
o f  th e subjects .  T h e hypothesi s tha t  th e distributio n o f 
result s i s th e s a m e fo r  Copyca t  an d fo r  peopl e canno t 
b e rejecte d (usin g al l  cell s wit h a n expecte d valu e 
greate r  tha n 1.0 ,  ̂ ^(3 )  =  2.65 ,  n.s.) . 

Tabl e 2  report s th e frequenc y o f  al l  response s t o 
mrrjj j  whic h m o r e tha n tw o subject s generated^ .  Thi s 

3 Othe r  answer s were :  jms .  mrt ,  mrrkkkk ,  mrtjjk , 
ntmrrkk ,  mrr j j jwwww ,  mrrk ,  mrrjji ,  mrrfff ,  rjmjrj , 
msskkk ,  mtrjjj .  mjjjrr ,  jjrrmj ,  rrmjjj ,  mrrjjjkkkk . 
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Figur e 2 .  A  compariso n o f  th e frequenc y o f  eac h 

respons e t o th e mrrjj j  analog y whe n solve d firs t  fo r 

Copyca t  an d huma n subject s (a s a  percentag e o f  th e 

subse t  o f  response s tha t  Copyca t  i s  capabl e o f 

generating) . 

data follows a similar pattern to the kji results. The 

mai n differenc e i s tha t  a  greate r  variet y o f  answer s ar e 

produce d an d fewe r  subject s giv e th e mor e c o m m o n 

answers .  Thi s reflect s th e intuitio n tha t  mrrjj j  i s  a 

harde r  analog y fo r  whic h t o produc e a  systemati c 

answer .  Figur e 2  present s th e compariso n o f  Copycat' s 

result s wit h thos e o f  th e h u m a n subjects ,  agai n 

limitin g th e compariso n t o answer s tha t  Copyca t  ha d 

produced .  Agai n th e hypothesi s tha t  frequencie s ar e 

th e sam e fo r  Copyca t  an d peopl e canno t  b e rejecte d 

(usin g al l  cell s wit h a n expecte d valu e greate r  tha n 

1.0 ,  X ^ 4 )  =  2.79 ,  n.s.) .  Thes e dat a sugges t  tha t  th e 

underlyin g idea s o n whic h Copyca t  i s  base d hav e 

some validity ,  give n tha t  withi n it s  limitation s 

Copyca t  produce s result s remarkabl y clos e t o thos e 

fo r  huma n subjects .  I t  i s  unclea r  w h y Mitchel l  (1990 ) 

was les s successfu l  i n matchin g Copycat' s result s t o 

hiuna n performance ,  a s Mitchel l  doe s no t  giv e enoug h 

detail s o f  he r  methodolog y t o k n o w i f  ther e wer e 

mrruuu, mrrjjd, mssjjj, mrrkk, mrrsss, mrrjkk, mrrhhh, 
jmmrrr .  mrrggg ,  mqqjjj ,  nrjjjj ,  mrsjjj ,  mrrttt ,  jjjmrs . 

mrrnnnn ,  jjjrrm .  mrrzbd ,  mrrjjj ,  m r r m m m m,  mrrlll , 

mjjrr ,  morij ,  mrrzzzz ,  mrsjkl .  Thes e response s als o 

illustrat e a  limitatio n o f  Copyca t  tha t  peopl e d o no t 

see m t o share ,  namely ,  th e sam e elemen t  canno t  hav e 

tw o interpretation s i n Copycat .  Fo r  example ,  mrrkkk k 

violate s thi s constrain t  becaus e th e kkk k elemen t  i s 

bot h th e numerica l  an d alphabeti c successo r  \ojjj -

majo r  procedura l  difference s wit h th e presen t  study . 

O ne differenc e i s tha t  sh e use d fewe r  subject s (3 2 fo r 

mrrjj j  an d 1 0 fo r  kjl) . 

Comparin g th e frequencie s o f  response s t o th e 

same proble m whe n don e secon d instea d o f  first 

show s stron g orde r  effects .  A s Tabl e 1  indicates ,  fo r 

th e kj i  proble m th e mos t  c o m m o n answer ,  kjh , 

becomes significantl y les s c o m m o n {XHX) = 11.34 , 

p<.05 )  whe n th e proble m i s  solve d second .  Th e 

answe r  kj j  become s th e mos t  c o m m o n answe r  an d i s 

significantl y mor e frequentl y generate d tha n whe n kj i 

i s  solve d first  Q(}0) = 19.67 .  p<.05) .  Fo r  th e mrrjj j 

analog y th e tw o mos t  c o m m o n answer s {mrrkk k an d 

mrrjjj )  collectivel y ar e generate d les s ofte n whe n 

mrrjj j  i s  solve d second ,  X^(l) = 30.76 ,  p<.05 .  (Whil e 

mrrkk k i s  generate d relativel y les s ofte n tha n nvrjj k 

when mrrjj j  i s  solve d second ,  thi s differenc e i s no t 

significant .  X^(l) = 2.19 ,  n.s. )  Th e hypothesize d 

asymmetr y o f  transfe r  wa s found .  O f  th e 3 4 subject s 

w ho produce d mrrkk k whe n doin g mrrjj j  first,  2 3 

answere d kj j  t o thei r  secon d analogy .  However ,  o f  th e 

14 subject s answerin g kj j  whe n the y wer e give n kj i 

first,  onl y tw o answere d mrrkkk .  Thi s asymmetr y i s 

significan t  (̂ (̂1 )  =  11.32 ,  p<.05) .  Similarly ,  o f  th e 

11 subject s answerin g mrrjjk ,  1 0 subsequentl y 

answere d kjj ,  bu t  o f  th e 1 4 answerin g kj j  onl y thre e 

giv e mrrjj k a s thei r  answe r  t o mrrjjj ,  agai n 

demonstratin g a  significan t  asymmetr y o f  transfe r 

(X^(l) = 11.91 ,  [X.05) .  Th e greate r  variet y o f  answer s 

generate d whe n mrrjj j  i s  solve d secon d i s  als o 

consisten t  wit h th e clai m underlyin g th e asymmetr y 

hypothesis ,  tha t  i t  wil l  b e mor e difficul t  t o 

systematicall y transfe r  a  highl y structure d 

representatio n tha n a  les s wel l  structure d one .  I f 

subject s tr y t o fit  thei r  relativel y highl y structure d 

representation s forme d fo r  th e kj i  analogy ,  the y ma y 

end u p distortin g thei r  representatio n o f  th e mrrjj j 

analog y i n unusua l  ways .  A n exampl e o f  thi s wa s 

provide d b y subject s w h o generate d mrriii ,  a n answe r 

neve r  produce d excep t  whe n mrrjj j  i s  solve d second . 

I t  appear s tha t  subject s m a y b e transferrin g th e ide a o f 

takin g th e predecesso r  o f  th e las t  elemen t  fro m thei r 

answe r  fo r  kj i  (thre e o f  th e fou r  subject s w h o di d thi s 

had answere d kj h t o th e kj i  analogy) .  I n contrast , 

ther e i s relativel y littl e difficult y i n transferrin g th e 

unstructure d representation s o f  th e mrrjj j  analog y t o 

th e kj i  analogy ,  s o ther e i s n o increas e i n th e 

generatio n o f  unusua l  answer s whe n kj i  i s  solve d 

second .  I f  thi s interpretatio n i s correc t  the n i t  i s no t 

simpl y th e ide a o f  "chang e las t  element "  tha t  i s 

transferre d betwee n th e tw o problems ,  bu t  th e whol e 

representatio n o f  th e problem .  Whil e Copyca t  doe s 
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not  directl y dea l  wit h transfe r  betwee n analogies , 

thes e result s ar e consisten t  wit h it s genera l  approac h 

of  emphasizin g analog y makin g a s a n interactio n 

betwee n representatio n an d mapping . 

E x p e r i m e n t  2 

In Experiment 2 we constructed analogies that should 

exhibi t  a  reversa l  o f  th e asymmetr y o f  transfe r  foun d 

i n Experimen t  1 .  Thi s wa s accomplishe d b y makin g 

kj i  th e analog y wit h les s structur e t o represent ,  s o tha t 

i t  shoul d transfe r  t o a  mrrjj j  analogy ;  an d mrrjj j  th e 

analog y fo r  whic h mor e structur e ca n b e built ,  s o tha t 

i t  shoul d sho w les s transfe r  t o kji .  T o creat e problem s 

t o tes t  thi s hypothesi s w e replace d th e initia l  par t  o f 

th e analog y "ab c wa s change d t o abd "  wit h "aabbc c 

was change d t o aabbcd" .  Th e sam e tw o string s the n 

had t o b e changed :  kj i  o r  mrrjjj .  Th e representatio n 

of  kj i  i s  no w muc h mor e difficult ,  becaus e ther e i s n o 

simpl e m a p o f  it s  thre e element s t o th e si x element s o f 
aabbcd .  Eve n greate r  difficultie s aris e i f  subject s tr y 

t o incorporat e th e ide a o f  "splitting "  th e las t  elemen t 

(a s c d ca n b e see n a s th e splittin g o f  th e c c element ) 

int o thei r  representation .  I n contrast ,  th e mrrjj j 

analog y n o w ha s a  straightforwar d representatio n 

available :  simpl y m a p eac h lette r  i n aabbc d t o eac h i n 

mrrjj j  an d chang e th e rightmos t  elemen t  t o it s 

successor .  Th e majo r  complicatio n i n representin g 

mrrjj j  i n Experimen t  1  wa s tryin g t o grou p si x 

element s s o a s t o m a p t o three ,  bu t  thi s difficult y i s 
no w eliminated .  Neithe r  o f  thes e analogie s hav e bee n 

give n t o Copycat ,  thoug h ther e i s littl e doub t  tha t  i t 

woul d b e abl e t o produc e som e plausibl e answe r  t o 

eve n thes e poo r  analogies ,  jus t  a s peopl e prove d abl e 

t o d o so .  Th e ai m o f  thi s experimen t  wa s t o tes t  th e 

hypothesi s tha t  a n asymmetr y o f  transfe r  woul d b e 
found ,  consisten t  wit h Experimen t  1 .  Th e natur e o f 

th e asymmetr y i s hypothesize d t o b e tha t  subject s 

solvin g th e kj i  analog y (fo r  whic h littl e structur e m a y 

be formed )  first  woul d displa y mor e transfe r  t o th e 

mrrjj j  analog y (fo r  whic h relativel y mor e structur e 

ca n b e formed )  tha n subject s solvin g mrrjj j  first 

woul d displa y transfe r  t o th e kj i  analogy . 

Subject s wer e 10 4 student s fro m th e introductor y 

psycholog y subjec t  poo l  a t  th e Universit y o f 

California ,  Lo s Angele s w h o participate d i n thi s 
experimen t  a s a  filler  tas k withi n othe r  experiment s 

(primaril y a  m e m o r y experiment) .  Sixt y subject s 

solve d kj i  firs t  an d 4 4 solve d mrrjj j  first . 

The frequenc y o f  response s fo r  th e subject s t o th e 

kj i  analog y fo r  al l  answer s tha t  occurre d mor e tha n 

kj h ki i  li i  kkiii h kj i  kkiji j  iiijk l  kji h kj k Othe r 

firit 14 17 5 6 3 0 3 4 0 8 

aecond 3 14 2 1 14 2 1 3 13 

Table 3. Frequencies of each answer to the kji 

analog y fo r  subject s receivin g kj i  firs t  an d second . 

twice are presented in Table 3^. The difficulty of this 

analog y i s reflecte d i n th e greate r  variet y o f  answer s 

tha t  ar e constructe d relativ e t o th e kj i  analog y i n 

Experimen t  1 ,  especiall y w h e n kj i  i s  solve d second . 

Th e difficult y o f  representin g thi s analog y i s apparen t 

fro m th e larg e numbe r  o f  subject s w h o adde d letter s t o 

th e strin g i n attemptin g t o m a p thre e element s t o six . 

mffij k  mrrij i  mrrji g mrrji h mni k nurj i  mrrj k Othe r 

first 23 0 2 2 1 1 2 13 

second 27 5 1 2 2 3 1 19 

Table 4. Frequencies of each answer to the mrrjjj 

analog y fo r  subject s receivin g mrrjj j  firs t  an d second . 

The frequencies of responses for the subjects to the 
mrrjj j  analog y fo r  al l  answer s tha t  occurre d mor e 

tha n twic e ar e presente d i n Tabl e 4^ .  Th e mrrjj j 

analog y doe s no t  sho w a  clea r  orde r  effect .  Bot h 

befor e an d afte r  solvin g th e kj i  analogy ,  abou t  hal f  o f 

th e subject s appea r  t o hav e settle d o n th e simples t 

representation :  changin g th e rightmos t  lette r  t o it s 
successo r  an d therefor e producin g mrrjjk . 

Examinatio n o f  th e transfe r  effect s supporte d th e 

asymmetr y hypothesis .  O f  th e 1 7 subject s w h o 
produce d kj i  a s thei r  answe r  t o kj i  w h e n doin g tha t 

analog y first ,  1 4 subsequentl y generate d mrrji k  a s 

thei r  answe r  t o mrrjjj .  However ,  o f  th e 2 3 subject s 

w ho produce d mrrjjk ,  onl y 1 0 generate d kj j  a s thei r 

answe r  t o mrrjjj .  Thi s differenc e i n proportion s wa s 

significan t  (K\\) = 6.16 ,  p<.05) .  Similarly ,  five  o f  th e 

fourtee n subject s w h o produce d kj h a s thei r  answe r  t o 

kj i  subsequentl y generate d mrrjj k  a s thei r  respons e t o 

mrrjjj .  Bu t  onl y on e o f  th e 2 3 subject s w h o produce d 

mrrjj k  subsequentl y generate d kj h Q(.\\) = 6.30 , 

p<.05) .  Thu s transfe r  tende d t o b e fro m kj i  t o mrrjj j 

^  Othe r  response s recorde d were :  jih ,  kjil ,  kkjjil ,  ijl , 

Ikj ,  kjid ,  kjf ,  kkjjl ,  kki ,  iijjk ,  kkjjim ,  Ikji ,  Ikji ,  Ikjjii . 

^  Othe r  response s recorde d wer e mmmmrrrrjjkk , 

"vsjjj ,  jjmmrr ,  mrrjjd ,  mrrjjh ,  rrjjmj ,  mrrjjq ,  jjrrmn , 

mrrjjo ,  mrrjjp ,  jjjmrs ,  mrrjjn ,  mrrjd ,  mrrjkl ,  mrrjkk , 

mrrjjt ,  mrrjjj ,  jjjmr ,  mrrjcj ,  nrrjjj ,  mrr ,  mrrjjm . 
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rathe r  tha n th e reverse ,  whic h i s th e opposit e directio n 

t o tha t  foun d i n Experimen t  1 .  However ,  thi s reversa l 

i s  consisten t  wit h previou s result s i f  w e accep t  tha t  i n 

Experimen t  2  i t  wa s mor e difficul t  t o buil d a  highl y 

structure d representatio n o f  kj i  tha n fo r  mrrjjj . 

Conc lus i on s 

The general approach of Copycat appears to be 

supporte d b y ou r  results .  Subject s w h o appeare d t o 

adher e t o th e limitation s o f  Copycat' s micr o worl d 

actuall y produce d ver y simila r  behavio r  t o Copyca t 

when solvin g thei r  first  analog y problem .  Th e 

asymmetrica l  transfe r  result s indicate d tha t  th e 

apparen t  eas e o f  transferrin g a  representatio n predict s 

th e amoun t  o f  transfe r  observed ,  whic h i s consisten t 

wit h Copyca t  an d it s emphasi s o n buildin g 

representation s a s th e crucia l  par t  o f  makin g a n 

analogy .  However ,  w e hav e no t  definitivel y teste d 

Copyca t  o r  rejecte d alternativ e model s o f  analog y 

makin g (e.g. ,  Holyoa k &  Thagard ,  1989 ; 

Falkenhainer ,  Forbus ,  &  Genmer ,  1989 )  whic h ma y b e 

abl e t o handle  th e transfe r  effect s w e foun d i f 

appropriatel y setup .  Bu t  i t  ma y no t  b e possibl e t o 

construc t  definitiv e test s give n tha t  currentl y Copyca t 

solve s ver y differen t  problem s fro m thos e tha t  othe r 

analog y makin g model s attemp t  an d Copyca t 

represent s a  differen t  approac h t o th e whol e question . 

I n ongoin g wor k w e ar e tryin g t o furthe r 

investigat e th e psychologica l  plausibilit y  o f  Copyca t 

and it s approach .  I n particular ,  w e ar e examinin g ho w 

subject s represen t  thes e type s o f  problem s b y usin g 

th e generatio n an d transfe r  methodologies  w e describ e 

her e an d b y havin g subject s rat e th e qualit y o f  a  se t  o f 

possibl e answers . 
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