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Competi t io n i n Analogica l  Transfer : 

W h en Doe s a  Lightbul b Outshin e a n A r m y ? 

Wendy S .  Franci s an d Thoma s D .  Wicken s 
Departmen t  o f  Psycholog y 

Universit y o f  California ,  Lo s Angele s 
Lo s Angeles ,  C A 9009 5 

w e n d y S p s y c h . u c l a . e d u 
t w i c k e n s Q p s y c h . u c l a . e d u 

Abstrac t 

This study investigated competition in analogical transfer 
t o a  proble m solution .  I n tw o experiments ,  subject s rea d 
tw o stories ,  the n attempte d t o solv e Duncker' s (1945 ) 
radiatio n problem ,  whic h ha s bot h a  convergenc e an d a n 
open-passag e solution .  Storie s wer e constructe d tha t 
suggeste d eac h o f  thes e solutions ;  a  thir d stor y wa s 
irrelevant .  Subject s i n th e competitiv e condition s rea d 
bot h solution-suggestin g stories ,  an d subject s i n th e tw o 
noncompetitiv e condition s rea d on e o f  thes e an d th e 
irrelevan t  story .  I n Experimen t  1 ,  th e noncompetitiv e 
condition s convergenc e solution s an d open-passag e 
solution s wer e produce d a t  comparabl e rates ,  bu t  i n th e 
competitiv e condition ,  convergenc e solution s 
overwhelme d open-passag e solutions .  Thi s asymmetr y i s 
to o larg e t o b e explaine d b y unidimensiona l  model s o f 
retrieva l  an d reflect s th e multidimensiona l  natur e o f 
retrievability .  I n Experimen t  2 ,  th e sourc e storie s 
suggestin g eac h solutio n typ e wer e reversed ,  an d th e open -
passag e solutio n rat e wa s highe r  tha n th e convergenc e 
solutio n rat e i n al l  thre e conditions .  I n bot h experiments , 
subject s wer e abl e t o successfull y appl y bot h sourc e storie s 
onc e cue d t o d o so ,  indicatin g tha t  th e competitio n i s a t  th e 
retrieva l  stag e o f  transfer ,  no t  a t  th e mappin g stage . 
Computationa l  model s o f  analogica l  transfe r  (e.g. ,  A R C S 
and M A C / F A C )  predic t  som e competitio n bu t  ma y hav e 
difficult y explainin g th e extrem e natur e o f  thes e results . 

Analogica l  transfe r  occur s w h e n a  perso n draw s upo n 
knowledg e abou t  a  familia r  situatio n t o m a k e inference s 
abou t  a  new ,  les s familiar ,  situation .  T w o situation s ar e 
analogou s w h e n the y contai n paralle l  set s o f  causa l 
relationships .  Often ,  nove l  solution s t o problem s ar e 
initiall y  generate d base d o n analogies ,  whic h make s a n 
understandin g o f  thi s proces s critica l  t o a  theor y o f  proble m 
solving . 

Th e experimenta l  procedur e use d t o stud y analogica l 
transfe r  i n proble m solvin g i s fo r  subject s t o first  rea d a  tex t 
passage ,  o r  sourc e stor y i n whic h a  proble m i s describe d an d 
solved .  Later ,  subject s ar e aske d t o solv e a  ne w targe t 
problem .  Th e basi c transfe r  effec t  i s  tha t  subject s ar e mor e 
likel y t o solv e th e targe t  proble m whe n th e situatio n i n th e 
sourc e stor y i s  analogou s t o th e situatio n i n th e targe t 
proble m tha n whe n i t  i s  no t  (e.g. ,  Gic k &  Holyoak ,  1980) . 

Th e degre e o f  transfe r  betwee n analogou s proble m 
solution s (i.e. ,  problem s wit h identica l  causa l  structure ) 

depend s o n relationship s amon g th e analogou s problem s an d 
condition s o f  analo g presentation .  Similarit y betwee n 
sourc e analo g an d targe t  i s a  crucia l  determinan t  o f  transfC T 
i n severa l  majo r  model s o f  analogica l  transfe r  (Centner , 
1983 ;  Holyoak ,  1985 ;  Hintzman ,  1986 ;  Ross ,  1984) .  Th e 
highe r  th e similarity ,  th e mor e transfe r  i s observed ,  whethe r 
tha t  similarit y  i s o n th e surfac e o r  a t  a  deepe r  structura l  leve l 
(Holyoa k &  Koh ,  1987 ;  Centner ,  1989) .  However ,  differen t 
type s o f  similarit y pla y differen t  role s i n transfer .  Surfac e 
similarity ,  similarit y i n noncausa l  aspect s o f  stor y suc h a s 
relate d semanti c content ,  appear s t o hav e it s primar y rol e i n 
analo g retrieval ,  tha t  is ,  i n th e identificatio n o f  th e sourc e a s 
a potentia l  analog ;  Structura l  similarity ,  similarit y i n causa l 
structure ,  appear s t o hav e it s  primar y rol e i n analo g 
mapping ,  tha t  is ,  i n th e wa y tha t  th e individua l  element s o f 
th e analog s ar e linke d t o eac h othe r  (Holyoa k &  Koh ,  1987 ; 
Centner ,  1989) .  S o m e theorie s o f  analog y sugges t  tha t 
surfac e similarit y i s th e first  featur e use d i n accessin g a n 
appropriat e analogy ,  an d structura l  similarit y onl y come s 
int o th e retrieva l  proces s whe n a  syste m choose s amon g 
analogie s o f  comparabl e surfac e similarit y o r  whe n n o goo d 
surfac e matc h i s  foun d (Centner ,  Ratterman ,  &  Forbus . 
1993 ;  Reed ,  Ackinclose ,  &  Voss ,  1990) . 

T h e numbe r  o f  presente d analog s als o affect s th e 
likelihoo d o f  transfer .  Th e rat e o f  transfe r  i s highe r  whe n 
subject s lear n severa l  sourc e analogs ,  eac h illustratin g a 
c o m m on solutio n t o th e targe t  problem ,  tha n whe n the y 
lear n onl y on e sourc e analo g (Catrambon e &  Holyoak , 
1989 ;  Cic k &  Holyoak ,  1980) . 

S o me problem s ca n b e solve d i n mor e tha n on e way ,  i n 
whic h cas e th e ̂ proac h take n depend s o n wha t  analogou s 
situatio n i s retrieve d fro m m e m o r y .  Cic k an d Holyoa k 
(1980 )  showe d tha t  th e typ e o f  solutio n produce d i n respons e 
t o a  targe t  proble m depende d o n th e approac h o f  a  previousl y 
learne d sourc e analog .  W h e n a  proble m solve r  ha s learne d 
mor e tha n on e kin d o f  sourc e analog ,  i t  i s  no t  clea r  ho w th e 
memory syste m choose s betwee n them . 

Numerou s studie s i n th e m e m o r y literature ,  goin g bac k 
mor e tha n 5 0 years ,  hav e show n that ,  i n general ,  retrieva l  o f 
informatio n fro m m e m o r y i s competitiv e (McCeoch ,  1932 ; 
Melto n &  Irwin ,  1940) .  O n e metho d use d t o demonstrat e 
thi s competitio n ha s bee n t o sho w tha t  within-subject s 
design s o r  mixed-lis t  presentation s yiel d mor e dramati c 
strengt h effect s tha n between-subject s design s o r  pure-lis t 
presentations .  Th e difference s reporte d ar e no t  jus t  i n 
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statistica l  sensitivit y (du e t o reduce d within-subjec t 
variability) ;  th e absolut e magnitud e o f  th e difference s 
change s substantially .  Fo r  example ,  th e magnitud e o f 
transfer-appropriat e processin g effect s ha s bee n show n t o b e 
large r  fo r  mixed-conditio n list s tha n fo r  pur e list s (e.g. ,  i n 
pictur e an d wor d naming .  Brown ,  e t  al. ,  1991) . 

Wharto n (1993 ;  Wharton ,  e t  al. .  1994 )  investigate d 
competitio n i n analogica l  reminding .  Afte r  readin g a  serie s 
of  stories ,  subject s wer e aske d t o tel l  whic h storie s the y 
wer e reminde d o f  whe n presente d wit h eithe r  relate d 
sentence s (Experimen t  1 )  o r  relate d ne w storie s (Experimen t 
3) .  H e demonstrate d tha t  whil e effect s o f  structura l 
consistenc y wer e minima l  i n noncompetitiv e remindin g 
condition s (thos e i n whic h onl y on e relate d stor y ha d bee n 
presented) ,  a  marke d advantag e fo r  consisten t  ove r 
inconsisten t  analogie s wa s repeatedl y observe d whe n thos e 
tw o type s o f  analogie s wer e pu t  i n competitio n wit h eac h 
other . 

Analogica l  transfe r  differ s fro m othe r  memor y test s (an d 
fro m th e analogica l  remindin g paradigm )  i n tw o importan t 
ways .  First ,  subject s ar e no t  specificall y cue d t o recal l 
item s fro m th e previously-learne d set .  Second ,  th e memor y 
i s applie d t o a  ne w situatio n instea d o f  bein g reproduce d i n 
it s origina l  form .  A  convenien t  featur e o f  thi s paradig m i s 
tha t  i t  allow s examinatio n o f  competitio n i n bot h 
spontaneou s an d directe d transfer . 

Competitio n i n transfe r  o f  sourc e analog s fo r  proble m 
solvin g i s a  little-teste d predictio n o f  som e model s o f 
analogica l  retrieval .  Fo r  exampl e th e A R C S (Analogica l 
Retrieva l  b y Constrain t  Satisfaction ,  Thagard ,  e t  al. ,  1990 ) 
model  use s inhibitor y link s t o pressur e one-to-on e mappin g 
betwee n analogies .  Whicheve r  analog y i s mos t  highl y 
activate d (i.e. .  matche s th e targe t  situatio n th e best ) 
suppresse s activatio n o f  othe r  candidat e analogies .  Thus , 
thi s mode l  discourage s retrieva l  o f  multipl e analogie s an d 
predict s retrieva l  competition .  I n M A C / F A C (Man y Ar e 
Calle d bu t  F e w Ar e Chosen ;  Forbus ,  Centner ,  &  L a w , 
1995) ,  th e se t  o f  potentia l  sourc e analog s wit h th e highes t 
similarit y t o th e targe t  ar e activate d i n th e first  stage ,  M A C ; 
The secon d stage ,  F A C ,  alway s retrieve s th e bes t  structura l 
matc h ou t  o f  tha t  set .  Thus ,  thi s mode l  als o predict s 
retrieva l  competition ,  bu t  withou t  inhibitor y mechanisms . 
(I n M A C / F A C ,  th e bette r  matc h outshine s it s competitors . 
I n A R C S,  th e bette r  matc h no t  onl y outshines ,  bu t  obscure s 
it s competitors. ) 

By analog y t o th e othe r  memor y effects ,  whe n ther e ar e 
severa l  analog s (items )  i n memory ,  an y difference s betwee n 
the m tha t  ten d t o mak e on e mcn- e salien t  tha n anothe r  shoul d 
hav e greate r  effect s i n thi s competitiv e situatio n tha n whe n 
ther e i s onl y on e sourc e analog .  Th e presen t  stud y 
investigate s wha t  wil l  happe n whe n multipl e analogou s 
solutio n type s ar e simultaneousl y availabl e i n memory .  D o 
the y cooperate ,  o r  d o the y compete ? 

E x p e r i m e n t  1 

The firs t  experimen t  examine d competitio n i n transfe r  o f 
analogou s proble m solution s usin g a  procedur e i n whic h 
subject s rea d tw o storie s an d the n solve d a  problem .  Th e 

tw o storie s wer e eithe r  (1 )  bot h analogou s t o th e targe t 
proble m bu t  suggestiv e o f  differen t  solutio n method s o r  (2 ) 
one analogou s stor y an d on e irrelevan t  story . 

Method 

Materials. The target problem in this experiment was 
Duncker' s (1945 )  Ra y problem ,  i n whic h th e subjec t  i s 
aske d a s a  docto r  t o find a  w a y t o us e ray s t o destro y a 
patient' s stomac h tumo r  withou t  harmin g th e surroundin g 
health y tissue .  T w o analogie s tha t  eac h suggeste d a  differen t 
solutio n t o thi s proble m wer e selecte d fro m previou s 
studies .  Th e first  analog y wa s a  versio n o f  th e Lightbul b 
stor y (ultrasoun d version ,  Holyoa k &  K o h .  1987) ,  whic h 
suggeste d a  convergenc e solutio n t o th e Ra y proble m (i.e. , 
usin g severa l  low-intensit y ray s comin g fro m differen t 
direction s simultaneously) .  Th e secon d analog y wa s a 
versio n o f  th e Genera l  stor y (ope n supply-rout e version , 
Gic k &  Holyoak ,  1980) ,  whic h suggeste d a n open-passag e 
solutio n t o th e Ra y proble m (i.e. .  finding  a n ope n passag e 
suc h a s th e esophagu s throug h whic h t o sen d high-intensit y 
ray s directl y t o th e tumor) .  A  thir d stor y tha t  wa s no t 
analogou s t o th e Ra y problem ,  th e W in e Merchant s (Gic k & 
Holyoak ,  1980) ,  wa s use d a s a  fille r  stor y i n th e non -
competitiv e conditions . 

Procedure. Sixty-eight students from an introductory 
psycholog y clas s a t  U C L A participate d fo r  cours e credit . 
T wo othe r  subject s wer e disqualifie d becaus e the y ha d prio r 
experienc e wit h th e Ra y problem .  Participant s wer e teste d 
individuall y o r  i n smal l  groups .  I n th e firs t  phas e o f  th e 
experiment ,  tw o sourc e storie s wer e presented .  Subject s ha d 
3 minute s t o rea d an d 5  minute s t o summariz e eac h o f  thes e 
stories .  Betwee n th e first  an d secon d experimenta l  phases , 
subject s wer e give n 5  minute s t o complet e a  two-pag e 
questionnair e abou t  thei r  language-learnin g experiences . 

I n th e secon d phas e o f  th e experiment ,  participant s wer e 
give n fou r  opportunitie s t o writ e a  solutio n t o th e targe t 
problem .  First ,  subject s wer e tol d tha t  the y woul d hav e 5 
minute s t o writ e possibl e solution s t o th e problem ;  n o 
instruction s wer e give n t o refe r  bac k t o eithe r  sourc e story . 
Next ,  a  non-specifi c  hin t  wa s give n b y sayin g tha t  other s 
had foun d i t  helpfu l  t o conside r  on e o f  th e storie s the y rea d 
earlier .  Th e particula r  stor y tha t  migh t  b e helpfu l  wa s lef t 
(^n .  The y wer e give n 4  mor e minute s t o writ e a  solution . 
On th e thir d an d fourt h opportunities ,  subject s wer e t o writ e 
th e solution s suggeste d b y th e firs t  an d secon d sourc e 
stories ,  respectively . 

Design. The crucial manipulation was the combination of 
sourc e stories .  Ther e wer e 3  stor y combinations .  I n th e 
tw o noncompetitiv e conditions ,  on e o f  th e analogou s storie s 
(th e Lightbul b o r  th e General )  wa s presente d i n combinatio n 
wit h th e nonanalogou s stor y (th e W i n e Merchants) .  I n th e 
competitiv e conditions ,  bot h o f  th e analogou s sourc e storie s 
wer e presented .  Approximatel y hal f  o f  th e participant s wer e 
assigne d t o a  competitiv e condition ,  an d hal f  wer e assigne d 
t o on e o f  th e noncompetitiv e conditions ,  distributin g 
subject s a s evenl y a s possibl e acros s specifi c  forms .  Th e 
orde r  o f  source-stor y presentatio n wa s counterbalaiKed . 
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Result s 

Each problem-solving response was coded as a convergence 
solution ,  a n ope n passag e solution ,  o r  neithe r  o f  th e targe t 
solutio n types ,  usin g a  lenien t  codin g system .  Convergenc e 
solution s require d aimin g low-intensit y ray s fro m differen t 
directions ,  bu t  di d no t  requir e simultaneity .  Open-passag e 
solution s require d th e us e o f  high-intensit y ray s tha t  di d no t 
come int o contac t  wit h health y tissue ,  bu t  th e ope n passag e 
coul d eithe r  b e a  pre-existin g on e (e.g. ,  th e esophagus )  o r  a 
newl y create d on e (e.g. ,  a n incisio n o r  tube) .  Nontarge t 
solution s wer e pu t  i n a n othe r  category .  Severa l  subject s 
gav e bot h th e convergenc e an d open-passag e solution s an d 
wer e s o coded .  Codin g o f  before-hin t  an d nonspecific-hin t 
solution s wa s blin d t o th e sourc e stor y condition .  Becaus e 
specific-hin t  solution s usuall y include d th e titl e o f  th e 
correspondin g sourc e story ,  codin g wa s onl y blin d t o th e 
identit y o f  th e othe r  stor y presented .  T w o independen t  rater s 
code d eac h respons e ( 8 2 % agreement ,  Cohen' s k  =  .70) ,  an d 
consensu s wa s reache d o n al l  discrepancies .  Subject s w h o 
had give n targe t  solution s o n th e firs t  attemp t  ofte n gav e 
les s complet e answer s o n thei r  secon d attemp t  (wit h th e 
nonspecifi c  hint) .  Accordingly ,  categorie s o f  solution s 
give n befor e th e hin t  an d afte r  th e nonspecifi c  hin t  wer e 
combine d t o for m th e codin g categor y fo r  th e tota l  solutio n 
fo r  eac h participant ,  a s i n th e analysi s o f  Holyoa k &  K o h 
(1987) . 

No presentatio n orde r  effect s wer e observed ,  s o dat a fro m 
th e tw o order s o f  eac h stor y combinatio n wer e pooled . 
Tabl e 1  show s th e solutio n classification s fo r  th e befwe-hin t 
an d nonspecific-hin t  solutions .  A s i s  obviou s fro m th e 
table ,  th e rows  ar e no t  homogeneou s eithe r  befor e th e hin t 
(X.H6 )  =  33.77 ,  £  <  .001 )  o r  afte r  th e nonspecifi c  hin t 
(2L^(6 )  =  47.91 ,  £  <  .001) .  Befor e th e hint ,  i n th e 
noncompetitiv e conditions ,  th e convergenc e solutio n rat e 
( 7 7 % ,  convergenc e an d bot h categories ,  combined )  i n th e 
Lightbul b stor y conditio n onl y ha d a  sligh t  advantag e ove r 

th e open-passag e solutio n rat e (59% ,  open-passag e an d bot h 
categories ,  combined )  i n th e Genera l  stor y condition . 
However ,  i n th e competitiv e condition ,  convergenc e 
solution s (68% )  outnumbere d convergenc e solution s (9% ) 
ove r  7  t o 1 .  I n fact ,  open-passag e solution s wer e n o mor e 
frequen t  i n th e competitiv e situatio n tha n whe n th e open -
passag e analog y wa s no t  presented .  Th e patter n wa s simila r 
fo r  th e tota l  (befor e hin t  -i -  nonspecifi c hint )  solutio n rates . 

Th e lo w us e o f  th e open-passag e solutio n i n th e 
competitiv e conditio n i s no t  becaus e subject s wer e unabl e t o 
m ap th e Genera l  stor y ont o th e Ra y proble m an d construc t 
an open-passag e solution .  W h e n subject s wer e give n a  hin t 
specificall y identifyin g th e sourc e stor y suggestin g tha t 
solutio n type ,  th e advantag e fo r  convergenc e solution s 
(85% )  ove r  open-passag e solution s (68% )  i n th e competitiv e 
condition s wa s simila r  t o tha t  i n th e noncompetitiv e 
condition s (1(X) % an d 8 2 % fo r  convergenc e an d c^n-passag e 
solutions ,  respectively) .  Th e effec t  i s clearl y a t  th e retrieva l 
stag e rathe r  tha n th e mappin g stag e o f  transfe r  (se e Holyoa k 
& Koh ,  1987) .  Fo r  th e sam e reason ,  th e lo w rat e o f  open -
passag e solution s canno t  b e attribute d t o failur e t o properl y 
encod e th e Genera l  stor y an d it s solution . 

Discussion 

Th e mos t  strikin g findin g i n thi s stud y i s  tha t  th e 
noncompetitiv e solutio n rate s ar e fairl y  balance d fo r  th e tw o 
analogies ,  bu t  ar e strongl y asymmetri c i n th e competitiv e 
condition .  Model s o f  choic e tha t  depen d o n a  singl e strengt h 
paramete r  [e.g. ,  a  relativ e rati o model ;  mor e generally , 
model s wit h simpl e scalabilit y  (Luc e &  Suppes ,  1%5) ] 
canno t  b e use d t o explai n thes e results .  Thes e model s 
canno t  explai n simultaneousl y th e larg e asymmetr y i n 
convergenc e an d ope n passag e solution s i n th e competitiv e 
conditio n an d th e mor e equivalen t  us e o f  thes e solution s i n 
th e noncompetitiv e conditions .  Eithe r  a  multidimensiona l 
representatio n o r  a  stage d mode l  [e.g. ,  aki n t o Tversky' s 
(1972 )  eliminatio n b y attribute s model ]  i s needed . 

Sourc e Stor y Conditio n 

Solutio n Typ e 

Conv .  Bot h O.P . OthCT n 

Befor e Hin t 
Noncompetitiv e 

Lightbul b -  Conv . 
Genera l  -  O.P . 

Competitiv e 

.5 9 .1 8 .0 6 

.0 6 .0 0 .5 9 

.6 5 .0 3 .0 6 

.1 8 

.3 5 

.2 6 

17 
17 
34 

1 Afte r  Hin t  (Total ) 
Noncompetitiv e 

Lightbul b -  Conv . 
Genera l  -  OJ> . 

Competitiv e 

.7 6 .2 4 .0 0 

.0 0 .1 8 .6 5 

.6 2 .2 6 .0 0 

.0 0 

.1 8 

.1 2 

17 
17 
34 

Tabl e 1 :  Proportion s o f  subject s givin g eac h solutio n typ e i n Experimen t  1 
Conv.  =  convergence ;  O.P .  =  open-passag e 
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E x p e r i m e n t  2 

The high frequency of convergence solutions in Experiment 
1 occurre d i n condition s i n whic h i t  wa s analogou s t o th e 
Lightbul b sUxy .  Th e effectivenes s o f  thi s analo g coul d b e 
due t o eithe r  th e [vesenc e o f  th e convergenc e solutio n pe r  s e 
or  t o th e surfac e similarit y o f  th e Lightbul b story .  Th e 
secon d experimen t  reverse d th e solutio n type s suggeste d b y 
eac h contex t  t o disentangl e thes e possibilities .  Thus ,  a 
convergenc e versio n o f  th e Genera l  stor y an d a n open -
passag e versio n o f  th e Lightbul b stor y wer e used . 

Method 

Materials. Two major changes were made from 
Experimen t  1 .  First ,  th e Lightbul b stor y wa s rewritte n s o 
as t o sugges t  a n open-passag e solutio n (Se e Appendi x  A ) . 
Second ,  a  convergenc e versio n o f  th e Genera l  stor y (Gic k & 
Holyoak ,  1980 )  wa s used .  Th e targe t  proble m wa s th e sam e 
as i n Experimen t  1 . 

Design and Procedure. The design and procedure were 
identica l  t o thos e o f  Experimen t  1 .  Fifty-on e student s from 
an introductor y psycholog y clas s a t  U C L A participate d fo r 
cours e credit .  Thre e othe r  subject s wer e disqualified , 
becaus e the y ha d prio r  experienc e wit h th e Ra y problem . 

Results 

The coding criteria were also the same as in Experiment 1. 
Again ,  n o orde r  effect s wer e observed ,  s o dat a fro m th e tw o 
order s o f  eac h stor y combinatio n wer e pooled .  Tabl e 2 
shows th e solutio n classification s fo r  th e before-hin t  an d 
nonspecific-hin t  solutions .  Th e patter n i s ver y differen t 
from  tha t  o f  Experimen t  1 .  N o inhomogeneit y o f  th e row s 

ca n b e identifie d befor e th e hin t  (X^(6 )  =  4.73 ,  c  >  .50 )  bu t 
one i s presen t  afte r  th e nonspecifi c  hin t  (X^(6 )  =  16.53 ,  c  < 
.05) .  I n contras t  t o Experimen t  1 ,  th e before-hin t  patter n 
was almos t  completel y dominate d b y th e solutio n type ,  wit h 
open-passag e solution s m u c h mor e likel y i n ever y 
condition .  I n th e noncompetitiv e conditions ,  th e ope n 
passag e solutio n rat e i n th e Lightbul b conditio n (53% )  ha d a 
hug e advantag e ove r  th e convergenc e solutio n rat e i n th e 
Genera l  conditio n (6% )  befor e th e hint .  I n th e competitiv e 
condition ,  open-passag e solution s (65% )  outnumbere d 
convergenc e solution s (24% )  b y a  smalle r  margin .  Th e 
convergen t  Genera l  sourc e analo g wa s unabl e t o attrac t 
convergenc e solution s i n th e w a y tha t  th e convergen t 
Lightbul b sourc e analo g i n Experimen t  1  did . 

Afte r  th e nonspecifi c  hint ,  th e noncompetitiv e conditio n 
advantag e fo r  open-passag e ove r  convergenc e solutio n rate s 
( 8 2 % an d 4 1 % ,  respectively )  wa s stil l  greate r  tha n th e 
competitiv e conditio n advantag e (open-passag e an d 
convergenc e rate s o f  8 3 % an d 6 5 % ,  respectively) .  M a n y 
subject s ca n construc t  a  convergenc e solutio n afte r  th e 
nonspecifi c  hint ,  bu t  i n thi s contex t  the y d o s o onl y afte r 
producin g th e ope n passag e solution .  I n thi s respect ,  th e 
presen t  experimen t  differ s markedl y from  Experimen t  1 . 

Althoug h open-passag e solution s predominat e i n Tabl e 2 , 
subject s wer e nevertheles s abl e t o m a p th e Genera l  stor y 
ont o th e Ra y proble m b y constructin g a  convergenc e 
solution .  W h e n subject s i n th e competitiv e conditio n wer e 
tol d t o us e a  specifi c  story ,  bot h th e percentag e o f 
convergenc e solution s derive d fro m th e Genera l  stor y an d th e 
percentag e o f  open-passag e solution s derive d fro m th e 
Lightbul b stor y wer e 8 8 % .  Similarly ,  i n th e 
noncompetitiv e conditions ,  ther e wa s n o advantag e fo r  open -
passag e solution s ( 6 5 % ope n passage ,  7 6 % convergence) . 

Sourc e Stor y Conditio n 

Solutio n Typ e 

Conv .  Bot h O.P . Othe r n 

Befor e Hin t 
Noncompetitiv e 

Lightbul b -  O.P . 
Genera l  -  Conv . 

Competitiv e 

.0 6 .0 6 

.0 6 .0 0 

.0 6 .1 8 

.4 7 

.4 1 

.4 7 

.4 1 

.5 3 

.2 9 

17 
17 
17 

Afte r  Hin t  (Total ) 
Noncompetitiv e 

Lightbul b -  O.P . 
Genera l  -  Conv . 

Competitiv e 

.0 0 .1 2 

.1 2 .2 9 

.0 6 .5 9 

.7 0 

.7 4 

.2 4 

.1 8 

.3 5 

.1 2 

17 
17 
17 

Tabl e 2 :  Proportion s o f  subject s givin g eac h solutio n typ e i n Experimen t  2 
Conv .  =  convergence ;  O.P .  =  open-passag e 
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Discussio n 

The pattern of results in this study differs from that of 
Experimen t  1 .  O n e solutio n type ,  th e open-passag e 
solution ,  dominate d i n bot h noncompetitiv e an d competitiv e 
conditions ,  eve n w h e n i t  wa s no t  presente d i n a  sourc e 
analog .  Th e convergen t  for m o f  th e Genera l  stor y wa s no t 
abl e t o dra w subject s awa y fro m th e more-dominan t  open -
passag e solution .  Th e cleares t  differenc e betwee n th e tw o 
sourc e analog s i s tha t  th e Lightbul b story ,  bein g i n a 
scientifi c  setting ,  i s a  bette r  surfac e matc h o r  conten t  matc h 
t o th e medica l  settin g o f  th e Ra y proble m tha n i s th e 
Genera l  story .  I t  appear s tha t  t o elici t  retrieva l  o f  a  less -
dominan t  solution ,  i t  i s  necessar y t o hav e hig h surfac e 
similarit y betwee n sourc e an d target ,  suc h a s tha t  betwee n 
th e Lightbul b stor y an d th e Ra y problem .  Th e dominanc e 
of  th e open-passag e solutio n coul d no t  b e attribute d t o eithe r 
failur e t o encod e o r  failur e t o m ^  th e convergenc e solution , 
becaus e th e convergenc e analog y wa s successfull y retrieve d 
an d m ^ p e d onc e a  specifi c  hin t  wa s give n t o us e it s sourc e 
story . 

General Discussion 

As is clear from Experiment 2, the open-passage solution 
has a  highe r  bas e rat e tha n th e convergenc e solution , 
consisten t  wit h pas t  result s (Gic k &  Holyoak ,  1980) . 

Bot h ex()eriment s demonstrat e tha t  th e Lightbul b stor y i s 
mor e readil y retrieve d fo r  analogica l  mappin g tha n th e 
Genera l  story ,  indicatin g tha t  surfac e similarit y o f  th e sourc e 
stor y i s importan t  i n analogica l  retrieval .  Fro m Experimen t 
1 t o Experimen t  2 ,  th e solution s suggeste d b y eac h sourc e 
stor y wer e reversed .  I n th e competitiv e condition s o f  bot h 
experiments ,  th e solutio n suggeste d b y th e Lightbul b stor y 
was mor e dominan t  (th e convergenc e solutio n i n Experimen t 
1,  an d th e open-passag e solutio n i n Experimen t  2) .  Thi s 
solution-typ e reversa l  patter n i s significan t  (X^(3 )  =  21.66 , 
fi  <  .001) ,  wherea s th e patter n o f  sourc e stor y used  i s no t 
Q^ {3 )  =  3.76 ,  E  >  .25) .  Thi s patter n show s th e importanc e 
of  source-stor y similarit y i n retrieval .  Specifically ,  th e 
result s coul d b e explaine d b y a  multidimensiona l  concep t  o f 
similarity .  Surfac e similaritie s an d structura l  similaritie s 
pla y differen t  role s i n transfer .  Bot h th e Lightbul b slor y an d 
th e Genera l  stor y ar e goo d structura l  matche s t o th e Ra y 
problem . 

Bot h experiment s indicat e tha t  difference s i n spontaneou s 
retrieval ,  no t  i n encodin g o r  mapping ,  mak e on e sourc e 
stor y o r  solutio n typ e dominant .  I n bot h experiments , 
subject s wer e abl e t o successfull y m a p bot h o f  th e sourc e 
storie s w h e n give n specifi c  instruction s t o d o so .  W h e n 
appropriatel y cued ,  the y coul d direc t  thei r  retrieva l  towar d 
relevan t  aspect s o f  th e sourc e analo g fo r  mapping . 

Th e presen t  stud y complement s th e effect s o f  analogica l 
remindin g foun d b y Wharto n (1993 ;  Wharto n e t  al. ,  1994) . 
Th e result s o f  Experimen t  1  ar e simila r  t o his ,  i n tha t 
retrieva l  difference s tha t  wer e undetectabl e i n th e 
noncompetitiv e condition s wer e m u c h large r  i n th e 
competitiv e conditions .  M o r e broadly ,  th e result s 
demonstrat e tha t  competitio n i n retrieva l  fro m long-ter m 
m e m o ry extend s t o situation s i n whic h th e informatio n i s t o 
be retrieve d an d applie d i n a  ne w contex t  rathe r  tha n simpl y 

repeated .  A s i t  happened ,  th e result s o f  Experimen t  2  d o no t 
bear  o n thi s issue ,  becaus e th e convergen t  Genera l  stor y wa s 
not  use d a t  a  hig h rat e eve n i n th e absenc e o f  a  competin g 
open-passag e sourc e analog . 

Thi s stud y show s tha t  retrieva l  competitio n betwee n 
differen t  sourc e analogie s fo r  transfe r  i n proble m solvin g ca n 
sho w a n asymmetr y tha t  i s  a t  odd s wit h th e degre e o f 
noncompetitiv e transfer .  Althoug h th e basi c competitio n 
effect s ar e consisten t  wit h prediction s o f  theorie s suc h a s 
A R CS an d M A C / F A C ,  i t  i s  no t  clea r  h o w thes e model s 
woul d handl e th e extrem e magnimd e o f  th e competitio n tha t 
we observed .  Th e patter n o f  result s suggest s a n activ e 
suppressio n proces s i n whic h stronge r  competitor s suppres s 
weake r  ones ,  rathe r  tha n a  competitio n i n whic h stronge r 
competitor s merel y enjo y a  relativ e advantage .  Th e A R C S 
model  doe s hav e activ e suppressio n o f  competitors ,  whic h 
suggest s tha t  i t  m a y b e abl e t o accommodat e ou r  findings , 
althoug h w e hav e no t  ye t  attempte d t o ge t  i t  t o matc h ou r 
particula r  pattern . 

The result s o f  Experimen t  1 ,  i f  reproducible ,  considerabl y 
constrai n th e clas s o f  possibl e model s o f  analogica l  retrieva l 
i n proble m solving .  A s w e note d above ,  th e asymmetr y o f 
competitiv e choic e combine d wit h th e symmetr y o f 
noncompetitiv e choic e i s inconsisten t  wit h a  unidimensiona l 
representatio n (i.e. ,  on e wit h simpl e scalability) .  An y 
model  show n t o hav e th e propert y o f  simpl e scalabilit y  ca n 
be rule d out .  I n particular ,  thes e result s preclud e an y mode l 
i n whic h spontaneou s retrievabilit y  o f  a n ite m i s 
independen t  o f  contex t 
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Appendix A 

Lightbulb Story (open-passage version) 

In a physics lab at a major university a very expensive lamp 
whic h woul d emi t  controlle d quantitie s o f  ligh t  wa s bein g 
use d i n som e experiments .  Th e researc h assistan t 
responsibl e fo r  operatin g th e sensitiv e equipmen t  cam e int o 
th e la b on e mornin g an d foun d tha t  th e lightbul b n o longe r 
worked .  Th e researc h assistan t  realize d tha t  i t  wa s probabl y 
becaus e sh e ha d accidentall y knocke d i t  ove r  th e previou s 
night .  A s a  result ,  th e wire s connectin g th e lightbul b t o it s 
power  sourc e ha d fuse d together ,  bu t  th e plac e wher e th e 
wire s ha d fuse d togethe r  wa s insid e th e lam p casing .  Th e 
surroundin g casin g wa s completel y sealed ,  s o ther e wa s n o 
way t o ope n it .  Th e lam p coul d b e repaire d i f  a  brief ,  high -
intensit y ultrasoun d wav e coul d b e us& l  t o ja r  apar t  th e fuse d 
parts .  Furthermore ,  th e la b ha d th e necessar y equipmen t  t o 
do th e job . 

However ,  a  high-intensit y ultrasoun d wav e woul d als o 
brea k th e fragil e casin g surroundin g th e lightbul b an d wires . 
At  lowe r  intensitie s th e ultrasoun d wav e woul d no t  brea k th e 
casing ,  bu t  neithe r  woul d i t  ja r  apar t  th e fuse d parts .  S o i t 
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seemed tha t  th e lam p coul d no t  b e repaired ,  an d a  costl y 
replacemen t  woul d b e required . 

The researc h assistan t  wa s abou t  t o giv e u p whe n sh e ha d 
an idea .  Althoug h th e casin g coul d no t  b e opened ,  sh e 
reasone d tha t  becaus e th e lightbul b generate d s o muc h heat . 
th e casin g mus t  hav e a  ven t  t o le t  th e ho t  ai r  out .  S o sh e 
vx k i t  dow n of f  o f  it s  stand ,  an d sur e enough ,  ther e wa s a n 
openin g o n top .  B y carefull y insertin g a  tub e throug h th e 
vent  an d alignin g th e ultrasoun d machin e t o g o throug h th e 
tube ,  sh e wa s abl e t o sen d th e ultrasoun d wav e directl y t o 
th e broke n wire s an d ja r  the m apart .  Sinc e n o spo t  o n th e 
fragile  casin g wa s expose d t o th e wave ,  th e glas s wa s lef t 
intact .  Ther e wa s a  grea t  relie f  tha t  th e lam p wa s repaired , 
and i t  wa s possibl e t o successfull y complet e th e experiment . 

References 

Brown, A. S., Neblett, D. R., Jones, T. C, & Mitchell, D. 
B.  (1991) .  Transfe r  o f  processin g i n repetitio n priming : 
Some inappropriat e findings.  Journa l  o f  Experimenta l 
Psychology :  Learning ,  Memory ,  an d Cognition ,  17(3) , 
514-525 . 

Catrambone ,  R. ,  &  Holyoak ,  K .  J .  (1989) .  Overcomin g 
contextua l  limitation s o n problem-solvin g transfer . 
Journa l  o f  Experimenta l  Psychology :  Learning ,  Memory , 
and Cognition ,  15(6) ,  1147-1156 . 

Duncker ,  K .  (1945) .  O n proble m solving .  Psychologica l 
Monographs ,  58 . 

Forbus ,  K .  D „  Centner ,  D. ,  &  Law ,  K .  (1995) . 
M A C / F A C:  A  mode l  o f  similarity-base d retrieval . 
Cognitiv e Science ,  19 ,  141-205 . 

Centner ,  D .  (1989) .  Th e mechanism s o f  analogica l 
reasoning .  I n S .  Vosniado u an d A .  Orton y (Eds.) , 
Similarit y an d analogica l  reasonin g (pp .  199-241) . 

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

Centner ,  D. ,  Ratterman ,  M .  J. ,  &  Forbus ,  K .  (1993) .  Th e 
role s o f  similarit y i n transfer :  Separatin g retrievabilit y 
fro m inferentia l  soundness .  Cognitiv e Psychology ,  25 , 
524-575 . 

Gick ,  M .  L. ,  &  Holyoak ,  K .  J .  (1980) .  Analogica l  proble m 
solving .  Cognitiv e Psychology ,  12 ,  306-355 . 

Hintzman ,  D .  L .  (1986) .  "Schem a abstraction "  i n a 
multiple-trac e memor y model .  Psychologica l  Review , 
9 i ,41M28 . 

Holyoak ,  K .  J .  (1985) .  Th e pragmatic s o f  analogica l 
transfer .  I n C .  H .  Bowe r  (Ed.) ,  Th e psycholog y o f 
learnin g an d motivatio n (Vol .  19) .  Sa n Diego ,  C A : 
Academi c Press . 

Holyoak ,  K .  J. ,  &  Koh ,  K .  (1987) .  Surfac e an d structura l 
similarit y i n analogica l  transfer .  Memor y &  Cognition , 
15,  332-340 . 

Luce ,  R .  D. ,  &  Suppes ,  P .  (1965) .  Preference ,  utility ,  an d 
subjectiv e probability .  I n R .  D .  Luce ,  R .  A .  Bush ,  &  E . 
Gaiante r  (Eds.) .  Handboo k c f  mathematica l  psycholog y 
(Vol .  Ill ,  Chapte r  19) .  N e w York ,  N Y :  Wiley . 

McGeoch,  J .  A .  (1932) .  Forgettin g an d th e la w o f  disuse . 
Psychologica l  Review ,  39 ,  352-370 . 

Melton ,  A .  W. ,  &  Irwin ,  J .  M .  (1940) .  Th e influenc e o f 
degre e o f  interpolate d learnin g o n retroactiv e inhibitio n 

and th e over t  transfe r  o f  specifi c  responses .  America n 
Journa l  o f  Psychology ,  53,173-203 . 

Reed.  S .  K. ,  Ackinclose ,  C .  C ,  &  Voss ,  A .  A .  (1990) . 
Selectin g analogou s problems :  Similarit y versu s 
inclusiveness .  Memor y & .  Cognition ,  18 ,  83-98 . 

Ross .  B .  H .  (1984) .  Reminding s an d thei r  effect s i n 
learnin g a  cognitiv e skill .  Cognitiv e Psychology ,  16 , 
371-416 . 

Thagard ,  P. ,  Holyoak ,  K .  J. .  Nelson ,  G. ,  &  Gochfeld ,  D . 
(1990) .  Analo g retrieva l  b y constrain t  satisfaction . 
Artificia l  Intelligence ,  46 ,  259-310 . 

Tversky ,  A .  (1972) .  Eliminatio n b y aspects :  a  theor y o f 
choice .  Psychologica l  Bulletin ,  79,281-299 . 

Wharton ,  C M .  (1993) .  Direc t  an d indirec t  measure s o f  th e 
role s o f  themati c an d situationa l  knowledg e i n reminding . 
Unpublishe d doctora l  dissertation .  Departmen t  o f 
Psychology ,  Universit y o f  California ,  Lo s Angeles . 

Wharton ,  C .  M. ,  Holyoak ,  K .  J. ,  Downing ,  P .  E. ,  Lange , 
T.  E. ,  Wickens .  T .  D. .  Melz ,  E .  R .  (1994) .  Belo w th e 
surface :  Analogica l  similarit y an d retrieva l  competitio n i n 
reminding .  Cognitiv e Psychology ,  26 ,  64-101 . 

345 


	cogsci_1996_340-345



