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Adaptatio n a s a  Selectio n Constrain t 

On Analogica l  M a p p i n g 

Mark T .  Kean e 

Dept. of Computer Science, 
Universit y o f  Dublin ,  Trinit y College , 

Dubli n 2 ,  I R E L A N D 
m a r k . k e a n e S c s . t e d , i e 

Abstrac t 

In any given analogy, there are potentially a large number of 
possibl e mappin g interpretations .  On e o f  th e ke y issue s i n 
analog y researc h i s ho w on e o f  thes e mapping s come s t o b e 
selecte d a s optima l  an d use d a s th e basi s fo r  th e analogica l 
comparison .  I t  i s  well-establishe d tha t  structura l  factors , 
notabl y systematicity ,  ca n ac t  a s selectio n constraint s o n 
mapping .  Th e presen t  wor k test s t o se e i f  pragmati c an d 
adaptatio n factor s ca n als o ac t  a s selectio n constraint s o n 
mapping .  Th e selectio n o f  a  mappin g base d o n pragmati c 
factor s propose s tha t  peopl e ca n exploi t  th e higher-order , 
schemati c structur e o f  a  domai n t o selec t  on e mappin g ove r 
another .  Wit h respec t  t o adaptatio n factors ,  th e proposa l  i s 
tha t  a  mappin g wil l  b e selecte d i f  i t  i s  evaluate d a s bein g 
easil y adapte d relativ e t o othe r  competin g mappings .  Bot h o f 
thes e prediction s ar e teste d i n a  novel ,  proble m solvin g 
paradigm .  Th e mai n finding  i s tha t  adaptatio n factor s d o ac t 
as a  selectio n constrain t  bu t  tha t  pragmati c factor s d o not . 
The implication s o f  thes e result s fo r  computationa l  model s 
of  analog y ar e discussed . 

Introduction 

H u m an though t  excel s i n it s capacit y t o dea l  wit h novelt y 
and t o overcom e th e unexpecte d an d unfamiliar .  I n recen t 
years ,  i t  ha s bee n demonstrate d tha t  th e us e o f  analog y i s 
on e strateg y fo r  dealin g wit h novelty ;  nove l  problem s ca n 
be solve d b y analog y t o pas t  experience s (se e e.g. . 
Centner ,  1983 ;  Gic k &  Holyoak ,  1980 ;  Keane ,  1988) . 
Fiv e mai n processe s hav e bee n demonstrate d t o b e 
importan t  i n analogica l  proble m solving :  representation , 
analogu e retrieval ,  analogica l  mapping ,  adaptatio n an d 
induction .  Clearly ,  th e wa y a n analogu e an d a  proble m ar e 
mentall y represente d ha s a n importan t  impac t  o n 
subsequen t  proble m solvin g attempt s b y analog y (se e e.g. , 
Novick ,  1988) .  Th e retrieva l  o f  a n analogou s cas e t o solv e 
a proble m i s harde r  i f  th e domain s ar e semantically-distan t 
t o on e anothe r  (e.g. .  Centne r  &  Landers ,  1985 ;  Keane , 
1987) .  Analogica l  mappin g i s th e cor e proces s durin g 
whic h th e analog y i s  draw n betwee n th e tw o domains . 
Afte r  a n analog y i s mappe d i t  m a y hav e t o b e adapte d i n 
orde r  t o m a k e th e solutio n fi t  th e targe t  proble m (se e 
Novic k &  Holyoak ,  1991 ;  an d th e Artificia l  Intelligenc e 
literatur e o n case-base d reasoning ,  e.g. ,  Kolodner ,  1993 ; 
Smyt h &  Keane ,  1993) .  Wit h respec t  t o induction ,  Gic k 
& Holyoa k (1983 )  hav e show n tha t  subject s ca n induc e a 
generalisatio n fro m th e correspondence s betwee n tw o 

analogou s storie s whic h facilitate s subsequen t  proble m 
solving . 

I n thi s study ,  w e wil l  b e concerne d wit h variou s factor s 
involve d i n th e mappin g an d adaptatio n stage s o f 
analogising .  I n analogica l  mappin g peopl e mus t  m a p th e 
conceptua l  structur e o f  on e domai n (th e bas e o r  sourc e 
domain )  t o anothe r  domai n (th e targe t  domain) .  Durin g 
mapping ,  subject s matc h correspondin g part s o f  th e tw o 
domains .  Fo r  example ,  i n th e water-flow/heat-flo w 
analog y peopl e migh t  matc h th e "th e flo w o f  wate r  vi a a 
pip e betwee n a  beake r  an d a  vial "  wit h "th e flow  o f  hea t 
vi a a  ba r  betwee n coffe e an d a n ice-cube "  (se e Figur e 1) . 
Typically ,  th e mappin g wil l  als o involv e th e transfe r  o r 
carry-ove r  o f  knowledg e fro m th e bas e domai n t o th e 
target ;  knowledg e whic h constitute s a  se t  o f  candidat e 
inference s suggeste d b y th e analogy .  I n th e presen t 
example ,  th e causa l  relatio n betwee n th e pressure -
differenc e an d flo w i n th e water-flo w domai n woul d b e 
transferre d a s a  candidat e inferenc e int o th e heat-flo w 
domai n t o gover n temperature-differenc e an d heat-flo w 
there . 

Waler 
Flo w 

greate r flo w 

pressur e 

greate r 

diaoieie r 

pressur e beake r  via l  wate r  pip e 

vial 

liqui d fla -lo p 

Heat 
Flo w 

greate r 

temperatur e 

coffee 

temperatur e 

ice-cube 

flo w 

coffe e ice -  hea t  ba r 
cub e 

Liauid flal-top 

coffee coffee 

Figur e 1  T h e Wate r - f l ow /Hca t -F lo w A n a l o g y 

( f ro m Falkenhainer ,  e t  al. ,  1 9 8 9 ) 
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No candidat e inferenc e b y analog y i s guarantee d t o b e true , 
i t  ha s t o b e verifie d an d m a y hav e t o b e adapte d t o fi t  th e 
targe t  situation .  Intuitively ,  th e abov e causal ,  inferenc e 
seems reasonabl e bu t  experimentatio n coul d revea l  tha t  th e 
dq)endenc y i s onl y on e o f  enablement ,  i n whic h cas e th e 
inferenc e woul d hav e t o b e adapte d (se e Falkenhainer , 
1987) .  Novic k &  Holyoa k (1991 )  hav e demonstrate d tha t 
adaptatio n occur s i n solvin g mathematic s problem s b y 
analog y t o stories .  But ,  ver y littl e i s know n abou t  th e 
natur e o f  adaptatio n an d h o w i t  influence s th e cours e o f 
analogica l  proble m solving . 

The Theoretical Issue 

One o f  th e basi c issue s i n analogica l  mappin g i s h o w on e 
fro m a  numbe r  o f  alternativ e mapping-interpretation s i s 
chose n fo r  a  give n analogica l  comparison .  Fo r  example . 
one mapping-interpretatio n fo r  th e abov e analog y involve s 
th e syste m o f  relation s involvin g th e causa l  dependenc y 
betwee n pressure-difference/temperature-differenc e an d 
flowing ,  anothe r  involve s th e mappin g betwee n th e 
diameter-differenc e o f  th e beake r  an d th e via l  an d th e 
temperature-differenc e betwee n th e coffe e an d ice-cube . 
Peopl e prefe r  an d selec t  th e forme r  mapping-interpretatio n 
rather  tha n th e latter .  W h y ? 

Genmer  (1983,1989 )  provide s a n accoun t  t o explai n th e 
selectio n o f  thi s mappin g i n he r  structure-mappin g theor y 
and it s associate d model ,  th e Structure-Mappin g Engin e 
(SME;  Falkenhainer ,  Forbu s &  Genmer .  1986 ,  1989) .  He r 
accoun t  propose s tha t  a  structura l  facto r  -  systematicit y - -
act s a s a  selectio n constrain t  o n alternativ e mappings . 
State d simply ,  i f  on e mappin g involve s a  highly -
interconnecte d se t  o f  matche s (o r  i s mor e systematic )  i t 
wil l  b e preferre d ove r  a  mappin g wit h les s connectivit y 
betwee n it s matches .  Thi s proposa l  ha s bee n supporte d 
repeatedl y i n th e empirica l  literatur e (se e e.g. ,  Clemen t  & 
Gentner ,  1991 ;  Gentne r  &  Toupin ,  1986 ;  Keane .  1988) . 
For  example ,  Clemen t  &  Gentne r  (1991 )  hav e show n tha t 
when subject s wer e give n a  judgemen t  tas k involvin g tw o 
system s o f  relations ,  the y preferre d a  matc h embedde d i n a 
share d syste m o f  relation s t o on e tha t  wa s embedde d i n a 
differen t  syste m o f  relations .  Simila r  effect s hav e bee n 
show n fo r  th e selectio n o f  candidat e inferences . 
Systematicit y i s als o th e backbon e o f  al l  computationa l 
model s o f  analogy ;  includin g S M E ,  th e Analogica l 
Constrain t  Mappin g Engin e ( A C M E ;  Holyoa k &  Thagard , 
1989 )  an d th e Incrementa l  Analog y Machin e ( lAM ;  Kean e 
& Brayshaw ,  1988 ;  Kean e e t  al. ,  i n press) . 

The presen t  pape r  examine s th e previously-untested ,  rol e 
of  tw o othe r  factor s o n th e selectio n o f  analogica l 
mappings ;  pragmati c an d adaptatio n factors .  I n th e 
remainde r  o f  thi s paper ,  w e first  conside r  prediction s base d 
on thes e factors ,  the n presen t  a n experimen t  testin g thes e 
predictions ,  befor e considerin g th e implication s o f  th e 
result s found . 

M o r e Selectio n Constraint s o n M a p p i n g 

Conside r  anothe r  analogy ,  thi s tim e on e involvin g Maier' s 
(1931 )  "Two-String "  proble m an d a n analogou s stoi y abou t 
a fire  (se e Keane ,  1988) .  Th e Two-Strin g proble m says : 

Imagine you are in a room in which two strings 
ar e hangin g fro m th e ceiling .  You r  tas k i s t o ti e 
th e end s o f  th e tw o string s together .  However , 
when yo u tak e hol d o f  on e strin g an d tr y t o ge t  th e 
othe r  strin g yo u find  tha t  i t  i s  to o fa r  awa y t o 
touc h ( a diagra m illustratin g th e proble m wa s 
provided) . 

Traditionally,  subjects propose a variety of solutions to this 
proble m includin g a  stic k solutio n (us e a  stic k t o brin g th e 
string ,  tha t  i s  furthes t  away ,  withi n reach )  an d a  swin g 
solutio n (swin g on e o f  th e string s s o tha t  i t  come s withi n 
reac h whil e holdin g th e othe r  string) .  N o w ,  conside r  a n 
analogou s stor y mad e u p o f  th e settin g informatio n an d 
plan s 1  an d 2  i n Tabl e 1  (wher e th e tex t  woul d indicat e tha t 
on e o f  th e plan s faile d an d th e othe r  succeeded) .  I f  w e 
wis h t o solv e th e Two-Strin g proble m b y analog y t o thi s 
story ,  w e ar e face d wit h tw o possibl e mapping s eithe r  o f 
whic h ca n b e use d t o solv e th e problem .  O n e mappin g 
suggest s th e analogou s solutio n o f  usin g a  stic k t o reac h 
th e strin g (usin g th e first  plan )  an d th e othe r  mappin g 
suggest s th e analogou s solutio n o f  swingin g on e o f  th e 
string s i n orde r  t o brin g i t  withi n reac h (usin g th e secon d 
plan) . 

Table 1 Summary of the Stories Used in the 
Experimen t 

Setting 

Peopl e ar e stuc k i n a  towerin g infern o an d ar e tryin g t o 
evacuat e th e building . 

Planl : 

A helicopte r  i s positione d an d a  winc h i s throw n t o th e 
people ,  the y gra b hol d o f  i t  an d ti e ont o th e winch , 
the n swin g fro m on e buildin g t o th e next . 

Pla n 2 : 

A helicopte r  i s positione d an d a  winc h i s lowere d t o 
people ,  the y reac h fo r  th e winch ,  wit h a  stick ,  ti e o n 
and ar e carrie d t o th e ground . 

Pla n 3 : 

Helicopte r  i s positione d an d a  winc h i s lowere d t o 
people ,  the y lass o th e winc h wit h a  rope ,  ti e o n an d ar e 
carrie d t o th e ground . 

Whic h o f  thes e alternativ e mapping s ar e peopl e likel y t o 
selec t  an d o n wha t  i s thi s selectio n likel y t o b e b e base d ? 
Apar t  fro m th e prove n rol e o f  systematicit y (whic h i s hel d 
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constan t  fo r  bot h plan s b y usin g equa l  number s o f  actions) , 
tw o othe r  possibilitie s presen t  themselves: 

pragmati c factor s whic h asses s whic h pla n i s likel y t o b e 
th e best ,  o n th e basi s tha t  "wha t  wa s successfu l  befor e i s 
likel y t o b e successfu l  again" ,  withou t  furthe r  analysi s o f 
th e plan' s conten t 

adaptatio n factor s whic h asses s th e specifi c  conten t  o f 
th e pla n t o se e whethe r  th e solutio n i t  suggest s i s a  goo d 
solutio n t o th e proble m 

A variet y o f  differen t  proposal s hav e bee n mad e unde r  th e 
genera l  headin g o f  pragmati c factor s (fo r  som e possibilitie s 
se e Holyoak ,  1985 ;  Holyoa k &  Thagard ,  1989 ;  Keane , 
1985 ,  1988 ;  Kean e e t  al ,  i n press) .  Th e abov e proposa l  i s 
jus t  on e specifi c  pragmati c predictio n m a d e b y Kean e & 
Braysha w (1988) .  Thi s predictio n hinge s o n th e higher -
order ,  schemati c structur e o f  th e story ;  whic h ca n b e cas t  a s 
a "setting-->failed-plan-->successfu l  plan "  structure . 
Pragmatically ,  i t  migh t  b e a  goo d ide a t o selec t  th e pla n 
whic h succeed s o n th e assumptio n that ,  give n a n analog y 
betwee n th e stor y an d problem ,  wha t  succeede d befor e 
m ay succee d again .  I n a n earl y versio n o f  J A M ,  Kean e & 
Braysha w propose d tha t  th e successfu l  pla n coul d b e 
chose n i n a  top-dow n fashio n usin g thes e schemati c 
categorie s an d the n th e content s o f  thi s pla n woul d b e 
mapped.  A C M E als o ha s a  mechanis m fo r  doin g thi s sor t 
of  mapping ;  i t  ca n grou p part s o f  a n analogu e int o "fields " 
(e.g. ,  a  S E T T I N G field) .  Th e mappin g i s thu s simplifie d 
becaus e mapp ing s ar e onl y establishe d betwee n 
informatio n groupe d i n th e sam e fields  (se e Holyoa k & 
Thagard ,  1989) .  I n conclusion ,  a  stron g pragmati c 
predictio n woul d b e tha t  th e successfu l  pla n shoul d alway s 
be selecte d t o b e mapped . 

On th e issu e o f  adaptation ,  th e ke y proposa l  mad e her e i s 
tha t  adaptatio n enter s int o th e selectio n o f  alternativ e 
mapping-interpretations .  Specifically ,  i f  on e analogou s 
pla n i s evaluate d a s bein g mor e easil y adapte d t o th e 
proble m tha n another ,  the n i t  wil l  b e selecte d a s th e 
optima l  mapping .  I n th e Fir e story ,  th e stic k pla n i s les s 
adaptabl e tha n th e swin g plan .  Th e stic k pla n propose s 
tha t  a  stic k b e use d t o reac h on e o f  th e strings ,  a  stic k 
whic h i s not  presen t  i n th e proble m statement .  Hence ,  th e 
analog y suggest s variou s action s o f  reachin g an d grabbin g 
but  als o th e creatio n o f  a  n e w objec t  i n th e Two-Strin g 
problem .  Th e swin g pla n simpl y suggest s th e ne w action s 
of  swingin g an d grabbing ,  withou t  th e nee d t o introduc e a 
n e w object .  A s such ,  th e analogou s swin g solutio n i s 
easie r  t o adapt .  I t  m a y als o b e easie r  t o adap t  because , 
unlik e th e stic k plan ,  i t  doe s no t  violat e implici t  constraint s 
i n th e proble m situatio n (i.e. ,  tha t  th e proble m i s t o b e 
solve d wit h th e object s given) . 

I f  adaptatio n factor s pla y a  rol e i n th e selectio n o f  on e 
mappin g ove r  another ,  the n th e mor e adaptable ,  analogou s 
pla n shoul d ten d t o b e selecte d whe n peopl e ar e presente d 
wit h alternatives . 

Tes t in g P r a g m a t i c a n d A d a p t a t i o n Fac to r s 

I n thi s experiment ,  subject s wer e give n a  stor y t o memoris e 
and wer e the n aske d t o us e thi s stor y t o solv e a  proble m b y 
analogy .  W e use d th e Two-Strin g proble m an d fou r 
variant s o f  th e Fir e story .  Th e Fir e stor y alway s ha d th e 
same genera l  structur e involvin g settin g information ,  a n 
accoun t  o f  a  faile d rescu e pla n an d on e o f  successfu l  rescu e 
plan .  I n al l  version s o f  th e stor y th e settin g informatio n 
w as th e same ,  bu t  th e plan s use d wer e varie d 
systematically .  Th e settin g informatio n i n th e Fir e stor y 
and th e Two-Strin g proble m wil l  b e matche d i n formin g 
th e analogy :  fo r  instance ,  bot h domain s involv e 
proposition s abou t  gettin g fro m on e locatio n t o anothe r  i n 
orde r  t o achiev e som e end .  Th e tw o plan s constitut e 
collection s o f  candidat e inference s (organize d i n a  causa l 
chain )  whic h follo w fro m matche d proposition s i n th e 
setting s o f  bot h domains .  S o bot h plan s ar e alternativ e 
mappings ,  on e o f  whic h shoul d b e selecte d a s th e 
analogou s solutio n t o th e problem . 

Sinc e eac h stor y ha s a  faile d an d successfu l  pla n w e ca n 
tes t  th e pragmati c predictions .  I f  th e pragmati c prediction s 
ar e correct ,  overall ,  w e shoul d se e mor e subject s usin g th e 
successfu l  pla n rathe r  tha n th e faile d plan .  T o contro l  fo r 
primac y o r  recenc y effect s betwee n th e stor y plans ,  hal f  o f 
th e storie s ha d a  "settin g -- > successfu l  pla n - > faile d 
plan "  structure ,  whil e th e othe r  hal f  ha d a  "settin g - > 
faile d pla n ~ > successfu l  plan "  structure . 

Adaptabilit y  wa s manipulate d b y varyin g th e relative -
adaptablilit y  o f  on e o f  th e analogous-plans .  Th e focu s 
was o n th e stic k pla n whic h wa s alway s th e successfu l  pla n 
i n differen t  version s o f  th e story .  I n th e low-adaptabl e 
version s o f  th e story ,  th e stic k pla n wa s paire d wit h th e 
swin g pla n t o mak e i t  low-adaptabl e relativ e t o th e high -
adaptable ,  swin g plan .  I n th e high-adaptabl e story -
versions ,  th e stic k pla n wa s deeme d t o b e high-adaptabl e 
relativ e t o a  low-adaptable ,  lass o plan .  Th e lass o pla n i s 
simila r  t o th e stic k plan ,  wit h th e exceptio n tha t  th e rop e i s 
reache d b y lassoin g i t  wit h anothe r  piec e o f  rope . 
Intuitively ,  althoug h thi s pla n i s ver y simila r  t o th e stic k 
plan ,  i t  i s  a  les s adaptabl e solutio n t o th e proble m becaus e 
a rigi d objec t  (e.g. .  th e stick )  shoul d b e mor e effectiv e tha n 
a non-rigi d objec t  (e.g. ,  th e lasso) .  I f  adaptatio n i s a 
selectio n consu-ain t  the n subject s shoul d ten d t o prefe r  th e 
stic k pla n whe n i t  i s  th e high-adaptabl e pla n relativ e t o it s 
paired-plan ,  tha n whe n i t  i s  low-adaptabl e relativ e t o th e 
paired-plan . 

Finally ,  i n orde r  t o substantiat e ou r  intuition s abou t  th e 
relativ e adaptabilit y  o f  plans ,  w e aske d subject s t o rat e ho w 
goo d th e swing ,  stic k an d lass o solution s wer e a s solution s 
t o th e Two-Strin g problem .  I f  ou r  intuition s ar e correct , 
the n th e swin g solutio n shoul d b e rate d a s bein g bette r  a s a 
solutio n tha n th e stic k solutio n an d th e stic k solutio n 
shoul d b e rate d abov e th e lass o solution . 
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M e t h o d 

Subjects. Sixty-three undergraduates in Computer Science 
at  Trinit y Colleg e Dubli n too k par t  i n th e experimen t  an d 
wer e randoml y assigne d on e o f  th e stor y versions .  Fou r  o f 
thes e subject s wer e exclude d befor e dat a analysi s becaus e 
the y ha d insufficien t  memor y o f  th e plan s i n th e story . 

Materials. The materials for the problem solving task 
consiste d o f  fou r  version s o f  th e Fir e stor y an d a  versio n 
of  th e Two-Strin g problem . 

Th e material s fo r  th e rating s tas k consiste d o f  a  bookle t 
containin g description s o f  th e swing ,  stic k an d lass o 
solution s t o th e Two-Strin g problem .  Unde r  eac h solutio n 
was a  seven-poin t  scale ,  rangin g fro m 1  (ver y bad )  t o 7 
(ver y good) .  Writte n instruction s informe d subject s tha t 
Uie y wer e t o rat e h o w goo d the y though t  th e solutio n was , 
as a  solutio n t o th e problem .  Eac h solutio n wa s printe d o n 
a separat e sheet .  Th e orde r  o f  presentatio n o f  solution s i n 
th e ratin g tas k wa s randomised . 

Procedure. The experiment had three distinct stages: the 
memory/recal l  task ,  th e proble m solvin g tas k an d th e 
rating s task .  Al l  th e booklet s hande d ou t  i n eac h tas k wer e 
collecte d befor e thos e o f  th e nex t  stag e wer e hande d out . 
The memory/comprehensio n tas k involve d subject s takin g 
thre e minute s t o rea d an d memoris e th e Fir e story .  The y 
wer e tol d tha t  afte r  th e thre e minute s the y woul d hav e t o 
recall  i t  i n writing .  Eac h subjec t  i n th e experimen t  receive d 
one o f  th e fou r  version s o f  th e Fir e story .  Afte r  subject s 
had recalle d th e stor y i n writin g an d i t  wa s tiike n away , 
the y wer e give n th e Two-Strin g proble m t o read .  The y 
wer e aske d "I f  yo u wer e t o appl y th e stor y abou t  th e fire  t o 
thi s proble m wha t  answe r  woul d i t  sugges t  t o yo u 
(irrespectiv e o f  whethe r  yo u thin k th e answe r  i s a  goo d o r  a 
bad one )  " .  W e wante d a  pur e measur e o f  th e analogou s 
pla n used ,  s o th e cavea t  i n parenthese s wa s adde d t o mak e 
sur e tha t  subject s di d no t  us e a  solutio n b y analog y an d 
the n rejec t  i t  becaus e the y fel t  i t  wa s a  poo r  solution . 
Finally ,  i n th e rating s task ,  subject s wer e aske d t o rat e th e 
goodnes s o f  a  solutio n pla n a s a  solutio n t o th e problem . 

Subject s wer e teste d i n smal l  group s o f  varyin g size s an d 
eac h experimenta l  sessio n too k betwee n 2 0 an d 3 0 
minutes . 

Scoring. In analysing subjects' responses the 
interes t  wa s i n th e solutio n tha t  wa s mos t  immediatel y 
suggeste d t o the m b y th e story .  Therefore ,  whe n subject s 
produce d mor e tha n on e solution ,  onl y th e first  solutio n 
produce d wa s considered .  I n fact ,  8 0 % o f  subject s 
produce d onl y on e solutio n ( 2 0 % produce d tw o solutions) . 
Subjects '  solution s wer e categorise d a s stic k ,  swing ,  lass o 
solution s o r  othe r  solution s (whic h wer e base d o n non e o f 
th e plans) . 

Pragmati c 

Successful Failed 

^uclc j 

Lo w 

Adaptability 

High 

8 

Lassoc ) 

3 

(Stick ) 

20 

(Swing ) 

17 

11(23% ) 

37 (77% ) 

28 (58% ) 20(42% ) 

Figur e 2  Frequenc y o f  Subjects '  Solution s Classifie d 
Accordin g t o th e Variable s Examine d i n th e Experimen t 

Results 

Th e result s reveale d th e effect s o f  adaptatio n factor s bu t 
showe d littl e evidenc e fo r  pragmati c factor s (se e Figur e 2) . 
Th e patter n o f  goodnes s rating s confirme d ou r  intuitiv e 
rankin g o f  th e adaptabilit y  o f  differen t  plans . 

Of  th e 5 9 subject s i n th e experiment ,  marginall y mor e 
subject s use d th e successfu l  pla n ( 47% ;  2 8 subjects )  ove r 
th e faile d pla n ( 3 4 % ,  2 0 subjects )  whil e 1 9 % (11 )  use d 
neithe r  pla n [chî (2 )  =  7.34 ,  p  <  .05] .  But ,  i f  w e loo k a t 
th e 4 8 subject s w h o use d on e o r  othe r  o f  th e plans ,  w e find 
tha t  ther e i s n o reliabl e differenc e betwee n subject s w h o 
selecte d th e successfu l  pla n (58% ,  2 8 ou t  o f  48) ,  relativ e t o 
thos e w h o selecte d th e faile d pla n ( 4 2 % ,  2 0 ou t  o f  48 ; 
chi^(l )  =1 .2 ,  p  >  .05) .  Notabl e effect s fo r  adaptatio n 
factor s wer e found .  I n low-adaptabl e version s o f  th e 
story ,  subject s use d th e successful ,  stic k pla n les s 
frequentl y  ( 23%) ,  tha n i n th e high-adaptabl e version s o f 
th e stor y (77% ;  chi^{l )  =  14.08 ;  p  <  .001) .  Thes e result s 
indicat e tha t  th e adaptabilit y  o f  a  pla n ha s a  stron g effec t 
on th e selectio n o f  on e mappin g fro m amongs t  a  numbe r  o f 
alternatives . 

Overal l  th e goodnes s rating s reflecte d ou r  intuition s 
abou t  th e relativ e adaptabilit y  o f  th e solutio n plans .  A  one -
way,  repeated-measure s analysi s o f  varianc e o f  th e rating s 
sho w a  mai n effec t  o f  solutio n typ e F(2,116 )  =  50.07 ,  p  < 
.0001) .  Planne d comparisons ,  usin g Newman-Keul s tests , 
betwee n solutio n type s reveale d tha t  th e swin g solutio n ( m 
= 5.4 )  i s rate d a s bein g reliabl y differen t  t o th e goodnes s 
of  th e stic k solutio n { m =  4.46 ,  p  <  .01 )  whic h i n tur n i s 
rate d mor e highl y tha n th e goodnes s o f  th e lass o solutio n 
( m =  2.71,p<.01) . 

General Discussion 

T wo specifi c  result s hav e bee n uncovere d b y th e presen t 
stud y whic h hav e importan t  implication s fo r  computationa l 
model s o f  analogy .  First ,  i t  ha s bee n foun d tha t  th e 
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suppose d pragmati c influenc e o f  exploitin g higher-orde r 
categorie s i n a  domai n (e.g. ,  successfu l  plan ,  faile d plan )  i n 
orde r  t o selec t  a  mapping ,  ha s no t  bee n confirmed . 
Second ,  fo r  th e first  time ,  w e hav e show n tha t  th e eas e o f 
adaptatio n o f  a  mappin g ca n affec t  subjects '  selectio n o f  a 
mappin g i n a  crucia l  fashion . 

Wit h respec t  t o pragmati c effects ,  A C M E an d l A M hav e 
th e functionalit y t o dea l  wit h higher-orde r  structuring s o f  a 
domai n an d t o exploi t  thi s i n drawin g analogies .  Holyoa k 
& Thagar d (1989 )  designe d A C M E wit h a  facilit y  fo r 
partitionin g domain s int o differen t  fields,  an d the n jus t 
mappin g th e content s o f  lik e fields  wit h lik e fields.  I n 
A C ME th e Fir e stor y coul d b e encode d a s havin g th e 
followin g fields:  SETTING ,  SUCCESSFUL-PLAN,  FAILED -
PLAN.  A C M E ha s use d suc h higher-orde r  structuring s i n 
th e mappin g o f  othe r  example s i n th e literature .  However , 
ther e i s n o specifi c  an d uniqu e empirica l  evidenc e t o 
suppor t  th e proposa l  tha t  peopl e exploi t  suc h higher-orde r 
categorie s i n thei r  analogising .  Indeed ,  th e presen t 
experimen t  provide s negativ e evidenc e fo r  th e us e o f  suc h 
categories .  (I t  shoul d als o b e note d i n passin g tha t  A C M E 
i s reall y a  matche r  an d canno t  for m th e candidat e 
inference s require d b y thi s task .  I t  canno t  for m extende d 
set s o f  candidat e inference s withou t  som e additiona l 
mechanis m o r  th e us e o f  implausible ,  d u m my predicate s 
fcM-  eac h inferenc e i n th e target) .  Simila r  criticism s ca n b e 
made o f  l A M .  Earl y version s o f  thi s mode l  ha d th e 
functionalit y d o dea l  wit h suc h higher-orde r  categorie s lik e 
S U C C E S S F U L - P L AN an d FA ILED-PLA N (se e Kean e & 
Brayshaw ,  1988) .  Eve n i f  peopl e for m suc h categories , 
th e evidenc e suggest s tha t  the y d o no t  exploi t  the m whe n 
solvin g problem s b y analogy . 

On adaptation ,  th e presen t  result s sugges t  tha t  an y 
complet e computationa l  leve l  accoun t  o f  analogica l 
thinkin g shoul d includ e adaptatio n constraint s (se e Kean e 
et  al. ,  i n press) ;  constraint s tha t  evaluat e th e adaptabilit y  o f 
alternativ e mappings .  Thi s evaluatio n coul d rel y purel y o n 
loca l  aspect s o f  th e candidat e inference s bein g made :  fo r 
instance ,  b y notin g whethe r  th e inference s sugges t  ne w 
object s whic h ar e absen t  fro m th e origina l  specificatio n o f 
th e target-proble m domain .  However ,  suc h a  loca l 
evaluatio n doe s no t  see m sufficient .  I t  woul d resul t  i n 
evaluation s whic h rate d th e swin g solutio n a s bein g bette r 
tha n th e stic k solutio n (becaus e th e latte r  suggest s a  ne w 
object )  bu t  woul d als o evaluat e th e swin g an d lass o 
solution s a s bein g equall y adaptabl e (becaus e bot h us e 
string-lik e object s whic h ar e presen t  i n th e problem) .  I t 
seems mor e plausibl e tha t  evaluatio n i s performe d b y 
simulatin g th e propose d solutio n i n som e way ;  th e actio n 
of  swingin g a  rope-lik e objec t  i s  teste d i n th e targe t 
proble m o r  th e actio n o f  reachin g somethin g wit h a  stic k i s 
tested .  Onl y a  detaile d simulatio n o f  thi s typ e wil l 
produc e evaluation s tha t  correspon d t o th e adaptabilit y 
orderin g supporte d b y th e presen t  experimen t  (i.e .  swin g 
bette r  tha n stick ,  an d i n tur n stic k bette r  tha n lasso) . 
Technique s fo r  suc h evaluatio n hav e bee n widel y explore d 
i n th e are a o f  analog y an d case-base d reasonin g i n 

Artificia l  Intelligenc e (se c e.g. ,  Falkenhainer ,  1987 ; 
Hammond,  1989 ;  Kolodner ,  1993 ;  Smyt h &  Keane .  1993) . 
Indeed ,  thi s stud y ha s interestin g implication s fo r  case -
base d reasonin g (se e Keane ,  i n press) . 

References 

Clement ,  C.A. ,  &  Centner ,  D .  (1991) .  Systematicit y a s a 
selectio n constrain t  i n analogica l  mapping .  Cognitiv e 
Science ,  15,89-132 . 

Falkenhainer ,  B .  (1987) .  A n examinatio n o f  th e thir d stag e i n 
th e analog y process :  Verification-base d analogica l 
learning .  I n Proceeding s o f  th e Tent h Internationa l 
Join t  Conferenc e o n Artificia l  Intelligence .  Lo s Altos : 
Morga n Kaufmann . 

Falkenhainer ,  B. ,  Forbus ,  K.D. ,  &  Centner ,  D .  (1986) . 
Structure-mappin g engine .  Proceeding s o f  th e Annua l 
Conferenc e o f  th e America n Associatio n fo r  Artificia l 
Intelligence . 

Falkenhainer .  B „  Forbus ,  K.D. ,  &  Centner .  D .  (1989) . 
Su-ucture-mappin g engine .  Artificia l  Intelligence ,  41 ,  1 -
63. 

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

Centner ,  D .  (1989) .  Mechanism s o f  analogica l  learning .  I n 
S.  Vosniado u &  A .  Orton y (Eds.) ,  Similarit y an d 
analogica l  reasoning .  Cambridge :  C U P . 

Cenmer .  D .  &  Landers .  R .  (1985) .  Analogica l  reminding :  A 
goo d matc h i s har d t o find .  Proceeding s o f  th e 
Internationa l  Conferenc e o n Systems ,  M a n an d 
Cybernetic s ,  Tucson ,  Arizona ,  November . 

Centner ,  D .  &  Toupin ,  C .  (1986) .  Systematicit y an d surfac e 
similarit y i n th e developmen t  o f  analogy .  Cognitiv e 
Science ,  10 ,  227-300 . 

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

Cick ,  M.L. ,  &  Holyoak ,  K.J .  (1983) .  Schem a inductio n i n 
analogica l  transfer .  Cognitiv e Psychology ,  15,1-38 . 

H a m m o n d,  K .  J .  (1989) .  Plannin g fro m memory .  N e w York : 
Academi c Press . 

Holyoak ,  K.J .  (1985) .  Th e pragmatic s o f  analogica l  transfer . 
The Psycholog y o f  Learnin g an d Motivation ,  19 ,  59-87 . 

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

Keane ,  M .  (1985) .  O n drawin g analogie s whe n solvin g 
problems .  Britis h Journa l  o f  Psychology ,  76,449-458 . 

Keane ,  M.T .  (1987) .  O n retrievin g analogue s whe n solvin g 
problems .  Quarterl y Journa l  o f  Experimenta l 
Psychology ,  3 9 A ,  29-41 . 

Keane ,  M.T .  (1988) .  Analogica l  proble m solving .  Chichester : 
Elli s  Horwood . 

Keane ,  M .T .  (i n press) .  Analogica l  aside s o n case-base d 
reasoning .  I n K-D .  Althoff ,  K .  Richter ,  &  S .  Wes s 

494 



(Eds.) ,  Firs t  Europea n Worksho p o n Case-Base d 
Reasoning .  Amsterdam :  Springer-Verlag . 

Keane ,  M.T. ,  &  Brayshaw ,  M .  (1988) .  Th e Incrementa l 
Aiudogica l  Machine :  A  computationa l  mode l  o f  analogy . 
I n D ,  Sleema n (Ed.) ,  Europea n Workin g Sessio n o n 
Machin e Learning .  London :  Pitman . 

Keane,  M.T. ,  Ledgeway ,  T ,  &  Duff ,  S .  (i n press) .  Constraint s 
on analogica l  mapping :  A  compariso n o f  thre e models . 
Cognitiv e Science ,  18 . 

Kolodner .  J .  (1993) .  Case-base d reasoning .  Lo s Altos : 
Morga n Kaufmann . 

Maier ,  NJi.F .  (1931) .  Reasonin g i n human s II :  Th e solutio n 
of  a  proble m an d it s appearanc e i n consciousness . 
Journa l  o f  Comparativ e Psychology ,  12,181-194 . 

Novick ,  L.R .  (1988) .  Analogica l  transfer ,  proble m similarity , 
and expertise .  Journa l  o f  Experimenta l  Psychology : 
Learning ,  Memor y &  Cognition ,  14 ,  510-520 . 

Novick ,  L.R .  &  Holyoak ,  K.J .  (1991) .  Mathematica l 
proble m solvin g b y analogy .  Journa l  o f  Experimenta l 
Psychology :  Learning ,  Memor y an d Cognition ,  17 ,  398 -
415. 

Smyth ,  B. ,  &  Keane ,  M.T .  (i n press) .  Retrievin g adaptabl e 
cases .  I n K-D .  Althoff ,  K .  Richier ,  & .  S .  Wes s ^ds.) . 
Firs t  Europea n Worksho p o n Case-Base d Reasoning . 
Amsterdam :  Springer-Verlag . 

495 


	cogsci_1994_490-495



