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Abstrac t 

The Incrementa l  Analog y Machin e ( lAM )  predict s tha t  th e 
orde r  i n whic h part s o f  a n analog y ar e processe d ca n affec t 
th e eas e o f  analogica l  mapping .  I n thi s paper ,  th e 
prediction s o f  thi s mode l  ar e teste d i n tw o experiments . 
Previou s wor k ha s show n tha t  suc h orde r  effect s ca n b e foun d 
i n attribute-mappin g problems .  I n th e first  expenment ,  i t 
i s  show n tha t  thes e effect s generalis e t o relational-mappin g 
problems ,  whe n subjects '  erro r  performanc e (incorrec t 
mappings )  i s considered .  I t  i s  als o foun d tha t  relational -
mappin g problem s ar e significantl y harde r  tha n attribute -
mappin g problems .  I n th e secon d experiment ,  i t  i s  show n 
usin g relational-mappin g problems ,  tha t  orde r  effect s ca n b e 
demonstrate d fo r  double s (tw o sentence s abou t  tw o 
indiviudals )  i n thes e problems .  Throughou t  th e pape r  i t  i s 
shown tha t  thes e result s ar e bes t  approximate d b y lAM' s 
measur e o f  th e complexit y o f  globa l  mapping s (th e remaps -
complexit y measure) ,  an d no t  a s ha s bee n foun d previously , 
by a  measur e usin g frequenc y o f  remap s (th e re-map s 
measure) .  Th e empirica l  an d theoretica l  significanc e o f 
thes e result s ar e discussed . 

Introduction 

The importanc e o f  analog y t o problem s solving ,  creativit y 
and learnin g i s well-documente d (se e e.g. ,  Koestler ,  1964) . 
N o w,  th e theoretica l  basi s o f  analog y i s bette r  understoo d 
tha n i t  wa s 3 0 year s ago ,  wit h th e elaboratio n o f  th e 
subprocesse s underlyin g th e p h e n o m e n o n ;  tha t  is , 
representation ,  retrieval ,  mapping ,  adaptatio n an d induction . 
M a ny empirica l  studie s no w substantiat e thes e theorie s (se e 
e.g. ,  Clemen t  &  Centner ,  1991 ;  Centne r  &  Toupin ,  1985 ; 
Gic k &  Holyoak ,  1980 ;  Holyoa k &  Koh ,  1987 ;  Keane , 
1985 ,  1987 ,  1988 ,  1994 ;  Novic k &  Holyoak ,  1991) .  Th e 
distinctive ,  cor e sub-proces s i n analog y i s  analogica l 
mapping ;  i t  establishe s th e correspondence s betwee n th e 
concept s i n a  bas e domai n o f  knowledg e an d a  targe t 
domain ,  performin g an y analogica l  inference s tha t  follo w 
fro m thes e correspondences .  Fo r  example ,  i n drawin g a n 
analog y betwee n th e sola r  syte m an d th e atom ,  i t  i s 
analogica l  mappin g tha t  determine s th e correspondence s 
between ,  say ,  th e revolutio n o f  th e planet s aroun d th e su n 
and th e revolutio n o f  th e electron s aroun d th e nucleu s (se e 
Centner ,  1983) . 

I n performin g analogica l  mappin g subject s resolv e man y 
ambiguitie s i n th e mapping s betwee n th e tw o domains , 
ambiguitie s tha t  ar e highlighte d i n Holyoa k &  Thagard' s 
(1989 )  attribute-mappin g proble m (se e e.g. ,  singletons -
crosse d proble m i n Tabl e 1) .  I n attribute-mappin g 
problems ,  subject s ar e aske d t o sa y whic h thing s i n lis t  A 
correspon d t o whic h thing s i n lis t  B  (ignorin g th e meanin g 
of  th e words) ;  the y hav e t o discove r  a  one-to-on e mappin g 

betwee n al l  th e individual s an d attribute s i n lis t  A  an d lis t 
B.  Thi s mappin g i s difficul t  becaus e m a n y ambiguou s 
matche s hav e t o b e resolved .  Fo r  example ,  smar t  m a y 
matc h hungr y o r  friendl y o r  frisk y an d th e correc t  matc h ca n 
onl y b e determine d b y eliminatin g th e inconsisten t  matche s 
tha t  follo w fro m al l  bu t  on e o f  thes e matches .  Th e uniqu e 
one-to-on e mappin g whic h solve s th e proble m i s t o matc h 
Stev e an d Fido ,  Bil l  an d Rover ,  T o m an d Blackie ,  smar t  an d 
hungry ,  tal l  an d friendly ,  an d timi d an d frisky . 

Thi s pape r  examine s people' s performanc e o n thi s typ e o f 
mappin g problem .  I n particular ,  I  tes t  th e prediction s o f 
one analog y model ,  th e Incrementa l  Analog y Machine ,  wit h 
a vie w t o selectin g it s bes t  predicto r  o f  th e empirica l  data . 
Unlik e m u c h previou s analog y researc h th e emphasi s her e i s 
on predictin g subjects '  specific ,  erro r  performanc e rathe r  tha n 
simpl y characterisin g thei r  broa d analogica l  competence . 

Theories and Models of Analogical Mapping 

Ther e i s som e theoretica l  consensu s a s t o th e natur e o f 
analogica l  mapping ,  althoug h th e model s use d t o instantiat e 
thi s theor y diffe r  considerably .  Th e basi c vie w i s tha t 
analogica l  mappin g i s a  matchin g proces s tha t  i s sensitiv e 
t o thre e mai n set s o f  informationa l  constraint s (se e Keane , 
Ledgewa y &  Duff ,  1994 ,  fo r  mor e details) : 

•  structura l  constraint s whic h establis h isomorphi c 
matche s betwee n entitie s o f  th e sam e typ e i n bot h 
domain s (e.g. ,  object s wit h objects ,  relation s wit h 
relations) ,  enforc e structura l  consistenc y [i f  th e relatio n 
hit(x ,  y )  an d hit(a ,  b )  ar e matche d the n thei r  argument s 
must  b e place d i n correspondenc e ( x wit h a ,  y  wit h b)] , 
and tak e th e systematicit y o f  th e mappin g int o accoun t 
(se e Centner ,  1983 ) 

•  similarit y constraint s tha t  i n decidin g betwee n 
alternativ e matches ,  matche s tha t  ar e semanticall y 
simila r  t o on e anothe r  shoul d b e preferre d ove r  one s tha t 
ar e les s similar , 

•  pragmati c constraint s tha t  matche s tha t  ar e goal -
relevan t  o r  pragmaticall y importan t  i n th e tas k contex t 
(e.g. ,  becaus e a n experimente r  ha s indicate d the m t o b e 
so )  shoul d b e preferre d ove r  alternativ e matche s 

Kean e e t  al .  (1994 )  pointe d ou t  tha t  thes e constraint s 
constitut e a  competence-typ e theor y o r  computational-leve l 
theor y o f  analog y (se e Marr ,  1982 ;  Palmer ,  1989) ,  tha t  ha d 
t o b e extende d t o includ e algorithmic-leve l  o r  behavioura l 
constraint s t o characteris e performanc e aspect s o f  analog y 
(e.g. ,  error s an d solutio n times) .  The y propose d tw o suc h 
behavioura l  constraints :  workin g m e m o r y limitation s an d 
th e effect s o f  backgroun d knowledge . 

449 

mailto:mark.keane@tcd.ie


Tabl e 1 ;  Example s o f  mappin g problem s use d i n Experimen t  1 

Attribute-Mappin g Problem s 

Singletons-Aligne d 

B 

Singletons-Crosse d 

A B 

Stev e i s smart. * 

Bil l  i s  tall . 

Bil l  i s  smart . 

T o m i s tall . 

T o m i s timid . 

Fid o i s hungry. * 

Blacki e i s friendly . 

Blacki e i s frisky . 

Rover  i s hungry . 

Rover  i s friendly . 

Bil l  i s  smart . 

Bil l  i s  tall . 

T o m i s timid . 

T o m i s tall . 

Stev e i s smart. * 

Fid o i s hungry. * 

Blacki e i s friendly . 

Blacki e i s frisky . 

Rover  i s hungry . 

Rover  i s friendly . 

Singletons-Aligne d 

Joe motivate s Steven. * 

Mar k i s besid e Ronan . 

Mar k motivate s Ronan . 

Conor  i s besid e Paul . 

Conor  fear s Paul . 

Relational-Mappin g Problem s 

Singletons- Crossed 

B A 

Lis a hug s Jenny. *  Mar k i s besid e Ronan . 

Laur a employ s Ruth .  Mar k motivate s Ronan . 

Laur a hug s Ruth .  Cono r  i s besid e Paul . 

Mar y see s Ali .  Cono r  fear s Paul . 

Mar y employ s Ali .  Jo e motivate s Steven. * 

B 

Lis a hug s Jenny. * 

Laur a employ s Ruth . 

Laur a hug s Ruth . 

Mary see s Ali . 

Mar y employ s Ali . 

*  indicate s th e singleto n 

All of the computational models in the literature capture 
analogica l  competenc e b y implementin g th e abov e 
informationa l  constraints .  Falkenhainer ,  Forbu s &  Centne r 
(1989 ;  Forbu s &  Oblinger ,  1990 )  Structur e Mappin g 
Engin e ( S M E )  implement s th e thre e informationa l 
constraint s i n a  seria l  fashio n finding  al l  possibl e lega l 
matche s betwee n tw o domain s an d combinin g thes e int o 
alternativ e mappin g interpretation s (o r  globa l  mappings )  o f 
th e analogy .  Holyoa k &  Thagard' s (1989 )  Analogica l 
Constrain t  Mappin g Engin e ( A C M E )  use s paralle l 
constrain t  satisfactio n i n a n interactiv e networ k t o find a 
singl e globa l  mappin g betwee n tw o domains .  Keane' s 
(1990 ;  K e a n e & Brayshaw ,  1988 ;  Keane ,  e t  al. ,  1994 ) 
Incrementa l  Analog y Machin e ( lAM )  use s seria l  constraint -
satisfactio n t o for m a  single ,  optima l  interpretatio n base d o n 
a subse t  o f  th e possibl e matche s betwee n th e tw o domains . 
l A M build s thi s globa l  mappin g incrementall y b y selectin g 
a par t  o f  th e bas e domai n fo r  mapping ,  mappin g i t  an d the n 
movin g o n t o ma p anothe r  part' .  l A M wa s designe d t o 
includ e behavioura l  constraints ,  t o captur e people' s 
performanc e o n analog y tasks . 

The J A M mode l  make s th e nove l  predictio n tha t  th e orde r 
i n whic h part s o f  a  domai n ar e processe d coul d affec t  th e 
ease o f  th e analogica l  mapping .  Kean e e t  al .  demonstrate d 
suc h orde r  effect s usin g th e tw o version s o f  th e attribute -
mappin g proble m show n i n Tabl e 1 .  A n importan t 
propert y o f  thes e attribute-mappin g problem s i s tha t  eac h 

^  Differen t  form s o f  incrementalit y hav e bee n propose d 
i n analogy .  Burstei n (1986 )  propose d tha t  multipl e bas e 
domain s coul d b e combine d incrementall y ove r  tim e 
when learnin g b y analogy ,  bu t  thi s mode l  doe s no t  appl y 
t o comple x analogies .  Falkenhaine r  (1987 )  propose d a 
mechanis m fo r  th e incrementa l  revisio n o f  analogica l 
inference s afte r  the y ha d bee n teste d b y a  simulatio n 
method .  Neithe r  mode l  perform s incrementa l  mappin g 
of  a  singl e analogy .  l A M i s th e firs t  general-purpose , 
incrementa l  analogical-mappin g engine . 

lis t  ha s tw o individual s (e.g. ,  Bil l  an d T o m )  wit h tw o 
attribute s (terme d doubles )  an d a  remainin g individua l  (i.e. , 
Steve )  wh o ha s jus t  on e attribut e ( a singleton) .  Matchin g 
up th e singleton s ("Stev e i s smart "  an d "Fid o i s hungry" ) 
help s t o achiev e th e isomorphi c mappin g becaus e th e 
singleton s disambiguat e th e se t  o f  matche s betwee n th e tw o 
list s (thi s argumen t  als o applie s t o th e singl e attribut e i n 
bot h lists) .  Takin g thi s propert y o f  th e proble m int o 
account ,  l A M predicte d tha t  i f  th e singleton s wer e place d a t 
th e beginnin g o f  bot h list s (se e singletons-aligne d problem ) 
the n th e proble m shoul d easie r  tha n whe n th e singleton s ar e 
ordere d i n a  misaligne d o r  crosse d fashio n (se e singletons -
crosse d problem) .  Kean e e t  al .  (1994 )  foun d tha t  peopl e 
wer e almos t  twic e a s fas t  a t  mappin g singletons-aligne d 
problem s tha n singletons-crosse d problems . 

Thes e orde r  effect s sho w tha t  a n incrementa l  accoun t  o f 
analog y i s psychologicall y plausible .  I n part ,  a s a  respons e 
thes e findings  Forbus ,  Ferguso n &  Centne r  (1994 )  produce d 
an incrementa l  versio n o f  S M E (I-SME) .  I-SM E ca n als o 
accoun t  fo r  th e orde r  effect s i n attribute-mappin g problems . 
Forbu s e t  al .  hav e als o demonstrate d tha t  incrementa l 
analogisin g i s importan t  t o mode l  th e successiv e learnin g 
by analog y ove r  time . 

The Problem 

However ,  thes e orde r  effect s migh t  no t  generalis e t o 
mappin g problem s involvin g relations .  Mos t  analogie s d o 
not  hing e o n mapping s betwee n one-plac e predicate s [e.g. , 
timid(x) ,  hungry(x)] ,  bu t  rathe r  involv e multi-plac e 
predicate s [e.g. ,  hit(x ,  y) ,  hurt(y ,  z)] .  Kean e e t  al .  produce d 
singletons-aligne d an d singleton-crosse d version s o f  a  ne w 
relational-mappin g proble m an d note d tha t  l A M predicte d 
simila r  orde r  effect s fo r  thes e problem s (se e Tabl e 1) . 
However ,  thi s predictio n ha s neve r  bee n substantiate d 
empirically . 

Thi s pape r  investigate s orde r  effect s i n relational-mappin g 
problems .  Th e pape r  als o examine s alternativ e measure s o f 
lAM' s performanc e tha t  ca n b e use d t o simulat e subjects ' 
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performance ,  wit h a  vie w t o identifyin g th e mos t  predictiv e 
measure .  I n eac h experiment .  I  first  repor t  a  computationa l 
experimen t  usin g l A M befor e testin g thes e prediction s wit h 
subjects . 

Experiment 1: Order and Problem Type 

l A M predict s tha t  th e orde r  effect s foun d fo r  attribute -
mappin g problem s shoul d als o hol d fo r  relational-mappin g 
problems .  So ,  singletons-aligne d version s o f  bot h 
problem s shoul d b e easie r  tha n singletons-crosse d version s 
of  bot h problem s (se e Tabl e 1) .  l A M shoul d als o predic t 
problem-typ e effects ;  tha t  is ,  relational-mappin g problem s 
shoul d b e harde r  tha n th e attribute-mappin g problem s 
becaus e the y involv e mor e comple x predicat e structure s 
(takin g tw o arguments) .  However ,  th e difficult y o f  a n 
analog y ca n b e measure d i n severa l  differen t  way s i n lAM . 
I n th e simulatio n experiment ,  tw o suc h measure s ar e 
examine d i n assessin g th e prediction s o f  lAM . 

Experiment lA: Simulating Order & Problem-
T y p e Effect s i n l A M 

I n th e simulatio n experimen t  usin g L A M ,  th e exac t  sam e 
problem s wer e presente d t o th e mode l  tha t  wer e late r  give n 
t o th e huma n subject s (se e Kean e e t  al. ,  1994 ,  fo r  a  ful l 
descriptio n o f  l A M ) .  I n previou s studies ,  th e measur e use d 
was th e numbe r  o f  alternativ e global-mapping s generate d 
befor e th e proble m wa s solved ;  th e re-map s measure .  Thi s 
i s a  goo d measur e o f  proble m difficult y becaus e i t  i s 
c o m m on t o l A M ,  S M E ,  A C M E an d I-SM E (se e Kean e e t 
al. ,  1994) .  I t  als o make s accurat e prediction s fo r  th e orde r 
effect s foun d i n attribute-mappin g problems .  However ,  i t 
i s  a  ver y gros s measure ,  becaus e i t  doe s no t  tak e th e 
content s o f  thes e globa l  mapping s int o account .  Fo r 
instance ,  i t  shoul d b e clea r  tha t  a  globa l  mappin g involvin g 
thre e entitie s i s les s difficul t  tha n a  globa l  mappin g 
involvin g 3(X )  entities .  Yet ,  th e remap s measur e woul d 
neve r  revea l  thi s difference .  Th e remap s measur e i s 
unlikel y t o manifes t  problem-typ e difference s becaus e the y 
hing e o n th e numbe r  o f  entitie s involved .  A  finer-grained 
measur e i s possibl e usin g th e numbe r  o f  mapping s involve d 
i n eac h r e m a p :  th e remaps-comp lex i t y m e a s u r e .  Thi s 
measur e tell s u s h o w m a n y m a p s (predicat e an d object )  wer e 
constructe d acros s al l  th e globa l  mapp ing s generate d befor e 
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th e solutio n i s  reached .  W e adopte d thes e difficult y 
measure s i n ou r  followin g test s rathe r  tha n direc t  test s o f 
erro r  i n th e mode l  becaus e ther e ar e n o stron g guideline s fo r 
mak in g th e m o d e l  produc e errors .  I  coul d hav e stoppe d th e 
m o d el  afte r  a  certai n lengt h o f  time ,  befor e th e correc t 
answe r  i n reached ;  thi s wou l d giv e u s n u m b e r s o f  incorrec t 
mapp ing s bu t  an y proposal s o n h o w lon g th e m o d e l  shoul d 
ru n see m arbitrar y (se e K e a n e ,  1995 ,  fo r  detail s an d othe r 
possibl e measures) . 

Method 

Material s &  Design .  Th e material s presente d t o l A M 
i n th e computationa l  experimen t  wer e predicat e calculu s 
representation s o f  th e problem s show n i n Tabl e 1 .  Th e 
problem s give n t o th e progra m corresponde d t o th e 
individua l  problem s give n t o subject s i n th e subsequen t 
psychologica l  experimen t  (se e Keane ,  1995) .  Th e material s 
thu s consiste d o f  fou r  set s problems ,  on e fo r  eac h condition ; 
th e attribute-aligne d (1 1 problems) ,  attribute-crosse d (1 3 
problems) ,  relational-aligne d (1 2 problems) ,  an d relational -
crosse d condition s ( 9 problems). 

Procedur e &  Measures .  Eac h proble m wa s ru n o n 
L A M (se e Kean e e t  al. ,  1994 ,  Appendi x A  fo r  setting s used) . 
T wo measure s wer e used :  (i )  remaps ,  th e numbe r  o f 
alternativ e globa l  mapping s generated ;  (ii )  r e m a p s -
complexity ,  th e numbe r  o f  map s (bot h relationa l  an d object ) 
tha t  wer e forme d o n successiv e remaps . 

Results & Discussion 

Figur e 1  show s th e mea n numbe r  o f  remap s (Figur e la )  an d 
th e mea n remaps-complexit y score s (Figur e lb )  fo r  th e 
differen t  condition s i n th e experiment .  Bot h measure s 
predic t  tha t  singletons-aligne d problem s shoul d b e easie r 
tha n th e singletons-crosse d problems ,  bu t  onl y th e 
complexit y measur e predict s a  differenc e betwee n attribute -
and relational-mappin g problems . 

A 2  X  2  analysi s o f  variance ,  wit h between-subjec t  factor s 
fo r  orde r  (aligne d o r  crossed )  an d problem-typ e (attribut e o r 
relational) ,  o f  th e computationa l  result s reveal s th e numbe r 
of  remap s measur e onl y show s a  reliabl e mai n effec t  o f 
orde r  [F(l ,  41 )  =  72.83 ,  p  <  .0001 ;  M S g =  38.99] . 
However ,  th e remaps-complexit y measur e show s reliabl e 

Attribut e 
Relatio n (b) 

Aligne d Crosse d Aligne d Crosse d 

Figure 1: (a) the mean number of remaps and (b) mean remaps-complexity scores for the problems 
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mai n effect s fo r  bot h orde r  1F(1,41 )  =  55.79 ,  p  <  .001 ; 
M Se =  54.18 ]  an d proble m typ e [F(l ,  41 )  =  7.36 ,  p  <  .01] . 

Ther e wer e n o reliabl e interaction s fo r  eithe r  measure . 

Th e result s o f  th e computationa l  experimen t  sho w tha t 
th e previously-used ,  remap s measur e appear s t o b e to o blun t 
t o b e useful .  I t  merel y count s th e numbe r  o f  differen t 
interpretation s produce d fo r  th e analog y an d say s nothin g 
abou t  th e comple.xit y o f  thes e interpretations .  Th e remaps -
complexit y measur e was .  therefore ,  use d t o predic t  subjects ' 
performance . 

Ol 
c 

o 
a. 
o 

^  Attribut e 
•^  Relatio n 

Singletons-Aligne d Singletons-Crosse d 

Figur e 2 ;  Th e mea n proportio n o f  incorrect-mapping s 
produce d i n Experimen t  I B 

Experiment IB: Psychological Tests of Order and 
P r o b l e m T y p e 

We hav e see n th e sort s o f  prediction s produce d b y th e 
computationa l  test s i n Experimen t  lA .  Her e thes e 
prediction s ar e teste d i n a  paralle l  psychologica l  experiment . 

Method 

Materials .  W e use d th e fou r  type s o f  proble m show n i n 
Tabl e 1 :  tw o set s o f  attribute-mappin g problem s an d tw o 
set s o f  relational-mappin g problems .  Fo r  eac h problem -
typ e ther e wa s a  se t  o f  aligne d problem s (i n whic h th e 
singleton s wer e firs t  i n bot h lists )  an d a  se t  o f  crosse d 
problem s (i n whic h th e singleto n i n lis t  A  wa s las t  an d th e 
singleto n i n lis t  B  wa s stil l  i n th e first  position) .  Th e 
remainin g sentence s i n eac h lis t  wer e randomise d wit h th e 
constrain t  o f  keepin g atuibute s (o r  relations )  abou t  th e sam e 
individua l  (o r  pai r  o f  individuals )  together . 

Procedure .  Subject s wer e instructe d i n writin g tha t  thei r 
"tas k i s t o figure  ou t  wha t  i n th e lef t  se t  correspond s t o 
what  i n th e righ t  se t  o f  sentences" .  A  singl e colum n belo w 
lis t  A  liste d th e n a m e s o f  th e individual s an d 
attributes/relation s i n tha t  lis t  (i n th e orde r  i n whic h the y 
appeare d i n th e lis t  o f  sentences) .  Nex t  t o eac h wa s a  spac e 
fo r  subject s t o writ e th e correspondin g n a m e o r 
attribute/relatio n fro m lis t  B .  Subject s wer e first  show n th e 
instruction s an d proble m an d wer e aske d t o rea d the m 
carefully .  The y wer e time d unti l  the y produce d th e correc t 
answe r  t o th e proble m (th e cloc k wa s stoppe d afte r  1 5 
minutes) . 

Subject s &  Design .  Forty-fiv e undergraduate s 
attendin g Trinit y Colleg e Dubli n too k par t  voluntaril y  i n 
th e experiment .  O n e subjec t  wa s exclude d prio r  t o dat a 

analysi s becaus e h e misunderstoo d th e experimenta l 
instruction s (faile d t o produc e eve n on e correc t  mapping) . 
Dat a analysi s wa s carrie d ou t  o n th e remainin g 4 4 subject s 
who wer e assigne d randoml y t o th e fou r  conditions ;  th e 
attribute-aligne d ( n = l l ) ,  attribute-crosse d ( n =  13) , 
relational-aligne d ( n =  12) ,  an d relational-crosse d condition s 
(n=9) . 

Measures .  Kean e e t  al .  (1994 )  use d solution-tim e a s 
th e dependen t  measur e i n thei r  experiments .  However , 
solutio n tim e prove d t o b e unsuitabl e her e becaus e man y 
subject s foun d th e relational-mappin g problem s ver y 
difficult ;  7 5 % o f  subject s faile d t o solv e the m (o r  gav e up ) 
befor e th e 1 5 minute s deadline .  Th e dependen t  measur e 
was,  therefore ,  th e proportio n o f  incorrect-mapping s 
produce d b y subject s t o a  proble m (th e attribut e mappin g 
proble m ha s si x correc t  mapping s an d th e relational -
mappin g problem s ha s nin e suc h mappings) . 

Results & Discussion 

Figur e 2  show s th e mea n numbe r  o f  incorrect-mapping s 
produce d b y subject s i n th e differen t  condition s o f 
Experimen t  1 .  Orde r  effect s wer e demonstate d i n relational -
mappin g problem s a s wel l  a s i n attribute-mappin g 
problems .  Th e effec t  o f  proble m typ e wa s als o marked ; 
overal l  onl y 2 5 % o f  subject s solve d relationa l  mappin g 
problem s (i.e. ,  go t  n o incorrec t  mappings )  wherea s 6 7 % o f 
subject s solve d th e attribute-mappin g problems .  Th e result s 
corroborat e th e prediction s o f  th e l A M mode l  base d o n th e 
remaps-complexit y measur e (compar e Figure s l b an d 2) . 

The 2 x 2 analysi s o f  variance ,  wit h between-subjec t 
factor s fo r  orde r  (aligne d o r  crossed )  an d problem-typ e 
(attribut e o r  relational) ,  reveale d reliabl e mai n effect s o f 
orde r  [F(l ,  41 )  =  4.17 ,  p < .05 ;  M S g =  .055 ]  an d 
problem-typ e F(I ,41 )  =  9.25 ,  p < .01 ;  M S g =  .055] . 
Ther e wa s n o significan t  interaction .  Th e result s thu s 
demonstrat e tha t  th e remap s measur e is ,  i n itself , 
insufficien t  t o distinguis h problem-typ e difference s i n 
analogica l  mapping .  Rather ,  w e nee d a  measur e tha t  take s 
int o accoun t  th e complexit y o f  thes e remaps . 

Experiment 2: Order Effects in Doubles 

Al l  o f  th e orde r  effect s foun d i n th e literatur e mak e us e o f 
th e singleton s i n th e mappin g problem .  However ,  l A M i s 
sensitiv e t o th e positio n o f  an y sentenc e i n list s A  an d B . 
So,  i f  w e tak e a  doubl e i n lis t  A  (e.g. ,  th e sentence s "Mar k 
i s  besid e Ronan "  an d "Mar k motivate s Ronan" )  an d alig n i t 
wit h it s correspondin g doubl e i n lis t  B  (e.g. ,  "Laur a 
employ s Ruth "  an d "Laur a hug s Ruth" )  the n suc h a  proble m 
shoul d b e easie r  t o solv e tha n on e i n whic h thes e double s 
ar e crosse d (se e Tabl e 2) .  So ,  aligne d problem s involvin g 
double s shoul d b e easie r  tha n crosse d problem s (se e 
simulation s below) .  Th e simpl e cas e wher e th e sentence s i n 
th e double s ar e aligne d perfectl y an d ca n b e rea d of f  wa s 
excluded .  Also ,  Tabl e 2  show s tha t  thes e problem s includ e 
an implici t  causa l  relatio n betwee n th e employs-pay s 
double .  Th e positio n o f  thi s doubl e wa s als o varied ,  bu t  n o 
reliabl e difference s wer e found .  I n thi s presentatio n o f  th e 
experiment ,  I  collaps e acros s thi s variable ,  treatin g th e tw o 
condition s a s bein g counterbalance d fo r  thi s facto r  (se e 
Keane ,  1995 ,  fo r  details) . 
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Tabl e 2 :  Examp le s o f  th e mappin g problem s use d i n Experimen t  2 * 

Doubles-Aligne d 

B 
Ji m i s besid e Fred -

Ji m employ s Fred . 

Joe pay s Sam. 

Mar k employ s Ronan . 

Mar k pay s Ronan . 

Rut h motivate s M i . 

Rut h see s M i . 

Lis a hug s Jenny . 

Laur a hug s Debra . 

Laur a motivate s Debra . 

Doubles-Crosse d 

Mar k employ s Ronan . 

Mar k pay s Ronan . 

Joe pay s Sam . 

Ji m i s besid e Fred . 

Ji m employ e Fred . 

B 
Rut h motivate s Ali . 

Rvt h sgg s All , 

Lis a hug s Jenny . 

Laur a hug s Debra , 

Laur a motivate s Debra . 

a 
E 
o 
u 
CO 
a 
a 
ff 

Aligne d Crosse d 

Figur e 3a :  T h e m e a n rema p complexit y score s produce d 
by J A M i n Expt .  2 B 

Experiment 2A: Computational Tests on Doubles 

The material s presente d t o l A M i n th e computationa l 
experimen t  wer e predicat e calculu s representation s o f  th e 
problem s show n i n Tabl e 2 .  Th e material s corresponde d t o 
th e tw o type s o f  proble m give n t o subject s i n th e 
subsequen t  experiment .  Eac h o f  th e problem s wer e ru n o n 
l A M .  Afte r  runnin g a  proble m th e remap-complexit y 
measur e wa s note d (a s define d i n Experimen t  1  A ) . 

Results & Discussion 

Figur e 3 a show s th e predicte d difference s fo r  thes e 
problems .  Th e group-complexit y measur e clearl y show s a n 
effec t  o f  order .  A  dependen t  t-tes t  reveale d a  reliabl e 
differenc e betwee n th e doubles-aligne d ( M =  18 ,  5 D =  3.10 ) 
and doubles-crosse d condition s [A ^  =  34 ,  S D =  7.23 ; 
/(15 )  =-15.49 ,  p  <.0001] . 

Experiment 2B: Psychological Tests of Doubles 

Material s &  Procedure .  W e use d tw o version s o f 
th e relation-mappin g problem ,  example s o f  whic h ar e 
show n i n Tabl e 2 .  I n thes e problems ,  th e singleto n 
sentenc e wa s alway s th e thir d sentenc e i n bot h lists ,  whil e 
th e orde r  o f  th e double s wa s varie d aroun d them .  Th e 
procedure s an d instruction s wer e a s i n Experimen t  I B 
excep t  fo r  tw o changes .  First ,  w e reduce d th e amoun t  o f 
lim e give n t o subject s t o solv e th e proble m fro m 1 5 
minute s t o fiv e minutes .  I n Experimen t  IB ,  w e foun d 
tha t  thos e peopl e wh o solve d th e proble m tende d t o d o s o i n 

unde r  5  minutes .  Finally ,  w e als o adde d th e followin g 
sentenc e t o th e instructions :  "Ther e i s a  one-to-on e 
correspondenc e betwee n th e relation s an d object s i n lis t  A 
and lis t  B" .  Thi s wa s designe d t o provid e a  littl e mor e 
guidanc e a s t o th e tas k demands . 

Subjects ,  Desig n &  Measure s Thirty-fou r  student s 
i n Departmen t  o f  Compute r  Scienc e a t  Trinit y Colleg e 
Dubli n too k par t  voluntaril y  i n th e experiment .  T w o 
subject s wer e droppe d fro m th e experimen t  prio r  t o dat a 
analysi s becaus e the y misunderstoo d th e experimenta l 
instruction s (faile d t o produc e eve n on e correc t  mapping) . 
The remainin g 3 2 subject s wer e assigne d randoml y t o th e 
tw o conditions :  th e doubles-aligne d (n=16) ,  an d doubles -
crosse d condition s (n=16) .  A s before ,  Th e dependen t 
measur e wa s th e proportio n o f  incorrec t  mapping s generate d 
by subject s t o a  problem . 

Ol 
c 
'5 . 

o 
Q. 
o O' O 

0.0 0 
Aligne d Crosse d 

Figur e 3b :  Th e mea n proportio n o f  incorrec t  mapping s 
produce d b y subject s i n Expt .  2 B 

Results & Discussion 

Figur e 3 b show s th e mea n numbe r  o f  incorrec t  mapping s 
produce d b y subject s i n th e differen t  condition s o f 
Experimen t  2B .  Th e result s correspon d wel l  t o th e remap -
complexit y measure s foun d i n l A M (compar e Figure s 3 a 
and 3b) .  A  dependen t  t-tes t  carrie d ou t  o n th e tw o 
condition s reveale d tha t  tha t  differenc e betwee n th e doubles -
aligne d (M=.09 ,  S D =  .17 )  an d doubles-crosse d ( M =  .43 , 
SD =  .28 )  condition s wa s statisticall y relaibl e [f(15 )  = 
-3.9 ,  p  <  .001] .  Th e result s thu s revea l  tha t  th e positionin g 
of  double s a s wel l  a s th e positionin g o f  singleton s ca n lea d 
t o orde r  effect s i n thes e mappin g problems . 
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C o n c l u s i o n s 

Empirically ,  thes e experiment s provid e furthe r  suppor t  fo r 
orde r  effect s i n analogica l  mapping .  The y sho w tha t  th e 
effec t  previousl y demonstrate d i n attribute-mappin g 
problem s ca n b e replicate d an d extende d t o relational -
mappin g problems .  The y sho w tha t  relational-mappin g 
problem s ar e considerabl y mor e difficul t  tha n attribute -
mappin g problems .  Finally ,  the y sho w tha t  orde r  effect s ar e 
not  jus t  t o b e foun d fo r  th e positionin g o f  singletons ,  bu t 
ar e als o sensitiv e t o th e positio n o f  doubles .  Thes e 
experiment s ar e amon g th e first  t o predic t  specifi c  erro r 
rate s i n analogica l  mappin g an d t o sho w systemati c 
difference s i n thes e rate s ove r  differen t  type s o f  analog y 
problems . 

Keane e t  al .  (1994 )  argue d tha t  analog y model s hav e t o 
approximat e subjects '  performance ,  no t  jus t  characteris e th e 
sor t  o f  analogie s the y ca n o r  canno t  d o (i.e. ,  thei r  analogica l 
competence) .  I n thi s pape r  l A M ha s demonstrate d a  goo d 
approximatio n t o subjects '  performance .  Th e previously -
use d measur e -  th e remap s measur e — ha s been  show n her e 
t o b e insensitiv e t o processin g difference s cause d b y th e 
complexit y o f  th e predicate s involve d i n a  mappin g (i.e. , 
whethe r  ther e ar e attribute s o r  relations) .  T o approximat e 
subjects '  erro r  performanc e i n thes e experiment s a  ne w 
measur e wa s require d base d o n th e complexit y o f  th e remap s 
bein g processed .  Thi s complexit y measur e provide s a  goo d 
accoun t  o f  bot h orde r  an d problem-typ e effects . 

However ,  thes e findings  rais e th e issu e o f  whethe r  th e 
othe r  model s i n th e literatur e ca n b e show n t o mak e simila r 
predictions .  I t  i s  know n alread y tha t  A C M E doe s no t 
predic t  an y orde r  effects ;  thes e effect s ru n counte r  t o th e 
paralle l  spiri t  o f  tha t  mode l  (se e Kean e e t  al. ,  1994) .  I -
S ME ca n mode l  orde r  effect s usin g a  remap s measur e bu t 
it s prediction s fo r  thes e experiment s ar e no t  know n 
(awaitin g results) .  I-SM E construct s it s  remap s i n a 
completel y differen t  wa y t o lAM .  Th e numbe r  o f  remap s 
i t  produce s t o differen t  problem s differ s t o th e numbe r 
generate d b y l A M .  I  woul d assume ,  however ,  tha t  thi s 
remap s measur e wil l  no t  captur e problem-typ e effect s an d 
therefor e som e complexit y measur e migh t  b e required .  So , 
t o th e bes t  o f  m y knowledge ,  a t  present ,  L A M i s uniqu e i n 
it s abilit y  t o approximat e th e huma n behaviou r  discovere d 
here . 
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