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Abstract 

Analogy is one of the primary mechanisms of cognition, particularly in problem-solving 

an d learning .  However ,  peopl e d o no t  us e analogie s ver y effectively .  I  postulat e seve n 

separat e processe s fo r  analog y tha t  coul d b e responsibl e fo r  wea k analogica l  reasonin g an d 

tes t  thos e processe s independently .  Th e result s sugges t  tha t  performanc e o n analysi s o f 

th e proble m an d performanc e o n confirmatio n o f  th e appropriatenes s o f  th e analog y bot h 

migh t  b e suspec t  i n analogica l  deficits . 

Various analyses of the component processes of analogy in problem-solving have been 

performed .  Clemen t  (1981 ,  1986 )  ha s investigate d h o w subject s approache d ne w problem s b y 

formin g analogie s t o ol d one s an d ha s derive d proces s specification s fro m empirica l  observation . 

Sternber g (1977a ,  1977b )  ha s specifie d th e step s i n analog y fo r  problem s wher e th e bas e domai n 

i s known .  Holland ,  Holyoak ,  Nisbett ,  an d Thagar d (1986 )  hav e develope d a  mode l  o f  inductio n 

tha t  include s a n accoun t  o f  analogica l  processes .  Centne r  (1989 )  ha s als o outline d a  theor y o f 

processe s i n analogy .  I n contras t  t o th e psychologica l  approaches .  Hal l  (1989 )  ha s develope d a 

synthesi s wit h whic h t o analyz e th e variou s artificia l  intelligenc e model s o f  analogy .  Thes e 

specification s ar e summarize d i n Tabl e 1 . 
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Comparison of these analyses of analogy indicates that none of the above specifications 

include s al l  th e step s tha t  ca n b e involve d i n th e us e o f  analogies .  Unde r  Quin n i n Tabl e 1  i s th e 

analysi s propose d fo r  consideratio n here .  Thi s analysi s include s a n exhaustiv e lis t  o f  th e processe s 

involve d i n analogica l  proble m solving .  Thes e step s are : 

1. analyze the target problem to be understood; 

2.  acces s a  familia r  bas e domain ; 

3. map relations between the base and the target; 

4.confirm the analogy; 

5. transfer the problem statement of the target to the base domain representation; 

6. solve the problem for the base domain; 

7. transfer the solution to the target problem. 

^  Base d o n researc h performe d whil e th e autho r  wa s a t  th e Universit y o f  California ,  Sa n Dieg o 
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Th e firs t  fou r  step s ina y nee d t o b e repeate d unti l  a  bas e analog y i s successfull y accesse d 

and confirme d a s bein g a n appropriat e mode l  fo r  th e target .  S o m e part s o f  th e elaboratio n o f  th e 

representation s resultin g fro m late r  processe s m a y actuall y b e accomplishe d b y precedin g 

processes ,  fo r  instanc e th e transfe r  o f  th e proble m fro m th e targe t  t o th e bas e domai n m a y b e 

accomplishe d a s a  resul t  o f  th e acces s an d mappin g processes .  Thi s stil l  require s specificatio n o f 

al l  th e processes ,  however ,  a s n o proces s ca n b e assume d t o b e completel y subsumed . 

This model for analogy leads to predictions about performance. Prior research (Gick & 

Holyoak ,  1980 ,  1983 )  ha s suggested ,  i n a  coars e analysis ,  tha t  accessin g a n adequat e analog y i s 

les s likel y tha n successfu l  exploitatio n o f  a  provide d analogy .  Whic h o f  th e cognitiv e processe s o f 

analog y ar e entaile d i n obtainin g a  relevan t  analog y an d whic h i n th e subsequen t  use ? Further , 

whic h o f  th e processe s involve d i n accessin g a n analog y migh t  contribut e t o deficit s i n 

performance ? 

A fine-grained view of access should include the processes of analysis of the problem, 

acces s o f  a  bas e domain ,  a  mappin g betwee n th e tw o domains ,  an d confirmatio n o f  th e analogy . 

Use o f  a  give n analogy ,  however ,  shoul d incorporat e th e processe s o f  mappin g betwee n th e 

domains ,  transfe r  o f  th e proble m t o th e familia r  bas e domain ,  solutio n o f  th e proble m i n th e bas e 

domain ,  an d transfe r  t o th e targe t  o f  th e solution .  Gic k &  Holyoa k foun d that ,  give n a  hin t  t o us e a 

previou s problem ,  subject s ar e quit e adep t  a t  usin g th e suggeste d analog y t o generat e a n acceptabl e 

solution .  Thi s suggest s tha t  th e processe s involve d i n us e o f  a n analogy ,  mapping ,  transfer ,  an d 

solution ,  shoul d b e adequate . 

On the other hand, Gick and Holyoak found that subjects were unlikely to recall a recently 

presente d analogica l  solution .  Whic h processe s migh t  b e inadequat e i n th e acces s o f  a n analogy ? 

W h en presente d wit h analogies ,  subject s correctl y rat e goo d analogie s a s bette r  tha n poo r  one s 

(Gentne r  &  Landers ,  1985 ;  Ratterma n &  Gentner ,  1987) .  Thi s woul d indicat e tha t  th e subject s ca n 

confir m analogie s adequately .  Mappin g ha s alread y bee n identifie d a s a  proces s tha t  shoul d b e 

wel l  practice d an d effective .  Th e proble m the n i s t o decid e whethe r  i t  i s  th e analysi s proces s o r  th e 

acces s proces s tha t  introduce s th e performanc e deficits .  T h e analysi s proces s yield s a 

representatio n o f  th e targe t  proble m tha t  i s  the n use d a s a  basi s fo r  th e selectio n o f  th e bas e domain . 

The acces s proces s i s determine d b y th e representatio n o f  th e targe t  problem .  Gentne r  (1982 )  ha s 

effectivel y argue d tha t  th e acces s i s "ballistic "  i n th e sens e tha t  th e bas e domai n accesse d i s wholl y 

determine d b y th e representatio n an d onc e th e acces s proces s i s launche d i t  proceed s withou t 

possibl e interventio n t o produc e a  bas e domai n representation .  Give n a  surfac e representatio n o f 

th e targe t  domain ,  th e acces s proces s shoul d retur n a  bas e domai n tha t  matche s o n surfac e features . 
Similarly ,  i f  th e analysi s proces s result s i n a  dee p representatio n o f  th e problem ,  th e bas e accesse d 

shoul d retur n a  usefu l  dee p analogy .  Thi s suggest s tha t  analysi s i s th e culpabl e process .  Th e 

expectatio n i s tha t  performanc e o n analysi s i s inadequate .  Othe r  processe s shoul d hav e adequat e 

performance . 

Exper iment :  C o m p o n e n t  Proces s Per formanc e 

This experiment tested the processes independently to determine which processes were 

culpabl e i n inefficien t  analogica l  performance .  Th e processe s teste d wer e analysis ,  access , 

mapping ,  confirmation ,  transfer ,  an d solution . 

Method 

The processes were tested by having the subject perform the appropriate subsequent 

proces s o n a  proble m wit h th e previou s processe s performed .  Fo r  example ,  a  subjec t  migh t  b e 

instructe d t o perfor m th e mappin g betwee n on e domain ,  elaborate d b y th e analysi s process ,  an d a 

ne w domai n fro m th e acces s process . 

Each of the six processes was tested in six domains. Testing each process in order or in 

rando m orde r  o n th e sam e o r  differen t  domain s coul d lea d t o contaminatio n effects .  Fo r  thi s 

reaso n th e proces s facto r  ha d t o b e conducte d betwee n subjects .  Eac h subjec t  coul d perfor m th e 

proces s i n eac h o f  th e si x domains .  Thi s le d t o a  tw o facto r  desig n wit h on e between-subject s 

facto r  (task )  an d on e within-subject s facto r  (domain) . 
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Backgroun d knowledg e coul d strongl y influenc e performanc e o n an y o f  th e analogica l 

processes .  Ideally ,  subject s woul d b e presente d wit h suitabl e artificia l  materia l  s o tha t  al l  subject s 

shar e equa l  knowledg e o f  th e bas e domai n an d th e target .  A  mor e practica l  answe r  m a y b e t o hav e 

a variet y o f  analogie s ove r  a  spectru m o f  domains ,  an d t o allo w th e subject s t o self-evaluat e thei r 

knowledg e o f  th e domain .  However ,  a  pilo t  stud y (Quinn ,  1989 )  assesse d an d reveale d n o effec t 

of  self-rate d domai n knowledg e o n performance . 

Materials. The materials consisted of a workbook containing the six problems. Since there 

wer e si x differen t  task s tha t  wer e administere d betwee n subjects ,  ther e wer e si x differen t  type s o f 

books .  Eac h boo k consiste d o f  si x randomly-ordere d problems ,  eac h proble m i n a  differen t 

domain ,  al l  testin g th e performanc e o f  a  singl e process . 

I obtained or created six analogies, each with a paired target and base domain. These 

analogie s ar e draw n fro m th e literature ,  fro m m y o w n experience ,  o r  wer e create d fo r  th e 

experiment .  The y cove r  a  broa d rang e o f  likel y experience ,  from  som e tha t  requir e ver y specifi c 

knowledg e t o som e tha t  ar e likel y t o b e familia r  t o mos t  ever y subject . 

Within each analogy, I created questions that addressed the specific processes required for 

analogy .  Fo r  analysis ,  subject s wer e give n th e targe t  proble m an d aske d no t  t o solv e th e problem , 

but ,  rather ,  merel y t o analyz e th e problem ,  performin g al l  th e step s necessar y t o solv e th e problem . 

I f  th e subject s though t  the y ha d a n answer ,  the y wer e aske d t o perfor m th e step s tha t  justifie d thei r 

answer ,  t i  th e acces s task ,  th e subject s rea d a  targe t  proble m an d wer e aske d t o thini k o f  a  simila r 

problem .  The y wer e instructe d tha t  th e specific s o f  th e situatio n migh t  b e ver y simila r  o r  widel y 

different .  Fo r  th e mappin g task ,  subject s wer e give n bot h a  targe t  an d bas e domain ,  wit h th e targe t 

domai n elaborated ,  an d aske d t o elaborat e th e bas e domai n an d t o establis h th e correspondence s 

betwee n th e tw o domains .  Subject s wer e instructe d t o confir m a n analog y betwee n tw o give n 

domain s b y ratin g th e qualit y o f  th e matc h and ,  mor e important ,  justifyin g thei r  decision .  I n th e 

transfe r  task ,  subject s wer e give n bot h targe t  an d bas e domain s an d a  particula r  situatio n i n on e 

domain .  The y wer e the n aske d t o fin d th e equivalen t  situatio n i n th e othe r  domain .  Transfe r  wa s 

examine d a s a  singl e proces s sinc e th e cognitiv e processe s operatin g o n th e tw o representation s 

shoul d b e perfor m equivalentl y i n eithe r  direction .  Th e transfe r  proces s tas k wa s balance d betwee n 

th e tw o directions :  transfe r  o f  th e proble m t o th e bas e domai n an d transfe r  o f  th e solutio n bac k t o 

th e targe t  domain.Th e fina l  proces s teste d wa s solutio n o f  a  problem .  Subject s wer e give n a 

proble m i n th e bas e domai n an d aske d t o fin d th e solution . 

Subjects. The subjects were 86 students in a cognitive psychology course. Participation in 

th e experimen t  wa s voluntary .  Th e topi c o f  analog y wa s par t  o f  th e cours e content ,  bu t  wa s no t 

presente d befor e th e administratio n o f  th e experiment .  Thes e student s wer e predominantl y upper -

divisio n colleg e students .  Whil e thei r  generall y hig h leve l  o f  colleg e experienc e coul d conceivabl y 

creat e a  patter n o f  excellen t  performanc e o n analogica l  processes ,  n o explici t  trainin g i s typicall y 

encountere d i n th e curriculu m and ,  i n fact ,  thei r  performanc e o n som e processe s wa s les s tha n 

perfect .  Subject s wit h incomplet e workbook s wer e eliminate d fro m analysis .  Thi s eliminate d 1 6 

of  th e 8 6 subjects ,  leavin g a  tota l  o f  7 0 subject s fo r  analysis :  1 1 i n analysis ,  8  access ,  1 3 mapping , 

13 confirmation ,  1 2 transfer ,  an d 1 3 solution . 

Scoring. The data collected from this experiment consisted of six written answers for each 

subject .  Eac h questio n wa s fro m a  differen t  domain .  Th e subjects '  answer s diffe r  i n qualitativ e 

way s from  th e idea l  answer .  The y ca n rang e from  th e subjec t  havin g performe d th e wron g tas k o r 

not  havin g performe d an y tas k a t  al l  t o a n essentiall y  perfec t  performance .  Importan t  distinction s 

betwee n tihese  tw o extreme s ar e havin g performe d th e tas k bu t  incompletel y o r  poorl y o r  havin g 

performe d th e tas k adequatel y bu t  no t  exceptionally .  Thes e fou r  distinction s wer e assigne d a 

numerica l  scor e fro m on e t o four :  a  on e (1 )  represente d eithe r  n o performanc e o r  performanc e o f 

th e wron g task ,  a  tw o (2 )  wa s assigne d fo r  performin g th e correc t  tas k bu t  no t  s o a s t o allo w th e 

acceptabl e performanc e o f  subsequen t  processes ,  a  thre e (3 )  wa s assesse d fo r  adequat e 

performanc e o f  th e tas k allowin g subsequen t  processe s t o perfor m correctly ,  an d a  fou r  (4 ) 

indicate d performanc e o f  th e tas k includin g extr a performanc e tha t  indicate d a n exceptiona l 

comprehensio n o f  th e task . 

This conceptual scoring system had to be interpreted differently for each task. While the 

criteri a t o determin e whethe r  th e subjec t  ha d performe d eithe r  no t  a t  al l  o r  th e wron g tas k wer e 
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clear ,  th e othe r  performanc e level s ha d t o hav e requirement s specifi c  fo r  eac h task .  Fo r  analysis , 

t o receiv e a n adequat e evaluation ,  subject s ha d t o eithe r  re-represen t  th e problem ,  specif y th e causa l 

structure ,  o r  lis t  th e possibl e solutions .  Adequat e performanc e o n acces s require d th e subject s t o 

acces s a  bas e domai n tha t  ha d a  causa l  structur e tha t  matche d th e targe t  domain .  Fo r  acceptabl e 

mappin g performance ,  subject s ha d t o determin e th e correspondin g element s i n th e bas e domai n 

fo r  al l  th e element s tha t  wer e elaborate d fro m th e targe t  domain .  Adequat e confirmatio n wa s base d 

on usin g th e dee p structur e o f  th e tw o domain s t o evaluat e an d justif y th e confirmatio n decision . 

Performin g transfe r  t o a n acceptabl e leve l  consiste d o f  interpretin g th e equivalen t  perturbatio n i n 

one domai n give n a  modificatio n t o th e othe r  domain .  Finally ,  a  workabl e solutio n wa s require d t o 

determin e th e abilit y  o f  th e solutio n process .  I n al l  domains ,  performanc e les s tha n thi s leve l 

resulte d i n a  ratin g o f  a  tw o (o r  a  on e i f  a  differen t  procedur e wa s performed )  whil e a  fou r  wa s 

assigne d fo r  elaboratio n o n a  tas k beyon d th e acceptabl e level . 

Results 

Coding. Two independent raters scored the data. One rater scored all the responses while 

a secon d rate r  performe d a  validit y check .  Severa l  revision s o f  th e ratin g proces s le d t o a 

procedur e producin g reliabilit y  greate r  tha n ninet y percent . 

Analysis. One of the original six domains was found inadequate because of an incomplete 

specificatio n o f  th e confirmatio n tas k an d wa s eliminated .  Thi s lef t  five  domain s fo r  th e si x 

processes . 

Proces s 

Analysi s 

Acces s 

Map 

Confir m 

Transfe r 

Solv e 

n 

55 

40 

65 

65 

60 

65 

Mean 

2.236 4 

2.850 0 

3.046 2 

2.692 3 

3.433 3 

3.461 5 

SD 

0.665 7 

0.863 8 

0.623 3 

0.748 4 

0.647 5 

0.639 3 

Tabl e 2 . 

A two factor mixed analysis of variance was performed, with six levels of the between 

subject s facto r  (process )  an d fiv e level s o f  th e withi n subject s facto r  (domain) .  Ther e wa s a 

significan t  effec t  o f  proces s F(5,65)=15.108 ,  p<.00 1 bu t  n o effec t  o f  domai n F(4,260)=.81 , 

p=.519 . 

Performance on analysis was the worst, followed by confirmation and then access. 

Mappin g wa s adequat e an d bot h transfe r  an d solutio n wer e performe d quit e wel l  (se e Figur e 1) . 

n I 

I  I  I  I  I 

Figur e 1 . 
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The interactio n betwee n proces s an d domai n wa s significan t  F(20,260)=3.779 ,  p<.001 . 
Thi s make s th e mai n effec t  o f  proces s harde r  t o interpret .  However ,  a s ca n b e see n fro m Figur e 3 , 
ther e ar e a  fe w isolate d source s tha t  constitut e th e majorit y o f  th e interaction .  T w o o f  thes e source s 
ar e th e goo d performanc e o n analysi s t(53)=-2.317 ,  p=.01 2 an d th e wea k performanc e o n acces s 
t(38)=2.894 ,  p=,003 1 fo r  th e fifth  pai r  o f  domains .  Overall ,  pattern s indicate d b y th e mean s ar e 
maintained .  Th e interactio n ca n b e see n i n Figur e 2 . 

Confir m Transfe r Analysi s Solv e 

Figur e 2 . 

Discussio n 

My original hypothesis was that performance on analysis should be inadequate, while 
performanc e o n othe r  processe s shoul d b e adequate .  Thes e prediction s wer e partiall y  bo m ou t  b y 
th e result s o f  th e experiment .  Performanc e o n analysi s wa s les s tha n adequate .  Unexpectedly ,  th e 
performance s o n acces s an d confirmatio n wer e als o les s tha n adequate .  Thi s migh t  b e a  resul t  o f 
one unusuall y lo w domai n scor e fo r  access ,  bu t  i t  als o migh t  reflec t  a  natura l  difficult y wit h access . 
Perhap s th e specificatio n o f  th e analysi s i n th e problem s wa s no t  enoug h t o ensur e adequat e 
access . 

Performance on mapping was, on average, of a level sufficient to allow the subsequent 
processe s t o appl y whil e performanc e o n transfe r  an d solutio n wer e abov e thi s level .  Performanc e 
on solutio n wa s surprising ,  considerin g tha t  problem-solvin g behavio r  ha s typicall y bee n 
considere d weak .  Th e answe r  ma y li e i n th e familia r  domain s tha t  serv e a s th e bas e proble m fo r 
solution . 

The result on confirmation is more surprising and harder to explain. Certainly, the task for 
confirmatio n her e i s differen t  tha n i n prio r  studies .  I n thi s study ,  subject s mus t  explai n thei r 
confirmatio n rating ,  an d i t  i s  th e explanation ,  no t  th e rating ,  tha t  receive s evaluation .  I n th e 
previou s studie s b y Centne r  (Centne r  &  Landers ,  1985 ;  Ratterma n &  Centner ,  1987) ,  th e subject s 
wer e evaluate d o n thei r  judgemen t  o f  th e qualit y o f  th e match .  Justificatio n ma y b e a  mor e 
comple x an d difficul t  task .  Whethe r  o r  no t  subject s actuall y understan d th e qualit y o f  th e analogy , 
the y ma y no t  b e abl e t o expres s tha t  judgemen t  well . 

Another unanswered question about confirmation is whether subjects would use low-rated 
analogies .  Th e experiment s onl y determine d ho w goo d th e subject s though t  th e analogie s were . 
One possibilit y  i s  tha t  subject s ma y ignor e informatio n o n th e qualit y o f  a  matc h i n thei r  us e o f 
analogies ,  acceptin g inadequat e bas e domain s whethe r  o r  no t  the y hav e th e abilit y  t o judg e them . 
The cognitiv e overhea d i n evaluatin g th e qualit y o f  a  match ,  despit e an y abilit y  t o perfor m th e 
evaluation ,  prevent s thi s ste p fro m bein g accomplished .  Anothe r  possibilit y  i s  tha t  th e subject s 
simpl y us e to o lo w a  threshol d t o confir m analogies .  Th e subject s ma y hav e som e evaluatio n o f 
th e analogies ,  an d ca n recogniz e th e relativ e qualit y o f  analogies ,  bu t  accep t  th e wea k analogies . 
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Again ,  i t  migh t  b e tha t  th e processin g loa d o f  returnin g t o th e analysi s an d acces s step s require s to o 
much effort . 

Despite the unanswered questions, the performance indications for the identified processes 
suppor t  bot h th e existenc e o f  thes e processe s a s component s o f  analog y an d th e utilit y  o f  th e 
proces s approac h a s a  framewor k withi n whic h t o vie w analogy .  Th e us e o f  th e proces s approac h 
succeede d i n partiall y  succeede d i n predictin g wea k processe s o f  analog y an d serve s a s a  guid e 
withi n whic h t o conduc t  mor e discussio n abou t  analogica l  performanc e deficits . 
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