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ANALOGY GENERATION I N SCIENTIFI C 
PROBLEM SOLVIN G 

Joh n Clemen t 
Departmen t  o f  Physic s an d Astronom y 

Universit y o f  Massachusett s 
May.  198 1 

A numbe r  o f  researcher s hav e discusse d th e 
importan t  rol e o f  analogica l  reasonin g i n scienc e 
and educatio n [1-12] .  Till s  pape r  describe s 
researc h o n th e spontaneou s us e o f  analogie s i n 
proble m solvin g b y scientificall y traine d subjects . 
Thi s occur s whe n th e subjec t  firs t  spontaneousl y 
shift s hi s attentio n t o a  situatio n B  whic h differ s 
i n som e significan t  wa y fro m th e origina l  proble m 
situatio n A ,  an d the n trie s t o appl y finding s fro m 
B t o A .  Thi s i s difficul t  fo r  man y peopl e t o do- , 
possibl y becaus e i t  Involve s breakin g ou t  o f  th e 
assumption s buil t  u p i n considerin g th e origina l 
problem .  A s a  result ,  althoug h spontaneou s 
analogie s ar e a  mor e naturalisti c phenomeno n t o 
stud y tha n provoke d analogies ,  the y ar e difficul t 
t o captur e an d record .  However ,  b y intentionall y 
focusin g o n subject s wh o ar e know n t o hav e don e 
creativ e wor k i n th e past ,  a  nunbe r  o f  suc h case s 
hav e bee n documented . 

Ten experience d proble m solver s wer e 
Interviewe d o n a  variet y o f  problems .  Mos t  wer e 
video-taped .  Th e subject s wer e advance d doctora l 
student s an d professor s i n technica l  fields .  Th e 
finding s summarize d her e ar e base d o n detaile d 
protoco l  analyse s o f  si x o f  th e proble m solution s 
fro m thi s grou p tha t  include d th e mos t  significan t 
use s o f  analogies .  Thi s brie f  pape r  concentrate s 
on example s fro m th e protoco l  o f  a  singl e subject . 

The firs t  findin g i s that :  spontaneou s 
analogie s hav e bee n observe d t o pla y a  significan t 
rol e i n th e solution s o f  a  numbe r  o f  scientificall y 
traine d subjects .  Solution s hav e laste d u p t o 9 0 
minute s an d som e Includ e reasonin g pattern s tha t 
ar e ver y complex .  Thi s complexit y ha s le d t o a 
researc h focu s o f  workin g towar d a  macro-leve l 
theor y o f  th e dynami c processe s b y whic h analogie s 
ar e generated ,  evaluated ,  an d applied .  Thi s i s a n 
appropriat e initia l  strateg y fo r  mappin g ou t  a 
comple x domai n o f  processe s abou t  whic h littl e i s 
known.  Fro m transcrip t  analyse s th e genera l 
hypothesi s wa s formulate d tha t  th e followin g 
processe s ar e fundamenta l  i n makin g a n Inferenc e b y 
analogy :  [2 ] 
(1) Given the Initial conception A of an 

Incompletel y understoo d situation ,  th e analogou s 
conceptio n B  ̂  generated ,  o r  "come s t o mind" ; 

(2) the analogy relation between A and B must be 
"confirmed" ; 

(3) conception B must be well understood, or at 
leas t  predictive ;  an d 

(«) the subject transfers conclusions or methods 
fro m B  bac k t o A . 

This hypothesis Is consistent with our observation 
tha t  man y successfu l  solution s b y analog y ar e no t 
"Instan t  solutions" .  Analogie s ar e ofte n propose d 
tentatively ,  an d processe s (2 )  an d (3 )  especiall y 
can b e quit e tim e consuming .  Th e las t  thre e 
processe s ca n occu r  I n an y order ,  an d subject s ar e 
ofte n observe d t o mov e bac k an d fort h betwee n the m 
severa l  time s whil e graduall y completin g eac h step . 
Thi s suggest s tha t  th e subject s d o no t  us e a 
simple ,  well-ordere d procedur e fo r  controllin g 
thei r  solutio n processe s a t  thi s level .  Thi s pape r 

focuse s o n step s (1 )  an d ( 2 ) .  A s wil l  b e show n 
ther e appea r  t o b e no t  one ,  bu t  severa l  way s o f 
generatin g analogies .  an d severa l  way s o f 
confirmin g then . 

EXAMPLE OF A SOLUTION CONTAINING ANALOGIES 
Fiv e subject s hav e generate d analogie s i n 

thinkin g alou d abou t  th e followin g problem : 

(I (2 ) 

Fig .  1 

ttrtte h 

Sprin g Coil s Problem .  A  weigh t  i s hun g o n a 
spring .  Th e origina l  sprin g i s replace d wit h a 
sprin g mad e o f  th e sam e kin d o f  wire ,  wit h th e 
same nunbe r  o f  coi ls ,  bu t  wit h coil s tha t  ar e 
twic e a s wid e I n diameter .  Wil l  th e sprin g 
stretc h fro m It s natura l  length ,  more ,  less ,  o r 
th e sam e amoun t  unde r  th e sam e weight ? (Assum e 
th e mas s o f  th e sprin g I s negligibl e compare d t o 
th e mas s o f  th e weight. )  Why d o yo u thin k so ? 

This problem was given to seven subjects. Four 
attempte d t o relat e th e proble m t o th e analog y o f  a 
bendin g rod ,  a s I n th e followin g verbatim . 
condense d transcript : 

(1 )  S2 :  Un ,  I  hav e on e goo d ide a t o star t  with . 
I t  occur s t o m e tha t  a  sprin g i s nothin g bu t  a 
ro d woun d up ,  uh ,  an d therefor e mayb e I  coul d 
answer  th e questio n fo r  a  rod .  (Draw s fig . 
2 ) . . .  I  hav e a  stron g Intuition ,  a  physica l 
imaglsti c Intuitio n tha t  thi s (ro d a )  wil l  ben d 
a lo t  mor e tha n tha t  (ro d b )  will .  I n fact ,  th e 
intuitio n i s confirme d b y takin g i t  t o th e 
limitin g case .  I t  become s intuitivel y obviou s 
t o m e tha t  a s on e move s th e weigh t  close r  an d 
close r  t o th e fulcru m tha t  th e thin g wil l  no t 
ben d a t  all . 

a 

Fig .  2 Fig .  3 

S2 goe s o n t o Infe r  tha t  i f  th e ro d situatio n i s 
trul y analogous ,  th e wide r  sprin g wil l  stretc h 
farther .  Her e th e subjec t  I s abl e t o achiev e a 
hig h degre e o f  certaint y abou t  th e behavio r  o f  th e 
rod s (proces s 3  above) .  H e report s doin g thi s o n 
th e basi s o f  wha t  h e call s physica l  Intuitio n an d 
by thinkin g abou t  a n extrem e case ,  givin g u s reaso n 
t o suspec t  tha t  h e I s usin g som e typ e o f  imaglsti c 
simulatio n process .  Bu t  h e i s uncertai n a s t o 
whethe r  h e ca n confir m th e ide a tha t  th e sprin g an d 
th e ro d ar e analogous . 

(2 )  S2 :  Bu t  i t  occur s t o m e 
somethin g clearl y wron g wit h 
because...it s  slop e [th e bendin g 
steadil y Increas e a s you.. . 
poin t  o f  attachment ,  wherea s 

tha t  there' s 
tha t  metapho r 

rod's ]  woul d 
went  awa y fro m th e 
I n a  [stretched ] spring ,  th e slop e o f  th e spira l  I s constant.. . 

I  don' t  se e ho w tha t  coul d mak e th e bo w g o away ; 
Jus t  t o win d i t  [th e rod ]  up .  Damn It !  [13 ] 

He spend s a  larg e par t  o f  hi s H 5 minut e solutio n 
tryin g t o resolv e thi s issue .  Thi s transcrip t  an d 
other s indicat e tha t  processe s 1  throug h H  abov e 
ca n indee d tak e plac e separately .  S 2 ha s 
apparentl y complete d processe s 1 ,  3 ,  an d n  s o far . 
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METHODS FOR CONFIRMING ANALOGY REUTIONS. 
Determinin g a  matc h betwee n ke y relationship s 

I n bot h situation s T i  th e firs t  an d mos t  obviou s 
metho d fo r  confirmin g analog y relation s (proces s 2 
above )  [5] .  Thu s subjec t  S 2 abov e i s worrie d 
becaus e h e canno t  obtai n a  matc h betwee n th e 
changin g slop e I n a  bendin g ro d an d th e constan t 
slop e I n a  stretche d spring .  However ,  othe r 
confirmatio n method s ar e als o possible . 

Confirmatio n vi a bridgin g analogies .  Rathe r 
tha n throwin g ou t  th e ro d analogy ,  S 2 proceede d t o 
generat e a  secon d relate d analogy :  th e "zig-za g 
spring "  show n I n fig .  3 .  Suc h subject s ar e 
observed  t o generat e a n Intermediat e eas e whe n the y 
refe r  t o a  situatio n tha t  ha s aspect s I n common 
wit h tw o previou s situation s A  an d B .  I t  I s 
hypothesize d tha t  S 2 attempt s her e t o for m a 
cognitiv e bridgin g analog y whic h link s hi s 
conceptua l  framework s fo r  th e ro d situatio n an d th e 
origina l  sprin g situation . 

Figur e U  show s ho w suc h a  bridgin g analog y ca n 
be effectiv e [2] .  Th e lin k labele d 1  represent s 
th e initia l  tentativ e analog y relatio n conjecture d 
t o exis t  betwee n conception s A  an d B .  Her e A  i s 
th e poorl y understoo d Initia l  proble m situatio n an d 
B i s a  wel l  understoo d situation .  Inadequatel y vs . 
well-understoo d conception s ar e represente d b y 
dotte d vs .  soli d squares ,  respectively ,  an d 
tentativ e vs .  confirme d analog y relation s ar e 
represente d b y dotte d vs .  soli d link s betwee n 
squares ,  respectively .  Figur e 4  show s ho w th e 
subjec t  migh t  establis h a  confirme d lin k betwee n A 
and B  b y bridgin g bac k t o conceptio n A  vi a 
conceptio n C .  I f  th e analog y link s (2 )  an d (3 )  ar e 
confirme d (wit h respec t  t o th e sam e salien t 
relationship s betwee n variables) ,  the n A  ca n becom e 
wel l  understoo d an d becom e analogou s t o B ,  sinc e 
unde r  th e abov e conditions ,  A  bein g analogou s t o C 
and C  bein g analogou s t o B  mean s tha t  A  i s 
analogou s t o B .  We cal l  thi s analogica l 
transitivity .  I t  shoul d b e emphasize d tha t  sinc e 
"confirmed "  generall y mean s "intuitivel y 
compelling "  rathe r  tha n "proven "  i n thi s context , 
analogica l  transitivit y i s considere d a  for m o f 
plausibl e reasonin g whic h doe s no t  lea d t o 
conclusion s carryin g th e forc e o f  a  logica l 
implication .  Thi s diagrammin g syste m als o allow s 
one t o construc t  macro-leve l  "maps "  o f  hypothesize d 
cognitiv e processe s occurrin g durin g comple x 
solution s involvin g man y analogies.[3 ] 

< 

Fig .  4 

A second bridge. Unfortunately, at this point 
th e subjec t  stil l  coul d no t  reconcil e th e bendin g 
goin g o n i n th e zig-za g sprin g wit h th e lac k o f 
chang e i n slop e i n th e origina l  helica l  sprin g 
(lin k 3  i s unconfirmed) ,  s o hi s initia l  attemp t  a t 
a bridg e failed .  However ,  h e late r  generate s a 
second ,  mor e successfu l  attemp t  a t  a  bridg e i n th e 
for m o f  a n analog y t o a  polygona l  spring .  He i s 
confiden t  tha t  a  sprin g wit h hexagona l  coll s woul d 
not  b e essentiall y  differen t  fro m on e wit h circula r 
colls ,  an d thi s lead s hi m t o a  reall y ne w insight : 

M 

(3 )  S2 :  Aha!.. .  What  i f  I  star t  wit h a  ro d an d 
bend I t  onc e (make s bendin g motio n wit h hands ) 
and...ben d i t  again. .  Clearl y ther e can' t  b e a 
hel l  o f  a  lo t  o f  differenc e betwee n th e circl e 
and say ,  a  hexagon. .  .(Draw s fig .  5 )  No w that' s 
interesting.  Jus t  lookin g a t  thi s i t  occur s t o 
me tha t  whe n forc e i s applie d here ,  yo u no t  onl y 
get  a  ben d o n thi s segment ,  bu t  becaus e there' s 
a pivo t  here ,  yo u ge t  a  torsio n effect...Aha ! 
Maybe th e behavio r  o f  th e sprin g ha s somethin g 
t o d o wit h twis t  forces.. .  Le t  me accentuat e 
th e torsio n forc e b y makin g a  squar e (draw s fig . 
6)  wher e there' s a  righ t  angle .  Now.  .. I  hav e 
tw o force s Introducin g a  stretch .  I  hav e th e 
forc e tha t  bend s this...segmen t  [a ]  an d I n 
additio n I  hav e a  torsio n forc e whic h twist s a t 
vertex ,  um ,  x...No w I  fee l  I  hav e a  goo d mode l 
of  a  spring.. .  No w makin g th e side s longe r 
certainl y woul d mak e th e [square ]  sprin g stretc h 
more . 
I :  Ho w ca n yo u tell ? 
S2:  Physica l  intuition. .  .an d als o 
recollection. .  th e longe r  th e segmen t  (move s 
hand s apart )  th e mor e th e bendabllit y  (move s 
hand s a s i f  bendin g a  rod).. .  No w th e sam e 
thin g woul d happe n t o th e torsio n I  think , 
becaus e i f  I  hav e a  longe r  ro d (move s hand s 
apart) ,  an d I  pu t  a  twis t  o n i t  (move s hand s a s 
i f  twistin g a  rod) ,  i t  seem s t o me—agai n 
physica l  intuition—tha t  i t  wil l  twis t  more.. . 
again ,  no w I' m confirmin g tha t  b y usin g thi s 
metho d o f  limits .  A s I  brin g my han d u p (move s 
righ t  hand '  slowl y towar d lef t  hand )  close r  an d 
close r  t o th e origina l  plac e wher e I  hol d It ,  I 
realiz e ver y clearl y tha t  I t  wil l  ge t  harde r  an d 
harde r  t o twist.. .  An d my confidenc e i s no w 99 J 
[tha t  th e wid e sprin g stretche s more]... I  fee l  a 
lo t  bette r  abou t  it .  [lH ] 

• 

^ 

Sfrli n 

/ 

^Di 
Squir * 

^ 

KIl M 
Int u 

\ 

Twittin g 
KM \ 

1 L. M 
nOwtl c Cj u 
Iti M 

^ ^ 
i«fM1na \ 

-  \ 
Ditn a •Iraittai -

Fig .  7 

Her e h e i s abl e t o firml y connec t  th e origina l 
sprin g t o th e bendin g ro d cas e vi a th e bridgin g 
analog y o f  a  polygona l  spring .  I n addition , 
considerin g th e polygona l  sprin g trigger s th e 
recognitio n o f  a  torsio n effect .  Thus ,  i n th e 
subject' s fina l  understandin g o f  th e spring ,  th e 
sprin g i s linke d vi a th e intermediat e squar e sprin g 
cas e t o tw o simple r  cases ,  th e twiste d ro d an d th e 
bent  rod ,  a s show n I n fig.7 .  Th e torsio n facto r  i s 
an importan t  insight ,  becaus e no t  onl y i s i t  tru e 
tha t  wide r  spring s stretc h farther ,  bu t  i n fac t  th e 
forc e provide d b y a  helica l  sprin g i s primaril y du e 
t o torsio n rathe r  tha n t o bending . 

I n sunmary ,  tw ;  majo r  processe s involve d i n 
confirmin g analog y relation s hav e bee n identified : 
matchin g ke y feature s o r  relationships ;  an d 
formin g z_ bridgin g analogy . 

Fig .  5 Fig .  6 
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AHALOCT GENERATION MECHANISMS 
Analysi s o f  transcript s ha s le d u s t o propos e 

th e hypothesi s tha t  ther e ar e no t  one ,  bu t  a t  leas t 
thre e type s o f  analog y generatio n mechanisms : 
generatio n vi a a n abstrac t  principle ,  generativ e 
transfonnatlons ,  an d associativ e leaps . 

Generatio n fro m a  principle .  A  plausibl e 
mechanlSB i  fo r  generatin g analogie s ca n b e derive d 
fro m th e common situatio n I n scienc e wher e a  singl e 
equatio n o r  abstrac t  principl e applie s t o tw o o r 
more differen t  contexts ,  suc h a s a  penduli m an d a n 
oscillatin g electrica l  circuit .  Thi s suggest s tha t 
analogie s may  b e forme d b y firs t  recognizin g tha t 
th e origina l  proble m situation .  A ,  i s a n exanpl e o f 
an abstrac t  equatio n o r  principle ,  P .  Th e 
analogou s situation ,  B ,  I s the n recalle d o r 
generate d a s a  secon d exanpl e o f  principl e P . 
However ,  althoug h evidenc e fo r  thi s patter n ha s 
been observe d o n occasio n i n interviews ,  littl e 
evidenc e o f  I t  wa s observe d i n th e analogie s 
generate d fo r  th e sprin g problem .  Instead ,  tw o 
othe r  type s o f  analog y formatio n processe s appea r 
t o predominate ,  whic h I  hav e calle d generativ e 
transfonmatlon s an d associativ e leaps . 

Generativ e transformations .  Thes e occu r  whe n 
a subjec t  modifie s a n aspec t  o f  proble m A  t o creat e 
a ne w situatio n B .  Example s o f  evidenc e fo r 
generativ e transformation s fro m th e presen t 
protoco l  are :  (1 )  Th e subjec t  refer s t o bendin g a 
ro d int o a  polygo n (protoco l  segmen t  3 ) .  (2 )  Th e 
subjec t  referrin g t o th e sprin g a s a  "ro d woun d up " 
i n th e firs t  lin e o f  th e transcrip t  indicate s tha t 
th e ro d ide a may hav e bee n generate d b y thinkin g 
about  unwindin g th e spring .  A t  anothe r  poin t  h e 
refer s t o th e ro d a s a n "unwoun d spring. " 

Associativ e leaps .  I n contras t  t o modifyin g 
th e proble m I n a  generativ e transformation , 
evidenc e fo r  a n associativ e lea p occur s whe n th e 
subjec t  refer s t o a n analogou s situatio n B  whic h I s 
ver y differen t  qualitativel y I n a  numbe r  o f  way s 
fro m th e origina l  situation .  Th e subjec t  ma y als o 
refe r  t o "bein g reminde d of "  B .  S 2 generate d 
evidenc e fo r  severa l  associativ e leap s i n th e 
middl e o f  th e protoco l  whe n h e said :  " I  fee l  a s 
thoug h I' m reasonin g I n circle s an d I  thin k I'l l 
make a  deliberat e effor t  t o brea k ou t  o f  th e circl e 
somehow... ,  lik e rubbe r  bands ,  molecules , 
polyesters..." ,  apparentl y attemptin g t o lin k th e 
sprin g proble m t o othe r  situation s h e know s 
somethin g about .  Althoug h h e wa s unabl e t o us e an y 
of  th e associativ e leap s abov e effectivel y I n thi s 
case ,  subject s hav e bee n observe d t o us e thi s typ e 
of  analog y generatio n techniqu e successfull y i n 
othe r  protocols .  Fo r  example ,  on e subjec t  use d a n 
analog y t o a  U-tub e t o solv e a  proble m abou t 
hydrauli c force s i n a n apparatu s whos e shap e an d 
topolog y wer e quit e different . 

I t  i s  hypothesize d tha t  a n associativ e lea p 
take s plac e whe n a n establishe d conceptua l 
framewor k fo r  situatio n B  I n memor y i s activate d b y 
an associatio n t o som e aspec t  o f  th e origina l 
situatio n A ,  an d tha t  a  generativ e transformatio n 
occur s whe n th e subjec t  focuse s o n a n interna l 
representatio n o f  th e existin g proble m situatio n A 
and change s a n aspec t  o f  i t  t o creat e situatio n B . 
Thi s lead s t o th e predictio n tha t  a n analog y 
generate d vi a a  transformatio n shoul d mor e ofte n b e 
a nove l  inventio n (suc h a s th e hexagona l  spring ) 
an3 sRoul d mor e ofte n contribut e a s a  simple r  cas e 
rathe r  tha n a s a  mor e familia r  case .  Generativ e 
transformation s an d associativ e leap s hav e bee n th e 
primar y analog y generatio n metTiod s observe d K ^  u £ 
30 fa r  [15] . 

METHODS FOR UNDERSTANDING A SITUATION AND FOR 
TRANSFERRING KNOWLEDGE FROM B  BACK T O A 

Wit h regar d t o proces s 3  above ,  th e 
requiremen t  tha t  conceptio n B  mus t  b e predictiv e o r wel l  understood ,  w e not e briefl y tha t  thi s ca n b e 

achieve d vi a factua l  knowledge ,  physica l  intuition , 
analysi s i n terra s o f  a  theory ,  o r  (recursively )  vi a 
anothe r  analogou s cas e C .  Some method s fo r 
applyin g knowledg e fro m B  t o A  (proces s t  above ) 
are :  (1 )  transferrin g a  predictio n directl y fro m B 
t o correspondin g variabl e relationship s i n A ;  (2 ) 
transferrin g a  partia l  understandin g o f  certai n 
variabl e relationships ,  whic h wit h furthe r  analysi s 
can lea d t o a  predictio n i n A ;  an d (3 ) 
transferrin g a  metho d o f  attac k fro m B  t o A .  [20 ] 
EJCTREME CASES AND PHYSICAL INTUITION 

Minimizin g o r  maximizin g a  featur e o f  th e 
proble m sometime s make s th e proble m easie r  t o 
analyze ,  an d w e cal l  thi s usin g a n extrem e case . 
Extrem e case s see m t o b e generate d primaril y vi a 
generativ e transformation s o r  proble m operators . 
Interestingly ,  th e apparen t  functio n o f  man y o f  th e 
extrem e case s observe d s o fa r  ha s bee n t o enhanc e 
th e subject' s us e o f  physica l  intuitio n i n th e for m 
of  Imaglstl c simulations .  S 2 indicate s tha t  hi s 
fina l  understandin g I s base d a t  th e lowes t  leve l  o n 
suc h physica l  intuitions .  Thi s suggest s tha t 
certai n relationship s betwee n force s an d othe r 
physica l  variable s suc h a s "bendin g '  ca n b e 
represente d a t  a  dee p leve l  i n terra s o f  imaglstl c 
Intuition s rathe r  tha n abstrac t  principle s o r 
equations .  (Se e ref .  [3]) . 
CONCLUSION 

Furthe r  researc h i s neede d i n orde r  t o 
evaluat e an d ad d t o th e result s o f  thi s explorator y 
study .  A  numbe r  o f  basi c concept s fo r  analyzin g 
pattern s o f  analogica l  reasonin g hav e bee n 
proposed ,  including :  th e generatio n o f  analogie s 
vi a transformation s an d associativ e leaps ;  th e 
evaluatio n o f  analog y relation s vi a th e formatio n 
of  bridge s an d th e matchin g o f  ke y relationships ; 
and th e understandin g o f  situation s vi a th e us e o f 
extrem e case s whic h ca n enhanc e physica l 
intuitions .  Recursiv e combination s o f  thes e 
processe s ca n accoun t  fo r  man y o f  th e pattern s 
observe d i n othe r  comple x solution s involvin g a 
number  o f  linke d analogies .  Man y solution s b y 
analog y ar e no t  "Instan t  solutions" ,  bu t  a  mor e 
extende d proces s o f  conjectur e an d testing .  Thi s 
give s u s reaso n t o believ e tha t  som e o f  thes e 
processe s ar e learnable ,  rathe r  tha n bein g 
exclusivel y a  produc t  o f  "genius" ,  an d tha t 
developin g students '  abilitie s t o us e generativ e 
transformations ,  leaps ,  an d bridge s ma y b e possibl e 
and desirable . 

Vflie n a  transformatio n lead s t o a  conflrmabl e 
analogy ,  w e cal l  I t  a  conservin g transformatio n 
sinc e i t  conserve s th e salien t  relationship s I n th e 
problem .  I n a  broade r  sense ,  conservin g 
transformation s appea r  t o pla y a  fundamenta l  rol e 
at  differen t  level s i n physics ,  mathematics , 
technologica l  invention ,  an d musi c [16-191 . 
Conservin g transformation s appea r  t o b e a n 
Importan t  cognitiv e proces s worth y o f  furthe r 
investigation . 

I n th e cas e o f  S2 ,  th e bendin g ro d analog y 
serve d a s a  firs t  orde r  mode l  whic h gav e hi m a n 
initia l  handhol d o n th e problem .  Persisten t 
criticism s an d transformation s o f  thi s mode l  durin g 
hi s vigorou s U 5 minut e solutio n eventuall y le d hlr a 
t o evolv e a  muc h bette r  mode l  i n th e for m o f  a 
squar e sprin g wit h torsio n effects .  Thus , 
sophisticate d use s o f  analog y i n relativel y 
difficul t  problem s ca n involv e a  repeate d 
conjecture ,  criticism ,  an d modificatio n proces s 
tha t  ca n produc e chain s o f  successivel y mor e 
powerfu l  analogies .  Analogou s case s ca n eithe r 
pla y a  temporar y heu r  Isti c  rol e i n helpin g t o 
generat e conjecture s durin g th e solution ,  o r  the y 
can pla y th e mor e permanen t  rol e o f  a  mode l  i n th e 
fina l  solution ,  o r  both .  Certai n parallel s betwee n 
thes e processe s an d processe s o f  scienc e describe d 
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i n [6-8,16] ,  amon g others ,  sugges t  tha t  furthe r 
researc h alon g thes e line s ma y b e o f  Interes t  t o 
thos e studyin g th e processe s o f  hypothesi s 
formatio n an d mode l  constructio n I n science . 
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