
ANALOGICAL REASONING PATTERNS I N 
EXPERT PROBLEM SOLVIN G 

Joh n Clemen t 
Physio s Departmen t 

Universit y o f  Massachusett s 
Amherst ,  Mass .  0100 3 

Spontaneou s analogie s hav e bee n observe d t o 
pla y a  significan t  rol e i n th e proble n solution s 
of  scientificall y traine d subject s [1,2] .  I n som e 
case s analogie s ca n eve n lea d t o th e constructio n 
of  a  ne w menta l  mode l  fo r  understandin g a  proble m 
domain .  Thi s pape r  describe s a  numbe r  o f 
differen t  analogica l  reasonin g pattern s tha t  hav e 
been observe d I n thinkin g alou d protocol s fro m 
exper t  proble m solvers .  Th e purpos e o f  th e 
presen t  stud y i s t o identify ,  classify ,  an d labe l 
th e critica l  subprocesse s involve d i n suc h 
analogica l  solutions .  I n thi s stud y eac h o f  te n 
subject s wer e give n a  numbe r  o f  problems . 
Includin g th e followin g one : (21 
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rÊ nja t  OF MIMLEn I N 
>aifii « i v w 
GCKUTH IKTOVVOMIT 
CASE r o cawi m amus t 
dturia i 
GOCUnS W MM.(K T c 
ro *  "tviou s *K«UB T I 
' 0 ItWKK E UMXIISTAIVII 4 
Of  CASE • U T Wt  CA H 'iciLjnre ! 
C O m H E W IK I  I T 
ENHAACINS JS E OF nnSICA l 
mnjITlO B 

0 CASES 
cov iw Q MM.ar. 1 •Eurio n 

Sprin g Coil s Proble m 

A weight is hung on a spring. The original 
sprin g I s replace d wit h a  sprin g mad e o f  th e 
same kin d o f  wire ,  wit h th e sam e numbe r  o f 
coils ,  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 
amount  unde r  th e sam e weight ? (Assum e th e 
mass 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? 

Subject s wer e advance d doctoral  student s an d 
professor s i n technica l  field s wh o ha d reputation s 
fo r  bein g creativ e proble m solvers .  Seve n o f  th e 
te n subject s generate d spontaneou s analogie s i n 
solvin g thi s problem .  A  spontaneou s analog y 
occur s whe n th e subject ,  withou t  bein g prompted , 
shift s t o conside r  a  situatio n B  whic h differ s i n 
a 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 
8 t o A .  I n solution s b y analog y th e tw o context s 
bein g compare d ar e ofte n perceptuall y differen t 
but  the y ar e stil l  see n t o b e functionall y o r 
structurall y simila r  i n som e way .  Fo r  example , 
fiv e subject s 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 transcrip t 
excerp t  belo w take n fro m vide o tape . 
SI: (Draws bending rod in drawing G2-B of fig.2.) 

Hy intuitio n abou t  tha t  [th e rod ]  i s tha t  i f 
you. ,  double d th e lengt h an d hun g som e weigh t 
on it ,  that. .  it ,  woul d ben d considerabl y 
further.. .  i t  woul d see m tha t  tha t  mean s tha t 
um,  i n th e origina l  problem ,  th e sprin g i n 
pictur e 2  [th e wide r  spring ]  i s  goin g t o han g 
farther . 

Here SI generates an analogy by drawing the 
pictur e o f  a n analogou s proble m involvin g bendin g 
rod s instea d o f  stretchin g springs .  Thi s analog y 
has i n fac t  le d hi m t o th e correc t  answer ,  an d 
provide s a  plausibl e bu t  onl y partia l 
justificatio n fo r  it . 

Etc .  I 
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Analysis of more complex expert protocols 
however .  make s i t  apparen t  tha t  analogica l 
reasonin g i s no t  a  simple ,  one-ste p process ,  bu t 
involve s a  niaabe r  o f  differen t  processes ,  show n 
below . 

(PI )  Generatin g th e Analogy .  Give n th e 
origina l  conceptio n A  o f  a n Incompletel y 
understoo d situation .  th e analogou s 
conception ,  B ,  i s generated ,  o r  "come s t o 
mind" ; 
(P2) Confiraing the Analogy Relation. The 
analog y relatio n betwee n A  an d B  mus t  b e 
"confirmed" ; 
(P3) Comprehending the Analogous Case. 
Conceptio n B  mus t  becom e wel l  understood ,  o r 
at  leas t  predictive ; 

(PU) Transferring Findings. The subject 
transfer s conclusion s o r  method s fro m B  bac k 
t o A . 

Table 1 

The las t  thre e processe s ca n occu r  i n an y order . 
Analogie s ar e ofte n propose d tentatively ,  an d 
processe s (P2 )  an d (P3 )  especially ,  ca n b e quit e 
tim e consuming .  We hav e als o bee n somewha t 
surprise d t o fin d tha t  ther e appea r  t o b e no t  one , 
but  severa l  way s o f  carryin g ou t  eac h o f  th e abov e 
processes .  Some o f  th e mos t  importan t  o f  thes e 
sub-processe s ar e show n i n fig.2 .  Th e figur e 
provide s a  basi c typolog y o f  analogica l  reasonin g 
pattern s tha t  hav e bee n observe d acros s differen t 
subjects .  Thi s pape r  give s a n exampl e an d brie f 
explanatio n o f  eac h pattern . ANALOGY GENERATION PROCESSES 
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Aaaoclativ e leaps .  Th e subjec t  usin g a n 
associativ e lea p J^p s t o a n analogou s situatio n 
tha t  differ s i n man y ways  fro n th e origina l 
problem .  A  secon d subject ,  S2 ,  generate d evidenc e 
fo r  severa l  associativ e leap s I n th e sprin g 
proble m 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  mak e 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 
proble m t o othe r  situation s h e kne w mor e about .  A 
thir d subject ,  S3 ,  compare d th e wid e an d narro w 
spring s t o tw o block s o f  foa m rubber ,  on e mad e 
wit h larg e ai r  bubble s an d on e mad e wit h smal l  ai r 
bubble s i n th e foaa .  H e ha d a  stron g intuitio n 
tha t  th e foa n wit h larg e ai r  bubble s woul d b e 
easie r  t o compress ,  an d thi s adde d som e suppor t  t o 
hi s conjectur e tha t  th e wid e sprin g woul d stretc h 
more .  U e hypothesiz e 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 lon g ter m memor y i s 
activate d b y a n associatio n t o som e aspec t  o f  th e 
origina l  situatio n A .  Evidenc e fo r  a n associativ e 
lea p occur s whe n th e subjec t  shift s t o conside r  a 
new situatio n B  tha t  i s obviousl y familia r  t o hi m 
or  refer s t o "bein g reminde d o f  o r  "recalling "  B . 

Generativ e transformations . Thi s secon d 
metho d o f  generatin g a n analog y occur s whe n th e 
subjec t  modifie s th e origina l  proble m rathe r  tha n 
recallin g a  differen t  analogou s situatio n fro m 
memory.  I n othe r  words ,  th e subjec t  transform s 
th e proble m b y changin g a n aspec t  o f  i t  whic h wa s 
previousl y assiae d t o b e fixed .  Fo r  example ,  S 2 
refer s t o th e ro d a s a n "unwoun d spring" .  I n thi s 
cas e th e unwindin g o f  th e sprin g i s considere d a 
transformatio n becaus e th e subjec t  i s  modifyin g a 
featur e o f  th e sprin g (It s shape )  tha t  woul d 
ordinaril y  b e hel d fixe d i n th e problem . 
It is hypothesized that a generative 
transformatio n occur s whe n th e subjec t  focuse s o n 
an interna l  representatio n o f  th e existin g proble m 
situatio n A  i n workin g memor y an d change s a n 
aspec t  o f  i t  t o creat e a  ne w bu t  closel y relate d 
situatio n B  Thu s a  generativ e transformatio n 
usuall y lead s t o th e constructio n o f  a  ne w 
situatio n B  rathe r  tha n activatin g a n alread y 
constructe d framewor k i n lon g ter m memory . 
This subject also generated another analogy 
vi a a  transformatio n belo w whil e thinkin g abou t 
movin g th e weigh t  alon g th e sprin g wire : 
S2: Hmnmi, what if I imagined moving the weight 

alon g th e spring ? No w wha t  i f  I  recoile d th e 
sprin g an d mad e th e sprin g twic e a s 
long...instea d o f  twic e a s wide?...uhhh..i t 
seems t o me prett y clea r  tha t  th e sprin g that' s 
twic e a s lon g i s goin g t o stretc h more . 

The analogy to the thought experiment of comparing 
spring s o f  differen t  length s suggest s t o hi m tha t 
a wide r  sprin g may stretc h mor e tha n a  narro w 
spring .  Notic e tha t  th e analog y wa s generate d 
fro m th e rathe r  playfu l  transformatio n o f  slidin g 
th e weigh t  u p an d do%ni  alon g th e sprin g wire . 

Evidence for a third method, generating an 
analog y vi a a n abstrac t  principle ,  ha s bee n 
observe d o n occasion ,  bu t  onl y infrequentl y  Cl,2] . 

ANALOGY EVALUATION PROCESSES 
Another finding that has surprised us is the 
fac t  tha t  rathe r  tha n simpl y generatin g a  singl e 
analogy ,  som e subject s generat e chain s o f  severa l 
analogies .  Tw o type s o f  chain s ar e show n a s 
processe s E l  an d E 2 i n fig.2 .  Thes e ar e use d t o 
evaluat e analogies .  Processe s use d t o critiqu e 
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and evaluat e analogie s ar e a t  leas t  a s importan t 
i n exper t  proble m solvin g a s processe s use d t o 
generat e them . 

Bridging analogies. Determining a match 
betwee n ke y relationship s i n oase s A  an d B  i s th e 
firs t  an d mos t  obviou s metho d fo r  confirmin g a n 
analog y relatio n CU,5,6] .  However ,  anothe r 
interestin g proces s i n th e for m o f  a  "bridgin g 
analogy "  may als o b e used .  Fo r  example ,  S 2 wa s 
concerne d abou t  th e apparen t  lac k o f  a  matc h 
betwee n th e non-constan t  slop e I n th e bendin g ro d 
and th e constan t  slop e o f  a  stretche d spring .  I n 
orde r  t o evaluat e th e bendin g ro d analogy ,  h e 
constructe d th e intermediate ,  bridgin g exampl e o f 
a sprin g wit h squar e coil s a s show n i n drawin g 
E1- C o f  fig.2 .  This  allowe d hi m t o recogniz e tha t 
restorin g force s i n th e sprin g com e Cro m twistin g 
i n th e wir e a s wal l  a s bending — a  majo r 
breakthroug h i n hi s solutio n whic h correspond s t o 
th e wa y i n whic h engineerin g specialist s vie w 
springs .  Hi s discussio n o f  th e squar e sprin g i s 
evidenc e fo r  a  cognitiv e bridgin g analogy ,  C , 
whic h help s hi m decid e whethe r  conceptua l 
framework s A  an d B  ar e trul y analogous .  I n thi s 
cas e th e squar e sprin g analog y eventuall y aqulre d 
th e rol e o f  a  menta l  mode l  whic h gav e hi m a  ne w 
understandin g o f  ho w spring s work . 

M = a ^ 

E ^ ^ h H i ^ 

I n a  questio n abou t  whethe r  on e ca n exer t  a 
more effectiv e forc e o n a  whee l  a t  th e to p o r  a t 
th e axl e (I n pushin g o n th e whee l  o f  a  covere d 
wagon,  fo r  example )  severa l  subject s compare d th e 
wheel  t o a  leve r  hinge d o n th e groun d (fig.38) . 
Pushin g highe r  u p o n th e leve r  woul d allo w i t  t o 
move a  large r  weight ,  the y reasoned .  Anothe r 
exampl e o f  a  bridge ,  whic h helpe d on e subjec t  t o 
confir m th e appropriatenes s o f  thi s analog y i s th e 
spoke d wha« l  withou t  a  ri m show n i n flg.3C . 

Although physicists usually analyze the wheel 
proble m directl y i n term s o f  torques , 
mathematician s ofte n d o not .  Th e reade r  may b e 
Intereste d I n conjecturin g abou t  ho w on e 
mathematician ,  SI ,  solve d thi s proble m vi a a n 
analog y t o a  pulley . 

Extension analogies. The diagram for process 
E2 i n fig. 2 show s a n extensio n analog y propose d b y 
SI  i n th e for m o f  tw o paralle l  pipes .  S I  wa s 
hopin g t o predic t  whethe r  th e radius/stretc h 
relationshi p i n th e sprin g wa s linea r  o r  quadrati c 
or  cubic ,  an d hi s understandin g o f  th e bendin g ro d 
analog y wa s no t  sufficien t  t o hel p him .  S o h e 

-generate d a  furthe r  analog y t o th e bendin g rod . 
I n thi s analog y tw o pipe s ar e fixe d a t  th e lef t 
sid e an d hel d togethe r  i n suc h a  wa y tha t  whe n th e 
weigh t  i s applie d t o th e righ t  side ,  th e uppe r 
pip e i s stretche d an d th e lowe r  pip e i s 
compressed .  Hi s analysi s o f  thi s though t 
experimen t  wa s par t  o f  a n attemp t  t o mode l  th e 
bendin g ro d i n mor e detai l  an d determin e it s 
length/deflectio n relationshi p s o tha t  thi s 
informatio n coul d i n tur n b e use d i n analyzin g th e 
spring .  I n suc h a n extensio n analogy ,  a  secon d 
analogou s cas e i s use d t o understan d th e firs t 
analogou s case .  Thu s analogie s ca n b e use d 
recursivel y t o understan d an d evaluat e a  previou s 
analogou s case . 

Extreme cases. Aiding in understanding an 
analogou s cas e i s als o on e o f  th e use s o f  extrem e 
cases .  Fo r  example ,  3 2 generate d th e extrem e cas e 



of  a  ver y shor t  ro d I n orde r  t o conflr n hi s prio r 
predictio n tha t  a  shor t  ro d woul d ben d les s tha n a 
lon g ro d (proces s E 3 i n fig.2) .  Othe r  method s o f 
understandin g a n analogou s cas e ar e t o us e a 
specifi c  fac t  recalle d fro a menory ,  a  physica l 
intuition ,  o r  a n analysi s i n term s o f  abstrac t 
principle s [2] . 

Researc h reporte d i n thi s pape r  wa s 
MSF Awar d No .  SE D 8016567 . 
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SUMMARY 

Fig.2 illustrates several alternative 
subprocesse s fo r  acheivin g processe s PI ,  P2 ,  an d 
P3 i n Tabl e 1 .  Together ,  thes e subprocesse s 
constitut e a  collectio n o f  intuitiv e heuristic s 
used b y expert s i n solvin g problem s vi a analogy . 
Few o f  thes e subprocesse s ar e describe d b y 
subject s explicitl y  a s the y occu r  (the y d o no t 
hav e name s fo r  them. )  Rather ,  the y mus t  b e 
inferre d fro m pattern s i n th e conten t  o f  th e 
subject' s investigations .  Reasonin g pattern s G1 
and G 2 i n fig. 2 ar e analog y generatio n patterns . 
Patter n El ,  th e bridgin g analogy ,  i s a  metho d fo r 
evaluatin g a n analog y relation .  Pattern s E2 .  th e 
extensio n analogy ,  an d E3 ,  extrem e cas e analysis , 
ar e method s fo r  evaluatin g an d improvin g one' s 
understandin g o f  th e analogou s case .  Thes e 
reasonin g pattern s for m a  se t  o f  non-deductiv e 
proble m solvin g strategie s which :  (1 )  ar e quit e 
differen t  fro m traditiona l  proble m solvin g 
procedures ;  (2 )  ar e associate d wit h imager y 
reports ;  an d (3 )  ar e capabl e o f  generatin g ne w 
insight s an d recognition s o f  previousl y 
undiscovere d causa l  factor s i n a  proble m solutio n 
Various "compound solutions" combining two or 
more o f  th e basi c processe s show n i n fig. 2 hav e 
als o bee n observed .  Ou r  curren t  hypothesi s i s 
tha t  mos t  observabl e chain s o f  reasonin g usin g 
spontaneou s analogie s ar e describabl e a s recursiv e 
combination s o f  thes e basi c patterns . 
In the cases of the square spring and the 
paralle l  pipes ,  th e novelt y o f  thes e case s argue s 
tha t  the y wer e a t  leas t  i n par t  invente d b y th e 
subjec t  rathe r  tha n recalle d directl y fro m memory . 
Thus ,  th e analogie s observe d d o no t  alway s consis t 
of  familia r  case s recalle d fro m lon g ter m memory ; 
Che analogie s ca n als o consis t  o f  invente d case s 
constructe d i n workin g memory .  Furthermore ,  i n 
th e squar e sprin g an d paralle l  pipe s cases ,  th e 
analog y I s use d a s a  menta l  mode l  whic h allow s th e 
subjec t  t o understan d th e proble m situatio n i n a 
new way .  Thi s typ e o f  menta l  mode l  constructio n 
appear s t o b e importan t  i n th e developmen t  o f 
creativ e proble m solution s an d ma y pla y a n 
importan t  rol e i n th e developmen t  o f  ne w 
explanator y model s i n scienc e [6] . 
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