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Empir ica l  Ev idenc e fo r  Derivationa l  Ana log y 

Ute Schmid (schmid@cs.tu-berlin.de) 
Departmen t  o f  Compute r  Science ,  Technisch c Universita t  Berli n 

Frankiinstr .  28 ,  1058 7 Berlin ,  German y 

Jaime Carbonell (jgc@cs.cmu.edu) 

Schoo l  o f  Compute r  Science ,  Carnegi e Mello n Universit y 

500 0 Forbe s Avenue ,  Pittsburgh ,  P A 15213 ,  U S A 

Analogica l  proble m solvin g i s mostl y describe d a s transfe r 
of  a  sourc e solutio n t o a  targe t  proble m base d o n th e struc -
tura l  correspondence s (mapping )  betwee n sourc e an d target . 
Derivationa l  analog y (Carbonell ,  1986 )  propose s a n alterna -
tiv e view :  A  targe t  proble m i s solve d b y replayin g a  remem -
bere d proble m solvin g episode .  Thus ,  experienc e wit h th e 
sourc e i s use d t o guid e th e searc h fo r  th e targe t  solutio n b y 
applyin g th e sam e solutio n techniqu e rathe r  tha n b y a  trans -
ferrin g th e complet e solution .  W e postulat e tha t  bot h trans -
formationa l  (TA )  an d derivationa l  analog y ( D A )  ar e proble m 
solvin g strategie s realize d b y huma n proble m solvers .  Whic h 
strateg y i s  evoke d i n a  give n proble m solvin g contex t  de -
pend s amon g othe r  factor s o n th e proble m domain .  A  prob -
le m ca n b e solve d easil y b y TA ,  i f  th e domai n involve s fe w 
object s an d relation s and/o r  ther e ar e stron g (semantic )  con -
straint s fo r  mapping ;  otherwis e usin g D A i s mor e efficient . 

We investigate d thi s hypothesi s i n a n empirica l  study .  A n 
exampl e fo r  a  domai n wher e T A o n a n analytica l  leve l  i s  in -
efficien t  ar e th e networ k problem s presente d b y Novic k an d 
H m e l o (1994) .  Th e author s presente d (1 )  a n islan d problem , 
wher e a  trave l  rout e ha s t o b e calculate d suc h tha t  eac h bridg e 
connectin g pair s o f  island s i s travelle d exactl y once ,  an d (2 ) 
a handshakin g problem ,  wher e th e goa l  i s  t o figure  ou t  w h o 
shoo k hand s wit h w h o m a t  a  cocktai l  party .  Th e first  proble m 
correspond s t o finding  a n Euleria n trai l  i n a  graph ,  th e sec -
on d t o finding  a  Hamiltonia n cycle .  W e modifie d thes e prob -
lem s suc h tha t  th e underlyin g graph s ar e isomorphi c (hav e 
th e sam e numbe r  o f  node s an d arc s an d identica l  structure) . 
For  eac h proble m clas s w e constructe d a n additiona l  prob -
lem ,  embeddin g i t  int o a  differen t  context .  W e use d th e fol -
lowin g problem s a s sourc e candidates :  Euler/trave l  (islands) , 
Hamilton/part y (cocktail) ,  Euler/part y (birthday) ,  an d Hamil -
ton/trave l  (castles) .  A s targe t  proble m w e use d anothe r  Eule -
ria n trai l  proble m fro m th e trave l  domai n (fig .  1 )  whic h agai n 
coul d b e represente d b y th e sam e graph . 

Becaus e ther e ar e n o constraint s fo r  mappin g (unknown ) 
citie s t o othe r  citie s o r  name s o f  (unknown )  persons ,  node-to -
nod e mappin g ha s exponentia l  effor t  -  tha t  is ,  T A i s a  highl y 
inefficien t  strategy .  I n ou r  stud y w e wante d t o explor e i f  peo -
pl e prefe r  D A t o T A t o solv e suc h grap h problem s an d whic h 
variable s ar e suitabl e t o discriminat e betwee n D A an d TA . 

Method .  Te n subject s wer e presente d first  wit h th e fou r  sourc e 
candidate s (i n on e o f  tw o permutations) .  The y ha d 5  mi n t o tr y t o 
solv e eac h proble m an d wer e presente d wit h th e solutio n afterwards . 
Then ,  the y rea d th e targe t  problem ,  wer e aske d t o selec t  on e o f  th e 
sourc e candidates ,  an d t o solv e th e targe t  problem .  T o discriminat e 
betwee n D A an d T A w e (1 )  obtaine d thinkin g alou d protocol s dur -

Boot  1 1 Th e eigh (  [river ]  lock s ar e locale d betwee n th e followin g pair s o f  cities : 
Schwelzinge n an d Blaubcuren ,  Schwelzinge n an d Ludwigsburg ,  Schwetzinge n an d 
Miirbach ,  Marbac h an d Ludwigsburg ,  Marbac h an d Blaubeuren ,  Blaubeure n an d Lud -
wigsburg ,  Blaubeure n an d Ulm ,  Ul m an d Ludwigsburg ,  Th e Hamilton s pla n t o star t 
thei r  tri p i n Schwetzinge n Fro m Schwelzingen .  the y wis h t o trave l  alon g a  rout e o n th e 
river s tha t  wil l  enabl e the m t o g o throug h eac h o f  th e eigh t  lock s exactl y once .  Not e 
tha t  thei r  desir e t o trave l  throug h ever y loc k onc e necessaril y mean s tha t  the y wil l  visi t 
some o f  th e citie s mor e tha n once .  Pla n a  rout e fo r  th e Hamilton s s o tha t  the y trave l 
over  throug h ever y loc k exactl y onc e an d visi t  eac h cit y a s man y time s a s necessary . F igur e 1 :  Targe t  p r o b l e m (abr idged ) 

ing problem solving, and afterwards (2) asked subjects to map (a) 
globa l  concept s o f  sourc e an d targe t  (boat ,  rivers ,  river  locks ,  cities) , 
an d (b )  th e concret e object s (th e citie s Schwetzingen ,  Blaubeuren , 
etc. )  whic h correspon d t o th e node s i n th e graph .  Fo r  bot h mapping s 
subject s wer e instructe d t o answe r  eac h questio n onl y i f  the y hav e 
th e sourc e correspondenc e availabl e an d otherwis e ski p th e ques -
tion .  Finally ,  (3 )  subject s wer e aske d t o selec t  on e fro m seve n pre -
define d strategies .  A m o n g thes e strategie s wer e (a )  abstraction ,  (b ) 
T A (Becaus e I  thin k tha t  th e exampl e proble m a n d th e boa t  prob -
le m ar e ver y similar ,  I  jus t  trie d t o replac e th e nod e label s i n th e 
grap h o f  th e exampl e solutio n wit h th e correspondin g n a m e s o f  th e 
boa t  problem) ,  an d (c )  D A ( /  remembere d h o w I  solve d th e exampl e 
problem ,  tha t  is ,  h o w I  constructe d th e grap h an d h o w I  foun d th e 
require d pat h i n th e grap h a n d di d i t  i n th e s a m e w a y fo r  th e boa t 
problem) . 

Our  result s ar e promising :  Si x subject s reporte d D A ,  tw o 
TA,  an d tw o abstraction .  Verba l  protocol s correspon d t o th e 
strateg y reports .  Result s fo r  node-to-nod e mappin g ar e no t 
conclusive ,  however .  Ou r  hypothesi s wa s tha t  onl y subject s 
usin g T A shoul d b e abl e t o giv e thes e mapping s easily .  Bu t 
tw o subject s reportin g D A gav e th e correc t  mappin g an d on e 
subjec t  reportin g T A di d no t  giv e th e correc t  mapping .  Bu t 
thi s subjec t  wa s th e onl y o f  th e te n whic h coul d no t  produc e 
a correc t  solutio n o f  th e target :  sh e trie d t o dra w th e grap h i n 
exactl y th e sam e layou t  whic h wa s give n fo r  th e sourc e solu -
tio n an d thereb y misse d on e arc . 

Th e result s sugges t  tha t  D A -  althoug h propose d i n a n A I 
contex t  -  i s a  strateg y employe d b y huma n proble m solvers . 
To strengthe n ou r  clai m tha t  human s us e T A whe n mappin g 
effor t  i s lo w an d D A otherwise ,  w e pla n follow-u p studie s 
contrastin g domain s wit h fe w v s man y constraint s fo r  node -
to-nod e mapping . 
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