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Pattern s a n d Effect s o f  Analogie s i n Scientifi c  A b d u c t i o n 

-  A  Remarkabl e Cas e o f  Creativ e Analog y -

Kazuhir o Ued a 
Departmen t  o f  Compute r  &  Graphi c Science s 

Th e Universit y o f  Toky o 
usdaCgould.c.u-tokyo.ac.j p 

I n t r o d u c t i o n 

Th e autho r  investigate s ho w scientist s mak e spontaneou s 
use o f  analog y i n actua l  scientifi c  abductio n usin g a n 
intervie w method .  Th e purpos e o f  th e stud y i s (l)t o 
classif y analogie s use d no t  i n artificia l  setting s bu t  i n 
actua l  scientifi c  domain s an d (2)t o repor t  a  remarkabl e 
cas e whic h hei s no t  bee n reporte d i n th e previou s studie s 
(Dunbar ,  1994 ;  Holyoa k i c Thagard ,  1995) . 

Method 
Th e interview s wer e designe d t o explor e ho w scientist s 
use d analog y i n abduction .  Th e interviewee s wer e 2 2 
leadin g Japanes e researcher s i n th e fields  o f  scienc e an d 
technolog y whos e project s satisfie d th e followin g condi -
tions :  th e researc h processe s wer e recorde d i n detail ,  an d 
th e resecirc h ha d bee n complete d o r  wa s i n progress .  Th e 
researc h record s wer e examine d b y th e projec t  leade r 
and th e result s o f  analyse s wer e evaluate d b y othe r  re -
searchers ,  t o verif y thei r  reliability . 

Results and Discussions 

Ninetee n case s o f  analog y wer e reported .  The y wer e an -
alyze d an d classifie d int o 3  type s accordin g t o th e simi -
larit y used :  goal-directed ,  category-based ,  an d category -
formationji l  analogy . 

Goal-directe d analog y i s almos t  th e sam e a s purpose -
directe d analog y (Kedar-Cabelli ,  1985) ,  whil e category -
base d on e i s a s regiona l  analog y (Dunbar ,  1994) .  I n 
th e latte r  analogy ,  ther e wer e 2  way s o f  decidin g whic h 
knowledg e o f  th e sourc e analogu e wa s transferred :  on e i s 
base d o n causaht y an d th e othe r  i s base d o n som e meta r 
constraints ,  th e latte r  o f  whic h ha s no t  bee n reporte d i n 
detail . 

I n category-formationa l  analogy ,  a  sourc e analogu e 
was retrieve d o n th e basi s o f  a  categor y lik e i n category -
base d analogy ,  bu t  th e categor y use d wa s th e on e ex -
tende d fro m a  pre-existin g cor e categor y b y addin g som e 
constraints .  Thi s typ e o f  analog y i s  importan t  fo r  cre -
ativ e thinkin g bu t  ha s no t  bee n reporte d i n detail :  a 
typica l  bu t  remarkabl e cas e i s show n a s follows . 

T h e m e:  T o construc t  a  theor y whic h explain s th e 
uniqu e behavio r  o f  a  sta r  cluster . 

Situatio n befor e Analogy :  Ther e wa s a  theor y whic h 
aime d t o explai n th e uniqu e behavio r  o f  a  cluste r  b y 
regardin g a  cluste r  a s a n isotherma l  ga s spher e suc h 
as a  fixed  sta r  {i.e .  th e theor y o n th e inner-structur e 
of  a  sta r  wa s th e sourc e analogue) .  However ,  mos t 

researcher s i n thos e day s recognize d thi s analog y a s a 
fallacy ,  sinc e a  cluste r  wa s considere d t o diffe r  fro m a 
sta r  i n tha t  th e forme r  i s a  discret e syste m wherea s 
th e latte r  i s  a  continuou s one .  Th e concep t  o f  sclf -
gravHatio n i s establishe d onl y i n th e sta r  domain . 

Analogica l  Reasoning :  Th e researche r  assume d tha t 
th e uniqu e behavio r  o f  a  cluste r  wa s cause d b y th e 
fac t  tha t  a  cluste r  i s  a  self-gravitationa l  system .  H e 
considere d tha t  i f  th e assumptio n wa s right ,  no t  dis -
cretenes s o f  a  cluste r  bu t  self-gravitatio n itsel f  (i.e . 
th e similarity )  wa s th e principa l  facto r  o f  th e uniqu e 
behavior .  Henc e h e suppose d tha t  th e theor y o n th e 
inner-structur e o f  a  sta r  woul d hol d fo r  th e cluste r  do -
mai n I n orde r  t o tak e th e effect s o f  self-gravitatio n 
int o account ,  however ,  th e linea r  theor y (o n a n isother -
mal  ga s sphere )  ha d t o b e replace d b y anothe r  theor y 
(o n a  heterotherma l  ga s sphere) .  S o h e introduce d 
bot h th e Prigogine' s theor y o n non-equilibriu m ther -
modynamic s an d th e linearize d stabilit y  theory ,  an d 
at  las t  succeede d i n formulatin g th e ne w concep t  o f 
selfgravo-ihermodynamics .  H e foun d tha t  a  cluste r  i s 
quit e simila r  t o a  sta r  fro m th e viewpoint ,  an d trans -
ferre d th e theor y o n th e inner-structur e o f  a  sta r  t o 
th e cluste r  domain. ^ 

Thi s analog y starte d fro m th e pre-existin g fallaciou s 
analogy .  Th e ne w categor y selfgravo-ihermodynamic s 
was bein g formulate d b y extendin g th e pre-existin g cor e 
concep t  self-gravitatio n whic h ha d bee n misuse d a s th e 
similarit y i n th e previou s fallaciou s analogy . 

Tabl e 1 :  Classificatio n o f  th e case s reporte d (eac h figure 
denote s th e numbe r  o f  th e observe d cases) . 

goal-directe d 
category-base d 

category-formationa l 

causaJity-base d 
transfe r 

metaconstraint -
base d transfe r 

10 
3 
2 

Summary 
Al l  th e case s wer e classified ,  a s show n i n Tabl e 1 .  O f 
th e thre e types ,  th e goal-directe d analog y ha s th e leas t 
possibiht y o f  menta l  leap s sinc e i t  i s  clos e t o deduction . 

' Then the transferred theory was partially modified based 
on themati c abstractio n (Suzuki ,  1994) . 
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