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Abstrac t 

This paper describes the purposes served by medical 
analogie s (wh y the y ar e used )  an d th e differen t  cognitiv e 
processe s tha t  suppor t  thos e purpose s (ho w the y ar e used) . 
Historica l  an d contemporar y example s illustrat e th e 
theoretical ,  experimental ,  diagnostic ,  therapeutic , 
technological ,  an d educationa l  valu e o f  medica l  analogies . 
Four  model s o f  analogica l  transfe r  illuminat e ho w analogie s 
ar e use d i n thes e cases . 

Models of Analogical Transfer 

The widesprea d us e o f  analogie s i n cognition ,  includin g 
scientifi c  reasoning ,  ha s bee n wel l  documente d (e.g .  Biela , 
1991 ;  Holyoa k an d Thagard ,  1995 ;  Leatherdale ,  1974) .  Bu t 
ther e ha s bee n n o systemati c discussio n o f  analogica l 
thinkin g i n medicine .  Thi s pape r  describe s si x use s o f 
medica l  analogie s tha t  illustrat e differen t  kind s o f 
analogica l  transfer . 

Analogica l  transfer ,  i n whic h peopl e us e a  sourc e 
proble m t o provid e a  solutio n t o a  targe t  problem ,  ca n tak e 
plac e i n a t  leas t  fou r  differen t  ways .  Th e mode l  o f 
analogica l  transfe r  mos t  coimnonl y discusse d i n cognitiv e 
scienc e work s a s follows .  First ,  someon e attempt s t o solv e 
a targe t  problem ,  an d the n remember s o r  i s give n a  simila r 
sourc e proble m fo r  whic h a  solutio n i s known .  The n th e 
targe t  proble m i s solve d b y adaptin g th e solutio n t o th e 
sourc e proble m t o provid e a  solutio n t o th e target .  M a n y 
psychologica l  experiment s hav e followe d thi s patter n (e.g . 
Gic k an d Holyoak ,  1980) .  A n d m a n y computationa l 
model s o f  analogica l  proble m solving ,  includin g mos t  wor k 
on case-base d reasoning ,  als o fit  thi s patter n (e.g .  Kolodner , 
1993) .  Accordingly ,  I  wil l  us e th e ter m standar d mode l  fo r 
thi s patter n o f  retrievin g a  sourc e t o solv e a  targe t  problem . 

Ther e are ,  however ,  othe r  way s i n whic h peopl e us e 
analogie s t o solv e problems .  I n th e standar d model ,  th e 
targe t  proble m serve s a s a  direc t  retrieva l  cu e fo r  th e sourc e 
problem ,  bu t  retrieva l  ca n als o tak e plac e mor e indirectl y 
usin g a  schem a tha t  i s abstracte d fro m th e targe t  problem . 
Accordin g t o th e schem a model ,  a n attemp t  t o solv e a  targe t 
proble m produce s a n abstrac t  schem a tha t  the n serve s a s a 
powerfu l  retrieva l  cu e fo r  finding  a  sourc e proble m tha t 
provide s a  solutio n t o th e targe t  problem .  Althoug h th e 
abstractio n m a y directl y sugges t  a  solutio n t o th e targe t 

problem ,  i t  m a y les s directl y sugges t  a  solutio n b y 
producin g recal l  o f  a  particula r  cas e tha t  i s sufficientl y 
simila r  t o th e targe t  t o serv e a s th e sourc e o f  a  solution . 
Darde n (1983 )  discusse s analogie s i n term s o f  share d 
abstractions . 

I n bot h th e standar d an d schem a models ,  th e thinke r  start s 
wit h a  targe t  proble m an d retrieve s a  sources ,  bu t  ther e ar e 
importan t  case s wher e remindin g work s i n th e opposit e 
direction .  Thes e case s ar e one s wher e a n attemp t  t o solv e a 
targe t  proble m ha s failed ,  an d th e proble m solve r  leave s i t 
aside .  Later ,  however ,  th e proble m solve r  serendipitousl y 
encounter s a  solve d proble m tha t  ca n serv e a s a  potentia l 
source ,  an d thi s ne w sourc e prompt s recal l  o f  th e unsolve d 
targe t  problem .  Instea d o f  th e targe t  providin g a  retrieva l 
cu e fo r  th e source ,  th e sourc e provides  a  retrieva l  cu e fo r 
th e target .  Th e serendipit y mode l  refer s t o a  patter n o f 
analogica l  transfe r  i n whic h a  targe t  proble m i s recalle d an d 
solve d usin g a  sourc e accidentall y encountere d afte r  initia l 
solution s fai l  (cf .  Langle y an d Jones ,  1988) .  Darwin' s 
discover y o f  th e theor y o f  evolutio n b y natura l  selectio n fits 
wel l  th e serendipit y model :  Darwi n ha d lon g wondere d 
abou t  h o w biologica l  evolutio n occurs ,  an d onl y foun d a 
solutio n whe n h e rea d Maltbu s an d realize d tha t  Malthus' s 
idea s abou t  huma n populatio n growt h coul d b e adapte d t o 
provid e a n explanatio n o f  specie s evolutio n i n term s o f  th e 
sttuggl e fo r  existence . 

I n al l  thre e model s s o fa r  described ,  th e sourc e proble m 
exist s independentl y o f  th e targe t  problem .  Bu t  ther e ar e 
rich  analogie s i n whic h th e sourc e proble m i s constructe d i n 
orde r  t o provid e a  solutio n t o th e targe t  problem . 
Nersessia n (1992 )  describe s h o w Maxwel l  generated  a 
theoretica l  explanatio n o f  electromagnetis m b y constructin g 
a mechanica l  analog .  H e di d no t  understan d 
electromagnetis m i n term s o f  an y k n o w n mechanica l 
system ,  bu t  instea d concocte d a  ne w mechanica l  syste m tha t 
suggeste d th e equation s tha t  h e wa s the n abl e t o appl y t o 
electromagnetism .  I  wil l  us e th e ter m generatio n mode l 
fo r  analogica l  transfe r  tha t  take s plac e whe n a  targe t 
proble m i s solve d b y analog y wit h a  sourc e proble m tha t  i s 
speciall y constructed .  Th e proces s o f  generatio n o f  a 
sourc e analog y i s roughl y this : 
1.  Star t  wit h a  targe t  problem . 
2.  Retriev e o r  encounte r  a  ver y approximat e analog . 
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3.  Fil l  ou l  th e approximat e analo g b y kxikin g a t  th e targe t 
and identifyin g aspect s o f  th e constructe d analo g tha t  nee d 
identification .  Fil l  thes e in . 
4.  Transfe r  fro m th e newl y constructe d sourc e t o target . 
The standard ,  schema ,  serendipity ,  an d generatio n model s 
ar e complementar y account s o f  analogica l  transfe r  rathe r 
tha n competitor s (se e figur e 1) .  Differen t  episode s o f 
human analogica l  proble m solvin g emplo y al l  fou r  o f  th e 
reasonin g strategie s tha t  th e model s describe .  I n particular , 
ther e ar e importan t  medica l  analogie s (ha t  instantiat e eac h 
of  thes e models . 

Theoretical Analogies 

Theoretica l  analogie s ar e one s tha t  ar e importan t  i n th e 
developmen t  an d justificatio n o f  explanator y hypotheses . 
Importan t  theoretica l  analogie s i n physic s includ e 
compariso n o f  soun d wit h wate r  wave s an d o f  ligh t  wave s 
wit h soun d waves .  Biolog y ha s als o employe d analogie s 
tha t  contribute d t o theoretica l  development ,  suc h a s 
Darwin' s analog y betwee n natura l  an d artificia l  selection . 
Theoretica l  analogie s hav e bee n equall y importan t  i n th e 
histor y o f  medicine ,  fro m th e Hippocratic s t o th e 
developmen t  o f  th e ger m theor y o f  diseas e an d beyond . 
The ancien t  Greek s explaine d healt h i n term s o f  a  balanc e 
of  th e variou s qualitie s constitutin g th e body ,  usin g a  ter m 
fo r  balanc e "isonomia "  tha t  als o connote d equalit y o f 
politica l  right s (Temki n 1977 ,  p .  272) .  Th e grea t 
seventeent h centur y physician ,  Thoma s Sydenham , 
conceive d o f  disease s a s aki n t o biologica l  species , 
maintainin g tha t  jus t  a s characteristic s o f  a  plan t  specie s ar e 
extende d t o ever y individual ,  s o th e characteristic s o f  a 
diseas e appl y t o ever y individua l  w h o ha s i t  (Bynu m 1993 , 
p.  341) . 

The mos t  importan t  theoretica l  analog y i n th e histor y o f 
medicin e wa s use d b y Pasteu r  an d Liste r  i n th e 
developmen t  o f  th e gen n theor y o f  disease .  I n th e 1850 s 
and 1860s ,  the y realize d tha t  jus t  a s fermentatio n i s cause d 
by yeas t  an d bacteria ,  s o disease s m a y als o b e cause d b y 
microorganisms .  Pasteur' s idea s abou t  infectio n move d 
fro m usin g microorganism s t o explai n wh y milk ,  bee r  an d 
win e ferment ,  t o proposin g simila r  explanation s o f  disease s 
i n silkworms ,  t o explainin g huma n disease s suc h a s rabie s 
i n term s o f  germs .  Pasteu r  wrot e concernin g hi s wor k o n 
fermentation : 

What  meditation s ar e induce d b y thos e results !  I t  i s 
impossibl e no t  t o observ e that ,  th e furthe r  w e penetrat e 
int o th e experimenta l  stud y o f  germs ,  th e mor e w e 
perceiv e sudde n light s an d clea r  idea s o n th e 
knowledg e o f  th e cause s o f  contagiou s diseases !  I s i t 
not  worth y o f  attentio n that ,  i n tha t  Arboi s vineyar d 
(an d i t  woul d b e tru e o f  th e millio n hectare s o f 
vineyard s o f  al l  th e countrie s i n th e world) ,  ther e 
shoul d no t  hav e been ,  a t  th e tim e I  mad e th e aforesai d 
experiments ,  on e singl e particl e o f  eart h whic h woul d 
not  hav e bee n capabl e o f  provokin g fermentatio n b y a 
grap e yeast ,  an d that ,  o n th e othe r  hand ,  th e eart h o f  th e 
glas s house s I  hav e mentione d shoul d hav e bee n 
powerles s t o fulfil l  tha t  office ? An d why ? Because ,  a t 
th e give n moment ,  I  covere d tha t  eart h wit h som e 
glass .  Th e death ,  i f  I  m a y s o expres s it ,  o f  a  bunc h o f 
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Figur e 1 .  Model s o f  analogica l  transfer . 

grapes, thrown at that time on any vineyard, would 
infallibl y hav e occurre d throug h th e saccharomyce s 
parasite s o f  whic h I  speak ;  tha t  kin d o f  deat h woul d 
hav e bee n impossible ,  o n th e contrary ,  o n th e littl e 
spac e enclose d b y m y glas s houses ,  llios e fe w cubi c 
yard s o f  air ,  thos e fe w squar e yard s o f  soil ,  wer e there , 
i n th e mids t  o f  a  universa l  possibl e contagion ,  an d the y 
wer e saf e fro m i t  I s i t  no t  permissibl e t o believe ,  b y 
analogy ,  tha t  a  da y wil l  com e whe n easil y appUe d 
preventiv e measure s wil l  arres t  thos e scourge s whic h 
suddenl y desolat e an d terrif y populations ;  suc h a s th e 
fearfu l  diseas e (yello w fever )  whic h ha s recentl y 
invade d Senega l  an d th e valle y o f  th e Mississippi ,  o r 
tha t  othe r  (buboni c plague) ,  ye t  mor e terribl e perhaps , 
whic h ha s ravage d th e bank s o f  th e Volga ? (translate d 
i n Vallery-Rado t  1960 ,  pp .  287-289 ;  fo r  th e origina l 
see Pasteur ,  1922 ,  vol .  n ,  p .  547) . 

Pasteur' s theoretica l  analog y ha d th e followin g structure : 
Fermentatio n i s cause d b y germs . 
Diseas e i s Uk e fermentation . 
So,  diseas e ma y als o b e cause d b y germs . 

As fa r  a s on e ca n tel l  fro m th e historica l  record ,  th e 
developmen t  o f  Pasteur' s idea s appear s t o fit  wit h th e 
standar d mode l  o f  analogica l  transfer .  I n workin g o n 
silkworms ,  h e wa s abl e t o dra w o n hi s previou s wor k o n 
fermentation ,  an d i n workin g o n huma n diseases ,  h e dre w 
on th e idea s an d technique s tha t  ha d bee n usefu l  wit h 
silkworms .  Th e previousl y understoo d problem s o f 
fermentatio n an d silkwor m disease s provide d source s fo r 
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analogica l  solutio n o f  th e subsequen t  targe t  proble m o f 
human disease . 

A simila r  theoretica l  analog y wa s als o importan t  i n th e 
developmen t  o f  m o d e m surgery .  Befor e th e 1860s .  man y 
surgica l  patient s suffere d seriou s infections ,  whic h wer e no t 
explame d unti l  th e Britis h surgeo n Josep h Liste r  realize d 
th e significanc e o f  Pasteur' s idea s abou t  fermentation ,  an d 
recognize d tha t  germ s i n th e ai r  ca n caus e infectio n o f 
wounds ,  jus t  a s the y caus e fermentatio n (Brock ,  1961 ,  p . 
84) . 
The structur e o f  Lister' s reasonin g was : 

Fermentatio n i s cause d b y geims . 
Putrefactio n (infection )  followin g surger y i s lik e 

fermentation . 
So,  putrefactio n m a y b e cause d b y germs . 

Thi s analogica l  transfe r  doe s no t  fit  th e standar d model . 
sinc e Liste r  mus t  hav e worrie d abou t  th e proble m o f  woun d 
infectio n fo r  man y year s befor e readin g Pasteur' s wor k o n 
fermentation ,  whic h reminde d hi m o f  th e pre-existin g 
wound targe t  problem .  I n thi s cas e th e sourc e proble m 
(fermentation )  prompte d th e targe t  proble m (infection) ,  s o i t 
best  fits  th e serendipit y mode l  o f  analogica l  transfer . 

The analog y betwee n fermentatio n an d infectio n wa s a 
remot e one ,  sinc e o n th e fac e o f  i t  ther e i s littl e apparen t 
similarit y betwee n grape s becomin g alcoholi c an d wound s 
becomin g infected .  Close r  analogie s ar e ubiquitou s i n 
medica l  researc h whic h relie s heavil y o n th e us e o f  anima l 
model s t o determin e th e cause s o f  disease .  Fo r  example , 
Rober t  Koc h determined  tha t  tuberculosi s i s cause d b y a 
bacteriu m b y doin g experiment s wit h guine a pigs .  H e 
showe d diia t  injectin g guine a pig s wit h bacteri a take n fro m 
othe r  guine a pig s wit h tuberculosi s induce d tuberculosi s i n 
them .  Obviousl y i t  woul d b e unethica l  t o induc e 
tuberculosi s i n human s i n thi s way ,  makin g i t  impossibl e t o 
do a  controlle d experimen t  o f  tuberculosi s i n humans . 
Koc h use d animal s t o generat e a n analo g t o huma n diseas e 
(Brock ,  1988) .  Thi s i s no t  a  cas e o f  analogica l  transfe r  b y 
remindin g o r  serendipity ,  bu t  rathe r  o f  constructin g a n 
anima l  analo g tha t  ca n the n b e use d t o mak e inference s 
abou t  huma n diseases .  Th e structur e o f  th e analogica l 
transfe r  i n thes e case s i s roughly : 

We wan t  t o kno w th e cause s o f  a  diseas e i n 
humans. 

Animal s (e.g .  guine a pigs )  hav e th e sam e (o r 
similar )  disease . 

I n animals ,  th e diseas e i s cause d b y X . 
So th e huma n diseas e m a y als o b e cause d b y 

somethin g Uk e X . 
The constructiv e natur e o f  anima l  analogie s i s eve n mor e 
eviden t  whe n n e w anima l  strain s ar e create d t o provid e 
model s fo r  huma n diseases .  Fo r  example ,  biologist s hav e 
use d geneti c engineerin g t o creat e a  strai n o f  mous e tha t 
get s Alzheimer' s disease .  Becaus e th e mous e develop s th e 
type s o f  plaque s o n th e brai n foun d i n human s wit h 
Alzheuner' s an d suffer s memor y problems ,  i t  ca n b e use d 
i n experiment s aime d a t  determinin g th e cause s o f  an d 
possibl e treatment s fo r  Alzheimer's .  Analogie s base d o n 
anima l  model s ar e als o importan t  fo r  therapeuti c purpose s 
(se e below) .  Sometimes ,  anima l  model s ar e arrive d a t 
serendipitously ,  a s w h e n researcher s w h o se t  ou t  t o 

geneticall y enginee r  rat s a s a  mode l  o f  h u m a n arthriti s 
discovere d tha t  the y ha d create d a  mode l  o f  ulcerativ e 
colitis . 

Critic s o f  anima l  experimentatio n hav e raise d doubt s 
abou t  th e abilit y  o f  suc h model s t o provid e explanation s o f 
human disease s (LaFollett e an d Shanks ,  1995) .  Anima l 
model s ofte n brea k d o w n becaus e o f  physiologica l 
difference s betwee n human s an d th e animal s used ,  whic h 
lea d t o difference s i n causalit y an d treatmen t  effectiveness . 
Treatment s tha t  ar e effectiv e i n animal s o r  i n th e tes t  tub e 
ofte n d o no t  wor k o n humans .  Analogica l  reasonin g i s 
ofte n a  risk y kin d o f  inference ,  bu t  Holyoa k an d Thagar d 
(1995 )  describ e variou s step s tha t  ca n b e take n t o improv e 
th e qualit y o f  analogica l  reasoning .  W e urg e analogist s t o 
us e syste m mappings ,  one s base d o n dee p similaritie s o f 
causa l  relation s rathe r  tha n superficia l  similarities .  W h e n 
anima l  experimentatio n use s animal s whos e physica l 
processe s ar e know n t o b e simila r  t o humans ,  ther e ca n b e a 
syste m mappin g base d o n th e existenc e o f  simila r  causa l 
mechanisms .  W e als o urg e analogist s t o us e multipl e 
analogies ,  tha t  i s  t o conside r  th e relevanc e o f  variou s 
possibl e sourc e analog s fo r  th e cas e a t  hand .  Well -
informe d medica l  researcher s loo k a t  variou s possibl e 
anima l  model s fo r  a  h u m a n disease ,  an d bas e thei r 
experimenta l  conclusion s o n dee p causa l  similaritie s 
betwee n th e animal s an d humans .  Unde r  thes e conditions , 
anima l  model s provid e generate d theoretica l  analogie s tha t 
ar e a t  leas t  suggestiv e abou t  th e cause s o f  disease s i n 
humans. 

Medica l  thinkin g abou t  som e h u m a n disease s ha s als o 
bee n aide d b y analogie s wit h simila r  diseases .  Researcher s 
on tuberculosi s mad e comparison s wit h simila r  infectiou s 
disease s suc h a s smallpo x an d syphilis ,  an d researcher s o n 
yello w feve r  m a d e comparison s wit h malaria .  Thes e 
analogie s ar e relativel y clos e one s an d generall y fit  th e 
standar d mode l  o f  analogica l  transfer .  Had lo w (1959 ) 
notice d similaritie s betwee n th e shee p diseas e scrapi e an d 
th e N e w Guine a diseas e kur u an d suggeste d experiment s 
t o determin e i f  th e latte r  wa s als o transmissible .  Researc h 
on thes e brai n disease s le d t o Prusiner' s (1982 )  hypothesi s 
concernin g a  nove l  infectiou s agen t  calle d prions ,  whic h h e 
analogicall y suggeste d migh t  als o b e responsibl e fo r  othe r 
disease s suc h a s Alzheimer's . 

I  hav e include d i n thi s sectio n onl y analogie s tha t  ar e 
importan t  i n th e developmen t  an d justificatio n o f 
explanator y hypotheses .  Explanator y analogie s whos e 
functio n i s primaril y expositor y ar e discusse d i n th e sectio n 
on educationa l  analogies . 

Experimental Analogies 

I n orde r  t o establis h a  medica l  hypothesis ,  controlle d 
experiment s ar e neede d t o distinguis h causatio n fro m mer e 
correlations .  Epidemiologist s hav e establishe d numerou s 
standard s fo r  designin g experiment s tha t  addres s th e cause s 
of  diseases .  Becaus e o f  th e complexit y o f  experimentation , 
however ,  i t  i s  unlikel y tha t  medica l  researcher s desig n thei r 
experiment s fro m scratch .  Experimenta l  desig n ca n b e 
don e b y a n ̂ plicatio n o f  th e standar d mode l  o f  analogica l 
transfer ,  w h e n a  researche r  remember s a  previou s 
experimen t  tha t  suggest s h o w t o d o th e desire d n e w 
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experiment .  Dunba r  (1995 )  describe s th e frequen t  us e o f 
analogie s i n th e desig n o f  experiment s i n molecula r 
biology ,  an d Kettle r  an d Darde n (1993 )  describ e a  progra m 
tha t  use s analog y t o hel p desig n protei n sequencin g 
experiments . 
Experimenta l  analogie s hav e th e followin g structure : 

We nee d t o d o a n experimen t  t o accomplis h X . 
A previou s experimen t  accomplishe d Y ,  a  tas k 

simila r  t o X . 
So,  w e ca n d o a  modificatio n o f  th e previou s 

experiment . 
I t  i s  als o possibl e tha t  analogica l  transfe r  i n experimenta l 
desig n coul d fi t  th e serendipit y model .  W e coul d imagin e 
a researche r  wonderin g h o w t o desig n a n experimen t  t o tes t 
a hypothesi s an d the n encounterin g a  pape r  describin g a n 
experimenta l  procedur e tha t  test s a  simila r  hypothesis .  Th e 
researcher  coul d the n desig n a  simila r  experiment . 

Diagnostic Analogies 

Medica l  research  aim s a t  discoverin g th e cause s o f  diseases , 
but  th e reasonin g tas k facin g mos t  physician s consist s o f 
diagnosin g th e presenc e o f  diseas e i n individua l  patients . 
Th e physicia n need s t o decid e wha t  diseas e o r  comple x o f 
disease s provide s th e bes t  explanatio n o f  th e patient' s 
symptoms .  Thi s tas k ofte n doe s no t  involv e analogy .  I n 
straightforwar d cases ,  i t  ca n b e almos t  deductive :  I f  th e 
patien t  ha s symptom s SI ,  S2 ,  an d S3 ,  the n i t  i s  almos t 
certai n tha t  th e patien t  ha s th e diseas e D .  I n mor e comple x 
cases ,  th e reasonin g i s abductive ,  wit h th e physicia n havin g 
t o pic k fro m a  variet y o f  disease s tha t  woul d explai n th e 
patient' s symptom s a  diagnosi s tha t  fits  bes t  wit h wha t  i s 
known . 
Sometimes ,  however ,  a  diagnosi s proble m doe s no t  admi t 
of  a  simpl e deductiv e o r  abductiv e solution ,  an d analogie s 
m ay the n b e useful .  Th e genera l  structur e o f  diagnosti c 
analogie s is : 

Th e patien t  P  ha s th e unusua l  se t  o f  symptom s SI , 
S2,  an d S3 . 

Anothe r  patien t  wit h simila r  symptom s ha d a 
diseas e D . 

So mayb e P  ha s th e diseas e D  also . 
Koto n (1988 )  describe s a  case-based-reasonin g progra m 
tha t  produce s causa l  explanation s o f  a  hear t  patient' s 
symptom s b y retrievin g example s o f  simila r  patients . 

Therapeutic Analogies 

I n additio n t o th e tas k o f  diagnosis ,  medica l  reasoner s wan t 
t o b e abl e t o trea t  patient s i n way s tha t  cur e thei r  disease s o r 
at  leas t  reduc e thei r  symptoms .  BerUnge r  (1996 )  describe s 
a dramati c cas e o f  a  bab y b o m wit h a  cysti c cygrom a tha t 
m a de i t  ver y difficul t  fo r  hi m t o breathe .  W h e n th e bab y 
stoppe d breathing ,  i t  becam e crucia l  t o inser t  a  tub e i n th e 
baby' s airway ,  bu t  a  bunc h o f  yello w cyst s hi d th e airwa y 
so i t  wa s no t  clea r  wher e t o inser t  th e tube .  Dr .  Berlinge r 
fortunatel y remembere d a  previou s cas e wher e a n 
emergenc y technicia n ha d inserte d a  breathin g tub e t o sav e 
th e lif e o f  a  snowmobile r  wit h a  severe d windpip e b y 
stickin g th e tub e wher e blood y bubble s indicate d th e 
airway .  Analogously ,  Berlinge r  pushe d d o w n o n th e 

baby' s ches t  t o pus h ai r  ou t  throug h th e cysts ,  generatin g 
saliv a bubble s tha t  h e coul d us e a s a  guid e fo r  insertio n o f 
th e breathin g tube .  Thi s therapeuti c analog y fits  th e 
standar d mode l  o f  analogica l  transfer ,  wit h th e docto r 
retrieving  a  sourc e proble m (th e snowmobiler )  t o solv e th e 
targe t  proble m (th e baby) .  Ther e ar e undoubtedl y mor e 
prosai c case s i n whic h physician s prescrib e treatment s 
becaus e the y worke d previousl y wit h th e sam e o r  simila r 
patients . 
Therapeuti c analogie s ca n als o b e base d o n similaritie s 
betwee n diseases .  Greenber g an d Roo t  (1995 )  describ e a 
cas e wher e a  physicia n wa s unabl e t o diagnos e a  particula r 
diseas e o r  disease s i n a  patien t  wit h a  ver y comple x se t  o f 
symptoms .  However ,  becaus e th e patient' s symptom s wer e 
simila r  t o thos e o f  patient s wit h identifie d disease s w h o ha d 
bee n successfull y treated ,  th e physicia n recommende d a 
simila r  treaunent .  Thi s cas e fit s th e standar d mode l  o f 
analogica l  transfer . 
At  a  mor e genera l  level ,  therapeuti c analogie s ca n b e draw n 
fro m anima l  model s use d i n experiment s t o determin e th e 
effectivenes s o f  treatment s fo r  diseases .  Th e genera l 
structur e o f  thes e analogie s is : 

We wan t  t o kno w th e medica l  effect s o f  a 
treatmen t  i n humans . 

Animal s (e.g .  guine a pigs )  ar e simila r  t o humans . 
So w e ca n tr y th e treatmen t  fu^ t  i n animals . 
We ca n the n transfe r  th e conclusion s (positiv e o r 

negative )  bac k t o humans . 
As wit h th e anima l  mode l  analogie s describe d abov e i n th e 
sectio n o n theoretica l  analogies ,  thes e analogie s fit  th e 
generativ e mode l  o f  transfer ,  an d th e valu e o f  th e anima l 
therapeuti c analogie s wil l  depen d o n th e relationa l 
similarit y o f  th e relevant  causa l  processe s i n animal s an d 
humans. 
Finally ,  her e i s a n analog y use d t o sugges t  earl y an d 
aggressiv e treatmen t  o f  H I V infection s (H o e t  al. ,  1995 ,  p . 
126) : 

Th e C D 4 lymphocyt e depletio n see n i n advance d HTV -
1 infectio n m a y b e likene d t o a  sin k containin g a  lo w 
wate r  level ,  wit h th e ta p an d drai n bot h equall y wid e 
open .  A s th e regenerative  capacit y o f  th e immun e 
syste m i s no t  infinite ,  i t  i s  no t  difficul t  t o se e wh y th e 
sin k eventuall y empties .  I t  i s  als o eviden t  fro m thi s 
analog y tha t  ou r  primar y strateg y t o revers e th e 
immunodeficienc y ough t  t o b e t o targe t  virall y 
mediate d destructio n (plu g th e drain )  rathe r  tha n t o 
emphasiz e lymphocyt e reconstitutio n (pu t  i n a  secon d 
tap) . 

Technological Analogies 

Medicin e require s m a n y technologie s fo r  th e diagnosis , 
treatment ,  an d preventio n o f  disease .  A  technologica l 
analog y i s on e i n whic h transfe r  produce s a  ne w medica l 
tool .  1  wil l  discus s thre e examples :  Lister' s treatmen t  o f 
wounds ,  th e inventio n o f  th e stethoscope ,  an d th e inventio n 
of  polymeras e chai n reaction . 
Lister' s analog y betwee n fermentatio n an d putrefactio n 
suggeste d a  possibl e mean s o f  preventin g infection .  H e 
recalle d tha t  carboli c aci d ha d bee n use d i n Carlisl e o n 
sewag e t o preven t  odo r  an d disease s i n catd e tha t  fe d upo n 
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th e pasture s irrigate d fro m th e refus e material ;  h e 
accordingl y bega n t o us e carboli c aci d t o steriliz e wounds , 
dramaticall y droppin g th e infectio n rate .  Thi s analogica l 
transfe r  fits  th e standar d model .  Havin g inferre d fro m 
Pasteur' s wor k tha t  germ s fro m th e ai r  migh t  caus e 
putrefaction ,  h e generate d a  n e w solutio n t o th e uirge l 
proble m o f  h o w t o preven t  germ s fro m infectin g wounds . 
Thi s proble m reminde d hi m o f  th e Carlisl e us e o f  carboU c 
acid ,  whic h h e the n applie d successfull y  (i f  no t  pleasantly ) 
t o surgery . 
Earlie r  i n th e nineteent h century ,  a  Frenc h physicia n ha d 
used analog y i n th e inventio n o f  th e mos t  widel y use d piec e 
of  medica l  technology ,  th e stethoscope .  Ther e ar e tw o 
differen t  historica l  account s o f  thi s discovery ,  alternativel y 
fittin g th e schem a an d serendipit y model s o f  analogica l 
transfer .  Her e i s Laennec' s (1962 ,  pp .  284-285 )  o w n 
descriptio n i n 181 9 o f  h o w h e invente d th e stethoscope : 

I n 1816, 1 wa s consulte d b y a  youn g w o m a n labourin g 
unde r  genera l  symptom s o f  disease d heart ,  an d i n 
whose cas e percussio n an d th e applicatio n o f  th e han d 
wer e o f  littl e avai l  o n accoun t  o f  th e grea t  degre e o f 
fatness .  Th e othe r  metho d jus t  mentione d [applicatio n 
of  th e ea r  t o th e chest ]  bein g rendere d inadmissibl e b y 
th e ag e an d se x o f  th e patient ,  I  happene d t o recollec t  a 
simpl e an d well-know n fac t  i n acoustics ,  an d fancied , 
at  th e sam e time ,  tha t  i t  migh t  b e turne d t o som e us e o n 
th e presen t  occasion .  Th e fac t  1  allud e t o i s th e 
augmente d impressio n o f  soun d whe n conveye d 
throug h certai n soli d bodies ,  -  a s whe n w e hea r  th e 
scratc h o f  a  pi n a t  on e en d o f  a  piec e o f  wood ,  o n 
applyin g ou r  ea r  t o th e other .  Immediately ,  o n thi s 
suggestion ,  I  rolle d a  quir e o f  pape r  int o a  sor t  o f 
cylinde r  an d applie d i t  t o on e en d o f  th e regio n o f  th e 
hear t  an d th e othe r  t o m y ear ,  an d wa s no t  a  littl e 
surprise d an d pleased ,  t o fin d tha t  I  coul d thereb y 
perceiv e th e actio n o f  th e hear t  i n a  manne r  muc h mor e 
clea r  an d distinc t  tha n I  ha d eve r  bee n abl e t o d o b y th e 
immediat e applicatio n o f  th e ear . 

Thi s accoun t  fits  wit h th e schem a mode l  o f  analogica l 
transfer :  Laenne c solve d th e targe t  proble m o f  h o w t o 
liste n t o th e woman' s hear t  b y abstractin g i t  int o a  genera l 
acousti c proble m tha t  reminde d hi m o f  pi n scratchin g a 
piec e o f  wood .  Th e woo d the n serve d a s a  sourc e t o 
sugges t  rollin g u p a  piec e o f  pape r  t o us e t o liste n t o th e 
woman' s heart .  O n Laennec' s account ,  a  genera l  acousti c 
fac t  provide d th e retrieva l  cu e fo r  finding  a  sourc e proble m 
tha t  coul d b e use d t o produc e a  solutio n t o th e targe t 
problem . 
A differen t  accoun t  has ,  however ,  foun d it s wa y int o th e 
historica l  record ,  du e t o Laennec' s frien d Lejumea u d e 
Kergaradac : 

Ains i  qu e I'auteu r  m e I' a racont d lui-meme ,  i l  du t  a u 
hasar d l a grand e ddcouvert e qu i  a  immortalis 6 so n 
nom.  Dison-l e tou t  d e suite ,  ce s hasards-l i  n e s e 
rencontren t  qu e sou s l e pa s d'u n h o m m e d e gdnie . 
Traversan t  u n jou r  l a cou r  d e Louvre ,  i l  aper^ u de s 
enfants ,  qu i  I'oreill e coll6 e au x deu x extr6mit6 s d e 
longue s pifece s d e bois ,  s e transmettaien t  l e brui t  d e 
petit s cou p d'6pingle s frapp6 s k  I'extrdmit d opposde . 
Cett e experienc e vulgair e d'acoustiqu e fu t  pou r  lu i 

c o m me un e r6v61ation .  I I  confu t  su r  l e cham p l a 
pens6 e d e I'applique r  k  I'dtud e de s maladie s d u coeur . 
D^s l e lendemain ,  h  s a cliniqu e d e I'hdpita l  Necker ,  i l 
pri t  l e cahie r  d e visite ,  l e roul a su r  lui-m6me ,  e t  l e 
ficela  bie n serrd ,  tou t  e n y  m6nagean t  u n cana l  central , 
pui s l e pos a su r  u n coeu r  malade .  C e fu t  l e premie r 
stethoscope ,  (quote d b y Grmek ,  1981 ,  p .  113) . 

Wherea s Laenne c describe d himsel f  a s usin g acousti c 
principle s t o thin k o f  th e woode n sourc e analogy ,  hi s 
friend' s accoun t  describe d Laenne c a s serendipitousl y 
encounterin g childre n listenin g t o a  pi n scratc h wood .  Th e 
children' s gam e provide d a  fortuitou s sourc e analo g tha t 
reminde d hi m o f  hi s ongoin g targe t  proble m o f  effectivel y 
Ustenin g t o patients '  chests .  I n accor d wit h th e serendipit y 
model  o f  analogica l  transfer ,  th e encountere d sourc e 
provide d a  retrieva l  cu e fo r  th e targe t  proble m rathe r  tha n 
vic e versa .  Th e historica l  recor d i s no t  adequat e t o 
establis h whic h o f  thes e account s o f  Laennec' s i s correct , 
althoug h a n authorit y lean s towar d Laennec' s o w n stor y 
(Gnne k 1981) .  Nevertheless ,  th e tw o version s o f  th e stor y 
ar e usefu l  fo r  distinguishin g betwee n th e schem a an d 
serendipit y model s o f  analogica l  transfer ,  an d Laennec' s 
discover y unde r  eithe r  descriptio n qualifie s a s a 
technologica l  analog y o f  grea t  medica l  importance . 
I n 1983 ,  Kar y MuUis ,  a  biologis t  a t  Cetu s Corporatio n i n 
Californi a invente d polymeras e chai n reactio n (PCR) ,  a 
technolog y tha t  n o w ha s m a n y application s i n molecula r 
medicine .  P C R i s a  metho d i n whic h a n enzym e calle d a 
polymeras e i s use d t o ac t  alon g a  stran d o f  D N A t o produc e 
unlimite d quantitie s o f  selecte d geneti c materia l  fo r  furthe r 
investigation .  Th e ide a fo r  P C R cam e t o hi m o n a  driv e t o 
hi s cabi n i n Mendocin o County .  H e ha d bee n lookin g fo r  a 
genera l  procedur e fo r  identifyin g a  singl e nucleotid e a t  a 
give n positio n i n a  D N A molecule .  Accordin g t o Rabino w 
(1996 ,  p .  96 )  th e discover y cam e abou t  becaus e Mulli s  ha d 
bee n experimentin g wit h fractal s an d othe r  computationa l 
procedure s involvin g iteratio n an d exponentia l 
amplification : 

Thi s wa s th e breakthroug h moment .  Hi s tinkerin g wit h 
fractal s an d othe r  compute r  program s ha d habituate d 
hi m t o th e ide a o f  iterativ e processes .  Thi s looping , 
bac k an d bac k again ,  a s borin g an d tim e consumin g a s 
i t  migh t  b e o n th e leve l  o f  physica l  practice ,  wa s nearl y 
effortles s o n th e computer .  Mulli s  m a d e th e 
connectio n betwee n th e tw o reahn s an d sa w tha t  th e 
doublin g proces s wa s a  hug e advantag e becaus e i t  wa s 
exponential . 

Thi s discover y appear s t o fi t  th e standar d mode l  o f 
analogica l  transfer .  Wonderin g abou t  h o w t o solv e th e 
targe t  proble m o f  producin g larg e quantitie s o f  geneti c 
principl e le d Mulli s  t o thin k o f  a  kin d o f  computationa l 
proble m wit h whic h h e wa s familiar .  Th e iterativ e 
processe s o f  fractal s the n provide d a  sourc e proble m tha t 
suggeste d a  soluUo n t o th e targe t  problem .  Thu s 
technologica l  analogie s exemplif y th e standar d a s wel l  a s 
th e schem a an d serendipit y model s o f  analogica l  transfer . 

Educational Analogies 

Al l  th e analogie s I  hav e discusse d s o fa r  ar e highl y creativ e 
one s i n whic h ne w solution s wer e suggeste d fo r  importan t 
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theoretical ,  experimental ,  diagnostic ,  therapeutic ,  an d 
technologica l  problems .  M u c h mor e common ,  however , 
ar e mor e prosai c educationa l  analogie s whic h functio n t o 
enabl e someon e w h o ha s alread y figured  ou t  somethin g 
abou t  th e natur e o f  diseas e t o conve y tha t  informatio n t o 
someone else .  Fo r  example ,  Zami r  (1996 )  explain s wh y 
regula r  exercis e i s importan t  fo r  health y heart s b y usin g a n 
extende d financial  analog y tha t  compare s coronar y outpu t 
t o ban k deposits .  Stracha n an d Rea d (1996 ,  p .  458 ) 
provid e a n analog y tha t  help s t o distinguis h th e role s o f 
differen t  cancer-causin g genes :  "B y analog y wit h a  bus , 
one ca n pictur e th e oncogene s a s th e accelerato r  an d th e T S 
[tumo r  suppressor ]  gene s a s th e brake .  Jammin g th e 
accelerato r  o n ( a dominan t  gain-of-functio n mutatio n i n a n 
oncogene )  o r  havin g al l  th e brake s fai l  ( a recessive-loss-o f 
functio n mutatio n i n a  T S gene )  wil l  mak e th e bu s ru n ou t 
of  control. "  Medica l  researcher s an d practitioner s ca n als o 
use analogie s t o explai n ne w idea s abou t  diseas e causalit y 
t o others .  Analogie s ca n als o b e use d t o giv e practica l 
advice ,  a s wit h th e followin g anonymou s compariso n 
inspire d b y M a d C o w Disease .  Saf e eatin g i s lik e saf e sex : 
You ma y b e eatin g whateve r  i t  wa s tha t  wha t  you'r e eatin g 
at e befor e yo u at e i t 

Conclusion 

I  hav e describe d ho w analogie s ar e usefu l  i n medicin e fo r 
theoretical ,  experimental ,  diagnostic ,  therapeutic , 
technological ,  an d educationa l  purposes .  Th e processe s o f 
analogica l  reasonin g ar e not ,  however ,  alway s th e same , 
and differen t  case s o f  medica l  analogizin g fit  differen t 
model s o f  analogica l  transfer ,  althoug h th e standar d mode l 
i n whic h sourc e analog s ar e remembere d an d applie d t o 
solv e a  targe t  proble m i s probabl y th e mos t  common . 
Additiona l  examinatio n o f  historica l  case s an d ongoin g 
medica l  practic e wil l  undoubtedl y provid e mor e 
illustration s o f  differen t  way s i n whic h analogica l  transfe r 
can contribut e t o medica l  thinking . 

Acknowledgments 

Thi s researc h i s funde d b y th e Natura l  Science s an d 
Engineerin g Researc h Counci l  o f  Canada . 

References 

Beriinger ,  N .  T .  (1996) .  Th e breat h o f  life . 
DiscoverQAarch) ,  102-104 . 
Biela ,  A .  (1991) .  Analog y i n science .  Frankfurt :  Pete r  Lang . 
Brock ,  T .  D .  (Ed.) .  (1961) .  Milestone s i n microbiology . 
Biglewoo d Qiffs ,  NJ :  Prentice-HaU . 
Brock ,  T .  D .  (1988) .  Rober t  Koch :  A  lif e i n medicin e an d 
bacteriology .  Madison ,  W I :  Scienc e Tec h Publishers . 
Bynum,  W .  F .  (1993) .  Nosology .  I n W .  F .  Bynu m &  R . 
Porte r  (Eds.) ,  Companio n encyclopedi a o f  th e histor y o f 
medicin e (pp .  335-356) .  London :  Routledge . 
Darden ,  L .  (1983) .  Artificia l  intelligenc e an d philosoph y o f 
science :  Reasonin g b y analog y i n theor y construction .  I n P . 
Asquit h &  T .  Nickle s (Eds.) ,  PS A 198 2 (pp .  147-165) .  Eas t 
Lansing : 
Dunbar ,  K .  (1995) .  H o w scientist s reall y reason :  Scientifi c 
reasonin g i n real-worl d laboratories .  I n R .  J .  Sternber g &  J . 

Davidso n (Eds.) ,  Mechanism s o f  insigh t  (pp .  365-395) . 
Cambridge ,  M A :  M I T Press . 
Click ,  M .  L. ,  &  Holyoak ,  K .  J .  (1980) .  Analogica l  proble m 
solving .  Cognitiv e Psychology ,  12 ,  306-355 . 
(jreenberg ,  D .  L. ,  &  Root ,  R .  K .  (1995) .  Decisio n makin g 
by analogy .  N e w Englan d Journa l  o f  Medicine ,  332 ,  592 -
596. 
Grmek,  M .  D .  (1981) .  L'inventio n d e I'auscultatio n 
mddiate .  Revu e d u palai s d e l a dicouverte{ll) ,  107-116 . 
Hadlow ,  W .  J .  (1959) .  Scrapi e an d kuni .  Lancet ,  2 ,  289-
290 . 
Ho,  D .  D. ,  Neumann .  A .  U. ,  Perelson ,  A .  S. ,  Chen ,  W. , 
Leonard ,  J .  M. ,  &  Markowitz ,  M .  (1995) .  Rapi d turnove r  o f 
plasm a virion s an d C D 4 lymphocyte s i n HIV- 1 infection . 
Science .  373 ,  123-126 . 
Holyoak ,  K .  J. ,  &  Thagard ,  P .  (1995) .  Menta l  leaps : 
Analog y i n creativ e thought .  Cambridge ,  M A :  M I T 
Press/Bradfor d Books . 
Kettler ,  B. ,  &  Darden ,  L .  (1993) .  Protei n sequencin g 
experimen t  plannin g usin g analogy .  I n L .  Hunte r  (Eds.) , 
Proceeding s o f  th e Firs t  Internationa l  Conferenc e o n 
intelligen t  system s fo r  molecula r  biolog y (pp .  216-224) . 
Menl o Park ,  C A :  A A A I  Press . 
Kolodner ,  J .  (1993) .  Case-base d reasoning .  Sa n Mateo , 
CA:  Morga n Kaufmann . 
Koton ,  P .  (1988) .  Reasonin g abou t  evidenc e i n causa l 
explanations .  I n Proceeding s o f  th e Sevent h Nationa l 
Conferenc e o n Artificia l  Intelligenc e (pp .  256-261) . 
Cambridge ,  M A :  M I T Press . 
Laennec ,  R .  (1962) .  A  treatis e o n th e disease s o f  th e ches t 
(Forbes ,  J. ,  Trans.) .  N e w York :  Hafher . 
LaFoUette ,  H. ,  &  Shanks ,  N .  (1995) .  T w o model s o f  model s 
i n biomedica l  research .  Philosophica l  Quarterly ,  45 ,  141 -
160. 
Langley ,  P. ,  &  Jones ,  R .  (1988) .  A  computationa l  mode l  o f 
scientifi c  insight .  I n R .  Sternber g (Eds.) ,  Th e natur e o f 
creativity :  Contemporar y psychologica l  perspectives ,  (pp . 
177-201) .  Cambridge :  Cambridg e Universit y Press . 
Leatherdale ,  W .  H .  (1974) .  Th e rol e o f  analogy ,  model ,  an d 
metapho r  i n science .  Amsterdam :  North-Holland . 
Nersessian ,  N .  (1992) .  H o w d o scientist s think ? Caphirin g 
th e dynamic s o f  conceptua l  chang e i n science .  I n R .  Gier e 
(Eds.) ,  Cognitiv e Model s o f  Scienc e (pp .  3-44) . 
MinneapoUs :  Universit y o f  Minnesot a Press . 
Pasteur ,  L .  (1922) .  Oeuvres .  Paris :  Masson . 
Prusiner ,  S .  B .  (1982) .  Nove l  proteinaceou s infectiou s 
particle s caus e scr^ie .  Science ,  216 ,  136-144 . 
Rabinow ,  P .  (1996) .  Makin g PCR.  Chicago :  Universit y o f 
Chicag o Press . 
Strachan ,  T. ,  &  Read ,  A .  P .  (1996) .  Huma n molecula r 
genetics .  N e w York :  BIO S Scientific . 
Temkin ,  O .  (1977) .  Th e doubl e fac e o f  Janus .  Baltimore , 
M D:  John s Hopkin s Universit y Press . 
Vallery-Radot ,  R .  (1926) .  Th e lif e o f  Pasteu r  (Devonshire , 
R.  L. ,  Trans.) .  Garde n City ,  N Y :  Doubleday . 
Zamir ,  M .  (1996) .  Secret s o f  th e heart .  Th e 
5c/encej(September/October) ,  26-31 . 

744 


	cogsci_1997_739-744

