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Abstrac t 

To explain the origins of new scientific ideas, historians and 
philosopher s o f  scienc e poin t  t o example s wher e scientist s 
appear  t o hav e draw n analogie s betwee n thei r  scientifi c 
domai n an d som e ver y differen t  domain .  B y contrast , 
researc h fro m th e psycholog y la b suggest s tha t  thos e kind s o f 
analogie s ar e ver y difficul t  t o obtai n i n eve n th e simples t 
situations .  T o resolv e thi s potentia l  conflict ,  w e examin e th e 
analogie s tha t  occu r  i n psycholog y la b grou p an d forma l 
colloquiu m settings .  Thi s approac h ca n b e viewe d a s a  cross -
sectiona l  approximatio n o f  a n historica l  analysis .  W e find  tha t 
as th e settin g move s furthe r  awa y fro m th e origina l  discovery , 
th e wa y differen t  type s o f  analogie s appea r  t o b e use d 
changes .  I n particular ,  analogie s betwee n ver y differen t 
domain s ar e neve r  use d i n reasonin g i n th e la b group ,  wherea s 
the y ar e frequentl y use d i n reasonin g i n forma l  colloquiu m 
presentations .  Yet ,  w e find  tha t  analog y betwee n ver y simila r 
domain s remain s a n importan t  sourc e o f  ne w idea s an d a 
metho d fo r  solvin g problem s i n scientifi c  settings . 

Introduction 

The researc h reporte d her e ha s bee n don e i n respons e t o a 
long-standin g questio n i n philosoph y an d psycholog y o f 
science .  Fro m wher e d o scientist s ge t  thei r  ideas ? Previou s 
researc h o n thi s questio n ha s suggeste d tha t  analog y ca n b e 
an importan t  sourc e o f  scientifi c  idea s (e.g. .  Centner ,  Brem , 
Ferguson ,  Markman ,  Levidow ,  Wolff ,  &  Forbus ,  1997 ; 
Centne r  &  Jeziorski ,  1989 ;  Thagard ,  1988) .  Fo r  example , 
Kekul 6 i s sai d t o hav e develope d th e ide a o f  a  circula r 
molecula r  structur e fo r  benzen e fro m a  drea m o f  a  snak e 
swallowin g it s tail . 

I n addition ,  ther e i s  alread y m u c h researc h o n h o w 
analogie s ar e use d b y peopl e i n variou s domain s t o explain , 
explore ,  infer ,  an d persuad e other s wit h respec t  t o a 
particula r  ide a o r  approac h t o understanding .  S o m e o f  thes e 
domain s includ e politic s (Blanchett e &  Dunbar ,  1997) ,  mat h 
educatio n (VanLehn ,  1998) ,  histor y educatio n (Youn g & 
Leinhardt ,  i n press) ,  narrativ e interpretatio n (Holyoak , 
1985) ,  an d molecula r  biolog y (Dunbar ,  1995) . 

A parado x arise s fro m thi s previou s wor k o n analogy .  O n 
th e on e hand ,  whe n philosopher s an d historian s o f  scienc e 
hav e discusse d th e rol e o f  analog y i n science ,  the y hav e 
referre d primaril y t o wha t  on e migh t  cal l  long-distanc e 
analogies — analogie s betwee n tw o highl y distinc t  domain s 

(e.g. ,  Boden ,  1993 ;  Holyoa k &  Thagard ,  1995 ;  Koestler , 
1964 ;  Nersessian ,  1985 ;  Rhodes ,  1986 ;  Ueda ,  1997) .  Fo r 
example ,  idea s abou t  th e structur e o f  th e ato m wer e sai d t o 
deriv e fro m idea s abou t  th e structur e o f  th e sola r  syste m 
(i.e. ,  severa l  smalle r  bodie s orbitin g on e large r  bod y a t  th e 
center ,  wit h m u c h spac e between) .  Here ,  on e i s connectin g a 
sourc e i n th e domai n o f  astronom y t o a  targe t  i n th e domai n 
of  nuclea r  physics .  Anothe r  exampl e i s th e cas e o f  Kekul 6 
and th e analog y betwee n benzen e an d a  snake .  Her e th e 
sourc e domai n i s eithe r  mythology ,  everyda y experience ,  o r 
artisti c imagery ,  an d th e targe t  domai n i s chemistry .  I n eac h 
of  thes e kind s o f  famou s example s tha t  ar e m u c h discusse d 
i n histor y an d philosoph y o f  science ,  th e sourc e an d targe t 
domain s ar e almos t  completel y unrelate d (e.g. ,  Boden , 
1993 ;  Koestler ,  1964 ;  Nersessian ,  1985 ;  Rhodes ,  1986) . 

On th e othe r  hand ,  psychologica l  researc h o n analog y ha s 
foun d tha t  eve n whe n cued ,  subject s wil l  fai l  t o connec t  tw o 
ver y analogou s scenario s w h e n the y ar e fro m differen t 
domains .  O n e o f  th e mos t  famous ,  an d ofte n cited , 
demonstration s o f  thi s resul t  come s fro m Gic k an d Holyoa k 
(1983) .  The y showe d that ,  afte r  readin g a  stor y o f  h o w a 
genera l  take s a  larg e arm y acros s multipl e bridges ,  subject s 
wer e stil l  unabl e t o se e th e applicatio n o f  i t  t o a n analogou s 
medica l  problem .  Thi s resul t  wa s initiall y  quit e surprisin g 
and ha s bee n frequentl y replicated :  subject s usuall y d o no t 
spontaneousl y not e lon g distanc e analogie s (Holyoa k & 
Koh,  1987 ;  Mandle r  &  Orlich ,  1993 ;  Ross ,  1989) . 

Thu s w e hav e a  paradox :  I f  peopl e d o no t  spontaneousl y 
see long-distanc e analogie s i n suc h simpl e situations ,  h o w 
ca n scientist s se e long-distanc e analogie s i n th e 
complexitie s o f  thei r  research ? 

Ther e ar e a t  leas t  thre e simpl e resolution s t o thi s problem . 
First ,  i t  i s  possibl e tha t  scientist s ar e mor e intelligent , 
creative ,  o r  insightfu l  tha n th e averag e psycholog y 
experimen t  subject ,  an d thu s ar e abl e t o fin d an d us e lon g 
distanc e analogies .  Certainly ,  individual s ar e though t  t o var y 
alon g m a n y cognitiv e dimension s includin g creativit y 
(Gardner ,  1983) . 

Second ,  scientist s hav e m u c h deepe r  knowledg e o f  thei r 
subjec t  domai n an d thi s deepe r  knowledg e bas e m a y b e 
mor e supportiv e o f  long-distanc e analogies .  Alon g thos e 
line s Novic k (1988 )  foun d tha t  student s wit h greate r  mat h 
expertis e wer e bette r  abl e t o m a k e analogie s involvin g mat h 
problem s an d othe r  domains . 
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Third ,  i t  i s  possibl e tha t  scientist s d o no t  mak e muc h us e 
of  long-distanc e analogies ,  an d th e historica l  recor d i s 
misleading .  Unde r  thi s explanation ,  th e psychologica l 
researc h i s correc t  eve n fo r  scientists :  long-distanc e 
analogie s ar e no t  typicall y use d t o solv e problems .  T o 
accoun t  fo r  lon g distanc e analogie s describe d b y historian s 
of  science ,  thi s explanatio n assume s tha t  th e historica l 
recor d i s misleading .  I n particular ,  i t  m a y b e tha t  th e 
historica l  recor d contain s description s o f  lon g distanc e 
analogie s tha t  wer e develope d b y th e discoverer s afte r  th e 
discover y wa s made .  Thes e analogies ,  whil e no t  use d a s th e 
sourc e o f  th e discovery ,  m a y hav e bee n persuasiv e t o th e 
discovere r  an d wer e use d t o explai n th e discover y t o others . 
I n som e cases ,  th e scientist s them.selve s hav e pointe d t o 
thes e lon g distanc e analogie s a s th e sourc e o f  thei r  ideas . 
However ,  thes e account s wer e typicall y lon g afte r  th e 
discovery ,  an d psychologica l  researc h ha s demonstrate d tha t 
retrospectiv e account s o f  insight s an d analogie s ar e 
frequentl y ver y inaccurat e (Dunbar ,  1996 ;  Nisbet t  & 
Wilson .  1977 ;  Schun n &  Dunbar .  1996) .  Thi s las t 
possibilit y  doe s no t  sugges t  tha t  long-distanc e analogie s ar e 
neve r  use d b y scientists .  Instead ,  i t  merel y argue s tha t  long -
distanc e analogie s m a y no t  b e a s c o m m o n o r  importan t  a s 
th e previou s account s woul d suggest . 

T o resolv e thes e issues ,  on e ca n observ e scientist s a s the y 
ar e conductin g thei r  research ,  befor e th e historica l  recor d 
ca n b e rewritten .  O n e suc h approach ,  develope d b y Kevi n 
Dunba r  (1995 ,  1996 ;  Dunba r  &  Baker ,  1994) ,  i s  t o analyz e 
th e discussion s tha t  occu r  i n la b groups .  Increasingly , 
scienc e i s bein g conducte d i n th e contex t  o f  a  la b group , 
consistin g o f  a  hea d researcher ,  postdocs ,  graduat e students , 
and researc h assistants .  Thes e la b group s mee t  o n a  regula r 
basi s an d serv e a  ver y importan t  functio n fo r  th e discover y 
process :  ne w experiment s ar e developed ;  dat a i s interpreted ; 
and alternativ e hypothese s ar e proposed . 

Dunba r  (1996 )  use d thi s methodolog y t o examin e th e 
kind s o f  analogie s use d b y leadin g molecula r  biolog y la b 
group s a s the y mad e importan t  discoveries .  Analogie s wer e 
code d alon g tw o dimensions :  whethe r  th e analog y wa s 
within-organism ,  other-organism ,  o r  non-biologica l  (o r 
distant) ,  an d wha t  th e goa l  o f  th e analog y wa s (for m a 
hypothesis ,  desig n a n experiment ,  fi x  a n experiment ,  o r 
explai n a  concept) .  Dunba r  foun d that ,  o f  th e 9 9 analogie s 
identified ,  onl y tw o wer e fro m distan t  sources ,  an d bot h 
wer e use d t o explai n a  concep t  rathe r  tha n for m a  hypothesi s 
or  desig n o r  fix  a n experiment .  Wha t  h e conclude d fro m hi s 
stud y wa s tha t  distan t  analogie s ma y no t  hav e a  rol e i n th e 
makin g o f  discoveries ,  an d tha t  scientist s us e the m mor e t o 
explai n a  n e w concep t  t o a n audience .  H e als o note d tha t 
scientist s di d no t  ofte n remembe r  analogie s generate d 
durin g meetin g (includin g th e within-organis m analogies) . 
Thi s suggest s tha t  analogie s m a y b e use d a s scaffoldin g fo r 
th e constructio n o f  ne w ideas ,  an d ar e the n discarde d onc e 
the y hav e serve d thei r  purpose .  Thi s amnesi a fo r  th e 
analogie s tha t  wer e use d ma y explai n th e conflictin g vie w o f 
analog y fro m histor y o f  science .  Tha t  is ,  th e analogie s tha t 
wer e actuall y use d i n makin g th e discoverie s ar e simpl y 
missin g fro m th e historica l  record ,  leavin g onl y th e 
analogie s use d i n paper s an d presentation s t o convinc e 
other s (i.e. ,  th e distan t  analogies) . 

T o explor e thi s resolutio n o f  th e analog y paradox ,  w e us e 
a modificatio n o f  Dunbar' s methodology .  W e contras t  th e 
discu.ssion s tha t  occu r  i n la b group s wit h thos e tha t  occu r  i n 
colloquia .  Th e assumptio n i s tha t  researc h i s a t  a n earl y 
stag e whe n i t  i s  bein g addresse d i n la b groups .  A t  thi s point , 
idea s ar e formulate d an d focused ,  preliminar y studie s ar e 
planne d o r  dat a fro m the m i s analyze d t o determin e nex t 
steps .  Sinc e idea s ar e formulate d an d develope d i n thi s 
context ,  th e kind s o f  analogie s use d her e provide s insigh t 
int o whethe r  lon g distanc e analogie s ar e use d a s source s o f 
ideas .  I n othe r  words ,  wil l  Dunbar' s result s generaliz e t o 
othe r  domains ,  i n thi s case ,  tha t  o f  psychology ? 

Colloquia ,  b y contrast ,  presen t  later-stag e o r  complete d 
studies .  Conclusion s an d theorie s ar e typicall y wel l 
developed .  Highlight s fro m a  sequenc e o f  studie s rathe r  tha n 
al l  th e detail s o f  a  singl e stud y ar e presented .  Well -
formulate d idea s an d complete d discoverie s ar e bein g 
communicate d t o others ,  bot h withi n an d outsid e th e 
domain .  Her e th e emphasi s i s o n rhetorica l  goal s rathe r  tha n 
th e researche r  seekin g ne w ideas .  Th e kind s o f  analogie s 
tha t  occu r  i n thi s settin g wil l  provid e insigh t  int o whethe r 
lon g distanc e analogie s occu r  i n th e description s o f  researc h 
lon g afte r  i t  ha s bee n completed . 

Thus ,  th e la b group/colloquiu m distinctio n capture s muc h 
of  th e lif e cycl e fro m ongoin g discoverie s t o final 
presentation s o f  discoveries ,  whil e holdin g severa l  othe r 
feature s constan t  (e.g. ,  verba l  forma t  an d lengt h o f 
presentation) .  B y contrastin g th e analogie s use d i n eac h 
context ,  w e hop e t o provid e som e insigh t  int o th e parado x 
of  long-distanc e analogies :  ar e the y use d a s source s o f  idea s 
by scientists ,  o r  d o the y simpl e serv e rhetorica l  functions , 
appearin g primaril y afte r  th e discoverie s hav e bee n made ? 

I n thi s paper ,  w e wil l  analyz e discussion s tha t  occu r  i n la b 
grou p an d colloqui a i n variou s psycholog y domains .  O f 
particula r  focu s wil l  b e th e frequency ,  kind ,  an d us e o f 
analogie s i n eac h setting .  D o differen t  kind s o f  analogie s 
occu r  i n eac h setting ,  an d ar e differen t  kind s o f  analogie s 
use d differentl y i n eac h setting ? 

Methods 

For  thi s research ,  th e source s o f  dat a wer e a  serie s o f  vide o 
and audio-tape d recording s o f  th e proceeding s o f  tw o 
psycholog y la b group s an d on e colloquiu m series ,  al l  fro m 
withi n on e psycholog y department .  Th e psycholog y 
departmen t  i s par t  o f  a  majo r  universit y i n a  larg e Easter n 
US city .  Th e departmen t  ha s ove r  10 0 faculty ,  students , 
postdocs ,  an d researc h assistants .  Eac h la b grou p 
presentatio n involve d on e researche r  presentin g researc h 
tha t  wa s abou t  t o b e conducte d o r  ha d jus t  bee n conducte d 
but  no t  full y  analyzed .  Th e colloquiu m serie s presenter s 
wer e fro m aroun d th e worl d an d wer e invite d a s colloquiu m 
speaker s becaus e o f  th e establishe d excellenc e o f  thei r  work . 

Th e dat a se t  include d thre e colloqui a sessions ,  whic h 
wer e compose d o f  th e primar y speake r  an d 3 0 t o 6 0 
audienc e member s ( a mi x o f  faculty ,  postdocs ,  graduat e 
students ,  an d researc h assistants) .  T w o o f  th e speaker s wer e 
well-known ,  senio r  researcher s fro m othe r  universities .  Th e 
thir d speake r  wa s a  senior ,  interna l  facult y member .  Th e 
colloqui a rang e fro m 70-9 0 minute s i n length ,  an d topic s 
include d socia l  psychology ,  cognitiv e psychology ,  an d 
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Tabl e 1 :  Codin g dimension s an d exampl e analogie s fo r  eac h code . 

Dimensio n 

Sourc e 

Use 

Similarit y 
Base 

Mode 

Analogize r 

Codes 
Withi n 
Domai n 

Betwee n 
Domai n 

Used 

Mentione d 

Similarit y 

Dissimilarit y 

Asserte d 

Anticipate d 

Presente r 

Audienc e 

Example s 

Othe r  tha n that ,  th e structur e o l  th e stud y i s jus t  lik e th e first  one . 

Well ,  a  cognitiv e resourc e consumptio n i s reall y bearin g u h th e analog y tha t  w e us e t o 
go i n an d loo k a t  th e brai n activation .  Tha t  is ,  i n th e mode l  you'r e usin g u p mor e an d 
mor e resources ,  [tha t  is ]  you'r e usin g u p a  highe r  proportio n o f  resource s i n mor e 
difficul t  tasks . 
...there' s a  kin d o f  linea r  relationshi p betwee n th e two... ,  bu t  onl y whe n yo u ge t  u p 
clos e t o th e limit s d o yo u vastl y increas e th e difficulty ,  [whic h is ]  measure d b y brai n 
activity .  I t  suggest s a  somewha t  differen t  underlyin g model .  I  thin k dis k drive ,  [wit h a ] 
dis k driv e yo u ge t  simila r  effects .  It' s  no t  a  linear.. . 

I' m doin g a  simila r  stud y [t o th e Siegle r  an d Jenkin s study ]  right  n o w a t  th e * *  schoo l 

U m,  bu t  ou r  productio n syste m architectur e ha s som e particula r  propertie s tha t  ar e 
connectionis t  like.. .  representationa l  element s ar e conceptualize d a s havin g fade d 
level s o f  activation .  The y ca n b e mor e o r  les s activ e dependin g o n h o w accessibl e the y 
ar e t o th e system . 

And,  a s yo u ca n see ,  what' s differen t  abou t  th e forkin g moves ,  a s oppose d t o th e win s 
and blocks.. . 

** *  Al l  th e Abov e ar e Asserte d Analogie s ** * 

Well ,  wha t  abou t  th e remember/kno w paradig m that' s gotte n s o muc h pres s lately ? 
Have yo u trie d lookin g a t  that ? 

Othe r  tha n that ,  th e structur e o f  th e stud y i s jus t  lik e th e first  one . 

Well ,  wha t  abou t  th e remember/kno w paradig m that' s gotte n s o m u c h pres s lately ? 
Have yo u trie d lookin g a t  that ? 

cognitiv e neuropsychology .  N o n e o f  th e participant s wer e 
awar e o f  th e goal s o f  th e study . 

The five  la b grou p recording s wer e o f  th e meeting s o f  tw o 
differen t  la b groups .  O n e wa s a  developmenta l  psycholog y 
la b grou p comprise d o f  tw o faculty ,  thre e postdocs ,  thre e 
graduat e students ,  an d tw o researc h assistants .  Th e othe r 
was a  cognitiv e psycholog y la b grou p comprise d o f  thre e 
faculty ,  si x postdocs ,  fiv e graduat e students ,  an d fiv e 
researc h assistants .  Th e exac t  numbe r  o f  participant s varie d 
fro m meetin g t o meeting .  Thes e la b grou p meeting s als o 
wer e approximatel y 70-9 0 minute s long .  Bot h la b group s 
wer e ru n b y well-establishe d researcher s wit h researc h 
record s simila r  t o thos e o f  th e colloquiu m speakers . 

Al l  speech ,  includin g al l  question s an d comment s mad e 
by audienc e member s wer e transcribed ,  producin g a  tota l 
dat a sourc e o f  almos t  95,00 0 words .  Fro m thes e transcripts , 
analogie s wer e identifie d an d code d alon g fiv e dimension s 
by tw o independent  coders .  Base d o n th e recodin g o f  a 
subse t  o f  th e data ,  ther e wa s greate r  tha n 9 0 % inter-rate r 
reliability .  Difference s wer e easil y resolve d throug h 
discussion . 

For  th e coding ,  a n analog y wa s define d t o occu r  whe n 
existin g knowledg e fro m a  sourc e objec t  o r  domai n wa s 
compare d wit h a  targe t  objec t  o r  domai n i n orde r  t o increas e 
understandin g o f  tha t  target .  A n y tim e tha t  a  referenc e wa s 
made t o th e similarit y o r  dissimilarit y o f  tw o things ,  i n a 
structura l  o r  functiona l  sense ,  i t  wa s counte d a s a n analogy . 
I f  somethin g wa s sai d t o b e a n attribut e o f  somethin g els e o r 
an instanc e o f  a  category ,  i t  wa s no t  counte d a s a n analogy . 
For  example ,  i f  th e statemen t  wer e t o b e mad e tha t  th e 
model  "i s a  connectionis t  system, "  i t  woul d no t  b e 

considere d a n analogy .  I n addition ,  i f  on e thin g wa s bein g 
simpl y bein g re-describe d usin g ne w terminology ,  i t  wa s no t 
considere d analogy .  Fo r  example ,  i f  on e wer e t o re-describ e 
participan t  accurac y i n term s o f  d '  rathe r  tha n hi t  rate ,  thi s 
woul d no t  b e considere d a n analogy .  Onc e al l  th e analogie s 
wer e locate d an d agree d upon ,  the y wer e code d alon g 
severa l  dimensions .  Thes e ar e liste d o n Tabl e 1 ,  wit h 
example s fo r  each . 

Ther e wer e tw o dimension s tha t  wer e mos t  critica l  wit h 
respec t  t o ou r  researc h questions .  Th e firs t  wa s th e "Source " 
dimension .  Her e w e code d fo r  th e distanc e betwee n sourc e 
and targe t  accordin g t o whethe r  th e targe t  cam e fro m withi n 
th e sam e domai n a s th e sourc e o r  fro m a  differen t  domai n 
altogether .  Thi s dimensio n wa s take n fro m Dunba r  (1996 ) 
and modifie d t o sui t  th e curren t  domai n o f  psychology . 
Dunba r  distinguishe d betwee n withi n organism ,  betwee n 
organism ,  an d non-biologica l  analogies .  Whi l e thes e 
distinction s ar e importan t  an d appropriat e fo r  molecula r 
biology ,  the y ar e no t  applie d s o easil y t o psychology .  Fo r 
example ,  w h y shoul d analogie s betwee n socia l  an d 
cognitiv e phenomen a i n human s b e les s distan t  tha n 
analogie s betwee n memor y phenomen a i n rat s an d humans ? 
Thus ,  w e collapse d al l  withi n psycholog y analogie s i n a 
singl e Within-domai n category .  Analogie s betwee n 
psycholog y an d othe r  domain s (e.g. ,  betwee n psycholog y 
and economics )  o r  betwee n tw o similarl y differen t  domain s 
wer e code d a s Between-domai n analogies . 

Th e othe r  critica l  facto r  wa s th e "Use "  dimension : 
whethe r  o r  no t  th e analog y wa s use d i n reasoning . 
Analogie s coul d simpl y b e mentione d i n th e cours e o f  th e 
dialogue ,  jus t  t o poin t  ou t  a n additiona l  connectio n tha t  m a y 
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or  m a y no t  b e centra l  t o th e discussion .  Suc h analogie s wer e 
code d a s "Mentioned" .  I n th e Mentione d exampl e presente d 
i n Tabl e 1 ,  th e speake r  simpl y mentione d tha t  the y wer e 
doin g a  stud y analogou s t o a  previou s study ,  withou t  usin g 
tha t  analog y t o justif y a  previou s poin t  o r  t o motivat e a  ne w 
point .  I f  th e speake r  m a d e a n analog y an d use d i t  t o 
illustrat e o r  substantiat e a  point ,  o r  t o dra w a  furthe r 
inferenc e o n th e topi c a t  hand ,  i t  wa s code d a s "Used" .  I n 
th e Use d exampl e presente d i n Tabl e 1 ,  th e speake r  bring s 
up th e analog y t o argu e fo r  a n alternativ e conceptio n o f 
cognitiv e resourc e consumption .  Thi s n e w conceptio n i s 
the n use d i n th e discussion . 

Emphasi s i n previou s researc h ha s bee n o n similarit y 
analogie s a s source s o f  ideas .  However ,  analogie s ca n als o 
be base d o n dissimilaritie s betwee n entities .  T o examin e 
whethe r  suc h analogie s occurre d an d wha t  thei r  relativ e 
frequencie s were ,  w e code d fo r  th e "Similarit y Base " 
dimensio n accordin g t o whethe r  analogie s wer e base d o n 
similarit y o r  dissimilarity . 

Anothe r  dimensio n wa s tha t  o f  mode .  No t  al l  analogie s 
ar e full y  though t  throug h w h e n firs t  proposed .  Thes e new , 
incomplet e analogie s ar e interestin g becaus e th e m a y trac k 
th e introductio n o f  n e w ideas .  So ,  eac h analog y wa s code d 
as "Asserted "  i f  th e relatio n i s  observe d an d state d t o b e 
presen t  b y th e analogizer .  I f  th e analogize r  wa s askin g i f  a 
particula r  relatio n exist s betwee n tw o systems ,  o r  suggestin g 
tha t  on e migh t  exist ,  i t  wa s code d a s "Anticipated" . 

A final  dimenio n o f  interes t  i s  whethe r  th e analogie s wer e 
produce d b y th e presente r  o r  th e audienc e member .  Thi s i s 
th e "Analogizer "  dimension .  Th e one s produce d b y th e 
audienc e member s ar e o f  particula r  interes t  becaus e the y ar e 
potentiall y  bringin g n e w insight s t o th e presenter' s topic . 
Thus ,  w e examine d whethe r  betwee n domai n analogie s 
wer e mor e likel y t o b e give n b y th e presente r  (a s a  rhetorica l 
function )  o r  b y th e audienc e m e m b er  (a s a  sourc e o f  ideas) . 

Results & Discussion 

Ther e wer e a  tota l  o f  6 7 analogie s identified .  O f  thes e 67 ,  3 7 
came fro m th e 5  la b grou p transcript s (wit h betwee n 3  an d 
15 analogie s i n eac h transcript )  an d 3 0 fro m th e 3  colloqui a 
transcript s (wit h betwee n 4  an d 1 5 analogie s i n each) .  Thus , 
analogie s di d occu r  wit h som e regularit y i n eac h setting , 
althoug h som e presentation s i n eac h settin g involve d mor e 
analogie s tha n others . 

Becaus e ther e wer e mor e la b grou p transcript s an d 
becaus e ther e wer e roughl y a  simila r  numbe r  o f  analogie s i n 
eac h setting ,  th e comparison s betwee n th e tw o setting s wil l 
focu s o n proportion s rathe r  tha n absolut e frequencies .  Th e 
proportio n o f  code s o n eac h o f  th e dimensio n i n eac h settin g 
ar e presente d i n Tabl e 2 .  Sinc e th e N s ar e relativel y lo w 
throughout ,  th e statistica l  test s wer e don e usin g Fishe r  Exac t 
test s (whic h i s a  ver y conservativ e statistic) . 

Fo r  bot h colloquiu m an d la b grou p settings , 
approximatel y 8 0 % o f  th e analogie s wer e within-domai n 
analogies .  Thi s overal l  hig h frequenc y o f  within-domai n 
analogie s suppor t  Dunbar' s (1996 )  suggestio n tha t  within -
domai n analogie s ar e th e mor e c o m m o n occurrenc e i n 
scientifi c  settings .  However ,  tha t  th e proportion s di d no t 
diffe r  acros s th e tw o setting s wa s surprising .  W e ha d 

expecte d a  highe r  proportio n o f  betwee n domai n analogie s 
i n th e colloquiu m setting . 

By contrast ,  ther e wa s a  marginall y significan t  differenc e 
i n th e propoportio n o f  Use d analogie s i n eac h setting . 
Analogie s wer e almos t  twic e a s likel y t o b e use d i n 
colloquiu m setting .  Interestingly ,  th e majorit y o f  analogie s 
wer e simpl y mentione d i n bot h settings . 

Thes e overal l  wea k mai n effect s o f  Settin g o n Use d an d 
Mentione d hi d a  ver y importan t  interaction :  Use d X 
Mentione d X  Setting .  Tabl e 3  present s th e proportio n o f 
analogie s use d i n reasonin g separatel y fo r  withi n an d 
betwee n domai n analogies .  Withi n domai n analogie s wer e 
jus t  a s likel y t o b e use d i n reasonin g i n colloqui a a s i n la b 
groups .  B y contrast ,  betwee n domai n analogie s wer e ver y 
likel y t o b e use d i n reasonin g i n colloqui a bu t  wer e neve r 
use d i n reasonin g i n la b groups .  Thus ,  ther e appear s t o b e 
goo d evidenc e fo r  a  differenc e i n h o w analogie s appea r  t o 
be use d i n la b group s an d colloquia . 

T o mak e thi s effec t  concrete ,  conside r  th e followin g tw o 
examples .  Fro m th e colloquiu m setting : 

...strivin g i s  rea l  har d t o stud y wit h th e natur e o f  thi s 
construc t  becaus e thes e ar e no t  b y definitio n somethin g that' s 
out  there ,  w e achiev e i t  onc e an d you'v e accomplishe d it . 
Lik e t o b e a  helpfu l  person ,  yo u kno w it' s  no t  like ,  "Wel l  I'l l 
open th e doo r  fo r  someon e -  I' m helpful .  I  ca n mov e o n t o m y 
next  goal. "  It' s  kin d o f  lik e alway s there ,  yo u know ,  alway s 
recurring .  S o i t  make s i t  a  littl e harde r  t o stud y proces s 
question s like.. . 

Her e th e colloquiu m speake r  i s makin g a  betwee n domai n 
analog y (fro m everyda y lif e t o socia l  psychology) .  Althoug h 
th e analog y i s use d i n reasonin g t o suppor t  hi s arguments ,  i t 
i s a n analog y tha t  wa s previousl y though t  throug h an d ther e 
i s n o indicatio n tha t  i t  wa s use d i n discovery . 

F ro m th e la b grou p setting ,  a n audienc e member  i s 
comparin g th e result s fro m th e curren t  stud y o n childre n 
learnin g additio n t o a  previou s stud y o f  childre n learnin g 
subtraction : 

Table 2: Percent of analogies categorized as within 
domain ,  used ,  similarit y based ,  asserted ,  an d 

presente r  give n (separatel y b y setting) . 

Categor y 

Withi n Domai n 
Used 
Similarit y Base d 
Asserte d 
Presente r 

Coll . 

77 % 
43 % 
70 % 
93 % 
90 % 

Lab 
Group 

81 % 
27 % 
68 % 
97 % 
70 % 

P 

n.s . 
.2 

n.s . 
n.s . 
.1 

Tabl e 3 :  Percen t  o f  betwee n an d withi n domai n 
analogie s use d i n reasonin g (separatel y b y setting) . 

Typ e o f 
Analog y Colloqui a La b Grou p 

Betwee n 
Domain 
Withi n 
Domain 

71 % 

35% 

0 % 

33% 

.0 2 

n.s . 
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Lik e [with ]  addition ,  i f  yo u wer e lookin g a t  conception ,  seem s 
t o b e mor e o f  a  conceptua l  guide ,  sinc e the y don' t  eve r  hav e a 
procedure ,  th e mi n strategy ,  demonstrate d fo r  them .  Versu s i n 
buggy subtractio n they'r e basin g i t  o n th e fac t  tha t  the y kno w 
th e correct ,  they'v e see n th e correc t  procedur e befor e an d that' s 
what  they'r e using .  Tha t  i s a  ver y differen t  kin d o f  thing . 

Here ,  bot h sourc e an d targe t  ar e fro m withi n psycholog y 
(bot h cognitive/mathematica l  development) .  Despit e th e 
shor t  distanc e betwee n th e sourc e an d target ,  th e analog y i s 
an importan t  one ,  highlightin g a  potentiall y  crucia l  facto r  i n 
th e developmen t  o f  n e w strategie s (th e topi c o f  th e 
presentation) .  A s on e ca n se e b y th e verba l  disfluencies ,  th e 
analog y i s muc h les s well-formed ,  providin g som e evidenc e 
tha t  i t  i s  a  ne w idea .  Moreover ,  th e analog y i s provide d b y 
an audienc e member  rathe r  tha n b y th e speaker . 

I n general ,  analogie s wer e thre e time s a s likel y t o b e 
generate d b y a n audienc e m e m b er  i n th e la b grou p settin g 
tha n i n th e colloquiu m settin g (althoug h thi s differenc e wa s 
onl y marginall y  significant) .  However ,  thi s di d no t  explai n 
th e differenc e i n us e o f  analogie s i n th e tw o settings : 
audienc e member s wer e jus t  a s likel y t o produc e betwee n 
domai n analogie s a s wer e presenter s ( 2 1 % vs .  2 1 % ) ,  an d 
ther e wa s n o thre e wa y interactio n wit h setting .  Ther e wa s 
als o n o differenc e i n h o w likel y i t  wa s tha t  analogie s 
generate d b y audience  m e m b er  versu s presente r  analogie s 
woul d b e use d ( 5 7 % vs .  5 7 % ) ,  no r  wa s ther e a  thre e wa y 
interactio n wit h setting . 

The frequencie s o f  analogie s code d alon g th e Similarit y 
Base dimensio n follo w wel l  wit h th e c o m m o n 
understandin g o f  analogie s a s generall y bein g pu t  i n term s 
of  similarit y relations .  However ,  ther e wa s a  significan t 
proportio n o f  dissimilarit y base d analogie s i n bot h settings . 
Ther e wer e n o difference s i n th e us e o f  similarit y vs . 
dissimilarit y base d analogie s i n th e tw o settings . 

I n bot h la b grou p an d colloquiu m settings ,  almos t  al l  o f 
th e analogie s wer e asserte d rathe r  tha n anticipated .  A s on e 
migh t  expect ,  al l  thre e o f  th e anticipate d analogie s wer e 
produce d b y audienc e members ,  an d tw o o f  thos e thre e wer e 
i n coUoquia ,  wher e man y audienc e member s hav e relativel y 
littl e knowledg e o f  th e presenter' s researc h topic . 

General Discussion 

The primar y resul t  o f  thi s stud y i s tha t  whil e th e relativ e 
frequenc y o f  analogie s hel d n o larg e difference s betwee n 
presentatio n setting s alon g an y singl e dimension ,  th e us e o f 
analog y di d diffe r  significantl y a s a  functio n o f  th e distanc e 
betwee n th e sourc e an d th e target .  Specifically ,  th e 
analogie s draw n betwee n domain s wer e onl y use d i n th e 
reasonin g processe s i n colloquia .  Th e betwee n domai n 
analogies ,  whil e the y di d occu r  i n la b grou p settings ,  wer e 
mentione d an d no t  use d i n reasoning .  B y contrast ,  withi n 
domai n analogie s wer e use d i n bot h settings . 

Thes e finding s suppor t  on e resolutio n o f  th e parado x 
betwee n psycholog y la b finding s an d histor y an d 
philosoph y o f  scienc e claims :  lon g distanc e analogie s 
appea r  t o b e rarel y use d i n th e actua l  discover y processe s 
and,  instead ,  appea r  t o b e rhetorica l  addition s adde d afte r 
th e fact .  O f  course ,  w e d o no t  wis h t o clai m tha t  lon g 
distanc e analogie s ar e neve r  use d i n science .  Rather ,  thi s 
stud y simpl y suggests :  1 )  tha t  lon g distanc e analogie s d o no t 

occu r  frequentl y a s source s o f  n e w idea s i n scientifi c 
settings ;  2 )  withi n domai n analogie s serv e a  m u c h large r 
lol e i n thes e settings ;  an d 3 )  th e historica l  recor d m a y b e 
misleadin g wit h respec t  t o th e rol e tha t  lon g distanc e 
analogie s playe d i n previou s discoveries . 

Our  finding s hav e bot h som e importan t  similaritie s an d 
difference s betwee n thos e foun d b y Dunba r  (1996) .  Lik e 
Dunbar ,  w e foun d tha t  long-distanc e analogie s ar e no t  use d 
i n reasonin g i n la b grou p settings .  Thi s similarit y acros s 
researc h group s fro m ver y differen t  science s support s th e 
generalit y o f  thes e findings .  However ,  unlik e Dunbar ,  w e 
di d fin d man y (jus t  mentioned )  long-distanc e analogie s i n 
th e la b grou p settings .  I t  remain s t o b e see n whethe r  thes e 
ar e difference s betwee n psycholog y an d biology :  researc h 
problem s i n psycholog y m a y b e easie r  t o relat e t o everyda y 
lif e experiences .  Alternatively ,  i t  i s  possibl e tha t  difference s 
wer e du e t o difference s i n codin g analogy :  Dunbar' s 
definitio n o f  analog y include d tha t  i t  mus t  b e use d i n 
reasoning ,  an d thu s ther e m a y hav e bee n m a n y mentione d 
long-distanc e analogie s tha t  wer e excluded . 

I f  th e result s o f  th e curren t  stud y an d Dunbar' s stud y ar e 
correct ,  the n th e consequence s fo r  historica l  studie s ar e 
quit e severe :  writing s o r  ora l  report s m a d e afte r  th e 
discover y m a y no t  b e truste d regardin g th e rol e tha t 
analogie s playe d i n th e discoveries .  O f  course ,  psychologist s 
hav e bee n lon g suspiciou s o f  th e accurac y o f  retrospectiv e 
report s (Nisbet t  &  Wilson ,  1977 ;  Ericsso n &  Simon ,  1993) . 
Moreover ,  peopl e hav e bee n show n t o b e ver y inaccurat e 
regardin g th e origin s o f  thei r  scientifi c  hypothese s (Dunbar , 
1996 ;  Schun n &  Dunbar ,  1996) .  No t  al l  historica l  analyse s 
fal l  pre y t o thi s proble m equally :  la b book s wil l  continu e t o 
be a  goo d sourc e o f  data .  Unfortunately ,  no t  al l  scientist s ar e 
goo d abou t  keepin g organize d an d complet e la b books . 

I t  i s  als o importan t  t o not e tha t  historica l  an d 
philosophica l  analyse s wil l  alway s pla y a n importan t  rol e i n 
th e cognitiv e scienc e o f  science ,  regardles s o f  th e accurac y 
of  th e curren t  study' s results .  A t  th e ver y least ,  the y provid e 
description s o f  importan t  macro-leve l  phenomen a i n th e 
histor y o f  scienc e tha t  nee d t o b e furthe r  explaine d (e.g. , 
Boden ,  1983 ;  Centne r  e t  al. ,  1997 ;  Nersessian ,  1985 ; 
Schunn ,  Crowley ,  &  Okada ,  1998 ;  Thagard ,  1988) . 

The methodolog y use d her e represent s clea r  tradeoff s i n 
experimenta l  design :  a s w e increas e externa l  validit y w e 
los e th e benefit s o f  studie s conducte d i n th e psycholog y lab . 
A fe w particula r  issue s deserv e mention .  First ,  ther e wer e 
onl y tw o la b group s an d onl y 8  tota l  session s acros s bot h 
settings .  Thi s issu e o f  smal l  N s i s a  c o m m o n proble m wit h 
detaile d proces s analyse s o f  rea l  worl d cognition .  However , 
despit e th e smal l  N ,  th e ke y finding s involve d ver y larg e 
effect s tha t  wer e statisticall y reliabl e usin g conservativ e 
statistica l  tests .  T o examin e h o w stabl e th e finding s ar e 
withi n eac h setting ,  w e ar e currentl y extendin g th e analyse s 
t o a  large r  se t  o f  colloqui a an d la b grou p presentations . 

Second ,  i t  i s  possibl e tha t  importan t  n e w idea s ar e 
develope d o r  discoverie s ar e mad e outsid e o f  th e la b grou p 
settin g an d ar e no t  discusse d unti l  m u c h late r  presentation s 
(e.g. ,  a  colloquiu m talk) .  However ,  th e fiv e la b grou p 
presentation s wer e o f  researc h a t  variou s phase s o f  progres s 
(fro m jus t  starte d t o almos t  completed) ,  an d i n n o cas e wa s 
ther e us e o f  a  betwee n domai n analog y i n reasoning .  I t  i s 
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unclea r  wh y importan t  betwee n domai n analogie s woul d 
remai n hidde n i n eac h o f  thes e cases . 

Anothe r  potentia l  proble m i s tha t  ther e wer e differen t 
topic s i n th e differen t  settings .  Fo r  example ,  th e topi c o f  on e 
of  th e colloqui a wa s socia l  psychology ,  wherea s non e o f  th e 
la b group s involve d socia l  psychology .  However ,  ther e wa s 
a variet y o f  topic s i n bot h settings ,  wit h som e overlap ,  an d 
th e mai n finding s appeare d consisten t  acros s topic s withi n 
settings .  Thus ,  i t  i s  likel y tha t  thes e finding s wil l  generaliz e 
acros s othe r  topic s a s well . 

I t  i s  als o tru e tha t  ther e wer e differen t  peopl e presen t  i n 
eac h o f  th e settings ,  bot h a s presenter s an d audienc e 
members.  Mor e crucially ,  som e o f  th e la b grou p presenter s 
wer e graduat e student s an d postdocs— a ver y differen t  leve l 
fro m th e colloquiu m presenters .  However ,  ai l  o f  th e 
researc h presente d i n th e la b group s wa s designe d an d 
conducte d i n clos e consultatio n wit h th e primar y facult y 
researcher .  Moreover ,  ther e wa s consistenc y i n th e mai n 
findings  acros s th e differen t  presentations ,  suggestin g tha t 
th e mai n result s generaliz e acros s differen t  presente r  levels . 

Finally ,  t o anticipat e a  suggestion ,  i t  i s  clea r  tha t  a 
longitudina l  desig n shoul d b e th e nex t  step .  Fortunately ,  th e 
la b group s tha t  appeare d i n thi s stud y wer e quit e strong ,  an d 
i t  i s  likel y tha t  th e result s fro m thei r  studie s wil l  appea r  i n 
th e literatur e i n th e nea r  future .  Observatio n o f  mor e forma l 
presentation s o f  thes e sam e project s woul d b e a  logica l 
follow-u p project ,  an d th e curren t  stud y suggest s tha t  i t  wil l 
be a  worthwhil e undertaking . 
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