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W HY D O T H O U G HT E X P E R I M E N TS W O R K? 

Nancy J. Nersessian 

Progra m i n Histor y o f  Scienc e 

Princeto n Universit y 

Princeton ,  N J 0854 0 

A b s t r a c t 

Though t  experiment s hav e playe d a  centra l  rol e i n historica l 
case s o f  majo r  conceptua l  chang e i n science .  The y ar e 
importan t  i n bot h constructin g ne w representation s o f  natur e 
and i n conveyin g thos e representation s t o others .  I t  i s 
propose d tha t  researc h int o th e rol e o f  menta l  modellin g i n 
narrativ e comprehensio n ca n illuminat e ho w an d wh y 
though t  experiment s work .  I n constructin g an d "running " 
th e though t  experiment ,  w e mak e us e o f  inferencin g 
mechanisms ,  existin g representations ,  an d genera l  worl d 
knowledg e t o mak e realisti c transformation s fro m on e 
possibl e physica l  stat e t o th e nex t  an d thi s proces s reveal s 
impossibilit y  o f  applyin g existin g concept s t o th e worl d an d 
pinpoint s th e locu s o f  neede d conceptua l  reform . 

Introduction 

Throughou t  th e histor y o f  scienc e ther e ar e 

numerou s instance s wher e scientist s w h o hav e create d 

majo r  conceptua l  innovation s employe d though t 

experiment s an d use d the m a s a  mean s o f  conveyin g 

th e n e w representation s t o others .  Some ,  suc h a s 

Einstei n (1945) ,  hav e claime d tha t  a  specifi c  though t 

experimen t  wa s essentia l  i n thei r  initia l  constructio n 

of  th e n e w representation .  Usin g Einstei n a s a n 

example ,  Wertheime r  (1945 )  confirme d th e centralit y 

of  tha t  though t  experimen t  i n Einstein' s "Gestal t 

switch" ,  bu t  di d no t  analyz e h o w an d w h y i t  worke d 

t o creat e th e conceptua l  change .  Indeed ,  despit e 

widesprea d recognitio n o f  th e us e an d importanc e o f 

though t  experiment s i n conceptua l  chang e i n science , 

ther e ha s bee n littl e analysi s -  b y eithe r  psychologist s 

or  philosopher s an d historian s o f  scienc e -  o f  h o w 

the y functio n an d w h y the y ar e effectiv e i n bringin g 

abou t  change . 

Withi n philosoph y an d histor y o f  science , 

earlie r  scholarshi p presente d tw o pole s o f  interpre -

tatio n o f  thei r  rol e i n creatin g conceptua l  change . 

D u h e m dismisse d the m a s bogu s precisel y becaus e 

the y ar e "no t  onl y no t  realize d bu t  incapabl e o f  bein g 

realized "  (Duhe m 1914 ,  p.202) ,  i.e. ,  the y ar e no t  "ex -

perimental "  i n th e customar y sense .  Koyr 6 (1939 , 

1968) ,  o n th e othe r  hand ,  argue d tha t  thei r  logica l 

forc e i s s o compellin g tha t  the y supplan t  rea l  experi -

mentatio n i n th e constructio n o f  n e w representation s 

fo r  phenomena .  Th e "thought "  par t  o f  th e experimen t 

predominate s an d show s th e syntheti c a  prior i  natur e 

of  scientifi c  knowledge . 

Contemporar y historian s an d philosopher s o f 

scienc e b y an d larg e rejec t  bot h exti-eme s o f  empiri -

cis m an d rationalism .  The y acknowledg e tha t  though t 

experiment ,  whil e no t  eliminatin g th e nee d fo r  rea l 

experiment ,  i s  a n importan t  heuristi c fo r  creatin g 

conceptua l  chang e i n science .  Ther e hav e bee n a  fe w 

recen t  attempt s t o analyz e th e functio n o f  though t 

experiments .  Whil e thes e ar e sketch y an d limited , 

some d o yiel d usefu l  insights . 

T wo analyse s focu s o n th e empirica l  forc e o f 

though t  experiments .  Th e notio n tha t  a n experimen t 

havin g rea l  empirica l  consequence s ca n tak e plac e i n 

though t  seem s paradoxical .  Yet ,  K u h n claims : 

"Though t  experimen t  i s on e o f  th e essentia l 

analytica l  tool s whic h ar e deploye d durin g crise s an d 

whic h the n hel p t o promot e basi c conceptua l  reform " 

(Kuhn ,  1964 ,  p.263) . 

He argue s tha t  though t  experiment s perfor m thi s 

functio n b y showin g tha t  ther e i s n o consisten t  way , 

i n actua l  practice ,  o f  usin g accepte d existin g concep -

ts .  Tha t  is ,  th e though t  experimen t  reveal s tha t  i t  i s 

not  possibl e t o appl y th e conceptualization s w e hav e 

of  pehnomen a consistentl y t o real-wori d phenomen a 

an d tha t  thi s practica l  impossibilit y  translate s int o a 

logica l  requiremen t  fo r  conceptua l  reform .  Goodin g 

(1990 )  i n hi s analysi s o f  Faraday' s experimenta l  prac -

tices ,  pick s u p o n Kuhn' s analysis ,  renderin g th e 

empirica l  forc e o f  though t  experiment s i n term s o f 

thei r  demonstiatio n o f  wha t  h e call s th e "impractica -

biUt y o f  doing" .  Goodin g i s concerne d t o sho w h o w 

th e rea l  wori d experimenter' s "procedura l  knowledge" , 

i.e. ,  taci t  an d explici t  knowledg e o f  practica l  skill ,  i s 

utUize d i n constructin g an d manipulatin g though t 

experiments .  Bot h o f  thes e analyse s contai n impor -

tan t  insight s abou t  th e relationshi p betwee n th e 

conceptua l  an d th e experientia l  dimension s o f  knowl -

edge . 

T wo othe r  analyse s focu s o n th e logica l  forc e 

of  though t  experiments .  First ,  B row n (1987 )  claim s 

tha t  though t  experiment s ar e a  specie s o f  a  prior i 
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reasoning ,  bu t  the y ge t  a t  somethin g tha t  canno t  b e 

derive d fro m logica l  argumentation .  Hi s positiv e 

suggestio n i s tha t  the y provid e a  specia l  windo w 

throug h whic h th e min d grasp s universals .  I t  seem s 

tha t  Brow n i s tryin g t o captur e th e idealizin g functio n 

of  though t  experiments .  However ,  hi s approac h 

throug h linguisti c analysi s alon e doe s no t  affor d th e 

possibilit y  o f  understandin g thei r  experimenta l  natur e 

an d w h y the y hav e empirica l  consequences .  Second , 

Norto n (1986 )  claim s tha t  though t  experiment s can ,  i n 

essence ,  b e reconstructe d as ,  an d replace d by ,  argu -

ments .  Thi s analysi s i s th e mos t  sympatheti c fo r 

philosopher s w h o wis h t o restric t  reasonin g t o logica l 

argumentatio n -  whethe r  deductiv e o r  inductive . 

Certainl y though t  experiment s contai n a n argument . 

However ,  a s Norto n himsel f  acknowledges ,  th e argu -

ment  ca n onl y b e constructe d afte r  th e fact ,  i.e. ,  th e 

argumen t  i s no t  eviden t  unti l  afte r  th e though t  experi -

ment  ha s bee n execute d Additionally ,  h e support s hi s 

clai m b y notin g th e presentatio n o f  a  though t  ex -

perimen t  contain s particular s irrelevan t  t o th e general -

it y o f  th e conclusion .  Whil e thi s i s correct ,  hi s 

emphasi s reveal s tha t  h e ha s faile d t o se e th e con -

structiv e functio n o f  th e narrativ e for m i n whic h 

though t  experiment s ar e customaril y presented . 

Thi s pape r  propose s tha t  construin g though t 

experiment s a s a  specie s o f  menta l  modellin g offer s 

th e bes t  possibilit y  o f  explainin g h o w i t  i s  tha t  a n 

experimen t  mad e i n though t  ca n hav e bot h th e logica l 

and empirica l  forc e t o compe l  an d communicat e 

conceptua l  chang e tha t  th e historica l  recor d seem s t o 

indicate .  Whil e certainl y no t  uncontroversial ,  th e 

notio n tha t  menta l  simulatio n i s a  centra l  aspec t  o f 

cognitio n i s widel y accepte d amon g cognitiv e scien -

tists .  Howeve r  th e potentia l  rol e o f  "menta l  model -

ling "  i n conceptua l  change ,  bot h i n scienc e an d i n 

general ,  ha s no t  bee n investigated .  M y ai m i s t o 

sho w tha t  bringin g though t  experiment s unde r  th e 

pervie w o f  menta l  model s researc h wil l  enabl e u s t o 

bette r  understan d thei r  functio n an d thei r  relationshi p 

t o othe r  aspect s o f  scientifi c  thinking .  Th e weaknes s 

of  th e analyse s o f  Brow n an d Norto n li e i n thei r 

takin g th e traditiona l  philosophica l  rout e o f  construin g 

a though t  experimen t  a s a  for m o f  reasonin g wit h 

propositions .  Wha t  Kuh n an d Goodin g ar e tryin g t o 

captur e may ,  i n fact ,  no t  b e abl e t o b e represente d 

propositionally .  M y hypothesi s i s tha t  propositiona l 

representation s canno t  captur e th e experimenta l 

dimensio n o f  a  though t  experiment .  Runnin g a 

menta l  simulatio n i s require d fo r  a  i t  t o b e bot h 

"thought "  an d "experimental" .  Th e analysi s presente d 

her e conceive s o f  th e origina l  though t  experimen t  a s 

th e constructio n o f  a  menta l  mode l  b y th e scientis t 

w ho imagine s a  sequenc e o f  events .  Sh e the n use s a 

narrativ e for m t o describ e th e sequenc e i n orde r  t o 

communicat e th e experimen t  t o others ,  i.e. ,  t o ge t 

the m t o ru n th e correspondin g simulation .  Whil e 

though t  experiment s ar e use d extensivel y i n scientifi c 

thinkin g an d teaching ,  w e wil l  focu s o n a  fe w tha t 

hav e bee n instrumenta l  i n creatin g majo r  conceptua l 

chang e i n science . 

Case Studies: Galileo and Einstein 

Althoug h ther e ar e m a n y grea t  though t 

experimenter s i n th e histor y o f  science ,  th e one s w h o 

hav e attracte d th e mos t  attentio n ar e Galile o an d 

Einstein .  Bowin g t o traditio n an d hopin g t o capitaliz e 

on wha t  m a y alread y b e familia r  t o th e reader ,  I  wil l 

giv e a  brie f  presentatio n o f  a  fe w o f  th e though t 

experiment s devise d b y Galile o an d b y Einstei n t o 

conve y som e sens e o f  th e variet y suc h experiment s 

displa y an d t o elici t  som e c o m m o n feature s fo r 

furthe r  analysis . 

Galileo' s importanc e a s a  pivota l  figure  i n 

th e transitio n fro m th e qualitativ e categorie s o f 

aristotelia n an d medieva l  theorie s o f  motio n t o th e 

quantitativ e representatio n o f  motio n provide d b y 

Newton' s mechanic s i s widel y recognized .  A s show n 

i n analyse s b y Koyr 6 (1939 )  an d Claveli n (1968) , 

among others ,  Galile o drasticall y transforme d th e 

proble m o f  h o w t o g o abou t  constructin g a  mathe -

matica l  representatio n o f  th e phenomen a o f  motion . 

That  process ,  whic h Koyr 6 calle d "mathematization" , 

require d constructin g a n idealize d representation , 

quantifyin g thi s representation ,  an d mappin g th e 

quantifie d representatio n bac k ont o th e rea l  world . 

Whil e i t  i s  n o w clea r  tha t  Galile o mus t  hav e per -

forme d man y mor e real-worl d experiment s tha n 

Koyr 6 woul d hav e like d (See ,  e.g. ,  Drak e 1973 ; 

Naylo r  1976 ;  an d Settl e 1961) ,  n o on e woul d den y th e 

importanc e o f  hi s us e o f  though t  experimen t  i n th e 

mathematizatio n process .  Take ,  a s example ,  hi s 

analysi s o f  fallin g bodie s (GalUe i  1683 ,  pp .  62-86) . 

T H O U G HT E X P E R I M E NT G l :  Accordin g t o th e 

aristotelia n theor y heavie r  bodie s fal l  faste r  tha n 

lighte r  ones .  Thi s belie f  rest s o n a  purel y qualitativ e 

analysi s o f  th e concept s o f  'heaviness '  an d 'lightness' . 

Galile o argue d agains t  thi s belie f  an d constructe d a 

new,  quantifiabl e representatio n throug h a  sustaine d 

analysi s usin g severa l  though t  experiment s an d 

limitin g cas e analyses .  Th e outlin e o f  hi s us e o f  thes e 

procedure s i s a s follows .  H e call s o n u s t o imagin e 

we dro p a  heav y bod y an d a  ligh t  one ,  m a d e o f  th e 

same material ,  a t  th e sam e time .  W e woul d custom -

aril y  sa y tha t  th e heav y bod y fall s faste r  an d th e ligh t 

bod y mor e slowly .  N o w suppos e w e ti e th e tw o 
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bodie s togethe r  wit h a  ver y thi n -  almos t  immateria l  -

string .  Th e combine d bod y shoul d bot h fal l  faste r 

an d mor e slowly .  I t  shoul d fal l  faste r  becaus e a  com -

bine d bod y shoul d b e heavie r  tha n tw o separat e 

bodie s an d shoul d fal l  mor e slowl y becaus e th e 

slowe r  bod y shoul d retar d th e motio n o f  th e faste r 

one .  Clearl y somethin g ha s gon e amis s i n ou r  under -

standin g o f  'heavier '  an d 'lighter' .  Havin g pinpointe d 

th e proble m area ,  Galile o the n goe s o n t o sho w tha t 

i t  i s  a  mistak e t o extrapolat e from  wha t  i s tru e a t  res t 

t o wha t  happen s whe n bodie s ar e i n motion .  Tha t  is , 

he ha s u s conside r  tha t  whe n th e tw o bodie s ar e a t 

rest ,  th e lighte r  wil l  pres s o n th e heavier ,  an d ther -

efor e th e combine d bod y i s heavier .  Bu t  whe n w e 

imagin e th e tw o bodie s ar e i n motion ,  w e ca n se e th e 

lighte r  doe s no t  pres s o n th e heavie r  an d thu s doe s 

not  increas e it s weight .  W h a t  Galile o ha s don e u p t o 

thi s poin t  i s  us e th e though t  experimen t  t o revea l  th e 

inconsistencie s i n th e medieva l  belief ,  th e ambiguitie s 

i n th e concepts ,  an d th e nee d t o separat e th e heavi -

nes s o f  a  bod y from  it s effec t  o n spee d i n orde r  t o 

analyz e fre e fall .  H e the n goe s on ,  usin g th e method s 

of  though t  experimen t  an d limitin g cas e analysi s i n 

tande m t o sho w tha t  th e apparen t  differenc e i n th e 

spee d o f  fallin g bodie s i s du e t o th e effec t  o f  th e 

med iu m an d no t  t o th e differenc e i n heavines s be -

twee n bodies . 

As th e historia n Claveli n ha s pointe d out ,  i t 

i s  crucia l  fo r  quantifyin g th e motio n o f  fallin g bodie s 

tha t  'heaviness '  no t  b e th e caus e o f  th e differenc e i n 

spee d becaus e the n w e coul d no t  b e sur e tha t  motio n 

woul d b e th e sam e fo r  al l  bodies .  Galile o wen t  o n t o 

us e a  furthe r  though t  experimen t  t o demonstrat e tha t 

th e observe d difference s i n spee d shoul d b e under -

stoo d a s bein g cause d b y th e unequa l  wa y medi a lif t 

bodies . 

T H O U G HT E X P E R I M E NT G 2 :  Galile o ask s u s t o 

suppose ,  fo r  example ,  tha t  th e densit y o f  ai r  i s  1 ,  tha t 

of  wate r  800 ,  o f  w o o d 60 0 an d o f  lea d 10,000 .  I n 

wate r  th e w o o d woul d b e deprive d o f  800/600t h o f  it s 

weight ,  whil e lea d woul d b e deprive d o f  800/10, -

OOOth's .  Thus ,  th e w o o d woul d actuall y no t  fal l  (i.e. , 

woul d float )  an d th e lea d woul d fal l  mor e slowl y tha n 

i t  woul d i n a  les s dens e medium ,  suc h a s air .  I f  w e 

extrapolat e t o a  les s dens e medium ,  suc h a s air ,  w e 

see tha t  th e differentia l  liftin g effec t  i s  muc h les s sig -

nifican t  (e.g. ,  1/60 0 t o 1/10,00 0 i n air) .  Th e nex t 

m o ve i s t o conside r  wha t  woul d happe n i n th e cas e o f 

n o medium ,  i.e. ,  i n extrapolatin g t o th e limitin g case . 

Wit h thi s move ,  Galile o say s " I  cam e t o th e opinio n 

tha t  i f  on e wer e t o remov e entirel y th e resistanc e o f 

th e medium ,  al l  material s woul d descen d wit h equa l 

speed. "  (Galile i  1638 ,  p .  75) .  Havin g performe d th e 

extrapolatio n i n thi s wa y w e ca n quantif y thi s ideal -

ize d representatio n o f  th e motio n o f  a  fallin g bod y 

and kno w tha t  i t  i s  relevan t  t o actua l  physica l  situa -

tions ;  w e nee d onl y ad d bac k i n th e effect s o f  a 

medium. 

Galile o repeatedl y use d though t  experiment s 

and limitin g cas e analyse s i n tande m a s show n b y thi s 

exampl e bot h i n constructin g a  quantifiabl e represen -

tatio n o f  bodie s i n motio n an d i n attemptin g t o 

conve y thi s ne w representatio n t o others .  Late r  I  wil l 

propos e th e cognitiv e functio n o f  though t  experiment s 

and o f  limitin g cas e analysi s ar e muc h th e same . 

Einstei n employe d severa l  though t  experi -

ment s i n developin g th e specia l  an d genera l  theorie s 

of  relativity .  Thes e though t  experiment s wer e centra l 

i n hi s reconceptualizatio n o f  'space' ,  'time' ,  an d 

'simultaneity' .  H e bega n hi s paper ,  "O n th e Electro -

dynamic s o f  Movin g Bodies "  (1905) ,  wit h th e follow -

in g though t  experiment . 

T H O U G HT E X P E R I M E NT El :  Einstei n ask s u s t o 

conside r  th e cas e o f  a  magne t  an d a  conducto r  i n 

relativ e motion .  Ther e ar e tw o possibilitie s fo r  ex -

plainin g ho w a  curren t  i s produce d i n th e conductor . 

I n th e firs t  case ,  th e magne t  i s a t  absolut e res t  an d th e 

conducto r  moving .  Accordin g t o electromagneti c 

theory ,  th e motio n o f  th e conducto r  throug h th e mag -

neti c field  produce s a n electromotiv e forc e tha t 

create s a  curren t  i n th e conductor .  I n th e secon d 

case ,  th e conducto r  i s a t  res t  an d th e magne t  moving . 

I n thi s case ,  agai n accordin g t o electromagneti c the -

ory ,  th e motio n o f  th e magne t  create s a  changin g 

magneti c field  whic h induce s a n electri c field  tha t  i n 

tur n induce s a  curren t  i n th e conductor .  However , 

wit h respec t  t o th e relativ e motions ,  i t  make s n o dif -

ferenc e whethe r  i t  i s th e magne t  o r  th e conducto r  tha t 

i s  considere d t o b e i n motion .  Bu t  accordin g t o th e 

Maxwell-Lorent z electromagneti c theory ,  th e absolut e 

motion s d o creat e a  differenc e i n h o w w e woul d 

explai n th e productio n o f  a  curren t  i n th e conductor . 

Sinc e th e explanator y asymmetr y coul d not ,  i n princi -

pl e o r  i n practice ,  b e accounte d fo r  b y th e observabl e 

phenomen a -  th e measurabl e curren t  i n th e conducto r 

-  Einstei n argue d tha t  thi s supporte d hi s conclusio n 

tha t  "th e phenomen a o f  electrodynamic s a s wel l  a s o f 

mechanic s posses s n o propertie s correspondin g t o th e 

ide a o f  absolut e rest "  (p.37) . 

Althoug h w e canno t  discus s the m here ,  tw o mor e 

though t  experiment s figure  cruciall y i n th e complet e 

analysis .  Th e secon d though t  experimen t  i n th e pape r 

i s th e mos t  famou s on e i n whic h Einstei n constructe d 

an operationa l  definitio n fo r  th e concep t  o f  simultane -

ity . 

I n a  simila r  manne r  man y though t  experi -

ment s figured  i n Einstein' s constructin g an d c o m m u -

nicatin g th e genera l  theor y o f  relativity ,  i.e. ,  th e 
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field  representation  o f  gravitationa l  action .  W e wil l 

jus t  conside r  on e h e presente d i n variou s format s bu t 

claim s t o hav e first  conceive d i n 1907 . 

T H O U G HT E X P E R I M E NT E2 :  Einstei n (1917 . 

pp.66-70 )  ask s u s t o imagin e tha t  a  larg e opaqu e 

chest ,  th e interio r  o f  whic h resemble s a  room ,  i s 

locate d i n spac e fa r  remove d fro m al l  matter .  Insid e 

ther e i s a n observe r  wit h som e apparatus .  I n thi s 

state ,  th e observe r  woul d no t  experienc e th e forc e o f 

gravit y an d woul d hav e t o ti e himsel f  wit h string s t o 

kee p fro m floating  t o th e ceiling .  N o w imagin e tha t 

a rop e i s connecte d t o th e oute r  li d o f  th e ches t  an d a 

"being "  pull s upwar d wit h a  constan t  force ,  producin g 

unifor m acceleration .  Th e observe r  an d an y bodie s 

insid e th e ches t  woul d n o w experienc e th e ver y sam e 

effects ,  suc h a s a  pul l  toward s th e floor,  a s i n a 

gravitationa l  field.  Th e experimen t  demonstrate s tha t 

th e behavio r  o f  a  bod y i n a  homogeneou s gravita -

tiona l  field  an d on e i n a  uniforml y accelerate d fram e 

of  referenc e woul d b e identical .  Onc e w e se e tha t 

ther e i s n o wa y o f  distinguishin g thes e tw o case s w e 

ca n understan d th e importanc e o f  th e Newtonia n la w 

tha t  th e gravitationa l  mas s o f  a  bod y equal s it s inertia l 

mass:  thes e ar e jus t  tw o manifestation s o f  th e sam e 

propert y o f  bodies .  Tha t  is ,  w e hav e a  differen t 

interpretatio n fo r  somethin g w e alread y knew . 

Common Features 

Befor e beginnin g t o sketc h a  wa y o f  under -

standin g though t  experiment s an d thei r  rol e i n concep -

tua l  chang e i n term s o f  th e menta l  model s framework , 

we nee d first  t o glea n som e c o m m o n feature s o f 

though t  experiment s fro m th e narrative s presente d 

above .  Whil e ther e i s  grea t  variet y amon g though t 

experiments ,  i n general ,  th e one s presente d her e d o 

exemplif y importan t  salien t  features . 

F E A T U RE 1 :  B y th e tim e a  though t  experimen t  i s 

publi c i t  i s  i n th e for m o f  a  narrative .  Th e narrativ e 

has th e characte r  o f  a  simulation .  I t  call s upo n th e 

reader/listene r  t o imagin e a  dynami c scen e -  on e tha t 

unfold s i n time .  Th e invitatio n i s t o follo w throug h 

a sequenc e o f  event s o r  processe s a s on e woul d i n th e 

rea l  world .  Tha t  is ,  eve n i f  th e situatio n m y see m 

bizarr e o r  fantastic ,  suc h a s bein g i n a  ches t  i n oute r 

spac e (E2) ,  ther e i s nothin g bizarr e i n th e unfolding : 

object s float  a s the y woul d i n th e rea l  worl d i n th e 

absenc e o f  gravity .  Th e assumptio n i s  tha t  i f  th e 

experimen t  coul d b e performed ,  th e chai n o f  event s 

woul d unfol d accordin g t o th e wa y thing s usuall y tak e 

plac e i n th e rea l  world . 

F E A T U RE 2 :  A  though t  experimen t  embodie s 

specifi c  assumption s -  eithe r  explici t  o r  taci t  -  o f  th e 

representatio n unde r  investigation .  I t  usuall y expose s 

inconsistencie s o r  exhibit s paradoxe s tha t  aris e whe n 

we tr y t o appl y certai n part s o f  tha t  representatio n t o 

a specifi c  situation ,  suc h a s 'heavy '  an d 'light '  t o 

fallin g rock s (Gl) .  Th e parado x ca n tak e th e for m o f 

a contradictio n i n th e representation ,  e.g .  i t  require s 

tha t  a n objec t  b e bot h heav y an d light ,  o r  o f  some -

thin g bein g no t  physicall y possible ,  e.g. ,  observin g th e 

asymmetr y require d b y electromagneti c theor y (El) . 

F E A T U RE 3 :  B y th e tim e a  though t  experimen t  i s 

presente d i t  alway s work s an d i s ofte n mor e compel -

lin g tha n mos t  real-worl d experiments .  W e rarely ,  i f 

ever ,  ge t  a  glimps e o f  faile d though t  experiment s o r 

avenue s explore d i n th e constructio n o f  th e on e 

presente d t o us .  S o m e experiments ,  suc h a s G 2 , 

coul d potentiall y b e carrie d ou t  -  a t  leas t  unti l  th e 

analysi s extrapolate s t o th e limi L Others ,  suc h a s E l , 

underscor e tha t  doin g a  real-worl d experimen t  coul d 

not  provid e th e dat a th e theor y requires .  Whil e 

others ,  suc h a s E2 ,  ar e impossibl e t o carr y ou t  i n 

practice ,  eithe r  i n principl e o r  becaus e w e d o no t  ye t 

hav e th e requisite  leve l  o f  technologica l  achievement . 

However ,  onc e understood ,  a  though t  experimen t  i s 

usuall y s o compellin g i n itsel f  tha t  eve n wher e i t 

woul d b e possibl e t o carr y i t  out ,  th e reade r  feel s n o 

nee d t o d o so .  Th e constructe d situatio n i s  appre -

hende d a s pertinen t  t o th e rea l  worl d eithe r  b y reveal -

in g somethin g i n ou r  experienc e tha t  w e di d no t  se e 

th e impor t  o f  befor e -  e.g. ,  th e measurabl e curren t  i n 

th e stationar y an d i n th e movin g conducto r  i s  th e 

same,  s o o n wha t  basi s ca n w e suppor t  th e differenc e 

i n theoretica l  explanation ? -  o r  b y generatin g n e w 

dat a -  e.g. ,  i n th e cas e o f  n o medium ,  lea d an d woo d 

woul d fal l  a t  th e sam e spee d -  o r  b y makin g u s se e 

th e empirica l  consequence s o f  somethin g i n ou r 

existin g representatio n -  e.g. ,  th e attribute s calle d 

'gravitationa l  mass '  an d 'inertia l  mass '  ar e th e sam e 

propert y o f  bodies . 

F E A T U RE 4 :  Th e narrativ e presentatio n ha s alread y 

made som e abstractio n fro m th e real-worl d phenome -

na.  Fo r  example ,  certai n feature s o f  object s tha t 

woul d b e presen t  i n a  rea l  experiment s ar e eliminated , 

suc h a s th e colo r  o f  th e rock s an d th e physica l 

characteristic s o f  th e observers .  Tha t  is ,  ther e ha s 

bee n a  prio r  selectio n o f  th e pertinen t  dimension s o n 

whic h t o focus ,  whic h evidentl y derive s fro m ou r 

experienc e i n th e world .  W e know ,  e.g. ,  tha t  th e 

colo r  o f  a  roc k doe s no t  effec t  it s  rat e o f  fall .  Thi s 

featur e strengthen s ou r  understandin g o f  th e depictio n 

as tha t  o f  a  prototypica l  situatio n o f  whic h ther e coul d 

be m a n y specifi c  instances .  I n mor e colorfu l  narra -

tive s ther e m a y b e mor e irrelevan t  feature s i n th e 

exposition ,  bu t  thes e mos t  ofte n serv e t o reinforc e 

crucia l  aspect s o f  th e experiment .  Fo r  example ,  i n 

on e versio n o f  th e ches t  -  o r  "elevator "  -  experimen t 
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(E2) ,  Einstei n depict s th e physicis t  a s bein g drugge d 

an d the n wakin g u p i n a  box .  Thi s colorfu l  detai l 

serve d t o reinforc e th e poin t  tha t  th e observe r  coul d 

not  k n o w beforehan d i f  h e wer e fallin g i n oute r  spac e 

or  sittin g i n a  gravitationa l  field.  And ,  i n th e versio n 

discusse d above ,  th e opacit y o f  th e ches t  i s t o preven t 

th e observe r  from  seein g i f  ther e ar c gravitationa l 

source s around . 

Thought Experimenting as Mental 

M o d e l l i n g 

Renderin g though t  experiment s a s a  specie s 

of  menta l  modellin g support s th e interpretatio n tha t 

when the y ar e employe d i n conceptua l  change ,  the y 

ar e "essentia l  analytica l  tools "  i n th e process .  Whil e 

ther e i s a n extensiv e "menta l  models "  literature ,  onl y 

recen t  wori c b y Qi n &  Simo n (1990 )  attempts ,  explic -

itly ,  t o captur e th e simulatio n proces s o f  a  though t 

experiment ,  whic h the y characteriz e a s a  "menta l  im -

age'' .  Ther e ar e m a n y thing s w e d o no t  ye t  under -

stan d abou t  th e processe s involve d i n menta l  simula -

tio n an d h o w thes e diffe r  fro m prepositiona l  reason-

ing .  Thus ,  I  ca n onl y hop e th e sketc h I  presen t  wil l 

persuad e th e reade r  tha t  followin g thi s directio n doe s 

offe r  goo d prospect s fo r  accountin g fo r  bot h th e 

"thought "  an d th e "experiment "  aspect s o f  though t 

experiments ,  an d fo r  explainin g h o w the y ca n b e 

"essentia l  tools "  i n th e proces s o f  conceptua l  change . 

We ca n onl y speculat e abou t  wha t  goe s o n i n 

th e min d o f  th e historica l  scientis t  i n th e origina l 

though t  experiment .  Scientist s hav e rarel y bee n aske d 

t o discus s th e detail s o f  h o w the y wen t  abou t  settin g 

up an d runnin g suc h experiments .  However ,  reports 

of  though t  experiments  ar e alway s presente d i n th e 

for m o f  narrative s tha t  cal l  upo n th e reader/listene r  t o 

simulat e a  situatio n i n hi s o r  he r  imagination .  Thus , 

drawin g o n wha t  w e thin k w e kno w bot h abou t  th e 

processe s throug h whic h w e imagin e o r  "picture "  i n 

general ,  an d throug h whic h w e comprehen d an y 

narrative ,  m a y hel p u s t o answe r  tha t  mos t  perplexin g 

questio n abou t  though t  experiments :  h o w ca n a n 

"experiment "  carrie d ou t  i n though t  hav e suc h power -

fu l  empirica l  force ? Th e mos t  pertinen t  aspec t  o f 

menta l  model s researc h fo r  thi s analysi s i s tha t  whic h 

investigate s th e hypothesi s tha t  understandin g a 

narrativ e involve s th e constructio n o f  a  menta l  model . 

I n th e cas e o f  though t  experiment s w e nee d t o under -

stan d how :  (1 )  a  narrativ e facilitate s th e constructio n 

of  a n experimenta l  situatio n i n though t  an d (2 ) 

thinkin g throug h th e experimenta l  situatio n ha s real -

worl d consequences .  Frame d i n menta l  model s terms , 

th e "thought "  dimensio n woul d includ e constructin g 

a menta l  mode l  an d "running "  a  menta l  simulatio n o f 

th e situatio n depicte d b y th e model ,  whil e th e "experi -

mental "  dimensio n comprise s th e latte r  an d th e 

connectio n betwee n th e simulatio n an d th e world . 

Briefly ,  th e menta l  model s thesi s abou t  tex t 

comprehensio n i s tha t  understandin g th e meanin g o f 

a narrativ e involve s relating  Unguisti c expression s t o 

models ;  i.e. ,  th e relationshi p betwee n th e word s an d 

th e worl d i s mediate d b y th e constructio n o f  a  struc -

tura l  analo g t o th e situations ,  processes ,  objects , 

events ,  etc .  depicte d b y a  tex t  (Frankli n an d Tversk y 

1990 ;  Man i  an d Johnson-Lair d 1982 ;  Johnson-Lair d 

1983 ;  M c N a m a r a an d Sternber g 1983 ;  Morro w e t  al . 

1989 ;  an d Tversk y 1990) .  Wha t  i t  mean s fo r  a 

menta l  mode l  t o b e a  "structura l  analog "  i s tha t  i t 

embodie s a  representatio n o f  th e spatia l  an d tempora l 

relationship s between ,  an d th e causa l  structur e con -

necting ,  th e event s an d entitie s o f  th e narrative .  I n 

constructin g an d updatin g a  representation ,  th e reade r 

woul d cal l  upo n a  combinatio n o f  conceptua l  an d 

real-worl d knowledg e an d woul d emplo y th e taci t  an d 

recursiv e inferencin g mechanism s o f  he r  cognitiv e 

apparatus . 

That  th e situatio n i s represente d b y a  menta l 

model  rathe r  tha n b y a n argumen t  i n term s o f  propo -

sition s i s though t  t o facilitat e inferencing .  W e ca n 

actuall y generat e conclusion s withou t  havin g t o carr y 

out  th e extensiv e computation s neede d t o proces s th e 

same amoun t  o f  backgroun d informatio n proposi -

tionally .  Th e conclusion s draw n ar e limite d t o thos e 

tha t  ar e directl y relevan t  t o th e situatio n depicted . 

Th e eas e wit h whic h on e ca n mak e inference s i n suc h 

simulativ e reasoning  ha s suggeste d t o som e tha t 

mechanism s eithe r  use d i n -  o r  simila r  t o thos e use d 

i n -  perceptio n m a y b e involved .  I f  w e d o emplo y 

perception-lik e mechanism s her e man y inference s 

woul d b e immediate . 

T o date ,  mos t  empirica l  investigation s o f  th e 

hypothesi s hav e focuse d o n th e representation  o f 

spatia l  informatio n b y mean s o f  menta l  models .  Th e 

mai n disagreemen t  ha s bee n ove r  whethe r  th e repre -

sentatio n involve s a  perception-lik e imag e o r  i s 

"spatial" ,  i.e. ,  allow s differen t  perspective s an d 

differentia l  acces s t o location s (See ,  Tversk y 1990) . 

I t  i s  no t  clea r  tha t  thi s debat e ha s an y bearin g o n th e 

functio n o f  though t  experiments .  Fa r  mor e importan t 

i s th e questio n o f  h o w knowledg e an d inferencin g 

mechanism s ar e employe d i n runnin g an d revisin g th e 

simulation ,  an d o n thi s subjec t  ther e i s nothin g 

beyon d som e exploration s o f  h o w implici t  knowledg e 

of  causa l  relation s influence s updatin g a  mode l 

(Morro w e t  al .  1989) . 

Returnin g t o though t  experiments ,  th e pro -

posa l  offere d her e i s tha t  th e cognitiv e functio n o f  th e 
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narrativ e for m o f  presentatio n o f  a  though t  experimen t 

t o other s i s t o guid e th e constructio n o f  a  structura l 

analo g o f  th e prototypica l  situatio n depicte d i n it . 

Over  th e cours e o f  th e narrative ,  w e ar e le d t o ru n a 

simulatio n tha t  unfold s th e event s an d processe s b y 

constructing ,  isolating ,  an d manipulatin g th e pertinen t 

dimension s o f  th e analo g phenomena .  Th e construct -

ed situatio n inherit s empirica l  forc e b y bein g ab -

stracte d from  bot h ou r  experience s an d activitie s in , 

and ou r  knowledge ,  conceptualizations ,  an d assump -

tion s of ,  th e world .  I n runnin g th e experiment ,  w e 

make us e o f  inferencin g mechanisms ,  existin g rep -

resentations ,  an d genera l  worl d knowledg e t o mak e 

realisti c transformation s fro m on e possibl e physica l 

stat e t o th e nex t  I n thi s way ,  th e dat a tha t  deriv e 

from  a  though t  experiment ,  whil e constructe d i n th e 

mind ,  ar e empirica l  consequence s tha t  a t  th e sam e 

tim e pinpoin t  th e locu s o f  th e neede d representationa l 

change . 

Characterizin g though t  experiment s i n thi s 

way als o provide s ne w insigh t  int o limitin g cas e 

analysis ,  whic h ha s figured  prominentl y i n conceptua l 

chang e i n scienc e a s well .  Thi s for m o f  idealizatio n 

ca n b e construe d a s a  specie s o f  though t  experiment . 

I n thi s specie s th e simulatio n consist s o f  abstractin g 

specifi c  physica l  dimension s t o creat e a n idealize d 

representation ,  suc h a s o f  a  poin t  particl e fallin g i n a 

vacuum .  Th e isolatio n o f  th e physica l  syste m i n 

though t  allow s u s t o manipulat e variable s beyon d 

what  i s physicall y possible .  Jus t  wha t  dimension s 

produc e th e variatio n an d h o w t o extrapolat e from 

thes e m a y b e somethin g w e determin e initiall y  i n real -

worl d experimentation ,  bu t  th e las t  ste p ca n onl y b e 

made i n th e imagination .  I n physics ,  i t  i s  th e ideal -

ize d representatio n tha t  i s  quantifiable .  However ,  th e 

idealize d representatio n i s roote d i n an d relevan t  t o 

th e rea l  worl d becaus e i t  ha s bee n create d b y con -

trolle d extrapolatio n fro m it .  W e ge t  from  imagina -

tio n t o applicatio n t o th e rea l  worl d b y addin g i n 

some o f  th e dimension s w e hav e abstracted ,  agai n i n 

a controlle d process . 

C o n c l u s i o n 

Though t  experiment s pla y a  centra l  rol e i n 

conceptua l  chang e i n science .  I n constructin g an d 

"running "  th e experiment ,  a  scientis t  i s  abl e t o demon -

strat e h o w an d w h y specifi c  concept s ar e no t  applica -

bl e t o th e world .  Thi s understandin g form s th e basi s 

of  problem-solvin g effort s t o construc t  a n empiricall y 

adequat e conceptualization .  Howeve r  th e initia l 

though t  experimen t  i s constructe d an d run ,  i t  i s  con -

veye d t o other s i n th e for m o f  a  narrative .  I  hav e 

propose d tha t  w e understan d though t  experiment s a s 

a specie s o f  simulativ e reasonin g an d tha t  w e dra w 

upo n researc h int o th e constructio n an d runnin g o f 

menta l  model s durin g narrativ e comprehensio n t o 

understan d h o w the y ca n functio n t o creat e change . 

I n linkin g th e conceptua l  an d th e experientia l  dimen -

sion s o f  huma n cognitiv e processing ,  th e menta l 

model s analysi s offer s th e possibilit y  o f  explainin g 

h o w though t  experiment s demonstrat e th e undesirabl e 

real-worl d consequence s o f  a  conceptualization , 

thereb y compellin g change .  T o develo p an d tes t  thi s 

hypothesis ,  i t  wil l  b e necessar y t o hav e a  bette r 

understandin g o f  th e processe s throug h whic h menta l 

simulation s ar e "run" . 

Ther e ar e furthe r  implication s o f  thi s propos -

al  fo r  cognitiv e science .  Historica l  case s provid e 

valuabl e dat a o n th e processe s throug h whic h individ -

ual  scientist s chang e thei r  representation s o f  natur e 

O^ersessia n 1991a) .  I f  -  a s a  numbe r  o f  cognitiv e 

psychologist s ar e claimin g -  th e processe s o f  concep -

tua l  chang e i n cognitiv e developmen t  an d i n learnin g 

ar e indee d lik e thos e o f  majo r  scientifi c  revolutions , 

th e potentia l  rol e o f  though t  experiment s i n creatin g 

thes e kind s o f  conceptua l  chang e shoul d b e explore d 

(See ,  Nersessia n 1991b) . 
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