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T HE R O L E O F EXPERIENCE I N M O D E LS 
OF T H E PHYSICA L W O R LD 

Andrea A. diSeua 
M I T .  DS.R.E . 

Cambridge ,  M A 
Jul 7 8,198 1 

In recen t  year s ther e ha s bee n a  growin g bod y o f  researc h 
dealin g wit h "naiv e physics: "  wha t  people ,  prio r  t o extensiv e 
Instruction ,  expec t  ar e th e principle s governin g th e everyda y 
working s o f  th e physica l  world .  Th i s researc h I s extremel y 
interestin g a s a  stud y o f  untutore d learnin g sinc e presumabl y 
whateve r  systemati c understandin g physics-naiv e Individual s arriv e 
at  mus t  b e du e primaril y t o thei r  direc t  experienc e wit h th e physica, ^ 
world .  Her e w e woul d lik e t o summariz e briefl y som e result s o 1 
tha t  experimenta l  wor k an d a  tentativ e theoretica l  Interpretatio n o l 
it .  The n w e wil l  b e i n a  positio n t o speculat e o n th e genera l  natur < 
of  th e model s peopl e mak e o f  thei r  experienc e i n orde r  t o cop e wit ! 
i t 

W h at  ha s emerge d fro m naiv e physic s researc h I s i 
surprisingl y robus t  an d systemati c se t  o f  idea s abou t  mechani c 
whic h ar e often ,  however ,  decidedl y non-Newtonian .  Studie s fro n 
age 1 0 upwar d t o universit y student s an d physics-naiv e adult s ha v 
give n i n man y case s ver y unifor m result s (Viennot ,  1979 ;  C leme m 
1979;  McCloskey ,  e l  al .  1980 ;  White ,  1981) .  I n on e stud y (diSess ! 
1981 )  w e le t  elementar y schoo l  student s an d universl f 
undergraduate s pla y wit h th e sam e compute r  simulatio n o f  a n obje < 
obeyin g Newton' s Laws .  Despit e man y mor e year s experience , 
yea r  o f  hig h schoo l  physic s an d a  universit y leve l  cours e o 
mechanic s on e coul d se e a  clea r  overla p i n th e se t  o f  strategie s t h 
universit y student s use d a s compare d t o th e elementar y studen t 
Moreover ,  man y o f  thes e commo n strategie s wer e no t  neutral ,  m 
merel y base d o n other-than-textboo k analyses ,  bu t  wer e overtl y no i 
Newtonia n T h e universit y student s ofte n ha d difncult y applyl r 
th e simples t  classroo m concept s t o th e simulation ,  eve n whe n ask e 
O ne o f  th e prominen t  expectation s mos t  student s showe d wa s t h 
forc e act s b y directl y producin g motio n i n th e directio n o f  th e fo r 
rathe r  tha n b y combinin g wit h previou s motion .  T h u s the : 
student s side d wit h Aristotl e agains t  Newton . 

Beside s th e obviou s pedagogica l  problems ,  dat a suc h a s t h 
pos e I n a  ver y direc t  for m th e fundamenta l  questio n o f  wha t  o 
learn s fro m experience .  H o w ca n i t  b e tha t  peopl e com e t o a  rob i 
non-Newtonia n understanding ,  eve n resistin g instruction ,  o f  a  wo r 
wit h whic h the y dea l  everyday ,  a  worl d governe d b y Newton i 
principles ? 

No on e expect s th e answer s t o suc h a  questio n t o b e sim p 
But  som e analysi s o f  a  se t  o f  naiv e conception s (dISessa ,  t o appe : 
suggest s tha t  somethin g lik e th e followin g mechanis m m a y pla y 
Importan t  role .  I t  I s a  mechanis m concernin g incrementa l  learn i 
base d o n experience .  T h e basi c Ide a I s  tha t  a m o n g al l  t 
experience s on e ha s regardin g a  clas s o f  phenomena ,  fo r  exam | 

pushin g an d pullin g thing s around ,  a  fe w ar e selecte d t o stan d a s 
prototypica l  fo r  th e clas s an d ar e systematicall y use d I n bot h 
explanation s an d prediction s I t  I s not ,  o f  course ,  a  litera l  recal l  o f 
an observe d phenomeno n whic h serve s thi s purpos e bu t  wha t  th e 
perso n establishe s a s a  conventiona l  Interpretatio n o f  th e phenomeno n 
I n term s whic h tha t  perso n alread y understand s I  cal l  thes e 
paradigmati c Interpretation s o f  experienc e 'phenomenologlca l 
primitives. "  I n th e cas e o f  th e Aristotelia n expectatio n o f  motio n 
alway s I n th e directio n o f  force ,  on e migh t  hypothesiz e tha t  th e 
c o m m on even t  o f  pushlnga n objec t  fro m res t  serve s a s a n Importan t 
prototype .  T h u s th e phenomenologlca l  primitiv e her e I s th e "theory " 
tha t  thing s simpl y m o v e i n th e directio n yo u pus h them ,  an d 
previou s m o m e n t u m I s generall y Ignore d sinc e I t  play s n o rol e I n th e 
prototype .  I  suspec t  tha t  th e Interpretatio n o f  pushing  fro m res t  I s 
base d o n prior ,  common-sens e notion s o f  agenc y an d causalit y whic h 
one find s associate d wit h naiv e conception s o f  forc e I n m a n y ways . 
Indeed ,  wha t  i s mor e surprising ,  on e ca n mak e a  rathe r  stron g cas e 
tha t  thes e s a m e idea s ha d a  grea t  impac t  o n th e historica l 
developmen t  o f  th e scienc e o f  mechanic s a s well ,  (Se e diSessa ,  1980 ) 

Thoug h th e notio n o f  phenomenologlca l  primitiv e migh t  hel p 
accoun t  fo r  th e origin s o f  fals e "theories "  lik e th e Aristotelia n 
expectation ,  w e mus t  loo k t o th e knowledg e syste m i n whic h thes e 
structure s operat e i n orde r  t o accoun t  fo r  thei r  lon g ter m stability . 
Her e w e ca n offe r  onl y th e briefes t  suggestio n a s t o th e characte r  o f 
thi s system ,  agai n b y example .  T h e exampl e involve s a  counter -
exampl e t o th e Aristotelia n expectation .  Imagin e a  ten-to n truc k 
hurtlin g d o w n th e highwa y an d a  smal l  pus h o n It s side .  W h o coul d 
believ e th e truc k wil l  mov e I n th e directio n o f  th e push ? Indeed ,  n o 
on e does !  W h e n subject s ar e prompte d i n suc h a  w a y ,  th e 
Aristotelia n intuitio n I s no t  eve n considered ,  or .  I f  I t  Is ,  excuse s fo r 
it s inapplicabilit y  ar e found :  T h e forc e (sic )  o f  th e truc k I s to o big ; 
It' s  overcomin g th e sideway s push. "  Bu t  eithe r  way ,  (throug h 
selectiv e cuein g o r  maintainin g excuse s a s par t  o f  th e knowledg e 
base )  th e Aristotelia n expectatio n i s Isolate d an d kep t  saf e fro m 
refutation . 

W h at  generalization s ca n w e dra w fro m thi s stor y o f  naiv e 
physic s abou t  th e model s peopl e spontaneousl y make ? T h e firs t  I s 
tha t  thes e model s ar e robust ,  tha t  naiv e Idea s an d th e Interpretation s 
of  experienc e on e make s wit h the m ca n hav e a  powerfu l  effec t  o n 
lon g ter m understandin g o r  misunderstanding .  Al l  th e evidenc e 
point s t o th e conclusio n tha t  naiv e physic s play s a  larg e rol e I n 
learnin g textboo k physics .  T o dra w a  caricature ,  i t  i s  almos t  a s i f 
one I s tryin g t o teac h physic s t o a  stabl e cognitiv e syste m whic h 
alread y know s a  differen t  physics . 

T h e secon d generalit y i s th e Importanc e o f  knowin g th e 
particula r  pre-existin g notion s W h a t  on e carrie s awa y fro m a n 
experienc e I s one' s interpretatio n o f  i t  Suc h a  truis m onl y warrant s 
attentio n whe n w e remin d ourselve s o f  ho w littl e w e kno w abou t  th e 
naiv e vocabular y an d abou t  ho w on e build s deepe r  understandin g 
out  o f  it .  T h e surpris e o f  a  Newtonia n worl d teachin g Aristotelia n 
physics ,  however ,  shoul d serv e a s a  reminder . 

T h e thir d generalit y concern s th e fragmentatio n exhibite d 
by spontaneou s models .  O n e ca n fin d peopl e bot h believin g an d 
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disbelievin g thei r  Aristotelia n expectation s dependin g o n 
circumstances .  Thi s apparen t  Incoherenc e I s puiiling .  Afte r  all , 
what  othe r  tha n a  coheren t  syste m coul d exhibi t  suc h robustness .  I n 
fact .  I t  I s i n thi s area ,  coherence ,  tha t  I  believ e ou r  ow n naiv e Idea s 
abou t  knowledg e system s mos t  nee d refining . 
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