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P r o g r a m i n H i s t o r y o f  S c i e n c e 

P r i n c e t o n Un ivers i t y 

Lauren B. Resnick 

L e a r n i n g R e s e a r c h a n d D e v e l o p m e n t  C e n t e r 

Un ive rs i t y o f  Pittsburgl i 

ABSTRACT 

Are students' explanations of motion generated by an underlying structure? We address 

thi s questio n b y explorin g strikin g parallel s betwee n intuitiv e explanation s an d thos e 

offere d b y medieva l  scholastics .  Usin g th e historica l  record ,  i t  i s  possibl e t o reconstruc t 

an inferentia l  structur e tha t  generate s medieva l  explanations .  W e posi t  a  paralle l 

structur e fo r  intuitiv e explanations . 

INTRODUCTION 

There is an extensive literature that establishes that intuitive explanations of motion differ 

fundamentall y fro m Newtonia n explanation s (cf .  Caramazza ,  McCloskey ,  &  Green ,  1981 ; 

Clement ,  1982 ;  Hallou n &  Hestenes ,  1985 ;  McCloskey ,  1983 ;  McDermott ,  1984 ;  an d 

Viennot ,  1979) .  Th e literatur e als o show s tha t  student s exi t  physic s classe s wit h thei r 

intuitiv e belief s prett y muc h intact ,  eve n thoug h som e o f  the m ma y hav e learne d t o 

manipulat e th e mathematica l  formalis m o f  Newtonia n physics .  Thu s i t  i s  clea r  tha t  ou r 

strategie s fo r  teachin g physic s nee d t o b e re-evaluated . 

Among the prerequisites for developing more successful instructional strategies are the 

following :  First ,  w e nee d t o know ,  a t  a  deepe r  leve l  o f  analysi s tha n exist s a t  present , 

jus t  wha t  ar e th e intuitiv e belief s an d concepts ,  whethe r  thes e for m a  structure ,  an d i f  so , 

what  kind ;  second ,  w e nee d t o characteriz e th e difference s betwee n a n intuitiv e 

representatio n o f  physica l  phenomen a an d a  scientifi c  representation ;  and ,  third ,  w e nee d 

t o understan d th e method s throug h whic h a  scientifi c  representatio n ca n b e constructed . 

I n thi s pape r  w e focu s o n th e first  prerequisite . 
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Ther e ar e substantia l  dat a o n studen t  prediction s an d explanation s o f  projectil e motio n 

and fre e fal l  (cf .  Caramazz a e t  al. ,  1981 ;  Hallou n &  Hestenes ,  1985 ;  McCloskey ,  1983 ; 

McDermott ,  1984 ;  an d Viennot ,  1979) .  Th e interpretatio n o f  thes e dat a i s th e subjec t  o f 

some controversy .  I n particular ,  researcher s disagre e ove r  whethe r  ther e i s a n underlyin g 

structur e tha t  generate s intuitiv e explanations .  McCloske y (1983 )  ha s bee n th e stronges t 

advocat e o f  structure ,  claimin g tha t  thes e explanation s ar e generate d fro m a n intuitiv e 

theor y o f  motion ,  wherea s d i  Sess a (1987 )  represent s th e mos t  radica l  positio n o n th e 

sid e opposin g structure .  Fo r  him ,  intuitiv e knowledg e o f  physica l  phenomen a i s 

piecemea l  an d fragmented . 

Our approach to the question of the nature and structure of the content of "naive 

physics "  i s t o explor e th e intriguin g parallel s betwee n historica l  pre-Newtonia n 

explanation s o f  motio n an d thos e use d i n ou r  "everyday "  mode s o f  thought .  Althoug h 

many researcher s hav e pointe d ou t  parallels ,  mos t  o f  th e literatur e i s vagu e abou t  thei r 

natur e an d wha t  w e ca n hop e t o lear n fro m them .  W e propos e that ,  i f  ther e actuall y i s a 

significan t  degre e o f  recapitulatio n o f  th e conten t  o f  historica l  pre-scientifi c 

representation s i n intuitiv e representations ,  knowledg e o f  th e historica l  structure s an d o f 

th e reasonin g processe s throug h whic h thes e wer e replace d b y scientifi c  representation s 

wil l  provid e a  valuabl e resourc e fo r  enhancin g ou r  understandin g o f  "restructuring "  i n 

scienc e learning . 

METHOD 

In our larger study, we examine medieval explanations of projectile motion and free fall 

and formulat e th e belief s tha t  underli e thes e explanation s (Nersessia n &  Resnick ,  1989) . 

We the n reconstruc t  relevan t  portion s o f  th e medieva l  inferenc e structure ,  comprisin g 

presuppositions ,  observations ,  an d beliefs ,  tha t  generate s thei r  explanations .  Additionally , 

we extrac t  th e medieva l  categorie s an d conceptua l  structur e fo r  thes e domains .  Thi s 

analysi s make s us e o f  th e extensiv e recor d o f  argument s an d discussion s b y medieva l 

scholar s concernin g motio n (Clagett ,  1959) . 

In a parallel analysis, we take summaries of student protocols found in the literature on 

"naiv e physics "  an d extrac t  wha t  see m t o b e widesprea d belief s underlyin g intuitiv e 

explanation s o f  projectil e motio n an d fre e fall .  A s show n i n Tabl e 1 ,  thes e tur n ou t  t o 

be quit e simila r  t o th e medieva l  beliefs .  W e thu s attemp t  t o construc t  a n inferentia l 

structure-comparabl e t o th e medieva l  structure-comprisin g presuppositions ,  observations , 

and beliefs ,  tha t  coul d produc e thei r  explanations .  Finally ,  w e abstrac t  th e underlyin g 

categorie s an d conceptua l  structur e fo r  thes e domains .  Th e postulate d inferentia l 

structur e provide s a  competenc e mode l  fo r  intuitiv e reasonin g abou t  motion ;  tha t  is ,  w e 

clai m that ,  i f  pushed ,  student s wil l  eithe r  generat e th e structur e o r  agre e wit h i t  an d wil l 

generat e nove l  statement s consisten t  wit h it . 

Constructing a belief structure for intuitive explanations is more difficult than for the 

medieva l  case .  Student s hav e rarel y bee n aske d t o explicat e i n detai l  th e assumption s 

underlyin g thei r  explanation s o f  projectil e motio n an d fre e fall ,  an d the y hav e no t  bee n 

probe d deepl y fo r  th e meaning s the y attac h t o word s the y repeatedl y us e i n thei r 
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explanations, such as energy, force, gravity, momentum. Thus, we have had to make 

inference s abou t  wha t  the y mea n an d ho w the y coul d b e reasoning .  W e mad e th e 

minima l  assumption s w e though t  coul d b e supporte d b y wha t  i s reporte d i n th e literature . 

Althoug h ou r  reconstruction s o f  th e historica l  an d th e intuitiv e structure s ar e independent , 

we di d us e th e historica l  analysi s a s a  guid e t o abstractin g th e intuitiv e categorie s an d 

presuppositions . 

We have been able to construct structures constraining all the medieval beliefs and the 

intuitiv e belief s i n Tabl e 1 .  Sinc e onl y a  smal l  par t  o f  th e analysi s ca n b e presente d 

here ,  w e concentrat e o n th e categorie s an d structure s pertainin g t o th e intuitiv e belie f  tha t 

has mos t  intrigue d researchers ,  IB  3 :  continuin g motio n i s sustaine d b y a  store d forc e 

and it s medieva l  correlate ,  M B 3 :  motio n i s sustaine d b y impetus . 

MEDIEVAL BELIEFS 
MB 1 :  AL L MOTION REQUIRES A  CAUSAL EXPLANATION 

The medieval categories and presuppositions are in essence Aristotelian. The division 

betwee n heavenl y an d earthl y motio n i s central .  Th e motio n o f  heavenl y bodie s i s 

eterna l  an d present s n o problem .  Al l  earthl y o r  "local "  motio n i s a  proces s o f  chang e 

tha t  bodie s undergo ,  muc h lik e tha t  o f  a n acor n growin g int o a  tree .  Al l  change s requir e 

a causa l  explanation ;  thu s al l  loca l  motio n require s a  causa l  explanation .  Th e categor y 

of  "motion "  i s oppose d t o tha t  o f  "rest, "  whic h i s th e stat e bodie s ar e i n naturally .  N o 

explanatio n i s neede d fo r  wh y object s remai n a t  rest . 

MB 2: MOTION IS CAUSED BY A MOVER 

Things either move by themselves (for example, by falling) or they are moved by an 

externa l  agen t  (tha t  pushes ,  pulls ,  etc.) .  Medieval s reasone d that ,  i n th e latte r  case ,  th e 

motiv e powe r  come s fro m th e agent ,  an d i n th e forme r  cas e i t  mus t  com e fro m 

somethin g interna l  t o th e object .  I n bot h case s th e motio n come s fro m th e activit y o r 

power  o f  th e source ,  tha t  is ,  fro m wha t  wa s calle d a  mover . 

MB 3: CONTINUING MOTION IS SUSTAINED BY IMPETUS 

Two local motions, "violent" (e.g., projectile) and free fall, presented problems for 

medieva l  theorists .  First ,  object s i n fre e fal l  spee d u p a s the y fall ,  an d ther e i s n o 

satisfactor y explanatio n i n Aristotelia n theor y a s t o wh y thi s shoul d happen .  Second , 

object s i n violen t  motio n d o no t  immediatel y fal l  downwar d whe n the y ar e detache d 

fro m thei r  sourc e o f  motio n bu t  continu e i n motio n fo r  a  finit e duration .  Medieval s 

argue d tha t  fo r  violen t  motio n t o continu e som e o f  th e powe r  th e agen t  impart s t o th e 

bod y mus t  b e store d i n it .  The y calle d thi s store d powe r  impetus .  Earl y medieval s 

believe d tha t  impetu s woul d dissipat e o n it s own ,  bu t  i n th e fina l  version s o f  th e theory , 

Burida n claime d tha t  impetu s woul d kee p a  bod y i n motio n foreve r  i f  i t  wer e no t 

interfere d with .  Th e theor y als o explaine d th e increasin g spee d o f  fre e fal l  b y 

postulatin g tha t  fallin g bodie s acquire d impetu s fro m thei r  heaviness . 

Figure 1 shows the belief structure of medieval impetus theory. The structure consists 
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of: 

1. presuppositions: enclosed in ellipses 

2.  pervasiv e observations :  enclose d i n hexagon s 

3.  beliefs :  enclose d i n rectangles . 

Figure 3 shows the relevant portion of the medieval conceptual structure. The concept 

map consist s of : 

1. concept nodes: names enclosed in ellipses 

2.  link s betwee n concepts : 

a.  kin d links :  straigh t  lines ,  labelle d "K " 

b.  propert y links :  line s endin g i n arrows ,  labelle d "Pr " 

c.  relatio n links :  line s endin g i n arrows ,  labelle d "R "  o r  wit h a  particula r 

relation . 

INTUITIVE BELIEFS 

In explicating these beliefs, it will be useful to give some indication of how they 

compar e wit h th e medieva l  an d th e Newtonia n beliefs .  Additionally ,  Tabl e 2  compare s 

th e intuitiv e categorie s wit h th e medieva l  an d th e Newtonia n categories . 

IB 1: ALL MOTION REQUIRES A CAUSAL EXPLANATION 

This is perhaps the most fundamental of intuitive beliefs. As in historical pre-inertial 

thought ,  "motion, "  i n th e intuitiv e conceptua l  system ,  seem s t o b e categorize d a s a  kin d 

change .  "Rest "  i s  no t  a  well-develope d categor y i n intuitiv e thinkin g bu t  doe s see m t o 

oppos e "motion, "  a s i n th e medieva l  case .  W h y somethin g remain s a t  res t  doe s no t 

requir e explanation .  However ,  th e type s o f  explanation s student s offe r  o f  motio n indicat e 

that ,  lik e othe r  changes ,  al l  motion s requir e a  causa l  explanation .  Thi s parallel s th e 

medieva l  vie w an d stand s i n contras t  t o th e Newtonia n vie w tha t  motio n i s a  stat e an d 

onl y change s o f  stat e (i.e. ,  accelerate d motion )  requir e a n explanation . 

I B 2 :  MOTION I S CAUSED B Y "FORCE" 

This, together with IB 3, is the most frequently noted intuitive belief, "motion implies 

force. "  Wha t  i s usuall y no t  note d i s tha t  "motion "  an d "force "  hav e meaning s quit e 

differen t  fro m th e meaning s the y hav e i n Newtonia n mechanics .  Fo r  intuitiv e physics , 

"motion "  i s a  process ,  no t  a  state ,  an d "force "  i s eithe r  a  causa l  agen t  o r  a  propert y o f 

th e object ,  an d no t  a  functiona l  quantit y (i.e. ,  a  relatio n betwee n objects) .  Projectil e 

motio n i s cause d b y som e externa l  agen t  ("force") ,  whil e fo r  self-propelle d motion ,  th e 

agent  ca n b e a  "motor "  o f  som e sort .  Th e proble m cas e i s wher e motio n continue s afte r 

th e objec t  ha s separate d fro m th e agent . 

IB 3: CONTINUING MOTION IS SUSTAINED BY A STORED "FORCE" 

Students explain motion that continues after detachment by using such words as energy, 
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inertia, impetus, oomph. From their patterns of responses, we hypothesize that all of 

thes e term s mak e referenc e t o a n invisibl e forc e store d insid e movin g objects .  Thi s 

stored-u p forc e i s a  propert y o f  th e object ,  imparte d t o i t  b y th e agent .  Thus ,  thes e 

word s correspon d mos t  closel y wit h th e medieva l  notio n o f  "impetus "  an d no t  t o th e 

moder n notion s o f  "energy "  an d "inertia. " 

Further, virtually all students claimed that in the absence of an external "force" objects 

wil l  "ru n ou t  o f  steam "  an d com e t o rest .  Thi s indicate s tha t  the y expec t  th e store d 

forc e t o ge t  use d u p a s motio n continues .  I t  i s  unclea r  whethe r  student s believ e frictio n 

play s a  rol e here ,  o r  th e forc e dissipate s o n it s own . 

Figure 2 shows the postulated intuitive belief structure. Figure 4 maps the intuitive 

conceptua l  structure . 

CONCLUSIONS 

We have been able to construct an intuitive belief structure, with its associated 

conceptua l  structure ,  tha t  parallel s a n actua l  historica l  structure .  Th e similaritie s betwee n 

th e intuitiv e an d th e medieva l  categories ,  conceptua l  structure ,  an d belie f  structur e ar e 

striking .  Thi s lend s plausibilit y  t o ou r  hypothesi s tha t  th e postulate d structur e i s capabl e 

of  generatin g frequen t  intuitiv e explanation s o f  certai n kind s o f  motion .  W e als o 

hypothesiz e that ,  give n al l  th e pertinen t  dat a fo r  a  situation ,  th e seemingl y inconsisten t 

explanation s tha t  student s occasionall y giv e wil l  prov e t o b e consisten t  wit h th e structure . 

We pla n t o tes t  thes e hypothese s b y implementin g th e structur e i n a  compute r  mode l  an d 

by designin g studie s t o tes t  it s  empirica l  consequences . 

Our structure provides an alternative to the major proposals in the literature. We agree 

wit h d i  Sess a tha t  intuitiv e thinkin g i s no t  develope d sufficientl y t o constitut e a  theory . 

However ,  intuitiv e thinkin g abou t  motio n ca n stil l  hav e a  structur e i n tha t  ther e i s 

entailmen t  an d consistenc y amon g th e beliefs . 
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