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Naiv e Materialisti c  Belief :  A n Underlyin g Epistemologica l  C o m m i t m e n t 

Miriam Reiner, MIchelene T. H. Chi, Lauren Resnick 

LRDC, University of Pittsburgh 

A considerabl e amoun t  o f  researc h ha s bee n don e i n mechanic s whic h identifie d students ' 

alternativ e framework s i n physic s (Clemen t  1982 ,  Vienno t  1979 ,  McDermot t  1984) .  A  fe w studie s hav e 

als o focuse d o n students '  belief s i n electricity ,  energy ,  hea t  an d light .  Thes e studie s show ,  i n general ,  tha t 

many "misconceptions "  ca n b e trace d t o students '  prescientifi c  belief s abou t  th e world .  Furthermore , 

suc h belief s appea r  t o b e fragmented ,  incoherent ,  buil t  i n piece s (D i  Sessa ,  1984) ,  an d contex t  boun d 

(McClosky ,  Caramazz a &  Green ,  1980 ;  McDermott ,  1984 ;  Reif ,  1987) .  Hence ,  thi s se t  o f  belief s ha s a 

limite d powe r  o f  explanation ,  an d o f  course ,  differ s fro m th e scientifi c  theorie s hel d b y th e scientifi c 

community . 

Although naive explanations for a given phenomenon appear to be very context sensitive, it seems 

possibl e tha t  ther e i s a n underlyin g implici t  se t  o f  epistemologica l  commitment s tha t  ar e respecte d i n th e 

variou s specifi c  explanations .  Nersessia n an d Resnic k (1988 )  hav e outline d suc h a  se t  o f  underlyin g 

commitment s fo r  th e domai n o f  mechanics .  Thes e commitment s includ e th e presupposition s tha t  motio n 

require s a n explanation ,  (becaus e i t  represent s a  chang e i n state) ,  an d tha t  a n adequat e explanatio n o f 

motio n mus t  b e frame d i n term s o f  mechanism s i n whic h agent s ac t  physicall y o n object s (rathe r  tha n i n 

term s o f  relation s amon g theoretica l  constructs ,  a s i n Newtonia n physics) .  Thes e presupposition s wer e 

share d b y pre-Newtonia n physicists ,  an d th e loca l  explanation s constructe d b y today' s naiv e subject s 

see m t o shar e ke y feature s wit h thos e o f  Aristotelia n an d impetu s theorists . 

In this paper we explore another basic commitment~a naive materialistic belief--he\d by students, 

as wel l  a s b y som e adults ,  tha t  ca n explai n man y o f  th e students '  belief s a s reporte d i n th e researc h o n 

alternativ e framework s i n physics .  Th e followin g exampl e illustrate s wha t  w e mea n b y a  materialisti c 

belief .  I n ever y da y expressions ,  whe n w e sa y tha t  somethin g i s a n illusio n w e usuall y mea n tha t  i t  i s no t 

real .  W e conside r  a  movin g ca r  see n i n a  hologra m t o b e a n illusion ,  o r  unreal ,  eve n thoug h w e se e i t  a s 

if  i t  wa s real .  Th e reaso n tha t  w e refe r  t o th e movin g ca r  i n th e hologra m a s "no t  real "  i s tha t  i t  i s no t  mad e 

of  wha t  w e cal l  i n everyda y lif e "rea l  material" .  A n examinatio n o f  students '  explanation s concernin g light , 

electrica l  circuits ,  heat ,  energy ,  an d force ,  sugges t  tha t  the y conceiv e o f  thes e entitie s i n term s o f  th e 

propertie s an d behavio r  o f  "rea l  material" .  Thus ,  w e propos e tha t  a  basi c materialisti c  conceptio n ma y 

underli e students '  belief s an d understanding s abou t  a  numbe r  o f  physica l  concepts . 

Materialistic Interpretation of Light 

Our hypothesis of naive materialistic commitments arose while working with adult physics students 

and teacher s o n concept s o f  lights .  W e begi n b y reportin g thi s wor k an d the n examin e othe r  researc h o n 
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alternativ e framework s i n differen t  domain s fo r  evidenc e o f  materialisti c commitments . 

Conceptual beliefs about light tiave been investigated by Anderson and Karqvist (1981), Jung 

(1981) ,  an d La-Ros a (1984) .  Tfi e mai n focu s o f  tha t  wor k w a s o n sight ,  th e propagatio n o f  ligh t  throug h 

space ,  an d issue s i n optica l  geometries ,  bu t  littl e detail s wer e provide d abou t  wha t  student s thin k tha t  ligh t 

is .  Anderso n an d Karqvis t  (1981 )  repor t  tha t  student s believ e tha t  "something "  (eithe r  ray s o f  ligh t 

emanatin g fro m th e eyes ,  images ,  o r  "somethin g whic h goe s backward s an d forward s betwee n th e ey e 

and th e book" )  enable s vision .  Bu t  thes e investigator s di d no t  dea l  wit h th e questio n o f  wha t  a  studen t 

means w h e n h e use s th e wor d light ,  o r  ray ,  o r  othe r  suc h terms . 

In our work (Reiner, 1987), we interviewed 12 senior physics students and physics teachers about 

ligh t  phenomen a relate d t o every-da y situation .  Al l  o f  th e subject s ha d learne d th e appropriat e physic s t o 

answe r  th e questions ,  bu t  th e finding s showe d tha t  thei r  interpretation s abou t  ligh t  phenomen a reflecte d 

materialisti c commitment .  Eac h subjec t  w a s aske d 4  questions :  tw o questions  concerne d c o m m o n 

everyda y phenomen a (th e disturbanc e o n T. V resultin g fro m a  lightning ,  an d rotatio n o f  th e radiometer) ; 

th e othe r  tw o question s wer e thos e commonl y aske d i n physic s classe s (interferenc e an d detractio n 

pattern s o f  light) .  Analyse s o f  th e students '  explanation s showe d tha t  th e th e notio n o f  massiv e "particle s 

of  light "  playe d a  basi c rol e i n explainin g bot h th e every-da y phenomen a an d th e physic s clas s type s o f 

questions .  Fo r  example ,  th e rotatio n o f  th e radiomete r  w a s explaine d b y mos t  o f  the m a s a  resul t  o f  th e 

forc e o r  m o m e n t u m transferre d fro m th e massiv e particle s o f  ligh t  t o th e blac k plate s o f  th e radiometer . 

It is not clear whether the source of this kind of materialistic conception arose from physics 

instructio n o r  i t  migh t  b e roote d i n a  naive ,  preinstructiona l  view .  I n orde r  t o examin e this ,  w e interviewe d 

a ne w sampl e o f  bright ,  17-year-ol d Technion-boun d student s w h o hav e no t  ha d th e theor y o f  ligh t  before . 

31 ou t  o f  3 2 student s showe d a  materialisti c belief .  O f  th e variou s specifi c  belief s expressed ,  thre e wer e 

dominant : 

1.  2 2 % o f  th e student s believe d tha t  ligh t  w a s produce d b y a  ho t  body ,  whic h radiate s a  kin d 
of  material- a flui d o r  a  strea m o f  tin y particles-tha t  ca n fil l  th e air .  Color s o f  light ,  ?>ccordin g 
t o thi s belief ,  result s fro m th e combinatio n o f  tw o fluid s tha t  hav e differen t  colors . 

2.  1 8 % o f  th e student s believe d tha t  a  ho t  bod y emit s particle s o f  differen t  sizes .  Eac h siz e 
ha s it s o w n color .  I t  i s  eas y t o chang e a  particle' s colo r  fro m whit e t o an y othe r  color ,  bu t 
ver y diHicul t  t o chang e anothe r  colo r  t o white -  th e s a m e w a y tha t  a  whit e flui d wil l  ge t  a 
darke r  colo r  i f  mixe d wit h a  darke r  fluid .  I t  i s  interestin g t o not e tha t  thi s i s ver y simila r  t o 
Newton' s theor y o f  light- a poin t  tha t  remind s u s tha t  materialisti c view s wer e dominan t  i n 
physic s unti l  quit e lat e i n th e lield' s development . 

3.  2 2 % o f  th e student s believe d tha t  a  chemica l  reactio n cause s th e emissio n o f  ligh t  particles , 
whic h the n hav e th e abilit y  t o fil l  space .  Man y o f  thes e student s note d tha t  particle s coul d 
be slowe d d o w n b y th e ai r  (friction? )  ,  an d tha t  i s th e reaso n tha t  afte r  a  certai n distanc e th e 
particle s stop ,  whic h explain s wh y th e ligh t  (suc h a s fro m a  candle )  onl y goe s a  certai n 
distance . 

These results suggest that our initial sample of 12 senior physics students and teachers did not gain the 
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materialisti c  belie f  fro m book s o r  an y otfie r  form s o f  forma l  instruction .  Instead ,  the y appea r  t o hiav e 

retaine d a  naiv e materialisti c  wa y o f  tfiinkin g whicf i  i s  fundamenta l  t o pre-instructe d bu t  brigh t  17-year -

olds .  Thus ,  bot h th e naiv e 17-year-ol d student s an d th e senio r  physic s student s an d teacher s hav e 

"materialized "  ligh t  i n tw o possibl e ways : 

1.  Ligh t  itsel f  i s  considere d t o b e a  typ e o f  material-eithe r  smal l  balls ,  o r  a  strea m o f  flowin g 

continuou s substance ; 

2.  Ligh t  i s  a  propert y o f  a n object ,  fo r  example ,  a n objec t  shines ,  s o tha t  ligh t  doe s no t  exis t  i f 
th e ho t  object ,  o r  th e reactin g material s i n a  chemica l  reaction ,  d o no t  exist . 

Materialistic Conception of Electrical Circuits 

Maichle (1981) found that more than 80% of the students in secondary school level conceive of 

electri c curren t  a s a  kin d o f  substanc e wit h th e propertie s o f  quantity ,  storabilit y  an d consumability .  Eve n 

at  th e universit y level ,  4 0 % o f  th e student s agre e t o suc h statements .  A s migh t  b e expected ,  mos t  o f 

thes e student s confus e th e term s o f  voltag e an d curren t  (Cohen ,  Eyion ,  &  Ganie l  1983 ;  Maichle ,  1981) . 

They us e th e ter m electricit y fo r  bot h curren t  an d voltage .  Sometime s voltag e i s use d t o mea n th e 

storag e o f  current .  I n thi s case ,  bot h curren t  an d voltag e ar e materialized .  Accordin g t o students , 

"electrica l  material "  i s  use d u p b y th e bulb ,  o r  othe r  electrica l  devices ,  an d henc e ther e shoul d b e les s 

curren t  "after "  th e devic e "uses "  it .  Th e "misconception "  o f  storabilit y  an d consumabilit y  i s  a  resul t  o f 

lookin g a t  electrica l  curren t  a s i f  i t  wa s a  materia l  whic h i s store d i n th e battery .  Th e materia l  flow s a s 

lon g a s ther e i s "plent y o f  it "  i n th e battery ,  tha t  is ,  unti l  th e batter y i s "empty" .  Thi s vie w i s confirme d b y 

Reiner' s (1987 )  findin g tha t  hig h schoo l  student s studyin g electricit y believ e tha t  electron s hav e t o "arrive " 

at  th e bul b i n orde r  t o mak e th e bul b shine ,  an d tha t  th e propagatio n o f  th e electro-magneti c fiel d i s 

equate d wit h th e flo w o f  electron s i n th e wire . 

Osborn and Gilbert (1987) found similar conceptions both among 18-year-old students studying 

A-leve l  physic s (th e highes t  physic s leve l  i n Britain )  an d 7-13-year-old s wh o ha d receive d n o forma l 

teachin g i n physics .  Th e fac t  tha t  bot h th e naiv e an d th e 18-years-ol d students ,  wh o hav e a  relativel y 

goo d backgroun d i n physics ,  refe r  t o th e batter y a s a  storag e o f  materia l  whic h i s th e caus e o f  current , 

implie s tha t  th e materialisti c  framewor k appear s t o b e resistan t  t o teaching . 

To summarize, students appear to materialize electricity in two ways: they think of electricity as if it 

was a  materia l  whic h ca n flo w fro m on e plac e (suc h a s th e battery )  t o anothe r  (suc h a s th e bulb) ;  an d 

furthermore ,  thi s materia l  ha s th e propertie s o f  bein g consumabl e an d storable . 

Materialistic Interpretation of Heat 

Erickson and Tiberghein (1985) claimed that students imply that heat is substantive in nature, and 

describ e i t  a s somethin g tha t  ca n b e store d i n objects ,  transferre d fro m on e objec t  t o another ,  an d trave l 

fro m on e locatio n i n a n objec t  t o another .  The y als o clai m tha t  ever y da y expression s lik e "Clos e th e 
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windo w t o kee p th e hea t  inside "  (an d th e col d outside )  o r  expression s hear d i n classroom s suc h as :  "hea t 

i s gaine d o r  lost" ,  "travel s alon g a  meta l  rod" ,  indicat e tha t  i t  seem s t o b e natura l  t o describ e hea t  a s a 

typ e o f  materialisti c  substanc e whic h ca n caus e predictabl e change s i n othe r  objects .  A  "caloric " 

conceptio n o f  heat ,  i n whic h hea t  i s referre d t o a s a  flui d tha t  ha s n o mas s ha s als o bee n foun d amon g 

student s b y severa l  researcher s (Albert ,  1978 ;  Erickson ,  1980 ;  Tiberghien ,  1980 ;  Shaye r  &  Wylam ,  1981) . 

To summarize, from these findings, we suggest that heat has been materialized by students in two 

ways :  Hea t  i s  viewe d a s a  kin d o f  materia l  (e.g. ,  a  fluid )  whic h ca n trave l  fro m on e plac e t o another ;  an d 

furthermore ,  lik e electricity ,  hea t  ca n b e store d i n materials ,  an d take s o n th e shap e o f  th e objec t  i n whic h 

th e hea t  i s  store d i n th e sam e wa y tha t  ga s take s o n th e shap e o f  th e containe r  i n whic h i t  i s  stored . 

Materialistic Interpretation of Energy 

Duit (1981) reported that for the overwhelming majority of students, the term energy in every day 

languag e ha s th e meanin g o f  a  genera l  kin d o f  fue l  t o b e use d b y motor s an d machines .  Energ y ca n b e 

store d an d consumed .  T o gai n furthe r  insigh t  int o th e meanin g o f  th e wor d fo r  students ,  the y wer e aske d 

t o giv e example s o f  energy .  Th e result s sho w tha t  5 1 % o f  th e student s refe r  t o th e concep t  o f  energ y a s 

"things" .  Accordin g t o thi s research ,  energ y i s no t  see n b y th e majorit y o f  student s a s a n independen t 

entity ,  bu t  rathe r  a s a  propert y o f  materia l  bodies . 

We again suggest that energy is materialized in two ways: first, energy is a kind of fuel, and 

second ,  energ y i s a  propert y o f  a n object ,  an d exist s onl y i f  a n objec t  exists . 

Materialistic Interpretation of Forces 

If naive students have a commitment to materialistic explanations, they should have difficulties in 

explainin g motio n i n th e absenc e o f  a n externa l  contac t  force .  Thi s i s indee d th e case .  Fo r  example , 

Clemen t  (1982 )  reporte d tha t  student s believ e tha t  th e motio n o f  a  bod y implie s tha t  a  forc e wa s exerte d 

on it .  I n th e cas e o f  a  coi n tosse d u p i n th e air ,  the y thin k tha t  "th e coi n ha s a  force" .  Thi s force , 

accordin g t o Clement' s students ,  i s  believe d t o b e decreasin g durin g th e coin' s motio n upwards ,  unti l  th e 

gravitationa l  forc e overtake s th e "coin' s force ^  an d the n th e coi n wil l  revers e it' s  directio n an d fal l  down . 

Minstrel l  (1982 )  als o reporte d tha t  hi s students '  notio n o f  a  movin g bod y i s on e tha t  "ha s a  forc e i n itself" . 

Gunston e an d Watt s (1985 )  als o reporte d tha t  force s ar e explaine d a s havin g t o d o wit h livin g things . 

Student s tal k fo r  instanc e abou t  "a n objec t  tryin g t o figh t  it' s  wa y upward s agains t  th e wil l  o f  gravity" , 

whic h i s ver y simila r  t o Clement' s results .  I n al l  thre e o f  thes e cases ,  forc e i s viewe d a s a  propert y o f  a n 

object .  Th e forc e doe s no t  exis t  unles s th e objec t  exists .  Forc e i n thi s sens e ha s n o meanin g 

independentl y o f  a  materialisti c  object . 

If force is viewed as a property of an object, then, force from a distance poses a special problem for 
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students .  Althoug h student s us e th e ter m gravity ,  the y d o no t  understan d tha t  i t  ca n caus e object s t o fall . 

Instead ,  weight ,  an d "fallin g down" ,  ar e bot h perceive d a s tw o differen t  propertie s o f  a  materialisti c  bod y 

(Vicentini ,  1983) .  "Fallin g down "  i s explaine d b y th e naiv e belie f  tha t  a  bod y fall s becaus e i t  wants '  t o b e 

i n it' s  natura l  place ,  whic h i s "down" .  Vicentini-Misson i  (1981 )  state d I t  a s th e "firs t  law "  formulate d b y 

students:"AI I  heav y object s fal l  down ,  i f  nothin g sustain s them" .  Thi s issu e ha s bee n investigate d b y 

Nusbau m an d Nova k a s wel l  (19xx) .  The y aske d student s t o predic t  th e motio n o f  a  bod y throug h a  hol e 

dug throug h th e earth .  Mos t  o f  th e student s answere d tha t  th e droppe d ston e wil l  "fal l  down "  throug h th e 

cente r  o f  th e earth ,  an d "fal l  down" ,  ou t  o f  th e earth .  Th e notio n o f  gravit y a s a  forc e directe d t o th e cente r 

doe s no t  exist ,  an d th e motio n o f  th e ston e i s no t  relate d t o th e gravitationa l  forc e toward s th e center ,  bu t 

rathe r  i s referre d t o a s a  propert y o f  th e body .  Accordin g t o thi s belief ,  ever y materialisti c  objec t  ha s th e 

propert y o f  "fallin g down" .  Th e forc e fro m distanc e doe s no t  exis t  pe r  se ,  unles s i t  i s  relate d t o a 

materialisti c  body .  Thu s bot h weigh t  an d th e forc e drivin g object s t o fal l  ar e transferre d int o propertie s o f 

a body . 

Another way of materializing force is by transfering the force into a contact force between the body 

and th e air .  Drive r  (1985 )  reporte d tha t  som e student s believ e tha t  i n th e oute r  spac e ther e i s n o gravit y 

becaus e ther e i s n o air.Vicentin o an d Misson i  (1981 )  reporte d tha t  adult s explai n gravitatio n a s :  "  Th e 

forc e o f  gravit y i s  du e t o th e ai r  pressure \  I n thi s cas e th e forc e fro m distanc e i s transferre d int o a  forc e o f 

contac t  betwee n tw o materialisti c  bodies .  Thi s i s no t  a  ver y ne w belief ;  Gassendi ,  a  17-t h centur y 

scientist ,  conjecturin g abou t  th e existenc e o f  a  vacuum ,  remarke d tha t  n o force s an d n o motio n wil l  b e 

possibl e i n th e vacuu m becaus e o f  th e absenc e o f  contac t  amon g bodie s tha t  coul d produc e a  force . 

To summarize, we suggest that forces have been materialized in two ways: It is a property of an 

object ,  an d a  forc e i s a  contac t  betwee n tw o (o r  more )  materialisti c  bodies . 

Conclusion 

We have shown that a basic materialistic commitment underlies some of students' conception of 

key physic s concepts .  Thi s materialisti c  commitmen t  ha s 3  characteristics : 

1. The entity itself is a kind of material (e.g., light is a massive particle or a kind of a fluid; 
electrica l  energ y i s equate d wit h materia l  fluid ;  an d hea t  i s  calori c material) ; 

2.  Th e entit y ca n b e store d i n material .  Ther e exis t  othe r  object s whos e rol e i s t o stor e th e 

entit y (e.g. ,  ligh t  i s  store d i n material s suc h a s i n th e ai r  whic h explain s wh y reaso n w e hav e 
ligh t  afte r  sunset ;  electrica l  curren t  i s store d i n th e battery ;  an d hea t  i s store d i n materia l 
objects ;  an d forc e i s capture d i n th e body) ; 

3.  Th e entit y exist s onl y a s a  propert y o f  a  materialisti c  objec t  (e.g. ,  ligh t  i s  a  propert y o f  a  ho t 
body ,  o r  material s tha t  reac t  chemically ;  energ y i s a  propert y o f  a n object--th e bod y ha s 

energy ;  gravitationa l  force--fallin g down--i s a  propert y o f  a  body ;  a  movin g bod y ha s forc e i n 
itself ,  "Forc e o f  falling "  i s a  resul t  o f  th e contac t  o f  tw o materials :  ai r  an d th e fallin g object) ; 
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The analyse s reporte d her e characteriz e th e way s student s conceptualiz e numerou s physic s 

concept s (light ,  electricity ,  heat ,  energy ,  an d force )  i n term s o f  a  basi c underlyin g materialisti c 

interpretation .  Th e pervasines s an d apparen t  robustnes s o f  suc h a  fundamenta l  conceptio n acros s 

differen t  physic s concept s rais e thre e importan t  issues .  First ,  i f  suc h a  conceptio n i s s o fundamenta l  t o 

th e wa y w e understan d thes e concepts ,  ho w readil y ca n instructio n modif y suc h a  view .  Tha t  is ,  wha t  kin d 

of  instructiona l  method s need s t o b e designe d tha t  ca n undermin e suc h a  basi c epistomologica l 

commitmen t  an d produc e conceptua l  change .  Second ,  becaus e suc h a  materialisti c  vie w appear s t o b e 

so inheren t  i n student s conceptio n o f  th e physica l  world ,  i t  seem s t o engende r  simila r  interpretation s t o 

relate d entitie s an d concepts .  Fo r  instance ,  student s appl y thei r  conceptio n o f  th e propertie s o f  electrica l 

curren t  t o th e flo w o f  energ y i n a  wire .  I t  i s  no t  clea r  ho w w e ca n terminat e th e propagatio n o f  thi s kin d o f 

materialisti c  misconceptions .  Finally ,  thi s researc h question s th e validit y o f  instructiona l  approache s whic h 

us e materialisti c  model s a s analogica l  tools .  Fo r  example ,  d o menta l  model s o f  electricit y suc h a s flowin g 

water s o r  teemin g crowd s distor t  ou r  understandin g o f  electricit y b y sustainin g th e materialisti c  view . 

Additiona l  researc h i s neede d t o addres s thes e issues . 
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