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A b s t r a c t 

This paper identifies and characterizes the 

existenc e o f  a  specifi c  clas s o f  "constojcts "  whic h 

m ay b e particularl y difficul t  t o lear n an d 

understand .  Thei r  difficult y necessitate s 

conceptua l  change ,  whic h i s a  for m o f  learnin g 

whic h w e defin e i n th e contex t  o f  thi s clas s o f 

constructs .  Ou r  explanatio n seem s t o fi t  a  divers e 

set  o f  dat a concernin g th e difficult y i n learniri g 

scienc e concept s o f  thi s nature .  Instructiona l 

implication s fo r  ho w w e ca n overcom e thi s barrie r 

t o conceptua l  chang e wil l  als o b e entertained . 

In t roduct io n 

Many "constructs" in physics (e.g. heat and 

electrica l  current) ,  i n biolog y (e.g.,natura l 

selection) ,  an d i n th e socia l  science s (e.g. ,  suppl y 

and deman d i n microeconomic) ,  ar e particularl y 

har d fo r  student s t o grasp .  Whil e mor e detai l  wil l 

be provide d belo w a s t o th e exac t  natur e o f  thi s 

clas s o f  difficult-to-lear n constructs ,  i t  i s  importan t 

t o establis h th e psychologica l  realit y tha t  certai n 

construct s ar e indee d notoriousl y difficul t  fo r 

student s t o apprehend .  Thi s ca n b e establishe d i n 

numerou s ways ,  suc h a s tha t  student s displa y 

characteristi c misconception s tha t  ar e difficul t  t o 

remov e b y instruction ,  ignor e o r  rejec t  an y 

evidenc e tha t  contradict s thei r  misconceptions , 

and fai l  t o appl y classroo m instructio n abou t  thes e 

construct s t o informa l  reasonin g problem s i n whic h 

the y ar e relevant .  Evidenc e fo r  al l  o f  thes e 

behavior s ca n b e foun d abundantl y throughou t 

th e educatio n literatur e concernin g scienc e 

misconception s (se e review s b y Reiner ,  Slotta , 

Chi ,  &  Resnick ,  1992) . 

Perhap s th e reason s fo r  students '  difficultie s 

ar e obvious :  thes e construct s ar e ofte n abstract , 

mathematicall y defined ,  an d no t  directl y 

observable .  However ,  ou r  theoretica l  analyse s 

(Chi ,  1992 ;  Chi ,  Slott a &  deLeeuw ,  i n press ) 

sugges t  tha t  thes e obviou s reason s ar e no t 

fundamenta l  i n accountin g fo r  th e constructs ' 

difficulty ,  sinc e man y othe r  scientifi c  construct s ar e 

equall y abstract ,  mathematica l  an d unobservable , 

but  ar e learnabl e nonetheles s (i n th e sens e tha t 

misconception s ar e mor e readil y removed ,  etc.) . 

For  example ,  th e concep t  o f  densit y appear s t o 

pos e mino r  problem s fo r  students ,  a s compare d t o 

tha t  o f  weight ;  likewis e wit h th e notio n o f  a n 

electron ,  whic h i s straightfonwar d i n compariso n t o 

tha t  o f  electrica l  current .  Rather ,  w e believ e tha t 

certai n construct s ar e difficul t  t o lear n an d 

understan d becaus e thei r  underlyin g 

characteristic s ar e completel y alie n an d dissimila r  t o 

othe r  concept s whic h student s hav e alread y 

learne d an d represente d i n memory .  Thi s 

suggest s tha t  the y canno t  b e learne d b y th e 

norma l  processe s o f  learning ,  rather ,  the y firs t 

requir e conceptua l  change . 

It  i s  importan t  t o distinguis h th e proces s o f 

learnin g versu s conceptua l  change .  W e firs t  asser t 

a fundamenta l  assumptio n tha t  al l  learnin g i s 

basicall y a n assimilatio n o f  a  concep t  int o a n 

existin g structur e i n memory .  Suc h assimilation s 

ca n resul t  i n refinement ,  generalization ,  o r  creatio n 

of  a  ne w structur e simila r  t o a n existin g structur e 

(a s i n th e cas e o f  analogica l  learning )  an d s o forth . 

Thi s i s a  fairl y  universa l  assumptio n abou t  learnin g 

(se e Schank ,  1986 ,  a s well) .  Havin g asserte d thi s 

assumption ,  conceptua l  chang e mus t  occu r  whe n 

a to-be-learne d concep t  canno t  b e fitte d int o an y 

stajctur e tha t  alread y exists ,  o r  alternatively ,  th e to -

be-learne d concep t  i s  mistakenl y assimilate d int o a 

wron g structure .  Viewe d thi s way ,  conceptua l 

chang e refer s t o th e nee d t o switc h t o assimilatin g 

a ne w concep t  fro m on e structur e int o anothe r 

structure .  Hence ,  thi s switchin g proces s i s th e 

proces s o f  conceptua l  change ,  wherea s 

processe s o f  learning ,  a s normall y conceive d i n 
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th e literature ,  refe r  t o operation s suc h a s accretion , 

tuning ,  generalization ,  disaimination , 

proceduralization ,  analogy ,  an d s o forth .  Definin g 

it  thi s wa y focusse s th e proble m no t  o n wha t 

processe s constitut e conceptua l  change ,  bu t 
rather ,  t o th e proble m o f  whe n doe s a  perso n 

realiz e tha t  s/h e need s t o switch .  Below ,  w e 

presen t  argument s fo r  circumstance s whe n thi s 

may occur ,  namely ,  whe n a  studen t  i s learnin g on e 

of  thes e "constructs" . 

Our  theor y o f  conceptua l  change ,  necessar y 

fo r  learnin g constaict s o f  a  certai n type ,  relie s 

upo n thre e suppositions :  a n epistemologica l  on e 

concernin g th e natur e o f  entitie s i n th e world ,  a 

metaphysica l  on e concernin g th e natur e o f  certai n 

scienc e an d socia l  scienc e constructs ,  an d a 

psychologica l  on e concernin g th e natur e o f 

conceptua l  knowledge .  W e wil l  briefl y la y ou t 

thes e thre e suppositions ,  whos e conjoin t  frame s 

an initia l  explanatio n o f  wh y som e construct s ar e 

difficul t  t o learn ,  whe n conceptua l  chang e i s 

necessary ,  an d consider s ho w instructio n migh t 

overcom e suc h barriers .  Althoug h th e theor y 

explain s th e difficult y  i n learnin g an y constnjc t  tha t 

has thes e characteristics ,  a  grea t  dea l  o f  th e 

discussio n focuse s o n physic s concepts ,  onl y 

becaus e th e majorit y  o f  evidenc e i n th e literatur e i s 

collecte d i n tha t  domain . 

A n Ep is temo log ica l  S u p p o s i t i o n 

The first supposition states that entities in the 

worl d ma y b e viewe d a s belongin g t o differen t 

fundamenta l  o r  "ontological "  categories .  Whil e thi s 

statemen t  i s simpl y a  definitio n o f  th e concep t  o f 

"ontology" ,  wha t  i s mor e importan t  i s th e characte r 

of  thes e ontologica l  categories .  Thre e primar y 

ontologica l  categorie s ar e depicte d i n Figur e I : 

fy^ATTER ,  P R O C E S S ES an d IWIENTA L STATES . 

Ther e ma y b e other s a s well .  Ther e i s als o a 

hierarch y o f  subcategorie s embedde d withi n eac h 

of  thes e majo r  categorie s (e.g. ,  P R O C E S S ES i s 

divide d int o Events ,  Procedures ,  an d Acausa l 

Interaction ;  M A T T ER i s divide d int o Natura l  Kin d 

and Artifacts) .  Thes e subcategorie s ar e show n i n 

th e Figure ,  wit h categor y member s appearin g i n 

parenthese s an d ontologica l  attribute s appearin g 

i n quotes .  Sinc e w e ar e earl y i n th e proces s o f 

layin g ou t  th e ontologica l  tre e i n detail ,  w e ar e no t 

committe d t o thi s exac t  tree ,  no r  necessaril y  tha t  i t 

be hierarchical .  Othe r  organization s ar e possible . 

Keil ,  (1979 )  fo r  instance ,  followin g Sommer s 

(1963) ,  divide s O B J E C TS (correspondin g t o ou r 

fwiATTE R category )  int o th e Solid s an d Aggregate s 

subcategories .  However ,  mos t  importantl y i n ou r 

view ,  Kei l  an d other s hav e omitte d th e primar y 

categor y o f  P R O C E S S E S,  whos e subcategor y o f 

Matte r 

"i s red" ,  "i s heavy" ,  "i s skinny " 
"h2is,volume" ,  "occup y spac e 

ALL ENTITIE S 

"wilts " 
(flower ) 

r  A r t i f a c t s ^  T p r o c e d u r e ^  ^ E v e n t s 
Natura l 

Kin d 

"i s fixe d 
i s broke n 

(lamp ) 

SolkJ s Plant s 

Processe s 

i s a n hou r  tong",  "happene d yesterda y 
(recess ,  thunderstorm ) 

"Acausa l 

Interaction . 

"i s carriedout "  /"i s causerfby "  ^  "equalibriu m 
"ha s sequence/ha s beginning/end "  "evolutionary " 

y (fight ,  kiss )  \  (fog ,  traffi c  jam ) 

Non-LivingJ> CTntentionaJ2> CRandom> QJaturaL^ 

"i s o n purpose "  (mutaton )  (lightning ) 
Jfight ,  kiss )  (speciation ) 

Menta l  State s 

Z i s true" ,  "i : 
(dream . 

"I S abou t  X " 
image ) 

Intentiona l 

(wants) 

Enrotiona l 

[ArtificialZ > 

(electrica l  current ) 

Animal s 

"hungr y 
(bee ) 

"sparkles " 
(diamond ) 

O - i q u i d ^ 

"leaks" ,  "accumulates " 
(milk ,  water ) 

Figur e 1 .  O n e possibl e categorizatio n scheme .  Categorie s whic h ar e separate d horizontall y o n th e tre e ar e 
ontologicall y distinct . 
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Acausa l  Interaction s i s prominen t  i n ou r  accoun t  o f 

intuitiv e physic s knowledge .  Actually ,  fo r  th e 

purpos e o f  presen t  discussion ,  w e nee d t o focu s 

onl y o n th e distinctio n betwee n tw o primar y 

categories :  flatte r  an d Processes . 

Carvin g u p th e worl d accordin g t o ontologica l 

categorie s a s oppose d t o som e othe r  categorie s 

merel y mean s a  differen t  se t  o f  attritxjte s ma y b e 

neede d t o determin e categor y membership .  A n 

ontologica l  attribut e i s a  propert y tha t  a n entit y ma y 

potentiall y  posses s a s a  consequenc e o f 

belongin g t o tha t  categor y (o r  an y o f  it s 

subordinates) .  Thi s contrast s wit h th e notio n o f 

eithe r  definin g o r  characteristi c attributes ,  whic h 

ar e attribute s tha t  a  categor y member  eithe r  mus t 

have ,  o r  nDos t  likel y has ,  respectively .  Thus ,  a n 

ontologica l  hierarch y o f  categorie s define s th e 

work !  o f  entitie s i n it s  mos t  fundamenta l  sens e -  i n 

term s o f  thei r  bas e "essence" . 

P R O C E S S ES diffe r  ontologicall y fro m an y 

categor y o f  M A T T E R.  Difference s betwee n 

ontologica l  categorie s ca n b e operationall y 

define d b y thei r  non-overlappin g set s o f 

ontologica l  attrilxjtes .  Fo r  example ,  i n Figur e I , 

"hungry "  ca n b e applie d t o th e categor y o f  Animal s 

and al l  it s  subcategories ,  suc h a s Humans . 

Therefore ,  Animal s an d H u m a n s ar e no t 

ontologk̂ all y  distinct .  Basically ,  tw o categorie s ar e 

ontologicall y distinc t  i f  the y occup y paralle l 

(meanin g horizontall y separate )  branche s o f  th e 

hierarchca l  tree .  I n othe r  words ,  tw o categorie s 

ar e ontologk:all y distinc t  i f  th e attribute s o f  on e 

categor y canno t  b e applie d t o member s o f  anothe r 

category .  Returnin g t o th e difference s betwee n 

M A T T ER an d P R O C E SS categor y members ,  "a n 

hour-k)ng "  I s a  predicat e tha t  ma y modif y a  member 

of  th e Even t  category ,  bu t  canno t  b e use d 

sensibl y t o nrwdif y an y member  o f  th e M A T T ER 

category ,  suc h a s a  dog .  Thus ,  t o sa y tha t  " a do g i s 

an hour-long "  i s anomalou s (know n a s a  categor y 

mistake) ,  becaus e eve n th e negatio n o f  tha t 

statemen t  (" a do g i s no t  a n hour-long" )  i s 

nonsensical .  O n th e othe r  hand ,  i f  a  memtje r  o f  a 

categor y i s predicate d b y a n attribut e fro m th e 

same ontology ,  the n a t  wors t  th e statemen t  suc h 

as ' a do g i s purple" ,  i s  simpl y false ,  bu t  plausible . 

The psychologica l  realit y o f  th e distinctnes s o f 

ontologrca l  categorie s ca n b e teste d precisel y b y 

predicatin g a n ontologica l  attribut e ont o a  categor y 

member,  an d askin g peopl e t o judg e whethe r 

suc h a  statemen t  i s sensibl e o r  anomalou s (Keil , 

1979) . 

A Suppos i t i o n a b o u t  th e N a t u r e o f 

Physic s Concep t s 

We propose that many physics concepts belong to 
a subcategor y o f  PROCESSES whic h w e her e cal l 
Acausa l  Interactions ,  a  relativel y unfamilia r  an d 

elusiv e ontologica l  category .  W e firs t  illustrat e 

members o f  thi s Acausa l  Interaction s categor y b y 

way o f  examples .  Conside r  th e concep t  o f 

gravitationa l  force ,  whic h involve s a  mutua l 

attractio n betwee n tw o massiv e object s directe d 

betwee n thei r  respectiv e center s o f  mass .  Ther e 

i s n o direc t  causa l  agen t  o f  thi s force ,  a t  leas t  withi n 

th e formalis m o f  classica l  nriechanics .  Similarly ,  a n 

electrica l  curren t  exist s wheneve r  electricall y 

charge d particle s ar e fre e t o nx>v e i n th e presenc e 

of  a n electri c field .  Thi s ca n b e see n a s a n 

interactio n betwee n th e sourc e o f  th e fiel d (e.g. , 

some differenc e i n electri c potentia l  betwee n tw o 

point s i n space )  an d th e movin g charge d particle , 

agai n wit h n o partkxjia r  causa l  agen t  involved .  Th e 

same sor t  o f  reasonin g ca n b e applie d t o th e 

concept s o f  heat ,  light ,  an d others ,  whos e veridica l 

(scientific )  conceptton s thu s belon g t o th e Acausa l 

Interaction s category . 

Althoug h concept s an d construct s i n th e 

Acausa l  Interactio n categor y ar e acausal ,  i n th e 

sens e tha t  the y procee d strictl y accordin g t o 

constrainin g relation s amon g thei r  components , 

and no t  becaus e som e externa l  agen t  o r  interna l 

intentio n i s drivin g them ,  certainl y som e causality , 

externa l  t o th e construct ,  ma y b e operatin g i n 

definin g th e onse t  o f  th e process .  Fo r  example ,  i n 

electrica l  current ,  a n externa l  causa l  agen t  ca n b e 

th e flippin g o f  a  switc h t o connec t  a  batter y t o th e 

circuit ;  similarly ,  th e evolutio n o f  th e Englis h 

peppere d moths ,  fro m bein g relativel y lighte r 

colore d t o darke r  i n color ,  ca n b e see n a s causall y 

relate d t o th e smok e fro m nearb y factories . 

However ,  smok e itsel f  di d no t  literall y chang e th e 

colo r  o f  th e moths ;  i t  wa s th e externa l  agen t  whic h 

cause d a  chang e i n th e moths '  environment ,  afte r 

whic h th e acausa l  proces s o f  natura l  selectio n 

proceede d t o chang e th e colo r  o f  th e moths . 

Thes e construct s becom e define d onl y afte r  suc h 

initia l  externa l  causes ,  bu t  th e construct s exis t  fro m 

the n o n i n th e absenc e o f  an y causes .  Thus , 

evolutio n i s th e nam e tha t  refer s t o th e acausa l 

construc t  whic h describe s th e chai n o f  event s 

culminatin g i n th e surviva l  o f  darke r  nx)th s an d th e 

gradua l  eliminatio n o f  lighte r  moths .  Eac h even t 

withi n th e chai n ma y als o contai n loca l  causa l 

agents .  Fo r  instance ,  th e eliminatio n o f  a n 
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individua l  mot h I s itsel f  a n even t  whic h ha s a  cause : 

some bir d o r  othe r  predato r  at e a  light-colore d 

moth .  Thus ,  thes e construct s ca n becom e 

define d afte r  suc h initia l  externa l  causes ,  an d the y 

ca n als o contai n causa l  elements ,  bu t  th e 

construct s themselve s exis t  I n th e absenc e o f  an y 

causes . 

A secon d wa y t o characteriz e th e attribute s o f 

thi s Acausa l  Interaction s categor y i s t o contras t 

the m wit h othe r  Proces s subcategories ,  suc h a s 

Events .  Tw o majo r  attribute s ar e salient .  Th e firs t 

on e wa s allude d l o I n th e aforementione d 

paragraph ,  concernin g th e lac k o f  a  causa l  agent , 

wherea s nrx>s t  Event s d o hav e a  causa l  agent .  Th e 

secon d salien t  attribut e ca n b e describe d i n th e 

followin g ways .  Acausa l  Interaction s hav e n o 

obviou s beginnin g o r  ending ,  i n contras t  t o 

Events .  Fo r  instance ,  i n th e Even t  o f  a  basebal l 

game,  certai n thing s happe n I n th e beginnin g o f 

th e game ,  an d othe r  thing s happe n a t  th e end ,  s o 

tha t  ther e i s a n orderl y sequenc e o f  th e 

componen t  processes .  Acausa l  Interaction s d o 

not  hav e thi s kin d o f  predictabl e progressiv e 

quality :  Ther e i s n o characteristi c patter n ove r  tim e 

or  space ,  becaus e th e proces s i s unifor m an d 

simultaneou s everywhere .  Thus ,  som e o f  th e 

term s o r  attribute s tha t  ca n b e use d t o describ e a n 

Acausa l  Interactio n are :  n o beginnin g o r  ending , 

no progression ,  unifor m magnitude , 

simultaneous ,  static ,  on-going ,  stead y state ,  an d 
equilibrium .  Ther e ma y b e other s a s well . 

A thir d wa y t o describ e th e natur e o f  thes e 

difficult-to-lea m construct s i s t o stat e wha t  the y ar e 

not .  W e d o s o t o emphasiz e th e propertie s tha t 

student s ofte n inappropriatel y attribut e t o them . 

First ,  thes e construct s ar e no t  kind s o f  matte r  o r 

materia l  substances ;  no r  ar e the y propertie s o f 

matter .  The y ar e no t  object s o r  attribute s o f 

objects ;  no r  d o the y behav e a s objects .  Fo r 

example ,  electrica l  curren t  i s no t  a n object ,  a 

collectio n o f  objects ,  o r  a  fluid ;  neithe r  i s suppl y 

and demand ,  o r  mutation .  Second ,  thes e 

construct s ar e no t  emotiona l  states ,  suc h a s 

feelings ,  attitudes ,  o r  intentions .  Third ,  the y ar e 

not  menta l  state s o r  abstrac t  idea s lik e libert y o r 

beauty .  Beaut y i s subjectiv e an d ca n var y fro m 

one perso n t o another ,  wherea s electrica l  curren t 

can b e measure d objectively .  Fourth ,  the y ar e no t 

events ,  lik e basebal l  game s o r  a  clas s lectures . 

Event s typicall y hav e a  characteristi c tempora l 

progression ,  an d ofte n hav e causa l  agents . 

Finally ,  thes e construct s ar e no t  procedures , 
whic h usuall y ar e goal-drive n sequence s o f 

actions ,  ofte n wit h a n end-product ,  suc h a s tyin g a 

Shoe o r  makin g a  sandwich .  W e believ e tha t 

students '  existin g conceptua l  knowledg e I s mad e 

up o f  nuin y man y instance s o f  a t  leas t  thes e fiv e 

genera l  categorie s o f  knowledg e (matter , 

enDotiona l  states ,  abstrac t  kleas ,  events ,  an d 

procedures) .  Ou r  bask :  theor y letha l  student s wil l 

therefor e tr y t o assimilat e nove l  construct s b y 

attributin g propertie s o f  thes e categorie s t o them . 

New scienc e construct s bek>ngln g t o on e o f  thes e 

fiv e categorie s ar e mor e easil y learne d tha n 

construct s whic h d o no t  belong .  Becaus e thos e 

construct s whic h d o no t  belon g ar e nevertheles s 

assimilate d Int o on e o f  thes e fiv e familia r 

categories ,  an d regarded ,  fo r  example ,  a s Things " 

or  "Events' ,  learnin g thei r  actua l  meanin g 

becomes al l  th e nx>r e diffk̂ult . 

We no w summariz e th e characteristk; s o f  thes e 

difficul t  scienc e construct s (i.e. ,  wha t  the y are) . 

First ,  the y ar e ofte n Invente d b y scientists ,  an d 

henc e a  studen t  i s no t  likel y t o encounte r  o r 

induc e the m o n his/he r  ow n b y simpl y observin g 

th e environment .  Second ,  thes e constmct s als o 

ofte n embod y dynami c occurrence s an d 

interaction s o f  severa l  underlyin g components . 

and ar e thu s processe s b y nature ,  bu t  o f  a 

differen t  variet y tha n event s an d procedures , 

whk: h ar e als o processes .  Fo r  instance ,  th e la v o f 

suppl y an d deman d i s a  relationa l  proces s 

involvin g man y factor s an d man y partk̂ ipants ,  th e 

totalit y o f  whk; h canno t  b e observed ,  no r  ar e th e 

individua l  componen t  processe s discernible . 

Third ,  althoug h thes e constmct s usuall y refe r  t o 

processe s o f  Interaction ,  the y d o no t  involv e a 

causa l  agent .  The y ar e acausal ,  i n th e sens e tha t 

the y procee d strictl y accordin g t o constrainin g 

relation s anrK>n g thei r  component s an d componen t 

processes ,  an d no t  becaus e som e externa l  agen t 

or  internal.intentio n i s drivin g them .  Certainly . 

some causality ,  externa l  t o th e construct .  I s 

involve d i n definin g th e onse t  o f  thes e construct . 

For  example ,  i n electrica l  current ,  a n externa l 

causa l  agen t  ca n b e th e flippin g o f  a  switc h t o 

connec t  a  batter y t o th e circuit ;  similariy ,  th e 

evolutio n o f  th e Englis h p (  ppere d moth s fro m 

bein g relativel y lighte r  color& d t o darke r  i n colo r 

ca n b e see n a s causall y relate d t o th e snrK>k e fro m 

nearb y factories .  However ,  smok e itsel f  di d no t 

literall y  chang e th e colo r  o f  th e moths ;  i t  wa s th e 

externa l  agen t  whic h cause d a  chang e i n th e 

nrxjths '  environnDent . 

Often ,  construct s o f  thi s kin d describ e th e 

interactio n o f  multipl e component s unti l  som e kin d 

of  equilibriu m o r  stead y stat e i s achieved . 

Electrica l  cun-ent .  fo r  example ,  occur s system-wid e 
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i n a  circui t  wher e certai n condition s (i.e. ,  a n electri c 

potentia l  ditference )  exis t  whic h influenc e charge -

bearin g particle s (i.e. ,  electrons )  t o mov e I n a 

certai n direction .  Electrica l  curren t  i s a  scientifi c 

constmc t  whic h serve s t o quantif y th e nfl l 

statistica l  motio n o f  electri c charg e pas t  an y 

specifi c  poin t  i n th e circui t  (a s oppose d t o th e 

motio n o f  electrons ,  whic h mov e i n al l  direction s 

withi n th e wire ,  eve n whe n a n electrica l  curren t 

exist s withi n th e circuit) .  Hence ,  electrica l  curren t 

i s a  nam e give n t o a n equilibriu m relatio n betwee n 

propertie s o f  th e wir e an d certai n system-wid e 

condition s an d constraint s impose d o n th e wire .  I n 

th e domai n o f  economics ,  th e cos t  o f  a n ite m 

change s predictabl y a s a  functio n o f  it s  suppl y an d 

demand,  meanin g tha t  change s i n suppl y o r 

demand wil l  eventuall y brin g abou t  a  ne w 

equilibriu m cos t  fo r  th e item .  Her e also ,  onc e th e 

syste m variat)le s hav e bee n set ,  ther e i s n o causa l 

agen t  i n thi s proces s o f  interaction . 

Thi s characterizatio n o f  Acausa l  Interaction s i s 

quit e broad ,  an d applie s t o scienc e concept s 

outsid e o f  physic s a s well .  Fo r  example ,  withi n th e 

topi c o f  evolutio n ther e ar e Acausa l  Interaction s 

crucia l  t o a  complet e scientifi c  understanding , 

suc h a s mutation ,  geneti c equilibriu m seeking ,  an d 

so on .  Thus ,  concept s o f  th e Acausa l  Interactio n 

categor y ar e no t  limite d t o disciplinar y bounds , 

althoug h i t  n ^  b e th e cas e tha t  ther e ar e mor e o f 

the m i n physic s tha n i n othe r  domain s o f  science . 

A Psychologica l  Suppositio n abou t 

th e Natur e o f 

Intuitiv e Physic s 

The psychological supposition concerns the 
ontologica l  statu s o f  naiv e physic s knowledge . 
Student s ten d t o conside r  concept s suc h a s heat , 
light ,  forces ,  an d electrica l  cun-en t  a s betongin g t o 

th e M A T T E R category ,  eithe r  a s materia l 

substances ,  o r  a s propertie s o f  materia l  substanc e 

(Reiner ,  Chi ,  &  Resnick ,  1988 ;  Reiner ,  Slotta ,  Ch i 

& Resnick ,  1992) .  Fo r  example ,  student s ofte n 

thin k o f  forc e a s a  kin d o f  impetu s imparte d t o a 

body ,  o r  a s a n intensiv e propert y tha t  a  bod y ca n 

posses s (simila r  t o velocity) ,  an d the y believ e tha t 

thi s impetu s (o r  "oomph" )  ca n b e use d up .  Thus , 

forc e become s th e causa l  agen t  fo r  movement ,  o r 

it  i s  a  propert y o f  a n object ,  o r  i t  i s  substanc e itself . 

Example s o f  thi s kin d o f  misconceptio n ar e 

rampan t  i n th e scienc e educatio n literature . 

Pfund t  an d Dui t  (1989 )  hav e catalogue d ove r 

150 0 studie s whic h addres s misconception s o f 

thi s an d relate d natures .  Substance-base d 

misconceptions ,  i n particular ,  ar e prevalen t  an d 

homogeneou s acros s severa l  physic s concepts , 

as synthesize d an d reviewe d i n Reiner ,  Slotta ,  Ch i 

and Resnic k (1992) . 

T h e Incompatibil it y  i-lypothesi s 

The conjoint of these three suppositions provides 

th e foltowin g theoretica l  framewor k (usin g physic s 

learnin g a s a n example) :  first ,  ther e i s a n 

ontologica l  categor y calle d Acausa l  Interaction s 

whic h physic s novice s hav e littl e knowledg e 

about ,  bu t  t o whic h th e veridica l  physic s concept s 

belong :  second ,  novice s hav e encode d an d 

interprete d thei r  dail y experience s i n th e physica l 

worl d a s belongin g t o th e M A T T ER (an d 

sometime s Event )  category .  Misconception s i n 

naiv e physic s ar e a  resul t  o f  th e mismatc h o r 

incompatibilit y  betwee n th e representatio n th e 

studen t  ha s o f  phenomen a i n th e work J (e.g. ,  a s 

M A T T ER o r  Events )  an d th e veridica l  ontotog y o f 

th e associate d physic s concept s (e.g. ,  Acausa l 

Interactions) .  Sinc e learnin g i s primaril y th e 

assimilatio n o f  ne w knowledg e int o a n existin g 

knowledg e structure ,  thi s woul d impl y tha t  physic s 

concept s ar e preferentiall y  encode d int o th e 

M A T T ER ontologica l  category .  Doin g s o woul d 

prohibi t  accurat e understandin g o f  physic s 

concepts ,  whic h veridicall y shoul d b e assimilate d 

int o th e P R O C E SS categor y an d Acausa l 

Interactio n subcategor y i n particular .  Thus ,  t o lea m 

physic s concept s o f  thi s natur e require s tha t  th e 

Acausa l  Interactio n categor y b e activate d an d 

develope d i n orde r  t o assimilat e veridica l 

conception s o f  physics . 

Thi s vie w o f  teaming  physic s suggest s tha t  i t  i s 

not  possibl e t o refin e o r  develo p intuitiv e 

knowledg e t o th e poin t  tha t  i t  become s th e 

veridica l  physic s knowledge ;  entitie s o n separat e 

ontologica l  tree s canno t  b e merge d sinc e the y 

canno t  inheri t  eac h other' s attributes .  Fo r 

example ,  th e dange r  i n usin g th e analog y o f 

flowin g wate r  t o instnjc t  abou t  electrica l  curren t  i s 

tha t  student s wil l  continu e t o assimilat e newl y 

taugh t  informatio n abou t  electrica l  curren t  int o th e 

ontologica l  clas s o f  M A T T E R.  I f  student s 

assimilate d ne w informatb n abou t  electrica l  curren t 

int o th e Liqui d subcategor y (se e Fig .  I ,  nea r 

bottom) ,  the n th e concep t  migh t  als o inheri t 

propertie s suc h a s "ha s volume" ,  "occupie s 
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space* ,  an d othe r  ontologlca l  attribute s o f  th e 

M A T T ER category .  Thi s explain s wh y 

misconception s abou t  electrica l  curren t  ofte n 

Includ e statement s suc h a s "I t  ca n b e store d I n th e 

battery '  o r  "i t  ca n b e use d up" .  Therefore ,  whe n 

initia l  conceptio n i s mis-categorized ,  the n 

conceptua l  chang e o r  categor y switching ,  i s 

require d i n orde r  t o full y  understan d th e concept . 

f7ad/ca/conceptua l  change ,  a s referre d t o b y Care y 

(1985 )  an d other s wit h respec t  t o scientifi c 

revolution ,  fit s  perfectl y wit h th e notio n o f 

switchin g acros s ontctogica l  trees .  I t  i s  no t  clea r  a t 

thi s poin t  th e degre e o f  radicalnes s i f  switchin g 

occurre d withi n th e sam e tree ,  bu t  acros s paralle l 

categories .  Certainly ,  changin g categor y 

membershi p amon g categorie s o n th e sam e 

vertica l  branch ,  woul d no t  constitut e conceptua l 

change . 

S o me Instructiona l  C o n s i d e r a t i o n s 

Students not knowledgeable about the existence 

of  a  categor y o f  construct s suc h a s "acausa i 

interactions "  hav e a  tendenc y t o assimilat e ne w to -

be-learne d concept s o f  thi s l<in d int o th e wron g 

category ,  suc h a s Matter .  Suc h mis-assimilatio n 

prevent s th e studen t  fro m learnin g th e veridica l 

conceptions ,  sinc e al l  th e incorrec t  ontologlca l 

attribute s wil l  b e inherite d alon g wit h th e mis -

categorization .  Thus ,  misconception s ar e 

maintained ,  an d remai n robust .  T o overcom e suc h 

barrier s t o conceptua l  change ,  student s mus t  b e 

taugh t  abou t  th e existenc e an d characteristic s o f 

suc h a  categor y o f  constructs ,  s o tha t  the y ar e 

made awar e o f  th e nee d t o switc h th e categor y t o 

whic h ne w concept s o f  thi s natur e ar e t o b e 

assimilated .  Thi s conjectur e i s als o consisten t  wit h 

finding s i n th e literatur e showin g tha t  othe r 

instructiona l  techniques ,  suc h a s reciproca l 
teaching ,  ofte n fai l  t o induc e conceptua l  chang e 

fo r  scienc e concepts .  Ou r  theor y woul d sugges t 

tha t  suc h Instaictiona l  technique s fai l  becaus e i t  i s 

almos t  impossibl e fo r  student s t o realize ,  o n thei r 

own,  th e existenc e o f  suc h a  category ,  an d th e 

incompatibilit y  betwee n thei r  conception s an d th e 

veridica l  conceptions ,  i n term s o f  whic h ontologica l 

categor y the y belong . 
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