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Abstrac t 

One important finding in physics education is that very often 
student s ente r  physic s course s wit h misconception s abou t  th e 
domain .  A n ofte n raised ,  bu t  hardl y eve r  thoroughl y investi -
gate d questio n i s whethe r  an d ho w students '  misconception s 
i n physic s com e int o pla y i n solvin g forma l  textboo k problem s 
whic h as k fo r  a  precis e quantitativ e solution .  W e develope d a 
cognitiv e compute r  mode l  o f  th e rol e qualitativ e physic s 
knowledg e play s i n forma l  physic s proble m solving .  O n th e 
basi s o f  th e mode l  i t  canno t  onl y b e hypothesize d wher e mis -
conception s migh t  com e int o pla y durin g forma l  physic s prob -
le m solving ,  bu t  als o whic h correc t  qualitativ e physic s 
knowledg e shoul d b e applie d instea d i n orde r  t o guid e th e us e 
of  quantitativ e physic s knowledg e efficientl y an d successfully . 
I n particular ,  th e mode l  predict s tha t  th e applicatio n o f  mis -
conception s prevent s th e result s o f  qualitativ e proble m analy -
ses fro m bein g exploite d t o construc t  additionall y require d 
formal ,  quantitativ e physic s knowledge .  A n empirica l  investi -
gatio n confirme d tha t  misconception s frequentl y affec t  forma l 
physic s proble m solvin g i n th e wa y predicte d b y th e model . 
Commonly ,  subject s wh o applie d misconception s durin g prob -
le m solvin g reache d a n impass e whe n the y trie d t o expres s th e 
result s o f  thei r  qualitativ e proble m analyse s i n quantitativ e 
terms .  Mos t  o f  th e subject s wer e no t  abl e t o resolv e suc h a n 
impass e successfully . 

I n t r o d u c t i o n 

One of the major findings in research on science education in 

forma l  science s suc h a s physic s i s  tha t  student s befor e 

instructio n develo p preconception s abou t  th e phenomen a 

tha t  physicist s explai n (fo r  a  bibliograph y se e Pfund t  &  Duit , 

1991) .  Becaus e ver y ofte n thes e preconception s diffe r  fro m 

th e concept s taught ,  the y ar e firequentl y name d misconcep -

tions . 

Thoug h misconception s hav e receive d m u c h attentio n i n 

researc h o n scienc e education ,  th e majo r  wor k consist s i n 

documentin g a s m a n y o f  the m a s possible .  C o m m o n l y ,  t o 

pinpoin t  misconceptions ,  problem s ar e pose d t o student s 

whic h ca n b e solve d b y exclusivel y makin g us e o f  concep -

tual ,  qualitativ e physic s knowledge .  Figur e l a show s a  prob -

le m tha t  i s  exemplar y fo r  th e problem s whic h hav e 

frequentl y bee n take n advantag e o f  b y investigator s o f  mis -

conception s i n physic s (e.g. ,  Clement ,  1982 ;  McCloskey , 

1983) .  T o solv e suc h a  proble m i t  i s  no t  require d t o appl y 

formal ,  quantitativ e physic s knowledg e whic h relie s o n 

A coi n i s throw n straigh t  u p i n th e ai r  an d come s 

straigh t  bac k d o w n again .  Usin g th e dot s o n it s 

path ,  dra w th e force s actin g o n th e coi n a t  tha t 

poin t  i n it s path . 
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Figur e 1 :  A  physic s proble m t o pinpoin t  mis -

conception s (a )  an d a  frequentl y observe d 

incorrec t  solutio n (b) . 

mathematical formalisms such as algebraic equations. 

Figur e l b display s a  frequentl y observe d incorrec t  solu -

tio n t o th e proble m show n i n Figur e la .  I n additio n t o th e 

gravitationa l  force ,  i t  erroneousl y involve s a n upward -

pointing ,  decreasing ,  an d non-existin g forc e t o accoun t  fo r 

th e object' s motion .  Sinc e thi s misconceptio n resemble s i n 

m a ny way s th e concep t  o f  impetu s a s i t  wa s discusse d dur -

in g th e middl e age s b y Philoponu s an d other s (fo r  a  dis -

cussio n se e Franklin ,  1976 ;  Szabo ,  1976) ,  i t  i s  usuall y 

named impetu s concept ,  on e o f  th e mos t  prominen t  mis -

conception s i n classica l  mechanics .  Typically ,  th e impetu s 

concep t  i s applie d t o movin g object s characterize d b y th e 

absenc e o f  a  prope r  forc e i n th e directio n o f  motion . 

I n researc h o n physic s education ,  m u c h les s attentio n 

has bee n give n t o describin g whethe r  an d h o w misconcep -

tion s suc h a s th e impetu s concep t  als o c o m e int o pla y dur -

in g formal ,  quantitativ e physic s proble m solvin g an d t o 

modelin g th e proble m solvin g o f  successfu l  students .  Thi s 
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neglec t  migh t  b e roote d i n a n assumptio n tha t  seem s t o b e 

considerabl y widesprea d i n th e physic s educatio n c o m m u -

nity . 

I t  i s  ofte n assume d tha t  conceptual ,  qualitativ e physic s 

knowledg e i s a  subse t  o f  formal ,  quantitativ e physic s knowl -

edge .  Thus ,  masterin g quantitativ e physic s shoul d caus e 

master y o f  qualitativ e physic s an d henc e remed y qualitativ e 

physic s error s includin g thos e base d o n misconceptions .  A s 

a consequence ,  instructio n frequentl y focuse s o n quantitativ e 

physic s knowledg e i n orde r  t o se t  u p condition s o n whic h 

misconception s ar e no t  applicabl e an y more .  Thoug h w e 

hav e no t  foun d explici t  statement s expressin g thi s assump -

tion ,  w e hav e inferre d i t  fro m h o w th e relationshi p betwee n 

qualitativ e an d quantitativ e physic s knowledg e i s frequentl y 

addresse d i n th e literatur e a s wel l  a s i n physic s textbooks . 

I n recen t  studies ,  however ,  w e wer e abl e t o sho w tha t 

qualitativ e physic s knowledg e i s o n n o accoun t  a  mer e sub -

set  o f  quantitativ e physic s knowledg e (Ploetzner ,  1993 ;  Plo -

etzne r  &  VanLehn ,  i n preparation) .  Instead ,  bot h kind s o f 

knowledg e encod e complementar y information .  I n particu -

lar ,  successfu l  proble m solvin g approache s frequentl y 

demand th e coordinate d us e o f  bot h kind s o f  knowledge . 

Due t o thes e finding s i t  i s  no t  saf e t o assum e tha t  misconcep -

tion s d o no t  affec t  forma l  physic s proble m solving . 

We develope d a  cognitiv e compute r  mode l  o f  th e rol e 

qualitativ e physic s knowledg e play s i n formal ,  quantitativ e 

proble m solving .  O n th e basi s o f  thi s mode l  i t  canno t  onl y b e 

hypothesize d wher e misconception s migh t  com e int o play , 

but  als o whic h correc t  qualitativ e physic s knowledg e shoul d 

be applie d instead . 

Afte r  a  brie f  overvie w o f  th e cognitiv e compute r  mode l 

has bee n presented ,  th e mode l  i s take n advantag e o f  t o pre -

dic t  h o w misconception s migh t  affec t  forma l  physic s prob -

le m solving .  Thereafte r  a n empirica l  stud y i s describe d 

bringin g t o th e for e h o w students *  forma l  proble m solvin g i s 

influence d b y misconceptions .  Th e tex t  conclude s wit h a 

shor t  discussio n o f  th e findings. 

The Coordinated Use of Qualitative and Quan-

titativ e Phys i c s K n o w l e d g e 

To better understand how qualitative and quantitative phys-

ic s knowledg e complement s eac h othe r  i n formal ,  quantita -

tiv e proble m solving ,  w e develope d a  cognitiv e compute r 

model  whic h simulate s h o w th e us e o f  correc t  qualitativ e an d 

quantitativ e knowledg e ca n b e coordinate d t o solv e textboo k 

problem s i n physic s successfull y an d efficientl y (Ploetzne r 

& Spada ,  1993) .  Th e problem s ar e take n fro m th e domai n o f 

one-dimensiona l  motio n wit h constan t  acceleration .  Th e 

knowledg e investigate d i s mad e u p o f  qualitativ e an d quanti -

tativ e physic s knowledg e abou t  variou s concept s i n dynam -

ic s (e.g. ,  gravitational ,  normal ,  an d frictio n force )  an d 

kinematic s (e.g. ,  position ,  velocity ,  an d acceleration) . 

The mode l  ha s bee n implemente d i n Prolo g b y takin g 

advantag e o f  a n equation-base d representatio n languag e sim -

ila r  t o th e representatio n languag e employe d b y VanLehn , 

Jone s an d Ch i  (1992) .  Qualitativ e physic s knowledg e 

encode s informatio n suc h a s th e abstraction s t o b e consid -

ere d i n a  certai n proble m situation ,  th e condition s o n 

whic h physic s concept s ca n legitimatel y b e applied ,  th e 

attribute s possesse d b y physic s concept s an d th e value s 

concep t  attribute s migh t  have .  Quantitativ e physic s 

knowledg e encode s precis e functiona l  relationship s 

betwee n th e physic s concept s b y mean s o f  algebrai c an d 

vector-algebrai c equations . 

Th e mai n focu s o f  th e mode l  i s o n h o w th e result s o f 

qualitativ e reasonin g ca n b e take n advantag e o f  durin g 

subsequen t  quantitativ e proble m solving .  Th e mode l  simu -

late s characteristi c difference s i n th e proble m solvin g per -

formanc e o f  thos e subject s w h o coordinat e thei r 

qualitativ e an d quantitativ e physic s knowledg e an d thos e 

subject s w h o d o not .  Especially ,  o n th e basi s o f  th e mode l 

i t  ca n b e show n tha t  efficien t  an d successfu l  proble m solv -

in g i n th e applicatio n domai n require s th e coordinate d us e 

of  qualitativ e an d quantitativ e physic s knowledge . 

Coordinatio n ca n tak e plac e withi n th e mode l  i n tw o dif -

feren t  ways .  Firsdy ,  b y drawin g o n vector-algebrai c 

knowledge ,  th e result s o f  qualitativ e proble m analyse s ar e 

expresse d i n algebrai c term s t o construc t  additiona l  quan -

titativ e physic s knowledg e no t  availabl e t o th e mode l 

beforehand .  I t  m a y algebraicall y specif y th e resultan t 

forc e o n a n objec t  whos e motio n ha s t o b e analyzed ,  fo r 

example .  I n man y cases ,  suc h additionall y constructe d 

quantitativ e knowledg e i s a  necessar y prerequisit e fo r 

bein g abl e t o solv e th e pose d problems . 

Secondly ,  th e outcom e o f  qualitativ e reasonin g i s 

exploite d t o constrai n th e us e o f  alread y availabl e quanti -

tativ e knowledge .  Thi s kin d o f  coordinatio n make s quanti -

tativ e proble m solvin g mor e efficien t  becaus e h o w 

quantitativ e physic s knowledg e i s use d depend s mor e o n 

th e wa y h o w th e proble m i s represente d qualitativel y an d 

les s o n wha t  i s th e unknow n quantity .  Fo r  furthe r  detail s 

abou t  th e cognitiv e compute r  mode l  th e intereste d reade r 

i s referre d t o Ploetzne r  an d Spad a (1993) . 

Th e rol e qualitativ e domai n knowledg e play s i n prob -

le m solvin g ha s bee n previousl y investigate d wit h respec t 

t o othe r  domain s a s well .  Fo r  example ,  Ohlsso n an d Ree s 

(1991 )  develope d a  cognitiv e compute r  mode l  whic h sim -

ulate s h o w knowledg e abou t  qualitativ e domai n principle s 

i n mathematic s ca n b e take n advantag e o f  t o constrai n 

proble m solving . 

Predictions 

To predict how misconceptions such as the impetus con-

cep t  affec t  forma l  physic s proble m solvin g th e qualitativ e 

knowledg e availabl e t o th e mode l  ha s bee n extende d wit h 

incorrec t  qualitativ e knowledg e whic h encode s th e mis -

conception s unde r  scrutiny .  Subsequently ,  th e mode l  ha s 

bee n applie d t o a  numbe r  o f  forma l  physic s problem s an d 
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it s  chang e i n proble m solvin g performanc e ha s bee n ana -

lyzed . 

I n th e model ,  th e applicatio n o f  misconception s durin g 

forma l  physic s proble m solvin g affect s bot h kind s o f  coordi -

natio n a s describe d above .  Wit h respec t  t o th e firs t  kin d o f 

coordination ,  th e applicatio n o f  misconception s suc h a s a n 

impetu s concep t  result s i n qualitativ e proble m representa -

tion s whic h canno t  b e utilize d t o construc t  additionall y 

require d quantitativ e knowledge .  Thi s i s mainl y du e t o th e 

fac t  tha t  misconception s hav e n o formal ,  quantitativ e 

counte r  parts .  I f  qualitativ e proble m representation s whic h 

involv e misconception s hav e t o b e expresse d algebraically , 

an impass e i s reached .  I n th e model ,  suc h a n impass e ca n 

onl y b e overcom e b y droppin g th e misconception s an d b y 

applyin g correc t  qualitativ e knowledg e instead .  Otherwise , 

additionall y require d quantitativ e physic s knowledg e canno t 

be constructe d an d proble m solvin g fails . 

Wit h respec t  t o th e secon d kin d o f  coordination ,  th e appli -

catio n o f  misconception s result s i n qualitativ e proble m rep -

resentation s whic h ca n onl y partiall y  b e exploite d t o 

constrai n th e subsequen t  us e o f  quantitativ e physic s knowl -

edge .  I n solvin g simpl e problem s whic h d o no t  requir e th e 

firs t  kin d o f  coordinatio n thi s (merely )  lead s t o les s efficien t 

proble m solvin g behavior . 

Thus ,  o n th e basi s o f  th e mode l  i t  i s  predicte d tha t  th e 

applicatio n o f  misconception s b y human s durin g forma l 

physic s proble m solvin g affect s thei r  abilit y  t o coordinat e 

thei r  qualitativ e an d quantitativ e physic s knowledg e i n th e 

ways jus t  described . 

Sinc e th e problem s considere d i n thi s tex t  d o requir e th e 

first  kin d o f  coordination ,  th e questio n o f  efficienc y i s no t 

considere d an y further . 

Empirical Investigations 

In order to examine how students coordinate their qualitative 

and quantitativ e physic s knowledg e i n forma l  proble m solv -

ing ,  w e conducte d a n empirica l  stud y whic h comprise d 2 8 

subject s ( 6 female s an d 2 2 males )  w h o wer e student s o f  a 

technicall y oriente d hig h school .  I n thi s typ e o f  school , 

adult s m a y receiv e a  degre e whic h qualifie s fo r  universit y 

entranc e afte r  the y hav e alread y complete d a  first  profes -

siona l  training .  Th e grad e corresponde d t o grad e 13 .  Th e 

subjects '  ag e range d betwee n 2 0 an d 2 8 years .  A t  th e tim e 

th e investigatio n too k place ,  th e physic s o f  particl e motio n i n 

on e dimensio n ha d bee n taugh t  t o th e student s abou t  9 

month s before . 

I n th e cours e o f  th e study ,  th e subject s ha d t o wor k o n five 

textboo k problems .  Al l  problem s aske d fo r  a  precis e quanti -

tativ e solution .  Durin g proble m solving ,  th e subject s ha d 

availabl e tw o tables .  Th e first  tabl e showe d al l  th e quantita -

tiv e physic s relevan t  t o th e pose d problems .  Th e secon d 

tabl e presente d a  shor t  summar y o f  h o w t o resolv e vector s 

fo r  thei r  components .  Th e subject s wer e urge d t o us e onl y 

th e provide d materials ,  t o appl y n o energ y principles ,  t o 

m a ke note s o f  al l  thei r  attempt s t o solv e a  proble m a s 

detaile d a s possibl e an d t o wor k o n th e problem s a s i n a 

classroo m examination . 

I n th e following ,  onl y thos e problem s pose d t o th e sub -

ject s wil l  b e considere d whic h ar e characterize d b y th e 

absenc e o f  a  forc e i n th e directio n o f  motio n (cf .  Tabl e 1) . 

Sinc e th e impetu s concep t  coul d b e applie d t o eac h o f 

thes e problems ,  the y ar e o f  specia l  interes t  wit h respec t  t o 

th e questio n o f  h o w students '  misconception s affec t  thei r 

performanc e i n forma l  proble m solving . 

Table 1: Three problems characterized by the 

absenc e o f  a  forc e i n th e directio n o f  motion . 

Problem 1: What is the minimum stopping distance 

fo r  a  ca r  travellin g alon g a  flat  horizonta l  roa d wit h 

th e velocit y v  =  3 0 m/s ,  i f  th e coefficien t  o f  frictio n 

betwee n tire s an d roa d is/ = 0.6 7 

Proble m 2 :  A  coi n i s tosse d straigh t  u p int o th e ai r 

wit h th e velocit y v  =  7  m/s .  H o w fa r  u p doe s th e coi n 

go unti l  it s  velocit y i s  reduce d t o v  =  i  m/s l 

Proble m 3 :  A  bloc k o f  mas s m =  1 0 k g i s projecte d 

up a n incline d plan e wid i  th e velocit y v  =  5  m/s .  Th e 

plan e i s incline d a t  a n angl e a  =  3(fi .  H o w fa r  u p th e 

plan e doe s th e bloc k go ,  i f  th e coefficien t  o f  frictio n 

betwee n bloc k an d plan e is/ = 0.3 1 

Tabl e 2  show s th e observe d numbe r  o f  correc t  an d 

incorrec t  solution s t o eac h problem .  I n man y case s sub -

ject s wer e no t  abl e t o c o m e u p wit h a  final  solutio n bu t 

stoppe d workin g o n th e problem .  Th e applicatio n o f  a n 

impetu s concep t  ha s bee n diagnose d i n 7  case s wit h 

respec t  t o Proble m 1 ,  i n 5  case s wit h respec t  t o Proble m 2 

and i n 1 6 case s wit h respec t  t o Proble m 3 .  Generally ,  th e 

applicatio n o f  a n impetu s concep t  ha s bee n diagnosed , 

wheneve r  a  subjec t  dre w o r  verball y referre d t o a  forc e i n 

th e directio n o f  motion .  O n e subjec t  applie d a n impetu s 

concep t  t o al l  thre e problems ,  five  subject s applie d a n 

impetu s concep t  t o Proble m 1  an d 3 ,  fou r  subject s t o Prob -

le m 2  an d 3 ,  on e subjec t  onl y t o Proble m 1  an d si x sub -

ject s onl y t o Proble m 3 . 

Table 2: Observed number of correct and incorrect 

solutions . 

Correc t  solution s 

Incorrec t  solution s 

No solutio n 

1 

14 
4 
10 

Proble m 

2 

7 
13 
8 

3 

9 
14 
5 

Z 

30 
31 
23 

Furthe r  misconception s whic h hav e bee n diagnose d (cf . 

als o Hallou n &  Hestenes ,  1985 )  ar e th e belief s tha t  a n 
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objec t  subjecte d t o a  constan t  forc e move s wit h constan t 

velocit y ( 3 applications )  an d tha t  acceleratio n an d velocit y 

ar e th e sam e concept s ( 4 applications) .  Unlik e wha t  i s com -

monl y believed ,  thes e result s clearl y demonstrat e tha t  stu -

dent s frequentl y m a k e us e o f  thei r  misconception s suc h a s a n 

impetu s concep t  eve n i n a  forma l  proble m solvin g setting . 

However ,  ha d th e applicatio n o f  a n impetu s concep t  an y 

consequence s wit h respec t  t o th e correctnes s o f  th e proble m 

solutions ? Tabl e 3  reveal s tha t  th e numbe r  o f  correc t  prob -

le m solution s decrease d significantly ,  i f  a n impetu s concep t 

had bee n applie d (x ^  =  13.26 ;  d f  =  2 ;  p  <  .01). '  Th e us e o f 

misconception s obviousl y affecte d forma l  proble m solvin g 

i n tha t  i t  frequently  le d t o incorrec t  o r  n o proble m solution s 

at  all . 

Table 3: How the use of an impetus concept affects the 

correctnes s o f  proble m solutions . 

impetu s 

applie d 

no impetu s 

applie d 

I 

correc t 

solutio n 

3 

27 

30 

incorrec t 

solutio n 

12 

19 

31 

no 

solutio n 

13 

10 

23 

Z 

28 

56 

84 

i: f  =  ? 

I n whic h directio n doe s th e friction  forc e act ? Doe s 

i t  alway s ac t  opposit e t o th e directio n o f  motion ? 

Ifso:I F =  Fp,,h-(Fg y +  Ff ) 

N o w I  hav e th e sam e proble m a s i n th e previou s 

case ;  h o w t o deriv e F  fro m v ? 

I' m searchin g fo r  t ! 

Ar  =  1/ 2 *  a  *  At ^ 

V =  a  *  At ,  A t  =  V  /  a 

» *  a  =  m *  apus h -  ( » *  ag ^  -i -  m *  af ) 
apus h an d ag x ar e unknown ,  I  can' t  figure  the m out . 

(Translation s b y th e author. ) 

Figur e 2 :  H o w a  subjec t  faile d b y applyin g a n 

impetu s concept . 

As predicte d b y th e model ,  i n mos t  o f  th e cases ,  subject s 

w ho applie d a n impetu s concep t  encountere d sever e difficul -

tie s i n thei r  proble m solvin g attempt s exactl y whe n th e 

result s o f  thei r  (incorrect )  qualitativ e proble m analyse s ha d 

t o b e coordinate d wit h th e us e o f  thei r  quantitativ e physic s 

knowledge .  I n 2 5 case s (89% )  i n whic h a n impetu s concep t 
has bee n applied ,  subject s wer e no t  abl e t o expres s th e 

result s o f  thei r  (incorrect )  qualitativ e reasonin g algebraicall y 

and reache d a n impasse .  1 2 subject s resolve d thi s impass e b y 

means o f  illega l  algebrai c transformations ,  fo r  example , 

leadin g t o incorrec t  proble m solutions . 

13 subjects ,  however ,  stoppe d makin g an y furthe r  effor t  t o 

solv e th e respectiv e problem .  Figur e 2  exemplifie s suc h a n 

observe d proble m solvin g behavio r  wit h respec t  t o Proble m 

3.  Apparently ,  th e subjec t  hold s a n impetu s concept .  I t  con -

struct s a  free-bod y diagra m which ,  amon g othe r  inadequa -

cies ,  visualize s a  non-existin g forc e i n th e directio n o f 

motion .  Th e subjec t  refer s t o thi s forc e b y th e symbo l  Fp̂ ^̂ ^̂ . 

I n accor d wit h th e free-body  diagram ,  a n incorrec t  resultan t 

forc e i s subsequentl y derived .  Thereafter ,  th e subjec t  write s 

down variou s kinematic s laws ,  bu t  finally  fail s  t o deriv e th e 

problem' s solutio n becaus e sh e i s no t  abl e t o determin e th e 

block s acceleration . 

1.  Thi s i s no t  t o sa y tha t  th e problem s woul d hav e bee n solve d 
correctl y otherwise .  Man y subject s mad e multipl e error s dur -
in g proble m solvin g suc h a s applyin g a n impetu s concep t  an d 
neglectin g som e relevan t  prope r  physic s concept . 

Onl y i n 3  case s subject s w h o applie d a n impetu s con -

cep t  cam e u p wit h correc t  proble m solutions .  Afte r  on e 

subjec t  faile d t o algebraicall y expres s a n arro w draw n i n 

th e directio n o f  motion ,  h e simpl y droppe d th e impetu s 

concep t  represente d b y tha t  arro w an d successfull y 

resume d it s proble m solvin g attempts .  T w o subject s deter -

mine d th e correc t  proble m solution s b y treatin g th e 

assume d impetu s concept s algebraicall y a s i f  the y wer e 

resultan t  forces . 

Conclusions 

On the basis of a cognitive computer model it has been 

predicte d tha t  misconception s als o migh t  c o m e int o pla y 

when solvin g physic s problem s whic h as k fo r  precis e 

quantitativ e solutions .  I n particular ,  i t  ha s bee n predicte d 

tha t  th e us e o f  misconception s make s i t  difficul t  t o exploi t 

qualitativ e proble m representation s i n constructin g addi -

tionall y require d quantitativ e physic s knowledge .  A n 

empirica l  investigatio n confirme d th e model-base d predic -

tion .  Student s w h o applie d misconception s reache d a n 

impass e i n thei r  proble m solvin g attempt s whe n the y trie d 

t o expres s th e result s o f  thei r  qualitativ e reasonin g i n 

quantitativ e terms .  I n mos t  o f  th e case s th e student s wer e 

not  abl e t o resolv e suc h a n impass e successfully . 

By mean s o f  th e model ,  however ,  i t  canno t  onl y b e 

hypothesize d h o w misconception s affec t  forma l  physic s 
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proble m solving ,  bu t  i t  ca n als o b e demonstrate d whic h cor -

rec t  qualitativ e physic s knowledg e shoul d b e applie d instea d 

and ho w i t  ca n b e take n advantag e o f  t o construc t  an d guid e 

th e us e o f  quantitativ e physic s knowledge .  I n a n instruc -

tiona l  setting ,  th e mode l  ca n thu s serv e a s a  basi s fo r  sup -

portin g individua l  proble m solvin g (an d learning )  especiall y 

when a n impass e du e t o th e us e o f  misconception s ha s bee n 

reached . 

VanLehn ,  K. ,  Jones ,  R .  M. ,  &  Chi ,  M .  T .  H ,  (1992) .  A 

model  o f  th e self-explanatio n effect .  Th e Journa l  o f  th e 

Learnin g Sciences ,  2 ,  1-59 . 
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