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Abs t rac t 

We will describe an attempt to improve children's 
understandin g o f  som e basi c concept s i n mechanic s 
startin g firom  a n examinatio n o [  thei r  idea s o f  motion . 
Children' s persona l  experienc e o f  th e worl d colour s 
thei r  belief s an d explanation s i n science .  A  compute r 
augmente d curriculu m wa s designe d t o promot e 
conceptua l  chang e i n th e classroom .  Twenty-nin e 
twelve -  an d thirteen-year-olds ,  an d thei r  usua l 
classroo m teache r  trie d i t  out .  Th e compute r 
program s consiste d o f  interactiv e simulation s whic h 
allowe d direc t  engagemen t  wit h animation s o f  rea l 
worl d scenario s i n whic h pupil s hav e contro l  ove r 
force s an d objects .  W e demonstrate d tha t  thi s 
curriculu m produce d evidenc e o f  conceptua l  change . 
Our  finding s hav e implication s fo r  th e developmen t 
of  a  mor e sophisticate d vie w o f  conceptua l  change . 

Int roduct io n 

We are reporting on a three year project^ on 
promotin g concq)tua l  chang e i n Science .  Thi s projec t 

^Th e Conceptua l  Chang e i n Scienc e projec t  wa s 
funde d b y th e E S R C Informatio n technolog y i n 
educationa l  researc h initiative .  A  Researc h 
consortiu m wa s forme d o f  staf f  from  th e Universit y 
of  Glasgow" ,  Psycholog y Department ,  Ope n 

was designe d t o examin e th e proces s o f  conceptua l 
chang e an d t o develo p an d tes t  way s i n whic h suc h 
chang e ca n b e achieve d usin g compute r  tool s i n 
classroo m situations .  A n experimenta l  curriculu m 
(occupyin g thirt y hour s o f  clas s time )  designe d t o 
teac h mechanic s concept s t o twelv e yea r  old s wa s 
devel(̂ )ed .  W e hav e describe d som e o f  it s feature s 
e.g .  th e identificatio n o f  th e prio r  conception s whic h 
influenc e children' s learnin g i n mechanics ,  th e desig n 
of  fou r  scenario s whic h underpi n th e sequencin g o f 
th e materia l  taught ,  th e us e o f  speciall y create d 
softwar e designe d roun d thes e scenario s an d 
integratio n o f  th e compute r  experiment s wit h "rea l 
practica l  experiments "  i n Twigge r  e t  a l  (i n press) ,  an d 
Henness y e t  al (  i n pressa. )  Th e classroo m evaluatio n 
produce d som e interestin g result s whic h hav e 

implication s fo r  teacher s o f  scienc e (O'She a e t  al ,  i n 
press) .  Ou r  plan s t o desig n an d us e softwar e tool s 
wer e influence d b y tw o previou s piece s o f  w w k -
A R K,  th e Alternat e Realit y Ki t  designe d b y D r 
Randal l  Smit h an d th e wcH t  o n modellin g tool s lik e 
S T E L L A.  Ou r  researc h hypothesi s wa s tha t  usin g 
thes e compute r  tool s woul d promot e conceptua l 
chang e i n scienc e becaus e the y requir e childre n t o 
make thei r  reasonin g explici t  o r  tha t  the y enabl e the m 
t o visualis e o f  th e consequence s o f  iha t  reasoning . 
Also ,  th e compute r  provide s representation s t o b e 
use d a s bridgin g analogies ,  o r  device s t o follo w th e 
progres s o f  interactions .  Fo r  exampl e simultaneou s 
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recording s o f  experiment s whic h ca n b e replaye d an d 
studied .  Ou r  simulation s hav e thre e importan t 
features : 

- their use of al temate realities, 
•  thei r  us e o f  direc t  manipulatio n software , 
-  thei r  integratio n o f  thes e compute r  experiment s 

wit h "real "  experiments . 

Previous experiments with ARK (Scanlon and 
Smith ,  1988 ,  O'She a e t  al ,  1990 )  demonstrate d tha t 
th e abilit y  t o perfor m experiment s wher e student s 
coul d se e th e effec t  o f  th e law s o f  physic s bein g 
otherwis e ha d enormou s educationa l  potential . 

Having chosen a particular topic area, viz, force 
and motion ,  w e conducte d 'clinical '  intervie w an d 
pape r  a n penci l  studie s wit h thirt y si x childre n 
betwee n th e age s o f  te n an d fiftee n wit h th e ai m o f 
identifyin g c o m m o n prio r  conception s i n children' s 
idea s abou t  horizonta l  an d vertica l  motion .  W e 
investigate d whethe r  thes e conception s wer e ag e 
dependen t  (Twigge r  e t  al ,  i n press) .  Ou r  nex t  tas k wa s 
th e desig n an d implementatio n o f  th e softwar e 
environmen t  W e constructe d prototyp e screen s an d 
teste d thes e prototype s wit h group s o f  childre n t o 
remov e an y interfac e o r  representationa l  problem s 
(Henness y e t  al ,  90) .  The n w e develope d th e 
compute r  curriculu m whic h incorporate d fou r 
scenario s chose n t o addres s specifi c  concept s 
identifie d a s problemati c i n th e intervie w study . 
Thes e compute r  simulation s togethe r  wit h th e 
associate d worksheet s an d tes t  item s wer e the n 
preteste d wit h group s o f  childre n o f  ou r  chose n ag e o f 
twelve ,  befor e th e fina l  stag e o f  th e project .  Th e 
curriculu m material s depende d no t  onl y o n th e 
simulation s bu t  wit h integrate d "real "  a s oppose d t o 
compute r  base d practicals .  Thi s fina l  stag e involve d 
th e curriculu m bein g presente d ove r  a  seve n wee k 
perio d b y th e teache r  o f  a  clas s o f  2 9 twelv e yea r 
olds ,  usin g five  computer s locate d i n he r  laboratory . 

Identifying prior conceptions 

We focused on mechanics as our topic area, so that 
we coul d buil d o n previou s wor k o n children' s prio r 
conceptions ,  b y Ro s Drive r  an d other s (Driver ,  1984 , 
Driver ,  Guesn e an d Tiberghien ,  1985).an d review s o f 
th e researc h int o prio r  conception s abou t  aspect s o f 
forc e an d motio n (McDermott ,  1984 ,  Gunston e an d 
Watts ,  198 5 an d Hallou n an d Hestenes ,  1985) .  W e 
decide d t o investigat e th e dynamic s reasonin g o f 
student s age d 1 0 t o 15 .  W e wer e particularl y 
intereste d i n c o m m o n prio r  conception s aibou t  aspect s 
of  vertica l  an d horizonta l  motion ,  an d whethe r  thes e 
wer e ag e dependen t  Seve n task s whic h covere d a 
rang e o f  dynamica l  context s including ,  motio n o n th e 
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horizonta l  a s a  resul t  o f  a n impulsiv e force ,  constan t 
motio n o n th e horizonta l  wit h friction ,  accelerate d 
motio n o n th e horizontal ,  fre e fal l  motio n (wit h ai r 
resistance )  an d projectil e motio n wer e use d wit h pair s 
of  student s takin g par t  i n a n hou r  lon g interview . 
Individua l  student s the n wrot e answer s o n thei r  o w n 
persona l  respons e sheets .  A  numbe r  o f  feature s o f 
student s conceptualisation s o f  force s an d motio n wer e 
identified .  Ou r  pupil s ha d th e ide a o f  a  "fwce "  whic h 
get s give n t o a n objec t  whe n i t  i s  pushe d o r  thrown . 
As a n objec t  move s along ,  thi s "force "  get s use d up , 
and whe n i t  i s  completel y use d u p th e objec t  stops . 
Most  pupil s d o no t  see m t o hav e th e ide a o f  o f 
frictio n a s a  forc e opposin g motion ,  thoug h som e 
hav e th e ide a o f  'grippiness '  betwee n surface s whic h 
i s relate d t o weigh t  Pupil s mak e incorrec t  jmdiction s 
base d o n thei r  alternativ e model s o f  phenomen a e.g . 
the y predic t  tha t  a n objec t  continue s t o spee d u p i n 
situation s wher e i t  wouldn't .  Also ,  pupil s predic t 
event s correcU y bu t  explai n the m incorrectl y b y usin g 
thei r  alternativ e models ,  e.g .  the y reaso n tha t  a 
forwar d forc e mus t  b e greate r  tha n frictio n whe n a n 
objec t  i s  movin g a t  constan t  spee d (embodyin g th e 
'motio n require s force '  model) .  Pupil s als o ha d 
problem s wit h symboli c representatio n e. g graphs . 
(Se e Twigge r  e t  a l  (i n press) .  W e wer e abl e t o 
summaris e th e se t  o f  common l y occurin g prio r 
conceptions ,  togethe r  wit h th e goa l  conception s a s 
specifie d b y Newtonia n dynamics ,  representin g th e 
conceptua l  reconstruction s tha t  ar e require d fo r 
student s learnin g dynamics . 

Engel-Clough and Driver, 1986 like di Sessa 
(Globerso n an d D i  Sessa ,  1984 )  foun d tha t  tas k 
contex t  influence d th e us e o f  prio r  conceptions . 
Therefor e w e wer e ver y carefu l  i n ou r  choic e o f 
context s whic h ar e describe d below . 

The software and curriculum 

We constructed a curriculum based on four scenarios: 

The 'Cardboard Box' scenario' consists of an object 
movin g horizontall y .whic h ca n b e accelerate d b y a 
forc e applie d b y a  huma n figure  an d decelerate d b y 
slidin g friction .  T w o value s o f  frictiona l  constant s 
wer e supplie d relate d t o th e floor  o f  th e supermarket , 
and th e roughe r  surfac e o f  th e carpark .  Thi s illustrate s 
horizonta l  motio n wit h fiiction 

The 'Rocket Skater' scenario consists of human 
figure,  whic h ca n hav e tw o value s o f  mas s o n 
fiictionless  ic e ca n b e propelle d b y tw o opposin g 
(impuls e ot  continuous )  rocket s whic h ar e mounte d 
on th e skate s back .  Thi s illustrate s horizonta l  motio n 
withou t  fiiction. 

The 'Speed Boat' scenario consists of a speedboat, 
movin g horizontall y wit h th e applicatio n o f  a  variabl e 
continuous  force .  It s spee d settle s d o w n t o som e 

879 



constan t  value ,  th e termina l  velocity .  Thi s illustrate s 
horizonta l  motio n wit h spee d dependen t  resistance. 

The 'Parachutist' scenario consists of a human 
flgure  fall s  verticall y unde r  gravit y an d agains t  ai r 
resistanc e whic h increase s wit h th e openin g o f  th e 
parachut e an d th e Figur e attain s a  termina l  velocity . 
Thi s illustrate s vertica l  motio n unde r  gravity . 

The children used the simulations both in structured 
experiment s an d i n a n informa l  way .  Th e compute r 
base d experiment s wer e designe d t o allo w childre n t o 
collec t  empirica l  dat a abou t  prototypica l  motions ,  an d 
t o identif y relationships  betwee n variables .  Th e 
scenario s combin e wit h suppor t  material s t o for m a n 
integrate d teachin g packag e whic h als o include s 'real ' 
practica l  experiments .  Al l  o f  th e practica l  wor k 
involve s childre n i n makin g prediction s abou t  th e 
outcomes ,  providin g thei r  reasons ,  an d the n checkin g 

th e outcom e agains t  thei r  predictions .  W e wishe d t o 
provid e counte r  evidenc e t o thei r  prediction s b o m 
experience s eithe r  i n th e 'real '  o r  compute r  world .  O n 
othe r  project s student s hav e bee n observe d t o 
disbeliev e th e evidenc e o f  experiment s o r  t o conside r 
i t  fault y dat a o r  forge t  i t  quickl y an d reveri  t o 
previou s beliefs .  W e believ e tha t  learner s nee d a n 
alternativ e wa y o f  conceptualisin g th e proble m befor e 
bein g prepare d t o reconside r  thei r  curren t  ideas .  Th e 
scenario s w e constructe d provid e opportunitie s fo r 
pupil s t o construc t  a  Newtonia n se t  o f  rule s fo r  forc e 
an d motio n i n a  supporte d softwar e environment , 
throug h observatio n o f  pattern s o f  event s an d dat a o n 
th e screen .  Learner s als o neede d t o asses s th e trut h o f 
thei r  ne w conception s b y doin g rea l  experiment s an d 
discussin g them .  Thi s le d t o th e desig n decisio n t o 
incorporat e 'real '  wit h compute r  practical s an d th e 
adoptio n o f  th e Predic t  /  Observ e /  Explai n 
methodolog y (se e Champage ,  Klopfe r  an d Anderson , 
1980 )  i n th e desig n o f  pupi l  worksheets . 

We wished students to learning Newton's first two 
laws ,  an d understan d wha t  i s mean t  b y force ,  mas s 
an d acceleration .  T o understan d eve n simpl e 
instance s o f  everyda y mechanic s w e ha d t o includ e : 
slidin g friction  t o explai n w h y thing s slo w d o w n 
when yo u sto p movin g them ,  an d flui d frictio n (t o 
explai n w h y fo r  exampl e feather s don' t  fal l  a s fas t  a s 
bal l  bearings) .  Factor s wer e adde d on e a t  a  tim e i n 
eac h experimenta l  situatio n t o allo w fo r  eas y 
exploratio n o f  th e effec t  o f  varyin g them .  Scenario s 
wer e linke d i n a  sequenc e o f  activities ,  t o dea l  wit h 
th e prio r  conception s arisin g whe n student s sa w som e 
related  case s a s unrelate d e.g.pupil s intuitivel y trea t 
vertica l  an d hcnizonta l  motio n a s subjec t  t o uruvlate d 
rules .  Furthe r  detail s o f  thes e typ e o f  desig n decision s 
ar e givo i  i n Henness y e t  al ,  i n pres s a . 

To construct these software tools we designed a 

softwar e environmen t  calle d D M ^  -Direc t 
Manipulatio n o f  Mechanica l  Microworlds ,  (Twigge r 
et  al ,  1991 ,  Drape r  e t  al .  1991) .  I t  i s  a n interactiv e 
simulatio n o f  mechanica l  motio n unde r  forces . 

implemente d i n Smalltal k -8 0 (a s wa s ou r  inspiratio n 

A R K ) .  This  environmen t  allow s th e eas y constructio n 
of  scenarios ,  suc h a s th e fou r  describe d above .  W e 
als o implemente d Varila b a  qualitativ e modellin g 
syste m throug h whic h student s ca n expres s thei r 
reasonin g an d explanation s i n Smalltal k -8 0 an d use d 
i t  i n som e experiment s reporte d i n Hartle y e t  al ,  1991 . 

The classroom experiment 

Our purpose in this project was to see whether we 
coul d promot e conceptua l  chang e i n a  rea l  schoo l 
settin g an d mak e som e inference s abou t  th e rol e tha t 
th e compute r  playe d W e recruite d a n experience d 
classroo m teache r  i n a  loca l  hig h schoo l  w h o wa s 
prepare d t o us e ou r  curriculu m an d le t  u s observ e th e 
classroo m w w k i n progress .  2 9 childre n age d 1 2 -1 3 
spen t  seve n week s ( S hour s pe r  wee k classroo m tim e 
wit h approximatel y 1  hou r  hom e wori c pe r  week )  i n a 
mixe d abilit y  clas s o f  1 3 boy s an d 1 6 girls ,  workin g 
i n 1 0 smal l  group s i n triad s an d on e pair ,  assigne d b y 
th e teacher .  A s th e classroo m ha d fiv e M a c I I 
computers ,  piq)il s  worke d hal f  tim e o n practica l  wor k 
an d hal f  tim e o n th e computers .  Th e pupil s ha d 
studie d thei r  integrate d scienc e foundatio n cours e fo r 
on e term .  The y ha d n o othe r  previou s hig h schoo l 
scienc e instructio n i n mechanic s o r  physic s bu t  al l 
subject s ha d prio r  compute r  experienc e an d ha d use d 
a mouse .  W e use d diagnosti c tests ,  a  pretes t  calle d 
"you r  idea s abou t  motion" ,  whic h als o wa s give n a s 
an immediat e pos t  tes t  an d the n on e mont h late r  a s a 
delaye d pos t  tes t  W e als o collecte d interview s wit h 
individua l  children ,  an d vide o an d tap e recorde d th e 
childre n a t  work ,  mad e observer' s notes ,  an d mad e 
copie s o f  homewor k an d complete d work^ieets . 

Measuring conceptual change 

The diagnostic test contained a set of IS tasks 
coverin g 1 2 context s concernin g h(Mizonta l  motio n 
wit h an d withou t  friction,  an d vertica l  motio n throug h 
th e air .  Th e tes t  wa s trialle d wit h 9 0 childre n i n odie r 
school s an d too k betwee n 3 0 an d 4 0 minute s unde r 
examinatio n conditions .  T o answe r  eac h ite m a  force d 
choic e betwee n alternative s wa s required ,  a n 
indicatio n o f  th e degre e o f  confidenc e i n th e answe r 
and a  justificatio n o f  th e answer .  W e looke d fo r 
particula r  combination s o f  force d choice s an d 
explanation s relating  t o eac h o f  th e identifie d ke y 
reconstructions .  Wher e correc t  {xediction s ar e mad e 
but  wher e reasonin g wa s ambiguou s o r  loosel y 
expressed ,  combine d wit h a  hig h confidenc e ratin g . 
some credi t  wa s give n fo r  th e response . 

Three independent interviewers taped private 
discussion s wit h thre e group s whic h w e ha d 
designate d a s targe t  groups .  The y use d a  serie s o f 
picture s o f  situation s o f  object s i n motio n t o promp t 

880 



discussio n o f  student s reasonin g i n eac h ke y area s 
wher e w e wer e tryin g t o promot e reconstructions .  W e 
wishe d t o kno w th e degre e t o whic h th e goa l 
conception s wer e achieve d an d h o w prevalen t  th e 
previousl y identifle d prio r  conception s wer e i n th e 
class . 

We found that the number of correct responses and 
explanation s base d o n correc t  Newtonia n theorie s 
increase d significantl y betwee n th e pr e an d pos t  tes t 
and th e delaye d pos t  tes t  W e found  tha t  th e pupil s 
confidenc e rating s o n thei r  correc t  answer s ha d als o 
increased .  Howeve r  w e als o foun d tha t  student s gav e 
more partiall y  correc t  answer s an d wer e als o bette r 
abl e t o provid e explanation s fo r  thei r  incorrec t 
responses .  Thes e las t  tw o finding s ar e intoestin g a s i t 
suggest s pupil s ar e becomin g mor e articulat e abou t 
thei r  choice s bu t  ou r  worr y tha t  pupil s migh t  hav e 
simpl y becom e confuse d whe n th e answer s provide d 
by ou r  simulation s wer e differen t  t o thos e the y 
expected ,  wer e unfounded . 

Table 1 Significant within class changes in 
prevalenc e o f  prio r  conception s 

Prio r  conceptic m 

Motio n implie s 
a forc e i n th e sam e directio n 
Exclusio n o f  firiction 
as a  fac e opposin g motio n 

Nos 

13 

5 

We als o foun d a  decreas e i n tw o kind s o f  prio r 
belief :  fewe r  explanation s assertin g tha t  motio n 
implie s a  forc e wer e found ,  fewe r  explanation s 
exclude d th e possibilit y  tha t  frictio n wa s a  forc e 
opposin g motion ,  an d ther e wa s evidenc e fo r  a  greate r 
understandin g o f  resistiv e force s bein g directional , 
see Tabl e 1 .  Howeve r  w e di d find  tha t  childre n di d 
expresse d som e ne w incorrec t  conception s i n th e pos t 
test ,  whic h the y ha d no t  ha d prio r  t o ou r  intervention . 
T wo kind s o f  prio r  conception s i n particula r  becam e 
more prevalen t  ove r  time: '  forwar d forc e mus t  b e 
greate r  tha n a  retarding  forc e i n orde r  t o maintai n 
motion' ,  and '  a n objec t  ha s forc e i n it' . 

While the pupils were engaged by the simulations 
and abl e t o us e the m w e foun d littl e evidenc e o f  a 
compute r  cultur e developing .  W e use d tw o contro l 
groups ,  on e fro m th e schoo l  followin g a  differen t 
curriculu m wit h a  differen t  teache r  (du e t o a  las t 
minut e chang e i n th e school' s  arrangements) ,  an d on e 
followin g a  mor e practicall y base d curriculum .  On e 
of  ou r  contro l  group s di d slightl y bette r  i n th e numbo * 
of  correc t  responses ,  althoug h th e pupil s wer e on e 
year  older .  Howeve r  thi s grou p di d no t  sho w an y 
declin e i n an y o f  it s  incorrec t  prio r  conceptions . 
Furthe r  detail s o f  th e result s ar e give n i n Henness y e t 
al ,  i n pressb . 

Conc lus i on s 

The evaluation results show that our computer based 
curriculu m work s i n a  rea l  classroo m t o promot e 
conceptua l  change .  A  significantl y greate r 
appreciatio n o f  Newtonia n theor y emo-ges ,  althoug h 
some prio r  conception s wer e i n fac t  strengthened .  W e 
believ e thi s wa s becaus e ou r  curriculu m o f 
experimentatio n an d discussio n help s pupil s t o mak e 
thei r  belief s explicit .  W e als o believ e tha t  i f  mor e 
tim e wer e allowe d fo r  th e curriculu m student s coul d 
complet e th e proces s o f  conceptua l  growt h an d 
emerg e wit h secur e Newtonia n conceptions .  Th e 
direc t  manipulatio n interfac e removes  problem s fo r 
compute r  novices .  Howeve r  w e thin k w e ca n sa y 
mor e abou t  th e proces s o f  conceptua l  chang e b y 
lookin g i n mor e detai l  a t  th e trajectc ^  o f  particula r 
concq)tua l  chang e episode s w e hav e recorded . 
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