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ABSTRACT 

The project investigated ttie nature of young ctiildren's physics knowledge and 
th e architectur e o f  it s  development .  I  utilize d tw o context s o f  developmen t  fo r  thi s 
purpose :  compariso n o f  cross-ag e development s i n knowledg e o f  a  domai n an d fine -
graine d analysi s o f  development s tha t  occurre d i n th e contex t  o f  problem-resolution . 
The empirica l  bas e consiste d o f  thre e conditions ,  unde r  whic h preschooler s wer e aske d 
t o establis h equilibriu m o n th e pa n balance .  Analysi s focuse d o n th e child' s 
transformatio n o f  a  number-base d t o a  weight-base d approac h t o th e problem .  Al l  th e 
condition s employe d th e sam e nin e set s o f  element s t o b e balanced ;  th e condition s 
varie d a )  whethe r  o r  no t  th e chil d receive d feedbac k fro m th e apparatu s an d b )  orde r  o f 
set  presentatio n (tota l  n = 56) .  A  sequenc e o f  fine-graine d analyse s o f  th e videotape d 
dat a lea d t o a  vie w o f  children' s physic s knowledg e a s localize d an d context-sensitive ; 
wit h th e step s involve d i n it s  developmen t  a s remari<abl y limite d i n extensio n :  i n a )  th e 
scop e withi n whic h the y com e t o represen t  weigh t  o r  weigh t  difference s (e.g .  discret e 
element s versu s collectiv e weigh t  o f  element s i n a  pan )  b )  th e scop e o t  context s i n whic h 
the y com e t o vie w weigh t  a s relevan t  t o th e goa l  o f  mechanica l  equilibriu m an d c )  th e 
bound s o f  diagnosti c an d causa l  implications . 

I N T R O D U C T I ON 

The project investigated the nature of young children's physics 
knowledg e an d th e architectur e o f  it s  development .  Mor e specifically ,  wha t  I s 
th e natur e o f  th e knowledg e tha t  th e chil d bring s t o bea r  i n th e resolutio n o f 
physic s tasks ? Ho w doe s on e approac h t o th e tas k becom e transforme d int o 
another ;  i.e .  i n wha t  form(s )  doe s chang e ente r  i n an d ho w doe s th e ne w 
become elaborate d int o a  anothe r  mor e adequat e approac h t o th e task ? 

The literature posits incompatible models concerning the architecture of 
children' s developin g scientifi c  knowledge .  O n th e on e hand ,  on e find s model s 
emphasizin g th e impac t  o f  improvemen t  i n genera l  structures ,  processin g 
capacities ,  o r  theoretica l  constructs ,  viewe d a s leadin g t o broad-base d 
improvement s i n th e child' s scientifi c  knowledge .  I n Inhelde r  an d Piaget' s 
(1958 )  model ,  developmen t  o f  th e underlyin g logical-mathematica l  structure s 
enable s a  mor e adequat e experimenta l  pla n an d mor e adequat e interpretatio n 
of  empirica l  results .  I n a  mor e physics-frame d model ,  Kaiser ,  McCloske y an d 
Profit t  (1986 )  loo k t o th e adequac y o f  th e genera l  theoretica l  construct s hel d b y 
th e child ,  whic h the y argu e largel y accoun t  fo r  th e natur e o f  th e child' s 
performanc e i n a  broa d rang e o f  relevan t  tasks .  O n th e othe r  hand ,  on e find s 
model s suc h a s DiSessa' s (1987 )  an d Lawler' s (1985 )  tha t  characteriz e 
knowledg e an d it s evolutio n a s localize d an d fragmente d an d tak e a  mor e 
particulat e vie w o f  wha t  a  chil d know s an d th e step s involve d i n knowledge -
transformation . 

This project exploits both the macro-developmental context of cross-age 
improvements ,  a s wel l  a s th e m/cro-developmenta l  contex t  o f  task-base d 
learning ,  t o examin e th e architectur e o f  children' s evolvin g knowledg e o f  a 
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physics domain. Inhelder and her research team have argued that micro-
analysi s withi n th e problem-solvin g contex t  i s  muc h bette r  suite d t o elucidat e 
ho w knowledge-structure s becom e transforme d tha n compariso n o f  cross-ag e 
difference s employe d b y mos t  studie s (cf .  Inhelde r  e t  al ,  1976 ;  Karmiloff-Smit h & 
Inhelder ,  1974) .  Thi s tac t  enable s fine-graine d analysi s o f  th e natur e o f  th e 
chunk s an d pathway s o f  connection s forme d i n th e transformatio n o f  children' s 
domain-specifi c  physic s knowledge . 

R E S E A R CH B A S E 

Subjects 

The projects drew subjects from a university laboratory school, of upper-
middl e an d middl e S.E.S. .  Eac h o f  th e firs t  tw o condition s include d 2 4 
preschoolers ,  evenl y divide d acros s sexe s an d amon g 3 ,  4 ,  &  5  yea r  olds .  Th e 
las t  conditio n include d 8  fiv e yea r  olds ,  evenl y divide d acros s sexes . 

Experimental Set-up 

Materials consisted of a pan balance and 9 sets of little people. The 
standar d figur e wa s plasticin e throughout ,  weighe d on e ounce ,  an d wa s 5  cm . 
i n length .  Othe r  figure s varie d i n siz e and/o r  weigh t  fro m th e standard ,  b y 
means o f  hidde n styrofoa m o r  hidde n weight s o r  b y simpl e additio n o f  mor e 
plasticine .  Th e numbe r  o f  figure s i n a  give n se t  range d fro m 2  t o 9 . 

The child sat at a small table, facing the V.C.R. camera. The apparatus 
reste d o n th e table ,  directl y  i n fron t  o f  th e child .  E  sa t  t o S' s right ,  fro m whic h sh e 
hande d S  th e sequenc e o f  peopl e sets . 

Experimental Procedures 

In each condition, E began by instructing S, "The people go in these 
thing s [th e pans] .  Whe n al l  th e peopl e ar e i n thes e things ,  i t  shoul d sta y lik e 
f/7/s "  [horizonta l  positio n o f  bea m demonstrated].. .  A s S  engage d i n th e proces s 
of  placement s an d immediatel y thereafter ,  E  probe s "  Wha t  ar e yo u doing? '  o r 
What  di d yo u doT .  I f  S  fail s  o n th e firs t  attempt ,  E  encourage s repair s b y sayin g 
"Tr y t o fi x it" .  E  present s th e nex t  se t  o f  element s afte r  8  ha s succeede d wit h 
thi s firs t  se t  (o f  tw o identica l  elements) . 

Under the first two conditions, E continues in this same mode with 
anothe r  eigh t  set s o f  figures .  Subject s receiv e feedbac k fro m th e apparatu s i n 
eac h o f  thes e conditions ;  th e condition s var y th e orde r  o f  se t  presentation .  I n 
th e firs t  order ,  th e firs t  fe w set s ca n b e successfull y place d vi a a n equa l  numbe r 
strategy .  Th e othe r  orde r  introduce s goal-relevan t  inter-objec t  difference s 
earlie r  on .  I n th e thir d condition ,  followin g successfu l  placemen t  o f  th e firs t  set , 
E tell s  S ,  "No w th e gam e i s t o pu t  th e peopl e uDSlS L th e pa n the y shoul d g o into . 
You don' t  pu t  thes e thing s i n anymore .  Yo u pu t  th e peopl e unde r  th e pa n the y 
belon g in" .  Thi s no-feedbac k conditio n employe d th e firs t  orde r  o f  th e 
feedbac k condition . 
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F R A M E W O R KS O F A N A L Y S I S 

The author and her research assistant carried out an extensive series of 
analyse s o f  th e videotapes .  Thi s pape r  consider s two :  analyse s o f  strategie s 
employe d an d th e muc h finer-graine d analysi s o f  exten t  o f  knowledge-stran d 
elaboration .  I n bot h cases ,  th e tw o independentl y code d th e complet e dat a set . 
Difference s wer e resolve d b y mean s o f  join t  reviewin g o f  th e tape . 

Analysis One: Strategies employed 

This top-level analysis consisted of coding the strategies each child 
employed ,  t o obtai n th e goal-stat e o f  mechanica l  equilibrium .  W e parse d a s 
an episod e eac h attemp t  t o ge t  th e apparatu s t o work ,  eithe r  initia l  placemen t 
strateg y o r  repair . 

The schema of strategies, formulated across the course of two pilots, 
include d th e followin g categories : 

equate d i n tw o pan s 
one-to-on e correspondenc e o f  placement s 
equa l  weigh t  i n tw o pan s 
visua l  feedbac k 
compensatio n b y forc e o f  hand s (yan k o n wires ) 
correc t  spatia l  alignmen t  (gentl y plac e apparatu s int o position ) 
fiddl e wit h knob s (knob s buil t  int o th e beam ) 
rejec t  (elemen t  o r  pai r  o f  element s fro m th e curren t  set ) 
exchang e (pai r  o r  complet e set s o f  element s acros s pans ) 

Each coder assigned one or more strategies to each attempt at the goal. 
Where mor e tha n on e strateg y wa s assigned ,  th e code r  specifie d th e for m o f 
thei r  combination :  whethe r  th e child' s action s integrate d th e tw o strategie s (a s 
i n th e applicatio n o f  one-to-on e correspondence ,  stoppin g afte r  eac h pai r  o f 
placement s t o chec k visua l  feedback ;  an d wher e on e pa n rest s higher ,  placin g 
jus t  on e ther e instea d o f  a n elemen t  i n each )  o r  wher e th e chil d employ s on e 
strateg y a s a  mean s t o anothe r  (e.g .  equatin g weight ,  b y mean s o f  equatin g 
number  unde r  condition s o f  identit y o f  element s i n th e set) .  Afte r  completin g th e 
assignmen t  o f  strategy-codings ,  w e reviewe d th e protocol s fo r  stabl e pattern s o f 
strateg y application .  Thes e pattern s encompasse d th e distinction s tha t  th e 
chil d use d i n determinin g initia l  placement s an d th e basi s o n whic h h e o r  sh e 
selecte d repairs . 

Analysis Two: Extent of knowledge-strand elaboration 

This finer-grained analysis aimed to elucidate how one stable pattern of 
strategy -  applicatio n becam e transforme d int o a  mor e adequat e approac h t o th e 
problem .  Give n th e fine-grai n employe d here ,  w e restricte d thi s analysi s t o th e 
24 Stud y I  subjects .  Th e analysi s focuse d o n th e child' s knowledg e o f  tw o 
aspect s o f  th e tas k domai n vis-a-vi s thi s goa l  o f  mechanica l  equilibrium :  a ) 
knowledg e o f  th e pa n balanc e apparatu s an d b )  knowledg e concernin g th e set s 
of  element s t o b e balanced ;  a s wel l  a s c )  knowledg e o f  connection s betwee n 
th e two . 

Each coder specified: 1) the set of features by which S had represented 
eac h aspec t  o f  th e domai n 2 )  whic h o f  thes e feature s h e o r  sh e conceptualize d 
as relevan t  t o goal-attainmen t  an d 3 )  th e entailment s o f  thi s featur e fo r  goal -
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attainment .  W e specifie d th e entailment s S  ha d elaborate d i n term s o f 
diagnosti c an d causa l  implications . 

We define diagnostic and causal implications as follows. The child who 
construct s a  lin k o f  th e typ e whe n x  happen s tha t  mean s y  i s th e proble m ha s 
forme d a  diagnosti c implicatio n (e.g .  whe n on e pa n goe s down ,  ther e ar e to o 
many thing s i n it. )  Th e chil d wh o construct s a  lin k o f  th e typ e whe n yo u d o x ,  y 
happens ,  ha s forme d a  causa l  implicatio n (whe n yo u pu t  th e sam e numbe r  i n 
each ,  i t  works) . 

The framework underlying this last analysis thus distinguishes between 
representin g som e variabl e withi n som e aspec t  o f  th e tas k domai n fro m th e 
recognitio n o f  tha t  variabl e a s relevan t  t o task-attainment .  Th e aspec t  ma y 
actuall y b e relevan t  t o goal-attainmen t  (e.g .  relativ e weigh t  o f  th e elements )  o r 
irrelevan t  (colo r  o f  th e elements )  o r  imperfectl y correlate d wit h th e relevan t  (siz e 
of  th e elements) . 

By specifying the set of implications the child has constructed involving 
th e variabl e an d goal-attainment ,  th e analysi s ca n captur e degree s o f  feature -
goal  elaboration :  fro m th e dawnin g o f  relevanc y prio r  t o specifi c  implication s ( a 
suspiciou s "Wh y di d yo u giv e m e a  heav y one?" )  t o th e constructio n o f  al l  th e 
entailment s o f  th e featur e fo r  goal-attainment . 

RESULTS AND DISCUSSION 

Patterns of strategies employed 

Across the 1093 data-points of strategies employed, a 91.3% inter-rater 
reliabilit y  wa s achieved .  Tw o pattern s o f  strateg y applicatio n an d a  thir d 
intermediary ,  mor e transien t  approach ,  appeare d acros s th e dat a set .  Usin g a 
criterio n o f  8 0 % fi t  o f  strategie s employed ,  applicatio n o f  thes e pattern s 
correlate d wit h age .  Furthermore ,  w e foun d a n invarian t  orde r  o f  th e three , 
withi n protocol s tha t  exhibite d learning . 

In the first approach, the children began by placing the same number of 
element s i n eac h pa n (b y mean s o f  one-to-on e correspondenc e o r  equa l 
number) .  W h e n thi s failed ,  the y woul d tr y t o fi x  th e apparatu s itsel f  (usin g 
compensatio n b y forc e o f  hands ,  correctin g spatia l  alignment ,  and/o r  fiddlin g 
wit h th e knobs) . 

In the second approach, typically applied only briefly, the child relied 
upo n visua l  feedback .  Th e chil d woul d eithe r  star t  b y equatin g numbe r  an d 
the n d o repair s b y mean s o f  visua l  feedback ,  o r  d o visua l  feedbac k fro m th e 
beginning . 

The third approach constituted a much more adequate approach to the 
task .  Childre n conceptualize d th e tas k i n term s o f  th e creatio n o f  tw o classe s o f 
equa l  weight .  The y dre w flexibl y upo n a  rang e o f  strategie s fo r  thi s purpos e 
(includin g one-to-on e correspondence ,  equat e number ,  visua l  feedback ,  equat e 
weight) .  Thei r  patter n o f  applicatio n reveale d tw o principle s o f  strategy -
selection :  cognitive/motori c econom y an d knowledg e o f  th e limit s o f  eac h 
strategy' s vali d application . 
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Elaboratio n o f  a  ne w approac h t o th e tas k 

This analysis attempted to capture how this first approach, based on 
equa l  numbe r  wit h repair s restricte d t o spuriou s manipulation s o f  th e apparatus , 
becomes transforme d int o th e las t  approach ,  whereb y th e chil d flexibl y draw s 
upon th e rang e o f  strategie s t o efficientl y arriv e a t  equatin g o f  weight .  I n thi s 
paper ,  w e focu s o n th e child' s [knowledg e o f  th e weigh t  variabl e vis-a-vi s thi s 
domai n an d th e step s b y whic h thi s knowledg e become s elaborated .  Again , 
we bas e ou r  step s o n distinction s foun d i n fine-graine d analysi s o f  bot h macro -
developmenta l  an d micro-developmenta l  context s o f  knowledge-transformation . 

Extension of the variable's representation 

Fine-grained analysis in both micro- and macro-developmental contexts 
indicate s tha t  comin g t o characteriz e th e tas k i n term s o f  th e critica l  weigh t 
variabl e occur s i n step s o f  surprisingl y restricte d extension .  Wherea s Siegler' s 
(1981 )  mode l  ask s d o the y o r  don' t  the y encod e weight ,  I  foun d comin g t o 
represen t  a  variabl e withi n a  domai n isn' t  a n al l  o r  nothin g phenomenon . 

This analysis revealed three aspects in which children need to expand 
thei r  thinkin g i n term s o f  weight :  a )  weight s (equa l  o r  unequal )  o f  discret e 
element s an d b )  th e collectiv e weigh t  o f  th e set s o f  element s i n a  pa n an d c ) 
th e til t  o f  th e apparatu s a s a n indicato r  o f  relativ e weigh t  o f  set s o f  element s i n 
eac h o f  th e pans .  Childre n frequentl y exhibite d representatio n o f  th e weight -
variabl e i n on e aspect ,  withou t  th e other s (e.g .  repeatedl y referrin g t o 
comparativ e weigh t  o f  th e pans ,  whil e ignorin g th e critica l  distinctio n betwee n 
weigh t  o f  th e discret e elements) . 

Extension of goal-variable coupling 

Another form of extension considered by our analysis involved the scope 
of  th e context ,  i n whic h th e chil d linke d th e weight-variabl e wit h th e goal .  Again , 
we foun d step s incorporatin g differentiations ,  non-intuitiv e t o th e adult .  Th e 
pathwa y o f  connectin g th e weigh t  -variabl e t o th e goa l  cam e i n step s 
correspondin g t o th e thre e context s o f  weight ,  elaborate d above .  Fo r  example , 
we observe d childre n (throughou t  thei r  protoco l  o r  a t  som e phas e o f  thei r 
experimenta l  session )  wh o represente d weigh t  i n al l  thre e aspects ,  an d ye t 
faile d t o construc t  th e relevanc y o f  th e differenc e fo r  goal-attainment . 

Extension of implication 

The analysis also considered the pathway of implications, by which the 
most  adequat e equating-of-weight s approac h becam e elaborated .  Protocol s i n 
whic h learnin g too k plac e wer e th e mos t  informative . 

We found that children consistently formulated the diagnostic 
implication s befor e th e correspondin g causa l  implications .  Althoug h i t  appear s 
obviou s tha t  th e chil d woul d nee d t o construc t  a  ne w sens e o f  wha t  wa s wron g 
befor e constructin g a  ne w approac h t o action ,  th e diagnosti c implicatio n 
frequentl y di d no t  functio n a s a  constrain t  upo n th e searc h fo r  a n operator :  th e 
chil d woul d diagnos e th e proble m i n term s o f  unequa l  weights ,  an d ye t 
frequentl y carr y ou t  a n extensiv e searc h fo r  a  repair ,  ignorin g th e weigh t 
variable . 
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The presenc e o f  differen t  type s o f  element s withi n th e sam e se t 
constitute d a  majo r  obstacl e fo r  man y children .  Withou t  th e ide a o f 
compensation ,  on e canno t  construc t  a  state-algorith m fo r  placement s o f  thes e 
sets .  W e observe d tw o pathway s b y whic h childre n constructe d implication s 
incorporatin g compensation . 

In one route, after repeatedly failing in the formulation of an adequate 
placement-algorithm ,  som e childre n shifte d strategicall y t o th e feedbac k 
algorithm .  The y attaine d th e goal-state ,  b y successiv e visual-feedbac k repairs . 
Thei r  characterizatio n o f  th e goal-state ,  i n term s o f  lot s o f  little/ligh t  one s i n on e 
pan an d on e big/heav y on e i n th e other ,  functione d a s a  catalys t  i n thei r 
constructio n o f  th e compensatio n state-algorithm . 

In the other route, children who had failed to construct the compensation 
implicatio n i n th e contex t  o f  weight-difference s wer e abl e t o d o s o i n th e contex t 
of  siz e differences .  (Th e typica l  rational e offere d her e tha t  thre e o f  th e littl e 
"make "  u p th e bi g on e sugges t  tha t  simpl e compositio n supporte d th e idea. ) 
For  som e children ,  constructio n o f  th e compensatio n ide a i n th e size-differenc e 
contex t  function s a s a  bridg e fo r  th e constructio n o f  th e ide a i n th e weight -
differenc e context .  Fo r  othe r  children ,  mos t  frequentl y unde r  condition s o f  no -
feedback ,  th e implicatio n doe s no t  exten d t o th e weigh t  context . 

C O N C L U S I O NS 

This project investigated the architecture of children's developing 
knowledg e o f  a  physic s domain .  Fo r  thi s purpose ,  I  too k th e tac t  take n b y 
Inhelder' s researc h grou p fo r  th e stud y o f  conceptua l  change :  micro-analysi s o f 
learnin g tha t  result s fro m solvin g physic s tasks .  Thi s approac h enable d u s t o 
observ e knowledge-fragment s an d pathway s o f  connection s formed ,  i n th e 
transformatio n o f  th e preschoolers '  physic s knowledge-structures . 

A sequence of three action-plans appeared in the micro- and macro-
developmenta l  contexts .  I n th e first ,  childre n approache d ever y se t  i n th e sam e 
way,  placin g th e sam e numbe r  i n eac h pan ,  regardles s o f  th e weigh t  o r  siz e 
differences .  Afte r  a  pa n descends ,  the y d o no t  adjus t  element s acros s th e 
pans ,  bu t  see k t o directl y fi x  th e apparatus :  b y placin g th e apparatu s int o th e 
correc t  alignmen t  an d gentl y releasin g and/o r  hankin g dow n o n th e sid e tha t 
rest s to o high .  I n th e second ,  the y determin e initia l  placement s throug h eithe r 
equa l  numbe r  o r  feedbac k o f  th e apparatus ;  the y rel y o n feedbac k t o determin e 
repairs .  Th e thir d action-pla n integrate s weight-base d placemen t  algorithm s 
wit h feedbac k information ,  i n a  flexibl e syste m wherei n th e chil d efficientl y 
construct s tw o classe s o f  equivalen t  weight . 

A series of micro-analyses focused on the nature and scope of the 
chunk s an d th e pathwa y o f  connection s manifeste d i n th e chang e fro m th e 
initia l  numerically-base d action-pla n t o th e mos t  adequat e weight-base d action -
plan .  Fo r  thi s purpose ,  w e use d a  framewor k o f  analysi s notin g a )  th e scop e o f 
th e domai n withi n whic h th e chil d represente d a  particula r  variabl e b )  whethe r 
or  no t  th e chil d though t  o f  th e variabl e a s relevan t  t o goal-attainment ;  an d i f  so , 
th e scop e o f  th e domai n i n whic h th e chil d assume d th e mapping ,  an d c )  th e 
natur e an d extensio n o f  diagnosti c an d causa l  implication s th e chil d ha d 
constructed . 
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I n th e spiri t  o f  diSessa' s "knowledg e i n pieces "  vie w o f  physic s 

understanding ,  I  foun d preschoolers '  knowledg e o f  mechanica l  equilibriu m an d 

pathwa y o f  it s  transformatio n t o b e comprise d o f  remarkabl y smal l  an d context -

sensitiv e fragments .  Limite d extensio n appeare d i n thre e contexts :  a ) 

representatio n b )  conceptualizatio n o f  goa l  relevanc y an d c )  implication . 

Children did not come to encode weight in all aspects of the domain at 

th e s a m e time ,  bu t  firs t  on e contex t  (e.g .  relativ e weigh t  o f  th e pans )  an d the n 

anothe r  (relativ e weigh t  o f  th e constitut e elements) .  S o m e children ,  w h o ove r 

th e cours e o f  th e sessio n c a m e t o encod e weigh t  throughou t  th e domain , 

recognize d th e goal-relevanc y o f  th e variabl e i n on e contex t  only .  Similarly , 

m a ny childre n di d no t  evok e th e relevan t  compensatio n structur e al l  a t  once ;  bu t 

faile d t o appl y i t  i n on e contex t  (wit h inter-objec t  difference s i n weight )  an d ye t 

consistentl y applie d i t  i n a  slightl y differen t  contex t  (wit h difference s i n amount) . 

In short, the architecture of young children's physics learning appears to 

d e m a nd a n atomisti c perspective .  Ther e clearl y ar e genera l  structure s an d 

construct s whos e states-o f  -evolutio n m a p ont o states-of -  knowledg e a t  variou s 

level s o f  adequacy .  However ,  thes e structure s m a y yiel d a  misleadin g accoun t 

of  th e architectur e o f  change ,  th e natur e o f  th e step s b y whic h children' s 

knowledg e b e c o m e s transformed .  Th e youn g child' s physic s knowledg e 

appear s remarkabl y localize d an d context-sensitive .  T h e pathwa y o f  it s 

developmen t  consist s o f  steps ,  involvin g a  surprisingl y smal l  rang e o f 

implication . 

Methodologically, micro-analysis of problem-solving appears to be a 

fruitfu l  m e a n s t o conside r  th e transformatio n o f  children' s physic s knowledge . 

Presentin g th e task ,  wit h immediat e feedbac k an d carefull y selecte d tas k 

variations ,  lea d t o significan t  learning .  Micro-analysi s o f  th e videotape d dat a 

allowe d inferenc e o f  h o w chang e entere d int o th e child' s approac h an d th e 

manner  b y whic h th e mor e adequat e knowledg e b e c a m e elaborated . 
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