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A Proble m Spac e Perspectiv e o n th e Developmen t 

of  Children' s Understandin g o f  Gear s 

255 

Kathlee n E .  Met z 

Carnegie-Mello n Universit y 

Abstrac t 

Thi s pape r  investigate s tw o context s o f  children' s developin g knowledg e o f  th e physica l  world :  (1 ) 

th e nnacro-contex t  o f  differen t  ag e cohort s (8- 9 year s versu s 11-1 2 years) ;  an d (2 )  th e micro-contex t 

of  a  one-hou r  experimenta l  session .  Twent y subject s wer e video-taped ,  constructin g goal-state s fo r 

a tas k involvin g gears .  Fou r  distinc t  systemi c approache s o r  proble m space s wer e identified :  (a ) 

Euclidean ,  (b )  Kinematic ,  (c )  Dynamic ,  an d (d )  Topological .  Th e Arithmeti c Modifier ,  effectin g a 

numerica l  characterizatio n o f  a  proble m space ,  ca n operat e o n an y o f  th e four .  Cross-age ,  ther e wa s 

th e substantia l  overla p o f  initia l  proble m spac e employed ,  an d minima l  overla p o f  fina l  proble m space . 

Thi s frequenc y o f  adaptiv e shif t  i n proble m space ,  strongl y an d positivel y correlate d wit h age , 

suggest s that ,  whe n confronte d wit h a n unfamilia r  tas k domain ,  th e capacit y t o recogniz e a  proble m 

spac e a s inappropriat e an d t o evok e anothe r  mor e adequat e proble m spac e appear s t o b e a 

componen t  o f  th e answe r  t o th e classi c question ,  "Wha t  develops? " 

Introductio n 

It  i s  propose d her e tha t  th e Informatio n Processin g construc t  o f  proble m spac e i s a  potentiall y 

powerfu l  conceptua l  an d representationa l  too l  fo r  th e investigatio n o f  children' s thinking ,  particularl y 

well-suite d t o th e critica l  analysi s o f  th e systemi c vie w o f  understandin g an d change .  Thi s researc h 

projec t  use s th e proble m spac e construc t  t o compar e differen t  age d children' s capacit y fo r 

understandin g a  physica l  tas k domai n wit h whic h the y ar e no t  familiar ,  an d thei r  capacit y fo r  adaptiv e 

change .  Th e physica l  tas k domai n chose n fo r  thi s stud y i s gears ;  i n particula r  thei r  model s o f  relativ e 
directionality . 

An instructionles s experimenta l  procedur e ha s bee n developed ,  s o a s t o enabl e th e ecologica l 

investigatio n o f  system s o f  understandin g an d possibl e systemi c change s Th e procedur e wa s derive d 

fro m a  lin e o f  researc h recentl y develope d i n Genev a b y BaVbe l  Inhelde r  an d he r  team ,  utilizin g 

micro-analysi s o f  conceptua l  chang e occurrin g i n th e contex t  o f  children' s problem-solvin g (c.f . 
Bianchet ,  1977 ;  Inhelde r  e t  al. ,  1976) . 

Method 

Subject s wer e draw n randoml y fro m th e populatio n o f  graduate s o f  a  universit y laborator y 

preschool ,  wh o stil l  live d i n th e area .  Th e populatio n i s predominatel y middl e an d upper-middl e SES . 

The se t  o f  material s give n t o th e subjec t  consist s o f  1 2 gears ,  3  eac h o f  4  differen t  sizes ,  a  Velcr o 

board ,  an d a  knob .  Th e gear s ca n b e easil y attache d o r  remove d fro m th e board ,  b y mean s o f  a 

Velcr o adhesiv e o n th e inne r  circl e o f  th e gear-back .  T w o o f  th e gear s hav e tap e o n them ,  wit h a 

drawin g o f  a  ma n i n th e cours e o f  somersaulting .  Turnin g a  marke d gea r  counterclockwis e give s th e 

appearenc e o f  a  ma n somersaultin g head-first ;  turnin g clockwise ,  o f  somersaultin g feet-first .  Th e 

kno b ca n b e place d i n an y o f  6  o f  th e 1 2 gears ,  includin g bot h o f  th e marke d gears . 

Figur e 1  Th e Material s 
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The instruction s t o th e subjec t  are :  "  Ther e ar e ̂  bunc h o f  thes e things .  Tw o o f  thes e hav e me n o n 

them .  Lot s o f  the m don't .  Th e me n ca n d o head-somersault s lik e this .  O r  feet-firs t  somersault s lik e 

this .  Th e gam e i s t o mak e something ,  usin g an y o f  thes e thing s yo u like ,  s o tha t  whe n yo u tur n th e 

kno b (See ,  th e kno b ca n fi t  int o an y o f  thes e holes )  bot h me n d o head-firs t  somersaults .  Mak e 

something ,  usin g an y o f  thes e thing s yo u like ,  s o tha t  whe n yo u tur n th e knob ,  thi s ma n an d thi s ma n 

ar e bot h doin g head-firs t  somersaults .  Pleas e thin k outloud .  "  Afte r  th e chil d ha s buil t  on e successfu l 

construction ,  th e experimente r  extend s th e task: "  Good !  No w th e gam e i s t o se e ho w man y differen t 

ways ther e ar e t o ge t  th e tw o me n t o d o head-firs t  somersaults .  Here' s a  pe n an d som e paper .  Us e 

the m t o kee p trac k o f  th e Way s yo u find .  Remember !  It' s  importan t  t o thin k outloud! " 

.Th e simples t  an d mos t  efficien t  mean s o f  resolvin g th e tas k entail s th e consideratio n o f  onl y on e 

relatio n foun d withi n th e gear-configuratio n i n a  stat e o f  no-motion :  th e parit y o r  non-parit y o f  gear -

element s betwee n th e marke d gears .  Whe n ther e i s a n od d numbe r  o f  gear-element s betwee n th e 

marke d gear s (an d n o othe r  connection s wit h a n eve n numbe r  o f  gear-elements) ,  the n th e tw o 

marke d gear s wil l  tur n i n th e sam e direction .  Othe r  approaches ,  suc h a s th e abstractio n o f  pattern s 

of  relativ e motio n o r  th e calculatio n o f  th e directiona l  effect s o f  pushe s acros s pathway s o f 

transmissio n o f  movement ,  althoug h les s efficient ,  offe r  progressivel y mor e adequat e model s o f  th e 

phenomeno n o f  relativ e directionalit y o f  gea r  movement ,  an d alternativ e path s t o goa l  attainment . 

Result s an d Discussio n 

The result s ar e organize d int o tw o levels :  first ,  a  descriptio n o f  eac h proble m space ,  a s summarize d 

fro m th e codin g criteri a (criteria ,  develope d acros s thre e pilo t  studies ,  b y th e gradua l  refinin g o f  th e 

matc h betwee n dat a an d models) ;  an d second ,  a  cross-ag e compariso n o f  rang e an d distributio n o f 

proble m spaces ,  an d th e frequenc y o f  adaptiv e proble m spac e shift .  I n th e codin g o f  th e protocols , 

th e traine d raters '  agreemen t  wa s 91. 3 %. 

1. The four problem spaces 

The Euclidea n Proble m Spac e 

The Euclidea n Proble m Spac e i s compose d o f  element s an d relation s o f  Euclidea n geometry ,  suc h 

as siz e o f  gea r  elements ,  particula r  alignmen t  amon g gea r  placement s o r  positionin g o n th e boar d 

surface ,  gears-configuratio n shape ,  an d symmetries .  Eac h o f  thes e i s irrelevan t  t o th e attainmen t  o f 

th e goal . 

A particularl y interestin g an d commo n typ e o f  erro r  i s th e us e o f  symmetr y a s a  mean s t o achiev e 

correspondenc e o f  displacements .  Tw o strategie s wer e base d o n symmetry .  On e entaile d symmetrica l 

matchin g o f  men-orientations .  Thes e subject s vascillat e betwee n mirro r  an d slid e symmetry , 

convince d tha t  th e correc t  symmetrica l  relatio n betwee n me n figure s (i n additio n t o th e correc t 

positionin g o f  on e elemen t  relativ e t o th e other )  shoul d solv e th e problem .  I n th e secon d type ,  th e 

subjec t  trie s t o attai n th e goa l  b y mean s o f  th e bi-laterall y symmetrica l  placemen t  o f  th e marke d 

gear s i n a  bi-laterall y symmetrica l  gears-configuration .  I t  i s  hypothesize d tha t  visua l  symmetr y i s 

one primitiv e heuristi c employe d b y youn g physics-naiv e subjects ,  seekin g t o creat e identit y o f 

action s (a s i n thi s task )  o r  equilibriu m (a s Inhelde r  an d Piage t  (1958 )  reporte d o f  thei r  younges t 

subject s i n thei r  balanc e bea m task) . 

The Kinemati c Proble m Spac e 

The Kinemati c Proble m Spac e entail s th e enactmen t  o f  a  ne w dat a base ,  gear s i n motion .  Thi s focu s 

on motio n i s manifeste d b y extensiv e motio n study ,  abov e an d beyon d tha t  necessar y t o evaluat e 

construction s a s failure s o r  successe s (e.g .  a n examinatio n o f  motio n o f  non-marke d a s wel l  a s 

marke d gears ;  settin g gear s int o motio n wit h onl y on e o r  wit h n o marke d gear s o n th e board ; 

continuin g t o tur n th e gea r  construction ,  eve n afte r  i t  ha s bee n evaluate d a s a  succes s o r  failure) . 

The conceptua l  framewor k consist s o f  thes e motions ,  an d secondarily ,  th e placement s tha t  effec t 

them ,  define d eithe r  i n term s o f  a  Euclidea n relatio n (i.e .  th e particula r  alignmen t  o f  eac h elemen t 

relativ e t o th e others )  o r  Topologica l  relation s (mor e simply ,  whic h element s ar e touching) .  Thi s dat a 

bas e enable s th e abstractio n o f  goal -  relevan t  kinemati c relation s an d patterns . 

I n contras t  t o th e Euclidea n Proble m Space ,  th e Kinemati c Proble m Spac e i s a  fundamentall y goal -

appropriat e conceptua l  framework .  Th e spher e o f  relativ e motion s o f  al l  gears ,  marke d an d 
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nonmarked ,  i s a n effectiv e wa y o f  observin g one's3Bvolvin g constructions ,  o f  abstractin g relation s an d 

patterns ,  an d fornnulatin g constraint s fo r  gear-constructions .  A  weaknes s o f  th e spac e i s tha t  thes e 

relation s an d pattern s annon g th e nnotion s remai n arbitrar y ennpirica l  observations ;  i.e. ,  the y d o no t 

transcen d th e descriptive . 

The Dynami c Proble m Spac e 

I n th e Dynami c Proble m Space ,  o n th e basi s o f  suc h entitie s a s agent s an d patients ,  an d pathway s 

of  transmissio n o f  movement ,  inference s ar e formulate d concernin g ho w object s ac t  upo n othe r 

objects ,  s o a s t o effec t  particula r  pattern s o f  displacements .  Subject s conceptualiz e th e turnin g o f 

th e kno b a s creatin g a  forc e tha t  i s transmitte d acros s th e device ,  alon g th e pathway s o f 

transmissio n o f  movement . 

As th e Dynami c framewor k involve s inferrin g th e sequenc e o f  th e displacement s acros s eac h 

pathway ,  i t  ca n impos e significan t  demand s o n STM,  particularl y whe n th e subjec t  doe s no t 

linguisticall y ta g th e directionalities .  Th e space' s strengt h i s th e initia l  explanatio n i t  offer s o f  th e 

phenomenon . 

The Topologica l  Proble m Spac e 

The conceptua l  framewor k o f  thi s proble m spac e i s base d upo n Topologica l  Geometr y  .  I t  i s  simila r 

t o th e Euclidean ,  i n tha t  i t  i s  a  stati c geometri c framework ,  bu t  differen t  i n tha t  man y distinction s 

withi n th e Euclidea n framewor k ar e no t  considere d difference s i n th e Topological .  I n th e Topological , 

th e subjec t  assume s onl y connectednes s o f  gear s i s relevan t  t o th e goa l  criterion ,  an d ignore s 

particula r  alignment s amon g gears ,  thei r  sizes ,  an d th e visua l  gestal t  th e gea r  constructio n ma y form . 

The primar y strengt h o f  th e Topologica l  Proble m Spac e i s tha t  i t  facilitate s th e highl y efficien t 

enumeratio n o f  th e complet e se t  o f  possibilitie s (a s define d b y th e conceptua l  system) .  Th e primar y 

proble m wit h th e Topologica l  Proble m Spac e i s th e arbitrar y qualit y o f  understandin g o f  relativ e 

directionality ,  a s manifeste d b y th e c o m m o n confusio n concernin g whic h element s t o count ,  th e 

subjects '  spontaneou s descriptor s o f  th e odd/eve n rul e (e.g.a s th e "trick "  o r  th e wa y th e Experimente r 

"fixe d th e game") ,  an d subjects '  inabilit y  t o offe r  explanation s o f  th e phenomenon . 
The Arithmeti c Modifie r 

The Arithmeti c Modifie r  doe s no t  affec t  th e conceptualizatio n o f  th e tas k domain ,  no r  th e heuristics , 

apar t  fro m th e numerica l  characterizatio n o f  th e unit s o f  meaning ,  a s define d b y th e semantic s an d 

synta x o f  tha t  particula r  proble m space .  Th e benefit s o f  suc h formalis m ar e comparativel y obvious ,  i.e . 

greate r  efficienc y o f  tas k resolutio n o r  eas e i n identifyin g patterns .  Th e primar y liabilit y  identifie d i n 

thi s dat a se t  i s  th e dissociatio n o f  th e arithmeti c fro m th e semanti c an d syntacti c referent . 

Cross-ag e Compariso n o f  Initia l  an d Fina l  Proble m Space s 
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Cross-ag e compariso n o f  rang e an d distributio n o f  proble m spaces ,  an d frequenc y o f  proble m 
spac e shif t 

Ther e i s substantia l  cross-ag e overla p i n initia l  proble m spac e (Se e Figur e 2. )  Wit h th e exceptio n -

th e firs t  5  episode s o f  on e 8- 9 subject ,  al l  o f  th e 8-9' s bega n th e tas k i n th e Euclidea n o r  <ine, .  a t 

proble m spaces ,  o r  som e utilizatio n o f  bot h (i n vascillatio n o r  combination) ;  7 0 % o f  th t  ; 1 2 '  d i  3 5 
well . 
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The cross-ag e overla p o f  fina l  proble m spac e 1 4 muc h smalle r  (Se e Figur e 2) .  Sevent y percen t  o f 

th e 11-12 s en d th e tas k i n th e Topologica l  space ,  a  spac e tha t  n o 8- 9 employe d unde r  th e 

condition s o f  thi s experiment .  On e 11-1 2 ende d th e tas k operatin g confidentl y i n th e Dynami c 

Proble m Space ,  a  spac e n o 8- 9 wa s abl e t o sustain .  Al l  o f  th e 8-9' s ende d th e tas k i n th e Euclidea n 

pr .  th e Kinematic ,  o r  som e utilizatio n o f  both ,  a s compare d t o onl y 2 0 % o f  th e 11-12's . 

One intriguin g cross-ag e differenc e embedde d i n th e compariso n o f  initia l  an d fina l  proble m space s 

i s th e frequenc y o f  adaptiv e chang e o f  proble m space .  Ther e i s a  stron g tendenc y amon g th e 8-9' s 

toward s absenc e o f  proble m spac e shift .  Conversely ,  ther e i s a  stron g tren d amon g th e 11-12' s wh o 

do no t  begi n i n a n adequat e space ,  toward s adaptiv e chang e o f  proble m space . 

Conclusion s 

The dramati c cross-ag e differenc e i n rang e wa s th e eventua l  hig h frequenc y o f  th e Topologica l 

Spac e amon g th e olde r  subjects ,  an d it s complet e absenc e amoun g th e younge r  subjects .  I t  i s 

hypothesize d tha t  th e reaso n tha t  th e Topologica l  framework ,  documente d i n th e literatur e a s th e 

most  developmentall y primitiv e geometr y (e.g.Piaget ,  inhelde r  &  Szeminska ,  1960 )  i s th e las t 

employe d i s tha t  it s  usag e her e implie s th e recognitio n o f  highl y salien t  Euclidea n feature s a s 

irrelevant ,  an d henc e constitute s a  les s perceptually-bound ,  mor e abstrac t  choice . 

Second ,  th e hig h frequenc y o f  adaptiv e proble m spac e shif t  amon g th e olde r  subject s suggest s tha t 

th e abilitie s t o recogniz e a  spac e a s inappropriat e an d t o evok e a  mor e appropriat e on e ar e 

component s t o th e answe r  t o th e classi c developmenta l  questio n o f  "Wha t  develops?" . 

Finally ,  th e stud y document s tha t  children' s understandin g o f  physica l  phenomen a ca n b e describe d 

i n term s o f  system s o r  paradigmati c approaches ,  an d tha t  th e developmen t  o f  understandin g ca n b e 

represente d i n term s o f  change s i n thes e systems . 
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