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A b s t r a c t 

In order to process the reduced information in point-

ligh t  image s o f  huma n movement ,  observer s rel y 

upo n genera l  processin g heuristic s a s wel l  a s repre -

sentation s mor e specifi c t o huma n gai t  Thi s pape r 

explore s change s i n th e perceptio n o f  structur e fro m 

motio n i n youn g infants .  W e re-examine d dat a fro m 

17 experiments ,  involvin g infant s o f  3 -  an d S-month s 

old ,  t o determin e whic h stimulu s feature s o f  point -

ligh t  motio n infant s us e t o organiz e percq)ts ,  an d 

h o w peicq>tio n changes .  B y combinin g discrimina -

tio n an d encodin g informatio n w e provid e a  pictur e 

of  devel(^Hn g perceptua l  processes .  Five-month-old s 

encod e th e stimul i  mor e quickl y tha n 3-month-olds , 

whil e th e younge r  infant s discriminat e pair s o f  stimu -

l i  mor e firequendy.  Infant s o f  bot h age s us e phas e in -

formatio n t o discriminat e displays .  Three-mont h old s 

discriminat e canonica l  form s firom  modifie d form s 

when th e stimul i  ar e organize d abou t  a  vertica l  axis , 

wherea s S-mont h old s discriminat e thes e f a m s onl y 

when on e o f  th e figure s tak e o n a  human-lik e config -

uration .  Thes e result s suppor t  a  vie w i n whic h diffe -

rentia l  skil l  i n wha t  i s encode d characterize s develop -

m e nt  Furthermore ,  thi s wor k m a y hel p guid e th e 

integratio n o f  theory-formatio n model s wit h heuristi c 

and constraint-base d models ,  int o a  mor e complet e 

accoun t  o f  perception . 

Motion can iwovide observes with important in-

formatio n abou t  th e 3-dimensiona l  worl d (Gibson , 

1950) .  F ro m motio n th e visua l  syste m ca n extrac t  in -

formatio n abou t  depth ,  grouping ,  an d othe r  compo -

nent s o f  structure .  Johansso n (1973 )  introduce d mov -

in g do t  display s o f  huma n movemen t  int o th e explo -
ratio n o f  structur e fro m motion .  Thes e display s ar e 

create d b y attachin g "poin t  lights "  t o a  person' s majo r 

joints ,  an d filmin g th e perso n movin g i n a  dimly-li t 

room .  Th e resultin g fil m provide s onl y th e motio n 

informatio n characteristi c o f  huma n movement ;  fea -

ture s suc h a s texture ,  color ,  an d explici t  contou r  hav e 

bee n eliminated .  Thoug h a  huma n for m i s  har d t o 

recogniz e fro m a  single ,  stati c fram e o f  a  point-ligh t 

film,  Johansso n (1973 )  demonstrate d tha t  adul t  ob -

server s ca n recogniz e th e movin g display s a s movin g 

person s i n a s littl e a s 1  second . 

Adult s almos t  alway s identif y th e point-ligh t  dis -

play s a s depictin g huma n movement ,  ye t  th e numbe r 

of  possibl e connection s betwee n th e 1 1 point-lights ^ 

tha t  compos e a  huma n for m i s very  large .  Thi s sug -

gest s tha t  sensor y informatio n alon e canno t  OTganize 

a visua l  arra y int o a n object ;  th e visua l  syste m orga -

nize s th e scen e wit h th e ai d o f  constraints ,  o r  orga -

nizin g heuristics .  Previou s researc h suggest s tha t  th e 

visua l  syste m exploit s th e relativ e motion s amon g 

point-lights .  H u m a n gai t  canno t  b e identifie d i n th e 

absolut e motio n o f  an y individua l  elemen t  Rather , 

for m emerge s a s a  produc t  o f  th e relativ e motion s o f 

th e elements ,  o r  motio n o f  th e element s i n relatio n t o 

on e another .  S o m e relativ e motion s ar e mor e salien t 

tha n others .  Wallac h &  O'Conne U (1953) ,  fo r  exam -

ple ,  hav e suggeste d tha t  wheneve r  possible ,  th e vis -

ual  syste m assume s tha t  relativ e motion s o f  th e ele -

ment s reflec t  rigi d relation s an d thu s trie s t o fm d th e 

simples t  interpretatio n unde r  whic h th e point s ar e rig -

idl y relate d i n 3D .  I n thei r  account ,  thoug h non-rigi d 

interpretation s ar e possible ,  th e rigidity  assumptio n 

privilege s on e se t  o f  interpretation s ove r  another . 

Thi s wor k conducte d unde r  N I C H D gran t  HD1619 5 an d 
N I C HD Caree r  DevelopmCT t  Awar d HD0067 8 t o th e thir d 
author . 

1.  Th e point-light s appea r  t o b e attache d t o th e head ,  shoul -
ders ,  elbows ,  wrists ,  hips ,  knee s an d ankles .  I n a  sid e vie w 
of  th e walker ,  on e shoulde r  an d hi p ar e alway s occlude d b y 
th e res t  o f  th e body . 
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Figur e 1 .  A  hypothetica l  habituatio n curve .  I n th e 

infant-contro l  paradigm ,  th e numbe r  o f  trial s i s varia -

ble ,  determine d whe n th e infan t  reache s approximate -

l y hal f  o f  th e initia l  3  trials .  O n th e right ,  tw o line s il -

lustrat e discriminatio n (diamonds )  an d lac k o f 

discriminatio n (circles )  o f  th e tes t  stimulus . 

I n additio n t o genera l  processin g heuristics ,  lik e 

th e rigidit y assumption ,  evidenc e fro m studie s o f 

adult s suggest s tha t  observer s als o rel y upo n process -

es o r  representation s mor e specifi c  t o huma n gai t  t o 

hel p organiz e point-ligh t  walke r  displays .  Adul t  ob -

server s ca n identif y variou s movements ,  suc h a s jog -

ging ,  jumping ,  o r  dancin g (Johansson ,  1975) ,  an d th e 

gende r  o f  th e walke r  (Cutting ,  1978) .  I n s o fa r  a s 

thi s skil l  i s  acquire d throug h extensiv e experienc e o f 

movement ,  adult s ar e likel y t o develo p robus t  strate -

gie s an d redundan t  constraint s fo r  interpretin g hu -

m an movemen t  Thus ,  examination s o f  th e develop -

ment  o f  th e pwceptio n o f  biomechanica l  motion s ca n 

provid e insight s int o earl y perceptua l  constraint s an d 

thei r  interaction s wit h cognitiv e development . 

Thi s pape r  explore s th e perceptio n o f  structur e 

fro m motio n i n youn g infants .  Previou s wor k ha s 

use d measure s o f  discriminatio n betwee n point-ligh t 

display s t o asses s infants '  subjectiv e experience .  B y 

summarizin g a  numbe r  o f  discriminatio n flndings,  w e 

hav e develope d a  pictur e o f  th e perceptio n o f  biome -

chanica l  motion s a t  3 -  an d S -  month s o f  age .  W e hav e 
als o sough t  convergin g evidenc e fo r  tha t  pictur e fro m 

dat a abou t  infants '  encodin g processe s a s the y ar e 
presente d wit h point-ligh t  displays .  W e conclud e 

wit h som e genera l  implication s o f  ou r  analyse s fo r 

computationa l  view s o f  th e developmen t  o f  peicep -

tion . 

T a p p i n g Infants '  Subjectiv e Exper ienc e 

The analysis reported here is a re-examination of 17 

experiment s conducte d i n th e Laborator y fo r  Infan t 

Studie s a t  th e Universit y o f  Virginia ,  involvin g 38 7 

infant s i n tw o ag e groups :  3-month s ol d (18 6 infants ) 

an d S-month s ol d (20 1 infants)^ .  T h e goal  o f  thes e 

studie s wa s t o determin e whic h stimulu s feature s o f 

point-ligh t  motio n infant s us e t o organiz e th e imag -

es ,  an d h o w thi s skil l  develop s betwee n 3  an d 5 

month s o f  age . 

Eac h o f  th e 1 7 studie s use d a  habituatio n para -

dig m t o tes t  infants '  discriminatio n o f  on e o r  mo r e 

stimulu s dimensions .  Behaviora l  habituatio n i s a 

c o m m on too l  fo r  studyin g infan t  perceptua l  an d cog -

nitiv e processing .  I n thi s paradigm ,  infant s ar e fa -

miliarized ,  o r  habituated ,  t o on e stimulu s an d the n 

presente d wit h a  secon d stimulus .  Th e infant' s diffe -

rentia l  respons e t o th e tw o stimul i  i s  use d a s th e 

measur e o f  pairwis e discrimination .  Th e studie s re -

porte d i n thi s pape r  wer e conducte d usin g a n infant -

contro l  habituatio n paradig m (Cohen ,  1973) .  I n thi s 

paradigm ,  infant s ar e repeatedl y presente d a  visua l 

stimulu s (th e "habituation "  stimulus )  an d th e tim e 

the y spen d lookin g a t  thi s stimulu s i s measure d b y 

traine d observers .  Gradually ,  ove r  successiv e pres -

entation s o f  th e sam e habituatio n stimulus ,  infants ' 

lookin g tim e pe r  tria l  decline s (Figm e 1) .  W h e n look -

in g tim e reache s a  criterio n value ,  a  varian t  o f  th e ha -

bituatio n stimulu s i s presente d fo r  tw o trial s (th e 

"test "  stimulus) .  Th e infant' s tim e lookin g a t  th e tes t 

stimulu s i s the n compare d t o it s tim e lookin g a t  th e 

las t  tw o presentation s o f  th e habituatio n stimulus .  I f 

th e infan t  dishabituate s (i.e. ,  look s longe r  -  wit h re -

newed attention )  t o th e tes t  stimulus ,  th e infan t  i s 

sai d t o discriminat e betwee n th e tw o stimuli .  Sinc e 

th e stimul i  ar e generall y constructe d t o diffe r  o n a 

singl e dimension ,  evidenc e o f  discriminatio n pro -

vide s evidenc e o f  th e infant' s sensitivit y t o tha t  di -

mension ,  fro m whic h w e infe r  tha t  tha t  dimensio n i s 

involve d i n processin g o f  th e image . 

Researche s us e pairwis e discriminatio n pattern s 

acros s m a n y stimulu s pair s t o piec e togethe r  theorie s 

of  wha t  infant s wganize ,  perceive ,  an d know ,  bu t 

les s attentio n i s generall y pai d t o th e habituatio n dat a 

itself .  T o th e exten t  tha t  performanc e i n th e habitua -
tio n phas e o f  th e stud y i s tappin g th e proces s o f  en -

codin g th e habituatio n stimulus ,  habituatio n itsel f 

ca n tel l  u s somethin g abou t  perception .  I n compari -

son s acros s stimuli ,  th e habituatio n trial s offe r  a 

measur e o f  th e relativ e eas e wit h whic h stimul i  ar e 

2.  Eac h infan t  wa s teste d onl y a t  on e ag e an d i n on e condi -
tion . 
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Figur e 2 .  Point-ligh t  walke r  displays .  A .  Canonica l  walker .  Th e arrow s indicat e th e pendula r  motion s o f  eac h 

point-light .  B .  Scramble d walker .  Th e element s preserv e onl y th e absolut e motion s o f  th e canonica l  walker .  C . 

Phase-shifte d walker .  Whil e th e point-light s o n a  lim b o f  th e canonica l  walke r  m o v e together ,  th e point-light s o f  th e 

phase-shifte d walke r  m o v e asynchronously ,  sometime s i n oppositio n t o on e another ,  a s th e arrow s suggest . 

organize d durin g encoding .  Eas e o f  encoding ,  oper -

ationalize d a s th e su m o f  a n infant' s lookin g time s 

acros s habituatio n trials ,  i s  a  reflectio n o f  th e interac -

tio n betwee n th e infant' s organizationa l  processe s an d 

th e structur e o f  th e stimulus .  Thus ,  b y th e combina -

tio n o f  th e discriminatio n infcMmatio n availabl e fro m 

th e habituation /  dishabituatio n analyses ,  an d th e en -

codin g informatio n availabl e i n th e habituatio n tria l 

data ,  w e ca n develo p a  fairl y  detaile d pictur e o f  th e 

ovCTal l  processe s o f  perceptio n an d it s developmen t 

Point-light Displays Of Human Gait 

The studies we selected for analysis all involved 

computer-synthesize d point-ligh t  walke r  display s 

(Cutting ,  1978 ;  Bertentha l  &  Kramer ,  1984 )  an d foil s 

i n whic h selecte d stimulu s parameter s ha d bee n mod -

ified .  Th e standard ,  ot  canonical ,  display s (Figur e 

2a )  wer e comprise d o f  1 1 dot s tha t  mimi c th e kine -

matic s o f  huma n gait ,  approximate d b y th e harmoni c 

motion s o f  hierarchically-neste d pendula .  Adult s 

identif y thi s for m a s dq)ictin g a  perso n walkin g o n a 

treadmil l  (Bertentha l  &  Davis ,  1988) .  Infant s sho w 

th e sam e patter n o f  lookin g durin g habituatio n t o 

thes e synthesize d display s a s t o th e display s create d 

usin g a  huma n model .  Foil s wer e ccmstructe d vary -

in g th e relation s a m o n g th e point-ligh t  elements ,  th e 

orientation ,  an d globa l  form . 

Relation s a m o n g th e elements :  Th e scramble d dis -

pla y (Figur e 2b )  wa s comprise d o f  1 1 point-light s 

wit h individua l  motio n vector s correspondin g t o 

thos e i n th e canonica l  display ,  however ,  th e spatia l 

configuratio n a m o n g element s wa s random .  Th e 

phrase-shifte d displa y (Figur e 2c )  maintaine d th e 

individua l  motio n vector s a s wel l  a s th e hierarchi -

cal  spatia l  configuratio n o f  th e canonica l  form ,  bu t 

altere d th e relativ e motion s a m o n g th e elements .  I n 

th e canonica l  displays ,  point-light s cycle d synchro -

nousl y togethe r  o r  i n opposition .  I n phase-shifte d 

displays ,  point-light s n o longe r  maintaine d synchro -

nicity ,  appearin g m u c h lik e a  marionette .  Research -

er s examinin g moto r  behavio r  hav e suggeste d tha t 

phas e relation s ar e a n importan t  invarian t  i n huma n 

locomotio n (Schmidt ,  198S) .  I n non-rigi d display s 

(no t  shown) ,  th e distanc e betwee n th e point-light s 

was randoml y varie d firo m fram e t o frame. 

Orientation :  Display s wer e (niente d upright ,  invert -

ed,  o r  horizonta l  i n th e pictur e plane . 

Globa l  form :  I n additio n t o huma n forms ,  display s 

lookin g muc h lik e four-legge d "spiders "  wer e creat -

ed.  Thes e form s wer e comprise d o f  fou r  limbs . 

identica l  t o h u m a n limbs ,  radiatin g fro m a  singl e 

point . 

Eac h o f  th e 1 7 studie s wa s designe d t o tes t  in -

fants '  sensitivit y t o th e spatiotempora l  propertie s o f 

point-ligh t  walker s acros s th e dimension s jus t  de -
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scribed .  Sensitivit y wa s assesse d o n th e basi s o f  ha -

bituation/dishabituatio n pattern s obtaine d fro m pair -

wis e comparison s m a d e ove r  successiv e studies .  I n 

addition ,  w e obtaine d eac h infants '  habituatio n curve , 

an d compute d th e tota l  lookin g tim e ( T L T )  fo r  eac h 

stimulu s type .  T L T i s th e s u m o f  th e lookin g time s 

acros s al l  habituatio n trial s fo r  a  selecte d stimulus . 

Alternativ e measures ,  suc h a s velocit y o f  decline , 

pea k lookin g time ,  o r  firs t  habituatio n trial ,  wer e cor -

relate d wit h th e tota l  lookin g tim e bu t  T L T ca n b e 

mor e intuitivel y interpreted .  W e tak e i t  t o b e a  reflec -

tio n o f  th e eas e wit h whic h a n infan t  ca n organiz e th e 

stimulu s durin g encoding . 

Usin g th e T L T measure ,  w e examine d th e influ -

enc e o f  stimulu s parameter s o n encodin g time s t o de -

termin e th e relativ e eas e o f  encoding ,  an d b y infer -

ence ,  th e processin g constraint s availabl e t o th e 

infan L Assessment s o f  discriminatio n coul d b e m a d e 

onl y fo r  stimulu s pair s actuall y tested ,  bu t  assess -

ment s o f  eas e o f  encodin g coul d b e m a d e b y w a y o f 

pseudo-experiments .  I n thes e analyti c studies ,  w e 

compile d al l  habituatio n curve s produce d i n respons e 

t o a  stimulu s exhibitin g th e propert y w e wishe d t o ex -

amine .  Fo r  example ,  i n orde r  t o examin e th e relativ e 

eas e wit h whic h infant s encod e canonica l  versu s 

scramble d forms ,  w e gathere d th e habituatio n curve s 

firo m al l  infant s w h o ha d see n eithe r  stimulu s a s th e 

s 
3 

Inuerte d — 
Canonica l  v .  Phase-shifte d 3 
Canonica l  v .  Scramble d 3 » 5 « 

Uprigh t  v .  inverte d 

Upright -
Canonica l  v .  Phase-shifte d 3  5 
Canonica l  v .  Non-rigi d 
Canonica l  v .  scramble d 3  5 

Horizonta l  -Icanonica l  v .  Phase-shifte d 

Inuerted —[Canonical v. limb-SCTambled 

Upright v. inverted 

Upright - Canonica l  v .  Phase-shifte d 3 
Canonica l  V .  limb-saamble d 3 

Figur e 3 .  S u m m a r y o f  discriminatio n analyses .  T h e 

number  t o th e right  o f  th e tre e indicate s th e ag e grou p 

exhibitin g discrimination ,  a s indicate d w h e n th e 

mean o f  th e tes t  trial s i s significantl y greate r  tha n th e 

mean o f  th e las t  2  habituatio n trials .  (Th e *  indicate s 
an orde r  effect. ) 

familiarizatio n display ,  an d compare d th e tota l  look -

in g time s fo r  thes e data . 

Results 

Several researchers (e.g., Bronson, 1982; Sokolov, 

1960 )  sugges t  tha t  infants '  visua l  attentio n i s guide d 

by knowledg e an d expectancy .  I f  thi s i s th e case ,  3 -

and 5 -  month-olds ,  w h o ar e likel y t o diffe r  i n knowl -

edge ,  shoul d exhibi t  differen t  pattern s o f  encodin g 

and discrimination .  Moreover ,  w e expecte d t o An d a 

systemati c relationshi p betwee n differentia l  encodin g 

time s an d discrimination . 

Dat a wer e organize d accordin g t o ag e an d stimu -

lu s parameters ,  specificall y globa l  for m (walkCT ,  spi -

der) ,  orientatio n (upright ,  inverted ,  horizontal) ,  an d 

elemen t  relation s (canonical ,  scrambled ,  phase -

shifted ,  nonrigid) .  Th e result s o f  a  re-analysi s o f 

pairwis e discriminatio n b y eac h ag e grou p ar e sum -

marize d i n Figur e 3 . 

I n general ,  whe n assesse d b y eithe r  discriminatio n 

or  encodin g behavior ,  3 -  &  5 -  month-old s respon d 

differentl y t o th e point-ligh t  displays .  A s show n i n 

Figur e 3 ,  three-month-old s discriminate d 7  o f  th e 1 1 

pair s o f  stimuli ,  wherea s 5-month-old s discriminate d 
onl y 4 .  Thoug h difference s i n encodin g time s di d no t 

mirro r  discriminatio n patterns ,  tota l  lookin g tim e 

als o differe d systematicall y b y age .  Three-month -

old s (A/=203.1) ,  acros s stimulu s parameters ,  looke d 

longe r  durin g th e habituatio n proces s tha n di d 5 -

month-old s (A f  =120.68) ,  F(1.385)=59.23 .  p<.01 . 

Thi s genera l  chang e i n performanc e m a y result  fro m 

maturin g neura l  an d moto r  processe s (Johnson ,  Pos -

ner ,  &  Rothbart ,  1991) ,  fro m increase d skil l  o r 

knowledge ,  o r  fro m change s i n motivationa l  factors . 

Thoug h thi s dat a canno t  directl y discer n betwee n 

thes e accounts ,  i t  contribute s additiona l  suppor t  t o 

position s whic h posi t  globa l  change ;  S-month-old s 

habituate d faste r  tha n di d 3-month-old s acros s al l 
stimuli . 

Three-month-old s discriminat e form s wit h differ -

in g relation s amon g th e element s whe n thos e stimul i 

ar e organize d abou t  a  vertica l  axis .  Thes e infant s dis -

criminat e canonica l  fro m phase-shifte d form s an d ca -

nonica l  from  scramble d form s whe n the y ar e uprigh t 

or  inverted ,  bu t  no t  whe n the y ar e horizontal .  B(mti -

stei n &  Krinsk y (1985 )  repor t  evidenc e whic h sug -

gest s tha t  3-month-ol d infant s m a y sho w sensitivit y 
t o th e propertie s o f  a  for m onl y whe n i t  i s  organize d 

abou t  a  vertica l  axis .  Interestingly ,  a t  3  month s o f 

age T L T t o vertica l  stimul i  (M=208.3 )  wa s signifi -

cantl y greate r  tha n T L T t o horizonta l  stimul i 

(M=120.8) ,  F(l,184)=5.58,p<.05 ,  suggestin g a  corre -
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spondenc e betwee n highe r  lookin g tim e an d subse -

quen t  discriminatio n o f  stimulu s properties . 

By 5  month s o f  age ,  infant s ar e faste r  t o encod e 

stimul i  a s wel l  a s les s ap t  t o sho w discriminatio n o n 

pairwis e compariscxis ,  suggestin g tha t  the y atten d 

mor e selectivel y t o informatio n availabl e i n th e dis -

plays .  Five-month-ol d infant s showe d fe w differenc -

es i n encodin g time s a s well .  Thes e infant s looke d 

significantl y longe r  a t  out-of-phas e walker s 

(Af=153.4 )  tha n a t  in-phas e walker s (A/=102.5) ,  F 

(1,193) = 15.6 ,  p<.01 .  I n addition .  5-month-old s 

looke d longe r  a t  out-of-phas e walker s tha n a t  scram -

ble d form s (M=83.83) ,  F(l,72)=2.99 ,  p<.05 .  Encod -

in g time s t o uprigh t  canonica l  an d scramble d fcmn s 

di d no t  differ .  Five-month-olds ,  lik e 3-month-olds , 

ten d t o discriminat e stimulu s parameter s onl y whe n 

the y ar e presente d i n a  particula r  configura l  context , 

at  frame .  A^il e the y encod e phas e informatio n gen -

erally ,  5-mont h old s discriminat e canonica l  an d 

phase-shifte d form s onl y whe n th e figure s ar e pre -

sente d uprigh t  an d i n th e contex t  o f  a  walker-lik e 

for m (hierarchicall y organize d alon g a  vertica l  axi s o f 

symmetry) .  Phase-relation s i n spider-lik e form s o r 

horizonta l  orientation s ar e no t  discriminated .  Thus , 

5-month-ol d infant s m a y b e respondin g i n par t  o n th e 

basi s o f  som e familiarit y wit h th e characteristi c 

phase-relation s o f  huma n gai t  Indeed ,  prio r  researc h 

(Pint o &  Davis ,  1991 ;  Bertenthal ,  1992 )  suggest s tha t 

5-month-okls ,  bu t  no t  3-month-olds ,  respon d o n th e 

basi s o f  a  categor y o f  huma n m o v e m e n t 

Discussion 

We conceive of visual percq)tion as a process where-

by informatio n i s organize d bot h b y genera l  process -

in g heuristic s an d i n accor d wit h knowledg e (pro -

cesse s and/o r  representations )  tha t  arise s from 

experienc e wit h th e domai n -i n thi s case ,  biome -

chanica l  motion .  W e hav e provide d evidenc e o f  th e 

devek>pmen t  bot h o f  genera l  |X^ocessin g heuristic s 

(o r  th e developmen t  o f  thei r  use )  an d o f  knowledg e 

tha t  i s speciS c t o th e perceptio n o f  biomechanica l 

motion .  Bot h 3 -  an d 5-mont h ol d infant s use  phas e 

informatio n t o discriminat e point-ligh t  displays ,  bu t 

5-mont h old s sho w a n encodin g differenc e i n phase -

shifte d vs .  canonica l  displays .  Sinc e 3-month-old s 

discriminat e th e stimul i  alon g mos t  o f  th e dimen -

sion s examined ,  i t  i s  reasonabl e t o interpre t  thei r  lac k 

of  differentia l  encodin g time s a s a  reflectio n o f  th e el -

evate d encodin g effor t  the y pu t  int o organizin g th e 

entir e displays .  Five-month-olds ,  o n th e othe r  hand , 

m ay ai:q}roac h th e habituatio n tas k diffo'ently .  Rath -

er  tha n encodin g e v ^ y availabl e paramete r  o f  th e 

stimulus ,  5-mont h old s m a y loo k onl y lon g enoug h 

t o determin e whethe r  o r  no t  i t  ha s bee n presente d pre -

viousl y (Bronson ,  1982 )  i n accor d wit h on e o r  a  fe w 

ke y features .  Thus ,  thoug h five-month-old s m a y b e 

sensitiv e t o phas e relation s i n general ,  pmurbation s 

t o th e characteristi c phas e relation s o f  huma n gai t 

m ay constitut e a  meaningfu l  differenc e onl y i n th e 

contex t  o f  th e familia r  for m o f  a  person . 

Difference s i n wha t  i s encode d b y childre n o f  dif -

feren t  age s o r  experienc e ha s bee n suggeste d a s a n 

explanatio n fo r  othe r  developmenta l  phenomena , 

suc h a s skil l  a t  makin g balance-bea m discrimination s 

(Siegler ,  1989) .  Ou r  result s suppor t  a  unifie d vie w o f 

some form s o f  perceptio n wit h thes e "higher "  cogni -

tiv e phenomena ,  i n whic h differentia l  skil l  i n wha t  i s 

encode d i s a  ubiquitou s characteristi c o f  huma n learn -

in g an d developmen t 

Mor e specifi c  t o perception ,  ou r  result s ma y 

hel p t o flU  ou t  th e wa y i n whic h a  computationa l  ac -

coun t  o f  th e extractio n o f  structur e fro m biomechani -

cal  motio n depend s upo n bot h genera l  an d domain -

specifi c  processin g heuristics .  A  numbe r  o f  computa -

tiona l  model s ar e abl e t o use  genera l  heuristic s t o or -

ganiz e broa d classe s o f  motion-give n informatio n b y 

recoverin g th e spatia l  o r  geometri c propertie s o f  th e 

for m (Ullma n 1983 .  W e b b &  Aggarwal ,  1982) . 

However ,  thes e genera l  algorithm s d o no t  yiel d com -

plet e o r  uniqu e solution s fo r  biomechanica l  display s 

nor  d o the y exhibi t  th e robustnes s o f  huma n visua l 

processe s (se e Proffit t  &  Bertenthal ,  1988 ,  ia t  a  dis -

cussio n o f  thes e models) .  S o m e integratio n o f  a  gen -

era l  heuristi c accoun t  wit h a  theor y o f  schema-drive n 

processin g i s needed . 

Interestingly ,  on e o f  th e earl y model s o f  habitua -

tio n wa s bot h schema-based ,  an d implie d expecta -

tion-base d differentia l  encoding .  Sokolo v (1960 ) 

propose d a  theor y o f  habituatio n i n whic h th e organ -

is m build s a  mode l  o f  th e stimulu s an d the n test s 

thi s mode l  agains t  th e stimulus .  I n Sokolov' s view , 

habituatio n result s fro m th e repressio n o f  a n orientin g 

respons e whe n th e perceptua l  syste m determine s tha t 

ther e i s n o n e w informatio n t o b e gathere d fro m th e 

stimulus .  A s th e organis m come s t o expec t  on e hy -

pothesi s mor e strongl y tha n another ,  th e valu e o f  ad -

ditiona l  informatio n i s reduce d significantly ,  thu s re -

sultin g i n a  declin e o f  lookin g time .  Interprete d 

computationally ,  Sokolov' s theor y i s ver y clos e t o 

computationa l  method s i n model-base d diagnosi s an d 

i n theory-formatio n method s (se e th e paper s i n Davi s 

& Hamscher .  1990 ,  an d Shrage r  &  Langley ,  1991) . 

Neithe r  Siegler' s theory ,  no r  th e model s o f  Soko -

lov ,  o f  Ullman ,  o r  o f  W e b b &  Aggarwa l  ar e com -

plet e alone ;  an d thei r  integratio n require s empirica l 

guidance .  S o m e o f  thi s guidanc e m a y b e usefull y de -
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rived  fro m developmenta l  dat a suc h a s tha t  provide d 

here .  Th e preserj t  wor k ma y thu s hel p u s sharpe n th e 

vie w o f  percq)tio n a s problem-solvin g (Rock ,  1983) , 

by guidin g th e integratio n o f  theory-formatio n mod -

el s wit h genera l  heuristi c o r  constraint-base d models , 

int o a  mor e complet e accoun t  o f  genera l  perception . 
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