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Abstrac t 

When one billiard ball strikes and launches another, most ob-
server s repor t  seein g th e first  bal l  caus e th e secon d bal l  t o 
move.  Michott e (1963 )  argue d tha t  th e essenc e o f  phenomena l 
causalit y i s  "ampliation "  o f  movement ,  i n whic h th e motio n o f 
th e first  objec t  i s  perceptuall y transferre d t o th e secon d objec t 
Michott e provide d onl y phenomenologica l  evidence ,  however . 
We exten d th e reviewin g paradig m o f  Kahneman ,  Treisman , 
and Gibb s (1992 )  t o Michotte-st y l e laimchin g event s an d repor t 
response-tim e dat a consisten t  wit h Michott e * s notio n o f  ampli -
ation .  W e discus s ho w contemporar y theorie s o f  featur e bind -
in g ca n exten d t o th e domai n o f  interactin g object s an d addres s 
our  results .  W e als o sugges t  tha t  ou r  treatmen t  o f  ampliatio n 
help s clarif y controversie s regardin g whethe r  perceive d causal -
it y i s  direc t  o r  interprete d an d whethe r  i t  i s  innat e o r  learned . 

Causality Perceived 

Imagin e a  billiar d table .  Th e cu e bal l  roll s  acros s th e fel t  an d 
strike s th e 8-ball ,  launchin g th e 8-baII .  Mos t  observer s wil l 
repor t  seein g th e cu e bal l  caus e th e 8-bal I  t o move .  Th e per -
ceptio n o f  causalit y ha s bee n place d a t  th e foundatio n o f  cog -
nition :  Kan t  (1788 )  argue d tha t  causalit y wa s a n innat e an d 
fundamenta l  categor y o f  cognition ;  Piage t  (1971 )  m a d e i t  a n 
integra l  par t  o f  hi s theor y o f  development ;  and ,  mor e recentl y 
Leyto n (1992 )  ha s argue d tha t  th e extractio n o f  causalit y  i s a t 
th e cor e o f  perceptio n an d cognition . 

The Britis h empiricis t  philosophe r  Davi d H u m e (1739 )  ar -
gued tha t  impression s o f  causalit y ar e mer e fabrication s o f  a 
sophisticate d mind :  I n th e cas e o f  th e billiar d balls ,  th e ob -
serve r  see s th e cu e bal l  m o v e ,  see s th e contac t  o f  th e balls , 
and see s th e subsequen t  motio n o f  th e 8-baIl ,  bu t  doe s no t  se e 
causalit y itself .  Th e impressio n o f  causality ,  H u m e argued , 
i s a  learne d nexu s from  th e first  t o secon d ball ,  base d o n re -
peate d observation s o f  th e conjunctio n o f  th e tw o motions , 
thei r  spatio-tempora l  contiguity ,  an d th e tempora l  priorit y o f 
th e on e motio n relativ e t o th e other . 

T wo hundre d year s later ,  th e Belgia n psychologis t  Alber t 
Michott e impugne d H u m e ,  arguin g instea d tha t  th e impres -
sio n o f  causalit y  i s a  spontaneou s perceptua l  gestalt ,  whic h i s 
neithe r  learne d no r  a n interpretatio n vi a absu-ac t  knowledg e 

of  physica l  event s (Michotte ,  1941,1963) .  Michott e claime d 
tha t  th e essenc e o f  perceive d causalit y  i s "ampliatio n o f  m o -
tion. "  Th e neologism ,  "ampliation, "  refer s t o tw o aspect s o f 
th e perceive d motion .  First ,  th e motio n o f  th e approachin g ob -
jec t  i s transferre d t o th e launche d object .  Second ,  fo r  a  brie f 

tim e jus t  afte r  impac t  (approximatel y 200ms) ,  th e motio n i s 
phenomenologicall y duplicilous :  I t  belong s t o th e first  objec t 
whil e th e secon d objec t  ha s it .  Thereafter ,  th e motio n o f  th e 
secon d objec t  become s autonomous . 

Unfortunately ,  Michott e m a d e onl y phenomenologica l  ob -
servation s o f  perceive d causalit y an d gathere d n o perfor -
mance data ,  leavin g ope n th e possibilit y  tha t  ampliatio n o f 
motio n i s  merel y a n idiosyncrati c epiphenomeno n (Boyle , 

1972 ;  Joynson ,  1971) .  Nevertheless,  Michotte' s method s an d 
findings  ar e frequently  describe d i n textbook s o n perception , 
development ,  artificia l  intelligence ,  etc .  (e.g. ,  Boden ,  1977 ; 
Bower ,  1982 ;  Bruc e &  Green ,  1990 ;  Rock ,  1975) ,  an d a  com -
pilatio n o f  newl y translate d article s b y Michott e ha s recentl y 
bee n publishe d (Things ,  Costall ,  &  Butterworth ,  1991) .  I n 
thi s pape r  w e repor t  a  response-tim e experimen t  tha t  yielde d 
result s consisten t  wit h Michotte' s theor y o f  ampliation . 

We propos e tha t  th e theor y o f  ampliatio n ca n b e construe d 
t o impac t  directl y o n theorie s o f  featur e integration ;  i.e. ,  the -
orie s o f  h o w differen t  visua l  feature s o f  a n object ,  suc h a s 
shape ,  color ,  an d movement ,  ar e boun d int o a  c o m m o n iden -
tit y bu t  distinguishe d from  visua l  feature s o f  othe r  object s i n 
th e sam e field  o f  vie w (e.g. ,  Treisman ,  1986) .  Th e ke y ide a i s 
tha t  i f  th e motio n i s perceptuall y transferre d fro m on e objec t  t o 
th e next ,  the n th e featur e o f  movemen t  mus t  b e unboun d fro m 
th e launchin g objec t  an d boun d wit h th e launche d object .  W e 
discus s h o w contemporar y theorie s o f  featur e bindin g ca n ac -
coun t  fo r  Michotte' s phenomenolog y o f  perceive d causality . 

Providin g a  performanc e measur e o f  ampliatio n an d givin g 
i t  a  theoretica l  interpretatio n i n term s o f  featur e bindin g als o 
supplie s a  n e w perspectiv e o n th e relatio n betwee n ampliatio n 
an d perceive d causality .  Rathe r  tha n debat e whethe r  a  singl e 
proces s o f  perceivin g causalit y  i s eithe r  innat e o r  learned ,  w e 
sugges t  tha t  th e sub-proces s o f  ampliatio n migh t  b e perceive d 
directl y an d develope d earl y i n infancy ,  bu t  th e complet e per -
ceptio n o f  causalit y migh t  b e interprete d an d learned . 

An Empirical Approach to Measuring 

Ampl ia t io n 

Th e Reviewin g Paradig m 

The performanc e measur e o f  ampliatio n tha t  w e wil l  describ e 
i s a n extensio n o f  th e reviewin g paradig m invente d b y Kah -
neman e t  al .  (1992) .  I n thi s paradigm ,  th e observe r  i s first 
shown tw o object s o n a  compute r  screen ,  suc h a s th e triangl e 
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Figure 1: Example of the reviewing paradigm used by Kahneman et al. (1992). 

and squar e i n th e lef t  pane l  o f  Figur e 1 .  T w o letters ,  labele d 
"P I "  an d " P 2 "  i n Figur e 1 ,  ar e briefl y presente d ("previewed" ) 
insid e eac h object .  Afte r  th e letter s disappear ,  th e empt y ob -
ject s visibl y m o v e t o n e w locations ,  a s show n i n th e middl e 
pane l  o f  Figur e 1 .  Th e motio n o f  th e object s link s thei r  initia l 
position s t o thei r  final  positions ,  an d s o thi s motio n i s calle d 
th e "linkin g display. "  A  targe t  letter ,  labele d " T *  i n th e righ t 
pane l  o f  Figur e 1 ,  the n appear s i n on e o f  th e objects .  Th e ob -
server' s tas k i s t o identif y th e lette r  a s quickl y a s possible ,  b y 
sayin g th e letter' s nam e int o a  microphone . 

Th e ke y resul t  i s  tha t  observer s ca n identif y targe t  letter s 
tha t  matche d th e previe w lette r  fro m th e sam e objec t  faste r 
tha n the y ca n identif y targe t  letter s tha t  matche d th e previe w 
lette r  fro m th e othe r  object .  I n Figur e 1 ,  fo r  example ,  ob -
server s ar e faste r  t o identif y th e target ,  T ,  whe n i t  matche s 
P2 (whic h wa s i n th e sam e objec t  a s th e target )  tha n whe n 
i t  matche s P I  (whic h wa s i n th e othe r  object) .  Kahnema n 
et  al .  (1992 )  calle d thi s effec t  th e object-specifi c  previe w ad -

vantage . 

The Reviewing Paradigm Applied to Launching 

Kruschke (1987) applied the reviewing paradigm to Michotte-
styl e launchin g events .  Suppos e th e linkin g displa y i n th e re -
viewin g paradig m di d no t  kee p th e object s separated ,  a s i n 
Figur e 1 ,  bu t  instea d showe d on e objec t  strikin g an d launch -
in g th e other ,  a s on e billiar d bal l  ca n strik e an d launc h an -
other .  Conside r  wha t  woul d happe n i f  th e targe t  lette r  ap -
peare d i n th e launched  object .  Woul d ther e stil l  b e a  stron g 
object-specifi c  previe w advantage ,  o r  woul d th e previe w in -
formatio n fro m th e launchin g objec t  b e transfened ,  o r  am -

pliated ,  t o th e launche d object ? Kruschk e (1987 )  reporte d 
tha t  th e object-specifi c  previe w advantag e wa s significantl y 
reduce d i n launching ,  relativ e t o a  contro l  even t  i n whic h th e 
object s di d no t  interact . 

We replicate d an d extended  tha t  stud y i n ne w experiments . 

I n a n even t  w e cal l  launching ,  show n i n th e lef t  pane l  o f  Fig -
ur e 2 ,  participant s sa w on e circl e m o v e towar d an d contac t 
another ,  a t  whic h tim e th e first  circl e stoppe d an d th e sec -
on d circl e move d awa y a t  th e sam e velocit y previousl y ha d b y 
th e first  circle .  Analogou s t o th e reviewin g paradig m o f  Kah -
neman e t  al .  (1992) ,  symbol s suc h a s " @ "  o r  " & "  appeare d 
briefl y i n th e initia l  moment s o f  th e event ,  indicate d b y P I  an d 
P2 i n Figur e 2 .  The n on e empt y circl e launche d th e other ,  an d 
a targe t  symbol ,  indicate d b y T  i n Figur e 2 ,  appeare d i n th e 
launche d object ,  a t  whic h tim e th e launche d objec t  wa s sta -
tionary .  Unlik e th e identificatio n tas k use d i n th e experiment s 

of  Kahnema n e t  al .  (1992) ,  th e tas k fo r  ou r  participant s wa s 
t o indicat e a s quickl y a s possibl e whethe r  th e targe t  symbo l 
was th e sam e a s eithe r  o f  th e tw o previe w symbols .  Response s 
wer e mad e b y pressin g a  butto n whe n th e targe t  matche d ei -
the r  o f  th e previe w symbols ,  an d b y pressin g a  differen t  butto n 
when th e targe t  di d no t  matc h eithe r  o f  th e previe w symbols . 

A secon d even t  type ,  calle d delaye d motion ,  bega n an d 
ende d th e sam e wa y a s launching ,  bu t  ha d th e tw o circle s 
remai n i n contac t  wit h eac h othe r  fo r  approximatel y 890ms . 
Accordin g t o Michott e (1963 ,  Experimen t  29 ,  p .  91) ,  ob -
server s perceiv e delaye d motio n a s tw o independen t  move -
ment s withou t  ampliation .  Th e first  circl e i s see n t o sto p com -
pletely ,  an d th e secon d circl e the n appear s t o mov e awa y wit h 
it s o w n motion .  Becaus e th e tw o motion s ar e perceive d a s in -
dejjendent ,  w e woul d expec t  t o find  a  robus t  object-specifi c 
previe w advantag e i n delaye d motion .  I n launching ,  however , 
we predicte d tha t  th e object-specifi c  previe w advantag e woul d 

be diminished . 

Participant s als o sa w tw o othe r  event s i n whic h th e im -

pacte d objec t  di d no t  move .  Th e thir d pane l  o f  Figur e 2  show s 
th e even t  w e cal l  targe t  a t  contact ,  an d th e fourt h pane l  show s 
delaye d targe t  a t  contact .  I n thes e events ,  th e targe t  appeare d 
at  th e moment  correspondin g t o whe n th e first  circl e contacte d 
th e secon d circl e i n th e launchin g event .  Th e motivatio n fo r 
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Figur e 2 :  Schemati c diagra m o f  th e fou r  event s i n ou r  experimen t  (no t  draw n t o scale) . 

thes e event s wa s t o encourag e observer s t o atten d t o th e poin t 
of  impac t  (whic h i s wher e th e targe t  appear s i n thes e "contact " 
events) .  Previou s experiment s suggeste d tha t  i f  observer s se e 
onl y th e launchin g an d dela y events ,  the y migh t  immediatel y 
move thei r  attentio n afte r  th e previe w fiel d t o th e anticipate d 
locatio n o f  th e target ,  withou t  devotin g muc h attentio n t o th e 
motions  o f  th e objects .  Attendin g t o th e poin t  o f  impac t  wa s 
deemed importan t  b y Michott e fo r  elicitin g th e bes t  phenom -
enal  ampliation ;  attendin g t o th e poin t  o f  impac t  i s als o im -
portan t  t o clearl y distinguis h launchin g fro m delaye d motion . 
We anticipate d a  stron g object-specifi c  previe w advantag e fo r 
delaye d targe t  a t  contact ,  bu t  a  diminishe d advantag e i n targe t 
at  contact . 

Method 

Participants. Forty-two undergraduates at Indiana Univer-
sit y volunteere d i n partia l  fulfillmen t  o f  a  psycholog y cours e 
requirement . 

Stimuli .  Stimul i  wer e presente d o n a  PC-typ e 13 "  colo r 
monito r  i n V G A resolution .  O n ever y trial ,  ther e wa s a  yel -
lo w rectangula r  frame ,  2 5 6 m m wid e b y 6 0 m m high ,  whic h 

enclose d th e relevan t  regio n o f  th e th e display .  Th e circle s 
had a  diamete r  o f  approximatel y 2 7 m m,  an d wer e separate d 
ccnter-to-cente r  b y approximatel y 3 8 m m.  Ever y tria l  bega n 
wit h th e circle s an d thei r  previe w symbol s i n th e sam e posi -

tion ,  centere d laterall y o n th e scree n wit h a  smal l  yello w fixa-
tio n do t  centere d betwee n them .  O n e circl e an d symbo l  wer e 
red ,  th e othe r  green .  Th e fixation  do t  an d previe w symbol s 
appeare d fo r  500ms .  Th e previe w symbol s the n disappeared , 
and th e empt y circle s remaine d stationar y fo r  200ms .  Fo r 
launchin g (se e Figur e 2) ,  th e circle s remaine d stationar y fo r 
an additiona l  890m s an d the n underwen t  th e launchin g m o -
tio n fo r  230ms .  W h e n moving ,  th e spee d o f  th e circle s wa s 
approximatel y 33cm/s .  The n th e targe t  lette r  appeare d i n th e 
launche d object .  W h e n th e targe t  lette r  matche d a  previe w let -
ter ,  th e targe t  lette r  ha d th e sam e colo r  a s th e previe w lette r  i t 
matched .  Th e othe r  event s ha d th e sam e tota l  duration ,  wit h 
onl y th e linkin g displa y differin g betwee n them .  Fo r  example , 
i n delaye d motion ,  th e linkin g displa y consiste d o f  approxi -
matel y 115m s fo r  th e motio n o f  th e first  object ,  followe d b y 
890ms o f  contact ,  followin g b y 115m s fo r  th e motio n o f  th e 
secon d object . 

Design and procedure. The design consisted of five 
crosse d factors :  (1 )  typ e o f  matc h betwee n targe t  an d pre -
vie w letter s (matc h sam e object ,  matc h othe r  object ,  matc h 
neithe r  object) ;  (2 )  directio n o f  motio n (left ,  right);  (3 )  colo r 

of  th e lef t  previe w symbo l  an d circl e (red ,  green) ;  (4 )  tim e o f 
initia l  movemen t  (lat e a s i n launchin g an d targe t  a t  contact , 
earl y a s i n th e dela y events) ;  an d (5 )  tim e o f  targe t  appearanc e 
(lat e a s i n launching ,  earl y a s i n contact) .  Th e trial s i n whic h 
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Figur e 3 :  M e a n respons e time s fo r  correc t  responses . 

th e targe t  di d no t  matc h a  previe w lette r  wer e double d i n 
orde r  t o equaliz e th e tota l  numbe r  o f  matc h an d no-matc h 
trials .  Eac h bloc k consiste d o f  6 6 trials :  2  warm-u p trial s 

chose n a t  rando m fro m th e design ,  followe d b y 6 4 trial s tha t 
visite d eac h cel l  o f  th e desig n once . 

Afte r  on-scree n instruction s wit h severa l  example s o f  th e 
events ,  participant s ha d a n initia l  practic e bloc k o f  3 5 trials , 
followe d b y 8  block s o f  6 6 trial s each ,  wit h brie f  rest s betwee n 
blocks .  Th e experimen t  laste d abou t  a n hour . 

Results 

Figure 3 shows the mean response times as a function of event 
an d matc h condition .  Thes e factor s di d no t  interac t  wit h di -

rectio n o f  motio n o r  colo r  o f  symbol .  Ther e wa s indee d a 
stron g object-specifi c  previe w advantag e fo r  delaye d motio n 
an d fo r  delaye d targe t  a t  contact ,  wit h respons e time s signif -
icantl y longe r  fo r  matchin g th e targe t  t o th e othe r  objec t  tha n 

fo r  matchin g th e targe t  t o th e sam e objec t  (fo r  delaye d motion , 
RTs fo r  match-othe r  an d match-sam e wer e 7 0 3 m s vs .  646ms , 

respectively ,  F(l,41 )  =  53.71 ,  p  =  .0001) .  Th e magnitud e o f 
th e object-specifi c  advantag e wa s reduce d fo r  launching ,  al -

thoug h th e reductio n wa s statisticall y o f  margina l  significanc e 
(interactio n contras t  F(l,41 )  =  3.78 ,  p  =  .059) .  Comparabl e 
reduction s hav e bee n observe d i n severa l  othe r  experiment s 
conducte d i n ou r  laboratory ,  an d b y Kruschk e (1987) ,  s o w e 
conside r  thi s tren d towar d reductio n t o b e reliable .  Th e re -
ductio n i n object-specifi c  previe w advantag e wa s quit e stron g 
fo r  targe t  a t  contact ,  howeve r  (interactio n contras t  F(I,41 )  = 
13.50 ,  p  =  .0007) .  Thus ,  a t  th e tim e o f  impact ,  ther e wa s a 
complet e los s o f  object-specifi c  previe w advantage ,  bu t  mo -
ment s later ,  i n th e dela y events ,  th e object-specifi c  advantag e 
was regained . 

Thes e result s ar e intriguin g fo r  tw o reasons .  First ,  regard -
les s o f  thei r  theoretica l  interpretation ,  th e result s sho w tha t  th e 

object-specifi c  previe w advantag e i s influence d b y th e typ e o f 
interactio n betwee n th e objects .  I n particular ,  mer e contac t 
of  th e objects ,  a s i n delaye d motion ,  doe s no t  obliterat e th e 

object-specifi c  previe w advantage ,  bu t  contac t  wit h launch -
in g doe s diminis h th e advantage .  Moreover ,  th e reductio n i n 
object-specifi c  previe w advantag e i s temporall y localize d jus t 

afte r  th e tim e o f  impact ,  an d th e object-specifi c  advantag e i s 
regaine d moment s later .  Second ,  on e interpretatio n o f  th e re -
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suit s i s tha t  informatio n fro m th e launchin g objec t  i s  ampliate d 
t o th e launche d object ,  s o tha t  jus t  afte r  impac t  th e previewe d 
symbol  fro m th e launchin g objec t  i s a s accessibl e t o retrieva l 
as th e previewe d symbo l  fro m th e launche d object .  Thes e re -
sult s  ar e th e first  performanc e measur e directl y addressin g Mi -
chotte' s (1963 )  notio n o f  ampliatio n i n perceive d causality . 

Ampliation as Feature Re-Binding 

To explai n thei r  results ,  Kahnema n e t  al .  (1992 )  suggeste d a 
"reviewin g model, "  i n whic h th e motio n o f  th e linkin g dis -
pla y (middl e pane l  o f  Figur e 1 )  biase s whic h objec t  wil l  b e 

reviewe d first  i n memory .  Th e mode l  assume s tha t  th e motio n 
link s th e targe t  objec t  wit h th e correspondin g previe w object , 
but  th e mode l  doe s no t  incorporat e an y aspect s o f  th e dynam -
ic s o f  th e motion .  I n particular ,  th e mode l  doe s no t  sugges t 
why differen t  event s woul d hav e differen t  biasin g effect s wit h 
differen t  durations ,  a s foun d i n ou r  data .  Treisma n an d Kah -
neman (Treisman ,  1986 ;  Kahnema n e t  al. ,  1992 )  hav e als o 
suggeste d tha t  visua l  feature s ar e boun d togethe r  int o "objec t 
files"  tha t  retai n eac h object' s immediat e history .  A n objec t 
file  i s tantamoun t  t o a  tag ,  o r  label ,  o n eac h visua l  feature , 
identifyin g th e objec t  t o whic h th e featur e belongs . 

We propos e tha t  ou r  result s  ar e mediate d b y bindin g an d un -
bindin g o f  th e visua l  featur e o f  motio n wit h othe r  feature s o f 
th e objects .  O n e potentia l  (an d controversial )  mechanis m fo r 
featur e integratio n i s synchronizatio n o f  neura l  pulse s fro m 
differen t  featur e detectors .  Th e puls e trai n act s a s a n objec t  la -
bel  fo r  th e feature ,  an d synchronizatio n give s th e label s fro m 
differen t  feature s a  c o m m o n signature .  Ther e i s empirica l  ev -
idenc e tha t  neuron s us e thi s mechanis m (fo r  a  recen t  revie w 
see Singe r  &  Gray ,  1995) ,  an d severa l  researcher s hav e ap -
plie d thi s bindin g mechanis m i n model s o f  visua l  perception , 
attention ,  an d memor y (e.g .  Damasio ,  1990 ;  Grossber g & 
Sommcrs,  1991 ;  H u m m el  &  Biederman ,  1992 ;  Lumer ,  1992 ; 
Mozer ,  Zemel ,  &  Behrmann ,  1992 ;  Pabst ,  Reitboeck ,  &  Eck -
hom,  1989 ;  Spoms ,  Tononi ,  &  Edelman ,  1991) . 

Applie d t o th e scenari o o f  launching ,  thes e idea s sugges t 
tha t  a s th e launchin g objec t  approache s th e to-be-launche d ob -
ject ,  th e puls e train s o f  th e motio n detector s fo r  th e motio n 
of  th e launchin g objec t  ar e synchronize d wit h th e puls e train s 
of  th e othe r  feature s o f  th e launchin g object ,  al l  o f  whic h ar e 
desynchronize d fro m th e puls e train s o f  th e feature s o f  th e to -
be-launche d object .  Th e questio n the n becomes .  Wha t  hap -
pens 1 0 th e synchronizatio n o f  th e puls e train s whe n th e ob -
ject s com e int o contact ? 

One answe r  t o thi s questio n i s suggeste d b y th e hypothesi s 
tha t  motio n prime s othe r  motio n detector s alon g th e forwar d 
Uajectory .  Long-rang e directiona l  primin g o f  motio n detec -
tor s ha s bee n discusse d extensivel y i n model s o f  visua l  motio n 
perceptio n develope d b y Marshal l  (1990 ;  Marti n &  Marshall , 
1993) ,  an d empirica l  evidenc e o f  long-rang e directiona l  con -
nection s betwee n motion-detectin g neuron s come s fro m wor k 

by Gabbott ,  Martin ,  an d Whitteridg e (1987 )  an d other s cite d 
by Marshal l  (1990) . 

Our  result s migh t  the n b e explaine d a s follows :  I n th e 
launchin g event ,  th e tw o object s initiall y  hav e desynchronize d 

puls e trains .  A t  impact ,  th e directiona l  primin g o f  motio n de -
tector s cause s th e ne w movemen t  o f  th e launche d objec t  t o 
hav e th e sam e synchronizatio n a s th e launchin g motion ,  s o 

tha t  jus t  afte r  impac t  th e motio n o f  th e launche d objec t  i s syn -
chronize d wit h th e launchin g object ,  bu t  localize d wit h th e 
launche d objec L Thi s account s fo r  th e duplicit y o f  motio n 
i n Michotte' s phenomenology :  Th e motio n o f  th e launche d 
objec t  i s localize d wit h th e launche d object ,  bu t  stil l  belong s 
t o (i s synchronize d with )  th e launchin g object .  Thi s als o ac -
count s fo r  th e difficult y an d equalizatio n o f  accessin g th e his -
tor y o f  bot h objects :  Th e targe t  tha t  appear s i n th e launche d 
objec t  a t  th e moment  o f  impac t  i s no t  clearl y synchronize d 
wit h eithe r  puls e train ,  an d s o bot h previe w symbol s ar e re -
trieve d wit h equa l  difficulty .  Afte r  a  brie f  time ,  th e motio n 
of  th e launche d objec t  become s synchronize d wit h th e othe r 
feature s o f  th e launche d object ,  an d henc e th e object-specifi c 
previe w advantag e i s resurrected . 

Thi s explanatio n i s no t  committe d t o puls e trai n synchro -
nizatio n a s th e onl y possibl e bindin g mechanism .  Th e expla -
natio n merel y require s tha t  th e proces s o f  bindin g take s som e 
smal l  bu t  non-zer o time ,  an d tha t  th e objec t  ta g o f  th e launch -
in g objec t  prime s th e launche d objec t  a t  th e tim e o f  impact . 
Puls e trai n synchronizatio n i s j  us t  on e possibl e mechanis m fo r 
implementin g thes e principles . 

Ampliation versus Causality 

Michotte (1941, 1963) argued that the perception of causal-
it y i s no t  a n interpretatio n base d o n acquire d knowledg e o f 
mechanica l  events ,  bu t  instea d i s perceive d directly ,  wit h am -
pliatio n a s it s essence .  Ou r  result s d o no t  necessaril y  suppor t 
thi s perspective ,  i n full .  I t  i s  possibl e tha t  ampliation ,  qu a fea -
tur e unbindin g an d rebinding ,  i s a  direc t  perceptua l  mecha -
nism ,  bu t  th e perceptio n o f  causalit y  i s a n additiona l  interpre -
tiv e process .  Fo r  example .  Wei r  (1978 )  describe d a  mode l  tha t 
classifie s Michotte-styl e collisio n event s withou t  eve r  men -
tionin g ampliation ,  presumabl y becaus e o f  th e concept' s in -
tangibilit y  i n Michotte' s theories .  Reificatio n o f  ampliation , 
as suggeste d b y ou r  experiments ,  call s ou t  fo r  theorie s t o ad -
dres s it ,  an d provide s on e avenu e fo r  distillin g whic h aspect s 
of  perceive d causalit y ar e direc t  an d whic h ar e interpreted . 

Michott e als o argue d tha t  th e perceptio n o f  causalit y  i s in -
nate .  Lesli e (1982 ;  Lesli e &  Keeble ,  1987 )  provide d evidenc e 
tha t  six-mont h ol d infant s ca n distinguis h causa l  fro m non -
causa l  events ,  o r  a t  leas t  ar e sensitiv e t o reversal s o f  agenc y 
i n causa l  events .  Whethe r  th e infant s perceiv e suc h event s a s 
causa l  o r  no t  remain s a n ope n question .  I t  migh t  b e tha t  am -
pliatio n develop s rapidly ,  lik e stereopsis ,  i n respons e t o th e 
visua l  worid ,  wherea s interpretation s o f  causalit y ar e learne d 
late r  i n childhood .  Perhap s ampliatio n i s use d a s a  perceptua l 
cu e fo r  subsequent  causa l  interpretation ,  an d s o th e tw o ar e 
correlated .  Separatin g ampliatio n fro m causalit y als o allow s 
fo r  th e possibilit y  o f  universa l  sensitivit y t o ampliation ,  bu t 
individua l  difference s i n th e perceptio n o f  causalit y (Beasley , 
1968 ;  Schlottma n &  Anderson ,  1993) . 
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