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A capacit y a p p r o a c h t o kinemati c illusions :  T h e curtat e cycloi d illusio n i n 

the perception of rolling motion 

Matthe w I .  Isaa k 
Departmen t  o f  Psycholog y 

Universit y  o f  Calgar y 
misaak@acs.ucalgary.c a 

Abstrac t 
When a  whee l  roll s alon g a  fla t  surface ,  a  poin t  o n it s 
perimete r  trace s a  cycloi d trajectory .  However ,  subject s 
perceiv e th e point' s pat h no t  a s th e cycloid ,  bu t  a s th e 
curtat e cycloid ,  containin g loop s wher e th e poin t 
contact s th e surface .  Thi s i s th e curtat e cycloi d 
illusion .  I  hypothesiz e tha t  th e illusio n occur s becaus e 
th e cognitiv e syste m doe s no t  hav e sufficien t  activation , 
or  capacity ,  t o bot h maintai n a n update d representatio n 
of  th e wheel' s translatio n an d comput e it s  instan t 
centers ,  th e poin t  abou t  whic h th e whee l  i s rotatin g a t  a 
give n instant .  Thi s hypothesi s i s  supporte d b y 
showin g tha t  illusio n susceptibilit y  i s  decrease d whe n 
th e competin g instan t  cente r  deman d i s reduced ,  eithe r 
by givin g subject s practic e a t  instan t  cente r 
computatio n (Experimen t  1 )  o r  b y eliminatin g th e 
contou r  containin g th e instan t  center s subject s ar e mos t 
likel y t o comput e (Experimen t  2) .  Experimen t  3 
demonstrate s tha t  heightene d instan t  cente r  demand s 
hav e les s effec t  o n illusio n susceptibilit y  whe n the y ar e 
confine d t o irrelevan t  portion s o f  th e wheel' s contour . 
A genera l  for m o f  th e capacit y accoun t  ma y explai n 
illusion s i n th e perceptio n o f  man y kinemati c system s 
and poin t  th e wa y towar d theoretica l  unit y i n th e stud y 
of  th e perceptio n o f  motio n an d events . 

Our  visua l  experienc e i s filled  wit h kinemati c events ,  suc h 
as swingin g pendulum s an d rollin g wheels .  Ou r  perceptio n 
and understandin g o f  thes e event s i s a s fallibl e a s ou r 
perceptio n o f  suc h stati c stimul i  a s th e Muller-Lye r  lines . 
For  example ,  a s a  whee l  roll s o n a  flat  surface ,  a  poin t  o n 
it s perimete r  follow s a  cycloi d trajector y (to p panel .  Figur e 
1) .  Mos t  subjects ,  however ,  dra w o r  selec t  th e loope d 
curtat e cycloi d (botto m panel .  Figur e 1 )  t o represen t  th e 
perimete r  point' s pat h (Isaa k &  Just ,  i n press ;  Proffitt , 
Kaiser ,  &  Whelan ,  1990) .  Thi s i s  th e curtat e cycloi d 
illusion ,  o r  CCI .  I  surve y previou s approache s t o kinemati c 
illusions ,  introduc e a  capacit y approach ,  the n examin e a 
c^acity-base d accoun t  o f  th e CC I  calle d th e instan t  cente r 
hypothesis . 

V y  Y  Cycloi c 

V J  (  )  C u r t a t e Cyc lo i d 

Figure 1: Stylized cycloid and curtate cycloid u-ajectories 

P rev iou s A p p r o a c h e s t o K i n e m a t i c 

I l lus ion s 

The investigation of kinematic perception and 
comprehensio n ha s no t  bee n matche d b y th e developmen t  o f 
a unifyin g theor y abl e t o explai n performanc e acros s 
stimuli ,  tasks ,  an d subjects .  Perceptua l  an d cognitiv e 
researcher s hav e worke d i n relativ e isolatio n fro m eac h other , 
usin g widel y discrepan t  task s an d stimul i  an d groundin g 
thei r  explanation s i n vastl y differen t  school s o f  psychology . 

Perceptua l  vecto r  analysi s (Johannson ,  1986 )  state s tha t 
objects '  motion s ar e perceive d no t  onl y wit h respec t  t o a 
stati c background ,  bu t  als o wit h respec t  t o othe r  objects ' 
motions .  Th e trajectorie s o f  a  poin t  o n a  rollin g wheel' s 
perimete r  an d on e a t  it s cente r  ma y b e describe d b y a  relativ e 
vecto r  specifyin g th e perimete r  point' s rotatio n abou t  th e 
wheel' s cente r  an d a  c o m m o n translationa l  vecto r 
representin g th e viewer-relativ e motio n o f  bot h points . 
Johannso n (1974 )  ha s no t  ye t  explaine d th e susceptibilit y o f 
many subject s t o th e C C I  o r  th e intersubjec t  variabilit y i n 
it . 

Codin g theor y (Restle ,  1979 )  state s tha t  an y motio n ma y 
be desaibe d b y differen t  combination s o f  five  parameters . 
The descriptio n wit h th e fewes t  parameter s give s rise  t o th e 
perceive d motion .  Althoug h codin g theor y ca n explai n th e 
CCI  b y claimin g tha t  th e curtat e require s fewe r  parameter s 
fo r  it s descriptio n tha n doe s th e cycloid ,  i t  doe s no t  explai n 
ho w thi s variabilit y  depend s o n subject' s spatia l  abilit y 
(Isaa k &  Just ,  i n press) . 

Naiv e physic s researcher s (e.g. ,  McCloskey ,  Caramazza , 
& Green ,  1980 )  identif y error s subject s m a k e i n 
understandin g a  kinemati c system ,  the n propos e heuristic s o r 
menta l  model s tha t  migh t  hav e produce d th e errors .  On e 
emergin g resul t  i s  tha t  th e neglec t  o f  som e o f  a  system' s 
motio n parameter s lead s t o illusion s o r  misconceptions . 
Naiv e physic s theorie s hav e begu n t o explai n th e C C I  b y 
statin g tha t  a  rollin g wheel' s translatio n i s neglecte d i n favo r 
of  it s rotatio n (Proffit t  e t  al ,  1990) .  On e proble m wit h thi s 
approac h i s  tha t  plausibl e heuristic s o r  model s ar e ofte n 
generate d post-ho c t o explai n th e result s o f  a  give n study . 
Thus ne w model s an d heuristic s ten d t o emerg e wit h eac h 
ne w study . 

A Capacity Approach to Kinematic Event 
P e r c e p t i o n 

Capacity theory is a general theoretical approach which 
suggest s tha t  th e performanc e o f  cogniUv e task s i s 
constraine d no t  onl y b y th e stimulus ,  bu t  als o b y th e 
amount  o f  processin g resource s subject s hav e availabl e an d 
by th e wa y subject s distribut e th e resource s acros s th e tas k 
environment .  T o date ,  capacit y theor y ha s bee n applie d 
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most  fruitfull y  i n linguisti c domains ,  suc h a s readin g an d 
speec h perception .  Fo r  example ,  th e amoun t  o f  processin g 
resource s subject s hav e availabl e ha s bee n show n t o 
influenc e th e resolutio n o f  syntacti c ambiguit y (MacDonald , 
Just ,  &  Carpenter ,  1992) .  Th e capacit y framewor k i s a n 
intuitivel y plausibl e theoretica l  len s throug h whic h t o vie w 
languag e processing ,  becaus e th e sequential ,  seria l  natur e o f 
languag e impose s a  continuou s loa d o n attentiona l  an d 
memoria l  processin g resources . 

Language ,  however ,  i s  no t  th e onl y typ e o f  stimulu s tha t 
occur s throug h time .  Kinemati c event s als o occu r  throug h 
time .  T o perceiv e an d understan d thes e events ,  observer s 
must  no t  onl y proces s an d stor e th e kinemati c system' s 
successiv e momentar y states ,  bu t  als o integrat e th e state s 
ove r  time .  Capacit y theor y suggest s tha t  a  system' s 
momentar y state s ar e processed ,  stored ,  an d integrate d i n 
woricin g memor y usin g a  finite  suppl y o f  activatio n (Jus t  & 
Carpenter ,  1992) .  Becaus e th e suppl y i s  finite,  a n increas e 
i n eithe r  th e storag e o r  th e processin g requirement s o f  on e 
aspec t  o f  a  motio n cause s th e deallocatio n o f  activatio n from 
othe r  aspects ,  whic h m a y b e processe d mor e slowl y o r  los t 
fro m workin g memory .  C^acit y theor y als o propose s tha t 
individual s var y i n th e suppl y o f  activation .  High-capacit y 
individuals ,  wit h mor e activation ,  ar e les s pron e tha n low -
capacit y person s t o processin g s lowdown s o r  th e 
displacemen t  o f  item s fro m workin g memor y whe n a  tas k 
involve s storin g an d computin g multipl e items . 

An Instant Center Account of the CCI 

The general capacity framework may be applied to the CCI 
by developin g a  specific ,  capacity-base d proces s accoun t  o f 
th e illusion .  Th e cycloi d an d curtat e cycloi d trajectorie s ar e 
distinguishe d mainl y b y thei r  botto m portions :  Th e curtat e 
cycloi d contain s a  loop ,  wherea s th e cycloi d doe s not . 
Whethe r  th e trajector y contain s a  loo p reflect s h o w th e 
wheel  pivot s whe n th e perimete r  poin t  contact s an d leave s 
th e surface .  T o accuratel y deriv e th e trajectory ,  th e wheel' s 
pivotin g mus t  b e correctl y processe d whe n th e poin t 
contact s th e surface .  Here ,  th e poin t  i s  th e wheel' s instan t 
center ,  th e poin t  abou t  whic h th e entir e whee l  i s rotatin g a t 
tha t  instant .  O n e wa y subject s ca n correctl y represen t  th e 
botto m portio n o f  th e point' s trajector y i s t o deriv e a n 
instan t  cente r  whe n th e poin t  contact s th e surface .  Th e CC I 
m ay aris e whe n activatio n i s deallocate d fro m updatin g 
translatio n t o computin g th e wheel' s instan t  center s whe n 
th e poin t  contact s an d leave s th e surface .  Thi s deallocatio n 
begin s onl y whe n th e do t  contact s th e surfac e an d continue s 
unti l  th e do t  reache s approximatel y seve n o r  eigh t  o'cloc k i n 
it s rotationa l  path . 

Thre e experiment s investigate d th e instan t  cente r 
hypothesis .  Susceptibilit y  t o th e C C I  wa s assesse d b y th e 
degre e t o whic h a  normall y rollin g wheel' s translatio n wa s 
exaggerate d i n th e attemp t  t o mak e a  perimete r  do t  follo w a 
cycloid .  Becaus e th e do t  i s afread y followin g a  cycloid , 
subject s w h o exaggerat e it s translatio n mus t  perceiv e th e 
wheel  a s undertranslatin g an d th e dot' s pat h a s th e curtat e 
cycloid . 

E x p e r i m e n t  1 :  Instan t  C e n t e r  Pract ic e 

R e d u c e s Susceptibilit y  t o th e C C I 

Experiment 1 compares the effects on CCI susceptibility of 
practic e a t  computin g instan t  center s t o th e effect s o f 
experienc e wit h a  tas k tha t  doe s no t  involv e instan t  cente r 
computation .  Practic e shoul d reduc e th e deman d impose d b y 
instan t  cente r  computation ,  increasin g th e activatio n 
availabl e t o updat e translatio n an d reducin g susceptibiUt y t o 
th e CCI . 

Thirty-si x subject s viewe d rollin g wheel s o r  tumblin g 
batons .  Trial s occurre d i n block s i n whic h eithe r  onl y whee l 
or  onl y bato n uial s wer e viewed .  Ther e wer e fou r  bloc k 
sequences ,  eac h viewe d b y nin e subjects :  wheel-wheel-whee l 
( W W W ),  baton-baton-bato n ( B B B ) ,  baton-baton-whee l 
( B B W ) ,  wheel-baton-whee l  ( W B W ) .  Becaus e continue d 
experienc e wit h rollin g wheel s allow s subject s t o practic e 
instan t  cente r  computation ,  the y shoul d b e les s pron e t o th e 
CCI  o n th e thir d tha n o n th e first  bloc k o f  th e W W W 
sequence .  B y contrast ,  the y shoul d b e a s pron e t o th e CC I 
on th e thir d a s o n th e first  bloc k o f  th e W B W sequence .  Th e 
botto m portio n o f  th e pat h o f  a  do t  a t  on e en d o f  a  tumblin g 
bato n m a y b e derive d b y assessin g th e dot' s horizonta l 
displacemen t  alon g th e surface .  I f  ther e i s n o displacement , 
th e baton' s franslation/rotation  rati o i s 1:1 ,  bu t  i f  th e do t 
slip s forwar d o r  backward ,  th e translation/rotatio n rati o i s 
greate r  tha n o r  les s tha n one ,  respectively . 

Method 

White wheel rims or batons (9.3° of visual angle) rolled or 
tumble d acros s a  blac k compute r  screen .  A  smal l  do t 
speare d o n th e insid e o f  th e wheel' s ri m o r  a t  on e en d o f  th e 
baton .  Th e object s rolle d o n a  whit e ban d (widt h =  7.6 °  o f 
visua l  angle )  extendin g th e widt h o f  th e screen . 

Subject s viewe d 3 3 trial s arrange d i n thre e block s o f 
eleven .  Th e object' s translation/rotatio n relationshi p wa s 
1: 1 o n fiv e o f  th e trial s i n eac h block ,  overtranslatin g o n 
three ,  an d overrotatin g o n three .  O n 1: 1 trials ,  th e wheel' s 
rotationa l  velocit y wa s 0.3 8 rev/s ,  an d it s translationa l 
velocit y wa s 5.6 5 cm/ s (10.7°/s) .  O n overrotatin g trials ,  th e 
wheel' s rotationa l  spee d wa s increase d b y factor s o f  1.15 , 
1.20 ,  o r  1.25 .  O n overtranslatin g trials ,  it s  translationa l 
spee d wa s increase d b y factor s o f  1.25,1.35 ,  o r  1.50 . 

Subject s wer e show n a  drawin g o f  a  cycloi d an d wer e 
instructe d t o chang e th e motio n unti l  th e dot' s pat h matche d 
th e drawin g i f  the y di d no t  thin k th e do t  wa s alread y 
followin g th e cycloid .  Subject s use d a  mous e butto n t o 
move a  pointe r  alon g a  horizonta l  scal e tha t  controlle d th e 
wheel' s translation/rotatio n ratio .  Th e scal e appeare d i n th e 
to p cente r  o f  th e scree n an d wa s 8. 0 c m (14.9° )  lon g .  Th e 
pointe r  wa s positione d a t  th e scale' s midpoin t  a t  th e 
beginnin g o f  eac h trial .  Th e scale' s extreme s wer e labele d 
"mor e spin "  an d "mor e slide" .  Movin g th e pointe r  from  th e 
poin t  wher e th e wheel' s rollin g wa s norma l  towar d th e 
"spin "  extrem e maintaine d a  translationa l  velocit y o f  5.6 5 
cm/s ,  bu t  increase d th e wheel' s rotationa l  velocity .  Movin g 
th e pointe r  fro m th e norma l  poin t  towar d th e "slide "  extrem e 
kep t  th e rotationa l  velocit y a t  0.3 8 rev/s ,  bu t  increase d th e 
wheel' s translationa l  velocity .  Subject s coul d mak e a s man y 
adjustment s a s the y wished . 
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Result s an d Discussio n 

As expected, a practice effect occurred in the WWW 
conditio n (se e Figur e 2) :  Subject s performe d mor e 
accuratel y o n th e thir d (mea n =  1.11:1 )  tha n o n th e firs t 
bloc k (mea n =  1.21:1) ,  t(8 )  =  2.52 ,  p  <  .05 .  Als o a s 
predicted ,  subjects '  performanc e i n th e thir d bloc k o f  th e 
W BW conditio n (mea n =  1.19:1 )  wa s no t  reliabl y bette r  tha n 
thei r  performanc e i n th e first  bloc k (mea n =  1.22:1) ,  t(8 )  = 
0.94 ,  p  >  .05 .  T o determin e whethe r  {h e W W W practic e 
effec t  reflecte d decreasin g susceptibilit y  t o th e CC I  o r  merel y 
increasin g strategi c o r  motori c facilit y  wit h th e adjustmen t 
task ,  I  examine d th e sensitivit y wit h whic h subject s 
discriminate d cycloi d fro m curtat e cycloi d trajectorie s i n th e 
first  an d final  block s o f  th e W W W an d W B W conditions . 
Hit s wer e define d a s 1: 1 trial s o n whic h subjects '  final  rati o 
selection s range d fro m 0.95: 1 t o 1.05:1 .  Fals e alarm s wer e 
define d a s overrotatin g trial s o n subject s selecte d ratio s les s 
tha n 0.90:1 .  Here ,  subject s di d no t  adequatel y adjus t  th e 
motio n o f  overrotatin g wheel s towar d 1:1 ,  suggestin g tha t 
the y sa w th e dot' s curtat e cycloi d pat h a s th e cycloid . 
Subject s mor e sensitivel y discriminate d curtat e cycloi d frc m 
cycloi d trajectorie s i n th e final  bloc k (mea n d  =  1.15 )  o f  th e 
W WW conditio n tha n i n th e initia l  bloc k (mea n d  =  0.17) , 
t(8 )  =  2.63 ,  p  <  .05 .  B y contrast ,  subject s di d no t 
discriminat e curtat e cycloi d fro m cycloi d trajectorie s mor e 
sensitivel y i n th e final  bloc k (mea n d  =  0.38 )  o f  th e W B W 
conditio n tha n i n th e initia l  bloc k (mea n d  =  0.12) ,  t(8 )  = 
1.19 .  p  >  .05 . 

S 1.25-1 

c 1.20 i 
Q 

1 1.10 -

I 1.05 -

^  1.00- f 

0.95 
c 

W BW 

W WW 

1 1 
Firs t  Bloc k Fina l  Bloc k 

Tria l  Bloc k 

Figur e 2 :  Fina l  translation/rotatio n rati o i n Experimen t  1  a s 
a functio n o f  th e tria l  bloc k an d bloc k sequence . 

Experiment 1 yielded one main conclusion: Practice at 
adjustin g th e trajector y o f  a  do t  o n a  rollin g wheel' s 
perimete r  reduce s th e instan t  cente r  deman d fo r  activation , 
freein g resource s t o cumulat e th e wheel' s translatio n an d 
reducin g susceptibilit y t o th e CCI .  Th e practic e effec t 
contradict s Proffit t  e t  al.' s  (1990 )  suggestio n tha t  experienc e 
does no t  affec t  illusio n susceptibility .  Tha t  decrease s i n 
susceptibilit y t o th e C C I  wer e foun d acros s a  brie f 
experimenta l  sessio n suggest s tha t  th e C C I  i s mor e likel y 
th e resul t  o f  temporar y computationa l  demand s tha n th e 
reflectio n o f  fundamenta l  perceptua l  biases .  Continue d 
practic e ma y reduc e thes e demands . 

E x p e r i m e n t  2 :  Instan t  C e n t e r s a r e 

C o m p u t e d W h e n th e Do t  Contact s th e 

Surfac e 

I claimed that the CCI arises when subjects compute instant 
center s beside s th e dot .  Th e additiona l  instan t  center s tha t 
ar e mos t  likel y compute d ar e thos e immediatel y trailin g th e 
dot  (Isaa k &  Just ,  i n press) .  Th e portio n o f  th e wheel' s 
contou r  trailin g th e do t  i s  thu s implicate d i n th e C C I 
becaus e i t  contain s thes e additiona l  instan t  centers .  I f 
trailin g contou r  wer e absent ,  subject s woul d b e les s Ukel y t o 
comput e trailin g instan t  center s an d woul d b e les s pron e t o 
th e CCI . 

Subject s viewe d thre e type s o f  rollin g wheels :  wheel s i n 
whic h th e 45 °  o f  ar c trailin g th e do t  wer e deleted ,  wheel s i n 
whic h th e 45 °  o f  ar c leadin g th e do t  wer e deleted ,  an d intac t 
wheels .  Th e CC I  shoul d b e leas t  apparen t  fo r  wheel s wit h 
delete d trailin g arc . 

Method 

The method resembled Experiment 1 except as follows: 
Fiftee n subject s viewe d a  rando m sequence  o f  th e thre e type s 
of  wheels .  Eac h o f  th e whee l  type s appeare d o n eleve n o f 
th e experiment' s 3 3 trials .  Th e rollin g motio n wa s norma l 
on fiv e o f  th e trial s fo r  eac h whee l  type ,  overtranslatin g o n 
three ,  an d overrotatin g o n three . 

Results and Discussion 

A main effect of stimulus type was found, F(2, 26) = 9.01, 
p <  .01 .  Subject s wer e les s pron e t o th e C C I  o n trailing -
delete d (mea n =  1.02:1 )  tha n o n intac t  (mea n =  1.10:1) ,  F(l , 
26 )  =  17.36 ,  p  <  .0 1 o r  leading-delete d wheel s (mea n = 
1.08:1) ,  F(l ,  26 )  =  7.76 ,  p  <  .0 1 (se e Figur e 3) .  Subject s 
wer e equall y pron e t o th e C C I  o n leading-delete d an d intac t 
wheels . 

o 

Pi 

I 

• i 

1.2 5 n 

1.20 -

1.15 -

1.10 -

- ^  1.0 5 -

H 1.0 0 

• ^  0.9 5 
Intac t  Wheel  Leading-Delete d Trailing-Dekte d 

St imulu s Qiaracteristic s o f  W h e e l 

Figure 3: Final translation/rotation ratio in Experiment 2 as 
a functio n o f  th e whee l  type . 

Experiment 2 yields two conclusions. First, the CCI 
arise s w h e n acUvatio n i s  diverte d fro m translatio n 
cumulatio n t o instan t  cente r  computatio n w h e n th e do t 
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contact s th e surface .  W h e n w e reduc e th e likelihoo d tha t 
thes e instan t  center s wil l  b e computed ,  activatio n i s released , 
allowin g th e cumulatio n o f  translatio n an d reducin g 
susceptibilit y t o th e CCI . 

Second ,  th e cognitiv e condition s responsibl e fo r  th e CC I 
ar e short-Uved .  Instan t  center s ar e compute d onl y whe n th e 
dot  i s betwee n 6  o'cloc k an d abou t  7:3 0 i n it s rotatio n abou t 
th e wheel' s center .  I f  instan t  center s wer e compute d befor e 
th e do t  contacte d th e surface ,  deletin g leadin g contou r  shoul d 
hav e improve d performance ,  a s th e leadin g contou r  contain s 
th e wheel' s instan t  center s befor e th e do t  hit s th e surface . 
No improvemen t  wa s found .  I f  instan t  center s wer e 
compute d afte r  th e do t  passe d 7:3 0 i n it s  rotation , 
eliminatin g 45* *  o f  trailin g ar c shoul d no t  hav e reduce d 
susceptibilit y t o th e C C I  a s substantiall y a s i t  did .  Th e 
reallocatio n o f  resource s fro m translatio n cumulatio n t o 
instan t  cente r  computatio n doe s no t  occu r  fo r  a  larg e portio n 
of  th e tota l  tim e tha t  rollin g motio n i s viewed ,  bu t  rathe r  fo r 
one-eight h o r  les s o f  th e tota l  tim e o n task . 

Experiment 3: Instant Center Computation 

I m p a i r s T r a n s l a t i o n C u m u l a t i o n 

Experiment 3 tests the notion that instant center 
cconputatio n consume s th e activatio n allocate d t o translatio n 
processin g rathe r  tha n tha t  dedicate d t o rotatio n processing . 
The wheel' s rotatio n o r  translatio n wa s exaggerate d durin g 
eithe r  th e to p o r  botto m portio n o f  th e dot' s trajector y (fro m 
11:3 0 t o 2:3 0 o r  fro m 5:3 0 t o 8:30 ,  respectively ,  i n it s 
rotatio n aroun d th e wheel' s  center) .  Th e wheel' s motio n wa s 
norma l  whe n th e do t  wa s no t  passin g throug h th e selecte d 
portio n o f  it s  path .  Translationa l  distortion s shoul d 
influenc e performanc e mor e whe n the y occu r  i n th e botto m 
tha n i n th e to p o f  th e dot' s path ,  an d shoul d influenc e 
performanc e mor e tha n rotationa l  distortion s should . 

Method 

Eighteen subjects viewed 27 randomly ordered trials. 
Distortion s exaggerate d th e wheel' s rotatio n o n nin e trial s 
and it s translatio n o n nine .  Ther e wa s n o distortio n o n th e 
remainin g trials .  Rotationa l  distortion s decrease d th e 
wheel' s translation/rotatio n rati o t o 0.75:1 ,  0.80:1 ,  an d 
0.85: 1 o n thre e trial s each .  Translationa l  distortion s 
increase d th e rati o t o 1.25:1 ,  1.35:1 ,  an d 1.50: 1 o n thre e 
trial s each .  Th e distortion s occurre d durin g th e to p o r  bottra n 
or  throughou t  th e dot' s path ;  si x differen t  subject s 
participate d i n eac h o f  thes e conditions . 

Results and Discussion 

As predicted, there was an interaction between the nature of 
th e distortio n o f  a  rollin g wheel' s motio n an d th e locatio n o f 
th e distortio n i n th e dot' s path ,  F(4 ,  102 )  =  4.62 ,  p  <  .05 . 
Subject s mor e accuratel y adjuste d translationa l  distortion s 
when the y occurre d i n th e to p (mea n =  1:20:1 )  tha n whe n 
the y occurre d i n th e botto m o f  th e dot' s pat h (mea n = 
1.26:1) ,  F(2 .  102 )  =  4.89 ,  p  <  .0 5 (se e Figur e 4) . 
Rotationa l  distortion s wer e adjuste d equall y accuratel y 
regardles s o f  location .  Thes e result s demonstrat e tha t  instan t 
cente r  computatio n consume s th e activatio n allocate d t o 

cumulatin g translatio n rathe r  tha n tha t  allocate d t o rotationa l 
processing . 

Overall ,  subject s wer e mor e pron e t o th e C C I  whe n th e 
distortion s occurre d i n th e botto m o f  th e dot' s trajector y 
(mea n =  1.06:1 )  tha n whe n the y occurre d i n th e to p o f  dot' s 
pat h (mea n =  1.03 )  o r  throughou t  th e dot' s pat h (mea n = 
1.01:1) ,  F(2 ,  102 )  =  3.86 ,  p  <  .05 .  Th e deallocatio n o f 
activatio n t o instan t  cente r  computatio n occur s onl y whe n 
th e do t  i s i n th e botto m o f  it s trajectory . 
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Figure 4: Final translation/rotation ratio choice in 
Experimen t  3  a s a  functio n o f  th e typ e an d locatio n o f  th e 
distortion . 

General Discussion 

A capacity framework was used to develop an instant center 
accoun t  o f  th e CCI .  Althoug h thre e experiment s supporte d 
component s o f  thi s account ,  a  capacit y vie w o f  th e CC I  wa s 
not  explicitl y  contraste d wit h suc h approache s a s perceptua l 
vecto r  analysis ,  codin g theory ,  an d naiv e physics .  I n m y 
view ,  capacit y theor y doe s no t  directl y oppos e thes e 
approaches ,  bu t  i s instea d a  broade r  framewor k capabl e o f 
incorporatin g aspect s o f  th e othe r  approaches .  Capacit y 
theor y ma y b e instantiate d a s a  comprehensiv e hybri d 
symbolic/connectionis t  mode l  o f  min d i n whic h production s 
manipulat e th e activatio n level s o f  representationa l 
elements .  B y contrast ,  perceptua l  vecto r  analysis ,  codin g 
theory ,  an d naiv e physic s m a y b e see n a s narrowe r 
hypothese s abou t  th e particula r  production s o r 
representationa l  element s likel y t o b e importan t  i n a 
capacit y mode l  o f  kinemati c thinking .  Th e computatio n o f 
perceptua l  vectors ,  fo r  example ,  m a y b e instantiate d i n 
production s manipulatin g th e activatio n o f  directio n 
perceptio n units .  Similarly ,  heuristic s use d i n understandin g 
a kinemati c syste m m a y b e code d a s production s i n a 
capacit y model . 

Finding General Mechanisms of the Neglect of 
Mot io n Parameter s 

The instant center hypothesis may be viewed as a task-
specifi c  componen t  o f  a  mor e genera l  capacit y accoun t  o f 
kinemati c illusions ,  whic h run s a s follows :  Th e accurat e 
perceptio n o f  man y kinemati c event s require s th e correc t 
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selectio n an d efficien t  coordinatio n o f  objec t  an d observer -
relativ e frame s o f  perceptual/cognitiv e reference .  A t  critica l 
point s durin g th e event ,  suc h a s a t  motio n discontinuitie s 
(Gilden ,  1991) ,  additiona l  processin g demand s compe l 
subject s t o focu s primaril y o n on e referenc e frame ,  suc h a s 
th e object-relativ e frame ,  depletin g di e suppl y o f  activatio n 
and leadin g t o a  breakdow n i n th e coordinatio n o f  th e 
referenc e frame s an d perhap s t o th e neglec t  o f  on e o f  th e 
motio n parameters .  Becaus e attendin g t o object-relativ e 
motion s entail s attendin g onl y t o th e portio n o f  th e displa y 
subtende d b y th e object ,  wherea s attendin g t o observer -
relativ e motion s m a y entai l  attendin g t o th e entir e field, 
object -  an d observe r  relativ e frame s m a y correspon d 
respectivel y t o distribute d an d focuse d mode s o f  attention ,  o r 
t o wid e an d narro w setting s o f  th e attentiona l  zoo m lens . 
Generally ,  subject s ar e adep t  a t  shiftin g betwee n th e object -
and observer-relativ e firames,  a s movin g betwee n th e narro w 
and wid e attentiona l  zoo m len s setting s typicall y require s 
les s tha n 10 0 m s (Erikse n &  St .  James ,  1986) .  Sudde n 
events ,  however ,  suc h a s stimulu s onset s (Yanti s &  Jonides , 
1984 )  and ,  perhaps ,  motio n discontinuities ,  m a y captur e 
attentio n i n on e o r  th e othe r  o f  th e frames ,  causin g th e 
attentiona l  zoo m len s t o becom e stuc k o n on e setting .  Th e 
processin g tha t  migh t  hav e occurre d throug h th e othe r 
settin g o r  fram e i s thu s neglected ,  causin g illusion s o r 
errors . 

Extending the Capacity Account 

A capacity account may be extended to kinematic systems 
othe r  tha n rollin g wheels .  I  sugges t  tha t  capacit y theor y i s 
most  likel y t o explai n illusion s i n event s i n whic h a ) 
systemati c error s ar e m a d e o n on e kinematicall y relevan t 
dunension ,  an d b )  th e dimensio n o n whic h th e error s ar e 
made i s itsel f  kinematic ,  suc h a s translation ,  rathe r  tha n a 
stati c attribut e suc h a s mas s distribution .  Th e relativ e 
arrival-tim e configuratio n (Law ,  Pellegrino ,  Mitchell , 
Fischer ,  McDonald ,  &  Hunt ,  1993 )  fits  thes e criteria .  T w o 
object s ar e see n movin g a t  a  constan t  velocit y towar d a 
destination ,  an d th e tas k i s t o stat e whic h objec t  wil l  arriv e 
at  it s  destinatio n first .  Th e correc t  answe r  depend s o n th e 
relativ e velocit y an d distance-to-targe t  o f  th e tw o objects . 
Subject s neglec t  th e relativ e velocit y an d bas e thei r  answer s 
primaril y o n relativ e distance .  Capacit y limitation s migh t 
underli e th e neglec t  o f  relativ e velocity ,  whic h become s 
apparen t  onl y ove r  tim e an d thu s entail s integratin g 
successiv e representation s (Law ,  e t  al. ,  1993) .  Relativ e 
distance-to-target ,  b y contrast ,  i s apparen t  a t  eac h instan t  i n 
tim e an d require s n o integratio n t o process . 

The capacit y accoun t  m a y b e generalize d no t  onl y t o 
kinemati c system s othe r  tha n rollin g wheels ,  bu t  als o t o 
population s othe r  tha n colleg e students ,  suc h a s olde r  adults . 
A reductio n i n capacit y ha s bee n posite d t o accoun t  fo r  age -
relate d decline s i n cognitiv e performanc e (Salthouse ,  1988) . 
The declin e i n capacit y m a y b e mor e pronounce d i n spatia l 
tha n i n verba l  task s becaus e olde r  adult s hav e accumulate d a 
lifetim e o f  experienc e wit h verba l  materials ,  bu t  usuall y 
hav e ha d Uttl e contac t  wit h spatia l  material s (Tub i  &  Calev , 
1989) .  Salthous e an d Mitchel l  (1989 )  foun d tha t  ag e 
impaire d th e integratio n o f  n e w computation s wit h ol d 
product s mor e tha n th e simpl e maintenanc e o f  products .  I 

hav e suggeste d tha t  suc h integrativ e processe s ar e mor e 
strongl y impUcate d i n th e perceptio n o f  kinemati c propertie s 

tha t  chang e ove r  tim e tha n i n th e perceptio n o f  momentar y 
kinemati c states .  Accordingly ,  Scialfa ,  Guzy ,  Leibowitz , 
Garvey ,  &  Tyrel l  (1991 )  foun d tha t  olde r  adult s wer e les s 
sensitiv e tha n thei r  younge r  counterpart s t o vehicula r 
acceleration s an d decelerations ,  bu t  wer e equall y accurat e a t 
estimatin g absolut e velocity .  Together ,  thes e suggestion s 
impl y tha t  olde r  adult s m a y b e mor e susceptibl e t o th e C C I 
tha n younge r  adults ,  an d tha t  olde r  adult s m a y b e mor e 
impaire d relativ e t o younge r  adult s a t  processin g a  rollin g 
wheel' s û anslatio n tha n a t  processin g it s rotation . 

Implications for tiie Relationship between 
Perceptio n a n d Cognit io n 

I stated earlier that perceptual and cognitive researchers in the 
field  o f  kinemati c even t  perceptio n hav e worke d i n relativ e 
isolatio n fro m eac h other .  Th e curren t  researc h m a y b e see n 
as containin g element s o f  bot h th e perceptua l  an d cognitiv e 
approache s t o kinemati c even t  perception .  Reflectin g a 
cognitiv e influence ,  th e researc h investigate d th e influenc e o f 
a higher-leve l  variable ,  workin g m e m o r y capacity ,  o n 
susceptibilit y  t o th e CCI .  Reflectin g a  perceptua l  influence , 
susceptibilit y  t o th e C C I  wa s assesse d b y examinin g h o w 
wel l  subject s adjuste d a  wheel' s motio n s o tha t  a  perimete r 
dot  followe d a  cycloid :  Thi s procedur e resemble s th e nullin g 
procedur e use d i n psychophysica l  research ,  i n whic h illusio n 
magnitude s ar e quantifie d b y requirin g subject s t o adjus t  a 
tes t  stimulu s s o tha t  i t  matche s a  standar d stimulu s alon g 
some dimension . 

Becaus e th e presen t  researc h examine s th e effect s o f 
cognitiv e factor s o n lower-leve l  perceptua l  processes ,  i t 
makes th e implici t  clai m tha t  low-leve l  perceptua l 
processes ,  ofte n though t  t o b e relativel y immutabl e withi n 
subject s an d invariabl e acros s subjects ,  m a y i n fac t  b e 
susceptibl e t o substantia l  top-dow n influences .  I n th e 
exU-eme ,  thi s clai m suggest s tlia t  th e phenomen a usuall y 
studie d b y psychophysicist s suc h a s illusion s o f  form , 
luminance ,  o r  motion ,  m a y b e subjec t  t o modulatio n b y th e 
factor s usuall y considere d th e provinc e o f  cognitiv e 
scientists . 

Althoug h ther e ha s bee n relativel y littl e investigativ e 
interactio n betwee n psychophysicist s an d cognitiv e 
scientists ,  severa l  piece s o f  evidence ,  primaril y fro m th e 
psychophysica l  literatur e sugges t  tha t  cognitiv e variable s 
m ay influenc e susceptibilit y  t o dynami c illusion s usuall y 
though t  t o reflec t  low-leve l  perceptua l  an d neura l  processes . 
Studie s b y Chaudhur i  (1990 )  an d Shu lma n (1991 ) 
demonstrat e tha t  attentio n m a y modulat e th e motio n 
aftereffect .  Th e motio n aftereffec t  occur s whe n a  stati c o r 
ambiguousl y movin g stimulu s appear s t o m o v e i n a 
directio n opposit e t o th e motio n o f  a  stimulu s t o whic h th e 
subjec t  ha s bee n adapted .  Th e neura l  locu s o f  th e motio n 
aftereffec t  i s  though t  t o b e i n M T (Chaudhuri ,  1990) . 
Chaudhur i  foun d tha t  th e magnitud e o f  th e aftereffec t  wa s 
reduce d whe n subjects '  attentio n wa s displace d fro m fixation. 
Shubnan' s subject s attende d t o eithe r  o f  tw o simultaneousl y 
presente d square s rotatin g i n depth .  T h e rotatio n o f  a 
subsequent ,  ambiguousl y rotatin g squar e the n appeare d 
opposit e i n directio n t o th e motio n o f  th e squar e t o whic h 
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subject s ha d attende d previously .  Thes e result s sugges t  tha t 
processin g i n M T nia y b e amenabl e t o attentiona l  influence . 

Hikosaka ,  Miyauchi ,  an d Shimoj o (1993 )  presente d a  ne w 
illusion ,  th e line-motio n illusion ,  i n whic h a  lin e segment , 
althoug h presente d al l  a t  once ,  appeare d t o sprea d fro m on e 
extremit y i f  attentio n wa s selectivel y draw n t o tha i 
extremity .  Hikosak a e t  al .  suggeste d tha t  attentio n act s t o 
accelerat e visua l  processin g a t  particula r  locations ,  makin g 
stimul i  appearin g a t  tha t  locatio n see m t o occu r  slightl y 
befor e stimul i  appearin g a t  othe r  locations .  Thi s hypothesi s 
implie s tha t  attentio n ma y influenc e processin g i n low-leve l 
motio n detectio n area s o f  th e brain ,  suc h a s VI . 

Thes e studie s demonstrat e tha t  basi c perceptua l 
phenomena,  suc h a s aftereffect s o f  adaptatio n t o motion , 
may b e subjec t  t o cognitiv e mediation ,  jus t  a s th e curren t 
researc h showe d tha t  susceptibilit y  t o th e CC I  ma y depen d 
on th e suppl y o f  processin g resource s subject s hav e 
available .  Th e discover y o f  th e cognitiv e mediatio n o f  suc h 
processe s add s bot h clarit y an d furthe r  complexit y t o th e 
intricat e pictur e o f  suc h processe s yielde d b y traditiona l 
perceptua l  an d psychophysica l  investigations .  Fo r  example , 
th e discover y tha t  attentio n ma y modulat e motio n 
aftereffect s migh t  sugges t  eithe r  tha t  th e brai n area s 
implicate d i n motio n processin g contai n input s fro m brai n 
area s implicate d i n attention ,  o r  tha t  attentio n exist s a t  ever y 
leve l  o f  processin g -  eve n V I  -  a s a  patter n o f  activatio n 
acros s processin g units .  Althoug h th e curren t  researc h 
differ s fro m th e abov e example s i n tha t  i t  derive s mor e fro m 
a cognitiv e tha n a  psychophysica l  perspective ,  i t  join s thes e 
othe r  investigation s i n showin g tha t  th e relativel y 
unexplore d perception/cognitio n interfac e ma y prov e a  vita l 
threa d fo r  futur e investigator s attemptin g t o delineat e th e 
rich  t̂ )estr y o f  processe s comprisin g ou r  perceptio n an d 
comprehensio n o f  suc h seemingl y basi c component s o f  th e 
worl d aroun d u s a s light ,  form ,  an d motion . 
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