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Abstrac t 

Traditional solutions to the problem of size 
perceptio n hav e confounde d siz e an d distanc e 
perception .  W e investigate d siz e perceptio n 
usin g informatio n tha t  i s  independen t  o f  distance . 

As d o th e shape s o f  biologica l  object s (Bingham , 
1992) ,  th e form s o f  event s var y wit h size .  W e 
investigate d whethe r  observer s wer e abl e t o us e 
siz e sp)ecifi c  variation s i n th e kinemati c form s o f 

event s a s informatio n abou t  size .  Observer s 
judge d th e siz e o f  a  bal l  i n display s containin g 
onl y kinemati c informatio n abou t  size .  Thi s wa s 

accomplishe d b y covciryin g objec t  distanc e an d 
actuci l  siz e t o produc e equivalen t  imag e size s fo r 
al l  object s an d extent s i n th e displays . 
Simulation s wer e generate d usin g dynamica l 
model s fo r  plcma r  events .  Motion s wer e confine d 
t o a  plan e paralle l  t o th e displa y screen .  Mas s 
density ,  friction ,  an d elasticit y wer e hel d 
constan t  ove r  change s i n size ,  simulatin g woode n 

balls .  Observer s wer e abl e t o detec t  th e 
increasin g size s o f  th e equa l  imag e siz e balls . 
Mean siz e judgment s exhibite d a  patter n 

predicte d b y a  scalin g facto r  i n th e equatio n o f 
motio n derive d usin g similarit y analysis . 

Introductio n 

The textbook solution to the problem of size 
perceptio n i s t o us e th e imag e siz e o f  a n objec t  an d 
informatio n abou t  it' s  distanc e t o deriv e th e 
actua l  objec t  size .  Thi s require s a n abilit y  t o 
determin e absolut e distance ,  bu t  mos t 
hypothesize d source s o f  distanc e informatio n 
specif y onl y relativ e distance .  Size-distanc e 
invarianc e theor y confound s th e problem s o f  siz e 

and distanc e perception .  Give n th e difficult y o f 
th e distanc e problem ,  seekin g a n independen t 

solutio n t o th e proble m o f  siz e perceptio n migh t 

be useful . 

Functiona l  morphologist s an d scal e engineer s 

hav e discovere d tha t  th e shap e o f  object s chang e 
t o preserv e functio n ove r  change s i n scal e (Baker , 
Westin e &  Dodge ,  1973 ;  Calder ,  1984 ;  Emor i  & 
Schuring ,  1977 ;  Hildebrand ,  Bramble ,  Lie m & 
Wake,  1985 ;  Thompson ,  1961) .  Scal e specifi c 
change s i n for m migh t  provid e a  sourc e o f 
informatio n abou t  siz e tha t  i s  independen t  o f 
distance .  Bingha m (1992 )  ha s show n tha t 
observer s ar e abl e t o discriminat e subtl e 

variation s i n tre e for m an d t o us e th e informatio n 

t o judg e th e height s o f  trees .  Th e variation s i n 
for m wer e determine d b y tw o physicall y 

constraine d scalin g relations .  Thi s involve d 
geometri c for m foun d i n relativel y stati c 
situations .  Consideratio n o f  for m variation s i n 
th e contex t  o f  event s lead s t o form s o f  motio n 
describe d vi a kinematics . 

Bingha m (1987a ;  b ;  1991 )  ha s propose d tha t 
kinemati c form s ma y provid e visua l  informatio n 
abou t  bot h even t  identit y an d scale .  I n 
particular ,  Bingha m (1991 )  suggeste d tha t  form s 
i n a n optica l  phas e spac e (optica l  position s vs . 

optica l  velocities )  migh t  provid e visua l 
informatio n enablin g observer s t o identif y events . 
The proble m i s tha t  spatia l  metric s ar e los t  i n 
th e mappin g fro m even t  kinematic s t o optica l 
flows .  Fo r  example ,  referenc e t o optica l 
velocitie s i n term s o f  meter s pe r  secon d i s 
meaningless .  Further ,  th e sensor y apparatu s 
exhibit s strongl y nonlinea r  characteristic s i n th e 
detectio n o f  optica l  velocities .  Ultimately ,  an y 
scheme fo r  th e recover y o f  metri c even t  velocitie s 
i s boun d t o b e unrealistic .  Nevertheless , 
experimenta l  evidenc e show s tha t  observer s ar e 
abl e t o recogniz e particula r  type s o f  event s fro m 
apprehensio n o f  form s o f  motion .  Accordingly , 

Bingha m ha s argue d tha t  metri c scale d 
informatio n canno t  b e necessar y an d tha t  ordina l 

scalin g o f  velocit y alon g continuou s extent s o f 

optica l  phas e trajectorie s shoul d b e sufficien t  t o 
develo p a  taxonom y o f  qualitativ e propertie s 
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use d i n even t  recognition .  I n fact ,  a  leve l  o f 

scalin g somewher e betwee n ordina l  an d interva l 
scalin g i s mos t  likely . 

Watson ,  Banks ,  vo n Hofsten ,  an d Roydc n (i n 
press )  hav e pro{)ose d tha t  visua l  p)erceptio n o f 

absolut e siz e an d distanc e migh t  b e base d o n th e 

effect s o f  gravit y i n constrainin g even t  motion s 

and th e resultin g optica l  flows .  The y argu e tha t 
thei r  analysi s i s superio r  t o earlie r  analyse s b y 

Chapman (1968 )  becaus e their s avoid s a 
dependenc e o n detectio n o f  optica l  accelerations . 
Whil e th e abilit y  t o detec t  optica l  velocit y i s 
wel l  established ,  th e abilit y  t o detec t  optica l 
acceleration s i s uncertai n (Regan,Kaufman ,  & 
Lincoln ,  1986 ;  Rosenbaum ,  1975 ;  Runeson ,  1975 ; 
Schmerler ,  1976 ;  Todd ,  1981 ;  se e th e discussio n i n 
Bingham ,  1991) .  I n th e Watso n e t  al .  analysis , 
distanc e i s specifie d b y a  relatio n requirin g 
detectio n o f  optica l  position ,  vertica l  velocity , 
th e locatio n o f  th e focu s o f  expansion ,  an d time . 

Watso n e t  al .  avoi d measure s o f  optica l 
acceleration s b y requirin g metri c informatio n 

abou t  bot h optica l  velocit y a t  a n instan t  an d th e 
tim e interva l  fro m th e beginnin g o f  fal l  t o th e 
instan t  whe n velocit y i s  measured .  Bot h o f  thes e 
measures ,  however ,  ar e problematic .  Accurac y 
i n determinin g metri c amount s o f  tim e i s 
uncertain .  Sufficien t  accurac y i n thi s cas e i s 
unlikely .  Furthermore ,  measuremen t  error s i n 

detectin g time s an d velocitie s woul d compoun d 
(Runeson ,  1977) .  Mos t  problematic ,  however ,  i s 
th e requiremen t  fo r  detectio n o f  metri c value d 
velocities .  A s discusse d above ,  thi s i s 
inappropriate .  Nevertheless ,  w e shoul d pursu e 
th e notio n tha t  gravit y scale s form s o f  motio n i n 
event s i n a  wa y tha t  ca n b e use d b y th e visua l 

syste m t o determin e even t  scale . 
An alternativ e approac h i s t o expan d th e 

analysi s fro m a  determinatio n o f  momentar y 
metri c value s t o spatio-temporall y extende d 
qualitativ e propertie s o f  optica l  trajectories. ' 
Similarit y method s ar e appropriat e fo r  a 
determinatio n o f  th e rol e o f  gravit y i n th e 
mappin g o f  trajector y form s int o optica l  phas e 
space .  Befor e describin g suc h a n analysi s ,  w e 
describ e a n investigatio n a s t o whethe r  observer s 
can determin e objec t  siz e fro m motions .  Th e onl y 
existin g evidenc e tha t  thi s migh t  b e possibl e i s 
tha t  produce d b y Johansso n &  Jansso n (1967 )  i n a n 
unpublishe d stud y i n whic h the y aske d observer s 
t o adjus t  a  variabl e spee d fil m projector . 

Exper imen t  1 : 

Judgin g i n Inche s wit h a  Standar d 

To determine if optical phase space properties 
provid e enoug h informatio n fo r  observer s t o 

accuratel y judg e objec t  size s w e create d display s 

of  severa l  differen t  event s wher e al l  othe r  type s 

of  informatio n wer e eliminated .  Th e imag e siz e 

of  th e objec t  wa s th e sam e i n al l  displays .  W e 
achieve d thi s b y covaryin g simulate d viewin g 

distanc e an d actua l  objec t  size .  I f  th e optica l 
phas e spac e propertie s di d no t  provid e 
informatio n abou t  siz e the n observer s shoul d no t 
hav e bee n abl e t o judg e th e size s o f  th e object s 
accurately . 

Methods 

Participants. Six undergraduates at Indiana 
Universit y participate d i n th e experimen t  fo r 
credi t  i n a n introductor y psycholog y course .  Al l 

participant s ha d norma l  o r  correcte d t o norma l 
vision . 

Displays. Four types of events were used. A ball 
fre e fallin g an d bouncing .  A  bal l  rollin g dow n a n 
incline d plane .  A  bal l  o n th e en d o f  a  string , 
actin g a s a  pendulum ,  swingin g downward , 
hittin g an d knockin g ove r  a  block .  Finally ,  a 
stac k o f  fou r  block s wit h a  bal l  o n to p al l  fallin g 
ove r  an d comin g t o res t  o n a  groun d surface .  Eac h 
even t  wa s simulate d a t  5  differen t  scales .  I n al l 
display s th e diamete r  o f  th e beil l  wa s 1  c m o n th e 
screen .  Th e simulate d actua l  diameter s o f  th e 
ball s range d fro m 2 5 c m t o 24 0 cm . 

Simulation s o f  plana r  event s wer e generate d 
usin g thei r  dynamic s an d holdin g gravity , 
friction ,  elasticity ,  an d mas s densit y constant . 
The averag e fram e rat e acros s al l  o f  th e event s 
was 2 0 frcune s pe r  second .  Actua l  fram e rate s 
varie d fro m 1 2 t o 3 0 frame s a  secon d dependin g o n 
th e complexit y o f  th e displays . 

To contro l  fo r  th e possibilit y  tha t  observer s 
migh t  us e even t  duratio n o r  pea k velocit y t o 
produc e judgment s o f  objec t  size ,  w e memipulate d 
thes e propertie s i n th e pendulu m an d incline d 
plan e event s independen t  o f  change s i n size . 
Thre e level s o f  even t  duratio n (an d pea k 
velocity )  wer e create d i n eac h o f  th e fiv e size s o f 
th e tw o event s b y changin g th e inclin e o f  th e 
surfac e an d th e lengt h o f  th e pendulum ,  fo r  a 

tota l  o f  8  events .  I f  even t  duration s o r  pea k 
velocitie s wer e bein g used ,  w e expecte d event s o f 

1003 



identica l  size s bu t  differen t  even t  duration s (o r 

pea k velocities )  t o b e judge d differently . 

Procedure. Before making judgments the observers 
wer e give n a  demonstratio n t o ensur e tha t  the y 

understoo d th e situatio n bein g modeled .  Th e 

demonstratio n involve d tw o rubbe r  playgroun d 

ball s o f  differin g sizes .  First ,  observer s wer e 

shown ho w covariatio n o f  objec t  siz e an d distanc e 

can produc e th e sam e imag e size .  Th e larg e bal l 
was hel d approximatel y 6  fee t  fro m th e observe r 
whil e the y adjuste d th e distanc e o f  th e smalle r 
bal l  s o tha t  i t  jus t  occlude d th e large r  ball . 

Second ,  observer s witnesse d example s o f  fre e fal l 
event s wher e th e distance s o f  fal l  wer e scale d t o 
th e siz e o f  th e bal l  (tha t  is ,  th e leirge r  bal l  wa s 
droppe d fro m a  greate r  height) . 

Afte r  this ,  observer s sa t  facin g a  compute r 

termina l  an d wer e aske d t o judg e th e actua l 
diamete r  o f  th e bal l  i n eac h even t  display .  The y 
wer e allowe d t o vie w a  displa y a s man y time s a s 

the y fel t  necessar y t o mak e thei r  judgment .  Th e 

judgment s wer e writte n i n inches .  Observer s 
judge d al l  5  size s o f  eac h even t  i n a  bloc k o f 
rando m ordere d trials .  Eac h o f  th e 8  event s wer e 
judge d thre e time s i n differen t  rando m ordere d 
blocks .  Precedin g eac h o f  th e firs t  se t  o f  blocks , 
observer s wer e show n a  standar d fo r  tha t  event . 
They wer e tol d th e siz e o f  th e bcil l  i n inches .  Th e 
standar d corresponde d t o th e secon d larges t  even t 
size .  Durin g th e latte r  tw o trial s th e standar d 
was oiU y show n i f  th e observe r  requeste d it .  A n 
experimenta l  sessio n laste d fo r  7 5 minutes . 

Result s an d Discussio n 

As shown in Bgure 1, mean judged size increased 
monotorucall y bu t  nonlinearl y wit h actuc d siz e i n 

al l  event s (sav e one) .  A  repeate d measure s 
analysi s o f  varianc e ( A N O V A )  wa s performe d o n 
siz e judgment s wit h even t  type ,  actua l  size ,  «in d 
tria l  a s factors .  Th e mai n effect s fo r  even t  typ e 
and siz e wer e significant ,  F(7 ,  35)=3.88 ,  p<.(X) 5 
an d F(5,25)=25.36 ,  p<.001 ,  a s wa s thei r 
interaction ,  F(35,175)=3.30 ,  p<.001 .  Simpl e 
effect s test s reveale d tha t  withi n eac h even t 
typ e th e size s wer e judge d differently ,  p<.001 ,  i n 
al l  cases .  Simpl e effect s als o showe d tha t  th e 
judgment s di d no t  diffe r  significantl y acros s th e 8 

even t  type s a t  th e lowes t  an d highes t  siz e levels , 

but  tha t  the y di d a t  th e othe r  siz e levels . 
Observer s regularl y overestimate d th e smalle r 

size s an d underestimate d th e large r  size s 

resultin g i n a  curve d patter n o f  judgment s aossin g 

a lin e representin g absolut e precisio n nea r  th e 

valu e o f  th e standard . 

M e an judge d Siz e v s Actua l  Siz e 

Figure 1. 

^  8 0 

1 
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Actua l  Siz e (in. ) 

As show n i n Figur e 2 ,  th e manipulatio n o f 

even t  duratio n fo r  th e incline d plan e an d 
pendulu m event s reveale d tha t  judgment s o f  siz e 

wer e independen t  o f  even t  duration s o r  pea k 

velocities . 

M e an Judge d Siz e v s Perio d 

A Figure 2. 
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Perio d (sec. ) 
Variation s i n th e duratio n o f  a n even t  withi n 

a siz e leve l  (fo r  instance ,  th e 3  differen t 
inclination s o f  th e slop e fo r  a  give n even t  size ) 
di d no t  preven t  observer s fro m correctl y groupin g 

object s o f  th e sam e sizes .  Object s o f  equa l  siz e 
wer e judge d a s simila r  despit e differen t  even t 
duration s bot h withi n a  typ e o f  even t  an d acros s 
th e tw o differen t  type s o f  events .  Becaus e pea k 
velocit y covarie d wit h even t  duration ,  w e 
wishe d t o conclud e tha t  even t  duratio n an d pea k 
velocit y wer e no t  use d t o judg e objec t  size . 
However ,  i t  wa s possibl e tha t  th e us e o f  standar d 
trial s suppresse d th e tendenc y fo r  judgment s t o 

reflec t  even t  durations .  Al l  o f  even t  display s 
wer e calibrate d b y th e standard s a t  th e secon d 

larges t  siz e level .  Th e nex t  experimen t  wa s 
performe d t o investigat e thi s possibility . 
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Experimen t  2 :  Judgment s withou t 

N u m b e r s o r  a  Standar d 

To avoid the use of a standard display, wc 

change d th e metho d use d b y observer s t o expres s 
thei r  judgments .  Rathe r  tha n writin g a  valu e i n 

inches ,  w e instructe d observer s t o expres s bal l  siz e 

usin g han d span .  Th e observer s adjuste d th e 
distanc e betwee n thei r  hand s makin g motion s a s 
i f  the y wer e graspin g th e bal l  betwee n thei r 

hands .  W e witnesse d severa l  o f  th e observer s 
fro m th e firs t  experimen t  doin g thi s t o estimat e 
siz e i n inches .  Thi s measur e woul d avoi d th e us e 
of  nimiber s requirin g a n extrinsi c syste m o f  unit s 

and th e us e o f  a  standard . 

M e t h o d s 

Participants. Five undergraduates at Indiana 
Universit y participate d i n th e experimen t  fo r 
credi t  i n a n introductor y psycholog y course .  Al l 
participant s ha d norma l  o r  correcte d t o norma l 
vision . 

Displays . The same set of displays were used as 
i n Experimen t  1  wit h th e exclusio n o f  th e larges t 
even t  size .  Al l  othe r  aspect s o f  th e display s 
remaine d th e same . 

Procedure. Observers were instructed to place 
thei r  hand s a s i f  the y mean t  t o hol d th e bal l 
shown i n th e display .  Th e distanc e betwee n 
thei r  hand s wa s measure d b y th e experimente r 
usin g a  standar d tap e measure .  Observer s neve r 

sa w th e number s o n th e tape .  A s before ,  observer s 
wer e no t  give n feedbac k o n thei r  performance . 

No standar d display s wer e show n t o th e 
observers .  Becaus e judgment s acros s trial s i n 
Experimen t  1  wer e no t  different ,  w e decide d t o 
shorte n th e tota l  sessio n tim e b y collectin g onl y a 
singl e judgmen t  o f  eac h even t  display .  Thi s wa s 
done als o t o compensat e fo r  th e extr a tim e 
require d t o mak e th e han d spa n measurements . 
Observer s wer e firs t  show n th e entir e se t  o f 
display s i n a  rando m order .  N o judgment s wer e 
expresse d a t  thi s point .  Followin g this ,  observer s 
viewe d an d judge d th e display s i n a  differen t 
rai'.do m order .  A n experimenta l  sessio n laste d 1 
hr . 

Result s an d Discussio n 

Once again, mean judgments increased nonlinearly 

wit h actua l  siz e fo r  al l  even t  types .  A  repeate d 

measure s A N O V A wa s performe d o n siz e 
judgment s wit h even t  typ e an d actua l  siz e a s 

factors .  Onl y th e siz e mai n effec t  an d it' s 

interactio n wit h even t  typ e wer e significant , 

F(4,16)=4.805 ,  p<.0 1 an d F(28,n2)=2.178 ,  p<.00 3 
respectively .  I n a  simpl e effect s test ,  siz e wa s 
significan t  fo r  al l  even t  type s excep t  fo r  th e stac k 
an d th e tw o larges t  pendulu m events . 
Alternatively ,  event s wer e no t  significantl y 
differen t  fro m on e anothe r  a t  an y siz e levels . 
Becaus e even t  type s include s variation s i n even t 

durations ,  thi s mean s tha t  judgment s o f  siz e wer e 
constan t  whe n actua l  size s wer e constan t  despit e 
variation s i n duration s o r  pea k velocities . 

M e an J u d g e d Siz e v s Actua l  Siz e 

Figures. 

10 1 5 2 0 2 5 3 0 3 5 4 0 4 5 5 0 
Actua l  Siz e (in ) 

As i n Experimen t  1 ,  ther e wa s a  curve d 
patter n t o th e mea n judgment s wit h 
overestimatio n o f  th e smalle r  size s an d 

underestimatio n o f  th e large r  sizes .  However ,  i n 

thi s experiment ,  judge d size s wer e lowe r  overall , 
wit h les s overestimatio n o f  smalle r  size s an d 
greate r  underestimatio n o f  large r  sizes .  Mea n 
judgment s crosse d th e lin e markin g absolut e 
precisio n a t  10-1 5 i n actua l  size .  Th e ceilin g o n 
mean judgment s wa s no t  muc h abov e thi s Vcdu e 
whic h corresponde d t o th e siz e o f  th e larges t 
bal l  use d i n th e demonstratio n precedin g th e 
experiment .  Suc h demonstration s ar e know n t o 
produc e "transfe r  effects "  affectin g th e value s 
subsequentl y use d b y observer s i n makin g 
magnitud e estimation s (Poulton ,  1989) . 

The mai n questio n addresse d i n thi s 
experimen t  wa s whethe r  recalibratio n vi a 
standar d trial s prevente d judgment s fro m 

followin g variation s i n even t  durations ,  periods , 
or  pea k velocities .  Th e curren t  stud y wa s 
performe d withou t  standards .  Even t  duration s 
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wer e manipulate d ove r  event s o f  constan t  siz e fo r 

th e incline d plan e an d pendulu m events .  Th e 

result s appea r  i n Figur e 4  an d shoul d b e comf>are d 

t o thos e fro m Experimen t  1  a s show n i n Figur e 2 . 

The result s i n th e tw o experiment s wer e 

essentiall y  th e same . 

M e an Judge d Siz e v s Perio d 
^  30 i 

„  °  Figur e 4 . 
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Per io d Csec ) 
Thi s wa s a n rathe r  abstrac t  em d difficul t  tas k 

fo r  observer s w h o wer e aske d t o mak e judgment s 

of  'actua l  objects '  tha t  appeare d a s extremel y 
simpl e lin e drawing s o n a  smal l  compute r  screen . 
Give n th e complet e absenc e o f  geometri c 
informatio n abou t  siz e an d th e failur e o f 
judgment s t o follo w even t  durations ,  periods ,  o r 
pea k velocities ,  th e result s ca n b e interprete d a s 
preliminar y suppor t  fo r  th e perceptio n o f  siz e i n 

event s vi a th e for m o f  trajectorie s a s mappe d int o 
th e optic s (o f  th e display) . 

Genera l  Discussio n 

What qualitative j>roperties of event trajectories 

migh t  observer s hav e use d t o judg e even t  scale ? 
We excimine d th e optica l  phas e portrait s fo r  al l 
of  th e event s an d foun d a  for m commo n t o al l  o f 
th e trajectories .  Al l  o f  th e trajectorie s contai n 
segment s tha t  wer e parabolic .  I n th e fre e fal l 
and boimce ,  incline d plane ,  an d pendulu m event s 
th e trajectorie s wer e entirel y paraboli c o r  nearl y 
so.  Becaus e o f  repeate d collision s i n th e fallin g 
stack ,  onl y portion s o f  th e trajectorie s wer e 

parabolic .  Th e paraboli c form s reflec t 
gravitatio n an d (constrained )  fre e fall . 

We performe d a  similarit y analysi s focusin g 
on fre e fal l  t o determin e whethe r  mappin g int o 
th e optic s distorte d th e otherwis e self-simila r 

form s i n a  wa y specifi c  t o th e scale. 2 Thu s th e 
relevan t  scal e trcmsformatio n wa s th e mappin g 

int o optics ,  performe d b y dividin g al l  quantitie s 
by th e viewin g distance .  B y settin g th e optica l 

heigh t  o f  fal l  t o 1  (tha t  is ,  th e initia l  heigh t 

conditio n i n th e display) ,  w e coul d perfor m thi s 

transformatio n b y usin g th e actua l  initia l  heigh t 

(ho )  t o divid e instead .  Th e questio n i n 

performin g th e similarit y analysi s wa s whether , 

afte r  th e transformatio n ha d bee n performe d o n 

th e equation ,  th e origina l  for m o f  th e equatio n 

coul d b e recovere d i n th e scal e transforme d 
variable s (Sziics ,  1980) .  I f  so ,  the n th e scal e 

transformatio n shoul d b e Isenevolenf ,  meanin g 
tha t  th e trajector y form s ar e preserved .  I f  not , 
the n a  distortio n o f  th e trajector y form s shoul d 
resul t  directl y fro m th e scal e transformation .  A n 
accessor y facto r  ma y b e isolate d whic h represent s 

th e scal e specifi c  for m o f  th e distortion .  Usin g 
th e equatio n describin g th e fre e fal l  trajector y i n 
phas e spac e (tha t  is ,  velocit y a s a  functio n o f 
position )  an d ignorin g ai r  resistance ,  w e 

performe d th e analysi s a s follows : 
Equatio n o f  motio n fo r  Fre e Fal l 

y = gt2(y-h„)]''' 

Transformation into Optics 

Equation in Optical Terms 

y' = g[2(y'-h„')]'"[h„]''* 

We found that the mapping from event 
kinematic s t o opti c flow s yield s a  distortio n tha t 

scale s th e trajectorie s b y th e reciproca l  o f  th e 

initia l  heigh t  t o th e squar e root .  Th e squar e roo t 

i n th e seedin g facto r  account s fo r  th e curvatur e o f 
th e mea n judgments .  Thi s scalin g facto r  describe s 

th e decreasin g resolutio n exhibite d i n judgment s 
as th e objec t  siz e becam e larger .  Thus ,  th e for m 
of  th e judgmen t  curve s reflecte d th e for m o f  th e 
functio n determinin g th e informatio n mad e 
availabl e vi a th e simpl e model s use d t o generat e 
thes e displays . 
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Endnote s 

1. Detecting the form of trajectories in optical 
phas e spac e doe s no t  requir e th e detectio n o f 
optica l  accelerations .  Acceleratio n ca n b e 
derive d fro m th e slop e o f  a  trajector y i n phas e 
space ,  bu t  th e rat e o f  chang e o f  velocit y wit h 
respec t  t o positio n i s no t  th e sam e a s 
acceleration .  Se e Bingha m (1991 )  fo r  discussion . 

2. The analysis generalizes directly to the 

incline d plan e an d pendulu m event s 
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