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Seeing-More-Than-is-There :  A  Prob e o f  Retinoi d Network s 

ARNOLD TREHUB and ALEXANDER POLLATSEK 
Departmen t  o f  Psycholog y 

Universit y o f  Massachusetts ,  Amhers t 

ABSTRACT 

Dynamic properties of a model post-retinal, short-terra visual 
stor e calle d a  retinoi d ar e presented .  Th e retinoi d mode l 
generate s specifi c  prediction s abou t  visua l  perceptio n i n sever -
al  variant s o f  th e seeing-more-than-is-ther e (SMTT )  paradigm . 
Thre e experiment s wer e conducte d t o tes t  fo r  th e predicte d 
effects .  Performanc e curve s ar e presente d an d discussed .  A 
new visua l  illusio n o f  motio n i s show n t o follo w fro m th e pro -
pertie s o f  th e retinoi d model . 

INTRODUCTION 

A fundamental question in the study of human vision concerns the 
integratio n o f  disparat e fovea l  stimul i  int o a  prope r  unifie d represen -
tatio n o f  a  large r  real-worl d scene .  Some kin d o f  post-retina l  mechanis m 
whic h ca n registe r  an d appropriatel y combin e input s fro m a  serie s o f 
visua l  saccade s o r  a  continuou s visua l  scan ,  seem s t o b e required .  T o 
accoun t  fo r  thi s centra l  process ,  a s wel l  a s fo r  a  variet y o f  othe r  high -
leve l  visua l  operations ,  a  theoretica l  neurona l  mechanism ,  calle d a  reti -
noid ,  ha s bee n propose d an d describe d i n detai l  (Trehub ,  1977 ,  i n press) . 

I f  a  targe t  figur e i s move d bac k an d fort h behin d a  narro w windo w 
i n a n otherwis e opaqu e surface ,  muc h mor e o f  th e figur e ca n b e see n a t  a 
give n instan t  tha n i s physicall y presen t  withi n th e window .  Thi s phenom -
eno n wa s reporte d a s lon g ag o a s 186 2 b y Zollner ,  an d b y Helmholt z i n 
1867 .  I t  ha s bee n calle d th e seeing-more-than-is-ther e effec t  (McCloske y 
and Watkins ,  1978) .  Th e phenomeno n seem s t o depen d upo n a  post-retina l 
integratin g mechanis m lik e a  retinoi d t o giv e th e subjec t  th e perceptio n 
of  a  visua l  patter n whic h i s muc h large r  tha n th e smal l  "slices "  o f  th e 
figur e actuall y stimulatin g th e retina .  I n th e laboratory ,  on e ca n exer -
cis e systemati c contro l  ove r  a  numbe r  o f  stimulu s an d contextua l  para -
meter s fo r  th e seeing-more-than-is-ther e (SMTT )  effect .  Thu s SMTT ma y 
be a  particularl y goo d paradig m fo r  probin g th e dynami c propertie s o f 
retinoi d networks .  I n thi s paper ,  w e revie w th e basi c structur e an d 
genera l  operatin g characteristic s o f  th e retinoi d model ,  an d tes t  som e 
implication s o f  th e theor y usin g th e SMTT procedure . 

Theoretical Model 

A retinoid is a postulated brain mechanism that can organize suc-
cessiv e retinocentri c visua l  pattern s int o a  unifie d egocentri c o r  allo -
centri c representatio n o f  objec t  space .  Th e networ k i s calle d a  retinoi d 
because ,  lik e th e retina ,  i t  represent s informatio n i n visua l  spac e an d 
project s afferent s t o highe r  visua l  centers .  Retinoid s serv e a s visua l 
"scratc h pads "  wit h spatiall y  organize d informatio n store d a s short-ter m 
memory.  Th e mechanis m o f  storag e i s assume d t o b e a  retinotopicall y 
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Figur e 1 .  Translatio n retinoid .  Larg e square s represen t  autapti c cell s 
seirvin g short-ter m memory .  Smal l  fille d triangle s represen t  interneurons . 
Shift-contro l  cell s ar e designate d b y directio n o f  effect . 

organized array of excitatory autaptic neurons. Neurons of this type 
hav e a t  leas t  on e o f  thei r  axo n collateral s i n recurren t  excitator y syn -
aps e wit h thei r  ow n cel l  bod y o r  dendrit e (Shepherd ,  1974) .  I n orde r 
fo r  a n activ e autapti c neuro n t o refir e itself ,  ther e mus t  b e othe r  con -
curren t  excitator y inpu t  t o it .  Thu s th e shee t  o f  autapti c neuron s i n th e 
retinoi d ca n represen t  i n it s sustaine d firin g patter n an y transitor y 
organize d inpu t  fo r  a s lon g a s diffus e primin g excitatio n (arousal )  i s 
sustained .  I f  th e primin g backgroun d inpu t  i s remove d o r  sufficientl y 
reduce d the n th e capture d patter n o n th e retinoi d i s "erased" . 

Figure 1 shows a retinoid of autaptic neurons connected by a grid 
structur e o f  excitator y an d inhibitor y interneurons .  Axo n collateral s 
of  shift-contro l  neuron s ar e i n excitator y synaps e wit h selecte d group s 
of  interneurons .  An y momentar y inpu t  fro m a n afferen t  visua l  arra y t o it s 
homologou s autapti c retinoi d cell s wil l  evok e sustaine d firin g o f  th e 
retinoi d target s i f  ther e i s a  sufficien t  leve l  o f  diffus e toni c excita -
tion .  Thu s an y retina l  stimulu s induce s a  comparabl e retinoi d patter n o f 
spatiall y  organize d discharge .  Eac h activ e autapti c neuro n induce s a 
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sub-threshold ,  primin g excitator y postsynapti c potentia l  (EPSP )  i n eac h 
of  th e eigh t  contiguou s interneuron s capabl e o f  elicitin g excitator y an d 
inhibitor y potential s (IPSP )  i n thei r  targete d autapti c cells .  I f  a 
prime d interneuro n receive s a n incremen t  o f  excitatio n fro m on e o f  th e 
shift-contro l  cells ,  tha t  interneuro n wil l  fir e an d sen d a  spik e inpu t 
t o it s targe t  cell .  Th e rule s are :  (a )  i f  a n autapti c cell s whic h i s no t 
dischargin g (i.e. ,  off )  receive s a n EPS P fro m a n interneuron ,  i t  wil l 
fir e (tur n on ) ;  (b )  i f  a n autapti c cel l  whic h i s o n receive s a n IPS P fro m 
an interneuron ,  i t  wil l  tur n of f  unles s i t  receive s simultaneousl y a n 
EPSP fro m anothe r  interneuron ,  i n whic h cas e i t  wil l  remai n on ;  (c )  i f 
diffus e toni c excitatio n t o th e retinoi d fall s  belo w a  critica l  level , 
al l  cell s i n th e retinoi d tur n off . 

I f  w e imagin e a  standin g patter n o f  excitatio n evoke d o n a  retinoid , 
thi s "captured "  patter n ca n b e spatiall y  translate d i n an y directio n b y 
appropriat e pulse s (discharg e spikes )  fro m th e shift-contro l  command 
cells .  Fo r  example ,  eac h puls e fro m th e shift-righ t  lin e wil l  transfe r 
standin g activit y fro m an y activ e autapti c cel l  t o a n adjacen t  autapti c 
cel l  o n it s righ t  and ,  a t  th e sam e time ,  eras e th e activit y o f  th e pre -
viousl y activ e dono r  (o n th e left )  unles s tha t  cel l  i s  als o receivin g 
transferre d excitatio n fro m a n activ e autapti c cel l  t o it s immediat e left . 
Thus successiv e command pulse s fro m th e shift-contro l  cel l  wil l  mov e th e 
entir e retinoi d patter n t o th e righ t  i n successiv e increment s o f  a  singl e 
autapti c cell .  Th e mor e rapi d th e pulses ,  th e mor e rapi d th e patter n 
wil l  move ;  th e longe r  th e shift-comman d puls e trai n i s sustained ,  th e 
greate r  wil l  b e th e distanc e throug h whic h th e patter n i s moved .  Approp -
riat e sequence s o f  shif t  right/left ,  shif t  up/dow n ca n mov e th e patter n 
of  cel l  activit y t o an y positio n o n th e retinoi d surface .  Th e mode l 
assumes tha t  automati c translatio n o f  retinoi d pattern s occur s whe n shift -
contro l  neuron s ar e drive n b y ey e and/o r  hea d deviation s fro m th e norma l 
fovea l  axi s (th e lin e o f  sigh t  o f  th e fove a whe n th e eye s ar e straigh t 
ahead ,  hea d unturned ,  shoulder s squar e wit h th e body) ,  an d b y th e dis -
charg e o f  motio n detectin g cell s i n th e lower-leve l  visua l  mechanisms . 

Explaining SMTT 

We theorize that the SMTT phenomenon occurs when the component pat-
ter n segments ,  whic h ar e directl y observe d throug h th e narro w aperture , 
ar e swep t  acros s th e retinoi d surfac e i n sjmchron y wit h signal s fro m th e 
motion-detecto r  cells .  Thi s explanatio n depend s on :  (a )  th e detectio n 
of  th e velocit y an d directio n o f  th e stimulu s patter n o n th e basi s o f 
informatio n availabl e i n th e scree n aperture ;  (b )  th e short-ter m memor y 
propertie s o f  th e retinoi d tha t  enabl e i t  t o assembl e a  unifie d 
representatio n o f  th e stimulu s fro m th e sequenc e o f  partia l  input s tha t 
ar e registere d i n it s apertur e regio n an d the n shifte d step-wis e acros s 
adjacen t  cells . 

Figur e 2  shows ,  i n schemati c form ,  th e significan t  factor s i n th e 
SMTT paradigm .  Th e stimulu s patter n whic h i s depicte d i s a  triangl e mov -
in g t o th e righ t  wit h it s leadin g edg e jus t  enterin g th e apertur e i n a n 
otherwis e occludin g screen .  Th e symbol s i n th e schemati c figur e ar e t o 
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Figur e 2 , 
paradigm . 

Schemati c showin g significan t  element s an d parameter s i n SMTT 

be interprete d a s follows . 

S - input from stimuli in aperture 

\i - autaptic cell in the aperture field excited by stimulus segments 

y = autaptic cell beyond aperture field 

i = excitatory interneuron 

p - retinoid shift-control cell (shift-right) 

Y = motion detector (senses velocity of motion to right) 

A = diffuse input from arousal 

X - diffuse input from ambient illumination 

Let us now consider how some of the factors described above affect 
th e rat e o f  spatia l  translatio n ove r  th e retinoi d network .  I t  shoul d b e 
note d tha t  th e subse t  o f  autapti c cell s ( y )  "lookin g at "  th e stimulu s 
segment s receiv e thei r  inpu t  from :  (1 )  stimulu s excitatio n (S) ; 
(2 )  arousa l  excitatio n (A) ;  (3 )  ambien t  illuminatio n ( ^ ) ;  (4 )  excitatio n 
fro m activ e interneuron s (i) .  Sinc e neuron s integrat e al l  EPSP inpu t 
ove r  time ,  th e slop e o f  integratio n and ,  thus ,  th e frequenc y ( F »  )  o f 
cel l  discharg e i n p  wil l  b e a  positiv e monotoni c functio n o f  th e dwell -
tim e o f  S  o n \ x ,  th e magnitude s o f  A  an d X  ,  an d th e discharg e fre -
quenc y o f  i  .  Fo r  th e subse t  o f  autapti c cell s (_ M )  outsid e o f  th e direc t 
stimulu s (aperture )  field ,  thei r  discharg e frequenc y ( F y )  wil l  b e a 
positiv e monotoni c functio n o f  inpu t  fro m thei r  associate d interneuron s 
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i  an d th e magnitude s o f  A  an d X  .  Thes e relationship s ma y b e expresse d 
as follows . 

F j- « (S, A, X ,i ) (1) 

F^ « (A, X , i ) (2) 

The discharge frequency (F -j^ ) for any interneuron ( _i ) is a posi-
tiv e monotoni c functio n o f  th e inpu t  puls e rat e fro m it s shift-contro l 
drivin g cel l  (  p  )  an d th e spik e frequenc y o f  it s  dono r  autapti c cel l  (  j j 
or  \i) .  Thu s 

* 
Fi  «  (  p  ,  y  )  o r  F i  <x (  p  ,  p  )  (3 ) 

Give n an y arbitrar y gatin g puls e rat e fro m a  shift-contro l  cel l  (sa y 
p ) ,  variatio n i n th e actua l  velocit y o f  translatio n o f  a n excitatio n 

patter n acros s th e surfac e o f  a  retinoi d wil l  b e a  positiv e functio n o f 
th e discharg e frequenc y ( F )  i n thos e retinoi d cell s carryin g th e pat -
tern .  Thi s follow s fro m th e fac t  tha t  th e latenc y o f  discharg e i n eac h 
successiv e cel l  o n th e translatio n rout e o f  th e imag e i s inversel y relate d 
t o th e F  o f  it s  dono r  cell .  I f  th e translatio n velocit y o f  th e retinoi d 
imag e i s equa l  t o th e velocit y o f  th e stimulu s pattern ,  the n i t  i s  assume d 
tha t  th e perceive d proportion s o f  th e patter n wil l  correspon d t o th e ver -
idica l  proportion s o f  th e stimulus .  If ,  however ,  translatio n velocit y 
on th e retinoi d i s les s tha n stimulu s velocity ,  the n th e stimulu s patter n 
wil l  b e perceive d a s shorte r  alon g it s axi s o f  motio n i n relatio n t o it s 
othe r  dimensions . 

GENERAL METHOD 

Implications that follow from the assumptions about the dynamics of 
retinoi d network s a s presente d above ,  wer e teste d i n thre e SMTT experi -
ments .  I n particular ,  w e probe d th e effect s o f  stimulu s velocity ,  aper -
tur e width ,  an d ambien t  illumination . 

Subjects 

Four subjects participated in each of three experiments. The sub-
jects ,  th e tw o author s o f  thi s pape r  an d tw o graduat e studen t  volunteers , 
wer e unpaid .  Th e studen t  subject s wer e unawar e o f  th e theoretica l  back -
groun d an d othe r  detail s o f  thi s stud y unti l  afte r  thei r  dat a wer e col -
lected . 

Apparatus 

Visual stimuli were presented on the screen of a CRT which was par-
tiall y  maske d b y a  shee t  o f  gra y poster-boar d wit h a  narrow ,  verticall y 
oriente d apertur e i n it s center .  Th e heigh t  o f  th e apertur e wa s fixe d 
and wa s greate r  tha n th e heigh t  o f  th e stimulu s pattern ;  th e widt h o f 
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th e apertur e wa s adjustabl e an d alway s muc h les s tha n th e widt h o f  th e 
stimulus ,  s o tha t  onl y a  smal l  segmen t  o f  th e stimulu s patter n coul d b e 
see n b y th e subjec t  a t  an y give n moment ,  A  hand-hel d controlle r  wa s pro -
vide d th e subjec t  tha t  ha d a  potentiomete r  kno b whic h allowe d hi m t o var y 
th e rat e o f  stimulu s motio n acros s th e fac e o f  th e CRT fro m 1. 0 
degrees/secon d t o a  maximu m velocit y o f  12. 5 degrees/secon d a t  th e viewin g 
distanc e use d i n thi s study .  Th e controlle r  als o ha d a  butto n which , 
when presse d b y th e subject ,  signalle d tha t  a  perceptua l  criterio n wa s 
met .  Afte r  instruction s wer e rea d t o th e subject ,  al l  experimenta l  trial s 
wer e controlle d b y a n Appl e 11 + computer .  Stimulu s presentation ,  record -
in g an d analysi s o f  th e subjects '  response s wer e performe d automaticall y 
accordin g t o a  pre-programme d protocol . 

EXPERIMENT 1 

Hypothesis I 

Given a horizontally oscillating figure in the SMTT paradigm, the 
perceive d widt h o f  th e figur e wil l  contrac t  a s stimulu s velocit y 
increases . 

This follows from the fact that dwell-time of S on y , hence Fy , 
wil l  decreas e wit h a n increas e o f  stimulu s velocity ,  causin g th e rat e o f 
translatio n ove r  th e retinoi d t o decreas e relativ e t o stimulu s velocity . 

Hypothesis II 

For any given stimulus velocity, the perceived width of the figure 
wil l  increas e a s th e apertur e widt h increases . 

This follows from the fact that the proportion y /y will increase 
as th e apertur e fo r  direc t  stimulatio n increases .  Sinc e F y >F y ,  th e 
velocit y o f  translatio n ove r  th e retinoi d wil l  b e greate r  fo r  th e large r 
aperture . 

Procedure 

The subject was seated at a distance of approximately 58 cm from 
th e CRT.  A  laterall y oscillatin g triangl e o n th e fac e o f  th e CRT wa s 
expose d t o th e subjec t  throug h th e narro w apertur e i n th e maskin g screen . 
The triangl e disappeare d behin d th e scree n o n bot h lef t  an d righ t  excur -
sions .  Th e heigh t  o f  th e triangl e wa s alway s 0. 7 degree s o f  visua l  angle , 
wherea s th e bas e o f  th e triangl e varie d randoml y o n eac h tria l  withi n a 
rang e o f  0. 8 degree s t o 1. 9 degree s i n visua l  angle .  Inciden t  illumina -
tio n o n th e CRT mas k wa s se t  a t  approximatel y 8. 0 foot-candles .  Th e sub -
jec t  wa s instructe d t o fixat e th e cente r  o f  th e apertur e o n eac h stimulu s 
presentation ,  an d t o adjus t  th e kno b o n th e controlle r  unti l  th e widt h 
of  th e perceive d triangl e wa s equa l  t o it s height .  A s soo n a s thi s oc -
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curred ,  th e subjec t  wa s t o pres s th e controlle r  butto n whic h recorde d 
th e rat e setting ,  cleare d th e screen ,  an d terminate d th e trial . 

Dat a wer e collecte d fro m eac h subjec t  unde r  th e tw o apertur e condi -
tion s i n fiv e 20-tria l  block s fo r  eac h condition .  Tw o subject s wer e 
teste d o n fiv e block s wit h th e 0. 1 degre e aperture ,  followe d b y fiv e 
block s wit h th e 0. 2 degre e aperture .  Th e othe r  tw o subject s viewe d th e 
stimulu s firs t  throug h th e 0. 2 degre e apertur e followe d b y th e 0. 1 degre e 
aperture .  Durin g eac h bloc k o f  trials ,  ther e wa s a n interstimulu s inter -
va l  o f  fiv e second s followin g eac h response .  A  res t  interva l  o f  9 0 sec -
ond s wa s give n afte r  eac h bloc k o f  trials . 

Results 

In this experiment, the independent variables were: (1) the 
height/widt h ratio s o f  th e stimulu s patterns ;  (2 )  th e widt h o f  th e aper -
ture .  Th e dependen t  variabl e wa s th e stimulu s velocit y se t  b y th e subjec t 
t o giv e th e perceptio n o f  height/widt h equivalence .  A t  eac h velocit y 
settin g require d t o mee t  th e criterio n o f  equivalence ,  th e rati o o f  per -
ceived-width/true-widt h i s expresse d a s a  contractio n ratio .  Figur e 3 
shows th e result s plotte d separatel y fo r  eac h o f  th e fou r  subjects . 
Hypothesi s I  i s  confirme d b y th e respons e curve s obtaine d fro m eac h sub -
jec t  unde r  th e tw o apertur e conditions .  Usin g a  binomia l  test ,  th e confi -
denc e level s fo r  eac h o f  th e fou r  subject s ar e a s follows :  (AP )  p<.025 ; 
(JH )  p<.025 ;  (JP )  p<.005 ;  (AT )  p<.005 .  Thu s i t  ca n b e conclude d tha t  i n 
th e SMTT paradigm ,  perceive d widt h contract s a s stimulu s velocit y increa -
ses . 

To tes t  Hypothesi s II ,  w e analyze d th e stimulu s velocit y setting s 
selecte d b y th e subjec t  t o achiev e th e contractio n ratio s require d fo r 
th e perceptio n o f  height/widt h equivalenc e fo r  th e 0. 1 degre e vs .  th e 
0. 2 degre e aperture .  I f  th e subjec t  see s a  wide r  triangl e give n a  wide r 
aperture ,  the n h e mus t  increas e th e velocit y o f  th e stimulu s t o perceiv e 
equivalence .  Examinatio n o f  th e difference s i n respons e unde r  th e tw o 
apertur e condition s fo r  eac h subjec t  reveal s tha t  Hypothesi s I I  i s  con -
firmed .  Usin g a  binomia l  test ,  th e confidenc e level s fo r  eac h o f  th e 
fou r  subject s ar e a s follows :  (AP )  p<.005 ;  (JH )  p<.005 ;  (JP )  p<.005 ; 
(AT )  p<.005 .  Thu s i t  ca n b e conclude d tha t  i n th e SMTT paradigm ,  per -
ceive d widt h increase s a s apertur e widt h increases . 

EXPERIMENT 2 

Hypothesis III 

For a given aperture, the perceived width of the figure will increase 
as ambien t  illuminatio n increases . 

This follows from the assumption that ambient illumination increases 
bot h F  y  an d F  y  .  Th e velocit y o f  translatio n ove r  th e retinoi d shoul d 
be greate r  wit h highe r  genera l  illumination . 
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Figur e 3 .  Experimen t  1 .  Plo t  o f  adjuste d stimulu s rate s agains t  contrac -
tio n ratio s neede d t o achiev e a  perceive d width-to-heigh t  matc h fo r  eac h 
of  fou r  subjects . 

Procedur e 

The apparatus, instructions, and procedure were the same as in Exper-
imen t  1 ,  excep t  fo r  th e followin g differences .  Th e widt h o f  th e apertur e 
i n th e mas k wa s fixe d a t  0. 2 degree s an d dat a wer e collecte d unde r  tw o 
differen t  intensitie s o f  inciden t  illumination .  Tw o subject s wer e teste d 
wit h 8. 0 foot-candle s o f  inciden t  illuminatio n followe d b y 2. 0 foot-can -
dles ,  an d fo r  th e othe r  tw o th e orde r  o f  th e illuminatio n condition s wer e 
reversed . 

Results 

In this experiment, the independent variables were: (1) the 
height/widt h ratio s o f  th e stimulu s patterns ;  (2 )  th e level s o f  ambien t 
illumination .  Th e dependen t  variabl e wa s th e stimulu s velocit y se t  b y 
th e subjec t  t o giv e th e perceptio n o f  height/widt h equivalence .  Figur e 4 
shows th e result s plotte d separatel y fo r  eac h o f  th e fou r  subjects .  Usin g 
a binomia l  test ,  thre e subject s showe d n o significan t  effec t  o f  illumina -
tio n level ,  whil e on e subjec t  (AT )  showe d a  highl y significan t  effec t 
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Figur e 4 .  Experimen t  2 .  Plo t  o f  adjuste d stimulu s rate s agains t  contrac -
tio n ratio s neede d t o achiev e a  perceive d width-to-heigh t  matc h fo r  eac h 
of  fou r  subjects . 

i n accor d wit h Hypothesi s II I  (p<.005) .  O n th e basi s o f  thes e results , 
we ar e unabl e t o confir m Hypothesi s III . 

EXPERIMENT 3 

Hypothesi s I V 

I n th e SMTT paradig m wit h stimulu s parameter s hel d constant ,  th e 
absolut e numbe r  o f  stimulu s sweep s require d t o squelc h th e SMTT effec t 
wil l  increas e a s ambien t  illuminatio n increases . 

Thi s follow s fro m th e assumptio n tha t  th e smal l  interneuron s i  wil l 
fatigu e unde r  prolonge d driving .  Thu s F- t  wil l  decreas e t o th e poin t  tha t Thus F i 
i t  n o longe r  add s sufficien t  excitatio n t o th e targe t  autapti c cell s ( £ 
fo r  the m t o reac h discharg e threshold .  When thi s occurs ,  patter n trans -
latio n ove r  \ i  cease s an d SMTT wil l  b e squelched .  Sinc e th e theoretica l 
model  assume s tha t  ambien t  illuminatio n (  X  )  als o add s excitatio n t o 

y ,  i t  follow s tha t  SMTT squelchin g shoul d occu r  late r  (mor e stimulu s 
sweeps wil l  b e required )  unde r  highe r  genera l  illumination .  Not e tha t 

) 
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thi s predictio n i s opposit e wha t  migh t  b e expecte d give n difference s i n 
control ,  sinc e on e woul d expec t  th e lowe r  backgroun d illuminatio n (highe r 
contrast )  figur e t o surviv e longer . 

Procedure 

The apparatus in Experiment 3 was the same as used in Experiments 1 
and 2 .  Th e mas k apertur e wa s fixe d a t  0. 2 degree s i n visua l  angle .  Th e 
stimulu s presente d o n eac h tria l  wa s a  triangl e wit h a  heigh t  o f 
0. 7 degree s an d a  bas e o f  1. 7 degree s o f  visua l  angle .  Th e triangl e 
oscillate d horizontall y a t  a  constan t  rat e o f  10. 0 degrees/secon d i n visu -
al  angle ,  an d disappeare d behin d th e mas k o n bot h lef t  an d righ t  excur -
sions .  I n thi s experiment ,  th e subjec t  coul d no t  var y th e rat e o f  stimu -
lu s motion .  Instead ,  th e subjec t  wa s instructe d t o fixat e th e cente r  o f 
th e apertur e o n eac h stimulu s presentation ,  an d t o pres s th e controlle r 
butto n a s soo n a s th e perceive d patter n clearl y shifte d fro m a  horizon -
tall y oscillatin g triangl e t o a  short ,  verticall y oscillatin g lin e segmen t 
abov e a  short ,  stabl e lin e segmen t  (th e veridica l  retina l  input) .  When 
th e butto n wa s pressed ,  th e numbe r  o f  stimulu s sweep s require d fo r  th e 
perceptua l  shif t  wa s automaticall y recorded ;  th e scree n wa s cleared ,  an d 
afte r  a  5-secon d interval ,  a  warnin g buzze r  sounde d an d wa s followe d a 
secon d late r  b y anothe r  trial . 

Each subjec t  wa s give n te n consecutiv e trial s unde r  eac h o f  tw o in -
tensitie s o f  inciden t  illumination .  Tw o subject s wer e teste d firs t  wit h 
8. 0 foot-candles ,  followe d b y 2. 0 foot-candles ,  whil e th e orde r  o f  illumi -
natio n wa s reverse d fo r  th e othe r  tw o subjects .  A  res t  interva l  o f  fiv e 
minute s wa s allowe d betwee n th e illuminatio n conditions . 

Results 

In this experiment, the independent variable was the level of ambient 
illumination .  Th e height/widt h rati o o f  th e stimulu s patter n a s wel l  a s 
it s velocit y wer e hel d constant .  Th e dependen t  variabl e wa s th e nijimbe r 
of  successiv e stimulu s sweep s require d t o squelc h th e SMTT effect .  Fig -
ur e 5  show s th e result s plotte d separatel y fo r  eac h o f  th e fou r  subjects . 
Examinatio n o f  th e difference s i n respons e unde r  th e tw o illuminatio n 
condition s fo r  eac h subjec t  reveal s tha t  Hypothesi s I V i s confirmed . 
Usin g a  binomia l  test ,  th e confidenc e level s fo r  eac h o f  th e fou r  subject s 
ar e a s follows :  (AP )  p<.005 ;  (JH )  p<.025 ;  (JP )  p<.025 ;  (AT )  p<.005 .  Thu s 
i t  ca n b e conclude d tha t  i n th e SMTT paradig m wit h stimulu s parameter s 
hel d constant ,  th e numbe r  o f  stimulu s sweep s require d t o squelc h th e SMTT 
effec t  wil l  increas e a s ambien t  illuminatio n increases . 

GENERAL DISCUSSION 

The SMTT phenomenon provides a strong argument against a static "iconic" 
representatio n i n visua l  short-ter m memory ,  an d argue s fo r  a  mor e dynami c 
for m o f  storag e (McCloske y an d Watkins ,  1978) .  Th e retinoi d mechanis m 
offer s a  well-articulate d an d biologicall y plausibl e mode l  o f  wha t  suc h 
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Figur e 5 .  Experimen t  3 .  Plo t  o f  th e numbe r  o f  successiv e stimulu s sweep s 
require d t o squelc h th e SMTT effec t  ove r  te n successiv e tria l  block s fo r 
eac h o f  fou r  subjects . 

a dynami c storag e syste m woul d loo k like .  I t  explain s th e SMTT phenomeno n 
and make s severa l  confirme d prediction s abou t  th e effect s o f  changin g 
stimulu s parameters . 

A different explanation, depending upon a homunculus called the 
"executiv e agency" ,  ha s bee n propose d b y Roc k (1983) .  Th e perceive d 
shortenin g o f  th e movin g figur e i n th e SMTT paradig m ha s bee n commente d 
upo n b y severa l  investigator s (Parks ,  1965 ;  McCloske y an d Watkins ,  1978 ; 
Rock ,  1983) .  Roc k postulate s tha t  th e motio n detectio n syste m under -
estimate s th e velocit y o f  th e movin g object ,  an d th e "executiv e agency " 
the n use s th e erroneou s velocit y estimatio n t o calculat e wher e al l  th e 
point s o f  th e figur e shoul d b e i f  the y wer e al l  visible .  Presumably ,  i n 
Rock' s theory ,  sinc e missin g part s o f  th e figur e shoul d b e i n a  particula r 
location ,  the y ar e see n i n tha t  location .  I n ou r  view ,  thi s beg s th e 
centra l  question .  A  majo r  functiona l  differenc e betwee n th e tw o model s 
ca n b e frame d i n thes e terms :  computation s an d representationa l  processe s 
i n th e retinoi d mode l  ar e loca l  an d non-inferential ,  whil e i n th e Roc k 
model  the y ar e globa l  an d inferentia l  a t  th e leve l  o f  th e unexplicate d 
"executiv e agency" . 
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. 

Figur e 6 .  (Top )  Scree n wit h triangula r  apertur e throug h whic h a  par t 
of  th e stimulu s patter n (circl e wit h vertica l  line )  ca n b e seen .  (Bottom ) 
Appearanc e o f  pendulu m illusio n whe n stimulu s i s move d horizontall y bac k 
and fort h a t  approximatel y 2  cycles/sec . 

The following demonstration tests the adequacy of a local versus 
globa l  explanatio n o f  SMTT an d support s th e superiorit y o f  th e retinoi d 
model  ove r  Rock' s homunculus .  I f  a  figur e wer e t o oscillat e behin d a 
triangula r  apertur e instea d o f  a  rectangula r  slit ,  th e Roc k mode l  woul d 
predic t  onl y th e usua l  perceive d contractio n alon g th e axi s o f  motio n 
wit h n o othe r  perceptua l  distortio n relate d t o th e shap e o f  th e aperture . 
The dynamic s o f  th e retinoi d model ,  o n th e othe r  hand ,  take s accoun t  o f 
th e chang e i n th e numbe r  o f  autapti c cell s collinea r  wit h th e directio n 
of  stimulu s motio n whic h ar e directl y expose d t o retina l  stimulatio n a s 
a functio n o f  th e triangula r  shap e o f  th e aperture .  Thi s mode l  predict s 
tha t  horizonta l  translatio n rat e ove r  th e retinoi d surfac e shoul d increas e 
fro m th e ape x t o th e bas e o f  th e triangula r  aperture .  Thus ,  a  figur e 
whic h i s movin g bac k an d fort h shoul d b e see n t o b e swingin g i n pendula r 
fashio n a s thoug h pivotin g nea r  th e ape x o f  th e triangula r  opening .  I n 
fact ,  thi s pendulu m illusio n ca n b e clearl y see n wit h simpl e materials . 
Usin g a  heav y blac k line ,  dra w nea r  th e to p o f  a  stri p o f  whit e cardboar d 
a circl e approximatel y 2 5 mm i n diamete r  wit h a  vertica l  lin e throug h 
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it s center .  I n a  shee t  o f  gra y cardboard ,  cu t  ou t  a n isoscele s triangl e 
approximatel y 3 0 mm hig h an d 1 5 mm wide .  Holdin g th e gra y cardboar d 
scree n a t  norma l  readin g distance ,  positio n th e circl e o n th e whit e stri p 
behin d th e triangula r  apertur e an d slid e i t  laterall y bac k an d fort h a t 
a rat e o f  abou t  2  cycles/se c (takin g car e t o mov e th e circl e beyon d th e 
apertur e i n eac h direction .  I f  th e cente r  o f  th e cutou t  i s fixated ,  a n 
egg-shape d figur e wil l  b e perceive d swingin g lik e a  pendulu m withi n th e 
apertur e (se e Fig .  6 ) .  Th e apparen t  contractio n o f  th e figur e alon g th e 
axi s o f  motio n occur s becaus e th e rat e o f  translatio n o n th e retinoi d i s 
les s tha n th e veridica l  rat e o f  stimulu s motion .  Moreover ,  th e rat e la g 
i s greate r  a t  th e ape x o f  th e windo w tha n a t  th e base ,  whic h account s 
fo r  th e egg-shape d transformatio n o f  th e circle .  Thu s th e retinoi d mode l 
correctl y predict s a  comple x illusio n whic h shoul d no t  occu r  accordin g 
t o Rock' s theory . 
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