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On th e Evolutio n o f  a  Visua l  Percep t 

John Thelos and Stephen T. Morgan 
Departmen t  o f  Psycholog y 

Universit y o f  Wisconsin ,  Madison ,  WI  5370 6 

Abstract. Human processing systems face a continual challenge of 
extractin g onl y th e mos t  importan t  informatio n fro m th e environment , 
resultin g i n awarenes s o f  som e bu t  no t  al l  o f  th e availabl e Information . 
The? curren t  stud y investigate s th e psychophysica l  determinant s o f 
awareness .  I t  examine s th e hypothesi s tha t  relativ e energ y leve l  o f  a 
stimulu s i s th e critica l  facto r  i n determinin g wha t  come s t o 
consciousness .  I n Experiment s 1  an d 3  tw o conceptuall y incompatibl e 
stimul i  (on e lexical ,  on e pictorial )  ar e presente d successivel y i n th e 
same positio n o f  a  tachistoscop e fo r  onl y 1  mse c each ,  wit h a  zer o 
interstimulu s interval .  Observer s repor t  seein g on e o r  th e other ,  o r 
nothin g a t  all ,  a t  a  more-or-les s chanc e leve l  whe n th e stimulu s 
duration s ar e equal .  A s soo n a s on e stimulu s i s give n a s littl e a s one -
quarte r  t o one-hal f  a  millisecon d mor e duratio n tha n th e other ,  th e 
longe r  stimulu s i s reporte d o n 68 % t o 84 % o f  th e tes t  trials .  I n 
Experimen t  2  a n advantag e fo r  wor d perceptio n a t  thes e lo w energ y level s 
was investigate d an d measured .  Th e result s o f  thes e experiment s indicat e 
tha t  extremel y smal l  difference s i n duratio n (abou t  .2 5 o r  .5 0 msec )  wer e 
sufficien t  t o brin g on e concep t  t o th e consciousnes s o f  th e observe r  a t 
th e expens e o f  th e other .  Smal l  stimulu s intensit y difference s wer e 
investigate d i n Experimen t  4 ,  yieldin g simila r  results .  Th e result s ca n 
be accounte d fo r  b y contemporar y parallel-distributed-processing , 
connectionis t  networ k model s o f  perceptio n an d cognitio n whic h us e a 
winner-take-al l  decisio n rule . 

Experiment 1: The Complete Time Course of the 
Evolutio n o f  a  Percep t 

Humans, as information processors, are faced with the challenge of 
continuall y gleanin g informatio n fro m th e world .  A s th e environmen t 
offer s a n infinit e amoun t  o f  information ,  th e tas k o f  th e processin g 
syste m i s t o sufficientl y an d efficientl y extrac t  onl y wha t  i s mos t 
important .  I n thi s regard ,  w e experienc e awarenes s o f  an y particula r 
stimulu s onl y a t  th e expens e o f  other ,  competin g stimuli .  A n obviou s 
questio n t o aris e i s "Wha t  ar e th e determinant s o f  awareness? "  What  i s 
i t  tha t  cause s som e informatio n t o ris e t o consciousness ,  whil e othe r 
informatio n doe s not ? Th e purpos e o f  thi s pape r  i s t o investigat e thi s 
Issue .  Th e experimenta l  paradig m use d i s t o presen t  tw o conflictin g 
stimul i  withi n th e sam e uni t  o f  psychologica l  time ,  an d manipulat e th e 
variabl e o r  variable s whic h determin e th e resolutio n o f  th e conflict .  I n 
short ,  w e wis h t o discove r  th e variable s whic h ar e critica l  i n 
determinin g th e evolutio n o f  a  percep t  fro m sensor y stimulatio n t o 
consciou s cognition . 

Connectionis t  Networ k Model s wit h a  Wlnner-Take-al l  Decisio n 
Rule .  Parallel-distributed-processing ,  connectionis t  models  provid e a 
framewor k o f  conceptualizin g visua l  processin g I n whic h informatio n i s 
represente d withi n a  networ k o f  interactiv e nodes .  When tw o conceptuall y 
incompatibl e stimul i  ar e presente d i n th e sam e smal l  uni t  o f 
psychologica l  time ,  i t  i s  likel y tha t  th e tw o concept s may no t  reac h 
consciousnes s simultaneousl y sinc e consciousnes s require s th e 
participatio n o f  th e entir e system .  I f  multipl e concept s ar e presente d 
t o a n observe r  a t  a  singl e poin t  i n time ,  th e outcom e may b e likene d t o a 
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massivel y paralle l  rac e throug h th e lower-orde r  level s t o a  limite d 
capacity ,  hig h order ,  cognitio n o r  consciousness .  What  i s propose d her e 
i s tha t  whe n tw o conceptuall y Incompatibl e stimul i  ar e presente d i n th e 
same perceptua l  moment ,  bot h stimul i  wil l  activat e thei r  lo w leve l 
representation s withi n th e system .  A s thes e representation s i n tur n 
activat e highe r  levels ,  th e processin g capacit y o f  th e syste m become s 
more an d mor e limited .  A t  som e poin t  ther e i s a  bottlenec k I n whic h onl y 
one concep t  may b e represented .  Th e "challenge "  t o th e competin g 
concept s i s t o ge t  throug h th e lowe r  level s quickl y i n orde r  t o arriv e 
firs t  a t  th e poin t  o f  th e bottleneck ,  an d thu s captur e contro l  o f 
attentio n o r  consciousness .  I n thi s "rac e fo r  awareness "  wha t  facto r  i s 
critical ? Th e hypothesis  unde r  consideratio n i s tha t  i t  i s  th e energ y o f 
th e stimul i  whic h wil l  determin e th e victor .  An d t o th e victor ,  goe s th e 
spoil s -  consciou s awareness .  A s Bloch' s la w describe s energ y a s 
intensit y time s duration ,  whicheve r  stimulu s i s presente d fo r  a  slightl y 
longe r  time ,  o r  a t  a  slightl y highe r  intensit y shoul d hav e a  highe r 
probabilit y  o f  capturin g th e awarenes s o f  a n observer . 

Method .  Th e stimul i  wer e th e concept s UP ,  DOWN,  LEFT ,  an d RIGHT . 
Each tria l  consiste d o f  presentin g bot h a  wor d an d arrow s pointin g i n on e 
of  th e thre e directions  no t  represente d b y th e word .  Experimenta l 
condition s manipulate d th e targe t  positio n (firs t  o r  second) ,  targe t  typ e 
(picture ,  word) ,  an d targe t  duration .  Th e "target "  wa s th e stimulu s 
whose duratio n wa s manipulate d o n an y particula r  tes t  sequence ,  an d th e 
"standard "  wa s th e stimulu s whic h wa s hel d a t  a  constan t  duratio n o f  on e 
millisecond .  Targe t  duratio n wa s the n raise d i n increment s o f  .2 5 ms fo r 
eac h successiv e tes t  presentation ,  whil e duratio n o f  th e standar d 
stimulu s remaine d constan t  a t  1  ms .  Eac h tria l  sequenc e continue d unti l 
th e observe r  correctl y reporte d th e targe t  thre e time s i n a  row .  On th e 
firs t  tria l  o f  eac h sequenc e th e tw o stimulu s concept s wer e presente d fo r 
onl y .2 5 an d 1  ms ,  respectively .  Th e interstimulu s interva l  fo r  al l 
trial s wa s zero .  Th e observer' s tas k wa s merel y t o identif y wha t  wa s 
presented .  I f  th e observe r  reporte d no t  knowing ,  h e wa s force d t o guess . 
On successiv e tes t  trials ,  th e targe t  duratio n wa s the n raise d i n 
increment s o f  .2 5 ms unti l  th e observe r  correctl y identifie d th e concep t 
on thre e successiv e presentations . 

Results .  Th e result s o f  thi s experimen t  may b e see n i n Figur e 1 . 
When th e targe t  i s presente d a t  .2 5 ms ,  an d th e standar d i s presente d fo r 
1 ms ,  observer s neve r  repor t  th e target .  As  th e targe t  duratio n i s 
increase d t o .50 ,  .7 5 an d the n t o 1  ms ,  recognitio n o f  th e targe t 
increase s t o proportion s o f  .035 ,  .138 ,  an d .392 .  When th e targe t 
duratio n i s 1.2 5 ms (onl y .2 5 ms longe r  tha n th e duratio n o f  th e 
standard) ,  i t  ca n b e see n tha t  targe t  recognitio n increase s dramaticall y 
t o a  mea n proportio n o f  .677 .  When th e targe t  duratio n i s 1. 5 ms ,  hal f  a 
millisecon d longe r  tha n th e standard ,  th e probabilit y  o f  reportin g th e 
targe t  i s .84 .  Probabilit y  o f  reportin g th e targe t  continue s t o increas e 
steadil y a s duratio n increases ,  unti l  i t  asymptote s a t  1.0 ,  perfec t 
recognition ,  a t  a  2  ms difference .  What  w e hav e her e i s a  complet e 
psychometri c recognitio n functio n whic h goe s fro m 0  t o 1.0 0 i n a  stimulu s 
differenc e domai n coverin g onl y 2  ms ,  - 1 t o ^ 1 ms .  Thi s i s clos e t o a 
ste p function . 

Experiment 2: Measuring the Unconditional 
Word Advantag e 

This experiment explores the advantage of recognition for words over 
recognitio n fo r  les s familia r  pictoria l  stimuli .  Th e experimenta l 
paradig m o f  Experimen t  1  wa s used ,  mutati s mutandis .  B y presentin g word s 
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and arrow s a t  a n equa l  duratio n o n th e firs t  tria l  o f  eac h sequence ,  i t 
was hope d t o ge t  a n unconditiona l  measur e o f  recognitio n difference s 
base d o n stimulu s surfac e structure .  Recognitio n woul d b e relativel y 
unaffecte d b y an y immediatel y precedin g perceptua l  event s o r  sequence s o f 
responses . 

Method .  Si x observer s wer e used .  Al l  aspect s o f  Experimen t  2  wor e 
identica l  t o Experimen t  1  excep t  th e manipulatio n o f  targe t  duration .  O n 
th e firs t  tria l  i n ever y tes t  sequenc e i n Experimen t  2  bot h stimulu s 
concept s wer e presente d fo r  1  ms each .  O n successiv e trials ,  targe t 
duratio n wa s raise d i n increments  o f  . 5 ms .  Th e standar d remaine d a t  1 
ms throughou t  th e entir e tes t  sequence . 

Results .  A t  a  zer o differenc e i n stimulu s duratio n betwee n targe t 
and standard ,  observer s repor t  th e targe t  stimulu s a t  a  proportio n o f 
.28 .  Th e fac t  tha t  thi s valu e i s s o lo w indicate s tha t  wit h equa l 
durations ,  eac h stimulu s i s maskin g th e othe r  somewhat .  When ther e i s as 
littl e a s a  one-hal f  a  millisecon d differenc e i n th e stimulu s durations , 
observer s repor t  th e stimulu s wit h th e greate r  duratio n a t  a  proportio n 
of  .69 .  Th e proportio n o f  reportin g th e longe r  duratio n stimulu s rise s 
as th e targe t  duratio n increase s unti l  i t  asymptote s a t  1. 0 betwee n a  2 .  »" > 
and 3  ms differenc e i n stimulu s durations .  Figur e 2  show s th e effec t  o f 
targe t  modality .  I t  ca n b e see n tha t  wor d identificatio n ha s a n 
advantag e ove r  analogica l  patter n recognition .  A t  th e zer o differenc e 
condition ,  observer s correctl y reporte d th e wor d targe t  a t  a  proportio n 
of  .44 .  Thi s may b e compare d t o a  .1 3 proportio n o f  correctl y reportin g 
th e pictoria l  stimul i  a t  th e sam e equa l  exposur e duratio n condition . 
Thi s valu e i s a t  th e chanc e leve l  o f  on e correc t  gues s ou t  o f  eigh t 
possibilities .  Thus ,  th e wor d stimul i  completel y maske d th e pictoria l 
stimul i  whe n th e tw o exposur e duration s wer e equal .  Th e differenc e i n 
recognizabilit y  o f  thes e tw o stimul i  diminishe s a s targe t  duratio n 
increases .  Th e psychometri c function s fo r  bot h conditions  reac h a n 
asymptot e o f  nea r  100 % targe t  recognitio n a t  simila r  duratio n difference s 
betwee n targe t  an d standard ,  approximatel y 2  ms .  Targe t  positio n (order ) 
had n o effect . 

Discussion .  Th e result s o f  thes e tw o experiment s strongl y sugges t 
tha t  th e energ y valu e o f  a  stimulu s play s a  crucia l  rol e i n th e evolutio n 
of  a  visua l  percept .  I n thes e experiment s w e manipulate d stimulu s energ y 
by varyin g exposur e duration .  I t  ha s bee n show n tha t  a n exposur e 
duratio n differenc e o f  a s littl e a s .2 5 o r  .5 0 ms betwee n tw o contiguous , 
successivel y presente d stimul i  i s  enoug h fo r  th e slightl y longe r  stimulu s 
t o captur e th e observer' s attentio n o r  awareness .  Moreover ,  thi s effec t 
has bee n demonstrate d t o hol d tru e regardless  o f  whethe r  th e longe r 
stimulu s i s presente d firs t  o r  second ,  o r  whethe r  i t  i s  a  pictur e o r  a 
word . 

Experiment 3: Psychophysical Method of Constant Stimuli 

In Experiments 1 and 2 the psychophysical method of ascending limits 
was used .  On an y give n tes t  sequence ,  th e targe t  an d standar d stimul i 
remaine d i n th e tachistoscop e fo r  a s man y trial s a s neede d unti l  th e 
observe r  consistentl y reporte d th e targe t  o n thre e consecutiv e trials . 
I t  coul d b e argue d tha t  observer s may hav e bee n aggregatin g featura l  an d 
semanti c informatio n fro m on e tria l  t o th e next .  Thi s argumen t  coul d b e 
made i n spit e o f  th e fac t  tha t  o n th e earl y trial s o f  a  tes t  sequenc e th e 
observer s wer e unawar e o f  th e targe t  an d unabl e t o repor t  it .  I f  so , 
the y coul d hav e bee n buildin g u p a  menta l  prototyp e o f  wha t  th e targe t 
was befor e the y recognize d it .  I f  thi s wa s th e case ,  the n th e 
recognitio n threshol d values  (th e points  a t  whic h th e observer s switche d 
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fro m seein g an d reportin g th e standar d t o seein g an d reportin g th e 
target )  may b e lowe r  tha n th e "true "  objectiv e threshol d values .  I n 
Experimen t  3 ,  i n orde r  t o mak e sur e th e observe r  coul d no t  aggregat e 
informatio n fro m on e tes t  tria l  t o th e enxt ,  w e switche d fro m a n 
ascendin g metho d o f  limit s procedur e t o th e metho d o f  constan t  stimul i  i n 
whic h th e tes t  stimulu s pair s wer e chose n a t  rando m o n eac h trial .  Here , 
informatio n o n successiv e tes t  trial s ar e Independent ,  an d an y stimulu s 
information ,  consciou s o r  unconscious ,  th e observe r  may hav e picke d u p o n 
one tes t  tria l  coul d no t  possibl y b e o f  systemati c hel p o n th e nex t  tes t 
trial . 

Method .  Fou r  observer s wer e used .  Al l  aspect s o f  Experimen t  3  wer e 
identica l  t o Experimen t  1  excep t  tha t  th e psychophysica l  metho d o f 
constan t  stimul i  wa s used .  Th e standar d wa s presente d fo r  1  ms ,  bu t  th e 
exposur e duratio n o f  th e targe t  wa s variable ,  rangin g fro m . 5 ms t o 2  ms , 
i n step s o f  .2 5 ms .  Th e interstlmulu s interva l  betwee n th e targe t  an d 
th e standar d wa s zer o msec .  Randomly ,  fro m tes t  tria l  t o tes t  trial ,  th e 
targe t  coul d b e presente d firs t  o r  th e standar d coul d b e presente d first . 
Also ,  randoml y fro m tria l  t o trial ,  th e targe t  coul d b e a  wor d o r  a 
pictoria l  analog .  Fo r  an y give n tes t  serie s o f  4 8 trials ,  th e targe t 
exposur e duratio n wa s choose n a t  random ,  an d the n eac h o f  th e 1 2 pair s o f 
tes t  stimul i  wer e randoml y (withou t  replacement )  teste d a t  tha t  targe t 
duratio n i n bot h stimulu s order s an d stimulu s modalities . 

Results .  Th e result s o f  Experimen t  3  usin g rando m presentatio n o f 
stimulu s pair s wer e almos t  exactl y th e sam e a s th e result s o f  Experimen t 
1 usin g th e ascendin g metho d o f  limits . 

Experiment 4: Effect of Differential Intensity Contrast on 
Recognlzabllit y 

In our discussion of the results we have talked about relative 
stimulu s energ y bein g th e decidin g facto r  i n determinin g wha t  th e 
observe r  cognitivel y sees .  However ,  i n ou r  firs t  thre e experiment s w e 
hav e onl y varie d exposur e duratio n differences ,  knowin g Block' s La w o f 
"Energ y i s equa l  t o intensit y time s duratio n i n a n interva l  u p t o 10 0 
msec. "  I n Experimen t  4  w e reduc e th e standar d stimulu s intensit y i n 
half ,  bu t  increas e it s duratio n t o 2  ms ,  yieldin g a  standar d o f  th e sam e 
subjectiv e brightnes s a s i n th e firs t  thre e experiments .  The n w e var y 
th e intensit y o f  th e 2  ms duratio n targe t  fro m thre e smal l  brightnes s 
unit s belo w th e standar d t o thre e smal l  brightnes s unit s abov e th e 
standard .  A t  eac h intensit y differenc e w e us e th e metho d o f  constan t 
stimuli . 

Method .  Fiv e observer s wer e use d i n thi s study .  Experimen t  4  wa s 
simila r  t o Experimen t  3  excep t  fo r  constan t  exposur e duration s an d th e 
manipulatio n o f  stimulu s intensity .  Th e duratio n o f  bot h th e standar d 
and targe t  wer e fixe d a t  2  ms each .  Th e intensit y o f  th e standar d wa s 
set  a t  th e midrang e valu e o f  ou r  tachistoscope ,  8. 4 cd/m ^  fo r  al l  tes t 
trials .  I n Experimen t  4  th e targe t  wa s presente d a t  a n intensit y valu e 
of  4.2 ,  5.6 ,  8.4 ,  13.1 ,  o r  20. 5 cd/m^ . 

Results .  Th e result s o f  thi s experimen t  may b e see n i n Figur e 3 . 
When th e targe t  wa s presente d a t  4. 2 cd/m^ ,  an d th e standar d wa s 
presente d fo r  8. 4 cd/m'̂ ,  th e observer s neve r  reporte d th e target .  A s th e 
targe t  intensit y i s Increase d t o 5. 6 an d the n t o 8. 4 cd/m^ ,  recognitio n 
of  th e targe t  increase s t o proportion s o f  .16 7 an d .555 .  Thus ,  observer s 
ar e a t  a  chanc e leve l  i n reportin g th e targe t  whe n th e duratio n an d 
intensit y o f  th e targe t  an d standar d ar e exactl y equal .  When th e targe t 
intensit y i s 13. 1 cd/m' ^  (onl y on e brightnes s uni t  abov e th e intensit y 
leve l  o f  th e standard) ,  targe t  recognitio n increase s dramaticall y t o a 
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mean proportio n o f  .883 .  When th e targe t  intensit y i s increase d t o 20. 5 
cd/m^ ,  onl y tw o unit s brighte r  tha n th e standard ,  th e probabilit y  o f 
reportin g th e targe t  i s almos t  perfect ,  .977 .  Again ,  wha t  w e hav e her e 
i s a  complet e psychometri c recognitio n functio n whic h goe s essentiall y 
fro m 0  t o 1.0 0 i n a n intensit y differenc e domai n startin g a t  4. 2 cd/m ^ 
and goin g t o 20. 4 cd/m '  i n onl y fou r  equa l  brightnes s steps . 

Discussion .  B y investigatin g processin g i n th e 1  t o 2  ms stimulu s 
onse t  asynchron y rang e w e hav e don e awa y wit h encumberin g phenomen a suc h 
as centra l  patter n maskin g whic h clou d th e issu e a t  hand .  We believ e w e 
hav e Investigate d th e psychophysica l  determinant s o f  consciousnes s i n a 
most  fundamenta l  sense .  A s a  resul t  o f  th e presen t  investigations ,  th e 
clai m ca n b e mad e tha t  a t  th e mos t  basi c leve l  i t  i s  stimulu s energ y 
whic h i s th e critica l  determinin g facto r  i n perception .  Th e longer , 
brighter ,  stronger ,  larger ,  an d lowe r  spatia l  frequenc y environmenta l 
event s ar e thos e tha t  ten d t o captur e th e awarenes s o f  a n observer . 
Thes e highe r  energ y stimul i  (bot h forwardl y an d backwardly )  mas k thei r 
temporall y equivalen t  bu t  weake r  cohor t  stimuli .  I f  ther e ar e multipl e 
stimul i  availabl e i n th e sam e smal l  perceptua l  moment ,  the n a n energ y 
advantag e o f  eve n th e slightes t  degre e may b e enoug h t o allo w th e 
evolutio n o f  an y particula r  percep t  a t  th e expens e o f  th e others  i n th e 
same smal l  psychologica l  tim e frame .  A  theoretica l  microstructur e ca n b e 
give n b y an y numbe r  o f  contemporar y connectionis t  networ k model s o f  huma n 
informatio n processing .  Low-leve l  featura l  informatio n extracte d fro m 
th e inpu t  stimulu s i s assume d t o activat e subsequen t  interna l 
representations ,  whic h ar e o f  increasingl y highe r  an d highe r  orders .  I n 
thi s manner ,  featura l  informatio n provide d b y a  stimulu s evolve s int o a 
stat e o f  a  high-leve l  conceptualizatio n a s i t  flow s throug h th e neura l 
net ,  bein g augmente d i n som e area s an d meetin g resistenc e o r  inhibitio n 
i n others .  A s awarenes s o f  a  concep t  i s represente d a s a  patter n o f 
activatio n i n th e syste m a t  th e highes t  level ,  enlistin g th e 
participatio n o f  th e syste m a s a  whole ,  n o tw o conceptuall y incompatibl e 
concept s may b e full y activate d simultaneousl y withi n on e smal l 
psychologica l  moment  i n time .  Th e interpretatio n give n t o th e presen t 
result s i s tha t  th e featura l  informatio n fro m bot h ou r  tes t  stimul i  i s 
extracte d fro m th e persisting ,  doubl y expose d visua l  icon .  As 
informatio n i s sen t  o n fo r  higher-orde r  analysis ,  processin g resource s 
become mor e limited .  A t  som e poin t  ther e i s a  bottlenec k (perhap s Jus t 
befor e th e poin t  o f  consciousness )  whic h allow s a n awarenes s o f  onl y on e 
of  th e tw o presente d concepts .  Withi n thi s interpretation ,  th e firs t 
stimulu s t o reac h th e bottlenec k i s th e stimulu s o f  whic h th e observe r 
becomes consciousl y aware .  Therefore ,  th e situatio n may b e though t  o f  a s 
a struggl e betwee n th e tw o stimul i  t o ge t  t o th e poin t  o f  th e bottlenec k 
first ,  an d thereb y captur e attentio n an d consciou s awareness .  What  i s 
th e critica l  facto r  i n determinin g th e outcom e o f  thi s sensor y struggle ? 
The presen t  experiment s hav e provide d evidenc e tha t  i t  i s  th e energ y 
contras t  leve l  o f  a  stimulus ,  relativ e t o th e competitio n whic h ca n 
provid e th e "winnin g edge" .  What  i s remarkabl e i s th e tremendous 
influenc e ver y smal l  energ y difference s see m t o have .  Smal l  Intensit y 
difference s an d duratio n difference s o f  les s tha n a  thousandt h o f  a 
secon d ca n swa y th e outcom e o f  thi s perceptua l  competitio n i n eithe r 
direction .  I n summary ,  giv e me a  hal f  a  millisecond ,  an d I  wil l  chang e 
you r  mind . 
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'igur e 1  .  Targe t  detection ,  Exp .  1 . 
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flSureJ_ .  Lexica l  vs .  Analogica l  recognition ,  Exp .  2 . 
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"î ur c 3  •  Targe t  recognition ,  Exp .  4 . 
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