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Abstrac t 

The mere exposure effect, in which subjects prefer items they 
hav e previousl y bee n expose d t o ove r  unexpose d items ,  i s 
explaine d a s th e effec t  o f  competitiv e learnin g i n a 
connectionis t  network .  Thi s typ e o f  unsupervise d learnin g 
wil l  caus e th e networ k t o respon d mor e strongl y t o pattern s o n 
whic h i t  ha s bee n trained .  I f  i t  i s assume d tha t  positiv e affec t 
i s  proportiona l  t o tota l  activation ,  the n th e mer e exposur e 
effec t  i s a  direc t  consequenc e o f  thi s process .  Th e additio n o f 
a habituatio n rule ,  wit h a  dishabituatin g recover y element ,  ca n 
als o explai n factor s whic h reduc e o r  enhanc e th e effect . 
Thes e includ e th e effec t  o f  exposur e count ,  displa y 
presentatio n sequence ,  th e complexit y o f  th e patterns ,  th e 
effec t  o f  a  dela y afte r  presentation ,  an d finally ,  th e effect s o f 
varyin g exposur e duration .  I n th e cas e o f  thi s las t  factor ,  i n 
additio n t o showin g tha t  ver y shor t  exposur e duration s ca n 
enhanc e th e effect ,  th e mode l  reveal s wh y i t  ma y b e possibl e 
t o respon d positivel y t o a  stimulu s tha t  on e canno t  recal l 
perceiving . 

Introduction 

The repeated presentation of an unreinforced and 
unclassifie d stimulu s wil l  caus e subject s t o prefe r  thi s 
stimulu s ove r  unexpose d stimuli ;  thi s i s know n a s th e mer e 
exposur e effec t  (Zajonc ,  1968) .  Thi s effec t  i s  perhap s th e 
most  robus t  i n th e literatur e o n aestheti c preference .  I t  ha s 
bee n foun d wit h a  numbe r  o f  stimulu s type s includin g 
nonsens e words ,  meaningfu l  words ,  Chines e chaiacters . 
photographs ,  music ,  an d peopl e (Harrison ,  1977) .  Bornstei n 
(1989 )  carrie d ou t  a  meta-analysi s o n 20 8 publishe d studie s 
on th e mer e exposur e effec t  betwee n th e year s 196 8 an d 
1987 .  H e foun d a  combine d significanc e o f  p  <  .0000(X)1 , 
and a  fail-saf e N  o f  33,047 .  Tha t  is ,  ther e woul d hav e t o b e 
thi s m a n y unpublishe d studie s wit h zer o effec t  siz e t o rende r 
th e combine d probabilit y  insignificant . 

I n additio n t o demonstratin g th e consistenc y o f  th e mer e 
exposur e effect ,  Bomstein' s analysi s reveale d a  numbe r  o f 
factor s whic h serv e t o enhanc e o r  reduc e th e siz e o f  th e 
effect .  Thi s pape r  wil l  trea t  fiv e o f  these : 
1)  N u m b e r  o f  exposure s 

Bornstei n foun d tha t  th e exposur e effec t  wa s reduce d i n 
studie s wit h larg e numbe r  o f  exposures .  A  numbe r  o f 
studie s hav e show n tha t  preferenc e i s a n inverte d U-shape d 
curv e a s a  functio n o f  exposur e count .  Fo r  example .  Kai l 
an d Freema n (1973 )  foun d a n increas e followe d b y a 
decreas e i n rate d attractivenes s o f  ideograph s a s a  functio n 
of  n u m b e r  o f  exposures .  Brentar ,  Neuendorf ,  an d 
Armstron g (1994 )  hav e foun d a  simila r  resul t  i n respons e t o 
songs .  Thi s i s consisten t  wit h th e c o m m o n patter n whereb y 

on e initiall y  play s a  newl y acquire d piec e o f  musi c a t  hig h 
frequency ,  bu t  on e find s one' s attractio n t o i t  declin e afte r 
many repeate d listenings .  Thes e result s indicat e tha t  i n 
additio n t o whateve r  i s causin g th e exposur e effect ,  som e 
sor t  o f  habituatio n eventuall y set s i n causin g th e preferenc e 
fo r  tli e over-expose d stimulu s t o decline . 
2)  Homogeneou s vs .  heterogeneou s displa y 

Berlyn e (1970 )  stresse d th e importanc e o f  th e presentatio n 
sequenc e i n determinin g th e siz e o f  th e exposur e effect . 
Homogeneous displa y consist s o f  exposin g a  subjec t  t o a 
give n stimulu s a  numbe r  o f  times ,  followe d b y th e th e 
presentatio n o f  th e nex t  stimulu s a  numbe r  o f  times ,  etc . 
Heterogeneou s displa y i s achieve d b y alternatin g th e stimul i 
durin g eac h exposure .  Berlyn e foun d tha t  heterogeneou s 
displa y create d a  large r  exposur e effect s wit h high -
frequenc y stimuli .  Bornstein' s (1989 )  meta-analysi s 
reveale d tha t  th e combine d homogeneou s experiment s 
yielde d n o exposur e effect ,  bu t  tha t  th e combine d 
heterogeneou s experiment s showe d a  highl y significan t 
effec t  (p<.0000001) . 
3)  Complexit y 

Berlyn e an d hi s  colleague s (1974 )  hav e stresse d th e 
importanc e o f  complexit y o n aestheti c preference .  I n 
particular ,  the y showe d tha t  whil e rating s o f  interestingnes s 
increas e wit h increasin g complexity ,  affectiv e rating s suc h 
as likin g for m a n inverte d U  a s a  functio n o f  thi s variable . 
The y als o demonstrate d tha t  comple x stimul i  exhibi t  a  les s 
stee p rise  i n affec t  a s a  functio n o f  exposure ,  an d Beriyn e 
(1970 )  ha s als o demonstrate d les s stee p decline s wit h 
comple x stimul i  a s a  functio n o f  exposure .  Bornstei n (1989 ) 
claim s tha t  si x o f  nin e .studie s hav e show n greate r  exposur e 
effect s wit h comple x stimul i  tha n wit h simpl e ones ,  tw o 
foun d n o difference ,  an d on e stud y favoure d simpl e stimuli . 
I n summary ,  ther e i s  s o m e suppor t  fo r  th e clai m tha t 
comple x stimul i  produc e stronge r  exposur e effects ,  althoug h 
may tak e mor e presentation s t o exhibi t  suc h effects . 
4)  Dela y afte r  exposur e 

Studie s directl y studyin g th e effec t  o f  dela y afte r  exposur e 
hav e produce d conflictin g result s (Harrison ,  1977 ; 
Bornstein ,  1989) .  However ,  Bornstein' s (1989 )  meta -
analysi s reveale d a  significan t  "sleeper "  effect .  Th e 
exposur e effec t  wa s greate r  i f  th e rating s wer e complete d 
afte r  al l  th e stimul i  wer e presented ,  rathe r  tha n immediatel y 
afte r  eac h stimulu s presentation .  A  force d dela y afte r  th e 
th e presentatio n o f  al l  stimul i  als o resulte d i n a  mor e 
consisten t  effec t  tha n immediat e ratings . 
5)  Exposur e tim e 

Bornstein' s (1989 )  meta-analysi s als o showe d tha t  th e 
exposur e effec t  i s  mor e consisten t  whe n stimul i  ar e briefl y 
presente d tha n whe n the y ar e presente d fo r  lon g period s o f 
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time .  Bornstei n an d D'Agostin o (1992 )  hav e teste d thi s 
hypothesi s directl y b y usin g stimul i  o f  5-m s an d 500-ms . 
As expected ,  th e forme r  produce d greate r  exposur e effects . 
I n addition ,  recognitio n rating s fo r  th e briell y  expose d 
stimul i  di d no t  diffe r  fro m chance .  Apparently ,  th e nici c 
exposur e effec t  ca n b e achieve d withou t  recognition ,  an d 
m ay eve n b e enhance d b y sublimina l  presentatio n 
(Bornstein ,  1989) .  Thi s i s discusse d furthe r  i n th e fina l 
discussion . 

An effec t  a s importan t  an d robus t  a s mer e exposur e ha s 
naturall y attracte d a  numbe r  o f  theoretica l  treatments .  Thre e 
of  thos e ar e no w briefl y discussed : 
1)  Opponen t  proces s model s 

Thes e model s propos e tw o affectiv e systems ,  positiv e an d 
negative ,  actin g i n oppositio n (Solomo n &  Corbit ,  1974) . 
The initia l  respons e t o a  nove l  stimulu s i s assume d t o b e 
negative .  Wit h repeate d exposur e an d greate r  familiarity , 
however ,  th e negativ e affectiv e respons e i s weakened , 
permittin g th e antagonisti c positiv e affectiv e syste m t o hav e 
greate r  inpu t  i n determinin g th e overal l  affectiv e state . 
Despit e som e evidenc e fo r  th e sor t  o f  reboun d effect s suc h a 
model  woul d predict ,  tw o problem s remain .  First ,  i t 
require s tha t  one' s initia l  respons e t o a  nove l  stimulu s 
invariabl y t o b e negative ,  whic h appear s prim a faci e t o b e 
false .  Second ,  i t  doe s little ,  i n itself ,  t o explai n th e fiv e 
variable s modulatin g th e effec t  describe d above . 
2)  Arousa l  model s 

Most  closel y associate d wit h D.E .  Berlyne ,  arousa l 
model s postulat e tha t  positiv e affec t  i s  a n inverte d U -
shape d curv e a s a  functio n o f  th e arousa l  potentia l  o f  th e 
stimulus .  Berlyn e (1971 )  suggeste d tha t  a  comple x 
stimulus ,  initiall y  somewher e t o right  o f  th e inflexio n poin t 
on thi s curve ,  become s subjectivel y les s comple x wit h 
repeate d exposures .  Hence ,  i t  become s mor e like d a s i t 
comes close r  t o th e ape x o f  th e inverte d U .  Thi s woul d als o 
explai n w h y simpl e stimul i  becom e les s well-like d wit h 
repeate d exposures .  However ,  th e mode l  doe s les s wel l  i n 
predictin g invers e relatio n betwee n exposur e duratio n an d 
th e siz e o f  th e exposur e effect ,  an d th e rol e o f  dela y o n th e 
effect ,  an d i t  i s  no t  clea r  h o w on e coul d operationaliz e th e 
model  t o incorporat e thes e auxiliar y effects . 
3)  Two-proces s model s 

Two-proces s model s sugges t  a  familiarit y effec t  i s 
counterbalance d b y a  habituatio n effec t  (Bornstein ,  1989) . 
Initially ,  exposur e t o a  stimulu s cause s i t  t o becom e les s 
threatening ,  an d therefor e preferre d t o a  large r  extent . 
However ,  eventuall y boredo m wil l  se t  in ,  causin g th e 
subjec t  t o los e interes t  i n th e n o w oved y familia r  item . 
Thus ,  on e ca n explai n th e eventua l  downtur n i n affectiv e 
respons e wit h repeate d presentations .  Th e tendenc y fo r 
homogeneou s presentation ,  an d lon g exposure s t o quas h th e 
effec t  ca n b e explaine d alon g simila r  grounds .  Dela y shoul d 
decreas e boredom ,  an d therefor e wil l  increas e th e exposur e 
effect .  Finally ,  presumabl y on e become s les s bore d wit h 
comple x stimul i  tha n wit h simpl e ones ,  explainin g th e effec t 
of  thi s variable . 

However ,  tw o problem s remain .  First ,  familiarity ,  whic h 
form s th e basi s fo r  th e firs t  proces s i n th e two-proces s 
theory ,  doe s no t  see m t o b e a  requisit e o f  th e mer e exposur e 
effec t  i n tha t  sublimina l  stimul i  caus e a n exposur e effect . 

and m a y b e superio r  t o supralimina l  stimul i  i n doin g s o 
(Bornstein ,  1989) .  Second ,  on e woul d lik e t o k n o w h o w t o 
operationaliz e th e notion s o f  familiarit y an d boredo m i n 
orde r  t o m a k e prediction s concernin g th e interaction s 
betwee n th e variou s modulatin g factors. .  Th e purpos e o f  thi s 
pape r  i s propos e a  two-proces s connectionis t  mode l  tha t 
meet s thes e objections . 

A Connectionist Model 

The model rests on two unsupervised learning rules. Thus, 
i t  i s consisten t  wit h th e fac t  tha t  mer e exposur e effec t  occur s 
i n th e absenc e o f  a  teacher .  I n addition ,  th e associativ e 
characte r  o f  th e propose d rule s i s consisten t  wit h th e fac t 
tha t  th e mer e exposur e effec t  i s  see n a s fa r  d o w n o n th e 
phylogeneti c scal e a s insect s (Bornstein ,  1989) .  Before , 
presentin g th e mode l  i n detail ,  however ,  a  mean s o f 
measurin g th e affectiv e respons e o f  th e mode l  mus t  b e 
proposed . 

The fundamenta l  assumptio n o f  thi s wor k i s tha t  positiv e 
affec t  i s a  monotoni c functio n o f  cortica l  activit y  Thus ,  thi s 
measur e contrast s wit h optima l  arousa l  theorie s (Berlyne , 
1970) ,  whic h propos e a  downtur n i n affec t  wit h over -
aiousal .  O n e justificatio n fo r  thi s measur e i s tha t  i t  i s 
consisten t  wit h th e traditiona l  aestheti c principl e o f  unit y i n 
diversit y (Martindale ,  1984) .  T h e m o r e competin g 
representation s th e networ k i s abl e t o maintain ,  th e highe r 
th e overal l  activit y o f  th e network .  Conversely ,  lo w activit y 
implie s eithe r  lo w diversit y i n th e inpu t  stimulu s o r  th e 
inabilit y  o f  th e networ k t o represen t  th e divers e aspect s o f  a 
comple x stimulu s a t  once .  1  hav e show n h o w thi s measur e 
i s usefu l  i n understandin g th e unificatio n o f  incongruitie s i n 
humourou s stimul i  (Katz ,  1993) ,  an d h o w i t  m a y b e use d t o 
measur e th e wort h o f  simpl e melodie s (Katz ,  1994) . 

The mer e exposur e effec t  follow s immediatel y fro m thi s 
premis e actin g i n conjunctio n wit h a n unsupervise d learnin g 
regim e suc h a s competitiv e leainin g (Rumelhart ,  &  Zipser , 
1986) .  Exposur e t o a  stimulu s cause s th e weight s t o realig n 
suc h tha t  futur e presentatio n o f  th e stimulu s wil l  provid e 
mor e activit y t o th e classificatio n layer .  Eventually ,  thi s 
realignmen t  result s i n super-threshol d activit y i n thi s layer , 
and th e organis m prefer s thos e stimul i  tha t  trigge r  suc h 
activit y ove r  thos e tha t  d o not .  A  habituatio n effec t  mus t  b e 
postulate d i n orde r  t o provid e fo r  th e eventua l  downtur n i n 
activit y wit h over-exposure . 

Figur e 1  show s h o w thes e tw o processe s interac t  i n th e 
propose d model .  Th e mode l  consist s o f  tw o layers ,  a n inpu t 
laye r  consistin g o f  a  gri d o f  units ,  an d a  classificatio n layer , 
consistin g o f  a  se t  o f  winner-take-al l  clu.sters .  Eac h suc h 
cluste r  consist s o f  excitator y connection s fro m unit s t o 
themselves ,  an d inhibitor y connection s t o al l  othe r  unit s i n 
th e cluster .  Excitator y connection s als o for m betwee n 
activ e unit s i n th e inpu t  laye r  an d activ e unit s i n th e 
competitiv e cluster s a s th e classificatio n proces s occurs . 
Inhibitor y connection s for m betwee n mutuall y activ e unit s 
i n th e inpu t  gri d t o for m a  novelt y filte r  (Kohonen ,  1987) . 
i.e. ,  a  sub-syste m whic h provide s mor e activit y t o nove l 
stimul i  an d les s t o frequentl y presente d stimuli .  Thi s filte r 
provide s th e habituatio n effec t  necessar y t o reduc e activit y 
provide d t o th e classificatio n layer . 
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The novelt y filler  i s governe d b y 

i n p u t  gr i d 

cluste r  1  cluste r  2 

classiflcation layer 

Figure 1. The model. Units in the input layer connect in 
an excitator y fashio n t o unit s i n th e classificatio n laye r 
(soli d lines) .  The y for m inhibitor y connection s betwee n 
themselve s t o for m a  novelt y filte r  (shaded  lines) . 

Learning between the input and classification layers is 
governe d b y th e competitiv e rul e 

Awi j  =  ^ 1 (a j  /  Z  a k )  [ a i / Z a i  -  Wi j  ] , (1 ) 

wher e Wi j  i s  th e weigh t  betwee n uni t  i  i n th e inpu t  laye r  an d 

uni t  j  i n th e classificatio n layer ,  a i  an d a j  ar e th e activitie s o f 

unit s  i  an d j  respectively ,  I  a ^  i s th e su m o f  th e activit y o f 

al l  th e unit s i n th e cluste r  o f  whic h j  i s a  member .  I  a i  i s th e 

su m o f  th e activitie s o f  al l  unit s i n th e inpu t  layer ,  an d l. \  i s 

th e learnin g rate .  Equatio n 1  reduce s t o th e discret e 
competitiv e rul e (Rumelhar t  &  Zipser ,  1986 ) 

Aw, j  = X i  [  1  / S a i  - w,. (2 ) 

when ther e i s onl y a  singl e winner ]  a t  ful l  activatio n (1.0 )  i n 
th e outpu t  laye r  (i.e. .  (a j  / 1 ak )  =  1) ,  an d whe n al l  inpu t 

unit s ar e als o a t  uni t  activation .  I t  i s  no t  possibl e t o us e 
Equatio n 2 ,  however ,  fo r  tw o reasons .  First ,  a  clea r  winne r 
must  emerg e graduall y i n eac h cluste r  i n orde r  t o simulat e 
th e gradua l  increas e i n activit y an d therefor e affec t  a s 
entaile d b y th e exposur e effect ;  selectin g a  singl e winne r 
artificiall y  woul d m e a n tha t  th e activit y i n th e classificatio n 
laye r  w a s constant .  Th e ter m (a j  /  Z  ak )  i n Equatio n 1 

accommoda te s th e "soft "  winner-take-all,  o r  contras t 
enhancemen t  competitiv e networ k whic h permit s multipl e 
activit y a t  relaxation .  Second ,  becaus e o f  th e novelt y filter, 
ful l  activit y canno t  b e guarantee d i n th e inpu t  layer .  Th e 
ter m (a i  /  laj )  i n Equatio n 1  maintain s constan t  learnin g 

despit e lowere d activit y i n th e inpu t  laye r  (thi s wil l  prov e 
importan t  fo r  lo w exposur e duration s discusse d i n sectio n 
3.5) . 

Aw, j  =  -  A. 2 aiaj _ 

Awj j  =  +X-i , 

when a i  an d a j  >  e ,  an d (3 ) 

otherwise . 

Th e first  par t  o f  Rul e 3  ensure s tha t  mutuall y activ e unit s 
for m a n anti-Hebbian ,  inhibitor y connection ,  causin g th e 

activit y o f  suc h unit s t o b e reduced .  Th e secon d par t  o f  th e 
rul e enable s th e .syste m t o dishabituat e whe n th e activit y o f 
thes e unit s ar c decoupled .  Thi s par t  o f  th e rul e i s fo r 
recover y fro m habituatio n only ;  weight s betwee n inpu t  unit s 
ai c no t  allowe d t o cree p abov e 0.0 . 

Relaxatio n i n th e networ k follow s th e typica l  networ k rul e 

wher e 

ai  =  S  (Iw, j  aj) . 

S ( x ) = l / ( U e - ( ' ' - 6 ) ^ ) , 

(4 ) 

(5 ) 

i s  th e sigmoi d outpu t  function .  Updat e i s accomplishe d 
asynchronousl y t o preven t  oscillatio n i n th e inpu t  laye r  an d 
th e competitiv e clusters . 

I n summary ,  unsupervise d learnin g i n th e networ k follow s 
tw o simpl e rules .  Th e classificatio n rul e i n Equatio n 1  i s 
essentiall y  a  normalize d Hebbia n rule ,  an d th e filte r  i n Rul e 
3 i s essentiall y  a n anti-Hebbia n rul e wit h a  restorativ e 
element .  I n th e followin g simulations ,  i t  wil l  b e show n tha t 
thes e rules ,  i n conjunctio n wit h th e assumptio n tha t  positiv e 
affec t  i s  proportiona l  t o th e amoun t  o f  activit y registere d b y 
th e classificatio n layer ,  provid e result s i n accor d wit h th e 
experimenta l  dat a associate d wit h th e mer e exposur e effect . 

Simulation Results 

Five sets of simulations are now presented, corresponding to 
th e five  mai n exposur e effect s describe d i n th e inttoduction . 
Excep t  wher e noted ,  th e followin g parameter s ar e i n force . 
Learnin g rate s i n Rule s 1  an d 3 ,  Xi ,  A,2 ,  an d ̂ 3 ar e al l  se t  t o 

0.2 ;  e  i n Rul e 3  i s se t  t o 0.001 .  Th e threshol d fo r  al l  unit s 9 
i s 0.9 ,  an d th e temperatur e T  i s 0.1 .  Thes e tw o paiameter s 
hel p ensur e tha t  onl y a  singl e winne r  emerge s i n eac h cluste r 
onc e learnin g ha s occurred .  Excitator y recuiren t  weight s i n 
th e competitiv e networ k ar e 0.5 ,  an d latera l  inhibitor y 
weight s ar e -0.5 .  Fiv e cluster s consistin g o f  fou r  unit s eac h 
ar e used .  Initia l  weight s betwee n layer s ar e se t  a t  rando m 
suc h tha t  th e su m o f  al l  weight s t o a  give n classificatio n uni t 
su m t o 1.0 .  Inpu t  stimul i  consis t  o f  randoml y generate d 
stimul i  o n a  5  b y 5  gri d wit h eac h gri d elemen t  havin g a 
5 0 % probabilit y  o f  bein g on .  Changin g th e parameter s 
withi n reasonabl e limit s doe s no t  alte r  th e qualitativ e for m 
of  th e result s t o b e presented . 

Simulation 1: Number of Exposures 

In this simulation, a single input was repeatedly exposed to 
th e network .  Th e grap h i n Figur e 2  sho w th e mea n activit y 
i n th e cluste r  laye r  a s a  functio n o f  th e numbe r  o f  exposure s 
wit h ful l  habituatio n (i.e. .  A.2, = A. 3 =  0.2 ,  a s usual )  an d fo r 

reference ,  n o habituatio n i n th e inpu t  laye r  (i.e. ,  A,2, = X- i  = 

0.0) .  Bot h curve s ai e th e average s o f  th e curve s obtaine d 
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ove r  1 0 trials .  Wit h n o habituation ,  th e exposur e effec t  i s 
monotonic ,  an d th e winnin g unit s i n th e classificatio n laye r 
asymptoticall y approac h 1. 0 a s th e weight s becom e aligne d 
t o th e inpu t  vectors .  A  simila r  effec t  ca n b e see n wl)c n 
habituatio n i s i n place ,  bu t  a t  afte r  6  exposure s th e activit y 
i n th e inpu t  laye r  cause s a  declin e i n activit y achieve d i n ih e 
classificatio n layer ,  asymptoticall y approachin g 0. 0 a s Ih e 
number  o f  exposure s increase .  Thus ,  i n c o m m o n wit h al l 
two-facto r  theories ,  th e networ k mode l  account s fo r  th e 
inverte d U  relatin g affec t  t o exposur e number .  Th e 
followin g fou r  section s sho w h o w providin g heterogeneou s 
display ,  increasin g stimulu s complexity ,  insertin g a  dela y 
afte r  exposure ,  an d decreasin g exposur e tim e ca n overcom e 
some o f  th e habituatio n t o provid e a  stronge r  o r  longe r 
lastin g exposur e effect . 

1. 0 n 

no habituatio n 

D — wit h habitaluatio n 

- A — heterogenou s 
" D — homogeneou s 

> 2  0.6 -

^ 

^ D - n - n - n - n - n 

5 7  9  1 1 

exposur e numbe r 

15 

Figur e 2 .  Mea n activatio n pe r  cluste r  fo r  a  singl e 
stimulu s a s a  functio n o f  exposur e number ,  wit h an d 
withou t  habituatio n i n place . 

Simulation 2: Homogeneous/Heterogeneous Display 

In this simulation, 5 input stimuli were presented to the 
networ k i n a  homogeneou s displa y sequenc e o r  a 
heterogeneou s displa y sequence .  I n th e forme r  case ,  a  give n 
stimulu s wa s presente d fo r  th e specifie d numbe r  o f 
exposures ,  followe d b y th e nex t  stimulu s presente d i n thi s 
manner .  Activit y i n th e classificatio n laye r  wa s measure d 
fo r  al l  5  stimul i  a t  th e en d o f  thi s sequence .  Heterogeneou s 
displa y mean t  tha t  stimul i  1- 5 wer e presente d sequentially , 
and thi s proces s wa s repeate d fo r  th e specifie d numbe r  o f 
exposures ,  afte r  whic h networ k activit y wa s measured .  Al l 
stimul i  wer e presente d i n th e sam e orde r  acros s 
presentation s i n bot h cases . 

Heterogeneou s an d homogeneou s displa y involv e equa l 
number s o f  presentation s o f  a  give n stimulu s fo r  a  give n 
exposur e number .  Despit e this ,  th e grap h i n Figur e 3  show s 
radicall y differen t  result s fo r  th e tw o presentatio n type s 
(eac h dat a poin t  represent s th e averag e o f  le n trials) .  I n 
accor d wit h th e huma n experimenta l  result s showin g tha i 
homogeneou s presentatio n yield s wea k exposur e effects . 
thes e dat a sho w a  smal l  exposur e effec t  fo r  lo w exposur e 
frequenc y an d the n a  declin e a s exposur e numbe r  increases . 

T wo factor s contribut e t o th e lac k o f  exposur e 
effec t  fo r  hig h frequenc y homogeneou s presentations .  First , 
successiv e presentatio n o f  a  singl e stimulu s result s i n 
habituation ;  thi s lower s th e activit y i n th e inpu t  laye r  fo r  th e 

3 5  7  9  1 1 1 3 1 5 

exposur e n u m b e r 

Figur e 3 .  M e a n activatio n pe r  cluste r  fo r  multipl e 
stimul i  a s a  functio n o f  presentatio n sequenc e an d 
exposur e number . 

last few stimuli presented. Earlier stimuli are able to 
recove r  fro m thi s habituatio n becaus e othe r  stimul i  ar e 
interpose d betwee n thei r  origina l  exposur e an d th e fina l  tes t 
of  thei r  activity .  However ,  becaus e o f  thi s interval ,  the y fal l 
pre y t o th e secon d factor .  Th e interpose d stimul i  wil l  shar e 
some o f  th e sam e winner s a s th e earlie r  stimuli ,  bu t  wil l 
caus e th e weight s t o b e realigne d i n accor d wit h thes e late r 
patterns .  Thi s lessen s th e respons e t o th e earlie r  stimuli . 
Heterogeneou s presentatio n counteract s thes e factor s b y 
permittin g th e dishabituatio n t o occu r  becaus e successiv e 
stimul i  wil l  hav e non-overlappin g features .  Furthermore , 
heterogeneou s presentatio n ensure s tha t  al l  stimul i  hav e 
bee n presente d a  relativel y shor t  tim e befor e testing , 
amelioratin g th e effec t  o f  th e secon d factor . 

Simulation 3: Complexity 

Stimulus complexity in this simulation was operationalized 
i n a  manne r  simila r  t o tha t  o f  Berlyn e (1974) .  Simpl e 
stimul i  ar e assume d t o diffe r  fro m eac h othe r  i n relativel y 
fe w ways ,  whil e comple x stimul i  diffe r  alon g a  numbe r  o f 
differin g features .  Fou r  level s o f  complexit y ove r  fiv e 
feature s wer e teste d here .  Th e first ,  simples t  leve l  wa s 
create d b y allowin g on e featur e t o tak e tw o possibl e 
equiprobabl e values ;  al l  th e othe r  feature s too k on e valu e 
only .  Thus ,  ther e wer e a  tota l  o f  2  possibl e stimuli ,  wit h a n 
uncertaint y o f  U  =  log(2 )  =  1  bit .  I n th e nex t  level ,  3 
feature s too k 2  possibl e values ,  th e othe r  2  feature s too k 
onl y on e value ,  resultin g i n a n uncertaint y o f  U  =  log(8 )  =  3 
bits .  Fo r  th e nex t  leve l  o f  complexity .  4  feature s too k 2 
value s resultin g i n a n uncertaint y o f  U  =  log(16 )  =  4  bits . 
The last ,  highes t  leve l  o f  complexit y consiste d o f  4  feature s 
takin g 2  values ,  an d 1  featur e takin g three ,  wit h a n 
uncertaint y o f  U  =  lo g (48 )  =  5.5 8 bits . 

Fiv e stimul i  wer e chose n accordin g t o a  give n complexit y 
leve l  an d presente d t o th e networ k i n a  heterogeneou s 
fashion .  Th e grap h i n Figur e 4  show s activit y i n th e 
classificatio n laye r  a s a  functio n o f  th e numbe r  o f  time s tha t 
thes e set s wer e presented .  I n accor d wit h th e experimenta l 
data ,  large r  exposur e effect s wer e foun d wit h highe r 
complexit y (hig h uncertainty )  stimulu s set s afte r  1 5 
presentation s o f  th e set .  Les s interstimulu s similarit y withi n 
a set ,  an d therefor e lowe r  habituatio n explain s thi s 
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Figure 4. Mean activation per cluster as a function of 
th e uncertaint y U  o f  th e stimulu s se t  an d exposur e 
number . 

result. Also in accord with experimental data, high 
complexit y initiall y  exhibite d a  les s stee p ris e i n activit y a s a 
functio n o f  exposur e number .  Thi s i s th e effec t  o f  lo w 
complexit y stimul i  sharin g mor e winner s becaus e the y ar e 
mor e similar ,  causin g a  faste r  ris e i n thi s curv e befor e 
habituatio n set s in .  I n orde r  t o exten d thes e result s t o 
experiment s wit h natura l  stimul i  suc h a s simpl e an d 
comple x piece s o f  music ,  i t  mus t  b e assume d tha t  th e ra w 
inpu t  i s transforme d int o featur e spac e befor e i t  i s  operate d 
on (se e Katz ,  199 4 fo r  a n exampl e o f  ho w exposur e effect s 
ca n b e demonstrate d wit h melodie s o f  varyin g complexity) . 

Simulation 4: Delay after exposure 

In this simulation, a single stimulus was presented 
repeatedl y t o th e network .  A  variabl e numbe r  o f  randoml y 
generate d stimul i  wer e the n presented ,  afte r  whic h th e 
networic' s respons e t o th e origina l  stimulu s wa s measured ,  t o 
simulat e a  dela y betwee n exposur e an d measuremen t  o f 
affect .  Figur e 5  show s thes e result s a s a  functio n o f  th e 
number  o f  dela y stimul i  an d th e numbe r  o f  presentation s o f 
th e origina l  stimulus ;  eac h dat a poin t  i s  th e averag e o f  te n 
trials .  Fo r  al l  thre e exposur e frequencies ,  ther e i s a  ris e i n 
networ k respons e a s a  functio n o f  th e delay .  Th e reaso n fo r 
thi s i s tha t  repeate d presentatio n o f  th e origina l  stimulu s 
result s i n habituation ,  bu t  th e dela y stimul i  resul t  i n 
dishabituation ,  restorin g th e inpu t  laye r  t o it s origina l 
response .  However ,  a s th e result s als o show ,  thi s restoratio n 
work s bes t  i f  th e origina l  stimulu s wa s no t  highl y over -
exposed .  Th e reaso n fo r  thi s i s  tha t  hig h exposur e result s i n 
a nea r  complet e dampenin g o f  inpu t  laye r  activity .  Thi s 
cause s n o clea r  winne r  t o emerge ,  an d therefor e affect s 
classificatio n learning .  Thes e result s d o no t  explai n th e fac t 
tha t  th e exposur e effec t  i s  augmente d b y mer e tim e dela y 
(Bornstei n 1989) ,  althoug h thi s coul d b e possibl y explaine d 
by a  passiv e dishabituatio n effect . 

Simulation 5: Exposure duration 

In the final simulation, activity in the classification layer 

initi a 

exposure s 

^ 

1 3  5  7  9  1 1 

n u m b er  o f  dela y stimul i 

Figure 5. Mean activation per cluster as a function of 
th e numbe r  o f  initia l  exposure s o f  a  singl e stimulu s an d 
th e numbe r  o f  subsequen t  dela y stimuli . 

is studied as a function of exposure duration. Five input 
pattern s wer e presente d i n homogeneou s sequenc e fo r  1 0 o r 
20 exposures .  Instea d o f  allowin g th e syste m t o relax ,  a s i n 
th e previou s simulations ,  thes e stimul i  wer e permitte d t o 
activat e th e networ k fo r  a  specifie d amoun t  o f  time .  Thi s 
tim e wa s measure d i n relaxatio n cycle s an d fraction s 
thereof .  I n th e cas e o f  fractiona l  relaxatio n cycles ,  th e 
activatio n valu e o f  a  uni t  wa s proportiona l  t o th e fractiona l 
value .  Fo r  example ,  a  unit' s  activatio n afte r  1. 4 cycle s wa s 
th e activatio n valu e afte r  a  singl e relaxatio n cycl e plu s 0. 4 
of  th e differenc e betwee n thi s valu e an d wha t  i t  woul d hav e 
bee n i f  2  relaxatio n cycle s ha d take n place .  Th e grap h i n 
Figur e 6  show s th e result s o f  measurin g classificatio n 
activit y afte r  th e networ k wa s expose d t o th e pattern s (th e 
networ k wa s allowe d t o rela x i n thi s testin g phase) ;  eac h 
dat a poin t  i s  th e averag e o f  te n trials .  I n accor d wit h th e 
experimenta l  data ,  bot h initia l  exposur e frequencie s sho w 
increase d activit y fo r  shorte r  exposur e times .  Lac k o f 
habituatio n make s th e lowe r  exposur e frequenc y 
presentatio n somewha t  mor e effective .  Thes e result s occu r 
becaus e shor t  exposur e duration s resul t  i n les s activit y i n th e 
inpu t  units ,  an d b y Rul e 3  les s habituation .  Learnin g i n th e 
normalize d competitiv e Rul e 1  i s no t  affecte d b y lo w 
activit y i n th e inpu t  layer .  Thus ,  lo w exposur e duratio n i s 
favoured .  However ,  learnin g wit h ver y lo w exposur e 
duration ,  thoug h resultin g i n highe r  activit y i n th e clusters . 
doe s no t  reliabl y produc e a  clea r  winner ,  whe n full y 
expose d t o th e origina l  pattern .  Thi s occur s becaus e th e 
contras t  enhancemen t  mechanis m provide d b y th e winner -
lake-al l  cluster s doe s no t  hav e tim e t o suppres s th e activit y 
of  th e losin g units ,  an d therefor e the y ar e subjec t  t o th e 
learnin g proces s i n additio n t o th e winner .  Thi s ofte n result s 
i n al l  unit s becomin g activ e i n a  cluste r  t o a  smal l  exten t 
when th e networ k i s expose d t o th e patter n i n th e tes t  pha.se ; 
thi s i s discusse d furthe r  i n th e nex t  section . 

Discussion 

In summary, two simple leaining rules, in conjunction with 
an activatio n measur e o f  affect ,  yiel d simulatio n result s 
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Figur e 6 .  Mea n activatio n pe r  cluste r  a s a  functio n o f 
th e exposur e duratio n fo r  tw o exposur e frequencies . 

in accord with the experimental data. The basic exposure 
effec t  occur s becaus e competitiv e learnin g cause s a  networ k 
t o b e mor e responsiv e t o stimul i  t o whic h i t  ha s bee n 
previousl y exposed .  Th e othe r  effects ,  includin g th e fal l  of f 
i n th e exposur e effec t  wit h over-exposure ,  th e greate r 
effectivenes s i n producin g th e effec t  o f  heterogeneou s vs . 
homogeneou s display ,  th e greate r  effectivenes s o f  comple x 
stimul i  vs .  simpl e stimuli ,  an d th e increas e i n th e effec t  wit h 
dela y an d lo w exposur e duratio n ca n b e explaine d b y 
competitiv e learnin g actin g i n conjunctio n wit h a  novelt y 
filter .  Th e networ k mode l  i s als o capabl e o f  makin g 
prediction s abou t  th e interaction s betwee n thes e variables , 
whic h i s no t  necessaril y  possibl e i n model s whic h ar e les s 
completel y specified . 

I n particular ,  th e mode l  ma y revea l  wh y exposur e t o 
sublimina l  stimul i  ca n produc e a n exposur e effec t  i n th e 
absenc e o f  recognition .  O n th e fac e o f  it ,  thi s i s a  strang e 
resul t  -  subject s ar e respondin g positivel y t o stimul i  the y 
hav e bee n expose d to ,  an d a t  th e sam e lim e claimin g the y 
hav e neve r  see n th e stimuli .  On e explanatio n i s tha t  tw o 
system s ar e subservin g perception ,  on e affective ,  an d on e 
cognitiv e (Zajonc ,  1980) ,  an d tha t  th e affectiv e syste m i s 
amenabl e t o sublimina l  effects ,  whil e th e cognitiv e on e onl y 
work s i n conjunctio n wit h awareness .  Th e mode l  propose d 
her e provide s a n alternativ e explanation .  Recal l  tha t  tha t 
lo w exposur e duratio n resulte d i n a n exposur e effect ,  bu t 
(ha t  i t  di d s o b y activatin g al l  unit s i n a  cluste r  t o a  smal l 
extent ,  rathe r  tha n producin g a  clea r  winner .  I t  i s  possibl e 
tha t  subject s sa y the y d o no t  recogniz e th e stimulu s becau.s e 
i t  doe s no t  produc e thes e winners ,  a s a  supra-limina l 
stimulu s would .  However ,  th e ne t  activit y i n thi s laye r  i s 
stil l  greate r  tha n fo r  a n unencountere d stimulus .  I n effect , 
th e war m glo w o f  affectiv e respons e occur s withou t 
Tilchener' s war m glo w o f  recognition . 
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