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Abstrac t 

This paper examines the tremendous similarities between 
th e Paralle l  Constrain t  Satisfactio n Processe s tha t  ar e a 
centra l  par t  o f  man y connectionis t  model s an d th e Gestal t 
principle s tha t  playe d a  centra l  rol e i n th e histor y o f 
Psychology .  Gestal t  Psycholog y playe d a  majo r  rol e i n a 
number  o f  area s i n psychology ,  suc h a s perception , 
reasonin g an d proble m solving ,  causa l  reasoning ,  an d man y 
key aspect s o f  socia l  psychology ,  suc h a s socia l  perception , 
grou p interaction ,  an d belie f  consistency .  Man y o f  th e ke y 
assumption s o f  Gestal t  Psycholog y hav e resurface d i n 
recen t  connectionis t  models .  W e propos e tha t  Paralle l 
Constrain t  Satisfactio n Processe s provid e a  computationa l 
implementatio n o f  man y o f  th e centra l  principle s o f  Gestal t 
Psychology .  I n thi s pape r  w e discus s th e clea r  parallel s 
betwee n eac h o f  five  ke y assumption s o f  Gestal t 
Psycholog y an d aspect s o f  Paralle l  Constrain t  Satisfactio n 
Processes .  Th e five  assumption s w e examin e are :  (1 ) 
psychologica l  processin g ca n b e treate d a s interaction s i n 
fields  o f  forces ,  (2 )  psychologica l  processin g i s holistic ,  (3 ) 
th e whol e i s  greate r  tha n th e su m it s  parts ,  (4 )  th e 
importanc e o f  th e structur e o f  cognitiv e elements ;  ho w 
thing s ar e connecte d an d related ,  an d (5 )  th e emphasi s o n 
cognitiv e dynamics ,  an d suc h concept s a s change , 
equilibrium ,  an d tension . 

I n t r o d u c t i o n 

The historical contributions of gestalt psychology to the 
foundation s o f  socia l  psychology ,  cognitiv e psychology ,  an d 
especially ,  perception ,  ar e wel l  known .  Koffka ,  KOhler ,  an d 
Wertheime r  influence d psycholog y no t  onl y directl y 
throug h thei r  semina l  theor y an d research ,  bu t  als o throug h 
th e trainin g o f  other s w h o m a d e significan t  contribution s t o 
differen t  area s o f  psychology .  Fo r  example ,  th e name s o f 
Asch ,  Lewin ,  Heider ,  an d Festtnge r  ar e wel l  k n o w n t o th e 
socia l  psychologis t  w h e n discussin g suc h concept s a s 
dissonance ,  balance ,  an d perso n perception .  Gestal t 
principle s wer e centra l  t o each .  Yet ,  despit e thei r  historica l 
an d theoretica l  importemce ,  Gestal t  principle s ar e largel y 
absen t  from  mos t  curren t  psychologica l  theorizing .  W h y ? 
Gestal t  processe s stresse d holisti c processin g an d 
interaction s a m o n g fields  o f  psychologica l  forces .  Suc h 
concept s m a y hav e struc k m a n y a s to o metaphori c an d 
mystical .  A  secon d difficult y wa s simpl y grapplin g wit h 

th e overwhehnin g richnes s an d complexit y o f  interactio n 
implie d b y basi c Gestal t  principles .  Individual s mus t 
integrat e larg e amount s o f  informatio n i n a  shor t  time ,  whil e 
concurrentl y planning ,  enacting ,  an d monitorin g thei r  o w n 
behavior .  Initia l  attempt s t o addres s thi s complexit y ca n b e 
foun d i n Gestal t  theorizing .  Gesta h processe s provide d a 
mechan is m b y whic h multipl e interactin g piece s o f 
informatio n coul d b e integrate d withi n a  narro w time .  But , 
capturin g suc h dynamic s m a y hav e seeme d beyon d th e 
reac h o f  th e empirica l  an d theoretica l  tool s o f  th e day . 
However ,  recen t  wor k i n connectionism ,  specificall y 
paralle l  constrain t  satisfactio n models ,  suggest s tha t 
seemingl y metaphorica l  Gestal t  processe s ca n b e give n a 
concret e implementatio n (Spelhna n &  Hol y oak ,  1992) . 

I n thi s paper ,  w e first  briefl y discus s th e genera l  concep t 
of  paralle l  constrain t  satisfactio n processes .  W e follo w thi s 
wit h a n analysi s o f  th e commonaltie s betwee n thes e 
processe s an d th e variou s Gestal t  concepts .  Th e mai n poin t 
of  thi s pape r  i s t o demonstrat e tha t  m a n y o f  th e issue s an d 
insight s addresse d b y connectionis t  model s hav e a  lon g 
histor y i n psychology ,  g o m g bac k a t  leas t  t o th e earl y 1900 s 
i n th e wor k o f  th e Gestal t  psychologists . 

Parallel Constraint Satisfaction Processes 

In many connectionist models processing can be viewed as a 
paralle l  constrain t  satisfactio n process ,  wher e activatio n i s 
passe d aroun d th e node s i n th e networ k unti l  al l  th e nod e 
activation s asymptot e o r  "relax "  int o a  stat e tha t  satisfie s th e 
constraint s amon g th e node s (e.g. .  Hertz ,  Krogh ,  &  Palmer , 
1991 ;  Murre ,  1992 ;  Rumelhar t  &  McClelland ,  1986) .  A 
paralle l  constrain t  satisfactio n networ k consist s o f  a  se t  o f 
node s an d th e link s a m o n g them ,  wher e th e node s represen t 
hypothese s abou t  th e presenc e o r  absenc e o f  variou s 
features ,  an d positiv e an d negativ e link s represen t  th e exten t 
t o whic h th e hypothese s ar e consisten t  o r  inconsisten t  wit h 
on e another .  Th e weight s o n th e link s indicat e th e strengt h 
of  th e consistenc y o r  inconsistenc y betwee n th e node s o r 
hypotheses . 

Thus ,  th e link s represen t  a  se t  o f  constraint s amon g th e 
hypotheses .  Activatio n i s sprea d amon g al l  th e node s unti l 
th e activatio n o f  eac h nod e asymptote s an d th e networ k 
"settles" .  Becaus e th e activatio n o f  a  nod e i s a  resul t  o f  al l 
of  it s  positiv e an d negativ e link s t o othe r  nodes ,  it s final 
activatio n i s a  solutio n t o th e constraint s represente d b y th e 
links .  Moreover ,  becaus e activafio n i s sprea d i n parallel , 
thi s proces s result s i n a  globa l  solutio n t o th e constraint s 
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among th e entir e se t  o f  nodes . 
Hopfiel d (1982 ,  1984 ;  als o se e Hert z e t  al. ,  1991 )  ha s 

show n tha t  suc h a  syste m ca n b e treate d a s i f  i t  ha s a n 
energy ,  wher e th e energ y o f  th e syste m i s a  functio n o f  th e 
activation s o f  th e node s an d th e weight s amon g them . 
Moreover ,  evaluatin g a  paralle l  constrain t  satisfactio n 
networ k wit h symmetri c link s ca n b e viewe d a s a n attemp t 
t o minimiz e th e system' s energy .  Solvin g fo r  th e 
constraint s i s a  gradien t  descen t  process ,  movin g towar d a 
min imu m (o r  valley )  i n a n energ y surfac e tha t  represent s al l 
th e possibl e state s o f  th e syste m (Hert z e t  al. ,  1991) .  A 
syste m tha t  ha s settle d o r  relaxe d ca n b e viewe d a s havin g 
reache d a  valle y i n th e energ y surface ,  representin g a 
min imu m stat e o f  energ y fo r  th e entir e syste m Suc h 
network s ar e dynami c systems ,  a s thei r  stat e evolve s ove r 
time .  Essentially ,  th e energ y o f  th e syste m correspond s t o 
it s degre e o f  organization .  Hig h energ y correspond s t o les s 
organizatio n an d lo w energ y correspond s t o greate r 
organization .  Thus ,  a  paralle l  constrain t  satisfactio n proces s 
can b e viewe d a s attemptin g t o find  th e maxima l  degre e o f 
organizatio n consisten t  wit h th e constraint s impose d b y th e 
relation s amon g th e nodes . 

The Relation of Gestalt Principles of Parallel 

Cons t ra in t  Satisfactio n Processe s 

We turn now to an examination of some of the basic 
assumption s o f  Gesta h psycholog y an d thei r  clos e parallel s 
wit h th e characteristic s o f  paralle l  constrain t  satisfactio n 
systems .  W e focu s o n five  ke y assumption s o f  Gestal t 
Psychology :  (1 )  tha t  psychologica l  processin g ca n b e 
though t  o f  i n term s o f  interaction s i n fields  o f  forces ,  (2 ) 
tha t  processin g i s holisti c rathe r  tha n atomisti c o r 
elementalistic ,  (3 )  tha t  th e whol e o f  th e perceptio n o r 
concep t  i s greate r  tha n th e su m o f  it s parts ,  (4 )  tha t  th e 
structur e o f  a  stimulus ,  h o w it s component s ar e connecte d 
and related ,  play s a  critica l  rol e i n h o w i t  i s  perceive d o r 
though t  about ,  an d (5 )  tha t  th e psychologica l  field  i s a 
dynami c system . 

Psychological Processing Conceptualized as 

Interaction s i n Field s o f  Force s 

When Wertheimer, Koffka, and KOhler began to develop 
thei r  theoretica l  framewor k o f  Gestal t  Psychology ,  the y 
viewe d traditiona l  psycholog y a s bein g essentiall y  atomisti c 
and mechanistic ,  an d propose d instea d th e adoptio n o f 
physica l  field  theor y a s thei r  mode l  (Henle ,  1986) .  Buildin g 
on Faraday' s idea s abou t  fields  i n physics ,  th e gestal t 
psychologist s propose d tha t  suc h fields  als o exis t  i n th e 
psychologica l  real m an d include d forces ,  tensions ,  an d 
state s o f  equilibri a a s di d thei r  counterpart s i n physics . 
Accordin g t o Koffk a (1935) ,  "i f  th e locu s o f  behavio r  i s th e 
physica l  world ,  the n th e field  concep t  whic h i s s o powerfu l 
a too l  i n physic s mus t  b e applie d t o behavior "  (p .  49) . 
Koffk a argue d tha t  thes e fields  wer e n o les s rea l  tha n thos e 
of  physics ,  an d i t  wa s th e goa l  o f  psycholog y t o stud y 
behavior' s causa l  relatio n t o thes e fields,  an d t o identif y an d 
understan d th e force s tha t  cause d behavio r  t o occur . 

Give n thi s insistenc e o n understandin g psychologica l 
processin g i n term s o f  interaction s amon g fields  o f  forces ,  i t 
i s  o f  considerabl e interes t  tha t  researc h o n connectionis t 
model s an d paralle l  constrain t  satisfactio n processe s ha s 
show n tha t  ther e ar e precis e mathematica l  parallel s betwee n 
th e behavio r  o f  neura l  network s describe d b y thes e model s 
and th e behavio r  o f  variou s kind s o f  physica l  systems ,  suc h 
as interactin g magneti c fields.  Fo r  example .  Hert z e t  al . 
(1991) ,  followin g wor k b y others ,  poin t  ou t  tha t  on e 
importan t  kin d o f  neura l  networ k model ,  a  Hopfiel d ne t 
(Hopfield ,  1982 ,  1984) ,  i s  precisel y equivalent , 
mathematically ,  t o certai n kind s o f  simplifie d (bu t  highl y 
useful )  model s describin g th e interaction s o f  th e magneti c 
fields  o f  individua l  atom s i n a  magneti c material .  Th e 
pattern s o f  influenc e betwee n individua l  atom s i n thi s 
magneti c materia l  correspon d t o th e pattern s o f  influenc e 
among neuron s i n a  Hopfiel d network .  Further ,  researcher s 
hav e applie d a  hos t  o f  idea s fro m statistica l  mechanic s an d 
thermodynamic s t o th e analysi s o f  neura l  networ k model s 
(e.g. .  Hert z e t  al. ,  1991 ;  Hinto n &  Sejnowski ,  1986) . 
Therefore ,  a t  a n abstract ,  conceptua l  level ,  th e behavio r  o f 
psychologica l  system s an d processe s i s simila r  to ,  o r  mayb e 
eve n isomorphi c wit h th e behavio r  o f  certai n kind s o f 
dynami c physica l  system s tha t  ca n b e treate d i n term s o f 
interactin g forc e fields.  Thus ,  th e intuition s o f  th e Gestal t 
psychologist s m a y hav e bee n o n th e righ t  trac k an d thei r 
attempt s t o analyz e psychologica l  phenomen a i n term s o f 
interactin g psychologica l  an d socia l  fields  o f  forces ,  m a y 
not  hav e bee n misdirected . 

Psychological Processing is Holistic 

At the time of Wertheimer's (1912) first experiments in 
perception ,  psychologist s an d physiologist s considere d 
nervou s syste m processe s t o b e compose d o f  th e excitation s 
of  individua l  recepto r  cell s tha t  the n m o v e d alon g a n 
"independen t  o r  isolated "  nerv e t o th e brain ,  wher e i t 
activate d a  correspondin g independen t  o r  isolate d brai n 
region .  Perceptio n (o r  consciousness )  wa s s o m e h o w th e 
su m o f  al l  o f  thes e excitations .  Koffk a write s "th e 
enormou s complexit y o f  behavio r  wa s no t  explaine d b y a n 
equa l  complexit y o f  processe s a s such ,  bu t  onl y b y a n equa l 
complexit y o f  a  hos t  o f  separat e processes ,  al l  o f  th e sam e 
genera l  kin d bu t  occurrin g i n differen t  places "  (p .  54) .  Th e 
gestal t  psychologist s propose d a n alternative :  "instea d o f 
reactin g t o loca l  stimul i  b y loca l  an d mutuall y independen t 
events ,  th e organis m respond s t o th e patter n o f  stimul i  t o 
whic h i t  i s  exposed... a unitar y process ,  a  functiona l  whole " 
(Kohler ,  1929 ,  p .  103) .  Further ,  th e chang e i n an y singl e 
piec e o f  informatio n coul d directl y influenc e th e perceptio n 
of  th e whole . 

Holisti c processin g ha s bee n demonstrate d b y th e us e o f 
severa l  familia r  visua l  perceptio n example s suc h a s figures 
tha t  ar e perceive d i n a n apparentl y rando m configuratio n o f 
dots ,  o r  th e perceptio n o f  a n objec t  tha t  completel y change s 
wit h th e slightes t  chang e o f  a  singl e element .  I n socia l 
psychology ,  Asc h (1952 )  theorize d tha t  perso n perceptio n 
work s i n muc h th e sam e fashion .  Asc h propose d tha t  w e 
perceiv e othe r  individual s a s whol e units .  Lik e on e o f  th e 
visua l  illusion s studie d b y Gestal t  psychologists ,  th e 
perceptio n o f  personalit y trait s i s holistic .  "Eac h trai t 
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possesse s th e propert y o f  a  par t  i n a  whole .  Th e 
introductio n o r  omissio n o f  a  singl e trai t  m a y alte r  th e entir e 
impression "  (Asch ,  1952 ,  p .  216) .  Asc h als o suggeste d tha t 
grou p behavio r  wa s holistic ,  tha t  w e coul d no t  understan d 
group s b y treatin g the m a s th e su m o f  th e behavio r  o f 
individuals .  Again ,  addin g o r  removin g on e individua l 
coul d potentiall y  caus e a  tremendou s chang e i n th e behavio r 
of  th e group . 

Holisti c processin g o f  informatio n i s precisel y wha t 
happen s i n neura l  networ k models .  Item s simultaneousl y 
sen d an d receiv e activatio n t o an d fro m al l  th e item s t o 
whic h the y ar e connected .  A s a  result ,  th e activatio n o f  eac h 
ite m depend s o n th e activatio n o f  al l  othe r  items .  Thus , 
ther e i s n o w a y t o separat e th e interpretatio n o f  an y 
individua l  ite m from  th e interpretatio n o f  th e othe r  item s t o 
whic h i t  i s  related ,  becaus e th e activatio n o f  eac h elemen t  i n 
th e networ k depend s upo n th e activatio n o f  al l  th e othe r 
element s i n th e network . 

Moreover ,  thes e system s ca n b e see n a s a  realizatio n o f 
th e kind s o f  processin g tha t  Wertheime r  (1912 )  an d Koffk a 
(1935 )  argue d wer e characteristi c o f  th e brain .  Rathe r  tha n 
havin g th e perceptio n o f  a n objec t  b e du e onl y t o "loca l  an d 
mutuall y independen t  events "  (KOhler ,  1929 ,  p .  103) , 
processin g take s plac e i n th e interactio n amon g a  larg e 
number  o f  neurons ,  an d th e perceptio n o f  a  stimulu s 
correspond s t o a  patter n o f  activatio n acros s thes e neurons . 

The Whole is Greater than the Sum of its Parts 

This may well be the signature assumption of Gestalt 
Psychology .  A s a  resul t  o f  thei r  rejectio n o f  th e atomisti c 
vie w o f  psychology ,  th e gestal t  psychologist s compare d 
thei r  approac h t o th e mola r  scienc e o f  physics .  KOhle r 
(1920 )  demonstrate d tha t  th e physicis t  doe s no t  tr y t o 
understan d wate r  solel y b y conductin g a  molecula r  analysi s 
of  it s  constituen t  atoms ,  hydroge n an d oxygen .  W h y ? A 
completel y ne w syste m i s forme d b y th e combinatio n o f 
thes e atom s tha t  ha s propertie s tha t  canno t  b e derive d b y 
addin g th e individua l  propertie s o f  each .  I n th e sam e way , 
perception s o f  th e worl d o r  o f  peopl e canno t  b e derive d 
simpl y b y addin g togethe r  individua l  point s o f  stimulatio n 
i n th e perceptua l  apparatu s o r  b y addin g togethe r  individua l 
features .  Rathe r  th e combinatio n o f  perceptua l  element s 
lead s t o ne w propertie s tha t  ar e no t  simpl y th e su m o f  th e 
elements . 

O ne proble m Gestal t  Psycholog y alway s ha d wa s tha t  a s 
m u ch a s thi s ide a seeme d t o fit  man y people' s intuitions ,  i t 
was neve r  quit e clea r  h o w i t  coul d b e implemente d i n a n 
explici t  psychologica l  proces s model .  However ,  neura l 
networ k mode l s ca n provid e a  computationa l 
implementatio n o f  thi s assumption .  Becaus e mos t  kind s o f 
neura l  networ k model s ar e nonlinea r  systems ,  the y ca n 
model  situation s i n whic h th e additio n o f  smal l  amount s o f 
informatio n o r  th e chang e o f  stat e o f  a  smal l  par t  o f  th e 
networ k ca n lea d t o radicall y differen t  state s o f  th e syste m 
and therefor e quit e differen t  meanings .  Fo r  example ,  i f  w e 
thin k o f  th e representatio n o f  th e possibl e state s o f  a  neura l 
networ k i n term s o f  th e energ y surfac e discusse d earlier , 
the n th e additio n o f  onl y a  fe w element s o r  onl y a  smal l 
chang e i n on e par t  o f  th e networ k i s sometime s sufficien t  t o 
ensur e tha t  th e syste m wil l  settl e i n a  ver y differen t  energ y 

minima .  Tha t  is ,  th e networ k wil l  arriv e a t  a  ver y differen t 
fina l  state . 

One reason s w h y earlie r  wor k o n neura l  network s largel y 
stoppe d i s becaus e Minsk y an d Paper t  (1969) ,  i n thei r 
critiqu e o f  on e kin d o f  neura l  network ,  th e perceptron , 
demonstrate d tha t  thes e earl y network s coul d onl y handl e 
linea r  problems .  Yet ,  researcher s recognize d tha t 
psychologica l  processe s ofte n require d nonlinea r 
processing ,  i n whic h th e en d resul t  o f  processin g a  se t  o f 
element s wa s no t  base d o n a  linea r  functio n o f  th e 
individua l  elements .  Partiall y  i n respons e t o thi s issue , 
many curren t  model s us e a  nonlinea r  activatio n function , 
wher e th e activatio n o f  a  nod e i s a  nonlinea r  functio n o f  it s 
inputs . 

One wa y t o interpre t  wha t  th e Gestal t  Psychologist s wer e 
claimin g i s tha t  th e meanin g o f  a  stimulu s configuratio n 
canno t  b e calculate d usin g an y kin d o f  linea r  integratio n 
rule ,  suc h a s averagin g o r  summin g a  se t  o f  stimulu s 
element s (th e su m o f  it s  parts) .  Currently ,  ther e ar e a 
severa l  area s i n psycholog y i n whic h i t  i s  clea r  tha t  th e 
processin g o f  stimulu s configuration s canno t  b e modele d b y 
a linea r  function . 

O ne importan t  exampl e i s i n wor k o n h u m a n 
categorization .  Researc h ha s demonstrate d tha t  oftentime s 
human categorie s ar e no t  linearl y separable ;  tha t  is ,  ther e i s 
no linea r  functio n tha t  ca n b e use d t o calculat e categor y 
membershi p (se e Medi n &  Wattenmaker ,  1987 ,  fo r  a 
discussion) .  Instead ,  nonlinea r  rule s mus t  b e used .  Further , 
linearl y separabl e categorie s ar e n o easie r  t o lear n tha n ar e 
non linearl y separabl e categorie s (Medi n &  Schwanenflugel , 
1981) .  Medi n an d Wattenmake r  (1987 )  argu e tha t  linea r 
separabilit y  m a y no t  b e a n importan t  constrain t  o n huma n 
categorie s becaus e people' s categorie s "...typicall y hav e 
mor e interna l  structur e tha n ca n b e capture d b y a n 
independen t  summin g o f  evidenc e o r  b y similarit y t o a 
prototype. "  (p .  37) .  Thus ,  categor y membershi p judgment s 
ar e ofte n "greate r  tha n th e su m o f  thei r  parts. " 

Emphasis on Structure: How Things are 
Connecte d an d Relate d 

Gestalt psychologists proposed that our perceptions of the 
worl d ar e guide d b y organizationa l  principle s suc h a s goo d 
form ,  proximity ,  an d similarity .  Thus ,  eve n give n a n 
incomplet e figure  w e perceiv e a  circl e rathe r  tha n a  se t  o f 
curve d lines ,  an d a  triangl e rathe r  tha n thre e dots .  W e 
perceiv e alternatin g row s o f  rose s an d tulips ,  rathe r  tha n a n 
undifferentiate d field  o f  flowers.  Thes e principle s no t  onl y 
applie d t o spafia l  relations ,  bu t  tempora l  one s a s well . 
Tempora l  organizatio n enable s ou r  perceptio n o f  causality . 
Withou t  it ,  Koffk a (1935 )  wrote ,  "On e billiar d bal l  woul d 
run ,  com e i n contac t  wit h another ,  stop ,  an d th e othe r  woul d 
begi n t o roll .  T w o train s woul d collide ,  leav e th e tracks , 
and car s tur n turtl e an d becom e wrecked ;  anothe r  mer e 
consequence "  (p .  383) . 

Heide r  (1944 )  incorporate d thes e Gestal t  principle s int o 
hi s analysi s o f  causality .  Viewin g caus e an d effec t  a s part s 
of  a  singl e unit ,  h e demonstrate d h o w similarit y an d 
proximit y influence d th e creatio n o f  causa l  attributions . 
Late r  (Heider ,  1946) ,  h e extende d thi s analysi s i n balanc e 
theory .  Fo r  interpersona l  perception ,  th e part s o f  th e unit s 
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ar e considere d t o b e person s an d object s a s wel l  a s th e 
relation s o f  thes e t o on e another .  Peopl e ar e sai d t o perceiv e 
thes e interpersona l  an d attitudina l  bond s a s units .  Th e 
bond s themselve s follo w th e sam e Gestal t  organizationa l 
principles .  Fo r  example ,  similarit y create s a  balance d stat e 
i f  "al l  part s o f  a  uni t  hav e th e sam e dynami c characte r  (i.e. , 
i f  al l  ar e positive ,  o r  al l  ar e negative) ,  an d i f  entitie s wit h 
differen t  dynami c characte r  ar e segregate d from  eac h other " 
(Heider ,  1946,p .  107 ) 

Thus ,  Gestal t  Psychologist s argue d tha t  structur e playe d a 
centra l  rol e i n th e interpretatio n o f  stimuli .  On e ha d t o 
kno w h o w element s wer e organized ,  wha t  wa s relate d t o 
what ,  an d ho w the y wer e related .  On e coul d no t  jus t  su m u p 
al l  th e elements ,  on e ha d t o kno w ho w the y wer e organized . 
The sam e kin d o f  argumen t  ha s bee n mad e fo r  th e 
importanc e o f  schem a typ e representations ,  i n whic h th e 
organizatio n o f  attribute s play s a  centra l  role . 

Agai n thi s i s a  ke y par t  o f  paralle l  constrain t  satisfactio n 
models .  Th e activatio n (an d thu s th e interpretation )  o f  th e 
element s i n th e networ k criticall y depend s o n th e natur e o f 
th e connection s amon g th e elements .  Pu t  anothe r  way ,  th e 
final  stat e o f  th e syste m depend s o n th e patter n o f 
constraint s amon g th e element s o f  th e system .  Th e final 
stat e depend s o n th e structur e o f  th e system .  Differen t 
pattern s o f  constraint s amon g precisel y th e sam e element s 
wil l  lea d t o ver y differen t  state s o f  th e system . 

Emphasis on Dynamics: Change, Equilibrium, 
Tensio n 

Finally, by adopting physical field theory as their model, 
gestal t  psychologist s emphasize d th e dynamic s produce d b y 
thei r  fields  o f  forces .  Opposin g force s creat e tensions , 
whic h i n tur n caus e chang e t o occu r  s o a s t o reac h som e 
end-state .  Term s suc h a s Balance ,  Equilibrium ,  an d 
Harmony refe r  t o th e preferre d stat e o f  a  dynamica l  syste m 
i n whic h th e degre e o f  tensio n i s a t  a  minunum .  Whethe r  i t 
i s  a  perceptual ,  motivational ,  o r  behaviora l  process ,  a 
dynami c strivin g fo r  th e end-stat e alway s underlie s th e 
proces s itself .  Thus ,  th e individua l  i s  conceive d o f  a s a n 
"equilibrium-maintainin g system "  tha t  i n psycholog y 
translate s int o "a n interes t  i n th e processe s b y whic h 
equilibriu m i s restore d onc e i t  i s  disturbed "  (Deutsch ,  1968 , 
p.  421) . 

Thus ,  th e ide a o f  tensio n withi n a  field  o f  forces ,  an d th e 
resultin g attempt s t o reduc e tha t  tension ,  playe d a  centra l 
explanator y rol e i n Gestal t  Psychology .  System s unde r 
tensio n woul d evolv e toward s a  stat e tha t  minimize d tha t 
tension .  Th e evolutio n o f  th e syste m towar d reduce d tensio n 
was responsibl e fo r  th e movemen t  o f  th e individua l  throug h 
psychologica l  o r  physica l  space ,  resultin g i n psychologica l 
or  behavio r  change . 

Thi s ide a o f  a  syste m unde r  tensio n tha t  tend s t o evolv e 
towar d a  stat e o f  minima l  tensio n i s remarkabl y simila r  t o a 
paralle l  constrain t  satisfactio n system .  A s paralle l 
constrain t  satisfactio n processe s wor k t o satisf y th e 
constraint s impose d b y th e positiv e an d negativ e 
relationship s an d minimiz e th e energ y o f  th e system ,  on e 
way t o vie w wha t  i s happenin g i s a s a n attemp t  t o minimiz e 
th e degre e o f  tensio n o r  conflic t  i n th e system .  On e i s tryin g 
t o find  th e m in imu m leve l  o f  tensio n possible ,  give n th e 

constraint s impose d b y th e actua l  se t  o f  relation s amon g th e 
cognitiv e elements .  A s man y researcher s hav e noted ,  neura l 
network s ca n b e viewe d a s tryin g t o find  th e m i n i m u m 
energ y o r  m a x i m u m degre e o f  organizatio n o f  th e system . 

I n addition ,  neura l  networ k model s ca n b e explicitl y 
characterize d a s dynami c system s wher e th e stat e o f  th e 
syste m change s ove r  time .  Fo r  example ,  on e ca n loo k a t 
how,  followin g initia l  input ,  th e syste m evolve s ove r  tim e t o 
an increasin g degre e o f  organization ,  an d on e ca n examin e 
th e trajector y i t  follows .  Or ,  onc e a  syste m ha s reache d a 
min imu m o r  equilibriu m state ,  on e ca n examin e h o w ne w 
stimul i  firs t  reduc e th e organizatio n o f  th e syste m an d the n 
examin e h o w th e syste m evolve s t o a  ne w state .  Further , 
certai n kind s o f  networks ,  suc h a s Hopfiel d net s (Hopfield , 
1982 ,  1984 )  an d Boltzman n machine s (e.g. ,  Hinto n & 
Sejnowski ,  1986) ,  hav e bee n explicitl y  characterize d a s a 
kin d o f  dynami c syste m calle d attracto r  systems ,  wher e th e 
minimum s i n th e energ y surfac e ar e attractor s towar d whic h 
th e stat e o f  th e syste m tend s o r  i s "pulled "  (Hert z e t  al. , 
1991) . 

Summary 

We have outlined how some of the key ideas and insights of 
recen t  wor k i n connectionis m hav e a  lon g histor y i n 
psycholog y tha t  ca n b e trace d bac k t o th e founder s o f 
Gestal t  psychology .  I n fact ,  Gestal t  psychologist s 
introduce d thes e idea s i n a  numbe r  o f  area s i n psychology . 
A nd man y o f  thes e idea s hav e periodicall y resurface d 
throug h th e years ,  wit h paralle l  constrain t  satisfactio n 
model s providin g th e lates t  instance .  However ,  on e majo r 
advantag e o f  curren t  paralle l  constrain t  satisfactio n model s 
i s tha t  the y allo w u s t o develo p explici t  proces s model s tha t 
provid e computationa l  implementation s o f  m a n y o f  thes e 
recurrin g insights ,  a s wel l  a s allowin g u s t o pus h ou r 
investigation s fa r  beyon d th e bound s o f  thi s earlie r  work . 

References 

Asch, S. E. (1952). Social psychology. Englewood-Cliffs, 
NJ:  Prentice-Hall . 

Deutsch ,  M .  (1968) .  Fiel d theor y i n socia l  psychology .  I n 
G.  Lindze y &  E .  Aronso n (Eds.̂ ,  Th e Handboo k o f  Socia l 
Psycholog y (2n d Ed.) ,  (Vol .  1 ,  pp .  412-487) .  Reading , 
M A:  Addison-Wesley . 

Heider ,  F .  (1944) .  Socia l  perceptio n an d phenomena l 
causality .  Psychologica l  Review ,  51 ,  358-374 . 

Heider ,  F .  (1946) .  Attitude s an d cognitiv e organization . 
Journa l  o f  Psychology ,  21 ,  107-112 . 

Hinton ,  G .  E. ,  &  Sejnowski ,  T .  J .  (1986) .  Learnin g an d 
releamin g i n Boltzman n machine .  I n D.E .  Rummelhar t  & 
J.  L .  McClellan d (Eds.) ,  Paralle l  distribute d processing : 
Exploration s i n th e microstructur e o f  cognition .  Vol .  I . 
Foundations .  Cambridge ,  M A :  M I T Press/Bradfor d 
Books . 

Hertz ,  J. ,  Krogh ,  A. ,  &  Palmer ,  R .  G .  (1991 /  Introductio n 
t o th e theor y o f  neura l  computation .  Redwoo d City ,  C A : 
Addison-Wesle y Publishin g Co . 

Hopfield ,  J .  J .  (1982) .  Neura l  network s an d physica l 
system s wit h emergen t  collectiv e computationa l  abilities . 
Proceeding s o f  th e Nationa l  Academ y o f  Sciences ,  U S A , 

769 



79,2554-2558 . 
Hopfield ,  J .  J .  (1984) .  Neuron s wit h grade d response s hav e 

collectiv e computationa l  propertie s lik e thos e o f  two-stat e 
neurons .  Proceeding s o f  th e Nationa l  Academ y o f 
Sciences .  USA,%\ ,  3088-3092 . 

Koffka ,  K .  (1935) .  Principle s o f  Gestal t  Psychology .  Ne w 
York :  Harcourt ,  Brace . 

KOhler ,  W.  (1920) .  Di e physische n Gestalte n i n Ruh e an d 
i m stationare n Zustand .  Braunschweig :  F .  Vieweg . 

KOhler ,  W .  (1929) .  Gestal t  Psychology .  Ne w York : 
Liveright . 

Medin ,  D .  L. ,  &  Schwanenflugel ,  P .  L .  (1981) .  Linea r 
separabilit y  i n classificatio n learning .  Journa l  o f 
Experiementa l  Psychology :  Huma n Learnin g an d 
Memory,  7 ,  355-368 . 

Medin ,  D .  L. ,  &  Wattenmaker ,  W.  D .  (1987) .  Categor y 
cohesiveness ,  theories ,  an d cognitiv e archeology .  I n U . 
Neisse r  (Ed.) ,  Concept s an d Conceptua l  Development : 
Ecologica l  an d Intellectua l  Factor s i n Categorization . 
(pp .  25-62) .  Cambridg e Universit y Press :  Cambridge , 
England . 

Minsky ,  M. ,  &  Papert ,  S .  (1969) .  Perceptrons .  Cambridge , 
M A:  MI T Press . 

Murre ,  J .  M .  J .  (1992 /  Learnin g an d Categorizatio n i n 
Modula r  Neura l  Networks .  Hillsdale ,  NJ :  Erlbaum . 

Rumelhart ,  D .  E. ,  &  McClelland ,  J .  L .  (1986) .  PD P model s 
and genera l  issue s i n Cognitiv e Science .  I n Rumelhart ,  D . 
E. ,  &  McClelland ,  J .  L .  (Eds) .  Paralle l  Distribute d 
Processing :  Exploration s i n th e Microstructur e o f 
Cognition .  Vol .  1 .  Foundations ,  (pp .  110-146) . 
Cambridge ,  M A :  MI T Press/Bradfor d Books . 

Spelhnan ,  B .  A .  &  Holyoak ,  K .  J .  (1992) .  I f  Sadda m i s 
Hitle r  the n W h o i s Georg e Bush ? Analogica l  mappin g 
betwee n system s o f  socia l  roles .  Journa l  o f  Personalit y 
and Socia l  Psychology ,  62 ,  913-933 . 

Wertheimer ,  M .  (1912) .  Experimentell e Studie n Qbe r  da s 
Sehen vo n Bewegung .  Zeitschrif t  fii r  Psychologie ,  61 , 
161-265 .  (Translatio n i n T .  Shiple y (Ed.; ,  Classic s i n 
psychology .  Ne w York :  Philosophica l  Libray ,  1961. ) 

770 


	Cogsci_1995_766-770



