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A b s t r a c t 

A constraint satisfaction network model simulated 
cognitiv e dissonanc e dat a fro m th e insufficien t 
justificatio n an d fre e choic e paradigms .  Th e network s 
capture d th e psychologica l  regularitie s i n bot h 
paradigms .  I n th e cas e o f  finee  choice ,  th e mode l  fi t  th e 
h u m an dat a bette r  tha n di d cognitiv e dissonanc e 
theory . 

C o g n i t i v e D i s s o n a n c e 

Cognitive dissonance theory (Festinger, 1957) has 
bee n a  pilla r  o f  socia l  psycholog y fo r  som e 3 0 years . 
Th e theor y hold s tha t  dissonanc e i s a  psychologica l 
stat e o f  tensio n whic h peopl e ar e motivate d t o reduce . 
T wo cognition s ar e dissonan t  when ,  considere d b y 
themselves ,  on e o f  the m follow s fro m th e obvers e o f 
th e other .  Th e amoun t  o f  dissonanc e i s a  functio n o f 
th e rati o o f  dissonan t  t o consonan t  relations ,  wit h 
eac h relatio n weighte d b y it s importance .  Dissonanc e 
ca n b e reduce d b y decreasin g th e numbe r  and/o r  th e 
importanc e o f  th e dissonan t  relations ,  o r  b y 
increasin g th e numbe r  and/o r  th e importanc e o f 
consonan t  relations .  H o w dissonanc e get s reduce d 
depend s o n th e resistanc e t o chang e o f  th e relevan t 
cognitions ,  wit h les s resistan t  cognition s bein g mor e 
likel y t o change .  Resistanc e derive s fro m th e exten t 
t o whic h chang e woul d produc e ne w dissonance ,  th e 
degre e t o whic h th e cognitio n i s anchore d i n reality , 
and th e difficult y o f  changin g thos e aspect s o f  reality . 

Festinge r  (1957 )  use d dissonanc e theor y t o accoun t 
fo r  a  numbe r  o f  existin g psychologica l  phenomena , 
includin g th e evaluatio n o f  choices ,  attitud e chang e 
followin g attitude-relevan t  actions ,  an d response s t o 
th e disconfirmatio n o f  beliefs .  I t  ha s sinc e bee n 
successfull y applie d i n a  wid e variet y o f  bot h 
predictiv e an d postdictiv e contexts . 

Consonanc e Mode l 

I n thi s paper ,  w e presen t  a  computationa l  mode l  o f 
cognitiv e dissonance .  Th e mode l  i s  base d o n th e ide a 
tha t  dissonanc e reductio n i s a  constrain t  satisfactio n 
problem .  Suc h problem s ar e solve d b y th e 
simultaneou s satisfactio n o f  man y sof t  constraint s 
whic h ca n var y i n thei r  relativ e importance .  I n thi s 
framework ,  belief s ar e represente d a s unit s i n a 
networ k an d implication s a m o n g th e belief s ar e 
represente d a s connection s amon g th e units .  Th e unit s 
ca n b e variousl y activ e an d th e connection s (weights ) 
ca n var y i n strength .  Hopfiel d (1982 ,  1984 )  ha s 
worke d ou t  th e mathematic s fo r  solvin g suc h 
constrain t  satisfactio n problem s i n paralle l  networks . 

Hopfiel d network s ar e capabl e o f  simulatin g a 
variet y o f  psychologica l  phenomena ,  includin g belie f 
revision ,  explanation ,  schem a completion ,  analogica l 
reasoning ,  an d content-addressabl e memorie s 
(Holyoa k &  Thagard ,  1989 ;  Rumelhart ,  Smolensky , 
McClelland ,  &  Hinton ,  1986 ;  Thagard ,  1989) .  Unles s 
use d t o mode l  memory ,  thes e network s ar e generall y 
considere d ephemera l  i n th e sens e tha t  the y ar e create d 
on lin e t o dea l  wit h som e particula r  task ,  althoug h 
th e creativ e proces s i s no t  usuall y modeled .  Hopfiel d 
network s functio n b y reducin g energ y (equivalently , 
maximizin g goodness )  subjec t  t o th e constraint s 
supplie d b y th e connection s an d an y externa l  input . 
O ur  Consonanc e Mode l  fo r  reducin g cognitiv e 
dissonanc e i s a  Hopfiel d networ k lackin g som e o f  th e 
parameter s o f  othe r  Hopfiel d network s an d introducin g 
some specia l  parameter s o f  it s  own . 

Maximizin g th e consonanc e (goodness )  o f  an y pai r 
of  connecte d unit s depend s o n th e sig n o f  th e 
connectio n betwee n them .  Assum e a n activatio n 
rang e o f  0  t o 1 .  I f  connecte d b y a  positiv e weight , 
bot h unit s shoul d b e activ e i n orde r  t o maximiz e 
consonance .  Wit h a  negativ e weight ,  consonanc e i s 
maximize d whe n bot h unit s ar e no t  active ,  tha t  is , 
when bot h ar e inactiv e o r  onl y on e i s  active . 
Activation s chang e ove r  tim e cycle s s o a s t o satisf y 
weigh t  constraint s an d maximiz e consonance . 

Mor e formally ,  th e consonanc e contribute d b y a 
particula r  uni t  i  i s 

consonance i  =  Z  w y a i  a j  (i ) 

J 
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wher e wj j  i s  th e weigh t  betwee n unit s i  an d j ,  a i  i s 

th e activatio n o f  uni t  i ,  an d a j  i s  th e activatio n o f  uni t 

J-
The overal l  consonanc e i n th e networ k i s th e su m 

of  th e value s give n b y (1 )  ove r  al l  unit s i n th e 
networ k 

consonance o =  Z  Z  w y a i  a j  (2 ) 

i  J 
Activatio n spread s ove r  tim e cycle s b y tw o simpl e 

updat e rules : 

ai(t+l) = ai(t) + neti (ceiling - ai(t)) 

when net i  > = 0  (3 ) 

ai(t+l) = ai(t) + neti (ai(t) - floor) 
when net i  <  0  (4 ) 

where ai(t+l) is the activation of unit i at time t + 1, 

ai(t )  i s  th e activatio n o f  uni t  i  a t  tim e t ,  ceilin g i s th e 

maxima l  leve l  o f  activation ,  floo r  i s th e minima l 
activation ,  an d net i  i s  th e ne t  inpu t  t o uni t  i ,  define d 

as 
net i  =  resist i  ( L wi j  aj )  (5 ) 

j 
The paramete r  resist i  i s a  measur e o f  th e resistanc e 

of  uni t  i  t o havin g it s activatio n changed .  Th e large r 
th e valu e o f  th e resistanc e multiplier ,  th e les s th e 
resistanc e t o change .  Th e defaul t  value s fo r  floor  an d 
ceilin g ar e 0  an d 1 ,  respectively . 

At  eac h tim e cycle ,  n  unit s ar e randoml y selecte d 
and update d accordin g t o rule s (3 )  an d (4) .  B y default , 
n i s th e numbe r  o f  unit s i n th e network . 

A fe w additiona l  parameter s concernin g th e 
constructio n o f  th e network s ar e describe d late r  i n th e 
contex t  o f  particula r  simulations . 

Simulations 

With more than 1000 published entries in the 
cognitiv e dissonanc e literature ,  ther e i s considerabl e 
choic e i n decidin g wha t  t o simulate .  Her e w e presen t 
tw o o f  ou r  curren t  simulations ,  on e representin g eac h 
of  tw o o f  th e majo r  paradigm s i n dissonanc e theory : 
insufficien t  justificatio n an d free  choice . 

Insufficien t  Justificatio n 

The insufficient justification paradigm deals with 
situation s i n whic h subject s engag e i n som e counter -
attitudina l  actio n wit h rathe r  littl e justification . 
Dissonanc e theor y predict s tha t  th e les s th e 
justificatio n fo r  th e behavior ,  th e greate r  th e 
dissonanc e and ,  a t  leas t  whe n i t  i s difficul t  t o retrac t 
one' s action ,  th e mor e peopl e wil l  b e motivate d t o 

chang e thei r  attitude s s o a s t o provid e additiona l 
justificatio n fo r  thei r  action . 

Severa l  differen t  type s o f  experiment s hav e bee n 
develope d t o tes t  thes e insufficien t  justificatio n 
prediction s (e.g. ,  Aronso n &  Carlsmith ,  1963 ; 
Aronso n &  Mills ,  1959 ;  Festinge r  &  Carlsmith , 
1959) .  I n th e presen t  pape r  w e simulat e on e o f  th e 
bes t  suidie d an d mos t  robus t  o f  these . 

I n on e o f  th e semina l  studie s withi n thi s paradigm , 
nurser y schoo l  childre n wer e forbidde n t o pla y wit h a 
desirabl e to y unde r  eithe r  mil d o r  sever e threa t 
(Aronso n &  Carlsmith ,  1963) .  Bot h o f  thes e threat s 
wer e sufficien t  t o preven t  th e childre n fro m playin g 
wit h th e desirabl e to y durin g a  pla y perio d i n whic h 
th e experimente r  wa s absen t  fro m th e room .  I n 
subsequen t  ratings ,  th e childre n derogate d th e 
forbidde n to y mor e unde r  mil d threa t  tha n sever e 
threa t  Th e theoretica l  explanatio n i s tha t  th e childre n 
committe d themselve s t o th e dissonan t  behavio r  o f 
not  playin g wit h th e desirabl e toy .  Sinc e dissonanc e 
increase s wit h th e fewe r  cognition s tha t  suppor t  th e 
behavior ,  ther e wa s mor e dissonanc e i n th e mil d 
threa t  conditio n tha n i n th e sever e threa t  condition . 
Becaus e th e counter-attitudina l  behavio r  coul d no t  b e 
retracted ,  dissonanc e wa s reduce d b y derogatin g th e 
forbidde n toy .  Th e greate r  th e dissonance ,  th e greate r 
th e derogation . 

Alternativ e explanation s o f  thes e findings  include d 
th e notio n tha t  sever e threa t  focuse d mor e attentio n 
on th e to y o r  mad e i t  see m mor e desirabl e an d th e ide a 
tha t  th e experimente r  wa s mor e likeabl e o r  mor e 
credibl e i n th e mil d threa t  condition .  T o rul e ou t  suc h 
alternatives ,  Freedma n (1965 )  adde d surveillanc e 
condition s t o th e experimen t  i n whic h th e 
experimente r  staye d i n th e roo m whil e th e chil d 
played .  I n th e surveillanc e conditions ,  th e sam e 
threat s wer e use d bu t  temptation ,  an d thu s dissonance , 
was lowere d b y th e experimenter' s continue d presence . 
Actua l  pla y wit h th e previousl y forbidde n to y five 
weeks late r  indicate d greate r  derogatio n i n th e mil d 
tha n i n th e sever e condition s onl y whe n ther e wa s n o 
surveillance ,  thu s supportin g th e dissonanc e 
explanatio n agains t  th e alternatives . 

Our  simulatio n focuse d o n th e Freedma n (1965 ) 
experiment .  Th e constrain t  satisfactio n networ k fo r 
th e non-surveillanc e condition s o f  thi s simulatio n i s 
presente d i n Figur e 1 .  Becaus e uni t  activation s hav e a 
floor  o f  0 ,  tw o unit s ar e use d t o encod e eac h 
dimensio n o f  interest :  to y evaluation ,  threat ,  an d pla y 
wit h toy .  I n eac h pai r  o f  units ,  th e uni t  code d + 
represent s th e positiv e en d o f  th e dimensio n an d th e 
uni t  code d -  represent s th e negativ e en d o f  th e 
dimension .  Th e unit s i n eac h pai r  ar e connecte d b y a 
negativ e weigh t  s o tha t  onl y on e o f  the m i s activ e a t 
a time .  I n thes e networ k diagrams ,  negativ e weight s 
ar e symbolize d b y dashe d line s an d positiv e weight s 
by soli d lines .  Eac h pai r  o f  unit s i s surrounde d b y a n 
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ellips e t o conve y ide a tha t  the y refe r  t o opposit e end s 
of  th e sam e dimension . 

(0.01 ) 
pla y wit h to y 

to y 
evaluatio n 

(0.7) 
^ 

threa t 

(0.01 ) 

Figur e 1 .  Networ k fo r  Freedma n simulation , 
non-surveillanc e condition . 

Connection s acros s differen t  dimension s (ellipses ) 
reflec t  assume d psychologica l  implication s amon g th e 
beliefs .  Fo r  simplification ,  w e connec t  positiv e unit s 
onl y t o othe r  positiv e unit s an d negativ e unit s onl y 
t o othe r  negativ e unit s acros s dimensions .  Fo r  th e 
Freedma n simulation ,  ther e wer e positiv e connection s 
betwee n to y evaluatio n an d pla y (th e bette r  like d th e 
toy ,  th e mor e i t  woul d b e playe d with) ,  positiv e 
connection s betwee n to y evaluatio n an d threa t  (th e 
bette r  like d th e toy ,  th e mor e threa t  woul d b e require d 
t o preven t  play) ,  an d negativ e connection s betwee n 
pla y an d threa t  (th e bigge r  th e threat ,  th e les s th e to y 
woul d b e playe d with). 

Resistanc e o f  unit s t o activatio n chang e i s 
portraye d b y th e thicknes s o f  th e ellipse .  Resistanc e 
value s fo r  a  particula r  boundar y thicknes s ar e 
presente d i n parenthese s i n Figur e 1 :  0.7 0 fo r  to y 
evaluatio n (lo w resistance )  vs .  0.0 1 fo r  th e othe r  tw o 
belief s (hig h resistance) .  Thes e resistanc e value s ar e 
base d o n th e assumptio n that ,  wherea s pla y an d threa t 
ar e relativel y fixed ,  evaluatio n o f  th e to y shoul d b e 
allowe d t o vary .  I n a  mor e complet e model ,  resistanc e 
migh t  b e implemente d b y constrainin g connection s t o 
m a ny othe r  beliefs .  Fo r  simplification ,  thi s ca n b e 
accomplishe d wit h a n explici t  resistanc e parameter . 

Initia l  activation s provide d t o unit s ar e indicate d i n 
Figur e 1  b y pointer s comin g fro m outsid e th e units . 
T h e to y i s give n a  moderatel y positiv e evaluatio n 
(0.5 )  t o reflec t  it s  desirability ,  pla y i s give n a 
moderatel y negativ e (-0.5 )  evaluatio n becaus e i t  wa s 
not  done ,  an d th e amoun t  o f  threa t  i s eithe r  0. 5 o r  0. 1 
t o rq)resen t  th e tw o sevait y conditions . 

A ca p parameter ,  whe n se t  t o a  hig h negativ e 
proportion ,  prevent s activation s fro m growin g t o th e 
ceilin g o f  1.0 .  Ou r  defaul t  settin g fo r  ca p i s -0.8 . 
Mathematically ,  ca p i s th e valu e o f  th e connectio n 

betwee n eac h uni t  an d itself ,  wii. ^  Hopfiel d (1982 , 

1984 )  ha d assume d tha t  suc h self-connection s ar e 0 . 
Allowin g self-connection s t o b e othe r  tha n 0  produce s 
additiona l  spuriou s state s i n th e neighborhoo d o f  a 
desire d attractor ,  thu s increasin g th e variabilit y  o f 
solution s (Hertz ,  Krogh .  &  Palmer ,  1991) .  W e us e 
ca p t o enforc e th e psychologicall y realisti c 
assumptio n tha t  th e event s i n mos t  dissonanc e 
experiment s ar e no t  o f  majo r  importanc e t o th e 
subjects .  Therefore ,  activation s shoul d no t  reac h 
maxima l  values . 

Th e wrang e paramete r  represent s th e rang e o f 
positiv e weights  belo w 1  an d negativ e weight s abov e 
-1 .  W e emplo y a  defaul t  valu e o f  0. 2 fo r  wrange .  Th e 
weights  ar e no t  identica l  acros s networks ,  bu t  rathe r 
ar e mainl y positiv e o r  mainl y negativ e withi n thi s 
specifie d range .  Again ,  th e purpos e i s t o introduc e 
some degre e o f  psychologica l  realism .  Suc h variatio n 
i s no t  necessar y t o qualitativel y c£q}tur e th e predicte d 
dissonanc e phenomena .  Thi s randomizatio n o f 
weight s violate s th e symmetr y assume d b y Hopfiel d 
(1982 ,  1984) ,  i n tha t  w y < > wji .  H e reporte d tha t 

violation s o f  th e symmetr y assumptio n increase d 
m e m o ry error s an d instabilit y  i n networi c solutions . 
Suc h result s m a y correspon d t o psychologica l 
variation . 

Use o f  th e ca p an d wrang e parameter s effectivel y 
nullifie s th e mathematica l  guarante e tha t  thes e net s 
wil l  maximiz e consonance .  I t  i s  ou r  vie w tha t 
psychologica l  plausibilit y  shoul d outweig h 
guarantee d m a x i m a i n th e contex t  o f  simulatin g 
human data . 

Th e rand % paramete r  wa s define d b y defaul t  a s 
wrange/2 .  I t  represent s a  rando m percentag e adde d t o 
or  subtracte d fro m th e initia l  value s o f  activations , 
resistances ,  an d caps .  Thi s to o wa s fo t  psychologica l 
realism ;  presumabl y no t  everyon e ha s precisel y th e 
same paramete r  values . 

For  th e surveillanc e condition ,  ther e wa s n o 
connectio n betwee n to y evaluatio n an d play , 
represente d b y weight s o f  0 .  N o matte r  ho w muc h 
yo u lik e toy ,  yo u won' t  b e tempte d t o pla y wit h i t  a s 
lon g a s th e experimente r  i s present .  Th e impac t  o f 
bot h threat s wa s scale d u p b y a  multiplie r  i n th e 
spiri t  o f  updat e rul e (3) :  new_threa t  =  old_threa t  + 
(0. 5 *  ( 1 -  old_threat)) .  Thi s mad e th e valu e o f  threa t 
0.7 5 i n th e severe/surveillanc e conditio n an d 0.5 5 i n 
th e mild/surveillanc e condition .  Thi s reflect s th e ide a 
tha t  surveillanc e enhance s th e valu e o f  bot h threats , 
bu t  i n accordanc e wit h th e wa y tha t  activation s 
change . 

As a  simulatio n begins ,  activation s o f  unit s ar e 
update d i n a  random ,  asynchronou s fashion .  O n eac h 
tim e cycle ,  n  unit s ar e randoml y selecte d an d update d 
usin g rule s (3 )  an d (4) .  B y default ,  n  i s th e numbe r  o f 
unit s i n th e network ,  6  i n thi s simulation .  Updatin g 

^Thank s t o Deni s Marescha l  fo r  thi s suggestion . 
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continue d fo r  2 0 cycle s becaus e asymptote s wer e 
reache d wel l  withi n tha t  period .  W e ra n 1 0 network s 
i n eac h condition . 

Mean evaluatio n o f  th e to y afte r  cycl e 2 0 i s show n 
i n Figur e 2 .  Thi s wa s compute d a s th e differenc e 
betwee n activatio n o f  th e positiv e uni t  an d th e 
negativ e unit .  A s i n Freedma n (1965) ,  ther e wa s a n 
interactio n betwee n surveillanc e an d severit y o f  threat , 
f  (1 ,  36 )  =  169.02 ,  p  <  .001 .  Ther e wa s mor e 
derogatio n i n th e mil d tha n i n th e sever e condition , 
but  thi s effec t  wa s m u c h large r  withou t  surveillance . 

I.O n 

0.5 -

o 
n 
" i  0.0 -
> 
LU 

-1. 0 

Non-surveillanc e 

Surveillanc e 

-~ l  1 
Mil d Sever e 

Threa t 

Figur e 2 .  Result s fo r  Freedma n simulation . 

fo r  eac h object .  Althoug h th e dissonanc e theor y 
predictio n wa s fo r  greate r  separatio n i n th e difficul t 
choic e conditio n tha n i n th e eas y choic e condition , 
most  o f  th e actua l  separatio n obtaine d wa s du e t o a 
relativel y larg e decreas e i n th e valu e o f  th e rejecte d 
alternativ e i n th e difficul t  choic e condition . 

The networ k fo r  simulatin g th e Breh m experimen t 
i s portraye d i n Figur e 3 .  Ther e wer e pair s o f  unit s t o 
represen t  eac h o f  th e thre e critica l  dimensions :  chose n 
alternative ,  rejecte d alternative ,  an d decision .  Ther e 
wer e positiv e weight s betwee n chose n an d decision , 
and negativ e weight s betwee n rejecte d an d decision . 
Th e initia l  activation s wer e O. S fo r  chosen ,  0. 4 fo r 
rejecte d difficult ,  0. 1 fo r  rejecte d easy ,  an d 0. 7 fo r 
decision .  Ther e wa s hig h resistanc e fo r  th e decisio n 
an d lo w resistanc e fo r  evaluatio n o f  th e tw o 
alternatives ,  wit h th e defaul t  value s o f  0.0 1 an d 0.7 , 
respectively .  Othe r  paramete r  setting s wer e th e sam e 
as i n th e Freedma n simulation . 

decisio n 

chose n 

^ 

rejecte d 

(0.7 ) 

Fre e Choic e 
Figur e 3 .  Networ k fo r  Breh m simulation . 

Anothe r  majo r  paradig m i n cognitiv e dissonanc e 
concern s free  choice .  Choosin g betwee n alternative s 
create s cognitiv e dissonanc e du e t o th e fac t  tha t  th e 
chose n alternativ e i s  neve r  perfec t  an d th e rejecte d 
alternativ e ofte n ha s desirabl e aspect s whic h ar e 
foregon e whe n a  fma l  choic e i s made .  Dissonanc e ca n 
be reduce d eithe r  b y makin g th e chose n objec t  mor e 
desirabl e o r  b y makin g th e rejecte d objec t  les s 
desirable .  Thus ,  dissonanc e reductio n furthe r  separate s 
th e alternativ e choice s i n desirability .  Th e magnitud e 
of  dissonanc e i s greate r  th e close r  th e altonative s ar e 
i n desirability ,  an d henc e th e mor e difficul t  th e choic e 
betwee n the m is ,  befor e th e choic e i s made . 

The classi c free  choic e experimen t  aske d femal e 
universit y student s t o rat e eigh t  smal l  appliance s 
(Brehm ,  1956) .  The y wer e the n give n a  difficul t 
choice ,  betwee n tw o object s tha t  the y ha d rate d high , 
or  a n eas y choice ,  betwee n on e objec t  the y ha d rate d 
hig h an d on e the y ha d rate d low .  The n th e object s 
wer e rate d again .  Degre e o f  separatio n wa s measure d 
by subtractin g th e secon d ratin g fro m th e firs t  ratin g 

The mea n differenc e score s (re-evaluatio n -  initia l 
evaluation )  ar e plotte d i n Figur e 4 .  Eac h evaluatio n 
was compute d a s th e differenc e i n activatio n betwee n 
th e positiv e an d negativ e units .  Evaluatio n o f  th e 
chose n objec t  increase d an d evaluatio n o f  th e rejecte d 
objec t  decrease d i n bot h conditions .  Th e amoun t  o f 
chang e w a s greate r  i n th e difficul t  condition ,  a s 
predicte d b y dissonanc e theory ,  F(l ,  18 )  =  57.70 ,  p  < 
.001 .  Notic e tha t  mos t  o f  th e chang e i n th e difficul t 
conditio n i s du e t o a  decreas e i n evaluatio n o f  th e 
rejecte d alternative .  Thi s outcom e fits  Brehm' s (1956 ) 
result s mor e precisel y tha n doe s dissonanc e theory , 
whic h predict s onl y a  large r  separatio n o f  th e 
alternative s followin g a  difficul t  choic e tha n 
followin g a n eas y choice . 

D i s c u s s i o n 

The simulation results matched the psychological 
fmding s and ,  i n th e cas e o f  fre e choice ,  provide d eve n 
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bette r  coverag e o f  th e psychologica l  dat a tha n di d 
dissonanc e theory .  I n th e fre e choic e simulation ,  th e 
locu s o f  mos t  o f  th e actio n wa s i n th e re-evaluatio n 
of  th e rejected  alternativ e i n th e difficul t  condition . 
Thi s wa s indee d wha t  Breh m (1956 )  found ,  althoug h 
he di d no t  commen t  o n th e discrepanc y fro m stric t 
dissonanc e theor y predictions . 

0. 4 n 
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I 0.0 
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c 
o 
m -0. 2 
(0 
> 
LU 

-0. 4 
-0. 6 

- D — Chose n 
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T T 
Difficul t  Eas y 

Choic e 

Figur e 4 .  Result s fo r  Breh m simulation . 

We hav e foun d simila r  instance s o f  th e constrain t 
satisfactio n mode l  fittin g psychologica l  dat a fro m 
othe r  dissonanc e experiment s belte r  tha n dissonanc e 
theor y does .  Thes e superio r  fit s  deriv e fro m th e 
câ )acit y o f  constrain t  satisfactio n model s t o dea l  wit h 
variable s othe r  tha n thos e uniqu e t o dissonanc e theor y 
an d th e increase d precisio n tha t  i s  inheren t  t o 
computationa l  formulations . 

Th e presen t  simulation s wer e conducte d wit h a 
m in imu m o f  paramete r  adjustment .  Networ k weight s 
wer e positive ,  negative ,  o r  zero ;  resistanc e wa s hig h 
or  low ;  an d initia l  level s o f  activatio n wer e eithe r 
hig h o r  low .  Additiona l  experimentatio n revealed  tha t 
thes e effect s wer e robus t  agains t  paramete r  variation , 
and tha t  th e defaul t  paramete r  setting s wer e applicabl e 
t o a  variet y o f  othe r  dissonanc e simulations . 

Th e presen t  simulation s bega n wit h som e unit s 
havin g initial ,  non-zer o activatio n values .  M o r e 
conventionally ,  constrain t  satisfactio n program s star t 
al l  unit s a t  zer o activatio n an d provid e som e unit s 
wit h externa l  inputs .  Activation s the n graduall y buil d 
up fro m zer o a s a  functio n o f  bot h externa l  inpu t  an d 
interna l  networ k input .  Thi s conventiona l  schem e di d 
not  see m appropriat e fo r  cognitiv e dissonanc e 
phenomen a becaus e i t  yielde d result s indicatin g a 
gradua l  increas e i n consonance ,  bu t  n o dissonance .  T o 
ensur e tha t  th e network s modele d dissonance ,  w e 

initialize d som e uni t  activation s i n conformit y wit h 
procedure s i n th e psychologica l  experiments . 

Althoug h connectio n weigh t  value s ca n b e learne d 
fo r  constrain t  satisfactio n model s (e.g. ,  Anderso n & 
Mozer ,  1981) ,  ther e wa s n o suc h learnin g i n th e 
presen t  simulations .  Thi s reflect s th e fac t  tha t  th e 
typica l  dissonanc e experimen t  i s no t  a n occasio n fo r 
learning .  Instead ,  acculturated ,  experience d subject s 
ente r  a  situatio n i n whic h the y commi t  themselve s t o 
some behavio r  unde r  th e influenc e o f  a  fe w salient , 
experimentall y engineere d cognitions .  Thes e 
cognitions ,  th e behaviora l  commitment ,  an d existin g 
knowledg e ac t  a s constraint s o n th e subject' s 
subsequen t  re-evaluations .  Thus ,  th e typica l 
dissonanc e experimen t  capitalize s o n pas t  learning , 
but  doe s no t  involv e m u c h i n th e wa y o f  ne w 
learning .  Th e principa l  thin g a  subjec t  i n a  dissonanc e 
experimen t  migh t  lear n i s h o w h e o r  sh e feel s abou t 
something . 

Indeed ,  ther e i s a  sens e i n whic h cognitiv e 
dissonanc e phenomen a ar e antithetica l  t o learnin g 
phenomena .  I n bot h contexts ,  subject s behav e i n a 
way tha t  i s les s tha n ideal .  I n som e cases ,  subject s ar e 
abl e t o lear n t o chang e thei r  behavio r  t o improv e thei r 
payoff .  Bu t  tha t  avenu e i s  close d i n dissonanc e 
experiment s b y th e fac t  tha t  subject s remai n 
committe d t o thei r  behavior .  Reductio n o f  cognitiv e 
dissonanc e b y re-evaluatio n i s a n exercis e i n copin g 
wit h behavio r  tha t  canno t  b e undone . 

Cognitiv e dissonanc e phenomen a hav e traditionall y 
bee n considere d a s distinc t  fro m les s counter-intuitiv e 
psychologica l  phenomena .  Bu t  sinc e constrain t 
satisfactio n model s als o accoun t  fo r  a  wid e variet y o f 
othe r  phenomena ,  ther e i s  considerabl e scop e fo r 
nove l  thewetica l  unification . 

Cognitiv e dissonanc e theor y i s bu t  on e o f  a  numbe r 
of  theorie s i n socia l  psycholog y emphasizin g tha t 
peopl e tr y t o achiev e consistenc y amon g cognition s 
(Abelson ,  A ronson ,  M c G u i r e ,  N e w c o m b e , 
Rosenberg ,  &  Tannenbaum ,  1968 ;  Abelso n & 
Rosenberg ,  1958 ;  Heider ,  1958) .  Althoug h thes e 
consistenc y theorie s hav e enjoye d considerabl e 
succes s a s verba l  formulations ,  th e underlyin g 
reasonin g mechanism s fo r  establishin g consistenc y 
hav e no t  bee n precisel y specified .  I t  ma y b e tha t 
connectionis t  constrain t  satisfactio n model s coul d 
serv e a s a  genera l  modelin g techniqu e an d explanator y 
devic e i n thes e area s (cf .  Holyoa k &  Spellman , 
1991) . 

Acknowledgement s 

This research was supported by a grant to the first 
autho r  fro m th e Socia l  Science s an d Humanitie s 
Researc h Counci l  o f  Canad a an d a  gran t  t o th e secon d 
autho r  fro m th e U .  S .  Nationa l  Institut e o f  Menta l 
Health . 

466 



Reference s 

Abelson, R. P., Aronson, E., McGuirc, W. J., 
Newcombe,  T .  M. ,  Rosenberg ,  M .  J. ,  an d 
Tannenbaum,  P .  H .  eds .  1968 .  Theorie s o f  cognitiv e 
consistency :  A  sourcebook .  Chicago :  Ran d McNally . 

Abelson, R. P., and Rosenberg, M. J. 1958. 
Symboli c psycho-logic :  A  mode l  o f  attitudina l 
cognition .  Behaviora l  Scienc e 3:1-13 . 

Anderson, J. A., and Mozer. M. C. 1981. 
Categorizatio n an d selectiv e neurons .  I n G .  E .  Hinto n 
and J .  A .  Anderso n eds. .  Paralle l  model s o f 
associativ e memory ,  pp .  213-236 .  Hillsdale ,  NJ : 
Erlbaum . 

Aronson, E., and Carlsmith, J. M. 1963. Effect of 
severit y o f  threa t  o n th e devaluatio n o f  forbidde n 
behavior .  Journa l  o f  Abnorma l  an d Socia l 
Psycholog y 66:584-588 . 

Aronson, E., and Mills, J. 1959. The effect of 
severit y o f  initiatio n o n likin g fo r  a  group .  Journa l  o f 
Abnormal  an d Socia l  Psycholog y 59:177-181 . 

Brehm, J. W. 1956. Post-decision changes in the 
desirabilit y  o f  choic e alternatives .  Journa l  o f 
Abnormal  an d Socia l  Psycholog y 52:384-389 . 

Festinger, L. 1957. A theory of cognitive dissonance. 
Evanston ,  IL :  Row ,  Peterson . 

Festinger, L., and Carlsmith, J. M. 1959. Cognitive 
consequence s o f  force d compliance .  Journa l  o f 
Abnormal  an d Socia l  Psycholog y 58:203-210 . 

Freedman, J. L. 1965. Long-term behavioral effects 
of  cognitiv e dissonance .  Journa l  o f  Experimenta l 
Socia l  Psycholog y 1:145-155 . 

Heider ,  F .  1958 .  Th e psycholog y o f  interpersona l 
relations .  Ne w Yoric :  Wiley . 

Hertz. J.. Krogh, A., and Palmer, R. G. 1991. 
Introductio n t o th e theor y o f  neura l  computation . 
Reading ,  M A :  Addison-Wesley . 

Holyoak, K. J., and Spellman, B. A. 1991. If Saddam 
i s Hitle r  the n wh o i s Georg e Bush ? Analogica l 
mappin g betwee n system s o f  socia l  roles . 
Forthcoming . 

Holyoak, K. J., and Thagard, P. 1989. Analogical 
mappin g b y constrain t  satisfaction .  Cognitiv e 
Scienc e 13:295-355 . 

Hopfield,  J. J. 1982. Neural networks and physical 
system s wit h emergen t  collectiv e computationa l 
abilities .  Proceeding s o f  th e Nationa l  Academ y o f 
Sciences .  US A 79:2554-2558 . 

Hopfield, J. J. 1984. Neurons with graded responses 
have collectiv e computationa l  propertie s lik e thos e o f 
two-stat e neurons .  Proceeding s o f  th e Nationa l 
Academy o f  Sciences ,  US A 81:3008-3092 . 

Rumelhart, D. E., Smolensky, P., McClelland, J. L., 
and Hinton ,  G .  1986 .  Schemat a an d sequentia l 
though t  processe s i n P D P models .  I n D .  E . 
Rumelhar t  an d J .  L .  McClellan d eds. .  Paralle l 
distribute d processing :  Exploration s i n th e 
microstructur e o f  cognition .  Vol .  2 ,  pp .  7-57 . 
Cambridge ,  M A :  MI T Press . 

Thagard, P. 1989. Explanatory coherence. Behavioral 
and Brai n Science s 12:435-5(̂ . 

467 


	cogsci_1992_462-467



