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Consonanc e N e t w o r k Simulation s o f  Arousa l  P h e n o m e n a i n Cognitiv e Dissonanc e 

Thomas R. Sliull/ (sliiilt/.@psych.mcgill.ca) 
Departmen t  o f  I'sycliology ;  McGil l  Universit y 

MonUeal ,  Q C H 3 A 1 B l  Canad a 

Mark R. Lcpper (lepper@psych.stanford.edu) 
Departmen t  o f  Psychology ;  Stanfor d Universit y 

Stanford ,  C A 94305-213 0 U S A 

Abstrac t 

The consonance constraint satisfaction model, recently used 
t o simulat e th e majo r  paradigm s o f  cognitiv e dissonanc e 
theory ,  i s extende d t o dea l  wit h emotiona l  arousa l  phenomen a 
i n dissonance .  Th e impac t  o f  arousin g drug s i s implemente d 
i n th e simulation s b y a  scala r  tha t  modulate s th e intensit y o f 
uni t  activation s representin g th e relevan t  cognition s an d th e 
connectio n weight s representin g thei r  implications .  Th e 
simulation s sho w tha t  eve n exoti c dissonanc e phenomen a ca n 
be explaine d i n term s o f  th e relativel y commo n proces s o f 
constrain t  satisfaction . 

For centuries, cognitive consistency has been a battleground 
i n th e continuin g philosophica l  debate s ove r  huma n 
rationality .  Consistenc y wa s ofte n see n a s a  hallmar k o f 
reason ,  o r  a s a  necessar y conditio n fo r  a  se t  o f  belief s o r 

argument s t o b e considere d logical .  Alternatively , 
consistenc y wa s dismisse d a s wooden-heade d 
conservatism—th e "hobgobli n o f  smal l  minds "  o r  th e "las t 
refug e o f  th e unimaginative. " 

Withi n psychology ,  cognitiv e consistenc y ha s similarl y 
playe d a  majo r  rol e i n debate s abou t  huma n reaso n 
(Abelson ,  1971 ;  Lepper ,  1994) .  I n m a n y o f  th e earl y 
consistenc y models ,  pressure s towar d balanc e (Heider , 
1946 ,  1958) ,  congruit y (Osgoo d &  Tannenbaum ,  1955) ,  o r 
symmetr y (Newcomb ,  1953 )  i n a  person' s cognitiv e syste m 
wer e viewe d a s expression s o f  a  logica l  nee d t o achiev e a 
coheren t  understandin g o f  a  sometime s contradictor y worl d 
(McGuire ,  1960) .  I n contrast ,  othe r  consistenc y models , 
especiall y Festinger' s (1957 )  theor y o f  cognitiv e 
dissonance ,  focuse d o n th e way s i n whic h th e huma n desir e 
t o avoi d inconsistenc y (dissonance )  coul d lea d t o behavio r 
tha t  appeare d fairl y  irrational .  I n thi s latte r  tradition ,  peopl e 
wer e see n mor e a s "rationalizing, "  tha n a s "rational, " 
creature s (Aronson ,  1969) .  Thi s emphasi s o n irrationalit y i n 
dissonanc e theor y contribute d t o th e vie w tha t  dissonanc e 
phenomena wer e noticeabl y different ,  eve n somewha t 
exotic ,  compare d t o othe r  everyda y psychologica l 
phenomena . 

Afte r  a  considerabl e perio d o f  relativ e quiescence ,  interes t 
i n cognitiv e consistenc y i n general ,  an d cognitiv e 
dissonanc e i n particular ,  ha s recentl y bee n rekindled ,  fro m 

tw o quit e disparat e direction s (e.g. ,  Harmon-Jone s &  Mills , 
1999) . 

O ne sourc e o f  renewe d interes t  i n cognitiv e consistenc y 

has com e fro m attempt s t o mode l  relationship s amon g socia l 
attitude s an d belief s i n computationa l  term s (e.g. .  Rea d & 
Miller ,  1994 ,  1998 ;  Shult z &  Lepper ,  1996 ,  1998 ;  Spellman , 
Ullman ,  &  Holyoak ,  1993) .  Shult z an d Leppe r  (1996 , 
1998) ,  fo r  example ,  modele d a  variet y o f  phenomen a fi-om 

some o f  th e centra l  an d mos t  robus t  cognitiv e dissonanc e 
paradigms .  Thei r  so-calle d "consonance "  mode l  use s 
connectionis t  neura l  network s operatin g b y th e principl e o f 
constrain t  satisfactio n t o simulat e traditiona l  findings  i n 
cognitiv e dissonance .  Thei r  mode l  capture d th e result s o f  a 
number  o f  classi c "insufficien t  justification "  phenomena , 
includin g th e effect s o f  threat s o f  punishmen t  o n likin g fo r  a 
forbidde n to y (e.g. ,  Freedman ,  1965) ,  th e consequence s o f 
"force d compliance "  wit h a  reques t  t o engag e i n counter -
attitudina l  activitie s (e.g. ,  Linder ,  Cooper ,  &  Jones ,  1967) , 
and th e psychologica l  effect s o f  initiation s (e.g. ,  Gerar d & 
Mathewson ,  1966) .  I t  als o capture d basi c phenomen a 
concernin g th e consequence s o f  makin g a  free  choic e (e.g. , 
Brehm ,  1956 )  an d predicte d n e w free-choice  effect s tha t 
wer e subsequentl y confirme d i n furthe r  psychologica l 
experimentatio n (Shultz ,  Leveille ,  &  Lepper ,  1999) . 

Thes e simulation s suggeste d tha t  eve n th e apparentl y 
exotic ,  counter-intuitive ,  an d irrationa l  effect s emphasize d 
by earl y dissonanc e theorist s coul d b e interprete d i n term s 
of  considerabl y mor e mundan e cognitiv e processes .  I n 
severa l  cases ,  psychologica l  phenomen a wer e covere d mor e 
accuratel y i n th e simulation s tha n the y wer e b y classica l 
dissonanc e theory .  Th e superio r  coverag e o f  th e consonanc e 
model  wa s du e t o th e inclusio n o f  constraint s no t  presen t  i n 
dissonanc e theor y an d t o th e increase d precisio n inheren t  t o 
a computationa l  formulation .  Th e succes s o f  th e consonanc e 
model  allow s a  reinterpretatio n o f  cognitiv e dissonanc e an d 
it s reductio n tha t  emphasize s wha t  i t  ha s i n c o m m o n wit h 
m a ny othe r  psychologica l  phenomen a operatin g accordin g 
t o constrain t  satisfactio n principle s (Holyoa k &  Thagard , 
1989 ;  Kintsch ,  1988 ;  Rea d &  Miller ,  1994 ,  1998 ; 
Rumelhart ,  Smolensky ,  McClelland ,  &  Hinton ,  1986 ; 
Sloman ,  1990 ;  Spellma n &  Holyoak ,  1992 ;  Spellma n e t  al , 
1993 ;  Thagard ,  1989) . 
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A secon d mai n sourc e o f  th e recen t  resurgenc e o f  interes t 

i n consistenc y phenomen a ha s com e fro m socia l 

psychologist s wantin g t o highligh t  an d investigat e th e 

affectiv e an d motivationa l  propertie s o f  cognitiv e 

dissonanc e (Ellio t  c* c IVvine ,  1994 ;  Harmon-Jone s &  Mills , 

1999) .  S o m e o f  thes e effort s involve d attempt s t o stud y th e 

critica l  rol e o f  actua l  physioiî gica l  arousa l  i n th e productio n 

and reductio n o f  dissonanc e (e.g. .  Coope r  &  Fazio ,  1984) . 

Th e presen t  pape r  attempt s t o integrat e thes e tw o newe r 

direction s i n cognitiv e dissonanc e researc h b y presentin g 

simulations ,  base d o n th e consonanc e model ,  o f  ke y 

phenomen a i n th e mor e recen t  dissonanc e literatur e 

concernin g th e emotionally-arousin g propertie s o f  cognitiv e 

dissonance .  Simulation s o f  thi s sor t  ca n provid e a  relativel y 

precis e an d reliabl e extensio n o f  theor y t o explai n empirica l 

psychologica l  findings  (Smith ,  1996) . 

Arousal and Dissonance 

E\e n i n th e earlies t  dissonanc e research ,  i t  wa s postulate d 

tha t  dissonanc e involve s a  stat e o f  aversiv e affectiv e arousa l 
(Festinger .  1957) .  I n mor e recen t  years ,  a  numbe r  o f 

experiment s supporte d thi s notio n (Coope r  &  Fazio ,  1984) . 

Thus ,  dissonanc e energize s dominan t  responses ,  jus t  a s 

othe r  arousa l  state s d o (.Palla k &  Pittman ,  1972) ,  an d 

produce s actua l  physiologica l  arousa l  (Croyl e &  Cooper , 
1983) .  E\e n mor e dramatically ,  th e presenc e an d siz e o f 
dissonanc e effect s var y wit h independen t  manipulation s o f 

arousal . 

For  example .  Cooper ,  Zanna ,  an d Tave s (1978 )  directl y 
manipulate d arousa l  wit h drug s an d showe d th e necessit y o f 

arousa l  fo r  subsequen t  attitud e change .  Coope r  e t  al.' s 
participant s wer e aske d t o writ e a n essa y tha t  wen t  agains t 
thei r  o w n attitudes .  Th e essa y favore d pardonin g forme r 

Presiden t  Richar d N i x o n — a polic y wit h whic h virtuall y al l 
participant s strongl y disagreed .  Th e participant s wer e give n 
eithe r  hig h o r  lo w choic e t o writ e thes e counter-attitudina l 
essays ,  unde r  thre e differen t  dru g conditions .  I n th e contex t 
of  a n earlie r  experiment ,  however ,  th e participant s ha d eac h 

jus t  take n a  pil l  tha t  the y ha d bee n tol d wa s a  harmles s 
placebo .  Actually ,  however ,  th e dru g wa s eithe r  a  placebo ,  a 
"downer "  (Phenobarbital) ,  o r  a n "upper "  (amphetamine) . 

Result s from  th e Coope r  e t  al .  stud y ar e show n i n Figur e 
1.  I n th e placeb o condition ,  ther e wa s th e usua l  dissonanc e 
effect ,  i.e. ,  mor e attitud e chang e i n th e directio n o f  th e essa y 
unde r  hig h choic e tha n unde r  lo w choice .  Thi s effec t  o f 
choic e wa s eliminate d i n th e "downer "  condition ,  wher e 

ther e wa s ver y littl e attitud e chang e regardles s o f  choice , 

and enhance d i n th e "upper "  condition ,  producin g a 
significan t  dissonanc e effec t  eve n unde r  lo w choice .  Thes e 

result s becam e th e focu s o f  ou r  simulations . 

The Consonance Model 

The consonanc e mode !  i s base d o n th e ide a tha t  dissonanc e 
reductio n ca n b e interprete d a s a  constrain t  satisfactio n 
problem .  Th e motivatio n t o see k cognitiv e consistenc y tha t 

i s postulate d b y dissonanc e theor y an d relate d theorie s ca n 

be viewe d a s imposin g constraint s o n th e belief s an d 

attitude s tha t  a n individua l  hold s a t  an y give n moment  (e.g. , 

Abelson ,  Aronson ,  McGuire ,  N e w c o m b ,  Rosenberg ,  & 

Tannenbaum ,  1968 ;  Abelso n &  Rosenberg ,  1958 ;  Feldman , 

1966) .  Suc h consistenc y problem s ca n b e solve d b y 

satisfyin g multipl e sof t  constraints ,  condition s tha t  ar e 

desirable ,  bu t  no t  essential ,  t o satisf y an d whic h ma y var y i n 

thei r  relativ e importanc e t o th e individual . 
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Figure 1: Mean attitude as a function of choice and drug 
(fro m Coope r  e t  al. ,  1978) . 

In this model, consonance networks correspond to an 
individual' s representatio n o f  th e situatio n create d i n th e 

variou s condition s o f  a  cognitiv e dissonanc e experiment . 

Uni t  activation s represen t  th e directio n an d strengt h o f  th e 
person' s attitude s an d beliefs .  Unit s ca n als o diffe r  i n thei r 
resistanc e t o activatio n change ,  reflectin g difference s i n th e 
exten t  t o whic h particula r  cognition s ar e supporte d b y othe r 
cognition s o r  ar e clearl y anchore d i n reality .  Connectio n 
weight s betwee n differen t  cognition s represen t 
psychologica l  implication s amon g th e person' s attitude s an d 

beliefs .  Th e connection s betwee n an y tw o unit s ca n b e 
excitatory ,  inhibitory ,  o r  nonexistent .  Bot h uni t  activation s 
and connectio n weight s ca n var y acros s th e differen t 

condition s o f  a  singl e experiment . 
Consonanc e i s  roughl y th e degre e t o whic h similarl y 

evaluate d unit s ar e linke d b y excitator y weight s an d 
oppositel y value d unit s ar e linke d b y inhibitor y weights . 
Mor e formally ,  th e consonanc e contribute d b y a  particula r 
uni t  i  is : 

e ,=^Wi j a , a j  (I ) consonance , 

wher e wi j  i s  th e weigh t  betwee n unit s /  an d j ,  a i  i s  th e 

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

th e sendin g uni t  j .  Th e overal l  consonanc e i n a  give n 
networ k i s th e su m o f  th e value s give n b y Equatio n 1  ove r 
al l  receivin g unit s i n tha t  network : 

(2 ) consonance ^  =  X  X ,  ̂ y^i^ > 
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Activation s chang e ove r  tim e cycle s i n orde r  t o satisf y 

constraint s an d increas e consonance .  Activatio n spread s 
over  tim e cycle s b y tw o updat e rules : 

ai{ t  +  i) = ai{t) + neti{ceiling-ai{t) )  ,  whennet j  ̂ 0 (3 ) 

ai{ t  +  \) = ai{t) + net,{ai{t) -  floor),  whenner ,  < 0 (4 ) 

wher e ai{t+l )  i s th e activatio n o f  uni t  /  a t  tim e r  +  1 ,  iijit )  i s 

th e activatio n o f  uni t  /  a t  tim e / ,  ceilin g i s th e maxima l  leve l 

of  activation ,  yZoo r  i s th e minima l  activation ,  an d net j  i s  th e 

net  inpu t  t o uni t  i ,  define d as : 

net ,  ̂ resist^'^WyO J (5 ) 

The parameter resistj indexes the resistance of receiving 

uni t  ( •  t o havin g it s activatio n changed . 
At  eac h tim e cycl e durin g th e simulation ,  n  unit s ar e 

randoml y selecte d an d update d accordin g t o Equation s 3 
and 4 .  Fo r  mos t  o f  ou r  simulations ,  n  i s th e numbe r  o f  unit s 
i n th e network .  Th e updat e rule s describe d i n Equation s 3- 5 
ensur e tha t  consonanc e increase s o r  stay s th e sam e acros s 
tim e cycles .  W h e n consonanc e reache s a n asymptote ,  th e 
updatin g proces s i s stopped . 

The desig n o f  consonanc e network s t o implemen t 
particula r  dissonanc e experiment s follow s a  se t  o f  five 

principle s tha t  m a p cognitiv e dissonanc e theor y t o th e 
consonanc e model .  Principl e 1  specifie s tha t  a  cognitio n i s 
implemente d b y th e ne t  activatio n o f  a  pai r  o f  negativel y 
connecte d units ,  on e representin g th e positiv e pol e an d th e 
othe r  representin g th e negativ e pole .  Thi s permit s th e mode l 
t o dea l  wit h bot h conflic t  an d ambivalence .  Ne t  activatio n 
fo r  th e cognitio n i s th e differenc e betwee n activatio n o f  th e 
positiv e uni t  an d activatio n o f  th e negativ e unit .  Activation s 
rang e from a  floo r  t o a  ceiling .  I n ou r  dissonanc e 
simulations ,  th e floor  paramete r  ha s a  defaul t  valu e o f  0 . 
The ceilin g paramete r  i s 1  fo r  positiv e poles ,  an d 0. 5 fo r 
negativ e poles. ' 

Principl e 2  specifie s tha t  connection s betwee n cognition s 
ar e base d o n inferre d causa l  implication s betwee n thos e 
cognition s (Abelson ,  1968) .  Connectio n weight s rang e ft-om 
-1 t o +1 ,  wit h 0  representin g a  lac k o f  causa l  relation .  W h e n 
tw o cognition s ar e positivel y related ,  thei r  positiv e pole s ar e 
connecte d wit h excitator y weights ,  a s ar e thei r  negativ e 
poles .  Inhibitor y weight s connec t  th e positiv e pol e o f  on e 
cognitio n wit h th e negativ e pol e o f  th e othe r  cognition . 
These connection s ar e exactl y reverse d fo r  cognition s tha t 
ar e negativel y related .  Eac h uni t  ha s a n inhibitor y self -
connectio n specifie d b y th e ca p parameter ,  an d al l 
connectio n weight s ar e bi-directional .  Connectio n weight s 
have a  defaul t  valu e o f  0.5 . 

Principl e 3  specifie s tha t  th e tota l  amoun t  o f  dissonanc e i n 
a networ k i s th e negativ e o f  tota l  consonanc e divide d b y r , 
whic h i s th e numbe r  o f  nonzer o relation s amon g cognitions : 

- V y > V y f l / f l ; 

dissonanc e =  • '  ; 
(6 ) 

When neuron s ar e organize d int o excitator y an d inhibitor y group s 
tha t  respon d i n opposit e way s t o th e sam e input ,  th e activatio n 
rang e fo r  excitator y neuron s i s usuall y greate r  fo r  positiv e tha n fo r 
inhibitor y neuron s (Anderson ,  1995 ,  pp .  150-152) . 

Dividin g b y r  standardize s dissonanc e acros s network s b y 
controllin g fo r  th e numbe r  o f  relevan t  relations .  Self -

connection s ar e exclude d fro m thi s computatio n o f 

dissonance .  Thi s definitio n o f  dissonanc e differ s fro m 

Festinger' s (1957 )  definition ,  no t  onl y becaus e i t  i s 

formalized ,  bu t  als o becaus e i t  measure s th e amoun t  o f 
dissonanc e withi n eac h inter-cognitio n relation ,  include s 

within-cognitio n ambivalence ,  an d varie s eve n whe n al l 
relation s ar e dissonan t  o r  al l  relation s ar e consonant . 

Principl e 4  map s dissonanc e reductio n t o activatio n 
update s b y specifyin g tha t  network s settl e int o mor e stable , 
les s dissonan t  state s a s uni t  activation s ar e update d wit h 

Equation s 3 ,  4 ,  an d 5 .  Th e ca p paramete r  wit h a  defaul t 
valu e o f  -0.5 ,  correspondin g t o th e valu e o f  th e connectio n 

betwee n eac h uni t  an d itsel f  (w//) ,  prevent s activation s from 

reachin g th e ceiling . 
Principl e 5  specifie s tha t  cognitio n uni t  activations ,  bu t 

not  connectio n weights ,  ar e allowe d t o change ,  an d tha t 

some cognition s ar e mor e resistan t  t o chang e tha n others ,  a s 
implemente d i n Equatio n 5 .  Typically ,  beliefs ,  behaviors , 
and justification s ar e mor e resistan t  t o chang e tha n ar e 
evaluation s o r  attitudes .  Th e resis t  paramete r  ha s defaul t 
value s o f  0. 5 fo r  lo w resistanc e an d 0.0 1 fo r  hig h resistance . 
As specifie d i n Equatio n 5 ,  th e large r  th e resistanc e 
multiplier ,  th e mor e readil y th e uni t  changes  it s activation . 

I n orde r  t o asses s th e robustnes s o f  simulatio n result s 
acros s variabilit y  i n th e specifi c  parameters ,  weights , 
resistances ,  caps ,  an d initia l  activation s ar e al l  randomize d 
by addin g o r  subtractin g a  rando m proportio n o f  thei r  initia l 
amounts .  Th e rand % paramete r  specifie s th e proportio n i n 
whic h addition s o r  subfraction s ar e randoml y selecte d wit h a 
unifor m disfribution .  Randomizatio n increase s 
psychologica l  realis m i n th e sens e tha t  no t  everyon e ca n b e 
expecte d t o hav e precisel y th e sam e paramete r  values . 
Randomizatio n o f  weigh t  value s violate s connectio n weigh t 

symmetry ,  suc h tha t  Wm ^  wji ^  an d increase s instabilit y  o f 

networ k solution s (Hopfield ,  1982 ,  1984) .  W e ofte n 
compar e lo w (0.1) ,  mediu m (0.5) ,  an d hig h (1.0 )  level s o f 
rand % i n orde r  t o asses s th e stabilit y  o f  networ k solution s 
(Shult z &  Lepper ,  1996) .  Al l  o f  th e defaul t  value s 
mentione d abov e ar e consisten t  acros s al l  o f  ou r 
simulations .  Additiona l  detail s abou t  th e consonanc e mode l 
and discussion s o f  it s  assumption s ar e availabl e i n othe r 
source s (Shult z &  Lepper ,  1996 ,  1998) . 

The Present Simulations 

N e t w o r k Desig n 

The presen t  simulation s focuse d o n th e Coope r  e t  al .  (1978 ) 
experimen t  describe d earlier .  Becaus e ther e wer e n o 
differentia l  payments ,  a s i s typica l  i n force d complianc e 
experiment s (e.g. ,  Collins ,  1973 ;  Unde r  e t  al. ,  1967) ,  ther e 
ar e onl y tw o cognition s t o model :  th e attitud e an d th e 
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counter-attitudina l  essay .  Initially ,  attitud e i s give n a  hig h 

negativ e activatio n (-0.5 )  becaus e i t  i s  strongl y agains t 

pardonin g Nixon .  Th e essa y cognitio n start s wit h a  hig h 

posm\ e activatio n (0.5 )  becaus e i t  i s  i n favo r  o f  pardonin g 

Nixon .  Usin g Principl e 2 .  w e implemen t  degre e o f  choic e b y 
varyin g th e strengt h o f  th e connectio n betwee n attitud e an d 

essay :  hig h (0.5 )  vs .  lo w (0.1) .  Bot h relation s ar e positiv e 

becaus e th e mor e favorabl e o n e s attitude ,  th e mor e likel y i t 

woul d b e fo r  on e t o suppor t  thi s positio n i n writing. ^ 

Followin g Piincipl e 5 ,  writin g th e essa y i s give n hig h 

resistanc e t o chang e becaus e i t  i s  a  publi c an d inevocabl e 

behavior ;  attitud e i s give n lo w resistanc e t o chang e becaus e 

i t  i s  a  subjectiv e evaluation . 

Th e variou s dru g condition s ar e implemente d wit h a 
scala r  valu e tha t  multiplie s th e initia l  value s o f  connection 

weight s an d cognitions :  1. 0 fo r  th e placebo ,  0. 5 fo r  th e 

"downer, "  an d 1. 5 fo r  th e "upper "  condition .  Th e basi c ide a 
i s tha t  thes e arousal-modulatin g drug s dampe n o r  boos t 

everMhin g i n th e system ,  connectio n weight s an d initia l 

acti\ations .  Thi s interpretatio n i s consisten t  wit h th e 
energizin g propertie s o f  dissonanc e (Coope r  &  Fazio ,  1984) . 
T h e fac t  tha t  eve n th e lo w choice/"upper "  participant s sai d 

i n manipulatio n check s tha t  the y fel t  a  hig h leve l  o f  choic e 

(Coope r  e t  al. .  1978 )  underscore s th e importanc e o f  scalin g 
th e connectio n weights .  Thi s scalin g i s als o consisten t  wit h 
e\idenc e tha t  phenobarbita l  depresses ,  wherea s 

amphetamin e increases ,  neura l  firin g rate s an d synapti c 
transmissio n (Quastel ,  1975) .  Initia l  networ k value s fo r  th e 
placeb o conditio n obviousl y d o no t  chang e wit h a  multiplie r 

of  1.0 . 
Twent y network s wer e ru n i n eac h o f  th e si x experimenta l 

conditions ,  eac h networ k havin g somewha t  differen t 
paramete r  setting s an d a  differen t  randoml y determine d 
patter n o f  activatio n updates .  Eac h networ k ra n fo r  3 0 
cycles ,  becaus e dissonanc e an d uni t  activatio n value s 
t>picall y reache d asymptot e b y tha t  time . 

Results 

M e an attitude s toward s th e vie w espouse d i n th e essa y ar e 

presente d i n Figur e 2  a t  th e lowes t  leve l  o f  paramete r 
randomizatio n (0.1) .  Th e dru g x  choic e interactio n 
resemble s tha t  produce d i n Coope r  e t  al.' s  (1978 )  study .  W e 
performe d a n A N O V A i n whic h drug ,  wit h thre e levels ,  an d 
choice ,  wit h tw o levels ,  serve d a s factors .  A s predicted , 
ther e wa s a n interactio n betwee n dru g an d choice ,  F(l ,  114 ) 
> 900 ,  p  <  .001 .  Th e precis e natur e o f  thi s interactio n wa s 
assesse d usin g a  contras t  F  wit h weight s suggeste d b y 
Cooper  e t  al.' s huma n data .  Th e contras t  weight s wer e -1 ,  0 , 
an d -1- 3 fo r  th e hig h choic e "downer, "  placebo ,  an d "upper " 

conditions ,  respectively ;  an d -1 ,  -1 ,  an d 0  fo r  th e lo w choic e 

"downer, "  placebo ,  an d "upper "  conditions ,  respectively . 
Th e contras t  wa s highl y significan t  F(l ,  114 )  >  12000 ,  p  < 

.001 ,  accountin g fo r  8 9 % o f  th e between-condition s 

variance . 

T o les t  fo r  a  significan t  dissonanc e effect ,  eve n unde r  lo w 

choice ,  whe n amphetamine s ha d bee n adnunistered ,  w e 

compute d a  regressio n F  fo r  onl y th e thre e lo w choic e cells , 

usin g weight s o f  0  fo r  th e hig h choic e cells ,  an d weight s o f  -

1,  -I ,  an d 2  fo r  th e lo w choic e "downer, "  placebo ,  an d 

"upper "  conditions ,  respectively ,  F(l ,  114 )  >  500 ,  p  <  .001 . 

Jus t  a s wit h Coope r  e t  al.' s  participants ,  a  dissonanc e effec t 

was foun d i n th e lo w choice ,  "upper "  condition . 

1.0 0 

0.75 

0.50 

.i 0.25 

0.00 I 

-0.25 

-0.50 

^  I n ou r  previou s simulatio n o f  th e Unde r  e t  al .  (1967 )  force d 
complianc e experiment ,  whic h ha d n o choic e rathe r  tha n lo w 
choice ,  w e cu t  thi s lin k betwee n attitud e an d essa y t o zer o (Shult z 
& Lepper ,  1996) . 

Downer  Placeb o Uppe r 

Dru g conditb n 

Figure 2: Mean simulated attitude as a function of choice 

and dru g condition . 

Mean simulated dissonance scores for the six conditions 
of  th e Coope r  e t  al .  experimen t  ar e plotte d i n Figur e 3  ove r 

tim e cycles .  A  substantia l  amoun t  o f  dissonanc e i n th e hig h 
choic e "upper "  conditio n i s strongl y reduced ,  a  moderat e 
amount  o f  dissonanc e i n th e hig h choic e placeb o conditio n 

i s moderatel y reduced ,  an d a  smal l  amoun t  o f  dissonanc e i n 
th e lo w choic e "upper "  conditio n i s slightl y reduced .  Th e 

othe r  thre e condition s sho w almos t  n o dissonanc e an d 
almos t  n o dissonanc e reduction .  Al l  o f  thes e result s hel d u p 

at  med iu m (0.5 )  an d eve n a t  hig h (1.0 )  level s o f  paramete r 
randomization . 

Discussion 

Th e consonanc e networ k simulation s fi t  th e huma n dat a 
fro m Coope r  e t  al .  quit e precisely .  Ther e wa s th e typica l 
dissonanc e effec t  i n th e placeb o conditio n (i.e. ,  mor e 
attitud e chang e i n th e directio n o f  th e view s expresse d i n th e 

essa y unde r  hig h choic e tha n unde r  lo w choice) ,  ver y littl e 

attitud e chang e i n th e "downer "  condition ,  an d enhance d 
attitud e chang e i n th e "upper "  condition .  Th e onl y require d 
chang e fro m ou r  previou s forced-complianc e simulation s 
was th e inclusio n o f  a  scala r  paramete r  t o multipl y initia l 

value s o f  activation s an d weights .  Consisten t  wit h 
psychologica l  an d neurophysiologica l  evidence ,  thi s scala r 

enhance d activation s an d weight s i n th e "upper "  conditio n 
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and dampene d the m i n th e "downer "  condition ,  relativ e t o 

th e placeb o contro l  condition .  Plot s o f  dissonanc e reductio n 

sugges t  tha t  th e amoun t  o f  attitud e chang e i s a  direc t 

functio n o f  th e amoun t  o f  dissonanc e reduce d i n th e 

networks . 
It  appear s tha t  a s thoug h th e basi c phenomen a o n arousa l 

i n dissonanc e ca n b e capture d wit h constrain t  satisfactio n 
consonanc e networks ,  agai n suggestin g tha t  dissonanc e 

arousa l  an d reductio n ha s muc h i n common wit h othe r 

constrain t  satisfactio n processes . 
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