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Student s o f  reasonin g hav e lon g trie d t o under -

stan d h o w peopl e revis e system s o f  belief s (se e 

Wertheimer ,  1945 ,  fo r  example) .  W e wil l  describ e a 

computationa l  mode l  o f  h o w experimenta l  subject s 

revis e thei r  naiv e belief s abou t  physica l  motion .  W e 

maintai n tha t  peopl e ofte n chang e thei r  belief s i n 

ways drive n b y consideration s o f  explanator y coher -

ence .  Afte r  describin g instance s i n whic h subject s 

chang e thei r  belief s whil e learnin g elementar y phy -

sics ,  w e sho w ho w thei r  belie f  revision s ca n b e 

modele d usin g E C H O,  a  connectionis t  compute r  pro -

gra m tha t  use s constraint-satisfactio n technique s t o 

implemen t  a  theor y o f  explanator y coherence . 

THE PHENOMENA: 
CHANGES I N SYSTEMS O F BELIEF S 

Ranney (1987a) investigated belief change in 

naiv e subject s learnin g elementar y physic s b y usin g 

feedbac k provide d o n a  compute r  display .  Subject s 

wer e aske d t o predic t  th e motio n o f  severa l  projectile s 

and the n explai n thes e predictions .  Th e physica l  con -

text s wer e quit e simple ,  involvin g object s tha t  wer e 

eithe r  throw n o r  release d i n variou s ways .  Analyse s 

of  verba l  protoco l  dat a indicat e tha t  subject s some -

time s underwen t  dramati c belie f  revision s whil e 

offerin g prediction s o r  receivin g empirica l  feedback . 

We wil l  describ e tw o kind s o f  revisions . 

Pat's Changes 

Conside r  "Pat, "  a n individua l  w h o wa s aske d t o 

offe r  prediction s abou t  event s includin g (a )  th e 

motio n o f  a  heav y objec t  droppe d b y a  briskl y walk -

in g m a n an d (b )  th e motio n o f  a  heav y objec t  throw n 

obliquel y upward .  Usin g episodi c memorie s an d men -

ta l  imagery ,  Pa t  initiall y  predicte d tha t  th e objec t 

droppe d b y th e m a n woul d fal l  straigh t  dow n (relativ e 

t o th e ground) .  Thi s belie f  i s a  c o m m o n finding  i n th e 

naiv e physic s literatur e (McCloskey ,  Washburn ,  & 

Felch ,  1983) .  Althoug h sh e entertaine d th e correc t 

prediction ,  tha t  th e droppe d objec t  migh t  curv e for -

war d du e t o th e object' s forwar d "force "  (velocity) , 

sh e preferre d t o sta y wit h th e straight-dow n belief . 

Severa l  task s later ,  whe n face d wit h th e 

"upward-throw "  situation ,  Pa t  note d a  similarit y 

betwee n i t  an d th e "walking-drop "  tas k -  on e tha t 

eventuall y spawne d a  belie f  revision .  Whil e sh e 

offere d th e correc t  paraboli c trajector y a s a  predictio n 

fo r  th e upward-throw ,  sh e note d that ,  a t  th e parabola' s 

zenith ,  th e upwardl y throw n objec t  i s  comparabl e t o 

tha t  jus t  release d b y th e walkin g man .  Tha t  is ,  a t  th e 

ape x o f  th e throw n object' s trajectory ,  i t  ha s a n 

exactly-horizonta l  motion ,  a s doe s th e just-droppe d 

object .  Pa t  the n mentione d tha t  thi s observatio n wa s 

not  "consistent "  wit h wha t  sh e sai d befor e and ,  i f  sh e 

wer e t o b e consistent ,  th e throw n objec t  woul d "stop " 

it s hcMTzonta l  motio n an d "the n jus t  fa'. l  straigh t 

down"  fro m th e zenit h o f  th e parabola .  Thi s 

"curving-up-then-straight-down "  trajector y wa s no t 

consisten t  wit h he r  pas t  experienc e o f  fallin g objects . 

Pat  the n realize d tha t  he r  memory-drive n 

descriptio n o f  th e bal l  droppin g straigh t  dow n fro m 

th e walkin g m a n involve d belief s tha t  wer e incoheren t 

wit h he r  belief s abou t  th e paraboli c motio n o f  throw n 

bodies .  Afte r  a  perio d o f  igncxin g th e incoherence , 

Pat  state d tha t  sh e ha d "constructe d a  consisten t 

theor y o f  ho w thes e thing s move. "  Remarkably ,  sh e 

went  o n t o rejec t  he r  straight-dow n predictio n fo r  th e 

walking-dro p tas k an d accep t  th e belie f  tha t  th e pat h 

woul d hav e a  "sligh t  forward "  ar c combinin g th e "for -

war d force "  an d gravity .  Eventually ,  Pa t  generalize d 

thi s notion ,  discriminatin g amon g th e breadth s o f  th e 

arc s o f  severa l  laterall y release d projectiles . 

Hal's Changes 

A secon d kin d o f  systemati c belie f  revisio n 

occurre d i n subject s w h o offere d predictions ,  receive d 

feedback ,  an d provide d explanation s fo r  a  se t  o f  task s 

i n whic h pendulum-bob s wer e release d fro m thei r 

supportiv e string s durin g variou s point s i n a  swing . 

Thi s se t  o f  task s wa s adapte d fro m stimul i  use d b y 

Caramazza ,  McCloskey ,  &  Green ,  (1981) .  Becaus e 

of  th e similarit y amon g severa l  o f  th e subjects ,  w e 

wil l  amalgamat e the m int o a  composit e subjec t  "Hal. " 

Hal  predicte d that ,  a t  th e extrem e "endpoint "  o f 

a swing ,  a  release d bo b wil l  trave l  laterall y an d (even -
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tually )  downward .  T o som e extent ,  thi s predictio n 
was drive n b y image s o f  childre n flying  of f  play -

groun d swings .  Vi a feedback .  Ha l  learne d tha t  a  bo b 

release d i n thi s manne r  actuall y fall s  straigh t  dow n 

(se e Figur e 1 ,  positio n E ) .  Mos t  o f  th e subject s 

observe d b y Ranne y (1987a )  wer e surprise d b y thi s 

piec e o f  feedback ,  a s almos t  9 0 % o f  th e predicte d tra -

jectorie s wer e nonvertical .  Virtuall y al l  thes e subject s 

revise d som e beliefs ,  offerin g explanation s simila r  t o 

th e followin g prototype : 

Unlike the bobs with the other release-

positions ,  thi s bo b wen t  directl y straigh t 

down,  no t  t o th e sid e a t  all .  Sinc e i t  ha d n o 

latera l  motio n a s i t  fell ,  thi s mean s tha t  th e 

objec t  ha d n o spee d whe n i t  wa s released . 

Therefore ,  th e pendulu m mus t  hav e bee n 

temporaril y  stoppe d whe n th e bo b dropped . 

Thi s make s sense ,  sinc e th e pendulu m wa s 

probabl y slowin g d o w n -  an d i t  ha d t o sto p 

i n orde r  t o chang e directions ! 

Fig .  I .  Hal' s predictio n (* )  an d fou r  feedbac k paths . 

In contrast to Pat's belief change, in which two 

incoheren t  prediction s cause d he r  t o rejec t  on e o f  th e 

them ,  Hal' s belie f  syste m underwen t  a  m w e dramati c 
revision .  H e cam e t o accep t  bot h th e straight-dow n 

feedbac k an d th e notio n o f  a n instantaneou s zer o 

velocity ,  whil e rejectin g bot h hi s earlie r  (lateral )  pred -

ictio n an d a n impetus-drive n belie f  regardin g pendu -

la r  motion .  (Se e Hallou n &  Hcstenes ,  1985 ,  an d Ran -

ney ,  1987b ,  fo r  description s o f  differen t  sort s o f 

impetu s beliefs. ) 

EXPLANATORY COHERENCE 
AS A  MECHANISM 

FOR SYSTEMATIC BELIE F REVISIO N 

How can we account for these systematic 
change s i n beliefs ? Bot h case s involve d a  subject' s 

attemp t  t o adjus t  belief s i n orde r  t o explai n a  surpris -

in g observation .  A n adequat e mode l  o f  thes e 

phenomen a mus t  provid e a  mechanis m b y whic h a 

coherent ,  revised ,  se t  o f  belief s ca n aris e fro m th e 

nee d fo r  explanation . 

ECHO 

Thagar d (1988a )  ha s propose d a  theor y o f 

explanator y coherenc e tha t  build s o n previou s idea s 

abou t  th e evaluatio n o f  explanator y hypothese s (Har -

man,  1986 ;  Thagard ,  1988b) .  Th e theor y ha s bee n 

implemente d i n a  connectionis t  compute r  program , 

E C H O,  tha t  use s paralle l  constrain t  satisfactio n t o 

accep t  an d rejec t  hypothese s o n th e basi s o f  thei r 

explanator y coherence .  E C H O ha s bee n use d t o 

analyze  a  variet y o f  scientifi c  arguments ,  pas t  an d 

presen t  Lavoisier' s cas e fo r  hi s  oxyge n thew y 

agains t  th e phlogisto n theory ,  Darwin' s argumen t  fo r 

evolutio n b y natura l  selection ,  controversie s abou t 

continenta l  drif t  (Thagar d &  N o w a k ,  1988) ,  an d 

debate s abou t  w h y th e dinosaur s becam e extinc t 

Applicatio n o f  E C H O t o th e belie f  revision s i n Pa t 

and Ha l  i s nove l  i n tw o respects .  First ,  w e ar e model -

in g subjec t  protocol s produce d durin g experiment s 

rathe r  tha n finished  arguments .  Second ,  thes e model s 
ar e dynamic ,  i n tha t  E C H O change s it s  c(*erenc e 

judgment s i n respons e t o ne w evidence . 

Spac e constraint s permi t  onl y a  sketc h o f  th e 
theor y o f  explanator y coherenc e an d it s implementa -

tio n (se e Thagard ,  1988a ,  fo r  greate r  detail) .  Th e 
theor y i s stale d usin g seve n principle s o f  explanator y 

coherenc e tha t  ca n b e summarize d a s follows .  Princi -
pl e 1 ,  Symmetry ,  state s tha t  coherenc e an d incoher -

enc e ar e symmetri c relations .  Principl e 2 ,  Explana -
tion ,  say s tha t  hypothese s tha t  togethe r  explai n a  piec e 

of  evidenc e coher e wit h th e evidenc e an d wit h eac h 

other ,  an d tha t  th e degre e o f  coherenc e decrease s wit h 
th e numbe r  o f  hypothese s use d i n th e explanation . 

Principl e 3 ,  Analogy ,  attribute s coherenc e t o simila r 

hypothese s tha t  explai n simila r  piece s o f  evidence . 
Principl e 4 ,  Dat a Priority ,  state s tha t  piece s o f  evi -

denc e hav e a  degre e o f  coherenc e i n themselves ,  eve n 

thoug h evidenc e ca n b e rejecte d fo r  theoretica l  rea -

sons .  Accordin g t o principl e 5 ,  Contradiction ,  con -

tradictor y proposition s ar e incoheren t  Principle s 6 
and 7  clai m tha t  th e explanator y coherenc e o f  a  pro -

positio n o r  se t  o f  proposition s i s determine d b y th e 

pairwis e relation s establishe d b y principle s 1-5 . 
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ECHO i s a  Common LIS P progra m whos e 
inpu t  consist s o f  statement s abou t  th e explanator y an d 

contradictor y relation s amon g propositions .  I t  create s 

unit s representin g proposition s an d set s u p link s 

betwee n pair s o f  proposition s i n accor d wit h th e 

abov e principle s o f  explanator y coherence .  I f  tw o 

p-oposition s coher e becaus e the y ar e bot h argument s 

of  a  particula r  explanation ,  the n E C H O set s u p a n 

excitatCH y lin k betwee n them .  I f  tw o proposition s ar e 

incoheren t  becaus e the y contradic t  eac h other ,  the n 

E C HO set s u p a n inhibitor y lin k betwee n them .  I n 

accor d wit h th e principl e o f  dat a priority ,  proposition s 

representin g evidenc e receiv e a  lin k fro m a  specia l 

evidenc e unit .  Fo r  modelin g th e physic s students ,  w e 

trea t  a s evidenc e proposition s base d o n eithe r  (a )  th e 

p^senc e o r  absenc e o f  direc t  observations ,  (b ) 

memorie s o f  suc h observations ,  o r  (c )  fact s tha t  ar e 

well-establishe d fo r  th e subject ,  suc h a s "gravit y pull s 

object s downward. " 

The mathematic s underlyin g E C H O ar e 

straightforward .  Followin g typica l  connectionis t 

pnctic e (Rumelhar t  &  McClelland ,  1986) ,  eac h uni t 

has a n activatio n tha t  i s  update d b y considerin g th e 

unit s tha t  ar e linke d t o i t  A  unit' s  excitator y lin k 

wit h anothe r  uni t  whos e activatio n i s greate r  tha n 0 

tend s t o increas e th e first  unit' s  activation ,  whil e a n 

inhibitor y lin k wit h th e othC T uni t  tend s t o decreas e 

activation .  M o r e generally ,  fo r  eac h uni t  j ,  th e activa -

tio n a -  i s a  continuou s functio n o f  th e activatio n o f  al l 

th e unit s linke d t o it ,  wit h eac h unit' s  contributio n 

dependin g o n th e weigh t  w- •  o f  th e lin k from  uni t  i  t o 

uni t  j .  Th e activatio n o f  a  luii t  j  ca n b e update d fro m 

tim e t  t o tim e t+ 1 usin g th e followin g equation . 

o , a + i ) = a , a x i - e )  + 
netjOnax-Gjit) )  i f  netj> 0 

netjiaj(t}-min )  otherwis e 

Her e 9  i s a  deca y paramete r  tha t  decrement s eac h uni t 

at  ever y cycle ,  mi n i s m in imu m activatio n (-1) ,  m a x i s 

m a x i m u m activatio n (1) ,  an d net .  i s  th e ne t  inpu t  t o a 

uni t  Thi s i s define d by : 

netj = £^w,ya,(0 

Repeated updating cycles result in some beliefs gain-

in g acceptanc e (activatio n >  0 )  whil e othe r  ar e 

rejecte d (activatio n <  0) .  E C H O network s eventuall y 

settl e int o stabl e state s i n whic h th e unit s hav e asymp -

toti c activation s tha t  represen t  thei r  coherenc e wit h 

othe r  units . 

Applying ECHO To Pat's Belief Revision 

We hav e use d E C H O t o analyz e th e kind s o f 

belie f  revisio n exhibite d i n th e subject s describe d 

above .  I n eac h case ,  a  contradictio n a m o n g th e 

subject' s belief s appeare d t o serv e a s th e motivatio n 

fo r  th e observe d changes .  E C H O deal s wit h contrad -

iction s gracefully ,  treatin g the m a s a  pressure s t o 

chang e beliefs ,  bu t  otherwis e toleratin g them .  Pal' s 

cas e involve d a  critica l  incoherenc e betwee n tw o 

mutuall y exclusiv e predictions :  a  piec e o f  evidenc e 

tha t  wa s supposedl y observed ,  an d a  hypothesi s tha t 

was no t  observed ,  ye t  consisten t  wit h othe r  observa -

tion s an d hypotheses . 

Th e followin g i s a  lis t  o f  Pat' s initia l  se t  o f  pro -

positions ,  a s garnere d fro m he r  verba l  protoco l  o f  th e 

problem-solvin g session .  The y represent  he r  activ e 

belief s jus t  afte r  sh e provide d he r  straight-dow n pred -

ictio n fo r  th e walking-dro p task . 

Evidence: 

El .  Carrie d object s fal l  straight-dow n upo n release . 

E2.  Carrie d object s don' t  fal l  diagonall y upo n 

release . 

Negative Evidence (proposed observations that 

do no t  obtain) : 

N E l .  Carrie d object s fal l  diagonaU y upo n release . 

Common Fact: 
CFl .  Gravit y move s release d object s downward . 

Newtonian Hypotheses: 

N H l .  Laterall y movin g object s curv e downwar d 

(immediately )  upo n release . 

N H 2.  Release d object s m o v e forwar d vi a a  forwar d 

velocity . 

Alternative (non-Newtonian) Hypotheses: 

A H l .  Horizontall y movin g object s fal l  straight-dow n 

(immediately )  upo n release . 

A H 2.  Release d object s m o v e forwar d vi a a  forwar d 

"force. " 

The following are Pat's original verbalized 

explanations ,  manifeste d i n E C H O a s excitator y link s 

among eac h o f  th e proposition s involved . 

Explanations: 

El  i s  explaine d b y A H l ; 

E2 i s explaine d b y N H l ; 

E2 i s explaine d b y A H l ; 

N El  i s  explaine d b y C F l  an d A H 2 ; 

N Hl  i s explaine d b y C F l  an d N H 2 ; 

The next set of relations are the inconsistencies 

tha t  Pa t  originall y mentioned .  Recal l  tha t  th e contrad -

ictio n tha t  disturbe d Pa t  wa s th e on e betwee n E l  an d 

N H l ;  sh e couldn' t  accep t  bot h (a )  tha t  laterally -

release d object s curve  downwar d an d (b )  tha t  carrie d 
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object s (als o bein g laterally-released )  fal l  straight -
down. 

Contradictions: 
El  versu s N H l ; 

E2 versu s N E l ; 

N Hl  versu s A H 1 ; 

When Pat was later asked to offer a prediction 

fo r  th e upward-thro w task ,  sh e adde d th e followin g 

beliefs : 

New Evidence: 

E3.  Upwardl y throw n object s curv e up-and-down . 

E4.  Upwardl y throw n object s d o no t  curv e u p an d 

fal l  straight-down . 

New Negative Evidence: 

N E 2.  Upwardl y throw n object s curv e up ,  the n fal l 
straight-down . 

Finally, Pat verbalized the following explana-

tion s an d contradictions .  Not e tha t  th e explanatio n o f 
N E2 i s essentiall y a  (higher-order )  explanatio n o f  a 

hypothesi s b y othe r  hypotheses : 

New Explanations: 
E3 i s explaine d b y N H l ; 

E4 i s explaine d b y N H l ; 

N E2 i s explaine d b y N H l  an d A H 1 ; 

New Contradictions: 
E3 versu s A H l ; 

E4 versu s N E 2 ; 

E4 versu s A H l ; 

Figur e 2  display s th e networ k E C H O form s 

fro m th e abov e explanation s an d contradictions ,  wit h 

soli d line s representin g symmetrica l  excitator y link s 

and dashe d line s representin g symmetrica l  inhibitor y 

links .  W e sugges t  tha t  th e figur e display s th e essen -

tia l  structura l  aspect s o f  Pat' s workin g memor y dur -

in g th e belie f  chang e i n question .  Th e grap h show s 

tha t  predictio n N H l  i s  well-supporte d b y evidenc e 

E2,  E3 ,  an d E4 ,  a s wel l  a s b y fac t  CF l  an d hypothesi s 

N H 2.  Predictio n El ,  bein g a  "remembered "  observa -

tion ,  ha s a  direc t  sourc e o f  activatio n vi a principl e (4 ) 

yet  i s supporte d onl y b y th e Aristotelia n hypothesi s 

AHl . 

I n orde r  t o approximat e Pat' s belie f  change , 

E C HO shoul d exhibi t  bot h a n initia l  acceptanc e o f 

E l ,  followe d b y it' s  rejectio n i n favo r  o f  N H l .  A s 

Figur e 3  illustrates ,  thes e characteristic s ar e indee d 

capture d b y E C H O.  Th e activatio n (fro m - 1 t o -h i  o n 

th e y-axis )  o f  eac h nod e i s plotte d agains t  tim e (fro m 

0 t o 20 0 cycle s o f  activatio n updating) .  Wit h eac h 

nod e initiall y  se t  t o zer o activation ,  th e syste m relaxe s 
int o mor e an d mor e coheren t  states ,  suc h tha t  El' s 

trajector y follow s th e desire d nonmonotoni c pat h -
rising  sharply ,  the n fallin g int o th e rejected  regio n -

as N H l  advance s an d A H l  declines .  Th e othe r  propo -

sition s ar e similarl y accepte d o r  rejected  (o r  hel d i n 

limbo ,  a s i s  A H 2 ) ,  dependin g upo n thei r  loca l  coher -

enc e relationship s withi n th e overal l  constraint -

satisfactio n system .  Not e tha t  th e mode l  als o simu -

late s th e tempora l  aspec t  o f  Pat' s reasoning ,  a s th e 

"new "  propositions ,  E3 ,  E 4 ,  an d N E 2 ,  a s wel l  a s thei r 

associate d explanation s an d contradictions ,  ar e intro -
duce d afte r  a  brie f  la g (afte r  1 5 cycles) .  Th e final, 

most  stabl e configuratio n o f  belief s happen s t o b e on e 

tha t  roughl y correspond s t o Newtonia n motion .  (O f 

course ,  i f  Pa t  happene d t o recal l  othe r  evidenc e tha t 

supporte d he r  alternativ e hypotheses ,  thi s nee d no t 

hav e bee n th e case. ) 

NHl NH2 

AHl AH2 

Fig .  2 .  Pat' s explanator y coherenc e network . 

Ul 

•1 
r 

Fig .  3 .  Th e activatio n trajectorie s o f  Pal' s  beliefs . 
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A Dynami c Simulatio n O r  Hal' s Belie f  Revisio n 

A simulatio n o f  Hal' s belie f  change s involve s a 

mor e intensiv e tempora l  analysis .  Recal l  tha t  Hal' s 

revisio n wa s du e t o a n empirically-drive n contradic -

tion ,  i n contras t  t o Pat' s mor e memory-drive n con -

tradiction .  Her e ar e Hal' s essentia l  origina l  belief s 

(i.e. ,  hi s belief s prio r  t o receivin g an y trajector y feed -

bac k abou t  p>enduIum-bob s tha t  ar e release d durin g a 

swing) .  Kee p i n min d tha t  Ha l  i s a  composit e subject : 

thes e ar e belief s tha t  wer e characteristi c o f  man y o f 

th e subject s w h o underwen t  essentiall y th e sam e 

belie f  revision . 

Evidence: 

El .  Kid s ca n fly  of f  th e en d o f  a  playgroun d swing . 

E5.  A  pendulu m reverse s direction s a t  th e endpoints . 

Common Facts: 

C F l .  Gravit y pull s object s downward . 

C F 2.  A  swin g i s a  pendulum . 

Classical Physical (Newtonian) Hypotheses: 

C P l .  A t  th e endpoints ,  a  pendulu m i s a t  rest . 

CP2.  A  laterally-release d objec t  move s ove r  an d 

down. 

CP3.  Th e slowe r  a  pendulum-bob' s spee d a t  release , 

th e smalle r  th e curve d trajectory . 

Alternative (non-Newtonian) Hypotheses: 

A H l .  A t  th e endpoints ,  a  pendulum-bo b continue s it s 
precedin g latera l  motion . 

Predictions: 

PI .  A t  th e endpoint ,  a  release d bo b wil l  mov e ove r 

and down . 

P2.  A t  th e endpoint ,  a  release d bo b wil l  fal l  straight -

down. 

Both El and E5 are remembered observations. 

E2,  E3 ,  an d E 4 wer e intentionall y lef t  ou t  fo r  now , 

sinc e thes e piece s o f  evidenc e wil l  b e sequentiall y 

adde d a s feedback ,  a s describe d later .  Th e followin g 

explanation s an d contradiction s wer e c o m m o n t o pro -

tocol s reflectin g Hal' s belie f  revision .  Not e tha t  her e 

th e critica l  incoherenc e (whic h feedbac k eventuall y 

resolves )  i s  betwee n P I  an d P2 ,  tw o mutually -

exclusiv e prediction s wit h differen t  level s o f  suppor t 

and competition . 

Explanations: 

El  i s explaine d b y A H l  an d CF2 ; 

E5 i s explaine d b y CPl ; 

PI  i s explaine d b y A H l  an d CP2 ; 

P2 i s explaine d b y CP l  an d CP3 ; 

P2 i s explaine d b y CP l  an d CF l ; 

C P2 i s explaine d b y CFl ; 

Contradictions: 

El  versu s P2 ;  P I  versu s P2 ;  CP l  versu s A H l ; 

Figure 4 shows that, when ECHO is loaded in 

suc h a  fashio n a t  tim e tQ ,  th e syste m reache s a  stabl e 

stat e b y t j  (afte r  15 0 processin g cycles) .  A m o n g othe r 

dynami c relationships ,  thes e graph s sho w tha t  P I  (th e 

curving-down-at-endpoin t  prediction )  i s  believed , 

whil e it s  antagonist ,  P 2 (th e straight-down-at -

endpoin t  prediction) ,  i s disbelieve d -  a s indicate d b y 

it s negativ e activation .  Thus ,  I ,  represent s th e stat e o f 

Hal' s belie f  syste m prio r  t o an y feedback . 
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Fig. 4. The activation trajectories of Hal's beliefs. 

At L2. t^, and t^ (of Figure 4), evidence about 
othe r  pendular-releas e position s i s  acquire d i n th e 

for m o f  direc t  observation s (i.e. ,  feedback )  E2 ,  E3 , 

and E4 .  Thes e "within-swing "  path s ar e readil y 

explaine d b y (an d henc e support )  proposition s CF l , 

C P 2,  an d CP3 : 

New Evidence: 

E2.  A  bo b release d o n a  downswin g curve s dow n 

afte r  it s release . 

E3.  A  bo b released  fro m midswin g curve s ou t  ( a lot ) 

afte r  it s release . 

E4.  A  bo b release d o n a n upswin g curve s up-and -

down afte r  it s release . 
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New Explanations : 

E2 i s explaine d b y CFl ,  CP2 ,  an d CP3 ; 

E3 i s explaine d b y CFl ,  CP2 ,  an d CP3 ; 

E4 i s explaine d b y CFl .  CP2 ,  an d CP3 ; 

The system then settles into stale \c (after 400 

tota l  cycles) .  Figur e 4  show s that ,  excep t  To r  th e gen -

eralizatio n expresse d i n CP 3 (relatin g release-velocit y 

t o th e breadt h o f  curves) ,  littl e ha s change d fro m stat e 

t, ;  P I  i s  stil l  believe d an d P 2 i s not .  Figur e 5  show s 

Hal' s belie f  syste m fro m U  onward ,  includin g al l 

excitator y an d inhibitor y links . 

CP3 

Fig .  5 .  Hal' s explanator y coherenc e network . 

As described earlier, it is at time t^ that the 

dramati c belie f  revisio n begins ,  drive n b y th e surpris -

in g feedbac k that ,  contrar y t o PI ,  th e endpoin t  releas e 
yield s a  straight-dow n pat h (a s predicte d b y th e disbe -

lieve d P2) .  Thi s feedbac k i s simulate d i n E C H O b y 
makin g P 2 a  dat a node ,  thu s providin g i t  wit h a  direc t 
sourc e o f  activatio n (lik e E1-E5 ,  CFl ,  an d CF 2 whic h 

als o hav e dat a priority. )  A s Figur e 4  indicates ,  thi s 
singl e chang e ha s fiv e dramati c consequence s 

betwee n t ^  an d Hal' s ultimat e stat e (afte r  85 0 tota l 

cycles) ,  L, :  (a )  P 2 gain s acceptance ,  flipping  fro m a 

negativ e t o a  positiv e activation-state ,  whil e (b )  th e 

antagonisti c P I  i s  rejected,  (c )  CPl ,  th e notio n o f 

instantaneou s zer o velocity ,  achieve s acceptance , 
whil e (d )  it s non-Newtonia n antagonist ,  AHl ,  i s 

rejected,  (e )  Eve n El ,  a  fallaciou s piec e o f  "evi -

dence "  (i.e. ,  tha t  kid s ca n fly  of f  th e en d o f  swings ) 

lose s support .  Thes e change s essentiall y  reflec t  th e 

belie f  revision s verbalize d b y subject s lik e Hal . 

ASSESSING T H E M O D EL 

While these simulations provide general 

correspondenc e wit h Pat' s an d Hal' s change s i n 

belief ,  ther e ar e severa l  methodologica l  question s t o 

consider .  W e mus t  as k ho w sensitiv e E C H O i s t o (a ) 

th e particula r  representation  o f  a n individual' s belief s 

and (b )  th e particula r  parameter s involve d i n 

activation-passing . 

How arbitrar y ar e th e representation s tha t  ar e 

put  t o ECHO? Althoug h Pat' s belief s wer e garnere d 

directl y fro m audio-tape d protocols ,  ther e i s n o fool -

proo f  algorith m fo r  translatin g utterance s int o propo -

sitions ,  s o analysi s ha s som e latitude .  Similarly , 

althoug h w e trie d t o includ e onl y relation s tha t  wer e 

explicitl y  use d i n Pat' s explanations ,  thi s par t  o f  th e 

analysi s als o involve s som e subjectivity .  I t  i s  particu -

larl y difficul t  fo r  th e code r  t o refrai n fro m addin g a n 

obviou s nod e o r  a  lin k eve n thoug h th e particula r  sub -

jec t  didn' t  vocaUz e tha t  obviou s beUe f  o r  relationship . 

(Fo r  instance ,  th e author s foun d i t  difficul t  t o no t  ad d 
an inhibitor y lin k betwee n Pat' s A H 2 an d NH2. ) 

Constructin g Hal' s belie f  syste m allowe d fo r  mor e 

latitud e tha n Pat's ,  sinc e h e i s a  composite .  Still ,  car e 
was take n t o creat e th e networ k first  ~  befor e tinker -

in g wit h th e processin g parameter s -  s o tha t  w e 

woul d b e les s likel y t o "kludge "  th e representation . 

Ther e i s als o anothe r  kin d o f  representationa l 
question :  What  doe s on e o f  thes e network s actuall y 

represent ? Generally ,  w e conceiv e o f  th e network s a s 
model s o f  th e curren t  content s o f  workin g memory . 

Note ,  however ,  tha t  b y "current "  w e als o mea n "con -

textual. "  becaus e subject s ca n hol d a  belie f  i n on e 

contex t  tha t  the y disbeliev e i n another .  Fo r  instance , 

i n a n abstrac t  context ,  mos t  subject s explicitl y  hel d 

CPl ,  tha t  ther e i s n o spee d a t  a  pendulum' s endpoint s 
-  eve n those ,  lik e Hal ,  wh o woul d rejec t  i t  (i n favo r 
of  AHl )  durin g th e contex t  o f  th e pendular-releas e 

tasks . 

A genera l  proble m wit h connectionis t  cognitiv e 

model s i s tha t  the y usuall y hav e numerou s numerica l 
parameter s tha t  ca n b e manipulate d t o produc e 
desire d results .  Doe s ou r  simulatio n depen d o n fine 

paramete r  tuning ? Th e mos t  importan t  parameter s i n 

E C HO includ e th e weigh t  valu e o f  excitator y links , 

th e negativ e weigh t  valu e o f  inhibitor y links ,  th e 

weigh t  valu e o f  th e (dat a priority )  link s betwee n evi -

denc e an d th e specia l  evidenc e unit ,  an d th e deca y o f 

each uni t  a t  eac h cycle .  Th e simulation s o f  bot h Pa t 

and Ha l  use d th e sam e paramete r  settings ,  an d yielde d 

th e desire d trajectorie s ove r  simila r  range s fo r  eac h 

parameter .  Thes e common paramete r  range s were : 

.01 5 t o .0 5 fo r  excitator y weights ,  -.0 5 t o -.06 5 fo r 

inhibitor y weights ,  .03 5 t o .07 5 fo r  data-priorit y 
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weights ,  an d .0 1 t o .06 5 fo r  th e deca y rate . 

The simulation s migh t  hav e employe d eve n 

more parameters .  Fo r  instance ,  w e treate d unit s 

representin g direc t  observations ,  memories ,  an d fact s 

al l  a s evidence ,  wit h eac h linke d t o th e specia l  evi -

denc e uni t  b y th e sam e weight .  Bu t  on e ca n argu e fo r 

varyin g thes e weight s fo r  differen t  kind s o f  evidence , 

increasin g the m fo r  curren t  observation s an d decreas -

in g the m fo r  fuzz y memories .  No t  al l  evidenc e ha s 

th e sam e epistemi c status .  I n particular ,  whe n Ha l  i s 

directl y presente d wit h a  phenomeno n o n th e com -

pute r  scree n i n fron t  o f  him ,  thi s become s a  ver y 

salien t  piec e o f  evidence .  Accordingly ,  on e migh t 

argu e tha t  th e uni t  representin g th e surprisin g obser -

vatio n tha t  th e pendulu m bo b fall s straigh t  dow n a t 

th e en d o f  it s swin g shoul d b e a  multipl e o f  th e dat a 

piorit y  o f  remembere d evidence . 

FUTURE RESEARCH 

We have been modeling previously performed 

experiments ,  bu t  E C H O ca n als o b e use d t o mak e 

prediction s abou t  th e belief s o f  subjects .  Ou r  simula -

tio n o f  Ha l  predicte d tha t  h e woul d com e t o doub t  th e 

belie f  tha t  kid s ca n fly  of f  th e en d o f  a  playgroun d 

swing ,  bu t  ver y fe w subject s explicitl y  re-evaluate d 

thi s belief .  E C H O predict s tha t  th e subject s ma y hav e 

experience d thi s belie f  chang e eve n i f  the y di d no t 

mentio n it ,  an d thi s predictio n ca n b e teste d i n ne w 

experiment s b y askin g subject s t o stat e thei r 

confidenc e i n belie f  E l  followin g th e relevan t  feed -

back .  Additiona l  experimenta l  test s o i  th e exten t  t o 

whic h E C H O model s huma n performanc e ca n b e 

done i n situation s wher e peopl e fac e difficul t  infer -

ence problem s involvin g judgment s o f  explanator y 

coherence .  W e conjectur e tha t  problem s tha t  ar e rela -

tivel y har d fo r  people ,  a s measure d perhap s b y th e 

lengt h o f  tim e t o generat e answers ,  wil l  als o b e rela -

tivel y har d fo r  E C H O,  a s measure d b y th e numbe r  o f 

cycle s i t  take s th e syste m t o reac h a  stabl e state . 

Legal  reasoning ,  i n whic h juror s attemp t  t o construc t 

a coheren t  accoun t  o f  th e evidenc e (Penningto n & 

Hastie ,  1987) ,  appear s t o b e a  particularl y promisin g 

domai n fo r  futur e empirica l  test s o f  th e E C H O model . 
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