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Abstrac t 

The Theory of Explanatory Coherence, or TEC, (Ranney & 
Thagard ,  1988 ;  Thagard .  1989 ,  1992 )  an d E C H O,  a 
connectionis t  implementatio n o f  TEC ,  attemp t  t o mode l 
human reasonin g abou t  evidenc e an d hypotheses .  Th e 
E C HO mode l  i s base d o n th e simultaneou s satisfactio n o f 
multipl e constraints .  Thi s yield s predicte d activation s 
("believabilities" )  fo r  propositions ,  whic h ar e base d o n 
th e propositions '  evidentia l  status ,  thei r  explanator y 
relationships ,  an d thei r  contradictor y relationships .  Whil e 
E C HO ha s bee n demonstrate d t o usefull y mode l  huma n 
reasoning ,  i t  doe s no t  mode l  processin g limitation s o n th e 
maintenanc e o f  coherence .  WanderECH O i s a  variatio n o n 
th e E C H O mode l  tha t  attempt s t o simulat e attentiona l  an d 
memoria l  limitation s wit h a  stochasti c updatin g algorith m 
tha t  i s base d o n a  travelin g focu s o f  attention .  Severa l 
variant s o f  th e WanderECH O simulatio n wer e applie d t o 
Schank an d Ranney' s (1991 )  data ,  an d wer e foun d t o 
generall y simulat e subjects '  mea n believabilit y  rating s 
bette r  tha n standar d ECHO. 

In t roduc t i o n 

The problem of limited rationality is a pernicious one in 
artificia l  intelligenc e an d psychology .  Littl e i s know n abou t 
ho w an d whe n peopl e maintai n consistenc y an d coherenc e i n 
thei r  beliefs .  Conside r  th e followin g exampl e fro m Ranne y 
(i n press-a) : 

We may often have the impression that people are 
remarkabl y adep t  a t  maintainin g coheren t  menta l 
model s an d representations .  Fo r  example ,  i f  yo u ha d 
jus t  tol d a  frien d tha t  th e cit y maratho n i s t o b e hel d 
today ,  yo u woul d no t  b e terribl y surprise d i f  sh e 
quickl y concludes ,  "Well ,  i n tha t  case ,  I  shoul d mov e 
my car. "  Indeed ,  he r  inferenc e woul d b e a  testamen t  t o 
th e everyda y powe r  o f  huma n coherence-seeking.. . 

By way of contrast...You tell a visiting friend what 
you r  mother' s maide n nam e wa s (e.g. ,  "Smith") ,  an d h e 
correctly ,  bu t  unexpectedly ,  concludes ,  "Well ,  i n tha t 
cas e I'v e go t  t o mov e m y car.".. .  Fo r  instance ,  perhap s 
th e frien d ha s remembere d [a ]  tha t  you r  craz y uncle , 
who live s i n th e neighborhood ,  dump s tras h o n auto s 
tha t  par k i n fron t  o f  hi s house ,  [b ]  tha t  yo u mentione d 
tha t  yo u com e fro m a  ver y smal l  extende d family ,  an d 
[c ]  tha t  h e jus t  parke d i n fron t  o f  a  hous e emblazone d 

wit h th e sign ,  "Th e Smiths. "  A  coheren t  inferenc e o r 
two ,  e.g .  tha t  you r  mothe r  an d uncl e ha d th e sam e 
name,  lead s t o hi s conclusion . 

The first example seems a likely example of inference; 
th e secon d seem s highl y unlikely .  W e d o no t  expec t  peopl e 
t o dra w al l  possibl e inference s amon g piece s o f  knowledge , 
nor  i s i t  a  computationall y practica l  solution—eve n fo r  a 
comple x artificia l  intelligenc e syste m wit h a  larg e 
knowledg e base . 

Thi s pape r  investigate s Wande rECHO,  a  compute r  mode l 
designe d t o simulat e aspect s o f  limite d rationalit y i n 
humans.  Th e mode l  stochasticall y simulate s aspect s o f 
attentio n an d short-ter m memor y limitations .  I t  i s  base d 
upo n th e E C H O compute r  mode l  o f  coherence ,  whic h ha s 
prove n usefu l  a s a  mode l  o f  huma n reasonin g (Mille r  & 
Read,  1991 ;  Ranney ,  Schank ,  Mosmann ,  &  Montoya , 
1993 ;  Rea d &  Marcus-Newhall ,  1993 ;  Rea d &  Miller , 
1993 ;  Schan k &  Ranney ,  1991 ,  1992) .  Bot h E C H O an d 
W a n d e r E C HO ar e localis t  connectionis t  system s tha t 
emplo y simulation s t o embod y th e simultaneou s constrain t 
satisfactio n describe d i n th e Theor y o f  Explanator y 
Coherenc e (TEC ;  Ranne y &  Thagard ,  1988 ;  Thagard ,  1989 , 
1992) .  However ,  W a n d e r E C H O use s a  stochasti c updatin g 
algorith m tha t  i s base d o n th e lin k weight s betwee n nodes . 
I n thi s paper ,  th e mode l  i s compare d empiricall y t o bot h 
human dat a an d E C H O simulations ,  an d foun d t o b e a n 
improvemen t  ove r  th e standar d E C H O simulation . 

The ECHO Model 

The Theory of Explanatory Coherence (e.g., Ranney & 
Thagard ,  1988 ;  Thagard ,  1989 )  treat s coherenc e a s a 
multipl e constrain t  satisfactio n problem ,  wher e coherenc e i s 
a continuou s quantit y t o b e optimized .  Constraint s ar e no t 
rigid ,  bu t  "soft "  (cf .  Smolensky ,  1988) .  Th e theor y i s base d 
upo n th e followin g principles :  symmetry ,  explanation , 
simplicity ,  analogy ,  dat a priority ,  contradiction , 
acceptabilit y  (believability) ,  an d syste m coherence .  Th e 
theor y describe s thre e relate d constructs :  coherence ,  syste m 
coherence ,  an d believability .  Believabilit y  i s a  propert y o f  a 
singl e propositio n tha t  describe s th e degre e t o whic h th e 
propositio n i s believe d o r  accepte d a s true .  Coherenc e i s a 
propen y o f  a  pai r  o f  proposition s tha t  describe s th e degre e 
t o whic h the y ar e mutuall y compatible .  (Thi s i s presumabl y 
generall y determine d b y "background "  o r  "world " 
knowledge. )  Syste m coherenc e i s a  propert y o f  a  syste m o f 
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propositions .  I t  i s  propose d tha t  peopl e tr y t o maximiz e 
syste m coherenc e amon g thei r  beliefs . 

E C HO i s a  symboli c connectionis t  embodimen t  o f  th e 
principle s o f  T E C .  I t  i s base d o n a  localis t  representatio n i n 
whic h node s represent  propositions ,  an d link s betwee n 
node s represent  coherenc e relations.  Activation s fo r  node s 
represen t  believability ,  weight s o n link s betwee n node s 
represent  a  measur e o f  coherence ,  an d syste m coherenc e i s 
th e invers e o f  th e syste m energ y function .  Therefore ,  a 
networ k wit h hig h energ y ha s lo w coherenc e an d vic e versa . 
The networ k optimize s syste m coherenc e b y settlin g t o a 
lo w energ y state .  (I n principle ,  thes e lo w energ y stale s ca n 
be onl y loca l  minim a instea d o f  th e desire d globa l 
minimum .  B y startin g wit h near-zer o positiv e activations , 
0.0 1 fo r  al l  units ,  thi s dange r  i s  reduced. )  Dat a priorit y i s 
represente d b y creatin g link s betwee n th e evidentia l 
proposition s an d th e specia l  evidenc e unit ,  o r  SEU ,  whos e 
activatio n i s fixe d a t  1.0 . 

I n mos t  psychologica l  studie s carrie d ou t  wit h E C H O, 
onl y thre e lin k weight s amon g proposition s ar e generall y 
used :  zero ,  a  defaul t  inhibitor y weight ,  o r  a  defaul t 
excitator y weigh t  (bu t  cf .  Schan k &  Ranney ,  1993) . 
Likewise ,  onl y tw o lin k weight s ar e use d fo r  link s t o th e 
S E U:  a n excitator y weight ,  o r  zero .  Defaul t  value s fo r  eac h 
of  thes e parameter s ar e give n belo w i n Tabl e 1 .  Thes e 
parameter s hav e bee n use d i n variou s studie s o f  E C H O 
(Ranne y &  Thagard ,  1988 ;  Schan k &  Ranney ,  1991.1992 ) 
Othe r  value s fo r  thes e parameter s hav e als o bee n used , 
however .  I n on e o f  thei r  variations ,  Schan k an d Ranne y 
(1991 )  adjuste d certai n lin k weight s t o accoun t  fo r  th e 
phenomeno n o f  "presume d backing, "  i n whic h certai n 
proposition s wer e treate d a s partiall y  evidential ,  du e t o link s 
t o backgroun d knowledg e tha t  wa s no t  par t  o f  th e 
informatio n presente d t o o r  discusse d wit h subjects . 

Table 1: Some ECHO parameter settings 

Paramete r 

Excitatory/Explanator y 
lin k weigh t 

InhibitoryATontradictor y 
lin k weigh t 

Dat a priority—SE U lin k 
weigh t 

Decay 

Sto p valu e 

Defaul t 

0.0 3 

-0.0 6 

0.05 5 

0.0 4 

0.0 1 

Schan k & 
Ranney '9 1 

0.00 5 

-0.0 6 

0.1 0 

0.1 5 

0.0 1 

E C HO als o ha s a  deca y parameter ,  whic h moderate s th e 
activatio n o f  eac h nod e a t  eac h updat e cycle .  A  fixe d 
percentag e o f  th e absolut e valu e o f  th e activatio n i s sappe d 
at  eac h cycle ;  thus ,  node s tha t  d o no t  hav e som e externa l 
sourc e o f  activatio n will ,  ove r  time ,  ten d toward s zero . 

The WanderECHO Model 

Attentio n an d Memor y 
As th e exampl e fro m th e introductio n demonstrates ,  peopl e 
ar e no t  globall y coheren t  al l  th e time ,  no r  d o w e expec t 

this .  Human s ca n onl y d o limite d coherenc e seeking .  Ca n 
thi s b e simulated ? I n particular ,  human s hav e a  limite d 
amount  o f  tim e an d limite d memor y wit h whic h t o 
maintai n coherenc e amon g beliefs .  Attentio n an d th e orde r 
of  processin g als o manifes t  effects .  Primac y an d recenc y 
biase s ar e well-documente d effect s i n bot h th e histor y o f 
scienc e (Thagar d &  Nowak ,  1990 )  an d cognitiv e scienc e 
(Ranney ,  Schank ,  M o s m a n n &  Montoya ,  1993 ;  Stich , 
1990) .  W o r k b y Schan k an d Ranne y an d other s (e.g. . 
Ranney ,  1987/1988 ;  Ranney ,  e t  al. ,  1993 ;  Ranne y & 
Thagard .  1988 ;  Schank .  1990 ;  Schan k &  Ranney ,  1992 ; 
Schank ,  Ranney ,  Hoadley ,  Diehl ,  &  Neff ,  i n press ) 
demonstrate s tha t  belie f  judgment s bot h chang e i n 
observabl e tim e an d ar e sensitiv e t o subjects '  attention . 

E C HO i s flawe d i n it s  representation  o f  huma n though t 
i n a t  leas t  tw o aspects :  computationa l  powe r  an d memor y 
limitations .  A  genera l  proble m i s tha t  th e mode l  doe s no t 
accoun t  fo r  th e limit s o f  huma n computationa l  power .  Th e 
E C HO simulatio n wil l  ru n o n a  networ k o f  almos t 
unlimite d siz e an d wil l  continu e updatin g al l  activation s 
unti l  th e entir e networ k settles .  However ,  human s ca n no t 
maintai n coherenc e o n eve n moderatel y larg e set s o f  belief s 
withou t  externa l  assistanc e (Ranney ,  1987/1988 ,  i n press-a , 
in-press-b) .  A  fascinatin g exampl e i s provide d b y Twene y 
(1991) ,  a s h e provide s a n accoun t  o f  th e elaborat e recor d 
keepin g an d cross-referencin g technique s employe d b y 
Farada y i n integratin g informatio n fro m hi s caree r  o f 
electricit y experiments .  Farada y constructe d notebook s ful l 
of  informatio n an d spen t  a  grea t  dea l  o f  tim e studyin g an d 
cross-indexin g thi s informatio n i n a n effor t  t o buil d a 
coheren t  view .  Clearly ,  coherenc e maintenanc e o n suc h a 
larg e scal e i s  neithe r  eas y no r  characteristi c o f  ou r  ow n 
menta l  processes ,  an d i n Faraday' s cas e i t  coul d no t  hav e 
bee n performe d a t  al l  withou t  extensiv e externa l  aids .  Larg e 
problem s ar e no t  simpl y processe d unti l  entirel y done . 

A mor e specifi c  proble m wit h E C H O i s tha t  i t  doe s no t 
tak e int o accoun t  short-ter m m e m o r y limitations . 
Computationally ,  thi s ma y b e see n a s a  limi t  o n th e spac e 
aspec t  o f  space-tim e tradeoff s i n calculation .  Thi s make s 
E C HO somewha t  unrealistic :  i n a n E C H O simulation , 
ever y node ,  n o matte r  ho w man y ther e are ,  i s  update d o n 
ever y cycle .  Whil e th e siz e o f  a  chun k i s  certainl y 
ambiguous ,  i t  seem s saf e t o sa y tha t  updatin g seve n node s 
at  a  tim e woul d b e nea r  th e uppe r  limi t  fo r  consciou s 
processin g (cf .  Miller ,  1956) .  Th e onl y wa y fo r  human s t o 
excee d thei r  short-ter m memor y limitation s i s t o d o wha t 
m o d em seria l  computer s d o whe n workin g o n problem s to o 
larg e t o fit  i n mai n memory :  swa p informatio n i n an d ou t 
fo r  part s o f  th e proble m (cf .  Ericsson ,  Chase ,  &  Faloon , 
1980 ;  Simon ,  1974) . 

The WanderECHO Algorithm 
W a n d e r E C HO i s a  variatio n o n E C H O tha t  trie s t o tak e 
some o f  thes e consideration s int o account .  First , 
W a n d e r E C HO simulate s a  limite d focu s o f  attentio n an d 
doe s no t  deman d massivel y paralle l  execution .  Second , 
W a n d e r E C HO ha s a  loca l  stoppin g criterion ,  an d doe s no t 
requir e calculatio n o f  th e energ y chang e o f  th e entir e syste m 
i n orde r  t o determin e whethe r  o r  no t  t o stop ;  i t  wil l 
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satisfice ,  rathe r  tha n optimiz e a s E C H O does .  Th e mode l 
operate s stochasticall y an d ca n produc e a  rang e o f  differen t 
belie f  activation s fo r  th e sam e networ k topolog y o n 
differen t  runs . 

Rathe r  tha n updatin g ever y uni t  i n th e networ k a t  ever y 
cycle ,  th e W a n d e r E C H O algorith m update s on e uni t  a t  a 
time .  A t  an y give n cycle ,  a  singl e nod e i s updated ;  thi s nod e 
i s th e model' s "focu s o f  attention. "  Th e firs t  nod e t o b e 
update d i s chose n randomly .  Th e nex t  nod e t o b e update d i s 
chose n probabilisticall y base d o n lin k weights .  Give n th e 
curren t  nod e i ,  th e probabilit y  tha t  a  neighborin g nod e x 
wil l  b e update d nex t  i s  give n by : 

P(update^ )  = 
w.. 

I > . ^v 

; 

where ;  varie s ove r  al l  node s no t  equa l  t o i . 
Thi s concep t  o f  wanderin g attentio n ha s it s root s i n 

activation-spreadin g theorie s o f  memory .  Sinc e th e strengt h 
of  a  lin k betwee n tw o node s provide s a  loos e measur e o f 
ho w relate d th e proposition s are ,  thi s syste m allow s 
attentio n t o follo w chain s o f  relate d ideas . 

Sinc e th e syste m i s no t  calculatin g n e w activation s fo r 
ever y nod e i n th e networ k a t  eac h cycle ,  i t  i s  neithe r 
desirabl e no r  possibl e t o us e a  globa l  stoppin g criterio n 
suc h a s th e tota l  chang e i n activation s ove r  th e network . 
Rathe r  tha n bas e th e stoppin g criterio n o n onl y th e chang e 
i n activatio n i n th e curren t  node ,  a  time-averagin g syste m i s 
used .  Thi s i s  sinc e a  nod e m a y b e i n a  stat e o f  loca l 
equilibriu m a t  a  give n cycle ,  eve n thoug h th e entiret y o f  th e 
networ k m a y b e decidedl y unsettled .  T o maintai n a  roug h 
equivalenc y wit h paramete r  setting s fo r  th e E C H O model , 
th e absolut e value s o f  th e change s i n activatio n ove r  th e 
previou s n  individua l  nod e update s ar e s u m m e d an d 
compare d t o th e sto p criterion ,  wher e n  i s th e numbe r  o f 

node s i n th e network. ^  Thus ,  i n E C H O,  on e cycl e o f  a n 
eight-nod e networ k woul d updat e eac h o f  th e eigh t  unit s 
simultaneously ,  an d compar e th e tota l  chang e t o th e sto p 
criterion .  I n a  W a n d e r E C H O simulatio n o f  a n eight-uni t 
network ,  though ,  th e chang e ove r  a  grou p o f  eigh t 
individua l  nod e update s woul d b e s u m m e d an d compared . 
Thes e eigh t  update s migh t  occu r  ove r  al l  eigh t  node s o r  i t 
migh t  occu r  ove r  a s fe w a s tw o nodes .  Thi s make s 
W a n d e r E C HO likel y t o sto p earlie r  tha n E C H O fo r 
equivalen t  criteria l  stoppin g values .  I f  al l  eigh t  node s ar e 
successivel y updated ,  th e criterio n i s th e sam e a s tha t  fo r 
E C H O,  an d i f  fewe r  node s ar e successivel y visited ,  les s 
chang e i s likel y t o happen . 

Anothe r  importan t  differenc e implemente d fo r  th e 
W a n d e r E C HO simulatio n i s it s wide r  rang e o f  possibilitie s 
fo r  startin g activations .  Unde r  E C H O,  node s ar e al l  starte d 

'Thi s woul d prov e unrealisti c fo r  larg e network s fo r  th e sam e 
reason s tha t  updatin g larg e network s i n cycle s prove s 
unrealistic .  A  fixe d numbe r  o f  update s t o averag e ove r  i s 
probabl y mor e realistic .  However ,  i n fairl y  smal l  network s o f 
th e sor t  w e emplo y here ,  th e differenc e i s minimal . 

at  a n equal ,  fixe d activation ,  usuall y nea r  zero .  Thi s make s 
sens e fo r  fmdin g th e overal l  settlin g poin t  fo r  th e network ; 
by startin g th e syste m wit h smal l  values ,  wil d oscillation s 
tha t  coul d occu r  wit h extrem e startin g activation s ar e 
avoided ,  an d spuriou s loca l  energ y minim a tha t  coul d resul t 
fro m unusua l  configuration s o f  activation s ar e avoided . 
However ,  i n W a n d e r E C H O,  smal l  startin g activation s 
almos t  guarante e prematur e stopping ;  sinc e loca l  coherenc e 
everywher e wil l  initiall y  b e relativel y hig h excep t  betwee n 
unit s wit h dat a priorit y an d th e specia l  evidenc e unit , 
W a n d e r E C HO path s tha t  d o no t  visi t  evidenc e node s ofte n 
enoug h wil l  c o m e t o a n inappropriate ,  earl y halt .  Th e 
softwar e provide s option s fo r  differen t  startin g states :  th e 
use r  m a y as k tha t  al l  node s b e starte d wit h a  fixe d valu e a s 
wit h E C H O,  o r  the y m a y reques t  rando m positiv e 
activations .  (Rando m zero-centere d startin g activation s wer e 
als o possible ,  bu t  wer e generall y no t  successful ,  wer e no t 
applicabl e t o system s wit h activation s rangin g fro m 0  t o 1 , 
and ar e no t  reporte d here. ) 

I n th e limit ,  W a n d e r E C H O an d E C H O wil l  calculat e 
simila r  values .  I f  th e W a n d e r E C H O stoppin g criterio n i s 
stringen t  enough ,  W a n d e r E C H O wil l  continu e t o updat e 
node s on e b y on e unti l  a n energ y m in imu m fo r  th e syste m 
i s reached .  W a n d e r E C H O spend s mor e tim e updatin g highl y 
connecte d nodes ,  s o les s connecte d node s wil l  probabl y tak e 
longe r  t o settle ;  thi s mean s tha t  th e overal l  simulatio n wil l 
tak e mor e processin g cycle s tha n doe s E C H O t o reac h 
identica l  values .  Neglectin g th e effec t  o f  stochasti c updatin g 
on decay ,  th e energ y functio n fo r  eac h simulatio n i s th e 
same. 

At  thi s poin t  i t  m a y b e helpfu l  t o tak e a  ste p bac k an d 
examin e th e reason s fo r  creatin g th e W a n d e r E C H O 
algorithm .  O n e coul d argu e tha t  varyin g parameter s o r 
changin g updat e rule s i s  simpl y tinkerin g wit h 
connectionism' s gor y details ,  whic h seem s unnecessar y 
give n th e successe s o f  th e connectionis t  paradigm . 
However ,  E C H O i s no t  primaril y a n applicatio n o f 
connectionis m bu t  rathe r  a n instantiatio n o f  a  principle d 
philosophica l  theor y o f  coherence .  E C H O network s 
represen t  high-leve l  feature s o f  cognition ,  no t  microscopi c 
detail .  W a n d e r E C H O consider s high-leve l  proposition s on e 
at  a  time ,  jus t  a s a  perso n might .  I t  i s  no t  a  prescriptio n 
fo r  neura l  ne t  simulation s i n general . 

Empirical assessment of WanderECHO 

The Human Data 

Thi s stud y use d huma n dat a collecte d b y Schan k an d Ranne y 
(1991) .  Forty-eigh t  subject s wer e presente d wit h som e 
subse t  o f  twelv e texts .  Eac h tex t  describe d a  fictiona l  story , 
involvin g hypothese s an d evidence ,  i n on e o f  fou r  domain s 
fo r  whic h prio r  knowledg e wa s unlikel y t o significantl y 
contribute .  Th e texts ,  whe n diagramme d a s a  networ k o f 
hypothese s an d evidence ,  produce d on e o f  thre e topologie s 
(a n exampl e o f  whic h i s show n belo w i n Figur e 1) .  I n thi s 
way ,  i t  wa s hope d tha t  subject s woul d represen t  th e 
situatio n wit h th e sam e proposition s an d link s use d t o ru n 
th e simulations .  Subject s wer e aske d t o rat e thei r  relativ e 
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Topolog y C 

Hypothesis 0 Hypothesis 3 

Hypothesi s 1 ' pothesi s 2 

Evidenc e 1  Evidenc e 2  Evidenc e 3  Evidenc e 4 

Specia l  Evidenc e Uni t 
(SEU) 

' '  Contradictio n 
B Explanatio n 
— Dat a priorit y 

Figur e 1 :  O n e o f  th e networ k topologies . 

belief in each of the propositions contained in the text, on a 
scal e f ro m 1  (completel y unbelievable )  t o 7  (completel y 
believable) . 

Comparison Methodology 

Since the WanderECHO simulation is stochastic, 
comparin g huma n result s t o a n individua l  ru n o f  th e mode l 

i s  inappropriate. ^  Becaus e o f  this ,  th e mode l  wa s ru n 20 0 
times ,  an d the n ouqju t  activation s wer e average d acros s th e 
20 0 differen t  runs .  Thes e averag e activation s wer e the n 
correlate d wit h huma n believabilit y  ratings .  T o assa y som e 
of  th e propertie s o f  th e ne w model ,  variou s combination s o f 
paramete r  setting s wer e used .  Som e o f  thes e parameter s ar e 
fro m th e origina l  E C H O model ,  whil e som e ar e specifi c  t o 
th e W a n d e r E C H O algorithm . 

Initially ,  ove r  2 5 differen t  setting s o f  parameter s wer e 
use d wit h W a n d e r E C H O t o se e i f  quantitie s suc h a s lin k 
weights ,  startin g values ,  o r  deca y shoul d b e varie d fro m 
E C HO settings .  Th e origina l  E C H O setting s appeare d 
adequat e wit h tw o exceptions :  startin g nod e activation ,  an d 
sto p threshold .  W a n d e r E C H O wa s mor e effectiv e whe n 
startin g activation s wer e no n zer o (se e below) .  Fo r  sto p 
threshold ,  usin g a  les s stringen t  stoppin g valu e o f  0. 1 
(compare d t o E C H O ' S O.OI )  improve d WanderECHO' s 
accuracy . 

For  th e final  comparisons ,  thre e orthogona l  parameter s 
wer e varie d i n th e W a n d e r E C H O model .  Th e first  paramete r 
t o b e varie d wa s startin g activation .  Fo r  hal f  o f  th e final 
trials ,  activation s wer e starte d a t  0.5 .  Fo r  th e othe r  hal f  o f 
th e trials ,  activation s wer e starte d a t  rando m positiv e values . 

•^Some for m o f  individual-to-simulated-ni n matchin g woul d b e 
required .  A  WanderECH O simulatio n migh t  b e constraine d t o a 
particula r  updat e pat h base d o n individua l  protocols ,  suc h a s 
thos e i n Schan k &  Ranne y (1992) . 

Second ,  th e nodes '  minimu m activatio n wa s varied ;  i n hal f 
of  th e trials ,  activation s range d fro m - 1 t o 1 ,  whil e i n th e 
othe r  trials ,  activation s range d fro m 0  t o 1 .  Sinc e deca y 
bring s activation s towar d zero ,  i n th e first  case ,  deca y wa s 
pullin g activation s toward s neutrality ,  an d i n th e secon d 
cas e i t  wa s pullin g the m towar d "disbelief. "  Th e thir d 
paramete r  t o b e varie d wa s th e updat e algorithm .  I n hal f  o f 
th e trials ,  WanderECHO' s focu s o f  attentio n wa s allowe d t o 
wander  throug h th e Specia l  Evidenc e Uni t  (SEU) .  (Not e tha t 
eve n so ,  th e SEU' s activatio n wa s neve r  updated ,  sinc e i t 
has a n activatio n o f  1. 0 b y definition. )  I n th e othe r  half , 
focu s o f  attentio n wa s onl y allowe d t o wande r  acros s 
explanator y o r  inhibitor y links .  B y allowin g th e focu s o f 
attentio n t o trave l  throug h th e S E U ,  al l  evidentia l  node s 
wer e effectivel y linked ,  an d on e dat a nod e afte r  anothe r 
migh t  b e updated .  Withou t  thi s "SE U wanderthrough, "  dat a 
node s woul d typicall y onl y b e visite d b y wa y o f  th e 
hypothese s the y explained .  (I n E C H O networks ,  evidenc e i s 
not  typicall y linke d t o othe r  evidence. ) 

Results 

Table 2 shows the Pearson correlations between the average 
human response s an d th e te n compariso n conditions :  eigh t 
W a n d e r E C HO an d tw o regula r  E C H O.  On e topolog y ha d 
eigh t  propositions ,  on e ha d seven ,  an d on e ha d six ,  yieldin g 
twenty-on e dat a points .  Al l  th e W a n d e r E C H O correlation s 
wer e significantl y greate r  tha n zer o a t  th e p  <  .0 1 leve l 
usin g th e Dun n test .  Mos t  o f  th e correlation s wer e 
numericall y greate r  tha n tha t  o f  th e "best-parameters " 
E C HO simulatio n (Schan k &  Ranney ,  1991) ,  an d al l 
modele d th e dat a significantl y bette r  tha n E C H O wit h 
defaul t  parameters . 

Table 2: Correlations between mean (WanderECHO and 
regula r  E C H O)  activation s an d mea n huma n rating s fo r  eac h 

nod e i n eac h topology . 

WanderECHO, Minimum Activation = -1.0 

Wander  p3t h 

Slar t  Valug S S E U no t 
permitte d S E U permitte d 

Rando m positiv e 
0. 5 

r  =0.93 1 
r  =0.95 3 

r  =0.96 5 
r  =0.96 1 

W a n d e r E C H O,  M i n i m u m Activatio n =  0. 0 

WandCTpath 

Star t  Value s S E U no t 
permitte d S E U permitte d 

Rando m positiv e 
0. 5 

r  =0.91 4 
/-=0.94 5 

r  =0.96 3 
r  =0.96 2 

Regula r  E C H O 

E C H O,  standar d parameter s r  =0.72 4 

ECHO, "best" post-hoc ^ ^94 j 
parameter s (Schan k 

& Ranney ,  1991 ) 
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For  on e topology .  Tabl e 3  show s th e averages ,  b y 
proposition ,  fo r  th e huma n data ,  th e bes t  an d standar d o r 
defaul t  E C H O simulations ,  an d on e WanderECH O 
simulatio n o f  tha t  topolog y (rando m positiv e star t  values , 
minimu m activatio n o f  -1.0 ,  SE U path s permitted) .  Figur e 
2 plot s thes e result s normalize d a s Z-scores .  Not e tha t  th e 
E C HO "best "  simulatio n actuall y pin s al l  hypothese s nea r 
neutra l  (i.e. ,  zer o activation) .  Als o not e tha t  a n eve n highe r 
correspondenc e ca n b e observe d fo r  th e WanderECH O mode l 
i f  on e presume s th e existenc e o f  a  ceilin g effec t  o n th e 
human ratin g scale ;  i n th e simulations .  Evidenc e 
propositio n 2  produce s a  somewha t  highe r  activatio n tha n 
th e othe r  evidenc e units ,  bu t  sinc e mos t  peopl e rate d al l  th e 
evidenc e unit s a t  o r  nea r  th e maximu m o f  7 ,  a  slightl y 
highe r  belie f  ratin g fo r  on e piec e o f  evidenc e ove r  th e other s 
i s difficul t  t o measure . 

Table 3: Averaged values for Topology B 
(subjec t  ratings ,  E C H O outpu t  activations ,  an d averag e 

WanderECHO outpu t  activations) . 

Prop .  Huma n 
ECHO 
defaul t 

E C HO 
best 

Wander-
ECH03 

El 
E2 
E3 
E4 
HO 
HI 
H2 

6.57 8 
6.52 2 
6.44 3 
6.42 2 
4.71 4 
3.36 5 
4.01 6 

0.70 8 
0.74 9 
0.71 5 
0.71 5 
0.33 3 
0.51 0 
0.60 5 

0.39 6 
0.39 6 
0.39 6 
0.39 6 
0.00 1 
0.01 4 
0.03 2 

0.55 0 
0.59 4 
0.56 7 
0.56 0 
0.45 5 
0.38 8 
0.41 6 

Discussio n an d Conclusion s 

Stochastic updating is one viable way to simulate attention 
and limite d processin g i n ECHO.  Whil e th e curren t  dat a se t 
i s to o smal l  t o b e conclusive ,  th e result s ar e encouragin g 
regardin g WanderECHO' s prospect s fo r  becomin g a  usefu l 
simulatio n o f  limite d coherence .  However ,  introducin g 
randomnes s int o th e mode l  i s bot h blessin g an d curse .  O n 
th e positiv e side ,  th e mode l  ma y b e abl e t o simulat e 
disu-ibution s o f  belie f  set s acros s a  population .  Indeed , 
WanderECHO's outpu t  distribution s appea r  roughl y simila r 
t o huma n data .  However ,  testin g thi s hypothesi s require s a 
bette r  understandin g o f  th e correspondenc e betwee n 
activation s an d behaviors ,  suc h a s rating s reporte d o n a 
Liker t  scal e (cf .  Schan k &  Ranney ,  1991 ;  Schan k e t  al. ,  i n 
press) .  A s suggeste d above ,  ceilin g o r  floo r  effect s o n th e 
Liker t  scal e ma y limi t  th e abilit y  t o asses s th e 
correspondenc e betwee n th e mode l  an d huma n ratings . 
Furthermore ,  on e woul d lik e t o b e abl e t o attribut e 
individua l  difference s t o parameter s i n th e model ,  suc h a s 
startin g activation s o r  updat e paths .  Still ,  b y addin g mor e 
parameter s t o th e mode l  w e als o increas e th e ris k o f  post -
hoc curv e fitting  an d o f  model s wit h littl e predictiv e value . 

''Minimu m activatio n -1.0 ,  SE U permitte d wande r  path ,  rando m 
positiv e startin g activations . 

I n thi s case ,  th e addition s o f  simulate d attentio n an d variabl e 
initia l  belie f  state s represente d a  calculate d ris k base d o n th e 
usefulnes s o f  thes e construct s i n psychology .  Thi s choic e 
must  b e validate d b y furthe r  operationalizin g thes e tw o 
concepts ,  measurin g them ,  an d constrainin g WanderECH O 
t o repB-oduc e the m faidifully . 
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sû uctur e approach .  I n G.J.O .  Fletche r  &  F .  Fincha m 
(Eds.) ,  Cognitio n i n clos e relationship s (pp .  69-99) . 
Hillsdale ,  NJ :  Erlbaum . 

Ranney,  M .  (1988) .  Changin g naiv e conception s o f  motio n 
(Doctora l  dissertation .  Universit y  o f  Pittsburgh ,  Learnin g 
Researc h an d Developmen t  Center ,  1987) .  Dissertatio n 
Abstract s International ,  49,1975B . 

Ranney ,  M .  (i n press-a )  Exploration s i n explanator y 
coherence .  T o appea r  i n E .  Bar-On ,  B .  Eylon ,  an d Z . 
Schert z (Eds.) ,  Designin g intelligen t  learnin g 
environments :  Fro m cognitiv e analysi s t o compute r 
implementation .  Norwood ,  NJ :  Ablex . 

Ranney,  M .  (i n press-b) .  Relativ e consistenc y an d subjects ' 
"theories "  i n domain s suc h a s naiv e physics :  Common 
researc h difficultie s illustrate d b y Cook e an d Breedin . 
Memory &  Cognition . 

Ranney,  M. ,  Schank ,  P. ,  Mosmann ,  A. ,  &  Montoya ,  G . 
(1993) .  Dynami c explanator y coherenc e wit h competin g 
beliefs :  Locall y coheren t  reasonin g an d a  propose d 
treatment .  I n T.-W .  Cha n (Ed.) ,  Proceeding s o f  th e 
Internationa l  Conferenc e o n Computer s i n Education : 
Application s o f  Intelligen t  Compute r  Technologie s (pp . 
101-106) . 

Ranney,  M. ,  &  Thagard ,  P .  (1988) .  Explanator y coherenc e 
and belie f  revisio n i n naiv e physics .  Proceeding s o f  th e 
Tent h Annua l  Conferenc e o f  th e Cognitiv e Scienc e 
Society .  426-432 .  Hillsdale ,  NJ :  Erlbaum . 

Read,  S.J. ,  &  Marcus-Newhall ,  A .  (1993) .  Th e rol e o f 
explanator y coherenc e i n th e constructio n o f  socia l 
explanations :  A  paralle l  distribute d processin g account . 
Journa l  o f  Personalit y an d Socia l  Psychology ,  65 ,  429 -
447. 

Read,  S.J. ,  &  Miller ,  L.C .  (1993) .  Explanator y coherenc e 
i n th e constructio n o f  menta l  model s o f  others . 
Proceeding s o f  th e Fifteent h Annua l  Conferenc e o f  th e 
Cognitiv e Scienc e Society ,  836-841 .  Hillsdale ,  NJ : 
Erlbaum . 

425 



Schank ,  P .  (1990) .  A n empirica l  investigatio n o f  th e 
psychologica l  fidelit y o f  E C H O.  Firs t  yea r  projec t 
report .  Universit y o f  California .  Graduat e Schoo l  o f 
Education ,  Berkeley ,  CA . 

Schank ,  P. ,  &  Ranney ,  M .  (1991) .  Th e psychologica l 
fidelit y o f  E C H O:  Modelin g a n experimenta l  stud y o f 
explanator y coherence .  Proceeding s o f  th e Thirteent h 
Annual  Conferenc e o f  th e Cognitiv e Scienc e Society , 
892-897 .  Hillsdale .  NJ :  Erlbaum . 

Schank ,  P. ,  &  Ranney ,  M .  (1992) .  Assessin g explanator y 
coherence :  A  ne w metho d fo r  integratin g verba l  dat a wit h 
model s o f  on-lin e belie f  revision .  Proceeding s o f  th e 
Fourteent h Annua l  Corrferenc e o f  th e Cognitiv e Scienc e 
Society ,  599-604 .  Hillsdale ,  NJ :  Erlbaum . 

Schank ,  P. ,  &  Ranney ,  M .  (1993) .  Ca n reasonin g b e 
taught ? Educator ,  7  (1) ,  16-21 .  [Specia l  issu e o n 
Cognitiv e Scienc e an d Education. ] 

Schank ,  P. ,  Ranney .  M. ,  Hoadley ,  C ,  Diehl ,  C ,  &  Neff . 
J.  (i n press) .  A  reasoner' s workbenc h fo r  improvin g 
scientifi c  thinking :  Assessin g Convinc e Me .  Proceeding s 
of  th e J  99 4 Internationa l  Symposiu m o n 

Mathematics/Scienc e Educatio n an d Technology .  AACE. 
Simon ,  H.A .  (1974) .  Ho w bi g i s a  chunk ? Science ,  183 , 

482-488 . 
Smolensky ,  P .  (1988) .  O n th e prope r  treatmen t  o f 

connectionism .  Behaviora l  an d Brai n Sciences ,  11,1-74 . 
Stich ,  S .  (1990 )  Rationality .  I n D .  Osherso n an d E .  Smit h 

(Eds.) ,  A n invitatio n t o cognitiv e science :  Thinkin g (pp . 
173-196) .  Cambridge .  M A :  MI T Press . 

Thagard ,  P .  (1989) .  Explanator y coherence .  Behaviora l  an d 
Brai n Sciences .  12,435-502 . 

Thagard ,  P .  (1992 )  Conceptua l  revolutions .  Princeton ,  NJ : 
Princeto n Universit y Press . 

Thagard ,  P .  &  Nowak ,  G .  (1990) .  Th e conceptua l  structur e 
of  geologi c revolution .  I n J .  Schrage r  &  P .  Langle y 
(Ed.) ,  P .  Langle y (Serie s Ed.) ,  Computationa l  model s o f 
scientifi c  discover y an d theor y formation .  Sa n Mateo , 
CA:  Morga n Kaufman n Publishers . 

Tweney.  R .  D .  (1991) .  Seria l  an d paralle l  processin g i n 
scientifi c  discovery .  I n R .  N .  Gier e (Ed.) ,  Cognitiv e 
model s o f  scienc e (pp .  77-88) .  Minneapolis :  Universit y 
of  Minnesot a Press . 

Human 

ECHO,  Defaul t  Param s 
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Figur e 2 :  NormaUze d averag e value s fo r  activations/rating s fro m ECHO,  WanderECHO,  an d humans—fo r  Topolog y B . 
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