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Model in g a n Experimenta l  Stud y o f  Explanator y Xolierenc e 

Patricia Schank and Michael Ranney 

Education in Mathematics. Science and Technology 
Graduat e Schoo l  o f  Educatio n 

Universit y o f  California ,  Berkeley .  C A 9472 0 
schank@gamet.berkeley.edu ,  ranney(2)cogsci.berkeley.ed u 

Abstrac t 
The proble m o f  evaluatin g explanator y hypothese s i s t o 
choos e th e hypothesi s o r  theor y tha t  bes t  account s for ,  o r 
explains ,  th e give n evidence .  Thagar d (e.g. .  1989 )  an d 
Ranney (i n press ;  Ranne y &  Thagard ,  1988 )  describ e a 
theor y o f  explanator y coherenc e intende d t o accoun t  fo r  a 
variet y o f  explanator y evaluations ;  thi s theor y ha s bee n 
implemente d i n a  coimectionis t  compute r  model ,  E C H O. 
I n thi s study ,  w e examin e thre e question s regardin g th e re -
lationshi p betwee n huma n explanator y reasonin g an d 
echo' s explanator y evaluations :  Doe s E C H O predic t  sub -
jects '  evaluation s o f  interrelate d propositions ? Ar e loca l 
tempora l  orde r  difference s (no t  explicitl y  modele d b y 
E C H O)  importan t  t o th e subjects ? Doe s E C H O predic t  sub -
jects '  inflectiona l  reasoning ? W e foun d tha t  subject s ofte n 
entertai n competin g hypodiese s a s nonexclusiv e an d pre -
sume a n implie d backin g fo r  certai n (superordinate )  hy -
potheses .  Thes e tendencie s wer e modele d i n E C H O b y as -
signin g a  fractio n o f  dat a priorit y (usuall y reserve d fo r  evi -
dence )  t o th e superordinat e hypotheses .  I n simi ,  th e E C H O 
model  help s t o interpre t  subjects '  reasonin g patterns ,  an d 
shows continue d potentia l  fo r  simulatin g explanator y co -
herenc e processes . 

Introduction 

TTi e assessmen t  o f  explanator y hypothese s involve s choos -
in g th e hypothesi s o r  theor y tha t  bes t  account s fo r  give n 
evidence .  Th e theor y o f  explanator y coherenc e (e.g. , 
Thagar d 1989 )  account s fo r  a  variet y o f  explanator y evalu -
ations .  I n th e theory ,  relation s o f  loca l  explanator y coher -
enc e an d incoherenc e betwee n propositions ,  interprete d a s 
hypothese s o r  evidence ,  ar e establishe d vi a severa l  princi -
ples .  I n general ,  proposition s coher e wit h proposition s 
the y explain ,  proposition s the y ar e explaine d by ,  o r  propo -
sition s the y ar e analogou s with ;  the y incoher e wit h com -
petin g o r  contradictor y propositions .  Th e acceptabilit y  o f  a 
propositio n depend s o n th e acceptabilit y o f  th e proposi -
tion s t o whic h i t  i s  related ,  a s it s acceptabilit y  generall y 
increase s wit h th e coherenc e o f  th e sub-syste m o f  proposi -
tion s i n whic h i t  i s  embedded .  Proposition s interprete d a s 
evidenc e generall y accumulat e acceptabilit y  mor e rapidl y 
tha n d o hypotheses ,  thoug h th e acceptabilit y o f  a  datu m 
m ay decreas e i f  i t  i s  mostl y coheren t  wit h proposition s 
tha t  ar e unacceptable . 

Th e theor y o f  explanator y coherenc e ha s bee n imple -
mente d i n a  connectionis t  compute r  mode l  calle d E C H O. 
I n E C H O,  proposition s ar e represente d b y node s i n a  net -
wor k tha t  sen d an d receiv e activatio n (th e measur e o f  ac -
ceptability )  t o an d fro m relate d propositions .  Hypothesi s 
evaluatio n i s treate d a s th e paralle l  satisfactio n o f  multipl e 
constraint s derive d from  explanator y an d contradictor y rela -
tions .  Onc e a n E C H O networ k ha s settled ,  proposition s 
wit h hig h activation s ar e considere d accepte d (Thagar d 
1989 ,  i n press2) .  E C H O differs ,  however ,  fro m network s 
i n whic h node-nod e lin k weight s ar e adjuste d o n eac h cycl e 

(se e Rumelhar t  &  McClellan d 1986) . 
W h at  i s  th e relationshi p betwee n huma n explanator y 

reasonin g an d explanator y evaluatio n a s implemente d i n 
E C H O? E C H O ha s bee n use d i n th e pas t  t o mode l  juro r 
reasonin g (Thagar d 1989 )  i n whic h explanator y coherenc e 
play s a  crucia l  rol e (Penningto n &  Hasti e 1988) ,  t o under -
stan d menta l  model s o f  socia l  interaction s an d relation -
ship s (Mille r  &  Rea d i n press) ,  an d t o mode l  scientifi c 
reasonin g (Thagar d 1989 ,  i n pres s 1) .  Ranne y an d Thagar d 
(1988) ,  i n th e firs t  applicatio n o f  E C H O t o modelin g ex -

perimenta l  data ,  simulate d {e x pos t  facto )  change s i n sub -
jects '  belief s an d thei r  conception s o f  physica l  motio n 
(Ranne y 1987/1988 ;  cf .  Nersessia n 1989) .  Ranne y (i n 
press )  suggest s tha t  i f  E C H O continue s t o successfull y 
model  huma n reasoning ,  i t  migh t  b e usefu l  a s a  too l  fo r 
teachin g coheren t  argumentation ;  however ,  speculatio n 
abou t  th e relationshi p betwee n E C H O ' S descriptiv e powe r 
and prescriptiv e potentia l  require s tha t  w e addres s severa l 
empirica l  question s abou t  th e psychologica l  fidelit y o f 
E C H O.  W e describ e her e a n empirica l  stud y tha t  examine d 
E C H O 'S abilit y t o mode l  expirator y evaluation s o f  tex -
tuall y embedde d proposition s (Schan k 1991) . 

The ECHO Model 
Coherenc e involve s a  relatio n betwee n tw o proposition s 
tha t  "hol d together, "  whil e incoheren t  proposition s resis t 
holdin g together .  Relation s o f  coherenc e (an d incoherence ) 
among proposition s ar e establishe d vi a th e followin g prin -
ciple s (Thagar d i n pressl ;  Ranne y &  Thagar d 1988) :  (1 ) 
Symmetry :  Coherenc e an d incoherenc e ar e symmetri c rela -
tions .  (2 )  Explanation :  Hypothese s tha t  togethe r  explai n a 
propositio n coher e wit h eac h other ,  a s wel l  a s wit h th e ex -
plaine d proposition .  (3 )  Simplicity :  Th e coherenc e o f  a n 
explanatio n i s  inversel y relate d t o th e numbe r  o f  co-hy -
pothese s use d i n th e explanation .  (4 )  Analogy :  Simila r  hy -
pothese s tha t  explai n simila r  evidenc e cohere .  (Non e o f 
our  network s involve d analogies. )  (5 )  Dat a Priority : 
Result s o f  observations ,  suc h a s evidenc e an d acknowl -
edge d facts ,  hav e a  degre e o f  acceptabilit y o n thei r  own . 
(6 )  Contradiction :  Contradictor y hypothese s incohere .  (7 ) 
Competition :  Competin g hypothese s (whic h explai n th e 
same evidenc e o r  hypothese s bu t  ar e no t  themselve s ex -
planatoril y  related ;  se e Harma n 1989 )  incohere .  (Thi s prin -
cipl e di d no t  affec t  th e E C H O network s use d i n thi s stud y 
sinc e suc h competition s wer e explicitl y  mad e contradic -
tory ;  th e competitio n principl e i s use d t o generat e incoher -
enc e links. )  (8 )  Acceptability :  Th e acceptabilit y  (o r  believ -
ability )  o f  a  propositio n depend s o n it s coherenc e withi n 
th e syste m o f  proposition s i n whic h i t  i s  embedded .  A 
proposition' s acceptabilit y  increase s a s it s coherenc e wit h 
othe r  acceptabl e proposition s increases .  ( A proposition' s 
acceptabilit y  i s  measure d b y it s activatio n value ,  rangin g 
fro m -1 ,  complet e rejection ,  t o 1 ,  complet e acceptance. ) 
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Hypothesi s evaluatio n i n E C H O i s treate d a s th e satis -
factio n o r  multipl e constraint s derive d fro m th e explana -
tor y relations ,  an d severa l  parameter s provid e degree s o f 
freedo m (Thagar d 1989 ,  i n press2) .  Th e numbe r  o f  parame -
ter s use d i n compute r  model s ofte n lead s t o questions : 
H o w arbitrar y ar e th e simulatio n findings ? H o w stabl e i s 
th e mode l  unde r  a  give n se t  o f  parameter s (i.e. ,  doe s on e 
set  wor k ove r  a  wid e rang e o f  tasks) ? Shoul d som e param -
eter s b e regarde d a s varian t  o r  invarian t  ove r  tasks ? 
Thousand s o f  simulation s hav e bee n don e t o determin e th e 
impac t  o f  paramete r  setting s o n E C H O ' S performance ,  an d 
th e value s o f  fou r  parameters—th e excitation ,  inhibition , 
decay ,  an d dat a excitatio n rates—appea r  mos t  critica l 
(Thagar d 1989 ;  Ranne y &  Thagar d 1988) .  However ,  th e 
criteri a use d t o decid e th e defaul t  value s o f  thes e parameter s 
hav e previousl y bee n practica l  rathe r  tha n empirical . 
Ranney an d Thagar d (1988 )  a s wel l  a s thi s stud y provid e 
th e firs t  empirica l  backin g fo r  assigne d paramete r  values . 

The excitatio n valu e determine s th e weight s o n link s be -
twee n coherin g propositions .  Th e inhibitio n valu e deter -
mine s th e weight s o n link s betwee n incoherin g proposi -
tions .  Th e dat a excitatio n valu e specifie s th e weigh t  o n 
link s betwee n dat a (usuall y evidence )  an d th e "specia l  evi -
denc e unit "  (SEU ,  a  uni t  wit h activatio n clampe d a t  1.0 ) 
t o implemen t  principl e 4 .  Th e deca y valu e specifie s th e 
percentag e o f  th e (absolute )  activatio n tha t  a  propositio n 
lose s a t  eac h cycle .  Thagar d (1989 )  describe s interestin g 
psychologica l  interpretation s o f  thes e parameters .  Th e tol -
eranc e o f  th e syste m i s th e absolut e valu e o f  th e rati o o f 
excitatio n t o inhibition ;  highl y toleran t  system s m a y 
"believe "  severa l  competin g hypotheses ,  whil e system s 
wit h lo w tolCTanc e ten d t o accep t  a  singl e theory .  Deca y i s 
th e skepticis m o f  th e system ;  a s deca y increases ,  asymp -
toti c activatio n value s o f  pro]X)sition s wil l  b e compresse d 
towar d zer o (althoug h th e simulation s wil l  generall y no t 
be qualitativel y different) .  Skq)ticis m applie s directl y t o 
al l  propositions ,  whil e toleranc e i s mos t  directl y relevan t 
t o contradictor y o r  competin g propositions . 

Give n declare d inpu t  proposition s an d relation s betwee n 
them ,  E C H O aeate s unit s t o represen t  th e propositions , 
an d set s u p th e followin g link s (wit h additiv e lin k 
weights) :  (1 )  excitator y link s betwee n proposition s 
(includin g co-hypotheses )  tha t  ar e explanatoril y  o r  analo -
gousl y related ;  (2 )  inhibitor y link s betwee n contradictor y 
and (n(Mievidential )  competin g propositions ;  an d (3 )  excita -
tor y link s betwee n evidenc e an d th e S E U (wit h th e dat a ex -
citatio n weight) .  (Th e dat a priorit y o f  particula r  evidenc e 
may als o b e specifie d separately. )  I f  ther e ar e unexplaine d 
data ,  th e deca y rat e i s increase d appropriatel y (i.e. ,  unex -
plaine d evidenc e raise s skepticism) .  Uni t  activation s ar e 
update d i n cycle s unti l  th e networ k settle s an d th e chang e 
i n al l  unit s i s asymptotic .  A t  eac h cycle ,  th e activatio n o f 
a particula r  uni t  u j  i s determine d b y th e deca y rat e an d th e 

net  inpu t  t o th e uni t  (th e weighte d su m o f  th e activatio n 
of  it s  neighborin g units ,  wher e a  weigh t  i s th e c o m m o n 
lin k value ,  wij) ,  an d i s updated  usin g th e followin g equa -

tio n (c f  Rumelhar t  &  McClellan d 1986) : 

uj(t+\ )  =  uft )  ( 1 -decay )  +  [  net j  {max-uj{t) )  i f  net j  > 0 
net j  {ujit)-min )  otherwis e ] 

wher e net j  =  Z .  Wy uj(t ) 

Evaluating ECHO 

We as k thre e question s abou t  th e relationshi p betwee n hu -
m an reasonin g an d E C H O:  H o w wel l  doe s E C H O predic t 

difference s i n subjects '  evaluation s o f  differen t  texts ? Ar e 
loca l  tempora l  orde r  difference s (no t  explicitl y  accounte d 
fo r  b y E C H O)  importan t  t o th e subjects ? H o w wel l  doe s 
E C HO predic t  inflectiona l  reasoning ,  i n whic h ne w infor -
matio n presente d i n text s (cf .  Kintsc h 1988 )  yield s signifi -
can t  change s i n subjects '  belief s (Ranne y i n press) ? 

T o investigat e thes e question s w e conducte d thre e con -
trast s betwee n E C H O simulation s an d subjects '  believabil -
ities .  Eac h contras t  involve d thre e stages :  (1 )  E C H O simu -
lation s wer e ru n o n give n system s o f  propositions ,  (2 ) 
subject s rea d textua l  embodiment s o f  th e sam e proposi -
tiona l  syste m an d rate d ho w strongl y the y believe d eac h 
proposition ,  an d (3 )  E C H O ' S abilit y  t o mode l  th e 
subjects '  believabilit y  rating s wa s assessed . 

Contrast One: Difrerential Predictions. Given 
textua l  propositions ,  h o w wel l  d o subjects '  belief s i n th e 
proposition s correlat e wit h E C H O ' S activation s fo r  thes e 
propositions ? Fo r  thi s contrast ,  tw o E C H O topologie s 
wer e used ,  th e secon d o f  whic h include s a n extra ,  critica l 
piec e o f  evidenc e tha t  qualitativel y change s th e simulatio n 
results .  I f  tw o group s o f  subject s ar e give n text s reflectin g 
thes e topologie s (wit h on e grou p give n th e extr a piec e o f 
information) ,  doe s E C H O predic t  th e difference s a m o n g 
th e groups '  belief s i n th e underiyin g propositions ? Th e 
majo r  empirica l  questio n is :  Ar e subjects '  believabilit y 
rating s reasonabl y consisten t  wit h E C H O ' S activations ? 

Contrast Two: Temporal Order EfTects. Does the 
orde r  o f  presentatio n o f  theme s i n a  tex t  affec t  th e sub -
jects '  believabilit y  ratings ? Give n tha t  al l  proposition s ar e 
generall y encode d durin g th e sam e networ k cycle ,  E C H O 
activation s ar e unaffecte d b y th e tempora l  orde r  o f  proposi -
tiona l  encoding .  I f  tw o group s o f  subject s ar e give n text s 
reflectin g a  singl e networ k topology ,  wit h th e secon d 
grou p give n a  tex t  tha t  provide s th e propwsiiion s i n a  dif -
feren t  wder ,  wil l  thei r  belief s i n th e proposition s differ ? I f 
so ,  th e findin g coul d b e use d t o sugges t  modification s t o 
ECHO. 

Contrast Three: Dynamic Modeling. With its use 
of  dat a priority ,  E C H O i s somewha t  empiricall y biased . 
Ar e peopl e a s empiricall y drive n a s E C H O? Onc e subject s 
ar e familia r  wit h a  text ,  doe s addin g a n additiona l  piec e o f 
information—on e tha t  produce s a  "Gestal t  switch "  i n 
E C H O — i n d u ce a  Gestal t  switc h i n th e subjects ? T o asses s 
thi s contrast ,  a n E C H O topolog y wa s allowe d t o ru n an d 
settie ,  an d the n a n additiona l  piec e o f  evidence—on e tha t 
yielde d a  theor y shif t  reflecte d b y inflecte d activatio n tra -
jectories—wa s introduce d (se e Ranne y &  Thagar d 1988) . 
Do subject s als o shif t  fro m acceptin g on e theor y t o accept -
in g anothe r  upo n th e introductio n o f  th e ne w evidence ? 
Wil l  addin g a n additiona l  hypothesis ,  on e tha t  strengthen s 
E C H O 'S acceptanc e o f  th e newl y acceptabl e theory ,  furthe r 
strengthe n subjects '  belief s i n th e theory ? Perhap s th e ne w 
hypothesi s wil l  shif t  subjects '  belief s towar d th e n e w the -
or y i f  th e additiona l  evidenc e di d no t  alread y d o so .  Th e ab -
senc e o f  a  chang e whe n evidenc e i s introduce d ma y sugges t 
tha t  peopl e ar e mor e hypothesis-drive n tha n i s E C H O.  Th e 
absenc e o f  an y shif t  a t  al l  (o r  a  shif t  onl y whe n bot h th e 
datu m an d th e hypothesi s ar e introduced )  ma y sugges t  tha t 
peopl e ar e mor e predicUvel y intransigen t  (Ranne y 
1987/1988 )  tha n E C H O,  an d serv e a s a  basi s fo r  re-evalu -
atin g E C H O ' S dat a priwit y aspect . 
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M e t h o d a n d Des ig n 

The lexi s use d i n ihi s stud y renec t  portion s o f  ih e topol -
ogy show n i n Figur e 1 ,  whic h represents  tw o conflictin g 
theories ,  an d lend s itsel f  t o th e question s i n th e abov e con -
trasts .  I n thi s topology ,  hypothesi s H I  explain s evidenc e 
El  an d E 2 ,  an d i s i n tur n explaine d b y hypothesi s HO . 
Hypothesi s H 2 explain s evidenc e E2 ,  E3 ,  an d E 4 ,  an d i s 
explaine d b y hypothesi s H3 .  Subgraph s o f  thi s topology , 
show n i n Figure s 2  an d 3 ,  ar c als o use d fo r  th e contrast s 
of  interest . 

(conflict ) 

Theor y 2 Theor y 1 

Figur e 1 .  Topolog y o f  tw o conflictin g explanator y 
theories :  dashe s indicat e theoretica l  confUc L 

HO 
I 

H1 - -  H 2 

A/1 
E1 E 2 E 3 
Topolog y A 

HO 
I 

HI  -  -  -  H 2 

HO H 3 

HI-- -  H 2 

A A A A 
E1 E 2 E 3 E 4 
Topolog y B 

(evidenc e E 4 added ) 

El  E 2 E 3 E 4 
Topolog y C 

(E4ait d H 3 added ) 

Figur e 2 .  Topologie s A ,  B .  an d C .  (Topologie s A  an d B 
wer e use d fo r  th e differentia l  prediction s contrast .  Topologie s 
A.  B ,  an d C  wer e use d fo r  th e dynami c modelin g contrast ) 

HO 

HI 

/ \ 
El  E 2 

Topolog y D 
(lef t  theory ) 

H2 

A 
E2 E 3 E 4 
Topolog y E 

(partia l  righ t  theory ) 

H 1 - - - H 2 

Topolog y F 
(theoretica l  conflict ) 

Figur e 3 .  Topologie s D ,  E ,  an d F  (use d t o asses s tempora l 
orderin g effects) . 

Table 1. Four sequences X four texts. 
-Topolog y Sequences -

I I  S 2 S 2 S 4 
A 
<rcae > 
B 
<rate > 
C 
<rate > 

D 
D+F 
EMm-E 
<Tcte > 

E 
E+F 
E+F+D 
<TCU> 

B 
<T(ie > 

-Decontextualize d Texts -
Tl 
linguistic s 

T2 
physic s 

T3 
win e namin g 

T4 
medica l 

Text s involvin g fictiona l  theoretica l  controversie s wer e 
generate d t o reduc e th e chanc e o f  subject s bringin g consid -
erabl e extraneou s informatio n int o thei r  analyses .  Sinc e 
dimension s o f  contex t  ar e difficul t  t o asses s an d control , 
we devise d fou r  text s i n differen t  domains .  Subject s rea d 
th e text s (give n o n separat e sheet s o f  p^)er )  unde r  n o tim e 
limit ,  an d the n rate d (o n a  separat e questionnair e sheet ;  se e 
Tabl e 1 )  h o w strongl y the y believe d th e text' s statements . 

Mater ia l s 
The fou r  text s wer e designe d t o b e fairl y context-free , 
whil e alternatin g betwee n scienc e an d humanitie s domains . 
Four  differen t  topologica l  sequences .  S I  throug h S4 .  wer e 
use d t o constrai n th e structure s o f  thes e \£,\\ s (se e Tabl e 
1) .  Sixtee n text-sequenc e combination s resulted  ( 4 se -
quence s X  4  texts ,  e.g. .  Tl-Sl .  T1-S2...) .  Th e physic s tex t 
belo w represents  topolog y C ;  it s  E C H O encodin g i s 
show n i n Tabl e 2 . 

"Sue and Amy are trying to identify an atomic particle: 
Sue an d A m y fm d tha t  i t  ha s a  charg e magnitud e o f 

tw o electrons ,  hig h energy ,  a  positiv e spin ,  an d a 
baryo n numbe r  equa l  t o zero .  Su e say s tha t  physicist s 
thin k tha t  zipum s ar e rathe r  common ,  whic h explain s 
her  belie f  tha t  th e particl e i s a  zipton .  Su e als o note s 
tha t  i f  on e assume s tha t  th e particl e i s a  zipton ,  tha t  ex -
plain s wh y th e particl e ha s a  charg e magnitud e o f  tw o 
electron s an d wh y i t  ha s hig h energy . 

A my disagree s wit h Sue .  A m y believe s tha t  th e parti -
cl e i s a  blinkon .  whic h contradict s Sue' s belie f  tha t  th e 
particl e i s a  zipton .  A m y say s tha t  physicist s thin k tha t 
blinkon s ar e eas y t o detect ,  whic h explain s he r  belie f 
tha t  th e particl e i s a  blinkon .  A m y als o note s tha t  i f  on e 
assumes tha t  th e particl e i s a  blinkon ,  tha t  explain s 
why th e particl e ha s hig h energy ,  wh y i t  ha s a  positiv e 
spin ,  an d wh y i t  ha s a  baiyo n numbe r  equa l  t o zero . 

What  d o yo u think? " 
Table 2. Encoding of the physics text, topology C. 
Evidence : 
propositio n E l  "th e particl e ha s th e charg e o f  tw o electTons ' 
propositio n E 2 "th e particl e ha s hig h energy " 
propositio n E 3 "th e particl e ha s a  baryo n nimibe r  o f  zero " 
propositio n E 4 "th e particl e ha s positiv e spin " 

H y p o t h e s e s : 
propositio n H O "jAysicist s thin k zipton s ar e rathe r  common " 
propositio n H I  "th e particl e i s a  zipton " 
propositio n H 2 "th e particl e i s a  blinkon " 
propositio n H 3 'physicist s thin k blinkon s ar e eas y t o detect " 

Explanat ions : 
HO explain s H I 
HI  explain s E l 
HI  explain s E 2 
H3 explain s H 2 
H2 explain s E 2 
H2 explain s E 3 
H2 explain s E 4 

Subjects and Procedure 
T o contro l  fo r  presentatio n orders ,  al l  2 4 possibl e topolog -
ica l  sequenc e combination s wer e used ,  an d bot h forwar d 
(Tl .  T 2 .  T3 .  T 4 )  an d backwar d <J^ ,  T 3 ,  T2 .  T l )  tex t 
order s wer e used .  I n total ,  4 8 (4 !  x  2 )  subject s participated . 
Subject s ha d variou s academi c an d occupationa l  back -
grounds ,  an d range d i n ag e fro m 1 8 t o 6 0 years . 

Eac h experimenta l  sessio n consiste d o f  fou r  parts .  I n 
eac h part ,  th e subjec t  wa s give n a  tex t  reflecting  on e o f  th e 
text-sequenc e combinations ,  neve r  receivin g th e sam e tex t 
or  th e sam e topolog y sequenc e twice .  Fo r  eac h text-se -
quenc e combination ,  a  subjec t  wa s aske d t o rea d th e tex t 
and the n rat e th e believabilit y  o f  it s  propositions .  Rating s 
wer e o n a  scal e fro m 1 ,  "completel y unbelievable. "  t o 7 . 
"completel y believable "  ( 4 wa s unlabeled) .  W h e n th e sub -
ject s wer e finishe d ratin g al l  fou r  text-sequenc e combina -
tions ,  the y wer e aske d (vi a audio-tape d retrospective  pro -
tocols) ,  t o explai n h o w the y cam e u p wit h thei r  believ -

ContradlctioDs : 
HI  contradict s H 2 

Dat a priorit y fo r 
daUiElE2E3E 4 

evidence : 
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abilit y  assignments—i n orde r  t o determin e i f  the y brough t 
extraneou s informatio n int o thei r  evaluations . 

The E C H O simulation s wer e initiall y  ru n wit h parame -
te r  setting s use d b y Ranne y an d Thagar d (1988) .  th e first 
applicatio n o f  E C H O t o modelin g cxpcrimcnia l  data . 
Simulation s wer e subsequentl y ru n wit h slightl y adjuste d 
paramete r  settings ,  a s discusse d below . 

Contrast One, Topology A vs. Topology B: 
Differentia l  Predictions .  Doe s E C H O differentiall y 
predic t  subjects '  response s t o differen t  texts ? E C H O 
activation s fo r  topologie s A  an d B  wer e compare d i n a 
pairwis e manne r  wit h subjects '  rating s o n proposition s 
fro m Sequence s 1  (topolog y A )  an d 4  (topolog y B .  includ -
in g it s extr a piec e o f  evidence .  E4) .  (Subject s wer e give n 
additiona l  tex t  an d questionnaire s beyon d topolog y A  i n 
Sequenc e 1 ;  se e Contras t  Thre e belo w an d Tabl e 1. )  Th e 
adde d datu m significantl y change s ECHO' S simulation : 
Withou t  th e extr a evidenc e E 4 an d th e H2-E 4 explanator y 
link ,  hypothesi s H I  receive s highe r  activatio n tha n H 2 i n 
E C H O;  wit h th e extr a evidenc e an d link ,  th e revers e i s 
true . 

Contrast Two, Sequence 2 vs. Sequence 3: 
Tempora l  Orde r  Effects .  H o w sensitiv e ar e subject s 
t o th e tempora l  orde r  o f  propositions ? Runnin g E C H O o n 
topolog y B ,  hypothesi s H 2 receive s a  highe r  activatio n 
tha n H I ,  give n tha t  al l  proposition s ar e encode d durin g th e 
same networ k cycle .  For  thi s contrast ,  subject s wer e aske d 
t o rea d thre e portion s o f  tex t  (presente d o n separat e sheets ) 
reflectin g topolog y B ,  i n whic h th e orde r  o f  set s o f  jmspo -
sition s i n th e text s wer e varied .  Topolog y B  ca n b e decom -
pose d int o thre e subgraphs ,  representin g a  "left "  theory ,  a 
partia l  "right "  thewy ,  an d a  theoretica l  conflic t  (tqx)logie s 
D.  E .  an d F  i n Figur e 3) .  For  Sequenc e 2 ,  subject s wer e 
give n thre e successiv e texts :  th e first  reflectin g th e lef t 
theory ,  th e nex t  reflectin g th e lef t  theor y an d theoretica l 
conflict ,  an d th e las t  reflectin g th e lef t  an d th e partia l  righ t 
theorie s a s wel l  a s th e theoretica l  conflic t  (topolog y order : 
D,  D+F ,  D-t-F+E) .  Fo r  Sequenc e 3 ,  subject s wer e als o 
give n thre e successiv e texts ,  wit h th e orde r  o f  th e lef t  an d 
partia l  righ t  theorie s switche d (E ,  E+F ,  E-nF-hD) . 

Contrast Three, Sequence 1: Dynamic Modeling. 
H ow wel l  doe s E C H O dynamicall y mode l  inflectiona l  rea -
soning ? I n E C H O,  hypothesi s H I  receive s a  highe r  activa -
tio n tha n H 2 i n topolog y A  (se e Figure s 2  an d 5) .  Afte r 
th e netwoi k settles ,  addin g evidenc e E 4 an d th e explana -
tor y lin k H2-E 4 cause s th e activatio n o f  propositio n H I  t o 
decreas e an d H 2 t o increase ,  surpassin g H I ,  thu s simulat -
in g a  mil d Geslal t  shif L Addin g th e hypothesi s H 3 an d th e 
explanator y lin k H 3 - H 2 cause s H2' s activatio n t o furthC T 
increas e an d Hi' s t o furthe r  decrease .  For  thi s contrast ,  al l 
subject s wer e give n a  tex t  structurall y reflectin g topolog y 
A,  followe d b y a  believabilit y  ratin g questionnaire .  The y 
wer e the n give n a  tex t  reflectin g topolog y B ,  followe d b y 
a ne w questionnaire .  Finally ,  th e subject s wer e give n a 
tex t  reflectin g topolog y C ,  followe d b y a  final  question -
naire .  Th e subjects '  rating s wer e the n compare d t o activa -
tions  fro m E C H O simulation s durin g whic h proposition s 
E4 an d H 3 (an d thei r  associate d links )  wer e ackle d dynami -
call y  (i.e. ,  i n late r  networ k cycles ,  afte r  successiv e set -
Uings) .  I f  subject s ar e a s empiricall y drive n a s i s E C H O, 
the y shoul d "switch "  fro m favorin g H I  t o favorin g H 2 
when E 4 i s added ,  an d certainl y wit h th e additio n o f  H3 . 

Resul t s a n d Discuss io n 

Interview s wiU i  th e subject s reveale d tha t  the y adopte d 
some kin d o f  implici t  presume d backin g (i.e. .  othe r  evi -
denc e o r  beliefs )  fo r  th e superordinat e hypothese s H O an d 
H3.  Th e E C H O simulation s wer e adjuste d t o tak e thi s int o 
account .  Thus ,  befor e describin g th e fit  betwee n th e sub -
jects '  rating s an d ECHO' S activations ,  w e first  discus s th e 
subjects '  believabilit y  rating s an d comment s t o sho w ho w 
presume d backin g affecte d thei r  ratings . 

Subjects' Believability Ratings 

The mean s o f  subjects '  believabilit y  rating s (fo r  proposi -
tions  i n topologie s A ,  B ,  an d C  ar e show n i n Tabl e 3 . 
Subject s rate d th e superordinat e H O highe r  tha n it s ex -
plaine d H I ,  an d th e superordinat e H 3 highe r  tha n it s ex -
plaine d H 2 .  Subject s als o tende d t o vie w H I  an d H 2 a s 
nonexclusiv e hypothese s (i n spit e o f  th e explicitl y  state d 
conflicts) ,  particularl y o n th e medica l  tex t 

Table 3. Mean ratings for all ^}ivopriate propositions. 
^Topolog y (withi n Sequence ) 
Si b Si c S2 b S3 b S4 b Sl a 

6.5 0 
6.5 0 
6.5 2 
• 
4.8 1 
3.5 8 
3.4 8 
• 

6.5 6 
6.5 8 
6.5 8 
6.4 2 
4.7 3 
3.2 7 
4.1 2 
• 

6.6 0 
6.5 8 
6.5 6 
6.5 8 
4.6 9 
3.3 5 
4.2 9 
4.7 3 

6.5 2 
6.3 1 
6.1 9 
6.1 9 
4.6 5 
3.4 6 
3.8 5 
• 

6.5 8 
6.6 7 
6.5 0 
6.4 6 
4.6 0 
3.2 9 
3.9 8 
• 

6.6 5 
6.6 5 
6.5 0 
6.6 3 
4.8 8 
3.4 1 
4.0 8 
• 

Pro p 
El 
E2 
E3 
E4 
HO 
HI 
H2 
H3 

Presume d Backing .  Some subject s justifie d a n implici t 
backin g o f  th e superordinat e hypothese s b y indicatin g tha t 
th e wor d "Uiink "  (i n th e texts )  i s  use d fo r  conversationa l 
politeness ;  i.e. ,  peopl e us e th e wor d "think "  whe n the y re -
all y kno w something .  Despit e th e attemp t  t o generat e de -
co n textua l  ize d texts ,  subject s (no t  surprisingly ;  Ritte r 
1991 )  als o considere d othe r  knowledg e whe n reasonin g 
abou t  th e texts ,  an d thi s othe r  knowledg e likel y con -
tribute d t o thei r  presume d backin g o f  H O an d H3 .  Fo r  in -
stance ,  on e subjec t  hinge d hi s rating s o f  th e win e tex t  o n 
hi s belie f  tha t  ther e ar e fe w type s o f  wine ,  unlik e atomi c 
particles ,  o f  whic h ther e "ar e many. "  I n contrast ,  anothe r 
subjec t  hel d tha t  ther e ar e no t  man y type s o f  atomi c parti -
cles !  Althoug h subject s generall y gav e hig h rating s t o evi -
dence ,  thes e rating s stil l  di d no t  boos t  thei r  belief s i n hy -
pothese s H I  an d H 2 abov e thei r  superordinates . 

Text Type and Text Order Effects. As expected, an 
analysi s o f  varianc e o n subjects '  rating s (o n tiie  Topolog y 
C texts )  reveale d tha t  effect s o f  tex t  typ e an d tex t  orde r 
wer e no t  significan t  (p>.05) .  Ther e was ,  however ,  a 
(nonsignificant )  tren d fo r  th e superordinat e H O t o resis t  be -
in g overcom e b y H 3 wit h inaeasin g experienc e wit h th e 
successiv e texts .  (Nb .  Man y o f  thi s paper' s inferentia l 
test s ar e base d o n standar d statistica l  distributiona l  as -
sumption s tha t  remai n t o b e confirme d fo r  thi s particula r 
paradigm. ) 

ECHO Simulations 
I n contras t  t o th e subjects ,  a  prior i  E C H O activation s o f 
th e superordinate s H O an d H 3 wer e lowe r  tha n th e hy -
pothese s the y explaine d (H I  an d H2 )  acros s a  wid e rang e 
of  paramete r  settings .  Also ,  ECHO' S activation s o f  th e 
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conflictin g hypothese s H I  an d H 2 wer e slighlJ y mor e di -
vergen t  tha n th e subjects '  rating s o f  thes e hypotheses . 
Thi s suggeste d tha t  th e apjjaren t  difference s betwee n sub -
jects '  rating s an d E C H O ' S activation s wer e du e t o a 
presume d backin g o f  hypothese s H O an d H 3 an d th e ten -
denc y o f  subject s t o vie w H I  an d H 2 a s nonexclusive . 

To mode l  subjects '  presume d backing ,  H O an d H 3 wer e 
give n partia l  dat a priorit y b y linkin g the m t o th e S E U 
wit h a  weigh t  hal f  o f  tha t  give n t o evidence .  Thi s wa s en -
code d b y addin g thes e semi-hypothese s t o th e dat a state -
ment : 

dat a E l  E 2 E 3 E 4 (H O .5 )  (H 3 .5 ) 

The parameter values used for four simulations (see be-
low )  ar e show n i n Tabl e 4  C'R&T "  refers  t o value s use d i n 
Ranney &  Thagar d 1988) . 

Tabl e 4 .  E C H O paramete r  setting s o n simulations . 
-n o backing — —backing -rarameier s 

excitatio n 
inhibitio n 
deca y 
dat a excitatio n 

no 
Run! 
(R&T) 
.0 3 
-.0 6 
.0 4 
.05 5 

Run 2  Ru n 3  Run 4 
(adjusted )  (R&T )  (adjusted ) 
.00 5 .0 3 .0 3 
-.0 6 -.0 6 -.0 6 
.1 5 .0 4 .1 5 
.1 0 .05 5 .1 0 

"6. 5 Evidenc e 

H2a H1 b 

J P ^ i s "T i  5  3 i  T 
ECHO activation s 

*  multipi e occurances ,  fro m rating s ove r  Sequence s S I  t o S 4 
Figur e 4 .  Relatio n betwee n mea n believabilit y  rating s an d 
echo' s activation s wit h presume d backing . 

Table 5. Point-by-point ranked correlations between ECHO 
activation s an d subjects '  belie f  ratings . 

-n o backing - -backing -

SEQUENCE 
Sl a 
Si b 
Si c 
S2b 
S3b 
S4b 

TEXT 
linguistic s 
physic s 
win e 
medica l 

OVERALL 

Run 1  Ru n 2  Ru n 3  Ru n 4 
(R&T)  (adjusted )  (R&T )  (adjusted ) 
.7 1 .6 7 .7 1 .7 8 
.7 1 .7 6 .7 8 .7 8 
.5 6 .6 8 .7 3 .7 6 
.6 3 .7 0 .7 3 .7 3 
.7 3 .7 9 .8 0 .8 0 
.7 1 .7 8 .8 0 .8 0 
.6 6 
.6 1 
.6 8 
.7 2 
.6 7 

.7 2 

.6 7 

.7 6 

.7 9 

.7 4 

.7 6 

.7 3 

.7 8 

.8 0 

.7 7 

.7 7 

.7 6 

.7 7 

.8 1 

.7 8 

Comparin g Subject s an d E C H O 
Figur e 4  show s th e relatio n betwee n th e subjects '  mea n 
rating s an d E C H O ' S prediction s whe n presume d backin g i s 
take n int o account .  Point-by-poin t  correlation s betwee n 
individua l  subjects '  ranke d rating s an d ECHO' S ranke d ac -
tivation s wer e als o calculated .  Tabl e 5  list s thes e correla -

tion s fo r  differen t  sequences ,  difTeren t  texts ,  an d overall . 
As show n i n Figur e 4 ,  subjects '  rating s ar e modele d 

best  whe n presume d backin g i s represented  i n E C H O,  an d 
when th e deca y an d dat a excitatio n value s ar e bot h slightl y 
raised ,  mutin g th e difference s betwee n H I  an d H 2 (se e 
Table s 4  an d 5 ,  Ru n 4) .  A s indicate d i n Tabl e 5 ,  th e over -
al l  correlatio n betwee n th e subjects '  responses  an d E C H O 
i s hig h (rr,nked=-78) . 

Contrast One: DifTerential Predictions. An analy-
si s o f  varianc e revealed  tha t  acros s topologie s A  an d B , 
subjects '  rating s o f  hypothesi s H I  di d no t  significantl y 
chang e (p>.l ;  se e Tabl e 3) .  However ,  a s predicte d b y 
E C H O,  subjects '  rating s o f  hypothesi s H 2 ros e signifi -
cantl y acros s topologie s A  an d B  (p<.05 )  wit h th e intro -
ductio n o f  th e evidenc e E 4 (whic h H 2 explains) .  O n topol -
ogy A  (Sla) ,  subjects '  rating s o f  hypothesi s H I  wer e no t 
significantl y highe r  tha n thos e o f  H 2 (p>.l) .  However ,  o n 
topolog y B  (S4) ,  subjects '  rating s o f  hypothesi s H 2 wer e 
significantl y highe r  tha n thos e o f  H I  (p<.05) .  a s E C H O 
predicts .  W h e n presume d backin g fo r  hypothesi s H O i s 
represented  i n E C H O,  th e relation  betwee n th e subjects ' 
rating s an d activation s o n topologie s A  an d B  i s particu -
larl y stron g becaus e th e subjects '  highe r  rating s o f  HO, 
compare d t o H I ,  ar e captured .  Wit h presume d backing ,  th e 
point-by-poin t  correlatio n betwee n th e subjects '  avwagc s 
and E C H O i s hig h o n bot h topolog y A  (rranked=.71-78) , 
and topoteg y B  (rranked=-80) .  (Se e Tabl e 5 ,  Run s 3  an d 4 , 
SlaandS4b. ) 

Contrast Two: Temporal Order Effects. No differ-
ence s betwee n subjects '  rating s o f  th e proposition s i n 
Sequence s S2 b an d S3 b (an d eve n Sl b an d S4b )  ap -
proache d significanc e (se e Tabl e 3 ,  S2 b an d S3b) .  Wit h 
presume d backing ,  th e correlatio n betwee n th e subjects ' 
average s an d E C H O i s hig h fo r  bot h S 2 an d S 3 (Tabl e 5 , 
Runs 3  an d 4) .  Nonsignifican t  hint s o f  subjects '  intransi -
genc e wer e show n b y ECHO' S slightl y lowe r  correlatio n 
wit h subjects '  rating s fo r  S 2 (i n whic h th e "losing "  theor y 
i s give n first),  an d b y a  smalle r  varianc e i n subjects '  rat -
ing s fo r  S 3 (i n whic h th e "winning "  theor y i s give n first). 
Still ,  a s show n i n Tabl e 3 ,  th e subjects '  mea n rating s ar e 
almos t  identica l  o n topolog y B  fo r  S I  an d S 4 (Sl b an d 
S4b) ,  eve n wit h differen t  subject s an d a n intervenin g rat -
in g i n SI ,  indicatin g fe w "prediction-freezing "  effects . 
Althoug h on e subjec t  remarke d afte r  readin g th e S I 
(dynamic )  versio n o f  th e medica l  tex t  tha t  "th e mor e in -
formatio n tha t  come s up ,  th e les s I  believ e the m 'caus e 
the y didn' t  kno w i t  bef(xe, "  th e loca l  tempora l  cwde r  differ -
ences—whic h E C H O doe s no t  automaticall y tak e int o ac -
count—wer e no t  generall y foun d t o b e impcrtan t 

Contrast Three: Dynamic Modeling. Across 
topologie s A  (Sla) ,  B  (Slb) ,  an d C  (Sic) ,  subjects '  rat -
ing s o f  hypothesi s H I  di d no t  significantl y chang e (p>.l ; 
see Tabl e 3) .  However ,  subjects '  rating s o f  hypothesi s H 2 
ros e significantl y acros s topologie s (p<.05) .  A s predicte d 
by E C H O,  th e introductio n o f  th e ne w evidenc e E 4 (i n 
Slb )  accounte d fo r  mos t  o f  subjects '  increase d believabil -
it y  i n H 2 (p<.05) ,  whil e th e introductio n o f  th e superordi -
nai e H 3 (i n Sic )  ha d littl e extr a effec t  o n subjects '  believ -
abilit y  o f  H 2 (p>.l) .  O n topolog y A ,  th e subjects '  rating s 
of  hypothesi s H I  wer e no t  quit e significantl y highe r  tha n 
H2;  however ,  o n topologie s B  an d C ,  subjects '  rating s o f 
hypothesi s H 2 wer e significantl y highe r  tha n H I  (bot h 
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test s p<.05) .  Thus ,  bot h th e subject s an d E C H O sho w in -
flectional  reasoning  whe n th e ne w evidenc e o f  topolog y B 
i s introduced .  Th e relatio n betwee n th e subjects '  ratings 
and th e E C H O activation s i s onc e agai n particularl y stron g 
when presume d backin g o f  th e superordinai c hypothese s i s 
represente d i n E C H O.  Figur e 5  illustralc s th e inflectiona l 
reasonin g capture d b y E C H O (e.g. ,  fo r  H I  an d H2) .  Tabl e 
5 show s th e hig h correlation s betwee n th e subjects '  ratings 
and ECHO' S activation s fo r  topologie s A ,  B ,  an d C  (row s 
Sla .  Sib .  an d Sic) . 

Lik e E C H O,  th e subject s "switched "  an d rate d H 2 highe r 
tha n H I  whe n th e ne w evidenc e wa s introduce d (se e Tabl e 
6) .  Wit h presume d backing ,  th e correlatio n betwee n sub -
ject s an d E C H O i s als o hig h whe n H 3 (o f  topolog y C )  i s 
adde d (se e Tabl e 5 .  ro w S  Ic) . 

E1,E2.E 3 

« .3 0 

P .1 0 

36 7 9 
ECHO cyd e 

Figur e 5 .  E C H O activatio n trajectories .  Topolog y C .  S I 
(evidenc e E 4 an d hypothesi s H 3 adde d dynamically) ,  Ru n 4 . 

Table 6. Subjects' average believability ratings on SI. sug-

HI 
H2 

Time l.Sl a 

3.5 8 
3.4 8 

Time 2 :  Si b 
(E4 added ) 
3.2 7 
4.12« b 

Tim e 3 :  Si c 
(E4&H 3 added ) 
3.3 5 
4.29» b 

asignificanil y highe r  tha n H I  (p<.05) . 
bsignificantl y highe r  tha n H2 .  Tim e 1  (p<.05) . 

Summary and Conclusion 
I n al l  contrasts ,  subjects '  believabilit y ratings  wer e mod -
ele d wel l  b y E C H O.  Subjects '  tendencie s t o presum e a 
kin d o f  unstate d backin g behin d th e superwdinat e hypothe -
ses wer e modele d i n E C H O b y givin g a  measur e o f  dat a 
priorit y t o thes e hypothese s an d b y slightl y raisin g deca y 
(skepticism )  an d dat a excitation .  Th e difference s i n sub -
jects '  response s t o text s reflectin g topologie s A  an d B  wer e 
capture d b y E C H O,  particularl y whe n th e presume d back -
in g wa s represented .  Also ,  loca l  tempora l  orde r  difference s 
di d no t  significantl y affec t  subjects '  beliefs ,  an d sinc e 
E C HO doe s no t  automaticall y tak e suc h orde r  difference s 
int o account ,  th e results  d o no t  sugges t  necessar y change s 
t o th e model .  Finally ,  E C H O capture d subjects '  inflec -
tional  reasoning—again ,  particularl y wel l  whe n th e pre -
sumed backin g wa s invoke d Th e theor y o f  explanator y co -
herenc e an d it s E C H O mode l  wer e usefu l  i n tha t  the y al -
lowe d u s t o interpre t  pattern s i n a  subject' s reasonin g pro -
ces s fairl y concisely .  ECHO' S abilit y  l o mode l  th e sub -
jects '  propositiona l  evaluation s well ,  eve n withou t  th e ad -
justment s describe d above ,  suggest s tha t  E C H O show s 
continue d promis e fo r  predictin g huma n explanator y rea -
soning . 

The subject s indicate d tha t  the y considere d som e extrane -
ous knowledg e whe n reasonin g abou t  th e texts ,  an d thi s 

implici t  knowledg e wa s modele d i n E C H O b y givin g cer -
tai n hypothese s a  fractio n o f  dat a priority .  However ,  thi s 
suggest s tha i  th e subjects '  representations  o f  th e situation s 
wer e no t  completel y capture d b y th e representation  encode d 
int o E C H O.  Thus ,  w e ar e no w investigatin g ECHO' S abil -
it y  t o mode l  individua l  subjects '  belief s abou t  physica l 
motio n whe n the y mak e thei r  "implie d backings "  explici t 
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