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Assessin g Exp lanator y Cohe rence :  A  N e w M e t h o d fo r 

Integratin g Verba l  D a t a wit h M o d e l s o f  On-l in e Belie f  Revisio n 

Patrici a Schan k an d Michae l  Ranne y 
Mathematics .  Science ,  an d Technolog y Division ;  Graduat e Schoo l  o f  Educatio n 

Universit y o f  California ;  Berkeley ,  C A 9472 0 
ranney@cogsci.berkeley.ed u &  schank@gameLbeikeley.ed u 

A b s t r a c t ^ 

In an earlier study, we modeled subjects' beliefs in textu-
all y embedde d proposition s wit h E C H O,  a  computa -
tiona l  syste m fo r  simulatin g explanator y evaluation s 
(Schan k &  Ranney ,  1991) .  W e bot h presume d an d foun d 
tha t  subjects '  representation s o f  th e text s wer e no t  com -
pletel y capture d b y th e ( a priori )  representation s gener -
ate d an d encode d int o E C H O;  extraneou s knowledg e 
likel y contribute d t o subjects '  biase s towar d certai n hy -
potheses .  Thi s stud y build s o n previou s wor k vi a tw o 
questions :  First ,  h o w wel l  ca n E C H O predic t  subjects ' 
belie f  evaluation s whe n a  prior i  representation s ar e no t 
used ? T o asses s this ,  w e aske d subject s t o predic t  (an d 
explain ,  wit h alternatives )  a n endpoin t  pendular-releas e 
trajectory ,  whil e collectin g believabilit y  rating s fo r  thei r 
on-lin e beliefs ;  subjects '  protocol s wer e the n "blindly " 
encode d an d simulate d wit h E C H O,  an d thei r  rating s 
wer e compare d t o E C H O ' S resultin g activations .  Second , 
ho w simila r  ar e differen t  coders '  encoding s o f  th e sam e 
reasonin g episode ? T o asses s intercode r  agreement ,  w e 
examine d th e fit  betwee n E C H O ' S activation s fo r  coders ' 
encoding s o f  th e sam e protocols .  W e foun d tha t  inter -
code r  correlation s wer e acceptable ,  an d E C H O predicte d 
subjects '  rating s well—almos t  a s wel l  a s thos e fro m th e 
mor e diminutive ,  constraine d situation s modele d b y 
Schan k an d Ranne y (1991) . 

Introduction 

People often differentially evaluate the plausibility of 
simila r  o r  eve n identica l  belief s whe n reasonin g o r  argu -
in g abou t  a  situation .  H o w d o peopl e decid e wha t  descrip -
tio n o f  th e worl d i s mos t  plausible ? Thagar d (1989 )  an d 
other s characteriz e th e plausibilit y  o f  a  belie f  a s generall y 
increasin g wit h it s increasin g simplicit y (e.g. ,  fewe r  nec -
essar y cohypotheses) ,  increasin g breadt h (i.e. ,  mor e cov -
erag e o f  observation) ,  an d decreasin g competitio n wit h al -
ternat e (especiall y entrenched )  belief s (cf .  Johnso n & 
Smith ,  1991) .  Thes e principle s pla y importan t  role s i n 
evaluation s o f  th e qualit y o f  a n explanatio n (Schan k & 
Ranney ,  1991 ;  Rea d &  Marcus-Newhall ,  1991) . 

Scienc e i s a  rigorou s interpretiv e syste m tha t  w e over -
la y o n ou r  experience s t o understan d an d us e them . 
Althoug h individuals '  belief s m a y no t  fi t  precisel y int o a 
scientifi c  framewor k (i.e. ,  thei r  belief s m a y conflic t  wit h 
establishe d scientifi c  hypotheses) ,  peopl e ofte n hol d thei r 
belief s a s lon g a s the y hel p explai n man y o f  thei r  experi -
ences .  Fo r  example ,  student s learnin g physic s ten d t o 
hol d stron g intuitiv e belief s abou t  th e physica l  worl d tha t 
ten d t o resis t  revisio n (e.g. ,  Ranne y 1987/1988 ;  Hartley , 
Byard ,  &  Mallen ,  1991) .  Ranne y an d Thagar d (1988 ) 
characteriz e belie f  revisio n a s th e resul t  o f  seekin g ex -
planator y coherenc e betwee n theorie s an d observations . 
Th e Theor y o f  Explanator y Coherenc e ( T E C )  i s 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  computationa l  mode l 
calle d E C H O,  base d o n th e clai m tha t  beUef s an d dat a ar e 
relate d explanator y entities ,  an d evaluatin g thei r  plausi -
bilit y  i s a n interactive ,  principled ,  coherence-seekin g pro -

ces s (Thagard ,  1989 ;  Ranney ,  i n press). ^ 
We describ e her e a n empirica l  stud y tha t  extend s ou r 

previou s researc h (Schan k &  Ranney ,  1991 )  b y focusin g 
on tw o questions :  First ,  h o w wel l  ca n E C H O predic -
tivel y mode l  h o w strongl y individual s believ e th e asser -
tion s the y mak e i n th e cours e o f  a n explanatio n o r  argu -
ment ? Second ,  h o w subjectiv e i s th e E C H O encodin g 
process ? T o furthe r  asses s E C H O ' S predictiv e ability ,  w e 
aske d subject s t o predic t  th e pat h a  bo b follow s whe n re -
lease d fro m th e endpoin t  o f  a  pendula r  swing ,  t o explai n 
thei r  o w n (an d others' )  predictions ,  an d t o rat e th e 
strengt h o f  th e belief s used .  Thei r  verba l  protocol s wer e 
the n encode d an d simulate d wit h E C H O,  an d it s activa -
tion s compare d t o th e subjects '  ratings .  T o asses s inter -
code r  reliability ,  multipl e coder s encode d th e protocols . 

^  Preparatio n o f  thi s articl e wa s supporte d b y th e Spence r 
Foundation ,  th e Evely n Loi s Core y Fund ,  an d a  Facult y 
Researc h Gran t  fro m th e Universit y o f  California ,  Berkeley . 

^  ECHO' S "theoretical/systemic "  coherenc e differ s fro m (an d 
i s generall y orthogona l  to )  standar d notion s o f  "linguistic " 
coherenc e (Ranney ,  Schank ,  &  Ritter ,  1992) .  I n E C H O,  co -
herenc e i s see n fro m th e perspectiv e o f  competin g theories , 
wher e th e dynami c tensio n represente d a s explicitl y  con -
flictin g theorie s reduce s th e overal l  coherenc e o f  a  syste m o f 
proposition s (compare d t o a  single-theor y network) .  I n con -
trast ,  textual/discours e coherenc e i s generall y viewe d a s in -
creasin g wit h mor e explici t  relation s amon g variou s entitie s 
and assertion s i n a  text ,  an d les s relianc e o n implici t  back -
groun d knowledg e fo r  makin g inference s (suc h a s 
anaphoras) .  (E.g. ,  th e textua l  stimul i  use d i n Schan k & 
Ranney ,  199 1 wer e designe d t o b e lo w i n systemi c coher -
enc e an d hig h i n linguisti c  coherence) . 
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and w e examine d difference s amon g ECHO' S eventua l  ac -
tivation s wit h respec t  t o th e coders '  encoding s o f  identica l 
protocols . 

TEC and its ECHO Model 

In TEC, coherence involves relations among two or more 
proposition s tha t  m a y "hol d together "  o r  "resis t  holdin g 
together. "  ( W e us e proposition "  fo r  somethin g pro -
posed ,  e.g. ,  a  piec e o f  evidenc e o r  hypothesis ,  suc h a s 
"gravit y pull s object s d o w n " — i n contras t  t o a  concept , 
suc h a s "gravity." )  Fo r  curren t  purposes ,  th e followin g 
principle s establis h th e loca l  pairwis e relation s amon g 
coherin g an d incoherin g proposition s (nb .  thes e princi -
ple s are ,  selectively ,  fro m Schan k &  Ranney .  1991 , 
Thagard ,  1992 ,  an d Ranne y &  Thagard .  1988) :  (1 ) 
Coherenc e an d incoherenc e ar e symmetri c relations .  (2 ) 
Hypothese s tha t  togethe r  explai n a  propositio n coher e 
wit h eac h othe r  an d wit h th e explaine d proposition .  (3 ) 
Simplicity :  Th e plausibilit y  o f  a  belie f  i s  inversel y re -
late d t o th e numbe r  o f  cohypothese s i t  need s t o explai n a 
proposition .  (4 )  Dat a Priority :  Result s o f  observations , 
suc h a s evidenc e an d acknowledge d facts ,  hav e a  degre e o f 
acceptabilit y  o n thei r  own .  (5 )  Contradictor y hypothese s 
incohere .  (6 )  Th e acceptabilit y  o f  a  propositio n depend s 
on 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  in -
crease s a s i t  cohere s mor e wit h othe r  acceptabl e proposi -
tion s an d incohere s mor e wit h unacceptabl e propositions . 
(I n E C H O,  a  proposition' s acceptabilit y  i s  measure d b y 
it s activatio n value ,  rangin g from  -1 ,  complet e rejection , 
t o 1 ,  complet e accq)tance. )  (7 )  Th e overal l  coherenc e o f  a 
networ k o f  proposition s depend s o n th e loca l  pairwis e 
coherin g o f  it s propositions . 

Schan k an d Ranne y (1991 )  an d Rea d an d Marcus -
Newhal l  (1991 )  sho w tha t  thes e principle s pla y impor -
tan t  role s i n explanations .  The y foun d tha t  subject s prefe r 
explanation s tha t  accoun t  fo r  mor e data ,  ar e simpler ,  an d 
involv e hypothese s tha t  ca n b e furthe r  explained . 
Subjects '  evaluation s o f  explanation s ar e als o change d b y 
th e availabilit y  o f  competin g explanations . 

E C HO use s a  connectionis t  architectur e i n whic h eac h 
nod e represent s a  proposition .  Hypothesi s evaluatio n i s 
treate d a s th e satisfactio n o f  man y constraints ,  determine d 
fro m th e explanator y relation s an d fro m a  fe w parameter s 
tha t  provid e degree s o f  freedom .  Give n declare d inpu t 
proposition s an d relation s betwee n them ,  nod e activa -
tion s ar e update d usin g a  simpl e settlin g scheme .  Fo r 
mor e complet e description s o f  E C H O ' S algorithms ,  se e 
Thagar d (198 9 &  1992) ,  Schan k an d Ranne y (1991) ,  an d 
Ranney an d Thagar d (1988) . 

Why Physics, and Why ECHO? 

This study focuses on questions regarding (a) ECHO'S 
abilit y  t o predictivel y mode l  individua l  subjects '  evalua -
tion s o f  thei r  belief s abou t  physica l  motio n (encode d 
fro m verba l  protocols) ,  an d (b )  intercode r  reliabilit y  re -
gardin g E C H O.  W e chos e t o mode l  belief s abou t  motio n 
sinc e studie s hav e show n tha t  individual s ten d t o persis -

tentl y hol d naiv e belief s abou t  th e natura l  worl d tha t 
sometime s conflic t  wit h scientifi c  explanation s (e.g. , 
Brewe r  &  Chinn ,  1991 ;  Ranney ,  1987/1988) . 

E C HO ha s bee n use d (mostl y e x pos t  facto )  t o mode l 
change s i n subjects '  belief s abou t  physica l  motio n 
(Ranne y &  Thagard ,  1988) ,  scientifi c  an d juro r  reasonin g 
(Thagard,  1989 ,  etc. )  an d socia l  situation s (e.g. ,  Rea d & 
Marcus-Newhall ,  1991) ,  an d t o examin e an d foste r  stu -
dents '  scientifi c  reasonin g skill s  (e.g. ,  Carlock ,  1990 ; 
Ranney ,  i n press) .  W e use d E C H O t o mode l  subjects '  be -
lief s i n textuall y embedde d propositions ,  an d foun d tha t 
subject s sometime s entertaine d competin g hypothese s a s 
nonexclusiv e an d seeme d t o presum e a n implici t  backin g 
(i.e. ,  othe r  evidenc e o r  beliefs )  tha t  supporte d certai n hy -
pothese s (Schan k &  Ranney ,  1991) .  Despit e attempt s t o 
decontextualiz e texts ,  ou r  subject s (no t  surprisingly ) 
brough t  extraneou s knowledg e t o bea r  whe n reasonin g 
abou t  th e texts '  statements .  Consequently ,  th e subjects ' 
representation s o f  th e text s wer e no t  completel y capture d 
by th e representatio n encode d int o E C H O,  an d thi s unrep -
resente d extraneou s knowledg e likel y contribute d t o thei r 
relativ e biases .  W e coarsel y modele d thi s tendenc y fo r 
subject s t o presum e backin g behin d "superordinate "  hy -
pothese s i n E C H O b y assignin g the m a  fractio n o f  dat a 
priorit y (usuall y reserve d fo r  evidence) .  Still ,  th e stud y 
raise d th e question :  Ca n E C H O predic t  subjects '  belief s 
as wel l  o r  bette r  i f  the y mak e thei r  implici t  backing s 
(coarsel y modele d b y Schan k &  Ranney ,  1991 )  explicit ? 

Othe r  computationa l  models .  Severa l  model s o f 
explanatio n evaluatio n an d belie f  chang e ar e compatibl e 
wit h T E C an d E C H O.  Ranne y (i n press )  point s ou t  tha t 
T E C doe s no t  explicitl y  accoun t  fo r  memoria l  capacit y 
an d processin g limitations ,  inspirin g Bar-On' s (1991 ) 
theor y o f  loca l  coherenc e withi n views ,  a n attemp t  t o 
accoun t  fo r  attentiona l  an d shor t  ter m memor y effect s vi a 
limite d capacities .  Bar-O n argue s tha t  localis t  connection -
is t  model s provid e mor e appropriat e level s o f  abstractio n 
(tha n distribute d models )  fo r  simulatin g locall y coheren t 
views .  Als o simila r  t o E C H O i s H E I D E R ,  Gabrys ' 
(1989 )  simulation ,  whic h seek s consistenc y (coherence ) 
withi n it s worl d vie w i n th e fac e o f  ne w information . 

E C HO m a y initiall y  see m les s compatibl e wit h othe r 
computationa l  models .  Fo r  example .  R a m an d Leak e 
(1991 )  argu e tha t  peopl e bes t  lear n t o accep t  explanation s 
when the y com e wit h neede d information ,  an d presen t  a 
goal-base d computationa l  mode l  tha t  focuse s o n finding 
"useful "  (vs .  "valid" )  explanation s b y incorporatin g th e 
goal s int o explanator y evaluations .  Okad a an d Klah r 
(1991 )  cod e subjects '  naive ,  complex ,  idiosyncratic ,  be -
lief s (garnere d from  transcribe d protocols )  a s a  hypothesi s 
space ,  bu t  the y vie w belie f  revisio n a s a  searc h throug h 
thi s spac e o f  belief s (vs .  paralle l  constrain t  satisfaction , 
as i n E C H O ) .  However ,  bot h o f  thes e model s highligh t 
goal -  o r  utility-base d reasoning ,  whic h E C H O doe s no t 
attemp t  t o model .  Thes e model s ar e mor e comparabl e t o 
M O T I V - E C HO (Thagard ,  1992) ,  a  progra m tha t  allow s 
ECHO'S inference s t o b e biase d b y goals . 

Mode l s o f  tex t  an d discours e analysis .  Ou r  pre -
viou s methodolog y wa s limite d i n tha t  th e extraneou s 
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knowledg e subject s brough t  t o bea r  w h e n reasonin g 
abou t  assertion s i n th e text s wer e no t  completel y cap -
ture d b y th e representatio n encode d int o E C H O (Schan k 
& Ranney ,  1991) .  Hence ,  w e aske d subject s i n th e cur -
ren t  stud y t o explai n thei r  belief s an d predictions ,  an d en -
code d thei r  protocol s a s E C H O belie f  networks . 

Othe r  researcher s represen t  menta l  interpretation s o f 
tex t  an d discours e b y system s o f  interrelate d proposition s 
(e.g. ,  Trabasso ,  va n de n Brock .  &  Suh .  1989 ;  Givon , 
1991) .  Kintsch' s wor k (i n press ,  cf .  1988 )  support s th e 
use o f  higher-leve l  (e.g. ,  causa l  o r  explanatory )  relation s 
betwee n belie f  proposition s a s a  powerfu l  leve l  o f  ab -
straction .  H e describe s tex t  comprehensio n a s th e con -
structio n o f  representation s consistin g o f  primar y con -
cept s an d highe r  leve l  propositions ,  i n a  networ k wit h as -
sociativ e relation s a t  th e conceptua l  an d propositiona l 
level s an d causa l  (explanatory )  relation s a t  th e proposi -
tio n level .  Includin g bot h type s o f  link s i n th e represen -
tatio n enable d mor e accurat e prediction s o f  subjects '  im -
mediat e recal l  (r=.76) ,  bu t  causa l  link s alon e explaine d 
most  o f  th e variatio n (r=.61) . 

Method 

In this study, we use ECHO encodings, produced from a 
qualitativ e analysi s o f  th e subjects '  protocols ,  fo r  a  mor e 
ecologicall y vali d an d comprehensiv e tes t  o f  th e E C H O 
model  an d encodin g scheme s (cf .  Ranne y an d Thagard , 
1988) .  Desig n decision s followe d th e desir e t o represen t 
subjects '  explanation s an d believabilit y  rating s a s com -
pletel y an d accuratel y a s possible ,  an d t o asses s intercode r 
reliabilit y  fo r  E C H O networks .  W e use d a  nove l  combi -
natio n o f  convergen t  method s (cf .  Ranne y 1987/1988 )  i n 
tha t  w e collecte d (a )  draw n trajector y predictions ,  (b ) 
quantitativ e believabilit y  rating s (t o avoi d subjectiv e bia s 
abou t  th e strengt h o f  subjects '  beliefs) ,  an d (c )  verba l  pro -
tocol s (wit h evaluativ e comment s an d rating s edite d out) , 
use d a s th e basi s f w th e E C H O encodings . 

Subjects and Procedure 

Ten subjects, four men and six women, were chosen 
fro m th e Universit y o f  Californi a (Berkeley )  studen t  pop -
ulation ,  fro m response s t o a n advertisement .  Th e subject s 
had variou s backgrounds ,  bu t  littl e o r  (usually )  n o forma l 
physic s background .  Durin g th e 30-6 0 minut e sessions , 
subject s wer e aske d t o m a k e prediction s abou t  pendular -
releas e situations ,  an d t o rat e th e believabilit y  o f  th e 
hypothese s an d evidenc e the y verbalize d a s the y reasone d 
abou t  th e task .  Th e interviewe r  recorde d subjects '  belief s 
on pape r  (i n real-time ,  a s the y complete d a n utterance ) 
usin g th e subjects '  terminology .  (Subject s wer e late r 
give n feedbac k o n th e situations '  outcome ,  an d the n agai n 
aske d t o rat e th e believabilit y  o f  th e same ,  noted ,  propo -
sitions. )  Audiotape d protocol s wer e collecte d an d tran -
scribe d fo r  encodin g an d intercode r  reliabilit y  analyses . 

Tasks .  Subject s wer e firs t  show n a n animate d pendular -
releas e situatio n (fro m Ranney ,  1987/1988 )  i n whic h th e 
swingin g motio n o f  th e pendulum-bo b wa s froze n i n 

tim e a t  th e endpoin t  o f  it s  swing .  Subject s wer e aske d t o 
imagin e (ha t  th e pendulu m strin g brok e a t  th e extrem e o f 
th e swin g and/o r  th e bo b wa s released ,  an d t o predic t 
(dra w an d explain )  th e subsequen t  trajector y o f  th e bob . 
The y wer e the n shown ,  serially ,  fiv e alternative ,  com -
monl y predicted ,  path s (generate d b y subject s i n Ranney , 
1987/1988 ,  an d i n a  recen t  pilo t  study) ,  an d aske d t o ex -
plai n w h y eac h pat h m a y o r  m a y no t  b e correct . 

As a  subjec t  reasone d ou t  lou d abou t  th e plausibilit y  o f 
th e paths ,  th e interviewe r  note d th e subject' s assertions . 
Afte r  th e subjec t  finished  reasonin g abou t  th e endpoint -
releas e situation ,  th e interviewe r  rea d bac k t o th e subjec t 
th e lis t  o f  belief s sh e ha d noted .  Subject s wer e the n aske d 
t o rat e (o n a  scal e fro m 1 ,  "completel y unbelievable, "  t o 
9,  "completel y believable" )  h o w strongl y the y believe d 
th e proposition s the y ha d verbalized ,  an d t o rat e h o w 
strongl y the y believe d i n th e alternativ e path s (no w dis -

playe d i n parallel). ^ 

Encoding .  Subjects '  state d believabilit y  rating s wer e 
edite d ou t  o f  copie s o f  th e transcribe d protocols ,  a s wer e 
evaluativ e statement s tha t  qualitativel y reveale d th e 
strengt h o f  thei r  beliefs .  Th e edite d protocol s wer e the n 
encode d int o ECHO-sty l e inpu t  b y on e t o four ,  variousl y 
experienced ,  "blind "  coders .  (I.e. ,  coder s segmente d an d 
categorize d subjects '  assertion s int o beliefs ,  evidence ,  ex -
planations ,  an d contradictions. )  Encoding s o f  onl y th e 
first  (prediction )  par t  o f  th e first  (pendular-release )  tas k 
ar e reporte d her e (se e footnot e 3) .  Thi s portio n generall y 
accounte d fo r  ove r  hal f  o f  th e transcribe d sessions . 

Coder s 1  (wh o code d al l  o f  th e protocol s a t  leas t  once ) 
an d 2  ha d experienc e encodin g previou s protocol s (e.g. , 
fro m Ranney ,  1987/1988 ,  an d th e pilo t  study) ,  bu t  codCT S 
3 an d 4  ha d virtuall y none .  Coder s discusse d encodin g 
principle s a t  length ,  an d incorporate d agreed-upo n princi -

•*  Dat a fro m wha t  follow s ar e no t  analyze d here :  Afte r  elabo -
ratin g o n thei r  prediction s o n th e endpoin t  pendular-releas e 
task ,  subject s rea d an d mad e prediction s abou t  a n isomorphi c 
playgroun d swin g situation .  Subject s wer e aske d t o predic t 
th e pat h tha t  a  chil d leavin g th e sea t  a t  th e endpoin t  o f  a 
playgroun d swin g woul d follow ,  an d t o rat e bot h thei r  be -
lief s (again ,  note d "on-line "  b y th e interviewer )  an d thei r 
predicte d path . 

Followin g thei r  prediction s i n th e pendular-releas e an d 
playgroun d situations ,  subject s wer e allowe d t o chang e thei r 
predictions ,  the n give n trajector y feedback :  Th e pendular-re -
leas e task' s simulatio n wa s repeate d an d subject s wer e aske d 
(1 )  i f  the y chos e t o modif y o r  dra w a  ne w path ,  an d (2 )  t o rat e 
thei r  belief s (rea d bac k b y th e interviewer) ,  includin g th e al -
ternativ e path s (displaye d i n parallel) .  Subject s wer e the n 
shown th e actua l  pat h (i.e. ,  a  dynami c feedbac k simulatio n 
of  bot h th e swin g an d th e subsequen t  vertica l  trajector y afte r 
release ;  Ranney ,  1987/1988) .  The y wer e the n asked ,  wit h 
hindsight ,  (a )  t o tr y t o explai n wh y th e (usuall y surprising ; 
Ranney &  Thagard .  1988 )  feedbac k wa s correct ,  an d (b )  t o 
agai n rat e th e strengt h o f  thei r  beliefs .  Similarly ,  o n th e 
isomorphi c playgroun d task ,  subject s coul d chang e thei r 
predictio n an d re-rat e thei r  belief s befor e bein g give n (ver -
bal )  feedback .  Afte r  feedbac k (indicatin g a  vertical ,  post-re -
leas e trajectory) ,  the y wer e aske d t o giv e a  hindsigh t  expla -
natio n o f  th e vertica l  trajectory ,  an d t o re-rat e thei r  beUefs . 
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pie s int o a n "explanatio n encodin g guide "  tha t  include d a 

lis t  o f  syntacti c an d grammatica l  cue s tha t  ten d t o indi -
cat e explanatio n structure s (e.g. ,  verb s tha t  signa l  beliefs ; 
conjunction s an d verb s tha t  signa l  explanations ;  nega -
tions ,  conjunctions ,  an d verb s o f  conflic t  tha t  signa l  con -

tradictions;' *  se e Tabi c 1  fo r  a n exampl e encoding) . 
E C HO simulation s o f  th e encoding s wer e ru n wit h th e 

paramete r  setting s use d b y Schan k an d Ranne y (1991) , 
whic h wer e als o i n th e midrang e o f  thos e use d b y Ranne y 

and Thagar d (1988). 5 Eac h subject' s belie f  rating s (i.e. ,  o f 
assertion s encode d a s E C H O proposition s fo r  whic h th e 
subjec t  reporte d a  rating )  wer e the n compare d wit h th e 
E C HO activation s fro m th e simulations .  Comparison s 
betwee n E C H O ' S activation s an d subjects '  rating s (jus t 
prio r  t o th e lim e o f  feedback )  wer e mad e fo r  eac h subject -
code r  pai r  an d fo r  eac h code r  overall .  Fo r  eac h subject , 
E C HO activation s amon g coder s wer e als o compared . 

By havin g coder s unfamilia r  wit h th e subjects ' 
(excised )  believabilit y  rating s an d qualitativ e evaluation s 
encod e th e protocols ,  w e coul d us e th e result s o f  E C H O 
simulation s o n thes e encoding s t o asses s h o w wel l 
E C HO predict s a  prior i  th e subjects '  beliefs .  Thus ,  w e 
compare d E C H O ' S activation s fo r  th e variou s encoding s 
wit h subjects '  evaluation s (i.e. ,  believabilit y  ratings) .  W e 
assesse d intercode r  agreemen t  b y comparin g differen t  en -
coding s an d simulatio n result s o f  th e sam e protocols . 

Tabl e 1 .  Exampl e protoco l  an d it s encoding . 
Convent ion : 

underline s 
italic s 
(bracket ) 

Indicates : 
explanation s 
contradiction/competitio n 
beliefs/dat a proposition s 

Protocol :  "I'v e change d m y mind ,  (n o coding ;  monitorin g 

statement.) .  I  lik e "'[th e arc h path) .  I  thin k '''[th e bo b wil l 

fl y  ou t  i n a n arc h curve ]  sinc e "'(it s  go t  motio n right ]  an d 

"^[up] ,  an d "̂ (gravit y i s pullin g i t  down] .  Bu t  "'[i t  ha s 

motio n right ]  s o I  gues s "•̂ [ih c diagona l  path ]  i s  possible . 

NP3[i i  won' t  dro p su-aigh t  down] ,  though ,  becaus e "'[i t  ha s 

motion right]. Hm. I remember ^'(jumping off a swing and 

flyin g ou t  i n a n arch] ,  though ,  s o I  thin k "'[it s  goin g t o fl y 
up an d ou t  lik e i t  doe s i n tha t  arc h pat h yo u hav e there] . 

Yeah,  I  reall y thin k  ̂ [̂[h e diagona l  path ]  won' t  happe n (n o 

coding ;  evaluativ e statement.) .  " 

Encoding: 
PI  Th e arc h pat h 
HI  Bo b ha s motio n righ t 
H2 Bo b ha s motio n u p 
H3 Gravit y i s  pullin g dow n 
HI .  H2 .  an d H 3 explai n P I 
P2 Diagona l  pat h 
HI  explain s P 2 

P2 contradict s P I  (implicit ) 
NP3 No t  straigh t  dow n pat h 
HI  explain s NP 3 
E1 I  fl y  ou t  i n a n arc h whe n 

I  jum p of f  a  swin g 
dat a E l 
El  explain s P I 

R e s u l t s 

Figure 1 shows subjects' average ratings (prior to feed-
back )  fo r  eac h path .  W e compute d correlation s betwee n 
E C H O 'S activation s an d subjects '  rating s fo r  eac h sub -
ject-code r  pai r  (se e Figur e 2) ,  an d fo r  eac h coder . 
Analyse s o f  varianc e o f  th e subjects '  rating s wer e per -
fcMTned ;  w e als o compute d correlation s betwee n E C H O ' S 
activation s amon g th e variou s coder s fo r  eac h protocol . 
Analyse s wer e compute d bot h (a )  ove r  al l  beliefs ,  an d (b ) 
fo r  th e pat h proposition s only . 

Protocol and Encoding Analyses 

Encoded portions of the protocols averaged about 6(X) 
word s i n length .  O n average ,  abou t  2 3 propositions ,  2 
dat a (e.g. ,  observation s o r  remembere d experiences) ,  1 3 
explanation s ( 3 o f  whic h wer e considere d "implicit "  b y 
coders) ,  an d 2 1 contradiction s (1 7 o f  whic h wer e consid -
ere d implicit ,  includin g 1 5 essentia l  contradiction s be -
twee n th e competin g releas e paths )  wer e encode d pe r  pro -
tocol .  A s expected ,  subject s di d no t  mak e al l  o f  thei r  ex -
planation s an d contradiction s explicit ,  eve n wit h prompt s 
fo r  elaboratio n (cf .  Grice ,  1975 ,  o n th e conversationa l 
maxi m o f  quantity ,  whic h predict s tha t  peopl e typicall y 
avoi d bein g overl y informative) .  Th e interviewe r  capture d 

^  W e encode d th e alternativ e pendular-releas e trajectorie s i n 
thi s stud y a s contradictory ,  base d o n th e assumptio n tha t 
subject s believ e on e uniqu e trajector y exists . 

^  Th e paramete r  value s use d were :  deca y =  .04 ,  excitatio n = 
.03 ,  inhibitio n =  -.06 ,  an d dat a excitatio n =  .055 . 

on-lin e (an d henc e ha d subject s rate )  abou t  6 0 % o f  th e 
belie f  proposition s tha t  wer e late r  encode d b y coders ,  s o 
rating s fo r  6 0 % o f  th e encode d proposition s wer e avail -
abl e fo r  compariso n wit h E C H O activations .  Rating s fo r 
most  o f  th e subjects '  ke y centra l  beliefs ,  an d al l  alterna -
tiv e trajectories ,  wer e collected .  Analyse s o f  th e encod -
ing s als o reveale d tha t  belief s no t  rate d playe d mor e pe -
ripheral  explanator y roles ,  compare d t o thei r  rate d coun -
terparts .  (E.g. ,  compare d t o rate d beliefs ,  unrate d belief s 
wer e abou t  twic e a s likel y t o no t  b e par t  o f  an y explici t 
explanatio n o f  a  path ,  an d abou t  thric e a s likel y t o no t  b e 
par t  o f  an y explici t  explanation .  Further ,  rate d belief s 
wer e abou t  twic e a s likel y a s thei r  unrate d counterpart s t o 
be withi n tw o explanator y link s fro m an y path-predic -
tion ,  an d almos t  5 0 % mor e likel y t o directl y explai n a 
path-prediction .  Thes e difference s wer e significan t  a t 
p<.01. ) 

Subjects '  Diagona l  Retro -
draw n Arch-( -  Ful l  w/curv e Vertica l  grad e 
pat h vertica l  arc h +vertica l  (Correct )  curv e 

5. 6 4. 3 4. 1 2. 6 

Figur e 1 .  Mea n pat h believabilit y  rating s (1- 9 scale ;  prio r 
t o feedback) .  (Nb .  Fou r  subject s dre w uniqu e path s no t 
among th e 5  alternatives .  Mea n rating s fo r  draw n path s wer e 
about  5. 6 bot h fo r  uniqu e path s an d fo r  non-uniqu e paths. ) 
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Subject-ECH O correlation s 

Figur e 2 .  Distributio n o f  correlation s betwee n ECHO' S acti -
vation s an d subjects '  rating s o n al l  rate d proposition s (grey ) 
and o n endpoint-releas e path s onl y (white) . 

Predictio n o f  Subjects '  Rating s 

ECHO simulations were run with the implicit explana-
tion s an d contradictions ,  adde d b y th e coders ,  included . 
Fina l  E C H O activations ,  ove r  al l  rate d beliefs ,  wer e posi -
tivel y correlate d (a t  p<.05 )  wit h subjects '  rating s i n 1 4 o f 
th e 2 3 simulations .  Correlation s wer e a s hig h a s r  >.8 0 
on seve n simulations ,  an d a s lo w a s r=.2 5 o n on e (se e 
Figur e 2). ^  Overall ,  ther e wa s a  significan t  positiv e cor -
relatio n ( r  =.56 )  betwee n E C H O ' S activation s an d th e 
subjects '  rating s (r=.6 5 fo r  mos t  highl y correlate d coder) . 

Correlation s betwee n E C H O activation s an d th e sub -
jects '  rating s fo r  th e path-proposition s alon e mirrore d 
thos e compute d ove r  al l  beliefs ,  wit h correlation s a s hig h 
as r = .9 9 an d a s lo w a s r=.23 .  Th e overal l  conelatio n fo r 
path s wa s nonsignificantl y highe r  (a t  r=.61 )  tha n th e cor -
relatio n ove r  al l  belief s (r=.56) .  Th e overal l  correlation s 
wer e als o slightl y highe r  fo r  mos t  o f  th e coder s (r=.7 0 fo r 

th e mos t  highl y correlate d coder). ^  I n general ,  result s 
fro m coder s w h o code d th e mos t  protocol s yielde d highe r 
correlation s betwee n coding-base d E C H O activation s an d 
subjects '  ratings . 

Intercoder Agreement 

Over all beliefs, and for the paths alone, ECHO'S final 
activation s wer e significantl y correlate d wit h subjects ' 
rating s fo r  coder s 1  an d 2  ( r  >.57 ;  p<.0001) .  Thes e coder s 
wer e th e mos t  experienced ,  an d encode d mor e o f  th e pro -
tocol s (an d thu s ha d mor e dat a t o correlate) ;  th e correla -
tion s betwee n E C H O ' S fina l  activation s an d subjects '  rat -
ing s generall y increase d wit h encodin g experience . 

°  Earlie r  version s o f  thi s article ,  du e t o a  singl e codin g error , 
spuriousl y reporte d tw o negativel y correlate d simulations . 
'  A s predicte d b y Ranne y an d Thagard' s (1988 )  simulation , 
feedbac k o n th e vertica l  pendular-releas e trajector y influ -
ence d subjects '  believabilit y  rating s fo r  th e (uncoded )  iso -
morphi c playgroun d situation :  Belie f  i n predicted ,  non-ver -
tica l  releas e path s fo r  th e playgroun d swin g wen t  fro m 
stron g belie f  (mea n =  7.1 )  prio r  t o pendula r  feedback ,  t o 
sligh t  disbelie f  (mea n =  4.0 )  afte r  suc h feedback . 

Comparin g E C H O netwoiic s t o asses s intercode r  agree -
ment  i s difficult ;  tractabl e method s o f  comparin g suc h 
networ k topologie s hav e not ,  t o ou r  knowledge ,  bee n de -
veloped .  Therefore ,  w e use d approximatin g measure s t o 
gaug e intercode r  agreemen t  W e analyze d th e proposition s 
c o m m on amon g coders ;  pair s o f  proposition s wer e judge d 
t o b e th e sam e i f  bot h thei r  wordin g an d sourc e location s 
i n th e protoco l  wer e virtuall y th e same .  O n average , 
abou t  6 0 % o f  encode d proposition s wer e judge d t o b e th e 
same betwee n pair s o f  coders .  Fo r  these ,  th e overal l  inter -
code r  correlatio n (i.e. ,  betwee n E C H O activation s fo r 
c o m m on propositions )  wa s significan t  (r=.49 ;  p<.001) . 

Analysi s o f  varianc e result s fo r  th e subjects '  rating s 
ove r  al l  belief s (wit h E C H O activation s a s a  covariate ) 
late r  indicate d tha t  E C H O ' S activation s explai n abou t 
2 8 % o f  th e varianc e i n th e subjects *  ratings ,  whil e indi -
vidual s accoun t  fo r  abou t  8 % o f  th e varianc e i n th e rat -
ing s (bot h p<.(X)l) .  A s on e woul d hope ,  th e A N O V As 
als o indicat e tha t  non e o f  th e varianc e i s accounte d fo r  b y 
th e coder ,  s o systemati c code r  effect s ar e negligible . 
Simila r  result s ar e foun d whe n onl y th e pat h proposition s 
ar e considered ,  excep t  tha t  th e typ e o f  pat h considere d als o 
account s fo r  a  significan t  amoun t  o f  variance . 

Discussion and Conclusions 

Schank and Ranney (1991) raised the question of whether 
E C HO ca n predic t  subjects '  belief s a s wel l  a s o r  bette r 
tha n the y ha d observe d ( r  >.7 )  i f  subject s m a k e thei r 
"implie d backings "  explicit .  However ,  w e foun d slightl y 

lowe r  ECHO-subjec t  correlation s (abou t  r  =.6). ^  Thi s 
migh t  sugges t  tha t  E C H O doe s no t  predic t  subjects '  be -
lief s bette r  (o r  perhap s eve n a s wel l  as )  whe n the y mak e 
thei r  implici t  backing s explicit .  Ther e ar e severa l  reason s 
t o resis t  thi s conclusion .  First ,  o f  th e te n individuals '  rat -
ing s i n thi s study ,  si x wer e predicte d wit h a  correlatio n o f 
r  >.8 0 (seven ,  whe n onl y th e path s wer e considered) ;  th e 
dat a als o sugges t  tha t  th e ECHO-subjec t  correlatio n tend s 
t o increas e whe n onl y th e (mor e central )  pat h belief s ar e 
examined .  Second ,  combine d wit h othe r  variables ,  E C H O 
helpe d accoun t  fo r  abou t  4 0 % o f  th e variatio n i n subjects ' 
ratings .  Third ,  th e text s use d i n ou r  prio r  stud y reflecte d 
topologie s define d a  prjoW ,  whic h likel y constraine d sub -
jects '  representation s o f  th e situation .  (I.e. ,  subject s i n 
Schan k &  Ranney ,  1991 ,  wer e no t  encourage d t o 
elaborat e o n thei r  belief s an d brin g othe r  knowledg e int o 
thei r  representations ,  a s the y wer e encourage d t o d o here) . 
For  thes e (an d othe r  content -  an d context-dependent )  rea -
sons ,  th e tas k o f  modelin g th e subjects '  belief s i n Schan k 
and Ranne y (1991 )  was ,  i n essence ,  o f  smalle r  scale . 
Fourth ,  th e E C H O network s generate d her e were ,  b y 
salien t  measure s (e.g. ,  th e numbe r  o f  propositions ,  th e 
number  o f  links) ,  abou t  tw o t o ove r  2 0 time s large r  an d 
m u ch les s explici t  tha n th e network s i n th e ou r  prio r 
study .  Thi s extr a complexit y m a y hav e cause d difficultie s 
fo r  subject s who ,  unlik e E C H O,  hav e limite d attentio n 

°  Recal l  Kinlsch' s (i n press )  aforementione d r=.6 1 betwee n 
hi s activation s an d hi s subjects '  prepositiona l  recall . 
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and memor y (Ranney ,  i n press) .  W e pla n t o incorporat e 
suc h limitation s i n futur e modelin g efforts . 

I n sum ,  E C H O predicte d subjects '  rating s fairl y  well , 
and th e overal l  intcrcode r  agreemen t  wa s acceptabl e 
(r=.49 ;  so ,  th e coders '  simulation s currentl y correlat e bet -
te r  wit h th e subjects '  dat a tha n wit h eac h other) .  Still , 
th e mode l  di d no t  fi t  th e dat a a s wel l  a s on e migh t  hav e 
expected ,  base d o n th e mor e diminutive ,  constrained ,  the -
oretica l  conflict s modele d b y Schan k an d Ranne y (1991) . 
But  th e correlatio n betwee n ECHO' S activation s an d sub -
jects '  believabilit y  rating s seem s t o increas e wit h encod -
in g experience ,  suggestin g tha t  th e encodin g proces s i s 
successfu l  an d reflnable.  Further ,  thi s study' s metho d i s 
novel ,  s o thes e nascen t  attempt s t o establis h intercode r 
reliabilit y  will ,  n o doubt ,  improve .  However ,  th e moder -
at e intercode r  correlatio n als o suggest s that ,  fo r  modelin g 
purposes ,  a  bette r  approac h ma y b e t o hav e subject s en -
code thei r  ow n representation s directl y int o ECHO—with 
a user-friendl y interfac e (e.g. ,  Carloc k 1990) .  Thus ,  w e 
ar e no w incorporatin g E C H O int o a  computer-base d 
learnin g environmen t  i n whic h subject s ca n directl y en -
cod e thei r  ow n representations .  W e pla n t o us e th e envi -
ronmen t  ("th e reasoner' s workbench; "  Ranney ,  i n press ) 
t o teac h coheren t  argumentation ,  an d t o encourag e stu -
dent s t o thin k abou t  consistenc y an d coherenc e a s meu-ic s 
of  reasonin g an d rationality . 
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