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W h at  t o Believ e W h e n Inference s ar e Contradicted :  T h e 

Impac t  o f  Knowledg e Typ e an d Inferenc e Rul e 

Renee Eli o (reeGcs .  ualberta .  ca ) 
Departmen t  o f  Computin g Scienc e 

Universit y o f  Albert a 
Edmonton ,  Albert a T 6 G 2 H 1 

Abstrac t 

Simple belief-revision tasks were defined by a giving 
subject s a  conditiona l  premise ,  ( p—>q) ,  a  categorica l 
premise ,  (p ,  fo r  a  modus-ponen s belief-set ,  o r  ~q ,  fo r  a 
modus tollen s belief-set) ,  an d th e associate d inferenc e ( q 
or  ~p ,  respectively) .  "New "  informatio n contradicte d th e 
initia l  inferenc e ( ~ q  o r  p ,  respectively) .  Subject s 
indicate d thei r  degre e o f  belie f  i n th e conditiona l  premis e 
and th e categorica l  premise ,  give n th e contradiction . 
Result s indicate d tha t  th e choic e wa s a  functio n o f  th e 
knowledg e typ e expresse d i n th e conditiona l  form ;  whe n 
tha t  knowledg e typ e wa s causal ,  th e choic e wa s affecte d 
by th e numbe r  o f  disablin g factor s associate d wit h th e 
causa l  relationship .  A  "possibl e worlds "  interpretatio n o f 
th e dat a i s relate d t o forma l  notion s suc h a s epistemi c 
entrenchment ,  use d i n normativ e model s o f  belie f 
revision ,  an d t o reasonin g fro m uncertai n premises ,  fro m 
th e huma n deductio n literature . 

Introduction 

Suppose you initially consider the following to be true: (a) If 
Jerem y m o w s th e Robinsons '  lawn ,  the y wil l  pa y hi m $15 ; 
(b )  H e m o w e d thei r  lawn ;  an d so ,  b y inference ,  (c )  Th e 
Robinson s pai d hi m $15 .  Y o u the n discove r  tha t  the y di d 
not  pa y hi m $15 .  Whic h o f  you r  initia l  belief s d o yo u chos e 
t o abandon ? Tha t  h e m o w e d th e lawn ? O r  tha t  they' d giv e 
h im$15i fhed idso ? 

Thi s exampl e illustrate s a  proble m associate d wit h belie f 
revision ,  th e proces s b y whic h a  reasone r  make s th e 
transitio n fro m on e belie f  stat e t o another .  Sometime s ne w 
informatio n wil l  conflic t  wit h belief s currentl y hel d t o b e 
true .  Understandin g th e principle s b y whic h suc h a  conflic t 
i s resolve d i s relevan t  t o certai n forma l  effort s i n A I  a s wel l 
as t o th e psychologica l  communit y tha t  studie s h u m a n 
reasoning .  F ro m th e A I  perspective ,  ther e i s m u c h wor k o n 
formalizin g "rationalit y postulates "  fo r  belie f  revisio n (se e 
Alchourr6n ,  Gardenfors ,  &  Makinson ,  1985) .  Ye t  eve n tha t 
communit y ha s acknowledge d tha t  "extra-logica l  pragmati c 
principle s ar e neede d t o guid e th e revisio n process "  (Nebel , 
1989) .  M u c h o f  th e forma l  A I  wor k o n belie f  revisio n make s 
an appea l  t o a n ide a calle d epistemi c entrenchmen t 
(Gardenfors ,  1988 )  T h e rational e behin d epistemi c 
entrenchmen t  i s that ,  practically ,  a n agen t  m a y nee d t o 
choos e a m o n g alternativ e way s t o chang e it s beliefs ,  an d 
intuitivel y put ,  som e belief s wil l  b e mor e "deserving "  o f 

continue d belie f  tha n othe r  beliefs ,  i n th e fac e o f 
contradiction .  Whil e epistemi c entrenchmen t  i s offere d a s a 
forma l  concept ,  ther e seem s t o b e littl e understandin g abou t 
what  th e principle s fo r  epistemi c entrenchmen t  actuall y are . 

F ro m th e psychologica l  perspective ,  h u m a n performanc e 
on classica l  deductiv e problem s ha s bee n extensivel y 
studied .  Bu t  ther e i s a  nee d fo r  descriptiv e dat a an d theorie s 
on h o w peopl e resolv e inconsistenc y whe n n e w informatio n 
(abou t  a  stati c world )  i s obtained .  Th e studie s presente d i n 
thi s articl e ar e par t  o f  a  large r  researc h effor t  concerne d 
exactl y wit h thi s issue :  wha t  principle s ar e involve d i n h o w 
peopl e decid e t o resolv e contradiction ? Pu t  anothe r  way , 
whic h o f  severa l  forme r  belief s i s calle d int o questio n whe n 
a vali d inferenc e tha t  follow s fro m the m i s subsequentl y 
contradicted ? 

S o me A I  belief-revisio n theorist s hav e argue d tha t 
conditiona l  statement s lik e p — > q m a y warrant ,  a  priori ,  a 
highe r  degre e o f  entrenchment ,  no t  becaus e ther e i s 
somethin g t o b e preferre d abou t  materia l  implications ,  bu t 
becaus e tha t  for m ofte n signal s "law-like "  o r  predictiv e 
relation s tha t  hav e explanator y powe r  (e.g. ,  Fo o &  Rao , 
1988) .  Eli o an d Pelletie r  (i n press ;  1994 )  di d no t  find  an y 
evidenc e tha t  peopl e wer e mor e ap t  t o retai n conditiona l 
ove r  non-conditiona l  premises ,  whe n considerin g abstrac t 
belief-revisio n problems .  I n fact ,  the y foun d tha t 
disbelievin g a  conditiona l  statemen t  wa s th e preferre d 
belief-revisio n decisio n w h e n th e sam e problem s wer e 
instantiate d wit h natural-languag e concepts .  Eli o an d 
Pelletie r  applie d a  kin d o f  theor y formatio n accoun t  t o thei r 
finding  tha t  peopl e preferre d t o disbeliev e a  conditiona l 
( p — > q)  rathe r  tha n categorica l  (p )  statement ,  a s a  w a y o f 
reconcilin g th e ne w contradictor y information .  Unde r  thi s 
account ,  a  conditiona l  ca n b e viewe d a s expressin g a 
regularit y abou t  th e world .  I f  a n inferenc e tha t  follow s fro m 
suc h a  regularit y i s subsequentl y contradicte d b y som e n e w 
data ,  the n (a n inductiv e perspectiv e migh t  argue )  th e 
regularit y itsel f  mus t  b e flawed.  Th e ide a tha t  dat a enjoy s a 
priorit y ove r  regularitie s ha s bee n offere d a s a  belie f 
revisio n principl e i n othe r  framework s (e.g. ,  Thagard ,  1988 ) 
particularl y whe n regularitie s ar e (merely )  hypothese s unde r 
consideratio n t o explai n o r  systematiz e observe d facts . 

Eli o an d Pelletie r  (i n press )  identified ,  bu t  di d no t  address , 
a broade r  questio n o f  epistemi c entrenchment ,  namel y 
whethe r  differen t  type s o f  regularitie s (expresse d a s a 
conditional )  migh t  b e differentiall y  "entrenched "  i n th e fac e 
of  contradictor y evidence .  Thi s indee d seem s plausible ,  fo r 
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i t  ha s bee n lon g recognize d (se e Evans ,  Newstead ,  &  Bryne , 
1993 )  tha t  th e materia l  implicatio n vie w o f  conditional s ha s 
prove n inadequat e fro m bot h a  linguisti c an d psychologica l 
viewpoint .  Natural-languag e use s o f  th e conditiona l  includ e 
definitions ,  promises ,  advice ,  threats ,  an d causa l 
relationships .  Withi n th e real m o f  causa l  reasoning ,  th e 
wor k directl y relevan t  t o th e presen t  study' s desig n i s tha t 
don e b y C u m m i n s an d he r  colleague s (Cummins ,  Lubart , 
Alksnis ,  &  Wrist ,  1991 ;  Cummins ,  1995) .  The y repor t  tha t 
deductiv e reasonin g abou t  causalit y i s affecte d b y th e 
number  o f  alternativ e cause s o f  th e consequen t  an d th e 
number  o f  disablin g condition s — factor s tha t  preven t 
effect s fro m occurrin g eve n i n th e presenc e o f  viabl e causes . 
Th e possibl e impor t  o f  thi s latte r  distinctio n fo r  belie f 
revision ,  a s define d here ,  seem s clear :  belie f  revisio n i s 
require d exactl y whe n tha t  whic h i s expecte d t o b e tru e (o r 
false )  i s not .  M o r e generally ,  th e belief-revisio n 
"problem"—define d her e a s reconcilin g contradiction s t o 
deductivel y vali d inferences—ha s a  direc t  relevanc e t o 
theoretica l  account s o f  reasonin g fro m uncertai n premises .  I 
conside r  thi s connectio n mor e full y i n th e Summar y section . 

T h e studie s reporte d her e examine d whethe r  belief -
revisio n decision s ar e influence d b y (a )  th e typ e o f 
knowledg e expresse d i n a n initially-believe d conditiona l  an d 
(b )  th e typ e o f  inferenc e rul e (modu s p o n e n s — M P — or 
modus tol lens—MT )  use d t o defin e th e initia l  belie f  set .  Th e 
rational e fo r  th e forme r  issu e ha s alread y bee n outlined . 
Concernin g th e M P v .  M T question ,  Eli o &  Pelletie r  (1994 ; 
i n press )  hav e reporte d tha t  M P an d M T belie f  set s ar e 
revise d differently .  I t  i s  importan t  t o exten d thos e result s t o 
case s i n whic h th e kin d o f  knowledg e expresse d i n th e 
conditiona l  i s  systematicall y manipulated . 

Inference Rule and Knowledge Types 
T h e Conditional s 
A se t  o f  6 5 conditional s wa s constructe d t o includ e (a )  th e 
16 causa l  conditional s use d b y C u m m i n s e t  al .  (1991 )  an d 
(b )  othe r  conditiona l  statement s tha t  expresse d familia r 
definitions ,  unfamilia r  definitions ,  an d promises .  T o ensur e 
tha t  th e experimenter' s intuition s matche d thos e o f  subjects , 
a grou p o f  4 0 subject s provide d classificatio n rating s fo r 
eac h statement ,  presente d a s follows : 

"If a substance is nitroglycerin, then its molecular structure is 
C3H5(N03)3. " 
I  woul d classif y wha t  thi s sentenc e i s expressin g a s ... . 

a.  a  promis e 
b.  a  caus e an d effec t 
c.  a  predictio n (no t  base d o n caus e an d effect ) 
d.  a  definitio n tha t  I  a m familia r  wit h 
e.  a  definitio n tha t  I  a m no t  familia r  wit h 

(The choices included the category of "prediction" in case 
subject s believe d ther e wa s a  temporal ,  bu t  non-causal , 
contingenc y betwee n a  conditional' s anteceden t  an d 
consequent. )  Fro m th e rating s received ,  3 4 statement s wer e 
selecte d t o b e use d i n th e belie f  revisio n problems . 
Example s o f  eac h typ e are :  (a )  Causal-Man y Alternativ e 
Causes/Man y Disablers :  I f  th e brak e wa s depressed ,  the n 

th e ca r  slowe d d o w n ;  (b )  Causal-Man y Alternativ e 
Causes/Fe w Disablers :  I f  rea d withou t  hi s glasses ,  the n h e 
got  a  headache ;  (c )  Causal-Fe w Alternativ e Causes/Man y 
Disablers :  I f  th e trigge r  wa s pulled ,  the n th e gu n fired ;  (d ) 
Causal-Fe w Alternativ e Causes/Fe w Disablers :  I f  Jo e cu t 
hi s finger ,  the n i t  bled ,  (e )  Promise :  I f  Jerem y m o w s th e 
lawn ,  the n th e Robinson s wil l  giv e hi m $15 ;  ( 0 Unfamilia r 
Definition :  I f  a n organis m is ,  the n i t  i s  a  parasit e o f 
vertebrat e animals ;  (g )  Familia r  Definition :  I f  a  flowe r  i s a n 
annual ,  the n i t  die s afte r  on e yea r  o f  blooming .  Th e causa l 
conditional s wer e take n fro m C u m m i n s (1995 )  an d th e ful l 
set  use d fo r  thi s stud y i s give n i n Eli o (1996) .  Du e t o spac e 
constraints ,  detail s o n th e dat a collecte d fo r  definitio n 
belief-revisio n problem s wil l  no t  b e presente d here . 

The Task 
Tabl e 1  show s a n exampl e belie f  revisio n problem .  Fo r  th e 
modus ponen s problems ,  th e initia l  belie f  se t  consiste d o f  a 
conditiona l  statemen t  p — > q ,  th e categorica l  statemen t  p , 
and a  statemen t  assertin g q  a s a  consequenc e tha t  follow s 
fro m th e othe r  tw o statements .  Th e updat e sentence ,  ~q , 
contradicte d th e inferenc e i n th e initia l  belie f  set .  Fo r  th e 
modus tollen s problem ,  th e initia l  belie f  se t  wa s p — > q ,  ~q , 
therefor e -p .  Th e updat e sentenc e wa s p .  Th e term s "dat a 
statement "  an d "categorica l  statement "  ar e use d 
interchangeabl y t o refe r  t o th e initia l  belie f  p  i n th e M P cas e 
and ~ q i n th e M T case . 

This is what you initially believe: 
I f  wate r  wa s poure d o n th e campfire ,  the n th e campfir e wen t  out . 

Water  wa s poure d o n th e campfire . 
Fro m this ,  yo u believ e th e campfir e wen t  out . 

You do further investigation and discover: 
The campfir e di d no t  g o out . 

Assuming the new information is true, what do you think the 
degre e o f  belie f  shoul d b e fo r 

Water  wa s poure d o n th e campfire . 
Disbeliev e Believ e 

A B  C  D  E  F  G 
Uncertai n 

and for... . 
I f  wate r  wa s poure d o n th e campfire ,  the n th e campfir e wen t  out . 
Disbeliev e Believ e 

A B  C  D  E  F  G 
Uncertai n 

Table 1 
Exampl e M P Belie f  Revisio n Proble m 

Two types of tasks were used with this material. In both 
tasks ,  subject s wer e instructe d t o assum e tha t  th e initia l 
sentence s wer e true .  Th e result s reporte d her e concer n a 
degree-of-belie f  ratin g task ,  fo r  whic h subject s indicate d a 
ne w degree-of-belie f  i n th e initial-belie f  sentences ,  give n th e 
contradictio n introduce d b y th e updat e sentence .  Th e othe r 
typ e o f  tas k use d wa s a  forced-choic e task ,  followin g Eli o & 
Pelletie r  (1994 ;  i n press) ,  i n whic h othe r  subject s explicitl y 
indicate d whic h o f  th e initia l  belief s the y woul d retai n an d 
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whic h the y woul d abandon .  Wher e relevant ,  I  indicat e ho w 
th e forced-choic e result s suppor t  interpretation s base d o n 
degree-of-belie f  results ;  se e Eli o (1996 )  fo r  mor e detai l  o n 
th e forced-choic e data . 

Design, Subjects, and Procedure 
The complet e proble m se t  o f  3 4 belief-revisio n wa s 
considere d to o lon g fo r  subject s t o wor k through ,  withou t 
ris k o f  boredom .  Thus ,  subject s wer e randoml y assigne d t o 
receiv e on e o f  tw o booklets .  I n on e bookle t  type ,  eac h o f  3 4 
subject s sa w al l  1 6 causa l  conditional s an d al l  si x promis e 
conditionals .  I n th e othe r  bookle t  type ,  eac h o f  3 4 subject s 
sa w al l  1 2 definition s an d th e si x promis e conditionals .  Thi s 
allowe d causa l  typ e an d definition-typ e t o serv e a s a 
repeate d factors ,  fo r  thes e tw o groups ,  respectively . 
Analyse s o f  th e promis e problem s use d dat a firo m bot h thes e 
tw o group s combined ,  t o increas e th e sampl e size .  Th e orde r 
of  th e problem s an d th e orde r  i n whic h initia l  belief s 
appeare d fo r  ratin g wa s randomize d fo r  eac h subject . 

Collecting Prior Belief Ratings 
Subsequen t  t o th e stud y describe d above ,  2 2 subject s rate d 
al l  3 4 conditional s o n a  l-to- 7 scale ,  wher e 7  wa s labele d 
"Likel y t o b e true "  an d 1  wa s labele d "Likel y t o b e false. " 

Results 
For  th e scal e give n i n Tabl e 1 ,  th e letter s A  throug h G  wer e 
mapped t o numerica l  value s 1  (disbelieve )  throug h 7 
(believe) .  Th e to p portio n o f  Tabl e 2  gives ,  i n parentheses , 
th e averag e belief-rating s t o th e conditional s rate d i n 
isolation .  Th e mai n bod y o f  th e tabl e present s th e degree -
of-belie f  rating s fo r  conditiona l  an d categorica l  beliefs ,  afte r 
th e contradictor y informatio n wa s presented .  A s I  discus s 
furthe r  i n th e summary ,  additiona l  prio r  belie f  rating s ar e 
neede d i n additio n t o th e rating s fo r  th e conditional s i n 
isolation .  However ,  thes e average s provid e som e baselin e 
tha t  demonstrate s tha t  subjects '  leve l  o f  belie f  wa s affecte d 
by th e contradictio n i n th e belief-revisio n task . 

For  purpose s o f  th e presen t  study ,  th e ke y metri c i s th e 
wher e th e conditiona l  an d th e categorica l  premis e ar e place d 
on th e belie f  scal e relativ e t o eac h other ,  an d th e magnitud e 
of  th e differenc e betwee n th e rating s assigne d t o them . 
Thes e ca n b e take n t o indicat e th e degre e t o whic h on e o f 
thos e belief s i s single d ou t  ove r  th e othe r  a s "suspect" ,  give n 
th e contradiction . 

Causal Conditionals. A 2 (inference rule:MP v. MT) X 2 
(alternativ e causes )  X  2(alternativ e disablers )  X  2  (ite m 
rated :  conditiona l  statement ,  dat a statement )  analysi s o f 
variance ,  wit h repeate d measure s o n al l  thre e factor s 
reveale d a  mai n effec t  fo r  inferenc e rule ,  an d interaction s 
betwee n alternative-disabler s an d item-rate d ( F (1,33 )  = 
14.63 ,  p  =  .001) ,  alternative-cause s an d item-rate d (F(I,33 ) 
= 10.30 ,  p  =  .003) ,  an d inference-rul e an d item-rate d 
(F(l,33 )  =  7.42 ,  p  =  .01) .  Althoug h th e pattern s o f  response s 
appea r  differen t  fo r  M P an d M T problem s a s a  functio n o f 
causal-knowledg e type ,  th e three-wa y interactio n di d no t 
approac h significance . 

The ke y effec t  i s th e rol e o f  disablin g factors .  Th e focu s i s 
on th e directio n o f  th e difference s betwee n th e degree-of -
belie f  i n th e conditiona l  v .  th e categorica l  belief ,  give n th e 
contradiction .  W h e n th e contradicte d belief-se t  involve d a 
few-disable r  conditional ,  subject s retaine d a  highe r  degre e 
of  belie f  th e conditiona l  tha n i n th e categorica l  belief ;  w h e n 
th e revisio n proble m involve d a  many-disable r  conditional , 
th e conditiona l  wa s assigne d somewha t  lowe r  ratin g tha n th e 
categorica l  belief .  T h e cleares t  contras t  i s  betwee n th e 
many-disablers/man y cause s cas e ( a -1. 0 difference )  v .  th e 
few-disablers/few-cause s cas e ( a 1. 8 difference )  fo r  th e M P 
problems . 

Th e absolut e value s fo r  th e degree-of-belie f  rating s doe s 
i n man y case s hove r  aroun d th e "uncertain "  mark ;  however , 
my interpretatio n tha t  th e disabler-facto r  iinfluence s whic h 
initia l  belie f  i s calle d int o questio n i s supporte d b y result s I 
foun d wit h th e forced-choic e task ,  i n whic h subject s chos e 
among:  (a )  th e believ e th e conditiona l  an d disbeliev e th e 
categorica l  statement ;  (b )  believ e th e categorica l  statemen t 
and disbeliev e th e conditional ;  (c )  b e uncertai n abou t  both . 
For  many-disable r  conditionals ,  4 3 % o f  th e subject s t o 
retai n th e conditiona l  an d 3 3 % chos e t o disbeliev e it .  Bu t  fo r 
few-disable r  conditionals ,  5 4 % o f  subject s retaine d th e 
conditiona l  an d onl y 2 6 % chos e t o disbeliev e it . 

The effec t  o f  syntacti c inferenc e rul e ( M P v .  M T belie f 
sets )  i s  consisten t  wit h result s fro m previou s studie s o n 
thes e type s o f  problems :  whe n considerin g th e contradiction , 
subject s gav e highe r  belie f  rating s t o conditional s tha n t o 
dat a statement s o n th e modus-ponen s belie f  sets ,  an d highe r 
rating s t o dat a statement s tha n t o conditional s i n th e modus -
tollen s belie f  sets . 

Modus Ponens Belief Set 
Upon learnin g ~q ,  th e ne w degre e o f  belie f  i n .. . 

P —><]  P  Differenc e 
Causal s 

Many Disabler s o f  p — > q 
(5.7 )  Fe w Cause s o f  q  4. 1 4. 3 -0. 2 
(5.5 )  Man y Cause s o f  q  3. 7 4. 7 -1. 0 

Few Disabler s o f  p — > q 
(6.4 )  Fe w Cause s o f  q  5. 1 3. 3 1. 8 
(5.6 )  Man y Cause s o f  q  4. 7 3. 9 0. 7 

Promise s 
(4.3 )  3. 3 4. 8 -1. 6 

Modus Tollens Belief Set 
Upon learnin g p ,  th e ne w degre e o f  belie f  in... . 

p — >q ~ q Differenc e 
Causal s 
Many Disabler s o f  p — > q 

Few Cause s o f  q  4. 0 5. 0 -1. 0 
Many Cause s o f  q  3. 8 5. 2 -1. 4 

Few Disabler s o f  p — > q 
Few Cause s o f  q  4. 4 4. 0 . 4 
Many Cause s o f  q  4. 0 4. 7 -. 7 

Promise s 3. 3 5.4 -2. 1 

Tabl e 2 :  (Prio r  Belie f  Ratings )  an d N e w Belie f  Rating s 
—Familia r  Domain s 
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Promises .  Th e differenc e betwee n th e degre e o f  behe f  i n th e 
promise-conditional s v .  th e promise-dat a statemen t  wa s 
greate r  fo r  modus-tollen s behe f  set s (-2.1 )  tha n fo r  modus -
ponen s belie f  set s (-1.6 )  (F(l,67 )  =  4.85 ,  p  =.031) .  Wha t  i s 
notable ,  however ,  i s  tha t  fo r  bot h M P an d M T belie f  sets , 
th e directio n o f  th e effec t  i s  larg e an d i n th e sam e direction . 
Th e degree-of-belie f  rating s ar e consisten t  wit h th e dat a o n 
th e forced-choic e task :  onl y 2 5 % o f  subject s chos e t o 
believ e th e promis e conditiona l  an d disbeliev e th e non -
conditional ;  5 2 % o f  the m opte d t o disbeliev e th e promis e 
conditiona l  an d retai n belie f  i n th e non-conditional . 
Conditional s expressin g promise s appea r  mor e corrigible — 
i.e. ,  "easie r  t o disbelieve"—i n th e fac e o f  contradictio n tha n 
conditional s expressin g othe r  type s o f  knowledge . 

Discussion 
Clearly ,  th e conditiona l  for m itsel f  i s  to o crud e t o serv e 

eve n a s a  heuristi c upo n whic h t o han g principle s o f 
epistemi c entrenchment .  A n d s o to o i s knowledge-typ e 
distinctio n itself ,  give n th e influenc e o f  th e few-disabler s 
distinctio n o n h o w subject s revise d belie f  set s involvin g 
causa l  conditionals .  Thes e result s offe r  som e insigh t  int o 
what  th e "extra-logical "  preference s guidin g belie f  revisio n 
migh t  be ,  an d sugges t  tha t  the y ca n b e formalize d i n a 
somewhat  domai n independen t  fashion .  The y sugges t  a  vie w 
of  epistemi c entrenchmen t  modele d a s th e resul t  o f 
assessin g th e likelihoo d o f  th e alternativ e possibl e world s 
tha t  correspon d t o differen t  way s o f  accountin g fo r  a 
contradiction .  W h e n ther e ar e few-disabler s fo r  p — > q ,  the n 
ther e ar e few(er )  possibl e world s i n whic h a  disable r  coul d 
be i n effect .  I t  i s  les s likely ,  then ,  tha t  curren t  worl d (t o b e 
modele d b y a  belie f  state )  i s on e o f  thos e world s i n whic h a 
disable r  i s als o true .  I n thi s case ,  i t  m a y b e a  mor e plausibl e 
belief-revisio n decisio n t o retai n belie f  i n th e conditiona l 
statemen t  an d questio n th e validit y o f  th e categorica l 
statemen t  (wha t  I  a m cal l  th e "dat a statement") .  Pu t  anothe r 
way,  th e heuristi c tha t  "dat a ha s priority "  m a y no t  alway s 
lea d t o a  plausibl e belie f  revisio n decision ,  give n a 
reasoner' s backgroun d knowledge . 

Th e few-alternative-causes/few-disabler s cas e ca n b e 
interprete d a s a  m u c h tighter ,  almos t  definitiona l  relatio n 
betwee n p  an d g :  ther e ar e fe w othe r  explanation s fo r  p 
when q  i s true ,  an d fe w othe r  explanation s fo r  wh y q  woul d 
fai l  t o hol d whe n p  i s true .  Th e patter n o f  dat a fo r  few -
causes/fe w disable r  causal s i n thi s stud y looke d remarkabl y 
simila r  t o th e patter n o f  dat a foun d fo r  contradicte d belief -
set s involvin g familia r  definition s (Se e Elio ,  1996) . 
C u m m i ns (1995 )  als o note d tha t  th e few-disabler s causa l 
relation s ar e quasi-definitiona l  i n nature . 

I t  woul d b e parsimoniou s t o exten d th e notio n o f 
disabler s (an d henc e th e possible-world s account )  t o th e 
treatmen t  o f  contradicte d promises .  Fo r  example ,  ou r 
understandin g o f  a  promis e "I f  yo u d o x ,  the n yo u wil l  ge t  y " 
migh t  includ e a n understandin g tha t  man y factor s outsid e 
th e contro l  o f  th e promise r  migh t  derai l  th e promise .  Thus , 
promise s migh t  b e subsume d unde r  a  "many-disablin g 
factors "  categor y o f  relations .  Ther e i s som e suppor t  fo r  thi s 
ide a fro m th e presen t  data :  th e degree-of-belie f  rating s fo r 

promise-conditional s an d promise-categorica l  statement s ar e 
most  simila r  t o thos e give n t o causal-conditional s i n th e 
many-disable r  cases ,  a t  leas t  fo r  th e M P case .  Th e prio r 
degree-of-belie f  rating s als o suppor t  this . 

Knowledge Types in Unfamiliar Domains 
Does th e influenc e o f  knowledge-type s o n belie f  revisio n 
requir e extensiv e domai n knowledge ? O r  i s ther e som e 
domain-independen t  appreciatio n fo r  causa l  relationship s v . 
(merely )  predictiv e relationship s tha t  m a y impac t  belief -
revisio n decisions ? I n previou s studies ,  Eli o an d Pelletie r 
(1994 ;  i n press )  use d belief-revisio n problem s wit h science -
fictio n cove r  storie s an d foun d tha t  subject s wer e mor e 
likel y t o abando n th e conditiona l  o n science-fictio n 
problem s tha n o n th e sam e problem s usin g nonsens e 
syllables .  Th e stud y presente d nex t  offer s a  mor e deliberat e 
investigatio n o f  th e hypothesi s tha t  a  reasoner' s 
understandin g o f  typ e o f  knowledg e expresse d i n a 
conditiona l  ca n influenc e h o w contradiction s ar e resolved , 
eve n fo r  unfamilia r  domains . 

The conditionals 
A se t  o f  fifteen  conditiona l  statement s usin g anthropologica l 
concept s wa s constructed .  T h e sam e subject s w h o 
categorize d th e conditional s use d i n th e stud y describe d 
abov e als o categorize d th e anthr o conditional s a s expressin g 
a definitio n (th e familia r  v .  unfamilia r  distinctio n wa s 
dropped) ,  a  promise ,  cause-and-effect ,  an d prediction . 

Of  th e fifteen  conditionals ,  non e wer e clearl y identifie d a s 
promise s an d fou r  ha d n o clea r  majorit y vote s fo r  an y 
category .  Th e remainin g eleve n wer e groupe d int o thre e 
types :  fou r  causa l  statements ,  fou r  statement s tha t  wer e 
classe d nearl y equall y ofte n a s prediction s an d definitions , 
and thre e statement s tha t  wer e clearl y classe d a s predictions . 
Whil e thes e classification s wer e no t  a s consisten t  a s I  ha d 
hoped ,  thi s smal l  se t  o f  conditional s allowe d a  preliminar y 
stud y o f  h o w differen t  knowledge-type s migh t  impac t  belie f 
revisio n decision s fo r  unfamilia r  domains .  Exampl e anthr o 
conditional s (wit h th e numbe r  o f  classification s a s causal , 
grediction ,  definition ,  o r  promise )  are :  (a )  Causal :  I f  ther e i s 
a deat h i n a  Meoria n tribe ,  the n th e trib e relocate s it s camp . 
(c=25 ;  p=10) ;  (b )  Prediction/Definition :  I f  differen t  familie s 
spea k th e sam e dialec t  o f  S'wara ,  the n the y belon g t o th e 
same sharin g camp .  (p=15 ;  d=21) ;  (c )  Prediction :  I f  tw o 
village s ar e meetin g fo r  foo d exchanges ,  the n th e hostin g 
villag e i s represente d b y a  female .  (p=22 ;  d=9 ;  prom=9) . 
Th e ful l  se t  i s  availabl e i n Eli o (1996) . 

Subjects and Design 
Thirty-nin e subject s solve d eleve n problem s base d o n th e 
entir e se t  o f  anthr o condifionals .  Becaus e o f  th e awkwar d 
number  o f  conditional s o f  eac h type ,  th e desig n o f  thi s 
preliminar y stud y wa s no t  ideal :  i n eac h proble m set , 
inferenc e rul e ( M T v .  M P )  an d knowledg e typ e wer e 
repeate d factor s o n jus t  th e causa l  an d predict/defin e 
conditionals .  Th e pur e predictio n condifional s appeare d 
eithe r  i n m o d u s ponen s o r  i n m o d u s tollen s for m t o a 
particula r  subject . 
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Result s 
Tabl e 3  give s th e m e a n belie f  rating s fo r  th e anthr o 
conditiona l  an d dat a statement s a s a  functio n o f  knowledg e 
type .  Firs t  conside r  onl y th e causa l  an d prediction/definitio n 
problems .  Th e finding s her e ar e consisten t  wit h wha t  Eli o 
and Pelletie r  previousl y foun d fo r  a n unfamilia r  domain , 
namel y science-fictio n problems :  (a )  belie f  i n th e 
conditiona l  wa s lowe r  tha n belie f  i n th e dat a statemen t  an d 
(b )  thi s wa s mor e pronounce d fo r  M P belie f  set s tha n fo r 
M T belie f  sets :  O n modus-ponen s belie f  sets ,  subject s 
accorde d conditional s a  relativel y lowe r  belie f  tha n th e dat a 
statement s fo r  th e prediction/definitiona l  scenario s (-2.15 ) 
tha n the y di d w h e n th e conditional s involve d causa l 
relationship s (-.86) . 

The ne w resul t  i s  tha t  bot h thes e significan t  mai n effect s 
interacte d wit h knowledg e type ,  indicatin g that ,  eve n fo r 
relativel y unfamilia r  domains ,  contradiction s involvin g wha t 
wer e classifie d a s causa l  relationship s ar e reasone d abou t 
differentl y tha n thos e classifie d a s non-causa l  relationship s 
(F(l,38)=6.79 ,  p=.013) .  Th e Tabl e 3  result s are , 
understandably ,  differen t  tha n wha t  wa s foun d fo r  th e 
familia r  topic s (Tabl e 2) ,  fo r  whic h th e reasone r  ha s mor e 
informatio n abou t  th e existenc e an d relevanc e o f  othe r 
factor s tha t  m a y influenc e th e subjectiv e likelihoo d 
associate d wit h a / )—> q statement . 

Modus Ponens Belief Set 
Upon learnin g ~q ,  th e ne w degre e o f  belie f  i n .. . 

p — > q p  Differenc e 

Causal 
Prediction/Definitio n 
Pretli?ti<j n 

3. 9 
3. 2 
3. 5 

4. 7 
5. 3 
5. 7 

-. 8 
-2. 1 
-2. 2 

Modus Tollen s Belie f  Se t 
Upon learnin g p ,  th e ne w degre e o f  belie f  in.. . 

p — >q ~ q Differenc e 
Causal  4. 2 4. 7 -. 5 
PrediCtiQn/DefmitJQ n 4. 2 4. 0 . 2 
PrgdictJQ n 3. 2 5. 0 -1. 8 

Table 3: Belief Ratings—Anthropology Problems 

A separate analysis was done on the belief ratings given 
on th e "pur e prediction "  problem s (lin e 3  i n Tabl e 3) ,  i n 
whic h inferenc e rul e ( M P v .  M T )  wa s a  between-subject s 
factor .  Followin g contradiction ,  thes e pur e predictio n 
conditional s receive d a  significantl y lowe r  degree-of-belie f 
ratin g tha n di d th e dat a statements ,  an d thi s wa s mor e 
pronounce d fo r  m o d u s ponen s problem s tha n fo r  modu s 
tollen s problem s (F(l,37)=26.85 ,  p  <  .001) .  Comparin g th e 
patter n o f  result s fo r  th e pure-predictio n conditional s wit h 
th e result s fo r  th e causa l  conditionals ,  i t  agai n seem s tha t 
eve n fo r  unfamilia r  domains ,  th e relationshi p understoo d t o 
hol d betwee n th e anteceden t  an d th e consequen t  influence s 
whethe r  th e conditiona l  o r  th e categorica l  belie f  i s  calle d 
int o question ,  give n a  contradictio n t o a  vali d inference . 

I t  ca n b e argue d tha t  thes e anthr o conditional s ar e no t  al l 
tha t  unfamiliar :  th e domai n concerne d huma n behavior s an d 

customs ,  an d peopl e hav e enoug h genera l  knowledg e abou t 
suc h a  domai n t o b e abl e t o conjectur e whethe r  a  relatio n i n 
thi s domai n wa s causa l  o r  prediction .  Bu t  tha t  i s  fine .  T h e 
understandin g o f  a  "merely "  predictiv e relationshi p m a y 
includ e th e knowledg e tha t  ther e ar e m a n y possibl e world s 
i n whic h consequen t  doe s no t  co-occu r  wit h 
th e antecedent ;  th e reasone r  m a y the n conside r  i t  i s  possibl e 
tha t  th e curren t  worl d i s on e suc h world ,  a s w a y t o reconcil e 
th e contradiction .  W h a t  i s important ,  a t  thi s poin t  a t  least ,  i s 
tha t  peopl e appea r  t o b e abl e t o interpre t  sentence s a s 
signifyin g on e kin d o f  relationshi p betwee n th e anteceden t 
and consequent ,  eve n whe n th e domai n i s unfamiliar ,  an d 
tha t  distinctio n influence s h o w a  contradictio n t o a  vali d 
inferenc e impact s th e belie f  set . 

Summary 

This task, the results reported here, and the possible-worlds 
interpretatio n relat e t o an d exten d severa l  theme s tha t  hav e 
emerge d i n th e deductiv e reasonin g literature .  T h e firs t 
concern s th e manne r  i n whic h th e belie f  stat e i s m o d e l e d — 
Eli o &  Pelletie r  (i n press )  discus s th e parallel s betwee n th e 
syntacti c v .  model-theoreti c perspective s o f  belie f  state s i n 
th e A I  communit y wit h th e menta l  logi c v .  menta l  mode l 
approac h t o deductio n i n th e psychologica l  perspective .  Th e 
decisio n t o adop t  on e approac h o r  th e othe r  ha s implication s 
fo r  h o w on e ca n defin e an d measur e forma l  notion s lik e 
epistemi c entrenchmen t  o r  minima l  change . 

Th e secon d them e i s th e kin d o f  inference s a  reasone r 
find s plausibl e t o make ,  sinc e thi s determine s th e conten t  o f 
th e belie f  state ,  eve n befor e contradictor y informatio n 
arrives .  W h a t  i s particularl y relevan t  her e is ,  o n th e on e 
hand ,  dat a o n th e so-calle d "suppression "  o f  vali d inference s 
(e.g. ,  Byrne ,  1989 )  and ,  o n th e othe r  hand ,  th e surroundin g 
theoretica l  consideration s s o m e researcher s hav e pu t 
forwar d o n thi s topi c o n thi s data .  Fo r  example ,  Stevenso n 
and Ove r  (1995 )  discus s a  rol e fo r  weighte d menta l  model s 
tha t  reflec t  a  reasoner' s assessmen t  o f  th e plausibilit y  o f 
alternativ e possibl e worlds .  Earlier ,  Markovit s (1984 ) 
argue d tha t  a  reasoner' s abilit y  t o generat e possibl e 
alternativ e cause s o f  a n effec t  mediate d th e abilit y  t o reaso n 
correctl y (generat e onl y vali d inferences )  give n deductiv e 
reasonin g problem s wit h conditiona l  premises .  Th e belie f 
revisio n tasks ,  b y presentin g a  contradiction ,  m a y prim e a 
subject' s consideratio n o f  possibl e world s i n whic h 
additiona l  factor s c o m e int o play .  M o r e generally ,  belief -
revisio n an d belief-updat e decision s (wher e "update "  i s a n 
extensio n o f  th e belie f  se t  whe n n e w informatio n doe s no t 
contradic t  existin g beliefs )  m a y invit e a  kin d "belief-based " 
reasonin g (George ,  1995) ,  i n whic h subject s ar e no t 
assumin g tha t  th e give n premise s ar e true .  Th e result s 
presente d her e suppor t  th e vie w tha t  belie f  revision s ar e a 
functio n o f  knowledg e abou t  th e relatio n betwee n th e 
anteceden t  an d consequent .  Thus ,  th e m a n y v .  fe w disable r 
notion—a s wel l  a s th e "typ e o f  knowledg e expressed"—ma y 
reduc e t o a n understandin g o f  th e frequenc y wit h th e 
consequen t  i s entaile d b y th e antecedent ,  i n al l  th e 
(plausible )  world s a  reasone r  ca n generate .  Thi s vie w i s 
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consisten t  wit h th e expansio n o f  mental-model s theorie s t o 
includ e som e aspec t  o f  uncertaint y o r  subjectiv e probabilit y 
(e.g. ,  Stevenso n &  Over ,  1995 ;  Johnson-Laird .  1994) . 

The fina l  matte r  her e concern s th e differenc e i n ho w 
belief-revisio n decision s ar e mad e whe n th e initia l  belie f 
stat e wa s define d wit h a  modu s ponen s o r  a  modu s tollen s 
inference .  Fo r  familia r  conten t  (i.e. ,  th e dat a i n Tabl e 1) , 
contradicte d M P an d M T belie f  set s were ,  b y an d large , 
revise d somewha t  differently .  Crudel y put ,  subject s 
considerin g contradiction s t o M P belie f  set s disbelieve d th e 
dat a statement ;  subject s considerin g contradiction s t o M T 
belie f  set s disbelieve d th e conditiona l  statement .  (Th e 
anomal y i s  th e unifor m abandonmen t  o f  promis e 
conditionals ,  regardles s o f  th e for m o f  th e initia l  belie f  set) . 
Eli o &  Pelletie r  (i n press )  not e tha t  th e M P belief-revisio n 
proble m become s somethin g lik e an  M T inferenc e problem , 
and vic e versa .  F ro m tha t  perspective ,  i t  i s  curiou s tha t 
subject s d o no t  merel y op t  fo r  th e "easy "  M P inferenc e 
afforde d b y th e ne w informatio n (/? )  wit h th e ol d conditiona l 
(j>—>^ )  t o conclud e q  an d henc e disbeliev e th e ol d 
categorica l  premis e ~q .  Tha t  lea d Eli o an d Pelletie r  t o argu e 
tha t  thi s paradig m doe s no t  reduc e t o a  deductiv e proble m 
consistin g o f  th e ol d conditiona l  an d th e ne w categorica l 
statement .  Tha t  said ,  i t  i s possibl e tha t  th e relativ e subjectiv e 
probabilit y  associate d th e conditional s i n th e initia l  belie f 
set s i s  influence d b y th e categorica l  premis e tha t  co -
occurre d wit h them .  Stevenso n an d Ove r  (1995 )  speculat e 
that ,  fo r  a  give n p — > q an d ~ q reasonin g context ,  confidenc e 
tha t  p  i s tru e migh t  b e sufficientl y high ,  suc h tha t  i t  i s mor e 
plausibl e t o lowe r  th e belie f  i n th e conditiona l  tha n t o dra w 
th e modu s tollen s inference .  Eve n thoug h th e M T inferenc e 
was provide d fo r  th e subject s i n thes e belie f  revisio n tasks , 
ther e i s thi s possibilit y  tha t  subject s ha d a  lowe r  initia l  belie f 
i n th e conditiona l  i n th e contex t  o f  ~q ,  befor e th e 
contradictor y informatio n wa s eve n presented .  Th e prio r 
belie f  rating s alread y collecte d o n th e conditional s nee d t o 
be augmente d wit h belie f  rating s assigne d i n th e contex t  o f 
th e categorica l  premise .  Tha t  said ,  th e influenc e o f 
alternativ e disabler s an d genera l  knowledge-type s o n th e 
belie f  revisio n decisio n fo r  modu s ponen s an d modu s tollen s 
proble m set s stil l  stands . 

I n summary ,  th e belie f  revisio n "problem, "  (define d her e 
as choosin g on e o f  possibl y severa l  previously-hel d belief s 
t o abando n o r  a t  leas t  cal l  int o question ,  whe n face d wit h 
contradiction )  crystallize s severa l  ke y issue s o f  everyda y 
plausibl e reasoning .  Fo r  normativ e models ,  epistemi c 
entrenchmen t  seem s bette r  modele d a s a  functio n o f  th e 
plausibilit y  o f  th e alternativ e world s th e reasone r  generate s 
t o accoun t  fo r  a  contradiction .  Fo r  descriptiv e model s o f 
h u m an reasoning ,  th e "backgroun d knowledge "  o r 
"interpretativ e procedures "  tha t  ar e typicall y reference d i n 
theoretica l  account s o f  deductiv e reasonin g tak e a  centra l 
rol e modelin g h o w contradiction s t o vali d inference s ar e 
resolved . 

Psycholog y fo r  acces s t o thei r  subjec t  pool ,  an d Jef f 
Pelletie r  an d tw o reviewer s w h o provide d man y usefu l 
suggestion s tha t  improve d it s presentation . 
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