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H o w t o Disbeliev e p — > q :  Resolv in g contradiction s 

Renee Eli o (ree@cs.ualberta.ca ) 
Departmen t  o f  Computin g Scienc e 

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

Abst rac t 

This study discusses belief-change as the problem of 
decidin g whic h previously-accepte d belief ,  o r  premise ,  t o 
abandon ,  whe n a n inferenc e fro m a n initia l  belie f  se t  i s 
subsequentl y contradicted .  Th e dat a concer n ho w 
"disbelieving "  a  previously-accepte d conditiona l  premis e 
i s realize d a s a  particula r  modificatio n t o tha t  premise . 
The type s o f  revision s tha t  ar e mad e ar e influence d b y th e 
kin d o f  knowledg e expresse d i n th e conditional .  Th e 
result s an d th e broade r  issue s o f  belief-revisio n ar e relate d 
t o othe r  concern s tha t  hav e emerge d i n th e literatur e o n 
propositiona !  inference ,  suc h a s th e reporte d reluctanc e o f 
peopl e t o mak e simpl e vali d modu s ponen s inference s i n 
some circumstance s an d th e genera l  interes t  i n 
incorporatin g subjectiv e belie f  int o account s o f  deductiv e 
inference . 

Introduction 

Conside r  th e followin g occasio n o f  common-sens e belief -
change .  Suppos e yo u believ e (a )  you r  colleagu e i s 
plannin g o n attendin g a  semina r  an d (b )  I f  h e i s attendin g 
th e seminar ,  h e wil l  b e leavin g th e offic e a t  3:45 .  A 
conflic t  woul d becom e apparen t  whe n yo u fai l  t o observ e 
hi m leavin g a t  3:45 .  Y o u migh t  inquir e "Aren' t  yo u goin g 
t o th e seminar? "  an d lear n tha t  h e ha d change d hi s  mind . 
Once yo u chang e th e belie f  abou t  hi s  attendance ,  you r 
resultin g belie f  se t  i s a  consisten t  an d accurat e mode l  o f 
thi s particula r  situation .  Alternatively ,  yo u migh t  hav e 
questione d th e belie f  I f  m y colleagu e i s  attendin g th e 
seminar ,  the n h e wil l  b e leavin g a t  3:45 .  Denyin g thi s 
conditiona l  belie f  woul d als o hav e serve d t o eliminat e th e 
conflic t  wit h th e ne w informatio n (colleagu e i s no t  leavin g 
at  3:45) . 

Give n tha t  ther e ar e thes e sort s o f  alternatives ,  h o w i s i t 
tha t  a  reasone r  choose s a m o n g them ,  s o a s t o identif y a 
plausibl e ne w belie f  stat e a s a  mode l  o f  a  particula r 
situation ? Tha t  is ,  give n tha t  a  reasone r  i s  cognizan t  o f 
some conflict ,  wha t  ar e th e principle s guidin g th e belief -
chang e decision ,  a s characterize d above ,  i.e. ,  th e principle s 
by whic h a  reasone r  decide s i t  i s  mor e plausibl e t o abando n 
belief /  rathe r  tha n belie f  y ,  i n orde r  t o arriv e a t  a  consisten t 
model  o f  som e situation ? 

The real-lif e exampl e outline d abov e ha s th e featur e tha t 
th e reasone r  coul d establis h on-the-spo t  whic h belief s wer e 
faulty ,  b y askin g a  fe w questions .  However ,  i t  i s  no t  t o 
har d l o imagin e a  varian t  i n whic h th e reasone r  canno t 
iininediatcl y validat e a  ne w candidat e bclicl-sc l  (perhap s 
yo u observ e you r  colleagu e throug h a n offic e windo w 
acros s a  courtyar d an d mus t  nonetheles s instea d mak e a 

transitio n t o a  n e w belief-stat e withou t  suc h validation) .  I n 
any case ,  th e issu e stil l  remains :  wha t  ar e th e principle s 
underlyin g h o w th e reasone r  choose s a m o n g severa l 
possibl e belief-revisions ,  thereb y mov in g t o s o m e othe r 
belief-state ? 

Anothe r  w a y t o loo k a t  th e exampl e abov e i s tha t  ther e 
i s a  nee d t o resolv e a  contradictio n arisin g betwee n a  vali d 
inferenc e derive d fro m a  se t  o f  accepte d premise s an d som e 
newly-arrivin g information .  A  reasone r  ca n alway s refus e 
t o accep t  th e ne w informatio n an d no t  b e s o quic k t o 
assum e tha t  th e premise s wer e fault y Indeed ,  ther e i s a 
larg e literatur e tha t  indicate s tha t  belief s persever e eve n 
w h en the y ough t  not .  M y interes t  i n belief-chang e start s a t 
th e poin t  wher e an y inerti a t o accep t  th e ne w informatio n 
has bee n overcome ,  leavin g th e reasone r  wit h th e proble m 
of  decidin g whic h accepte d premis e (belie O t o n o longe r 
accept ,  i n orde r  t o resolv e th e conflict . 

Belief-change ,  prompte d b y th e recognitio n o f 
contradiction ,  ha s bee n studie d a s a n elemen t  o f  scientifi c 
theor y revisio n o r  formulation .  Bu t  i n additio n t o occurrin g 
i n thes e grand-scal e case s o f  constructin g a  theor y o f  som e 
domain ,  belief-chang e occur s o n a  m u c h smalle r  scale ,  I 
believe ,  a s a  prevalen t  par t  o f  everyda y reasonin g b y whic h 
we formulat e an d revis e situationa l  model s o f  ou r  world . 

Th e wor k reporte d her e i s par t  o f  a  large r  researc h effor t 
i n understandin g th e principle s tha t  underli e h o w a 
reasoner ,  whe n face d wit h a  contradiction ,  choose s t o 
abando n on e sor t  o f  belie f  (previously-accepte d premise ) 
ove r  anothe r  (Elio ,  1997 ;  Eli o &  Pelletier ,  1997) .  T h e dat a 
describe d i n th e presen t  pape r  provid e s o m e insigh t  int o 
h o w "denying "  a  previously-accepte d premis e i s realize d a s 
a particula r  modificatio n t o tha t  premise ,  s o tha t  a 
contradiction-fre e belie f  se t  results .  I n particular ,  the y 
provid e som e indicatio n o f  a  taxonom y o f  belief-revisio n 
operators ,  whic h ar e calle d upo n t o resolv e contradiction s 
i n simpl e scenarios .  Th e result s an d broade r  issue s o f 
belief-revisio n ar e relate d t o othe r  concern s tha t  hav e 
emerge d i n th e literatur e o n propositiona l  inference , 
namel y th e unwillingnes s o f  subject s t o m a k e simpl e vali d 
m o d us ponen s inference s i n s o m e circumstance s (e.g. , 
Byrne ,  1989 )  an d th e interes t  i n extendin g account s o f 
deductiv e inferenc e wit h subjectiv e inferenc e (George , 
1995 ;  Johnson-Laird ,  1994 ;  Stevenso n &  Over ,  1995) . 

Previous work on belief-change 

I  hav e studie d belief-change ,  a s charactcnzc d above ,  b y 
usin g a  proble m forma t  tha t  ca n b e schematicall y describe d 
as follows :  Suppos e yo u initiall y  believ e tha t  p — > q i s 
true ,  tha t  p  i s  true ,  an d therefore ,  als o tha t  q  i s  true . 
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Suppos e yo u late r  discove r  tha t  q  i s  false .  Give n tha t  th e 

informatio n abou t  q  bein g fals e i s guarantee d t o b e 
accurate ,  indicat e whic h o f  th e followin g yo u regar d t o b e 

th e mos t  plausibl e se t  o f  belief s t o have :  {a )  p—>q i s true , 
p i s  false ,  q  i s fals e o r  (b )  p — >q i s false ,  p  i s true ,  q  i s 
false . 

I n som e experiments ,  subject s ar e give n th e optio n t o 

clai m bot h th e initia l  premise s ar e "uncertain "  i n thei r 
belie f  status ;  i n othe r  experiments ,  subject s ar c no t  force d 
t o mak e thi s hard-and-fas t  decisio n abou t  whic h premis e t o 

believ e o r  disbelieve ,  an d instea d rat e thei r  degre e o f  belie f 
i n th e initia l  premise s p — >q an d p ,  give n tha t  ne w 
informatio n assert s ~q .  I n brief ,  thos e studie s foun d tha t  (a ) 
on problem s wher e th e anteceden t  an d consequen t  ar e 
instantiate d b y nonsens e phrases ,  subject s showe d n o 
preferenc e i n whic h initia l  premis e the y disbelieved ,  i n 
resolvin g th e contradiction ;  (b )  whe n th e problem s 
involve d natural-languag e cove r  storie s abou t  unfamilia r 
domain ,  subject s preferre d t o disbeliev e th e conditional ;  (c ) 
when th e problem s use d familiar ,  real-worl d content , 
subjects '  preferenc e fo r  disbelievin g p—>q v .  disbelievin g 
p depende d upo n th e kin d o f  knowledg e expresse d i n th e 
conditiona l  (Eli o &  Pelletier ,  1997 ;  Elio ,  1997) .  I n th e 
case o f  th e las t  result ,  th e conditional s expresse d eithe r 
causa l  relationships ,  promises ,  familia r  defmitions ,  an d 
unfamilia r  definitions .  Followin g a  manipulatio n use d b y 
Cummins an d he r  colleague s (Cummins ,  Lubart ,  Alksnis , 
& Rist ,  1991 ;  Cummins ,  1995) ,  fou r  type s o f  causa l 
conditional s wer e used ,  define d b y whethe r  ther e wer e man y 
or  fe w alternativ e cause s fo r  th e consequent ,  an d man y o r 
fe w 'disablin g factors'—factor s tha t  woul d lea d t o th e 
denia l  o f  th e consequen t  eve n i n th e presenc e o f  th e 
antecedent .  Th e ke y resul t  fo r  belief -  revisio n wa s th e 
finding  tha t  causa l  conditional s wit h man y associate d 
disablin g factor s wer e mor e likel y t o b e disbelieved ,  a s a 
way t o eliminat e contradiction ,  tha n conditional s wit h fe w 
disablin g factors .  I n th e latte r  case ,  mor e subject s preferre d 
t o say ,  essentially ,  "It' s  mor e plausibl e t o disbeliev e th e 
premis e p "  whe n ~ q arrive d a s th e ne w information .  A n 
accoun t  o f  thes e findings  wa s base d o n th e ide a tha t  th e 
reasone r  consider s alternativ e candidat e belie f  sets ,  eac h 
correspondin g t o assumin g tha t  som e disable r  migh t  b e i n 
effect .  I t  wa s suppose d that ,  whe n a  reasone r  ca n identif y 
many disablin g factor s tha t  woul d preven t  a  conditional' s 
consequen t  fro m occurrin g i n th e presen t  o f  a  conditional' s 
antecedent ,  thi s i s tantamoun t  t o identifyin g man y belie f 
set s i n whic h th e conditiona l  i s  denied .  When ther e ar c fe w 
suc h factors ,  th e reasone r  ma y regar d i t  mor e likel y tha t  i t 
i s  th e non-conditiona l  premis e tha t  i s mor e worth y o f 
disbelief ,  t o eliminat e a  contradictio n Thi s accoun t  di d no t 
conside r  th e plausibilit y  o f  candidat e belie f  sets .  I  retur n t o 
thi s matte r  i n th e Discussio n section . 

The kin d o f  conditional s use d i n th e belief-chang e 
experiment s includ e one s suc h as :  / /  th e ignitio n ke y i s 
turned ,  the n th e ca r  starts ;  I f  Larr y graspe d th e glas s wit h 
hi s bar e hands ,  the n hi s fingerprints  wil l  h e o n it ;  I f  Susa n 
complete s th e repor t  b y Friday ,  he r  bos s wil l  giv e he r  a 
day of f  nex t  week ;  I f  a  minera l  i s  a  diamond ,  the n i t  i s 
made o f  compres.se d carbon .  When subjccl s indicat e that ,  t o 
resolv e contradiction ,  a  plausibl e belie f  se t  woul d b e on e i n 

whic h on e o f  thos e conditional s i s "disbelieved" ,  wha t 
migh t  thi s mean ? I n wha t  sens e i s a  conditiona l  "denied" ? 

To obtai n som e insigh t  o n "disbelie f  o r  "denial "  i n th e 
contex t  o f  belie f  revision ,  subject s wer e give n th e belief -
chang e scenario s use d i n previou s belie f  revisio n studie s 
(Figur e la) .  Th e presen t  experimen t  aske d the m t o provid e 
open-ende d information ,  specificall y t o indicat e wha t 

change s the y woul d mak e t o on e o r  th e othe r  o f  th e initia l 
beliefs ,  i n orde r  t o resolv e th e contradiction . 

Suppos e yo u initiall y  belie f  th e following : 
I f  Jo e cu t  hi s finger,  the n i t  ble d 
Joe cu t  hi s finger . 
Therefore ,  yo u believ e hi s finger  bled . 

You d o som e additiona l  stud y an d discove r  thi s i s true : 
Joe' s finger  di d no t  bleed . 

(a ) 
Causal-fe w disabler : 

I f  Mar y jump s i n th e pool ,  the n sh e get s wet . 
Causal-man y disable r 

I f  Joh n studie s hard ,  the n h e doe s wel l  o n th e test . 
Promis e 

I f  Susa n complete s th e repor t  b y th e weekend , 
the n he r  bos s wil l  giv e he r  a  da y of f  nex t  week . 

Familia r  Definitio n 
I f  a  minera l  i s  a  diamond ,  the n i t  i s  mad e o f 
compresse d carbon . 

Unfamilia r  Definitio n 
I f  a  plan t  i s  a n equisetium ,  the n i t  spread s b y creepin g 
horizonta l  roo t  stems . 

(b ) 

Figur e 1 :  Sampl e belief-revisio n proble m (a ) 
and illustrativ e example s o f  eac h conditiona l  typ e (b ) 

Experiment 

Stimuli and Design 

Twenty-eigh t  belief-revisio n problems ,  use d i n previou s 
belief-revisio n studies ,  wer e adapte d fo r  thi s task .  Thi s se t 
consiste d o f  (a )  1 6 causa l  conditional s ( 8 man y disabler ,  8 
fe w disabler) ,  (b )  fou r  promis e conditionals ,  (d )  fou r 
familia r  definitio n conditionals ,  an d (e )  fou r  unfamilia r 
definitions .  Th e dat a reporte d her e concern s modu s ponen s 
belief-chang e problems ,  lik e th e on e illustrate d i n Figur e 
1,  i n whic h th e initia l  belie f  se t  present s a  modus-ponen s 
inferenc e tha t  i s conU"adicte d b y th e ne w information . 
Figur e 1  als o give s example s o f  eac h typ e o f  conditional . 
Cummins c t  al .  (1991 )  an d Eli o (1997 )  identifie d item s a s 
exemplar s fo r  thes e conditiona l  type s throug h normin g 
studies . 

Subjects and Method. 

To ensur e th e tas k wa s complete d i n a  reasonabl e amoun t 
of  time ,  th e proble m se t  wa s divide d int o tw o sets ,  on e 
comprise d o f  belief-revisio n problem s usin g onl y th e 
causa l  conditional s an d anothe r  usin g onl y th e promise s 
and definitions .  Tw o group s o f  2 1 subjccl s eac h received 
one o r  th e othe r  o f  th e sets .  Problem s wer e presente d i n 
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rando m order s t o subject s i n bookle t  form .  Fo r  eac h 
problem ,  subject s wer e firs t  aske d whic h o f  th e tw o initia l 
belief s the y believe d i t  wa s mor e plausibl e t o disbelieve , 
give n tha t  th e ne w informatio n wa s accurate .  The y wer e 
the n aske d t o indicat e th e revision s the y woul d mak e t o th e 
belie f  the y targette d fo r  denia l  (eithe r  p  or />—>^ )  s o tha t  i t 
became consisten t  wit h th e ne w information ,  ~q .  Subject s 
wer e draw n fro m th e Universit y o f  Albert a Departmen t  o f 
Psycholog y subjec t  pool . 

Results 

The majo r  interes t  i s  i n th e kind s o f  modification s subject s 
propose d t o th e initia l  belie f  set ,  s o tha t  contradictio n 
create d b y th e ne w informatio n i s eliminated .  S o m e 
descriptiv e dat a o n whic h belie f  the y targete d fo r  revisio n i s 
useful ,  however ,  t o sho w consistenc y wit h previou s 
findings .  Tabl e 1  present s thes e dat a a s th e frequencie s wit h 

Table 1: Percentage of choices disbelieving/?—>q v. p to 
resolv e contradictio n wit h ~ q 

Causal s 
Fe w Disabler s 
M a ny Disabler s 

Promise s 
Familia r  Defs . 
Unfamilia r  Def s 

Disbeliev e p — > q 

57 % 
74 % 
84 % 
39 % 
45 % 

Disbeliev e p 

43 % 
26 % 
16% 
61 % 
55 % 

whic h subject s modifie d th e conditiona l  o r  th e non -
conditiona l  premise ,  a s a  functio n o f  th e typ e o f  knowledg e 
expresse d i n th e conditiona l  form .  Consisten t  wit h 
previou s studies ,  th e ke y facto r  i s th e rol e o f  disablin g 
factor s fo r  causa l  conditionals .  Mo r e subject s marke d th e 
p — >q premis e fo r  disbelie f  whe n th e causa l  conditiona l 
had man y disabler s tha n whe n i t  ha d fe w ( 7 4 % v .  5 7 % ) . 
The trend s fo r  promise s an d definition s ar e als o consisten t 
wit h previou s studies :  Fo r  conU-adicte d promises ,  th e 
preferenc e i s t o disbeliev e th e conditiona l  premise ;  fo r 
familia r  definitions ,  subject s prefe r  t o disbeliev e th e non -
conditiona l  premis e p .  Thi s preferenc e occurre d t o a  lesse r 
degre e i n th e unfamilia r  definitions . 

The primar y focu s o f  thi s stud y wa s a  descriptiv e 
characterizatio n o f  wha t  migh t  b e mean t  whe n a  belie f  i s 

labelle d fo r  "disbelie f  o r  "denial" ,  i n th e contex t  o f 
identifyin g a  plausibl e consisten t  belie f  set .  Seve n 
categorie s wer e use d t o describ e th e modification s tha t 
subject s propose d t o th e conditiona l  belief ,  w h e n i t  wa s th e 
conditiona l  belie f  tha t  the y indicate d ough t  t o b e 
"disbelieved "  t o resolv e contradiction .  Thes e categorie s an d 
th e percentag e o f  response s fallin g int o eac h o f  them ,  fo r 

eac h typ e o f  conditiona l  belief ,  ar e give n i n Tabl e 2 . 
Th e demote-to-defaul t  categor y covere d response s o f  th e 

sor t  "Usuall y p — > q "  o r  " p onl y increase s th e likelihoo d 
of  q, "  o r  " p — > q ,  bu t  ther e ar e exceptions" .  O f  course , 
subject s expresse d thes e notion s i n th e contex t  o f  a 
particula r  problem ,  suc h a s 'I f  th e apple s ar e ripe ,  the n 
the y ofte n the y fal l  fro m th e tree "  (few-disable r  causal )  o r 
"I f  th e ignitio n i s turned ,  the n th e ca r  shoul d start "  (many -
disable r  causal) .  Categor y 2—missin g enabler—cover s 
response s suc h a s "I f  Susa n finishe d th e repor t  b y th e 
weeken d an d th e repor t  wa s goo d enough ,  the n he r  bos s 
woul d giv e he r  a  da y of f  nex t  week "  (promise) ;  "I f  Jo e cu t 
hi s finge r  an d th e cu t  wa s dee p enough ,  the n i t  woul d 
bleed "  (few-disable r  causal) .  Thes e ar e case s i n whic h 
subject s expresse d a  necessit y conditio n an d ofte n 
(althoug h no t  always )  indicate d tha t  th e conditio n wa s no t 
holding ,  an d henc e th e inferenc e q  coul d no t  b e made ,  thu s 
eliminatin g th e contradictio n wit h ~q . 

Th e thir d categor y i n Tabl e 6 — presen t  disablin g facto r 
— cover s response s i n whic h subject s expresse d th e 
presenc e o f  a n additiona l  anteceden t  propositio n tha t  make s 
~q a  consisten t  inference .  Example s includ e "I f  th e trigge r 
was pulle d an d th e gu n ha d n o bullets ,  the n th e gu n woul d 
not  fire "  (causal :  m a n y disablers )  an d "I f  Chri s sign s u p 
additiona l  student s fo r  th e ar t  cours e an d th e student s ar e 
not  o f  th e righ t  type ,  the n Chris' s instructo r  wil l  no t  giv e 
her  a  discoun t  o n ar t  supplies"(promise) .  I t  m a y b e 
temptin g t o collaps e categorie s 2  an d 3 ,  sinc e necessar y 
and disablin g factor s ar e related :  a n absen t  necessar y 
conditio n ca n b e viewe d a s disablin g th e relationship .  Bu t 
fro m a n inferenc e viewpoint ,  the y ar e no t  quit e th e same :  a 
presen t  disable r  allow s on e t o conclud e ~ q an d a n absen t 
necessar y conditio n jus t  block s q  fro m bein g inferred .  Th e 
subsequen t  belie f  stat e i s differen t  i n thes e tw o cases . 

Categor y 4  —"generaliz e q "  — occurre d onl y i n a  fe w 
particula r  item s whic h seeme d t o invit e thi s sor t  o f 
revision .  Fo r  definitions ,  almos t  al l  occurrence s involve d 
th e ite m "I f  A m a n d a i s a  cardiologist ,  the n sh e specialize s 

when p -
Tabl e 2 :  Categorie s o f  modification s propose d t o p — > q , 

-> q wa s disbelieve d t o resolv e contradiction ,  an d percentage s o f  eac h typ e 

I .  demot e p-^ q t o defaul t 
2.  p  &  enable r  —>q 
3.  p  &  disable r  - > ~ q 
4.  generaliz e q 
5.  p-^ q invalid/incorrec t 
6.  exceptiona l  instanc e 
7.lime ,  intervenin g event s 

(lola l  N ) 

Causal s 
F e w Disabler s M a n y Disabler s 

Promise s Definition s 
Familia r  Unfamilia r 

3 0 % 
3 9 % 
2 1 % 
0 
1 % 
5% 
4% 
(114 ) 

2 7 % 
4 3 % 
2 3 % 
0 
1% 
6% 
0% 
(142 ) 

4 1 % 
2 3 % 
8% 
13% 
0 
12% 
3% 

_(75l _ 

63 % 
0 
3% 
25 % 
6% 
3% 
0 
(33 ) 

8 1 % 
7 % 
0 
0 
10% 
2 % 
0 
(42 ) 

317 



i n disease s o f  th e heart. "  Here ,  th e revision s o f  thi s typ e 
include d "Cardiologist s d o mor e thing s tha n specializ e i n 
disease s o f  th e heart....I f  she' s a  cardiologist ,  the n sh e i s 
concerne d wit h genera l  aspect s o f  th e heart. "  Th e promis e 
conditiona l  tha t  invite d thi s sor t  o f  revisio n wa s "I f  Jerem y 
m o ws thei r  lawn ,  th e Robinson s wil l  giv e hi m $15" .  Th e 
amount  o f  paymen t  wa s droppe d o r  specifie d mor e 
generall y ("...the n the y wil l  pa y hi m something") . 
Similarly ,  th e cas e o f  Susa n completin g a  repor t 
(mentione d above )  invite d a  generalizatio n o f  th e 

consequen t  t o ".. .  the n he r  bos s wil l  giv e he r  a  da y of f 
sometime. "  Despit e th e infrequen t  us e o f  thi s belief -
revisio n option ,  whic h I  attribut e t o th e natur e o f  a  fe w o f 
th e item s use d here ,  i t  i s  a n interestin g revisio n operato r 
becaus e i t  i s  a  smal l  semanti c fix  t o th e sens e o f  th e 
conditiona l  belief :  th e notio n i s domai n independent ,  bu t 

require s a  domain-dependen t  understandin g o f  h o w a 
variabl e ca n b e generalized . 

Categor y 5—th e conditiona l  a s a  whol e i s deeme d 
incorrec t  o r  generall y invali d — subsume s case s suc h as , 
fo r  th e Susa n promise ,  "Susan' s bos s lied "  o r  fo r  th e Harr y 
promis e "I t  wa s a  misunderstanding  that ,  i f  Harr y foun d 
someon e t o job-shar e wit h him ,  hi s bos s woul d approv e 
it. "  Thi s revisio n seem s motivate d b y som e notio n o f 
epistemi c uncertaint y o f  th e information .  Categor y 6 — 
exceptiona l  instance—covere d case s suc h a s "Jo e wa s no t 
h u m a n"  (fo r  I f  Jo e cu t  hi s finger,  the n i t  ble d )  an d "Th e 
matc h wa s wet "  (fo r  / /  th e matc h i s struck ,  the n i t  lit) . 
Thes e responses  ca n b e viewe d a s alternativ e expression s o f 
demotin g p—>q t o a  defaul t  rul e whic h ha s exceptions . 
whic h i n tur n i s a  less-specifie d accoun t  o f  missin g 
necessar y o r  presen t  disablin g condition s (e.g. ,  "I f  th e 
matc h i s struc k an d th e matc h i s no t  wet...." ) 

Categor y 7—intervenin g event s o r  a n appea l  t o th e 
passag e o f  lime—corresponde d onl y t o a  fe w case s tha t  ar e 
nonetheles s interestin g fo r  belie f  revisio n an d fo r 
endorsemen t  o f  a  conditiona l  t o m a k e a n inferenc e i n th e 
first  place .  Example s o f  responses  tha t  initiate d thi s 
categor y includ e "Larr̂ '  wipe d hi s fingerprints  of f  th e 
glass' '  fo r  "I f  Larr y pick s u p a  glas s wit h hi s bar e hands , 
the n hi s fingerprints  ar e o n it. "  (causal :  fe w disablers) ; 
"Th e apple s wil l  eventuall y fal l  of f  th e tree "  (i.e. .  jus t  no t 
n o w)  fo r  "I f  apple s ar e rip e the n the y fal l  of f  th e 
Iree"^"Alvi n go t  a  headach e an d the n i t  wen t  away "  fo r  "I f 
Alvi n read s th e newspape r  withou t  hi s glasses ,  the n h e ha s 
a headache. " 

Havin g gon e throug h th e meanin g o f  thes e categories , 
what  ar c w e n o w i n a  positio n t o observe ? Firstly ,  thes e 
dat a offe r  som e insigh t  int o a  taxonom y o f  belief-revisio n 
operator s tha t  peopl e hav e i n thei r  repertoire ,  an d dra w 
upon ,  t o resolv e contradiction .  Ther e i s a  clea r  connectio n 
t o account s o f  w h y subject s m a y no t  dra w o r  fully-believ e 
m o d us ponen s inference s tha t  appea l  t o notion s o f 
entailmen t  (e.g. ,  George ,  1995) .  Thes e data ,  fro m belief -
revisio n perspective ,  underscor e rol e o f  abductio n i n bot h 
th e explainin g aspec t  (wh y didn' t  .somethin g occur—th e 
revisio n case )  an d th e predictiv e aspec t  (wha t  d o I  expec t  t o 
be true—th e inferenc e case )  o f  plausibl e inference . 
Secondly ,  thes e dat a indicat e that ,  eve n whe n th e choic e i s 
t o den y p—></ ,  th e typ e o f  revisio n propose d i s relate d t o 

th e typ e o f  knowledg e expresse d i n th e conditional ;  o r 

perhap s mor e precisely ,  t o th e typ e o f  knowledg e th e 
reasone r  ca n brin g t o bea r  t o plausibl y den y th e conditiona l 

so a s t o resolv e th e contradiction .  S o i t  i s  no t  surprisin g 
tha t  th e mos t  frequen t  denia l  o f  unfamilia r  definition s take s 

th e for m o f  demotin g the m t o a  default—th e reasone r  ha s 
no othe r  knowledg e (presumably )  fo r  generatin g specifi c 
possibl e necessit y o r  disablin g factor s tha t  migh t  b e a t 
play .  I t  i s  als o a  "quick-and-dirty "  wa y t o ge t  ri d o f 

contradiction ,  whe n th e reasone r  doe s no t  find  i t  eas y o r 
necessar y t o identif y mor e specifi c  account s o f  a 
contradiction .  Unlik e definitions ,  causa l  conditional s ar c 
"disbelieved "  throug h th e appea l  t o necessar y an d disablin g 
conditions ,  a s wel l  a s t o th e simpl e demotin g t o defaul t 
status . 

Th e remainin g insight s abou t  h o w a  previously-accepte d 
belie f  i s  "disbelieved "  t o resolv e contradictio n c o m e fro m 
th e considerin g th e othe r  typ e o f  revision ,  namel y 
"disbelieving "  th e non-conditiona l  premis e p  i n orde r  t o 
obtai n a  consisten t  belie f  se t  w i th /?—> ^  an d ~ q (se e agai n 
Tabl e 1) .  I n mos t  cases ,  subject s w h o targete d thi s premis e 
fo r  disbeliev e merel y indicate d tha t  ~ p wa s holding ,  e.g. , 
"Larr y di d no t  pic k u p th e glas s wit h hi s bar e hands. "  o r 
"Jo e di d no t  cu t  hi s finger."  Thi s kin d o f  flat  denia l  wa s 
most  prevalen t  i n th e causal/fe w disable r  case .  I n contrast , 
revisio n t o th e premis e p  ha d a  differen t  flavor  fo r 
definitions .  Here ,  th e disbelie f  i n p  wa s ofte n expresse d a s 
doub t  abou t  th e validit y o f  p  a s a n observation .  Tha t  is , 
ther e wer e frequen t  appeal s suc h a s "I t  onl y appeare d tha t 
th e minera l  wa s a  diamond "  o r  "I t  wa s no t  ye t  firml y 
establishe d th e plan t  unde r  investigatio n wa s eugenolic " 
(offere d fo r  a  contradicted ,  unfamilia r  definition) .  Wha t 
seems interestin g i s tha t  ther e wa s n o appea l  t o suc h 
misleadin g appearance s wit h th e premis e p  fo r  th e causa l 
belief-revisio n problems .  W h e n subject s opte d t o 
disbeliev e th e non-conditiona l  belie f  paire d wit h a  causa l 
conditional ,  thei r  disbelie f  alway s too k th e flat-denial  for m 
and neve r  "I t  onl y appeare d tha t  Jo e cu t  hi s finger." 
Whethe r  ther e i s somethin g more ,  o r  less ,  t o thi s readin g 
of  th e dat a i s a  questio n fo r  close r  study . 

Discussion 

This goal of this investigation was to obtain some 
insigh t  int o h o w "disbelie f  migh t  b e operationalized , 
when subject s resolv e a  contradictio n b y targetin g eithe r  a 
conditiona l  o r  non-conditiona l  premis e fro m a n initia l 
belie f  se t  a s th e mos t  plausibl e on e t o deny .  Th e broade r 
significanc e o f  th e result s reporte d her e i s a s follows .  First , 
thes e dat a giv e som e insigh t  int o th e rang e o f  belief -
revisio n operator s tha t  peopl e hav e i n thei r  repertoir e fo r 
resolvin g contradiction s involvin g simple ,  everyda y 
knowledge .  Secondly ,  i t  underscore s th e abductiv e 
componen t  t o th e resolutio n o f  contradiction .  Thirdly . 
thes e belief-revisio n issue s arc ,  I  contend ,  intimatel y tie d 
t o view s o n "belief-ba.sed "  inferenc e an d th e curren t  interes t 
i n probabilisti c  extension s t o model s o f  deductiv e 
inference . 

Th e unwillingnes s o f  subject s t o mak e modu s ponen s 
inference s i n certai n circumstance s ha s contribute d t o th e 
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interes t  i n considerin g probabilisti c  account s o f  h u m a n 
deductiv e inference .  S o m e researcher s appea l  t o th e notio n 
tha t  a  conditiona l  m a y no t  b e full y "endorsed" ,  an d s o eve n 
a simpl e modu s ponen s inferenc e base d o n i t  m a y no t  b e 
forthcomin g (George ,  1995 ;  Politze r  &  Braine ,  1991) .  I t 
seems tha t  "endorsement "  an d "entrenchment "  o f  a 
conditiona l  ar e opposit e side s o f  th e sam e coin :  th e "coin " 
of  defaul t  reasoning .  W h e n w e star t  imaginin g case s wher e 
an anteceden t  m a y no t  b e sufficien t  fo r  a  consequent ,  the n 

we hav e entere d th e real m o f  defaul t  reasoning .  Defaul t 
reasonin g i s als o calle d non-monotoni c reasoning ,  becaus e 
th e se t  o f  accepte d belief s doe s no t  gro w monotonically . 
Initially ,  ou r  backgroun d knowledg e plu s a  se t  o f  premise s 
may entai l  conclusio n s .  U p o n late r  learnin g statemen t  r  i s 
true ,  ou r  backgroun d knowledg e an d premise s combine d 
wit h r  m a y n o longe r  entai l  statemen t  j .  Unlik e th e 
operator s o f  standar d logic ,  defaul t  reasonin g require s a 
"retraction "  operato r  t o remov e s  fro m th e se t  o f  accepte d 
beliefs . 

The "suppressio n o f  vali d inferences "  reporte d b y Byrn e 
(1989 )  ca n b e viewe d i n thi s manner .  Politze r  an d Brain e 
(1991 )  argu e tha t  "suppression "  o f  th e modu s ponen s 
inferenc e p  give n th e premis e se t  { p ^ ,  r—>q ,  p ]  occur s 
when th e r  propositio n prime s a  consideratio n o f  whethe r  p 
i s sufficien t  t o conclud e q  (e.g. ,  "I f  M a r y meet s he r  friend , 
she wil l  g o t o th e play .  I f  sh e ha s enoug h money ,  sh e wil l 
go t o th e play .  Sh e meet s he r  friend) .  Thi s suppressio n 
does no t  occu r  whe n th e r  propositio n doe s no t  cas t 
suspicio n o n th e sufficienc y o f  p  fo r  q ,  e.g. ,  whe n r  i s 
instantiate d a s I f  sh e meet s he r  family .  Bryne' s 
interpretatio n o f  thes e result s i s that ,  i n th e forme r  case , 
th e conditiona l  i s  re-interprete d a s p  &  r  - ^  an d i n th e 
latte r  case ,  a s p  v  r—>q .  Whethe r  subject s mak e a 
conjunctio n o f  p  an d r  i n th e anteceden t  o f  th e conditional , 
and tha t  i s w h y the y d o no t  mak e th e inference ,  o r  whethe r 
the y n o longe r  thin k p  i s sufficien t  t o conclud e q ,  reduces , 
i n m y view ,  t o th e sam e matter :  p—H]  i s interprete d a s a 
defaul t  rule .  Th e anteceden t  migh t  b e a  goo d predicto r  o f 
th e consequent ,  bu t  i t  i s  no t  logicall y sufficient ,  fo r  th e 
consequen t  m a y b e retracte d upo n learnin g somethin g els e 
(e.g. ,  Mar y doe s no t  hav e enoug h mone y fo r  th e movies) . 

Once w e ente r  th e real m o f  defaul t  o r  probabilisti c 
reasoning ,  i t  i s  unclea r  tha t  ou r  prepositiona l  model s wil l 
be appropriate .  Makin g thi s ste p move s u s towar d 
quantification ,  fo r  h o w ca n eve n level s o f  belie f  o r 
acceptabilit y  i n a  statemen t  b e derive d withou t  th e notio n 
tha t  som e variabl e i s instantiate d wit h som e probabilit y 
distribution ? I n Stevenso n an d Over' s (1995 )  task .  I f  Joh n 
goe s fishing ,  h e wil l  hav e a  fish  dinner .  Joh n i s (always , 
often ,  sometimes ,  rarely )  luck y whe n h e goe s fishing . 
Joh n goe s fishing,  subjects '  likelihoo d o f  concludin g Joh n 
wil l  hav e a  fis h dinne r  wa s a  functio n o f  th e conten t  o f  th e 
frequenc y leve l  mentione d i n th e second ,  syntacticall y 
unrelate d premise .  Stevenso n an d Ove r  propos e tha t  th e 
frcqucncy-of-luc k manipulatio n tell s subject s somethin g 
abou t  th e proportio n o f  world s i n whic h anteceden t  an d 
consequen t  co-occu r  vs .  thos e i n whic h the y d o not . 
John.son-Lair d (1994 )  ha s mad e simila r  suggestions ,  wit h a 
notio n o f  extendin g a  menta l  model s framewor k t o hav e 
probabilitie s attache d alternativ e models .  W e shoul d not e 

thre e point s tha t  ar e relevan t  t o thes e views .  First ,  thes e 
proposal s ar e consisten t  wit h renderin g p ^ q a s a  defaul t 
rule ,  on e tha t  (a t  best )  i s  tru e onl y mos t  o f  th e time . 
Second ,  anothe r  w a y o f  understandin g th e effec t  o f  th e 

frequency-of-luc k manipulatio n i s t o sa y tha t  i t  i s  a  clu e 
abou t  th e frequenc y wit h whic h disablin g event s an d 
condition s migh t  b e present ,  o r  necessar y event s an d 
condition s migh t  b e absent ,  suc h tha t  p  i s no t  sufficien t  t o 
conclud e q .  Bot h thes e point s ar e relate d t o a  las t  one , 
namel y tha t  t o appl y thi s perspectiv e w e mus t  interpre t 
thes e conditional s a s quantifyin g ove r  s o m e variable ,  a s i n 
Fo r  al l  event s i n whic h Joh n goe s fishing,  ther e i s anothe r 
even t  i n whic h Joh n ha s a  fis h dinner .  Thi s i s on e o f  thos e 

kin d o f  conditional s tha t  seem s t o hav e hidde n variable s i n 
it ,  an d th e frequency-of-luc k manipulatio n say s somethin g 
abou t  th e probabilit y  distribution s o f  thos e variables . 
Item s use d her e ca n b e interprete d similarly .  Intuitively ,  i t 
seems ou r  understandin g (indeed ,  ou r  endorsement )  o f  th e 
conditiona l  I f  Larr y pick s u p a  glas s wit h bar e hands ,  the n 
hi s fingerprints  ar e o n i t  stem s fro m ou r  belie f  i n 
somethin g lik e Fo r  al l  event s e  an d fo r  al l  person s p ,  i f 
ther e i s a  glass-picking-u p even t  (e )  don e b y perso n (p ) 
wit h bar e hands ,  the n person(p)' s fingerprint s wil l  b e o n 
th e glass .  O n e migh t  stil l  wis h t o argu e tha t  w e reaso n 
abou t  th e worl d "propositionally"—b y constructin g 
concret e model s o f  atomi c sentence s wit h assigne d trut h 
values .  However ,  i t  doe s no t  see m w e ca n identif y a  leve l 
of  belie f  o r  acceptabilit y  i n m a n y sort s o f  conditiona l 
statement s relevan t  t o real-worl d situation s withou t  ther e 
bein g a  representatio n o f  correspondin g universally -
quantifie d forms .  A n d thes e universally-quantifie d 
statements ,  i n turn ,  m a y b e defeasible .  T h e suppressio n o f 
logicall y vali d inference s m a y b e bes t  understoo d a s a n 
expressio n o f  defeasibl e reasoning ;  th e differen t 
experimenta l  manipulation s tha t  obtai n thi s suppression 
effec t  may ,  i n turn ,  b e understoo d a s indicatin g tha t  th e 
statemen t  bein g reasone d abou t  i s defeasible .  Differen t 
population s o f  reasoner s m a y no t  al l  demonsU-at e th e sam e 
pattern s o f  suppressio n effect s o n th e real-worl d conditiona l 
statements ,  becaus e thei r  differen t  backgroun d knowledg e 
inform s the m differentl y a s t o whethe r  o r  not  suc h 
statement s ar e defeasibl e (se e Cha n &  Chua ,  1994) . 

Sinc e i t  seem s tha t  ther e ar e ver y fe w simpl e 
conditional s tha t  accuratel y describ e th e rea l  worl d withou t 
th e additio n o f  comple x qualifications ,  aspect s o f  bot h 
endorsemen t  an d entrenchmen t  m a y b e bette r  viewe d a s 
assessin g h o w plausibl e i t  i s  tha t  thes e qualification s c o m e 
int o play :  "I f  p  an d unstate d assumption s ar e holding ,  the n 
q,  otherwis e ~q. "  Thi s perspective ,  however ,  present s a t 
leas t  tw o problem s a s w e conside r  a  proces s mode l  fo r  th e 
sor t  o f  reasonin g require d here .  O n e proble m i s wha t  I'l l 
cal l  th e Proble m o f  Infinit e Regress :  th e proces s tha t 
gather s evidenc e fo r  assessin g whethe r  p  i s sufficien t  fo r  q 
i n a  particula r  situatio n need s a  "stoppin g rule. "  A  secon d 
proble m i s specifyin g a n evaluatio n functio n tha t  return s 
on e o f  severa l  candidat e epislemi c state s a s th e mos t 
plausibl e on e t o mak e a  transitio n to .  I  hav e develope d 
thes e idea s mor e full y i n Eli o (1998 )  an d her e I  wil l  mak e 
remark s onl y abou t  th e secon d issu e here .  Suppos e tha t  I 
hav e generate d a  se t  o f  example s an d counterexample s tha t 
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ar e relevant  decidin g whethe r  p  i s  sufficien t  t o conclud e q 
i n th e curren t  situatio n (i.e. ,  den y p — > ^ ) ,  an d anothe r  se t 
of  example s relevan t  t o whethe r  I  ough t  jus t  t o chang e m y 
min d abou t  believin g p  i s  holdin g i n th e curren t  situatio n 

(den y p) .  Thes e imagine d situation s ar e onl y inpu t  fo r 
some evaluatio n functio n tha t  mus t  stil l  assig n a  metri c t o 

eac h candidat e epistemi c state ,  b y whic h on e emerge s a s 
th e "mos t  plausible. "  On e approac h i s t o assig n a  degree -

of-belie f  t o eac h possibl e contender ,  an d th e forma l 
semantic s fo r  derivin g degrees-of-belie f  fro m probabilitie s 
develope d b y Bacchu s e t  al .  (1992 )  ar e relevan t  here .  The y 
conside r  th e proble m o f  wha t  prio r  probabilit y  distributio n 
migh t  characteriz e thi s se t  o f  imagine d situations ,  an d the y 
not e tha t  a s lon g a s ther e i s  som e probabilit y  distribution , 
degrees-of-belie f  ca n b e generate d fro m statistica l 
informatio n usin g Bayesia n conditioning .  Thei r  simples t 
case—assumin g a  unifor m distribution—correspond s t o th e 
intuition s offere d b y Johnson-Lair d (1994 )  an d Stevenso n 
and Ove r  (1995) ,  w h o sugges t  tha t  a  degree-of-belie f  fo r 
p - ^  ca n b e compute d fro m th e proportio n o f  th e imagine d 
situation s i n which; ? an d q  ar e bot h tru e v .  thos e i n whic h 
p an d ~ q ar e true . 

However ,  w e shoul d no t  los e sigh t  o f  th e fac t  tha t  thes e 
imagine d situation s includ e othe r  man y predicate s beside s p 
and q ,  namel y th e predicate s whos e trut h valu e w e 
conjecture d i n orde r  t o conside r  whethe r  t o chang e ou r 
mind s abou t  acceptin g p  i s  sufficien t  fo r  q  \ .  p  i s  true . 
Thus ,  w e hav e t o wonde r  abou t  holisticall y assessin g th e 
plausibilit y o f  eac h entir e mode l  tha t  w e generat e a s a n 
exampl e o r  counterexampl e situation ,  becaus e eac h on e 
was generate d usin g abductiv e inference .  Ther e ar e alway s 
ver y m a n y suc h imaginar y situation s tha t  ca n serv e a s 
example s an d counterexample s t o a  se t  o f  formulas .  No t  al l 
ar e equall y plausible .  Ultimately ,  th e reasone r  mus t  settl e 
on som e particula r  mode l  o f  a  situation ,  s o tha t  furthe r 
inference s ca n b e draw n o r  action s ca n b e justified . 

Thi s underscore s th e nee d fo r  som e kin d o f  evaluatio n 
functio n o n th e candidat e model s bein g considered .  Her e 
to o a  fe w possibilitie s hav e bee n proposed .  Bot h Thagar d 
(1989 )  an d N g an d M o o n c y (1990 )  offe r  coherenc e metric s 
tha t  m a y serv e thi s function .  Anothe r  implicatio n o f  thes e 
consideration s i s  tha t  epistemi c entrenchmen t  an d 
endorsemen t  migh t  no t  b e bes t  conceptualize d a s a  featur e 
of  individua l  sentences ,  premises ,  o r  beliefs .  Instead ,  th e 
consideratio n o f  entailmen t  i n thes e realm s seem s mor e 
consisten t  wit h a  holisti c orderin g o i  hzWc i  set s rathe r  tha n 
sentences .  Thi s i s  becaus e a n agen t  mus t  generat e 
somethin g lik e "disablers "  o r  "cnablcrs '  a s trut h condition s 
tha t  coul d co-exis t  wit h th e anteceden t  unde r  consideration , 
i f  the y ar e t o hav e a n influenc e o n th e plausibilit y  assigne d 
t o continue d belie f  i n som e conclusion .  Eve n i f  w e asser t 
tha t  th e se t  o f  possibl e situationa l  model s a  reasone r 
generate s ha s a  unifor m probabilit y  distribution ,  eac h o f 
thos e entir e models—an d no t  jus t  a  singl e sentenc e unde r 
consideration—mus t  satisf y th e rcasoncr' s backgroun d 
knowledge .  Thu s w e m a y wis h t o thin k o f  bot h 
endorsemen t  a s wel l  a s entrenchmen t  a s a  holisti c propert y 
assigne d t o hcWcisets ,  an d no t  t o individua l  sentences . 

I t  i s  usefu l  t o remin d ourselve s tha t  notion s lik e 
entailmen t  an d dcrivabilit y ar c monotoni c an d an ; 

propertie s o f  logic .  Everyda y reasonin g i s likel y t o b e non -
monotonic .  W e nee d retractio n operator s o r  processe s fo r 
withdrawin g o r  modifyin g previousl y accepte d belief s a s 
par t  o f  a  broa d theor y o f  everyda y huma n inference . 
Explorin g belie f  revisio n i s a n importan t  avenu e fo r 
specifyin g th e scop e an d conten t  o f  suc h a  theory . 
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