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Abstrac t 

In this paper we report preliminary results on how people 
revis e o r  updat e a  previousl y hel d se t  o f  beliefs .  W h e n 
intelligen t  agent s lear n ne w thing s whic h conflic t  wit h 
thei r  curren t  belie f  set ,  the y mus t  revis e thei r  belie f  set . 
W h en th e ne w informatio n doe s no t  conflict ,  the y merel y 
must  updat e thei r  belie f  set .  Variou s A I  theorie s hav e bee n 
propose d t o achiev e thes e processes .  Ther e ar e tw o genera l 
dimension s alon g whic h thes e theorie s differ :  whethe r  the y 
ar e syntactic-base d o r  model-based ,  an d wha t  constitute s a 
minima l  chang e o f  beliefs .  Thi s stud y investigate s ho w 
peopl e updat e an d revis e semanticall y equivalen t  bu t 
syntacticall y distinc t  belie f  sets ,  bot h i n symbolic-logi c 
problem s an d i n quasi-real-worl d problems .  Result s 
indicat e tha t  syntacti c for m affect s belie f  revisio n choices . 
I n addition ,  fo r  th e symboli c problems ,  subject s updat e an d 
revis e semantically-equivalen t  belie f  set s identically , 
wherea s fo r  th e quasi-real-worl d problem s the y bot h updat e 
and revis e differently .  Further ,  contrar y t o earlie r  studies , 
subjec U ar e sometime s reluctan t  t o accep t  tha t  a  sentenc e 
change s fro m fals e t o true ,  bu t  the y ar e willin g t o accep t 
tha t  i t  woul d chang e fro m tru e t o false . 

Introduction 

As epistemic agents, both people (and intelligent machines) 
hol d a  se t  o f  belief s abou t  th e world ,  the y lear n ne w thing s 
abou t  th e world ,  an d sometime s c o m e t o recogniz e tha t  n e w 
informatio n conflict s wit h o r  extend s thei r  existin g belie f 
set .  W h e n n e w informatio n create s a n inconsistenc y wit h 
prio r  beliefs ,  rationa l  agent s woul d d o som e revisio n o f 
thei r  belie f  state .  Thi s revisio n involve s identifyin g whic h 
of  th e ol d an d n e w belief s clas h t o creat e th e inconsistency , 
decidin g whethe r  i n fac t  t o accep t  th e n e w information ,  and , 
i f  tha t  i s  th e choice ,  t o eliminat e certai n ol d belief s i n favo r 
of  th e n e w information .  Alternatively ,  n e w informatio n m a y 
not  creat e an y inconsistenc y wit h ol d informatio n a t  all .  I n 
thi s case ,  th e agen t  woul d d o a  belie f  stat e update—addin g 
n e w informatio n t o th e curren t  se t  o f  beliefs ,  alon g wit h 
whateve r  additiona l  alteration s thi s migh t  entail . 

Althoug h thi s i s a n intuitivel y attractiv e picture ,  th e 
"logic "  behin d th e belie f  revisio n pictur e i s neithe r  well -
understoo d no r  agreed-upon .  Belie f  revisio n a s portraye d 
abov e i s a n importan t  proble m fro m severa l  perspectives . 
For  example ,  on e are a o f  A I  researc h concern s th e develop -

ment  o f  knowledg e base s a s a  kin d o f  intelligen t  database : 
on e enter s informatio n int o th e knowledg e bas e an d th e 
knowledg e bas e itsel f  construct s an d store s th e consequence s 
of  thi s information ,  a  proces s whic h i s non-monotoni c i n 
natur e (i.e. ,  consequence s o f  previousl y believe d informatio n 
ar e abandoned) .  No t  onl y i s  thi s see n a s th e futur e o f 
traditiona l  databases ,  bu t  an y compute r  syste m tha t  call s fo r 
dynami c decisio n makin g ca n b e viewe d a s requirin g th e 
abilit y  t o revis e it s belief s concernin g th e stat e o f  th e world . 
M o r e generally ,  belie f  change—th e proces s b y whic h a 
rationa l  agen t  make s th e transitio n fro m on e belie f  stat e t o 
another—i s a n importan t  componen t  fo r  mos t  intelligen t 
activit y an d a s a  psychologica l  activit y i t  bear s o n issue s i n 
science ,  law ,  busines s decisio n theory ,  artificia l  intelligence , 
an d m a n y othe r  discipline s (Yates ,  1990 ;  Katsun o & 
Mendelson ,  1991 ;  GSrdenfor s &  Rott ,  1992) . 

F r o m th e curren t  A I  perspective ,  a  belie f  stat e i s 
represente d b y a  se t  o f  sentences ,  take n t o b e expresse d i n 
th e propositiona l  logic .  I n thi s language ,  sentenc e letter s (p , 
q,  r ,  etc. )  represen t  simple ,  atomi c sentences ;  mor e comple x 
sentence s ar e forme d b y usin g th e logica l  connective s -i ,  & , 
V,  -> ,  <- ^  (respectively ,  "not" ,  'and' ,  (inclusive )  'or' ,  'if -
then-' ,  'i f  an d onl y if) .  I f  a  sentenc e i s i n th e belie f  set , 
the n i t  i s  believe d an d it s negatio n i s disbelieved .  I f  th e 
negatio n o f  a  sentenc e i s i n th e belie f  set ,  the n th e negatio n 
i s believe d an d th e sentenc e i s disbelieved .  I f  neithe r  th e 
sentenc e no r  it s negatio n i s i n th e belie f  set ,  the n the y ar e 
uncertain—neithe r  believe d no r  disbelieved . 

Th e basi c ide a behin d th e A I  theorie s o f  belie f  revisio n 
i s tha t  on e trie s t o maintai n a s m u c h a s possibl e o f  th e 
earlie r  belie f  stat e whil e nonetheles s accommodatin g th e ne w 
information .  T h e initia l  wor k i n thi s are a wa s don e b y 
Alchourr6n ,  Gardenfors ,  &  Makinso n (1985 )  an d sinc e tha t 
time ,  variou s A I  belie f  revisio n theorie s hav e emerge d a s 
alternativ e proposal s abou t  h o w belie f  revisio n shoul d 
proceed .  Thes e theorie s diverg e o n tw o genera l  issues .  Th e 
fu-s t  concern s wha t  constitute s a  "minima l  change "  t o th e 
initia l  belie f  se t  (reviewe d i n Katsun o &  Mendelson ,  1991) . 
T h e secon d i s  m o r e basi c an d ha s m o r e profoun d 
implications :  th e distinctio n betwee n th e so-calle d syntax -
base d approache s an d th e semanti c (o r  model-based ) 
approaches .  I n a  syntax-base d approach ,  th e belie f  se t 
contain s jus t  thos e sentence s tha t  ar e explicitl y  believed ,  an d 
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Origina l  K B U d 

MP:  p^q.p. q 

MT:  p^q,~p,~ q 

BCR:  p<-H j 

BCD:  (p&q) v 
(~p &  ~q ) 

Notes :  M P =  modu s 
? =  undecide d abou t 

-<i 

p 

P 

p 

ponens ; MT 

1.  p-> q 

1.  p-4 q 

1.  p<-> q 

1.  p < ^ 

~p ~ q 

p q 

p q 

p q 

= modu s toUens ;  B C R = 

Revisio n Alternative s 

2.  ~{p-Hi )  - q ? p 

2.  ~(p->q )  p  ? q 

2.  ~(p<-Ki )  p  ^ 

2.  ~ ( p < - ^  p  ? q 

3.  ~(p-*q ) 

3.  ~ ( p - ^ 

3.  ?(p<-Ki ) 

3.  ? ( p < ^ 

p - q 

p -̂ i 

P ^ 

P ^ 

= biconditiona l  rul e form ;  BCD=biconditiona l  disjunctiv e form ; 

Figur e 1 :  Belie f  Updat e Proble m Se t 

contain s the m i n exactl y th e for m i n whic h the y ar e 
believed .  I t  doe s no t  contai n logica l  consequence s o f  wha t  i s 
believe d (unles s the y to o ar e explicitl y  believed) ,  no r  doe s i t 
necessaril y  contai n an y logicall y equivalen t  versio n o f  th e 
explicitly-believe d sentences .  Thus ,  exactl y wha t  syntacti c 
for m th e belie f  take s i s  important ,  becaus e tha t  i n tur n 
impact s wha t  constitute s a  "minima l  change "  durin g update . 
The semantic-base d approac h define s a  belie f  stat e t o b e wha t 
i s explicitl y  believe d togethe r  wit h al l  it s  logica l 
consequences .  Tha t  is ,  th e semanti c approac h talk s abou t  th e 
worl d tha t  i s describe d b y th e belief s an d t o wha t  ih e believe r 
i s logicall y committed .  I t  therefor e doe s no t  matte r  wha t 
precis e syntacti c for m an y particula r  belie f  sentenc e takes , 
fo r  i f  on e for m i s i n th e se t  the n al l  it s  logica l  equivalent s 
ar e too .  I t  seem s clea r  tha t  th e semanti c approac h involve s a 
certai n amoun t  o f  theoretica l  idealizatio n tha t  i s  no t  presen t 
i n th e syntacti c approach .  Ye t  it s basi c tenet—tha t  th e resul t 
of  a n updat e mus t  b e independen t  o f  h o w th e origina l 
knowledg e bas e wa s stated ,  a s wel l  a s independen t  o f  th e 
synta x o f  th e n e w informatio n itself—ha s bee n vigorousl y 
defende d (Dalai ,  1988 ;  Yates ,  1990 ;  Katsun o &  Mendelson , 
1991) .  Al l  tha t  i s  relevan t  i s h o w th e worl d is ,  o r  woul d be , 
i f  th e belief s wer e true . 

The alternativ e A I  theorie s o f  belie f  revisio n presen t  a 
startin g se t  o f  proposal s concernin g th e belie f  revisio n 
principle s a  rationa l  agen t  shoul d follow .  Ou r  genera l  goa l 
t o investigat e thes e an d othe r  alternativ e prescription s o f 
belie f  updat e an d revisio n i n people .  However ,  th e 

syntactic-vs.-mode l  base d distinction ^  i s s o fundamenta l  t o 
definin g wha t  th e ol d an d ne w belie f  state s actuall y  are ,  tha t 
any investigatio n o f  belie f  revisio n mus t  includ e a s it s 
startin g poin t  whethe r  an d t o wha t  exten t  th e syntacti c for m 
of  th e belie f  set s wil l  affec t  revisio n an d update .  Clearly , 
peopl e ar e finit e creature s an d thei r  attentio n spa n an d logica l 
abilitie s ar e i n fac t  quit e limited ;  s o th e semanti c approac h 
wit h it s inclusio n o f  al l  logica l  consequence s i n th e belie f 
stat e migh t  see m t o b e completel y unreasonabl e a s a n 
accoun t  o f  h o w peopl e actuall y behave .  Stil l  though ,  i t 

coul d tur n ou t  t o b e a  usefu l  mode l  i n s o m e hybri d for m 
(e.g. ,  "menta l  models, "  Johnson-Lair d &  Byrne ,  1990) ;  thi s 
i s a  matte r  ye t  t o b e investigated .  I n studyin g thi s issue ,  w e 
wis h t o k n o w whethe r  peopl e ar e insensitiv e t o th e synta x 
of  wha t  the y ar e attendin g (a s oppose d t o al l  syntax )  i n th e 
contex t  o f  integratin g n e w an d ol d information . 
Alternatively ,  i f  the y ar e sensitiv e t o syntax ,  h o w doe s i s 
thi s manifes t  i n belief-revisio n choices ? 

I n thi s paper ,  w e describ e a  portio n o f  a  large r  stud y o n 
belie f  revisio n tha t  addresse s th e issu e o f  syntacti c form . 
Bot h ou r  stud y an d mos t  A I  belie f  revision  theorie s presum e 
tha t  th e ne w informatio n i s t o b e incorporated .  Ther e i s a 
hug e literatur e indicatin g tha t  peopl e ar e i n genera l  ver y 
reluctan t  t o chang e thei r  curren t  belie f  sets ;  an d tha t  the y ar e 
m u ch mor e likel y t o reject ,  ignore ,  o r  reinterpre t  th e n e w 
informatio n whic h confUct s wit h thei r  curren t  belief s rathe r 
tha n attemp t  t o ad d i t  t o thei r  belief s an d m a k e th e necessar y 
adjustment s (Edwards ,  1968 ;  Einhor n &  Hogarth ,  1978 ; 
Ross &  Lepper ,  1980 ;  H o e n k a m p .  1988) .  Althoug h i t  i s 
tru e tha t  peopl e ar e reluctan t  t o engag e i n th e revision ,  ou r 
investigation s tak e a s a  startin g poin t  tha t  an y inerti a 
agains t  changin g a  behe f  se t  ha s bee n overcome . 

The Problem Set 

Figure 1 gives the schematic versions of the four problems 
we investigated :  m o d u s ponens ,  m o d u s tollens ,  an d tw o 
logically-equivalen t  form s o f  a  biconditional .  Ther e ha s 
bee n considerabl e researc h investigatin g logica l  reasonin g 
involvin g thes e type s o f  problem s (fo r  surveys ,  se e Rips , 
1990 ;  Johnson-Lair d &  Bryne ,  1991] .  However ,  thes e 
investigation s wer e no t  aime d a t  determinin g th e effec t  o f 
differen t  syntacti c form s give n th e tas k o f  belie f  revision — 
and i t  i s  tha t  conditio n w e wis h t o consider .  S o t o b e clear , 
our  ai m i n thi s i s no t  t o compar e reasonin g wit h m o d u s 
ponen s versu s modu s tollen s i n th e consisten t  case .  Tha t  ha s 
alread y bee n studie d thoroughly .  N o r  i s  i t  ou r  ai m t o argu e 
directl y  fo r  a  semantic-base d (model-based )  accoun t  o f  belief s 
vs .  a  syntactic-base d accoun t  o f  belief s i n th e abstract .  (I t 
seems tha t  th e simpl e fac t  tha t  th e robustnes s wit h whic h 

^  A  relate d distinctio n i s th e foundationalis t  vs .  coherentis t 
distinction .  Se e Furhma n (1991 )  an d Nebe l  1991) . 
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Origina l  K n o w l e d g e Base : 

Upda te : 

Revision #2 Believ e 
Disbeliev e 

Undecide d abou t 

S' s hav e A' s i f  an d onl y i f  S' s liav e B's . 
(Thi s mean s bot h thes e thing s ar e tru e a t  th e sam e time : 

I f  a n S  ha s A ,  the n a n S  ha s B .  I f  a n S  ha s B ,  the n a n S  ha s A. ) 

Lex is an S. Lex has A. 

Lex is an S. Lex has A. 
S' s hav e A' s i f  an d onl y i f  S' s hav e B's . 
Whethe r  Le x ha s B . 

Figur e 2 :  Biconditiona l  Rul e ( B C R )  Problem ,  Symboli c Conditio n 

m o d us tollen s i s s o m u c h mor e difficul t  fo r  peopl e t o 
perfor m tha n i s m o d u s ponen s show s tha t  a  full-fledge d 
theor y o f  model-base d belie f  state s canno t  hol d fo r  people. ) 

Our  first  tw o problem s presente d ne w informatio n tha t 
create d a n inconsistenc y wit h (a )  a  m o d u s ponen s 
knowledg e base ,  an d (b )  a  modu s tollen s knowledg e base . 
M o d us ponen s an d modu s tollen s ar e jus t  tw o differen t  side s 
of  th e sam e coi n whe n considere d strictl y fro m th e semanti c 
or  model-theoreti c poin t  o f  view :  the y diffe r  onl y i n thei r 
syntacti c expression .  Th e secon d tw o problem s involv e (a )  a 
biconditiona l  (p<-^q )  expresse d a s "i f  an d onl y if *  an d (b )  a 
biconditiona l  expresse d a s it s equivalen t  disjunction .  I n thes e 
tw o problems ,  th e n e w informatio n doe s no t  introduc e a n 
inconsistenc y an d henc e doe s no t  requir e a  revisio n t o th e 
origina l  belie f  set ,  bu t  rathe r  constitute s a n updat e t o th e 
belie f  set .  Sinc e th e tw o form s o f  th e biconditiona l  ar e 
logicall y equivalent ,  ther e shoul d b e n o differenc e i n th e 
update s i f  th e semanti c poin t  o f  vie w i s correc t 

Eac h proble m consiste d o f  a n origina l  knowledg e bas e 
or  belie f  set ,  a n update ,  an d the n thre e alternativ e theories . 
Th e tas k fo r  subject s wa s t o chos e on e o f  th e alternativ e 
theorie s a s thei r  preferre d revised/update d belie f  set .  (Fo r  thi s 
study ,  al l  alternativ e revisio n o r  updat e choice s requir e 
acceptanc e o f  th e updat e information ;  thi s wa s necessar y 
give n th e broade r  inten t  o f  th e study .  Curren t  studie s rela x 
thi s constrain t  i n th e choice s provide d t o subjects. ) 

M e t h o d 
St imulu s Se t 

Figur e 2  illustrate s mor e closel y th e actua l  conten t  o f  th e 
problem s tha t  subject s solved ,  showin g th e biconditional -
rul e for m proble m presente d unde r  wha t  w e calle d ou r 
symboli c conditio n (describe d i n greate r  detai l  below) ,  wit h 
on e o f  th e possibl e revisio n choices . 

I n th e problem s tha t  subject s solved ,  th e origina l 
knowledg e bas e wa s labele d a s "th e well-establishe d 
knowledg e a t  tim e 1. "  T h e updat e informatio n wa s 
introduce d wit h th e phrase ,  "B y tim e 2 ,  knowledg e ha d 
increase d t o includ e th e following. "  Eac h alternativ e belief -
set  revisio n wa s calle d a  "theory "  an d consiste d o f  statement s 
labele d "Believe" ,  "Disbelieve "  o r  "Undecide d About. "  A 
theor y coul d hav e statement s o f  al l  thes e types ,  o r  o f  jus t 
some o f  thes e types . 

Sinc e tha t  peopl e find  modu s tollen s mor e difficul t  t o 
perfor m tha n modu s ponens ,  thes e problem s include d th e 
correc t  conclusion s alread y draw n i n th e initia l  belie f  se t  (se e 
Fig .  1) .  Hence ,  subject s wer e no t  calle d upo n t o perfor m 
thes e inference s whe n constructin g th e origina l  knowledg e 
bas e whic h mus t  the n b e revised .  Fo r  th e biconditiona l  rule -
for m problem ,  subject s wer e als o tol d (a s par t  o f  th e origina l 
knowledg e base )  wha t  "i f  an d onl y i f  means ,  namel y tha t  i t 
means th e conjunctio n o f  th e tw o conditional s (se e Fig .  2) . 

For  th e modu s ponen s an d modu s tollen s problems ,  w e 
explicitl y  indicate d tha t  th e updat e knowledg e conflicte d 
wit h th e origina l  knowledge .  Fo r  th e tw o biconditiona l 
problems ,  th e proble m stated ,  "Th e increase d knowledg e a t 
tim e 2  doe s no t  conflic t  wit h th e initia l  knowledg e hel d a t 
tim e 1 .  However ,  ther e ar e alternativ e way s t o updat e th e 
initia l  knowledg e wit h th e increase d knowledge. " 

Design 

There was one between-subjects factor, namely the 
presentatio n for m o f  th e problem :  symboli c for m vs . 
science-fictio n form .  Figur e 2  illustrate s th e symboli c 
condition ,  whic h use d letter s an d nonsens e syllable s t o 
instantiat e th e basi c problems .  W e als o wante d a  problem -
presentatio n for m tha t  migh t  mitigat e th e exten t  t o whic h 
subject s shifte d int o "logica l  proble m solvin g mode "  an d 

Origina l  K n o w l e d g e 
Base : 

Upda te : 

Revision #3 Believ e 
DisbeUev e 

I f  a n ancien t  rui n ha s a  protectiv e forc e field,  the n i t  i s  inhabite d b y th e alien s calle d Pylons . 
The talles t  ancien t  rui n doe s no t  hav e a  protectiv e forc e field. 
The talles t  ancien t  rui n i s no t  inhabite d b y Pylons . 

The tallest ancient ruin has a protective force field. 

The tallest ancient ruin has a protective force field. 
I f  a n ancien t  rui n ha s a  protectiv e forc e field,  the n it' s  inhabite d b y th e alien s calle d Pylons . 
Th e talles t  ancien t  rui n i s inhabite d b y Pylons . 

Figur e 3 :  M o d u s Tollen s Problem ,  Scienc e Fictio n Conditio n 
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Tabl e 1 :  Proportion s o f  Selecte d Revision s fo r  Modu s Ponen s an d Modu s ToUen s 

Origina l  K B : 
Update : 

Revisio n Alternative s 

1 accept update, apply rule to determine other 

2 accept update, deny rule, uncertain about other 

3 accept update, deny rule, leave other unchanged 

Symbol 

.2 5 

.38 

.37 

Modus Ponen s Modu s Tollen s 

p ->q ,  p ,  q  p->q,~p,- q 
- q P 

Presentatio n Conditio n 

SciF i 

.1 4 

.29 

.57 

Svmbol 

.3 4 

.38 

.28 

_S£iE i 

.1 7 

.54 

.29 

migh t  constitut e a  mor e real-worl d o r  natural-languag e 
contex t  fo r  th e belie f  revisio n task .  However ,  w e di d no t 
want  t o ventur e ver y fa r  int o real-worl d knowledg e fo r  thi s 
initia l  study .  Science-fictio n cove r  storie s wa s ou r 
compromis e "real-world "  condition .  Figur e 3  show s th e 
conten t  o f  th e modu s tollen s proble m wit h on e o f  th e 
science-fictio n cove r  stories . 

Subjects 

One-hundred twenty subjects from the University of Alberta 
Psycholog y Deparunen t  subjec t  poo l  participate d i n th e 
study .  Equa l  number s o f  subject s wer e randoml y assigne d t o 
th e symbo l  o r  scienc e fictio n problem-presentatio n 
condition . 

Procedure 

Problems were presented in random order in booklet form; 
al l  subject s receive d al l  fou r  problems .  Th e orde r  o f 
alternativ e theorie s withi n th e answe r  sectio n o f  eac h 
proble m wa s counterbalance d acros s subjects .  Differen t 
scienc e fictio n cove r  storie s wer e create d an d appeare d i n 
equal  number s acros s th e fou r  problem s fo r  subject s i n th e 
science-fictio n condition .  Belo w ar e excerpt s fro m th e 
instruction ,  t o hel p clarif y ho w w e presente d thi s tas k t o ou r 
subjects : 

"....The first part of the problem gives an initial set of 
knowledg e tha t  wa s tru e an d well-establishe d a t  tim e 
1 (tha t  is ,  som e poin t  i n time) .  Ther e wer e n o 
mistake s a t  tha t  time .  Th e secon d par t  o f  th e proble m 
present s additiona l  knowledg e abou t  th e worl d tha t  ha s 
come t o ligh t  a t  tim e 2  (som e late r  time) .  Thi s 
knowledg e i s als o tru e an d well-established... .  Th e 

worl d i s stil l  th e sam e bu t  wha t  ha s happene d i s tha t 
knowledg e abou t  th e worl d ha s increase d Afte r  th e 
additiona l  knowledg e i s presented ,  th e proble m give s 
tw o o r  mor e possibl e "theories "  tha t  reconcil e th e 
initia l  knowledg e an d th e additiona l  knowledge . 

....You r  tas k i s t o conside r  th e tim e 1  an d tim e 2 
knowledge ,  an d the n selec t  th e theor y tha t  yo u thin k i s 
th e correc t  wa y t o reconcil e al l  th e knowledge....Th e 
tim e 2  informatio n shoul d no t  necessar y jus t  "replace " 
th e tim e 1  knowledge .  I t  i s  no t  mor e reliabl e o r 
trustworth y tha n th e tim e 1  facts .  O n th e othe r  hand , 
tim e 1  knowledg e i s no t  necessaril y  th e informatio n t o 
keep .  Yo u wan t  t o fin d th e bes t  balanc e betwee n th e 
initia l  informatio n an d th e ne w information.... " 

Results 

We converted the subject data into the proportions for which 
eac h revisio n alternativ e wa s selected ;  unde r  thi s scheme , 
revision-alternativ e become s anothe r  factor .  Tabl e 1  give s 

thes e proportion s fo r  th e modu s ponen s an d modu s tollen s 
problems .  I n Tabl e 1 ,  w e hav e describe d th e revisio n 
alternative s i n a  mor e genera l  way :  fro m Figur e 1 ,  i t  i s 
clea r  tha t  th e thre e belie f  revisio n alternative s fo r  modu s 
tollen s an d modu s ponen s hav e a  certai n symmetry ,  eve n 
thoug h th e actua l  detail s o f  eac h revisio n ar e necessaril y 
different .  Unde r  revisio n 1 ,  th e rul e i s applie d t o revis e th e 
trut h statu s o f  th e componen t  no t  mentione d i n th e update . 
I n Tabl e 1 ,  w e cal l  thi s unmentione d componen t  "other. " 
For  th e modu s ponen s problem ,  th e updat e mention s p \  an d 
q i s "th e other. "  Fo r  th e modu s tollen s problem ,  th e updat e 
mention s q ;  an d p  i s "th e other. "  Unde r  revisio n 2  fo r  bot h 
problems ,  th e rul e i s denied ,  an d th e statu s o f  th e othe r 
componen t  i s uncertain .  Unde r  revisio n 3 ,  th e rul e i s denie d 
and th e othe r  componen t  retain s whateve r  trut h valu e i t  ha d 
i n th e origina l  knowledg e base . 

For  th e dat a presente d i n Tabl e 1 ,  ther e wa s a  mai n 
effec t  fo r  revisio n alternativ e (F(2 ,  234 )  =  6.35 ,  p  =  .002) . 
an interactio n betwee n presentatio n mod e an d revisio n 
alternativ e tha t  approache d significanc e ( F (2 ,  234 )  =  2.69 ,  p 
= .06) ,  a  significan t  interactio n betwee n proble m typ e an d 
revisio n choic e (F(2 ,  234 )  =  5.78 ,  p  =  .003) ,  an d a 
marginall y significan t  interactio n betwee n presentatio n 
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Tabl e 2 :  Proportion s o f  Updat e Choice s fo r  Equivalen t  Form s o f  Bicondition s 

Origina l  K B : 
Update : 

Updat g Altemativg s 

1. Believe: biconditional, p, q 

2. Bebeve: p Disbelieve: biconditional Uncertain: q 

3. Believe: p Uncertain: biconditional, q 

Rul g For m 
( p i f  an d onl y i f  q ) 

P 

Disjunctiv e For m 

( p & q ) v ( ~ p & - < i ) 

P 

Presentatio n Conditio n 

Svmbol SciFi MSflO. Symbol StiEi Msaa 

.6 8 

.1 0 

.2 2 

.7 0 

.1 4 

.1 7 

.6 9 

.1 2 

.1 9 

.6 0 

.1 2 

.2 8 

.4 4 

.1 5 

.4 1 

.5 2 

.1 4 

.3 4 

mode,  proble m type ,  an d revisio n alternativ e (F(2 ,  234 )  = 

2.91 ,  p  =  .056) .  2  Symbo l  conditio n subject s gav e th e 
same respons e patter n acros s th e tw o logically-equivalen t 
problem s an d paire d comparison s reveale d n o significan t 
difference s i n th e proportion s give n eithe r  withi n o r  acros s 

problems .  ̂  However ,  th e proportio n o f  science-fictio n 
revision- 3 choice s fo r  m o d u s ponen s (0.57 )  wa s 
significantl y differen t  from  th e proportio n o f  revision- 1 
choice s (0.14) .  Fo r  modu s tollens ,  thi s patter n shifted :  th e 
proportio n o f  revision- 2 choice s (0.54 )  wa s significantl y 
highe r  tha n th e proportio n o f  revisio n 1  choice s (0.17 )  an d 
als o highe r  tha n th e proportio n o f  revision- 1 choice s fo r  th e 
modus ponen s proble m (0.29) .  Basically ,  science-fictio n 
subject s electe d t o chang e th e statu s o f  th e unmentione d 
componen t  (q )  from  'false '  t o 'uncertain '  fo r  modu s tollen s 
( a maxima l  chang e o n th e origina l  knowledg e base) .  Fo r 
modus ponens ,  th e unmentione d componen t  (p )  wa s tru e i n 
th e origina l  knowledg e bas e an d science-fictio n subject s 
preferre d t o leav e it s trut h statu s alone . 

Tabl e 2  present s th e proportion s o f  updat e alternative s 
fo r  th e tw o form s o f  biconditional .  Ther e wa s a  mai n effec t 
fo r  updat e alternative :  whe n th e ne w knowledg e indicate d 
tha t  p  wa s true ,  mos t  subject s applie d th e biconditiona l  rul e 
t o asser t  tha t  q  wa s als o tru e (alternativ e 1) .  Thi s effec y wa s 
qualifie d b y a n interactio n wit h proble m form :  th e 
proportio n o f  updat e 1  choice s (applyin g th e biconditiona l 
t o conclud e q  i s als o true )  wa s lowe r  i n th e disjunctiv e cas e 
tha n i n th e rul e form ,  whil e th e proportio n o f  updat e 3 
choice s (acceptin g th e updat e bu t  changin g th e biconditiona l 
from  'true '  t o uncertain' )  wa s nearl y twic e a s larg e i n th e 
disjunctiv e for m tha n i n th e rul e for m ( f  (2.0 ,  234)=7.51 ,  p 
< .001) .  Paire d comparison s indicate d tha t  th e proportio n o f 
update- 1 choice s wa s significantl y lowe r  i n th e disjunctiv e 

^  Thes e dat a ar e interva l  data ,  i.e. ,  answer s fallin g int o on e o f 
thre e revisio n choices .  A N O VA assume s tha t  dat a ar e normall y 
distributed ,  a  questionabl e assumptio n i n thi s case .  Subsequen t 
log-linea r  analyse s wil l  tes t  specifi c  component s o f  th e mode l 
indicate d b y th e A N O V A. 
•̂ Paired-comparison s ar e base d o n Neuman-Keul s tests ,  p  <  .05 . 

cas e tha t  i n th e rule-for m cas e (0.5 2 v .  0.69) ;  th e proportio n 
of  update- 3 choice s wa s highe r  i n th e disjunctiv e cas e tha n 
i n th e rul e cas e (0.3 5 vs .  0.19) .  I n addition ,  th e update- 3 
proportio n (0.35 )  wa s significantl y highe r  tha n th e update- 2 
is-oportio n (0.14 )  unde r  th e disjunctiv e for m o f  problem ,  bu t 
th e correspondin g mean s fo r  th e rule-for m wer e no t 
significantl y different .  Essentially ,  o n disjunctive-for m 
problems ,  subject s shifte d fro m applyin g th e biconditiona l 
(i.e. ,  update- 1 assert s q  i s tru e upo n learnin g that p i s true ) 
t o labelin g bot h th e biconditiona l  an d q  a s uncertain .  Thi s 
interactio n i s mostl y du e t o a  shif t  i n choice s i n th e science -
fiction  condition ,  althoug h th e impac t  o f  thi s facto r  wa s no t 
statisticall y significant . 

Discussion 

We have a number of interesting findings. First, for the 
modus ponen s an d modu s tollen s cases ,  i t  wa s interestin g 
tha t  th e syntacti c for m o f  thes e logicall y equivalen t 
problem s di d no t  impac t  th e choice s whe n presente d i n thei r 
symbolic-form .  Thi s i s contrar y t o wha t  on e migh t  expect , 
give n prio r  result s tha t  peopl e hav e mor e difficult y o n 
modus tollen s tha n wit h modu s ponen s (Johnson-Lair d & 
Byrne ,  1991) .  (Thi s ma y b e a  featur e o f  th e belief-revisio n 
proces s w e investigate d her e versu s th e deductiv e problem -
solvin g focu s o f  othe r  studie s o n thes e problems. )  Second , 
syntacti c for m di d affec t  revision s choice s fo r  ou r  quasi-rea l 
worl d problems :  science-fictio n subject s chos e a  maxima l 
chang e t o th e initia l  knowledg e bas e t o accommodat e th e 
ne w informatio n o n th e modu s tollen s problems ,  bu t  no t  o n 
th e modu s ponen s problems .  Fo r  modu s ponens ,  th e trut h 
statu s o f  th e ite m unmentione d a t  updat e tim e wa s retaine d 
from  th e origina l  belie f  set ;  fo r  modu s tollens ,  th e statu s o f 
th e unmentione d ite m wa s altered .  I n th e modu s ponen s 
case ,  th e origina l  statu s o f  thi s unmentione d componen t  {p ) 
was tru e and  i n th e modu s tollen s case ,  th e origina l  statu s o f 
th e unmentione d componen t  (q )  wa s false .  Thi s ma y reflec t  a 
preferenc e t o retai n positiv e (true )  statement s or ,  i n lie u o f 
that ,  t o creat e somethin g mor e positiv e (shiftin g a  negativ e 
t o a n uncertain) .  Bu t  wh y woul d thi s occu r  unde r  science -
fiction  storie s an d no t  unde r  symbo l  form ? Anothe r 
interpretatio n i s that ,  unde r  quasi-rea l  worl d scenarios ,  th e 
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i p — > q )  relation  migh t  b e interprete d no t  a s a  logica l 
relation ,  bu t  a s somethin g close r  t o a  causa l  relatio n 
betwee n p  an d q .  Fo r  th e modu s toUen s case ,  th e origina l 
K B make s sens e a s a n explanatio n o f  wh y q  woul d b e fals e 
(it s onl y apparen t  cause ,  p ,  i s  false) .  Th e updat e tha i  ̂ ' s 
onl y apparen t  caus e ha s becom e tru e make s suspec t  th e 
initia l  "explanation "  o f  '̂ s  origina l  falsity .  Hence ,  it s 
statu s i n th e worl d i s no w uncertain .  Fo r  modu s ponens ,  on e 
can mak e a  mor e minima l  chang e b y simpl y denyin g th e 
"causal "  relation  betwee n p  an d q ,  an d retaining  p  a s true . 
Findin g thi s patter n onl y fo r  ou r  science-fictio n subject s 
underscore s ho w thinkin g abou t  real-world  relation s ma y 
bia s th e kind s o f  update s peopl e ar e incline d t o d o unde r  real -
worl d conditions . 

The secon d importan t  resul t  wa s tha t  synta x affecte d 
belief-se t  update s fo r  logicall y equivalen t  form s o f 
biconditionals .  I n th e rul e for m (p*->q) ,  al l  subject s applie d 
th e rul e upo n learnin g tha t  p  i s  true ,  addin g q  t o thei r  belie f 
set .  Bu t  whe n th e relatio n wa s state d a s a  disjunct ,  th e 
updat e choice s shifte d t o bein g uncertai n abou t  th e 
biconditiona l  relatio n an d als o abou t  th e unmentione d 
componen t  q .  Th e proportion s i n Tabl e 2  sho w tha t  thi s 
resul t  wa s du e mostl y t o a  shif t  amongs t  th e science-fictio n 
subjects .  Disjunct s ar e certainl y mor e difficul t  fo r  subject s 
t o understan d (Johnson-Lair d &  Byrne ,  1991 )  an d subject s 
may incorrectl y thin k tha t  th e entir e relatio n (rathe r  tha n on e 
disjunc t  o r  th e other )  i s  someho w suppose d t o hold , 
particularl y i n quasi-rea l  worl d scenarios .  Thei r  preferenc e t o 
deny th e biconditiona l  coul d b e du e t o th e fac t  the y receive d 
no explici t  informatio n abou t  q  (onl y abou t  p )  a t  updat e 
time .  I f  the y believ e tha t  th e entir e disjunc t  mus t  hold ,  the n 
not  receivin g explici t  evidenc e abou t  q  alon g wit h p  ma y 
see m fish y t o them ,  particularl y unde r  a  real-worl d 
scenario...despit e th e fac t  tha t  the y hav e implici t 
informatio n abou t  q .  Th e not-strictly-logica l  approac h t o 
knowledg e updat e an d revisio n foun d her e ma y b e consisten t 
wit h an d exten d th e notio n o f  pragmati c reasonin g schemas , 
propose d b y Chen g e t  a l  (1986 )  fo r  deductiv e proble m 
solving . 

Thes e preliminar y result s o n pattern s o f  belief-revisio n 
choices ,  give n thes e type s o f  problem s a s th e "origina l 
knowledg e base, "  constitut e a n importan t  extensio n t o ou r 
understandin g o f  ho w peopl e reason .  The y se t  th e stag e fo r 
understandin g th e principle s b y whic h peopl e modif y a  se t  o f 
beliefs .  Mor e directly ,  th e effect s o f  syntacti c for m an d real -
worl d scenario s se t  th e stag e fo r  understandin g an d perhap s 
questionin g th e premis e o f  "minima l  change "  o n a  prio r  se t 
of  belief s a s ne w informatio n become s available . 
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