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Abstrac t 

An experiment is reported in which participants were asked 
t o recor d ho w confiden t  the y fel t  abou t  th e correctnes s o f 
thei r  response s a s the y assesse d th e validit y o f  deductiv e 
argument s whos e conclusion s varie d i n prio r  believability . 
The result s showe d tha t  participant s wer e mor e confiden t  o f 
thei r  response s t o vali d problem s tha n invali d problem s 
irrespectiv e o f  believabilit y  status ,  providin g suppor t  fo r  th e 
ide a tha t  invali d problem s ar e mor e demandin g t o proces s 
tha n vali d problems .  Effect s o f  belief ,  logi c o n conclusio n 
acceptanc e rate s an d a  logicxbelie f  interactio n ar e als o 
demonstrated ,  an d evidenc e i s provide d t o sugges t  tha t  belie f 
bia s principall y reflect s a  tendenc y t o rejec t  unbelievabl e 
arguments .  A  theor y i s propose d i n whic h belie f  bia s effect s 
ar e accounte d fo r  b y th e variation s i n th e processin g demand s 
of  vali d an d invali d syllogisms . 

General Introduction 

Firs t  devise d b y Aristotle ,  th e syllogis m i s on e o f  severa l 
reasonin g problem s use d b y psychologist s w h e n 
investigatin g deductiv e reasonin g performance .  Althoug h i t 
w as onc e believe d tha t  syllogisti c reasoning  forme d th e 
basi s o f  al l  rationa l  though t  (se e Evans ,  Newstea d &  Byrne , 
1993) ,  real-worl d example s o f  reasonin g problem s whos e 
underlyin g structure s resembl e th e syllogis m ar e har d t o 
find .  Instead ,  th e syllogis m i s perhap s bes t  characterize d a s 
a usefu l  too l  fo r  us e i n th e experimenta l  stud y o f  deduction . 
T h e followin g i s a n exampl e o f  th e typ e o f  syllogis m 
typicall y use d i n reasonin g experiments : 

No politicians are drinkers 
Al l  drinker s ar e judge s 
Therefore , 
S o me judge s ar e no t  politician s 

As can be seen, a syllogism has two premises and a 
conclusion .  Th e premise s featur e thre e term s (politicians , 
drinkers ,  an d judge s i n th e abov e example) .  Ther e ar e tw o 
"en d terms '  (judge s an d politicians )  an d a  'middl e term ' 
(drinkers) .  T h e item s feature d withi n a  syllogis m ca n b e 
letter s o f  th e alphabe t  (abstrac t  content )  o r  an y word s tha t 
refe r  t o set s o f  individual s o r  object s (realisti c o r  themati c 
content) .  Participant s i n syllogisti c reasoning  experiment s 
ar e require d either :  (1 )  t o produc e thei r  o w n vali d 
conclusion s (one s tha t  lin k togethe r  an d describ e th e logica l 

relationshi p o f  th e tw o en d term s t o on e anothe r  i n a  w a y 
tha t  i s necessaril y  tru e give n tha t  th e premise s ar e true) ;  o r 
els e (2 )  evaluat e th e validit y o f  presente d conclusions . 

Traditionally ,  fou r  differen t  quantifier s ar e feature d 
withi n th e premise s an d conclusion s o f  English-languag e 
syllogisms .  Thes e are :  all ,  n o (o r  none) ,  some ,  an d 
some...ar e not .  Conventionall y thes e quantifier s ar e referre d 
t o b y letter s o f  th e alphabet :  al l  =  A ,  n o =  E ,  som e =  I , 
some...ar e no t  =  O .  I t  shoul d b e note d tha t  a  logician' s 
defmitio n o f  th e quantifie r  som e is :  'A t  leas t  on e an d 
possibl y air . 

Th e mai n ai m o f  researc h int o syllogisti c reasonin g ha s 
bee n t o identif y th e factor s tha t  contribut e t o th e variation s 
i n difficult y betwee n differen t  proble m types .  I t  ha s bee n 
foun d tha t  logica l  error s m a d e b y participant s carryin g ou t 
syllogisti c reasoning  task s ar e no t  rando m (se e Evan s e t  al . 
199 3 fo r  a  recen t  review) .  Instead ,  th e difficult y o f  abstrac t 
syllogism s ha s bee n foun d t o var y accordin g t o tw o mai n 
factors :  (1 )  th e arrangemen t  o f  th e thre e term s withi n th e 
tw o premise s -  thi s facto r  i s  terme d figure;  an d (2 )  th e 
differen t  combination s o f  quantifier s tha t  m a y b e feature d 
withi n syllogism s -  thi s facto r  i s  terme d mood . 

I n additio n t o th e effect s o f  m o o d an d figure ,  th e effec t  o f 
themati c conten t  upo n syllogisti c inference s ha s bee n a  ke y 
focu s o f  interest .  Studie s hav e reveale d tha t  peopl e ar e 
affecte d b y belief s an d prio r  knowledg e w h e n the y judg e 
whethe r  a  putativ e conclusio n follow s fro m presente d 
premise s (see ,  fo r  example ,  G a m h a m &  Oakhill ,  1994 ,  fo r  a 
review) .  Ther e ar e i n fac t  thre e basi c finding s tha t  deriv e 
fro m studie s of'belie f  bias '  whic h manipulat e th e validit y o f 
presente d argument s alongsid e th e believabilit y o f  give n 
conclusion s (c f  Evan s e t  al. ,  1993) .  First ,  believabl e 
conclusion s ar e mor e readil y accepte d tha n unbelievabl e 
ones .  Second ,  logicall y vali d conclusion s ar e mor e readil y 
accepte d tha n invali d ones .  Third ,  ther e i s a n interactio n 
betwee n logica l  validit y an d believabilit y  suc h tha t  th e 
effect s o f  believabilit y  ar e stronge r  o n syllogism s leadin g t o 
invali d conclusion s tha n o n thos e leadin g t o vali d 
conclusions .  I n essence ,  peopl e see m greatl y mor e incline d 
t o rejec t  invalid-unbelievabl e argument s tha n invalid -
believabl e ones .  A  goo d illustratio n o f  thi s interactio n an d 
th e basi c belie f  bia s effec t  i s  show n i n Tabl e 1  fro m dat a 
produce d b y Evans ,  Barsto n an d Pollar d (1983) . 

Th e finding s o f  belie f  bia s researc h sugges t  tha t  i n real -
worl d situation s w e m a y no t  alway s dra w conclusion s o r 
bas e ou r  decision s upo n vali d logica l  arguments ,  bu t  instea d 
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Tabl e 1 :  Overal l  M e a n Percentag e Frequenc y o f  Acceptanc e 
of  Conclusion s a s a  Functio n o f  Logica l  Validit y an d 

Believabilit y  i n th e Stud y o f  Evan s e t  al .  (1983 ) 
(take n from  Evan s e t  a l  1993 ,  p.245 ) 

Vali d 
Invali d 

Mean 

Believabl e 

89 
71 

80 

Unbelievabl e 

56 
10 

33 

Mean 

72 
40 

upo n th e a  prior i  believabilit y  o f  th e informatio n availabl e 
t o us .  I t  i s no t  difficul t  t o comprehen d h o w suc h a  behavio r 
migh t  hav e develope d i n human s fo r  reason s o f  cognitiv e 
economy ,  an d h o w i t  migh t  b e a n effectiv e strateg y mos t  o f 
th e tim e (se e Evan s &  Over ,  1996 ,  fo r  relevan t  arguments) . 
However ,  th e possibilit y  tha t  thi s behavio r  m a y resul t  i n th e 
drawin g o f  erroneou s an d seemingl y irrationa l  conclusion s 
raise s a  numbe r  o f  interestin g an d importan t  question s 
whic h hav e forme d th e focu s o f  researc h int o belie f  bias . 
For  example ,  unde r  wha t  condition s d o w e reaso n logicall y 
and apparentl y ignor e believability ,  an d unde r  wha t 
condition s d o w e not ? Also ,  doe s th e believabilit y  o f  a 
putativ e conclusio n determin e whethe r  w e tes t  a  logica l 
argument ,  o r  doe s succes s i n evaluatin g a  logica l  argumen t 
determin e whethe r  w e respon d i n accordanc e wit h belief ? 

Thi s pape r  wil l  procee d wit h a  brie f  revie w an d 
evaluatio n o f  thre e curren t  theoretica l  explanation s fo r 
belie f  bia s effects .  Fro m thi s revie w i t  wil l  b e conclude d 
tha t  th e accoun t  offere d b y th e menta l  model s theor y (e.g. , 
Johnson-Lair d &  Byrne ,  1991 )  ha s th e greates t  amoun t  o f 
empirica l  support ,  althoug h thi s explanatio n fall s  dow n wit h 
th e additio n o f  a d ho c assumption s tha t  hav e bee n propose d 
t o explai n unpredicte d findings.  I t  wil l  b e argue d tha t  ther e 
i s scop e fo r  alternativ e menta l  model s account s o f  belie f 
bia s whic h explicitl y  conside r  th e notio n o f  workin g 
memory capacit y limitations .  Althoug h centra l  t o th e menta l 
model s explanatio n o f  deductiv e competence ,  thi s notio n i s 
curiousl y overlooke d i n th e existin g menta l  model s accoun t 
of  belie f  bias . 

Next ,  an  experimen t  wil l  b e reporte d i n whic h subjectiv e 
confidenc e i n th e correctnes s o f  syllogisti c inference s wa s 
measure d i n orde r  t o tes t  th e ide a o f  a  processin g distinctio n 
betwee n vali d an d invali d arguments .  Th e dat a presente d 
sho w h o w participant s wer e mor e confiden t  o f  th e 
correctnes s o f  thei r  response s t o vali d problem s tha n invali d 
problems ,  thu s providin g suppor t  fo r  thi s distinction .  A n 
exampl e o f  th e thre e mai n findings  o f  belie f  bia s researc h i s 
als o provided ,  a s wel l  a s evidenc e t o sugges t  tha t  belie f  bia s 
principall y reflect s a  tendenc y t o rejec t  unbelievabl e 
argument s rathe r  tha n a  tendenc y t o accep t  believabl e one s 
(c f  Evan s &  Pollard ,  1990) .  Base d upo n th e suggeste d 
valid-invali d processin g distinction ,  plu s th e empirica l 
suppor t  gaine d fo r  thi s notio n i n th e reporte d experiment ,  a 
ne w theor y o f  belie f  bia s wil l  the n b e proposed . 

T h r e e Theorie s o f  belie f  bia s 

Over  th e pas t  decade ,  thre e mai n theorie s hav e bee n 
propose d i n orde r  t o accoun t  fo r  th e belie f  bia s effec t  an d 
th e interactio n betwee n belie f  an d logica l  validity :  (1 )  th e 
selectiv e scrutin y mode l  (Barston ,  1986 ;  Evans ,  1989) ;  (2 ) 
th e misinterprete d necessit y mode l  (Evan s e t  al. ,  1983 ; 
Evans ,  1989) ;  an d (3 )  th e menta l  model s accoun t  (e.g. , 
Oakhil l  &  Johnson-Laird ,  1985 ;  Oakhil l  &  G a m h a m, 
1993) . 

Each o f  th e thre e account s place s th e locu s o f  th e belie f 
bia s effec t  a t  a  differen t  poin t  i n th e reasonin g process .  Th e 
selectiv e scrutin y mode l  place s belie f  bia s a t  a  poin t  befor e 
any logica l  reasonin g take s place .  Accordin g t o thi s model , 
reasoner s accep t  believabl e conclusion s an d onl y g o o n t o 
reaso n logicall y wit h unbelievabl e ones .  Th e misinterprete d 
necessit y mode l  i s base d o n th e assumptio n tha t  reasoner s 
hav e a  fragile  understandin g o f  th e principl e o f  logica l 
necessity ,  an d place s th e locu s o f  th e belie f  bia s effec t  a t  a 
poin t  afte r  a n attemp t  a t  logica l  reasonin g ha s failed .  I n thi s 
model ,  peopl e attemp t  t o reason ,  bu t  w h e n a  conclusio n i s 
indeterminatel y invalid ,  i.e .  th e conclusio n migh t  possibl y 
be tru e bu t  i s no t  necessaril y  true ,  the y bas e thei r  respons e 
on th e believabilit y  o f  th e conclusion .  Th e menta l  model s 
accoun t  place s th e locu s o f  th e belie f  bia s effec t 
immediatel y afte r  a n initia l  menta l  mode l  o f  a  syllogism' s 
premise s ha s bee n constructed .  A t  thi s pomt ,  reasoner s ar e 
motivate d t o accep t  believabl e conclusions ,  an d onl y g o o n 
t o construc t  alternativ e (an d potentiall y  falsifying )  model s 
of  th e premise s i f  a  conclusio n i s unbelievable . 

The thre e account s o f  belie f  bia s var y i n term s o f  wha t 
aspect s o f  th e belie f  bia s effec t  the y successftill y  explai n 
and wha t  prediction s the y make .  Th e selectiv e scrutin y 
model  explain s th e effec t  o f  belie f  an d th e logicxbelie f 
interaction ,  bu t  canno t  explai n th e effec t  o f  logica l  validit y 
on believabl e conclusions .  Th e misinterprete d necessit y 
model  readil y explain s th e logicxbelie f  interaction .  Thi s 
theor y als o explain s h o w th e interactio n i s exhibite d wit h 
indeterminatel y invali d syllogisms ,  bu t  disappear s w h e n 
determinatel y invali d conclusion s ar e presente d (Newstead , 
Pollard ,  Evan s &  Allen ,  1992) .  However ,  thi s mode l  doe s 
not  explai n h o w th e effec t  o f  belie f  i s  exhibite d wit h 
syllogism s othe r  tha n thos e whic h lea d t o indeterminatel y 
invali d conclusions . 

A numbe r  o f  systemati c manipulation s hav e lea d t o a 
goo d degre e o f  suppor t  fo r  th e menta l  model s accoun t  (cf. , 
Evan s &  Over ,  1996) .  Still ,  a  numbe r  o f  unsatisfactor y 
element s remai n withi n thi s accoun t  (e.g. ,  th e notio n o f 
'conclusio n filtering'  a s a n explanatio n o f  belie f  effect s o n 
one-mode l  syllogisms) .  I t  i s  maintaine d tha t  whils t  th e 
framework  offere d b y th e menta l  model s theor y i s a 
valuabl e one ,  ther e i s scop e fo r  alternativ e menta l  model s 
account s o f  belie f  bias . 

A Processing Distinction Between Valid and 
Invali d Mu l t ip le -Mode l  Syllogism s 

The notio n o f  limite d workin g m e m o r y capacit y an d h o w 
thi s facto r  impact s upo n ou r  abilit y  t o construc t  adequat e 
proble m representation s tha t  sho w a  putativ e conclusio n t o 
be tru e o r  untru e i s cenfra l  t o th e menta l  model s theor y o f 
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syllogisti c reasonin g (e.g .  se e Johnson-Lair d &  Byrne , 
1991) ,  Thi s theor y state s tha t  peopl e begi n reasonin g wit h 
syllogism s b y constructin g a  menta l  mode l  i n whic h th e 
m i n i m u m amoun t  o f  informatio n concernin g th e logica l 
relationship s betwee n th e term s i n th e premise s i s mad e 
explicit .  Putativ e conclusion s tha t  ar e tru e i n thi s mode l  ar e 
teste d agains t  'fleshe d out '  menta l  model s tha t  mak e mor e o f 
thi s informatio n explicit .  I f  a  falsifyin g mode l  canno t  b e 
constructed ,  the n th e conclusio n i s valid ,  otherwise ,  th e 
conclusio n i s invalid .  Syllogism s tha t  requir e th e 
consideratio n o f  mor e tha n on e menta l  mode l  i n orde r  t o tes t 
a conclusio n ('multiple-model '  syllogisms )  plac e grea t 
demands o n workin g m e m o r y resources .  Thes e syllogisms , 
therefore ,  ar e mor e difficul t  tha n syllogism s requirin g a 
singl e mode l  t o b e considere d ('one-model '  syllogisms)(se e 
Johnson-Lair d &  Bara ,  1984) . 

Th e menta l  model s accoun t  o f  belie f  bia s distinguishe s 
betwee n th e wa y i n whic h one-mode l  syllogism s an d 
multiple-mode l  syllogism s ar e mentall y processed ,  makin g 
differen t  belie f  bia s prediction s fo r  each .  However ,  thi s 
theor y doe s no t  conside r  th e varyin g processin g demand s 
tha t  differen t  multiple-mode l  syllogism s plac e upo n workin g 
m e m o ry resource s an d h o w thi s facto r  migh t  contribut e t o 
th e belie f  bia s effec t  an d th e widel y reporte d logicxbelie f 
interaction .  I t  i s  argue d tha t  a  clea r  distinctio n exist s betwee n 
th e processin g demand s o f  vali d an d invali d multiple-mode l 
syllogisms ,  an d tha t  thi s distinctio n m a y b e th e caus e o f 
belie f  bia s effect s an d th e logicxbelie f  interaction .  Th e 
argumen t  hinge s o n th e observatio n tha t  wit h vali d multiple -
model  syllogism s correc t  response s ca n b e give n afte r  th e 
constructio n o f  a  singl e menta l  mode l  (cf ,  Hardma n & 
Payne ,  1995) .  A s th e secon d ter m i n a  vali d conclusio n t o a 
multiple-mode l  syllogis m i s represente d exhaustivel y i n al l 
accurat e menta l  models ,  th e relationshi p betwee n th e end -
term s i n th e mode l  tha t  show s th e conclusio n t o b e tru e 
remain s unchange d w h e n th e mode l  i s 'fleshe d out '  (se e 
below) . 

Valid three-model syllogism: 

syllogis m i s no t  represente d exhaustivel y i n an y accurat e 
menta l  model ,  i t  wil l  typicall y b e necessar y t o flesh  ou t 
initia l  model s befor e a  respons e ca n b e give n wit h certaint y 
(se e below) . 

S o me A  ar e B 
N o B  ar e C 
Therefore , 
S o me A  ar e no t  C 

a [b ] 
a [b ] 

[c ] 
[c ] 

a [b ] 
a [b ] 
a [c ] 

[c ] 

a [b ] 
a [b ] 
a [c ] 
a [c ] 

(Th e exhaustiv e representatio n o f  a  ter m i s signifie d i n 
menta l  model s notatio n b y squar e bracket s (se e abov e an d 
Johnson-Lair d an d Byrne ,  1991 ,  pp .  107-110)) . 

Hence, participants may be aware that the consideration of 
mor e tha n on e mode l  i s unnecessary .  Wit h vali d problems , 
therefore ,  participant s m a y fee l  certai n o f  th e correctnes s o f 
thei r  responses .  However ,  a s th e secon d ter m i n a n 
indeterminatel y invali d conclusio n t o a  multiple-mode l 

No A  ar e B 
S o me B  ar e C 
Therefore , 
S o me A  ar e no t  C 

[a ] 
[a ] 

[b ]  c 
[b ]  c 

[a ] 
[a ]  c 

[b ]  c 
[b ]  c 

[a ]  c 
[a ]  c 

[b ]  c 
[b ]  c 

Due t o workin g m e m o r y constraint s thi s proces s m a y b e 
unsuccessful ,  an d participant s wil l  b e uncertai n o f  whethe r 
t o accep t  o r  t o rejec t  a  conclusion . 

The Experiment 

I t  ha s bee n discusse d h o w th e differin g processin g demand s 
of  vali d an d invali d syllogism s migh t  caus e feeling s o f 
certaint y t o var y betwee n thes e proble m types .  A n 
experimen t  wa s carrie d ou t  t o tes t  thi s ide a b y askin g 
participant s t o recor d h o w confiden t  the y fel t  abou t  th e 
correctnes s o f  th e response s the y gav e i n a  syllogisti c 
conclusio n evaluatio n task .  Syllogism s wer e presente d wit h 
themati c content s designe d t o produc e believable , 
unbelievable ,  an d belief-neutra l  conclusions .  I t  wa s 
predicte d tha t  ther e woul d b e a n effec t  o f  logi c upo n 
confidenc e rating s suc h tha t  participant s woul d b e mor e 
confiden t  i n thei r  response s whe n evaluatin g vali d 
conclusion s tha n invali d conclusions .  Also ,  base d upo n th e 
findings  o f  earlie r  studie s o f  th e belie f  bia s effec t  (e.g. , 
Evan s e t  a!. ,  1983 ;  Newstea d e t  al. ,  1992 )  i t  wa s predicte d 
tha t  ther e woul d b e standar d effect s o f  belie f  an d logic ,  an d 
a logicxbelie f  interactio n suc h tha t  th e effec t  o f  belie f  woul d 
be greate r  o n th e evaluatio n o f  invali d argument s tha n vali d 
ones . 

I t  wa s difficul t  t o predic t  whethe r  makin g a  respons e 
base d upo n th e believabilit y  o f  a  conclusio n woul d affec t 
feeling s o f  confidence .  I t  m a y b e tha t  rejectin g a n 
unbelievabl e conclusio n o r  acceptin g a  believabl e 
conclusio n woul d someho w boos t  o r  reduc e confidenc e 
levels .  Alternatively ,  confidenc e level s m a y b e unaffecte d 
by th e applicatio n o f  a  belie f  heuristi c suc h tha t  confidenc e 
level s woul d b e lo w wit h invali d problem s an d hig h wit h 
vali d problem s irrespectiv e o f  believability .  Th e ide a tha t 
feeling s o f  certainty/confidenc e determin e th e exten t  t o 
whic h participant s wil l  respon d i n accordanc e wit h belie f 
doe s no t  allo w a  predictio n t o b e mad e o n thi s matter . 
However ,  th e selectiv e scrutin y mode l  -  i n whic h i t  i s 
assume d tha t  n o consideratio n i s give n t o th e premise s o f 
syllogism s leadin g t o believabl e conclusion s -  clearl y 
predict s tha t  ther e wil l  b e n o effec t  o f  logi c upo n confidenc e 
rating s give n fo r  syllogism s wit h believabl e conclusions . 
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Similarly ,  th e menta l  model s accoun t  als o predict s tha t  ther e 
wil l  b e n o effec t  o f  logi c upo n confidenc e rating s give n fo r 
believabl e syllogisms ,  a s conclusion s t o thes e problem s ar c 
simpl y accepte d afte r  th e constructio n o f  a n initia l  menia l 
model  o f  th e premises .  B y recordin g confidenc e rating s 
wit h th e believabl e an d unbelievabl e problem s a s wel l  a s th e 
belief-neutra l  problem s i t  wa s possibl e t o tes t  thes e 
predictions . 

At  thi s poin t  i t  woul d b e usefu l  t o discus s briefl y th e 
natur e an d distinctio n betwee n believable ,  unbelievabl e an d 
belief-neutra l  statement s o f  th e typ e typicall y use d a s 
conclusion s i n studie s o f  belie f  bias .  Oakhil l  an d Johnson -
Lair d use d th e term s "ric h people "  an d "millionaires "  i n 
believabl e an d unbelievabl e conclusions .  Th e ter m 
"millionaires "  i s a  sub-categor y o f  th e ter m "ric h people" . 
Thi s relationshi p i s a  necessar y functio n o f  th e defmition s o f 
thes e terms ,  i.e. ,  peopl e k n o w tha t  ric h peopl e exis t  tha t  ar e 
not  millionaires ,  an d tha t  millionaire s ar e ric h people .  A s a 
consequenc e o f  thi s knowledge ,  th e statemen t  " S o m e 
millionaire s ar e no t  ric h people "  i s unbelievabl e an d th e 
statemen t  " S o m e ric h peopl e ar e no t  millionaires "  i s 
believable .  I n th e presen t  study ,  th e statemen t  " S o m e 
teacher s ar e no t  poets "  wil l  b e use d a s a  belief-neutra l 
conclusion .  Althoug h "teachers "  m a y belon g t o th e categor y 
of  "poets" ,  an d "poets "  m a y belon g t o th e categor y o f 
"teachers" ,  thes e relationship s ar e no t  necessar y function s 
of  th e definition s o f  thes e words .  Therefore ,  th e statemen t 
"Some teacher s ar e no t  poets "  shoul d b e neithe r  particularl y 
believabl e no r  particularl y unbelievable . 

Evan s an d Pollar d (1990 )  als o use d believable , 
unbelievabl e an d belief-neutra l  materials .  I n th e first  o f  tw o 
experiments ,  th e themati c material s use d wer e subject s o f 
stud y an d leisur e interests ,  e.g. ,  " O n e o f  th e leisur e 
activitie s o f  mechanica l  engineerin g student s i s ca r 
maintenance "  (believable) ,  "On e o f  th e leisur e activitie s o f 
Socia l  W o r k student s i s h o m e electronics "  (unbelievable) , 
"On e o f  th e leisur e activitie s o f  physica l  scienc e student s i s 
sailing "  (neutral) .  A s ca n b e seen ,  thes e statement s concer n 
studen t  stereotype s an d are ,  therefore ,  empiricall y rathe r 
tha n definitionall y tru e o r  false .  I n th e secon d experimen t 
definitionall y a s wel l  a s empiricall y tru e an d fals e 
statement s wer e used ,  e.g .  "Al l  crocodile s ar e reptiles " 
(believable) ,  "Al l  cat s ar e birds "  (unbelievable) ,  "Al l  horse s 
ar e traxites "  (th e neutra l  statement s use d invente d nonsens e 
categories) .  I n bot h experiment s participant s wer e require d 
t o rat e conclusion s o n a  five  poin t  scal e rangin g fro m 
"Definitel y False "  throug h t o "Definitel y True "  Evan s an d 
Pollar d foun d significan t  evidenc e onl y fo r  a  tendenc y t o 
rejec t  unbelievabl e conclusions ,  i.e. ,  unbelievabl e 
conclusion s wer e give n lowe r  'truth '  rating s tha n believabl e 
and neutra l  conclusions ,  whils t  th e differenc e i n rating s 
betwee n believabl e an d neutra l  statement s wa s no t 
significant .  I t  wa s conclude d fro m thi s finding  tha t  belie f 
bia s reflect s a  tendenc y t o rejec t  unbelievabl e conclusion s 
rathe r  tha n a  tendenc y t o accep t  believabl e conclusions ,  i.e. , 
belie f  bia s i s a  predominantl y negativ e effect .  A n d so ,  i n 
additio n t o testin g th e prediction s detaile d above ,  th e us e o f 
equivalen t  material s provide d a n opportunit y t o replicat e 
Evan s an d Pollard' s findings . 

M e t h o d 

Participants. Sixty participants took part in the experiment. 
The participant s wer e al l  undergraduat e psycholog y 
student s a t  th e Universit y o f  Derby .  N o n e o f  th e participant s 
had take n forma l  instructio n i n logic .  Th e participant s wer e 
teste d togethe r  i n on e group . 

Materials. Two forms of three-model syllogism were used. 
Bot h syllogism s ha d th e sam e B-A ,  C- B figure  an d bot h 
yiel d vali d conclusions .  Th e sam e " S o m e C  ar e no t  A "  for m 
of  conclusio n wa s presente d wit h bot h syllogisms .  Fo r  on e 
syllogis m (i n th e E I  m o o d )  thi s conclusio n i s logicall y valid , 
but  fo r  th e othe r  syllogis m (i n th e I E m o o d )  thi s conclusio n 
i s indeterminatel y invalid . 

A se t  o f  potentia l  conclusion s whic h wer e fals e b y 
definition ,  (e.g .  " S o m e king s ar e no t  men" )  wer e chosen , 
togethe r  wit h a  se t  o f  believabl e conclusions ,  e.g. ,  " S o m e 
animal s ar e no t  cats" .  Th e conclusion s wer e devise d s o a s t o 
appea r  believabl e w h e n th e term s wer e presente d i n on e 
order ,  bu t  unbelievabl e w h e n th e term s wer e reversed .  I n 
orde r  t o asses s believability ,  th e potentia l  conclusion s wer e 
rate d b y a  grou p o f  3 0 participant s o n a  seve n poin t  scal e 
rangin g fro m "totall y unbelievable "  (-3 )  t o "totall y 
believable "  (+3) .  Thos e conclusion s whic h receive d th e 
most  extrem e an d consisten t  rating s wer e use d i n thi s study . 
A se t  o f  potentia l  conclusion s tha t  wer e neithe r  particularl y 
believabl e no r  unbelievabl e wer e als o chosen ,  (e.g. ,  " S o m e 
artist s o r  no t  beekeepers") . 

Th e vali d an d invali d syllogism s wer e presente d wit h 
thre e differen t  set s o f  themati c content s leadin g t o 
conclusion s tha t  were ;  (1 )  believable ;  (2 )  unbelievabl e b y 
definition ;  an d (3 )  belief-neutral .  I n additio n t o thes e si x 
three-mode l  syllogism s ther e wer e si x filler  problem s (i.e. , 
valid ,  one-mode l  syllogism s featurin g arbitrar y themati c 
content) .  Thes e wer e use d t o distrac t  th e participant s fro m 
th e for m o f  th e syllogism s o f  interest . 

Design. A within participants design was used. All of the 
participant s receive d th e si x three-mode l  syllogism s 
togethe r  wit h th e si x one-mode l  filler  syllogism s (1 2 
syllogism s i n total) .  Th e syllogism s wer e presente d on e t o a 
page ,  togethe r  wit h thei r  potentia l  conclusions ,  an d staple d 
togethe r  i n booklets .  Th e orde r  o f  th e proble m type s wa s 
varie d usin g a  6x 6 balance d Lati n squar e design ;  wit h th e 
restrictio n tha t  th e filler  item s appeare d i n th e sam e positio n 
i n eac h booklet :  i n 1st ,  3rd ,  5th ,  7th ,  9t h an d 11t h places . 
The themati c content s o f  th e syllogism s wer e rotate d ove r 
th e differen t  proble m types ,  producin g si x differen t  set s o f 
materials .  Th e si x set s o f  material s wer e distribute d evenl y 
and randoml y amongs t  th e participants . 

Procedure. The following instructions were presented on 
th e secon d pag e o f  th e tes t  booklet s an d wer e als o rea d 
alou d t o eac h participant : 

"Thi s i s a n experimen t  t o tes t  people' s reasonin g ability . 
Y o u wil l  b e give n twelv e problems .  O n eac h page ,  yo u wil l 
be show n tw o statement s an d yo u ar e aske d i f  certai n 
conclusion s (give n belo w th e statements )  m a y b e logicall y 
deduce d fro m them .  Y o u shoul d answe r  thi s questio n o n th e 
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assumptio n tha t  th e tw o statement s are ,  i n fact ,  true .  If ,  an d 
onl y if ,  yo u judg e tha t  th e conclusio n necessaril y  follow s 
fro m th e statements ,  yo u shoul d tic k th e "yes "  box , 
otherwis e th e "no "  box . 

Beneat h th e yes/n o respons e boxe s ther e i s a  scal e 
rangin g from 1  (no t  a t  al l  confident )  t o 6  (ver y confident) . 
Pleas e indicat e h o w confiden t  yo u fee l  abou t  eac h answe r 
yo u giv e b y circlin g a  numbe r  o n th e scale . 

Pleas e tak e you r  tim e an d b e sur e tha t  yo u hav e th e righ t 
answe r  befor e movin g o n t o th e nex t  problem .  Y o u mus t  no t 
m a ke note s o r  dra w diagram s t o hel p yo u i n thi s task .  Than k 
yo u ver y m u c h fo r  participating. " 

Th e participant s wer e allowe d a s m u c h tim e a s the y 
require d t o complet e th e boo k o f  syllogisms . 

Result s 

Conclusion Acceptances. The mean percentage frequencies 
o f  participant s acceptin g conclusion s (i.e .  decidin g tha t  a 
conclusio n wa s logicall y valid )  ar e presente d i n Tabl e 2  fo r 
eac h typ e o f  syllogism .  I n orde r  t o tes t  fo r  negativ e an d 
positiv e aspect s o f  belie f  bias ,  acceptance s fo r  eac h o f  th e 
thre e proble m type s wer e compare d wit h eac h o f  th e other s 
i n tur n usin g sig n tests .  Th e differenc e i n acceptance s 
betwee n believabl e an d neutra l  conclusion s wa s no t 
significant .  Acceptance s o f  unbelievabl e conclusion s wer e 
significantl y lowe r  tha n acceptance s o f  believabl e 
conclusion s (p<.01 ;  one-taile d sig n test )  an d neutra l 
conclusion s (p<.001 ;  one-taile d sig n test) .  Ther e wa s a 
significan t  effec t  o f  logi c (p<.01 ;  one-taile d sig n test )  wit h 
participant s acceptin g mor e vali d conclusion s tha n invali d 
conclusions .  Ther e wa s als o a  significan t  interactio n 
betwee n logi c an d belie f  suc h tha t  th e effect s o f  belie f 
(believabl e o r  unbelievabl e -  excludin g neutra l  conclusions ) 
wer e stronge r  o n syllogism s leadin g t o invali d conclusion s 
tha n o n syllogism s leadin g t o vali d conclusion s (p<.05) . 

Confidence Ratings. Participants were generally confident 
i n th e response s the y gav e i n th e evaluatio n tas k (se e Tabl e 
3) .  Th e confidenc e rating s dat a wer e subjecte d t o a  multi -
factoria l  analysi s o f  variance .  Th e factor s wer e Logi c (tw o 
levels )  an d Believabilit y  (thre e levels) .  Th e Logi c facto r 
was significan t  ( F =  3.38 ;  p  <  .05 ,  1-tailed )  wit h 
participant s givin g highe r  confidenc e rating s t o vali d 

Table 2: Overall Mean Percentage Frequency of Acceptance 
of  Conclusion s a s a  Functio n o f  Logi c an d Believabilit y 

Status . 

Believabl e Neutra l  Unbelievabl e M e an 

Vali d 
Invali d 

72 
65 

80 
58 

63 
32 

72 
52 

M e an 68 69 48 

Tabl e 3 :  M e a n Confidenc e Rating s a s a  Functio n o f  Logi c 
and Believabilit y  Status . 

Believabl e Neutra l  Unbelievabl e M e a n 

Vali d 
Invali d 

4.1 5 
3.9 0 

4.2 7 
4.0 7 

4.3 2 
4.0 5 

4.2 4 
4.0 1 

M e an 4.0 3 4.1 7 4.1 9 

syllogism s tha n t o invali d syllogisms .  Despit e a  sligh t 
tendenc y t o b e mor e confiden t  i n response s t o unbelievabl e 
and neutra l  problem s tha n believabl e problem s th e 
Believabilit y  facto r  wa s no t  significant .  Th e interactio n 
betwee n th e Logi c an d Believabilit y  factor s wa s no t 
significant . 

Discussio n 

Conclusion Acceptances. The observed effect of logic 
provide s fiirther  evidenc e fo r  deductiv e competenc e i n 
syllogisti c reasoning .  However ,  th e generall y hig h 
acceptanc e rate s fo r  bot h vali d an d invali d argument s 
suppor t  th e ide a tha t  participant s ar e ofte n unabl e t o flesh 
out  initia l  menta l  model s i n whic h invali d conclusion s ar e 
true ,  an d s o accep t  th e resul t  o f  a n incomplet e evaluation . 

Th e thre e basi c effect s observe d i n previou s studie s o f 
belie f  bia s ar e als o eviden t  i n th e data :  (1 )  a n effec t  o f  logic ; 
(2 )  a n effec t  o f  belief ;  an d (3 )  a n interactio n betwee n logi c 
and belie f  Th e us e o f  belief-neutra l  conclusion s i n additio n 
t o believabl e an d unbelievabl e conclusion s ha s allowe d th e 
investigatio n o f  whethe r  belie f  bia s is ,  i n fact ,  a  tendenc y t o 
accep t  believabl e conclusion s o r  t o rejec t  unbelievabl e 
conclusions .  Acceptance s o f  believabl e conclusion s wer e 
not  significantl y differen t  from  acceptance s o f  neutra l 
conclusions ,  whils t  significantl y lowe r  level s o f  acceptanc e 
wer e observe d wit h unbelievabl e conclusion s tha n wit h 
believabl e an d neutra l  conclusions .  Althoug h i t  i s 
acknowledge d tha t  cautio n shoul d b e applie d whe n drawin g 
conclusion s from  negativ e results ,  thes e observation s 
sugges t  tha t  belie f  bia s reflect s a  tendenc y t o rejec t 
unbelievabl e conclusion s rathe r  tha n a  tendenc y t o accep t 
believabl e conclusions .  Thi s i s consisten t  wit h th e earlie r 
findings  o f  Evan s an d Pollar d (1990 )  w h o argu e tha t  suc h a 
finding  cast s doub t  upo n th e validit y o f  th e selectiv e 
scrutin y model .  I n thi s mode l  i t  i s  assume d tha t  belie f  bia s 
reflect s a  tendenc y t o accep t  believabl e conclusion s an d t o 
subjec t  onl y unbelievabl e conclusio n t o test s o f  logica l 
validity .  The y sugges t  tha t  changin g th e first  questio n i n th e 
model  from  "I s th e conclusio n believable? "  t o "I s th e 
conclusio n unbelievable? "  ca n accoun t  fo r  th e equivalen t 
treatmen t  o f  believabl e an d neutra l  conclusions .  However , 
thi s alteratio n woul d mea n tha t  n o effec t  o f  logi c woul d b e 
expecte d wit h syllogism s tha t  lea d t o belief-neutra l 
conclusions .  Clearly ,  a n effec t  o f  logi c i s observe d wit h 
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suc h problem s -  bot h i n th e presen t  experimen t  an d i n 
others . 

Confidence Ratings. The confidence ratings data show that 
participant s wer e mor e confiden t  i n thei r  evaluation s o l 
vali d conclusion s tha n invali d conclusions .  Th e relationshi p 
betwee n confidenc e rating s an d level s o f  belie f  bia s 
observe d provide s stron g suppor t  fo r  th e 
uncertainty/confidenc e hypothesis ,  i.e. ,  lo w confidenc e 
level s an d hig h belie f  bia s wer e observe d wit h invali d 
problems ,  whils t  hig h confidenc e level s an d lo w belie f  bia s 
wer e observe d wit h vali d problems .  Interestingly ,  th e effec t 
of  logi c upo n confidenc e rating s wa s presen t  irrespectiv e o f 
whethe r  a  conclusio n wa s believable ,  unbelievabl e o r 
neutral ,  suggestin g tha t  feeling s o f  confidenc e i n th e 
correctnes s o f  a  respons e ar e no t  strongl y affecte d b y th e a 
prior i  believabilit y  o f  a  conclusion .  Thi s fmdin g canno t  b e 
explaine d b y eithe r  th e selectiv e scrutin y mode l  o r  th e 
menta l  model s account ,  bot h o f  whic h predic t  tha t  n o effec t 
of  validit y upo n confidenc e rating s wil l  b e foun d wit h 
syllogism s tha t  hav e believabl e conclusions . 

General Discussion 

The ide a behin d th e uncertaint y hypothesi s i s no t  entirel y a 
nove l  one .  Fo r  example ,  Markovit s an d Nante l  (1989 )  hav e 
suggeste d tha t  participant s m a y "us e bot h a  logica l  strateg y 
and a  nonlogica l  strateg y i n th e sam e context ,  wit h th e latte r 
bein g use d i n orde r  t o accommodat e a  degre e o f  interna l 
conflict" .  However ,  n o curren t  theorie s o f  belie f  bia s 
explicitl y  conside r  th e possibilit y  tha t  participant s mak e 
syllogisti c inference s withou t  feelin g absolutel y certai n o f 
thei r  correctness .  A  ne w theor y o f  belie f  bia s base d aroun d 
th e notio n o f  uncertaint y an d upo n th e finding s o f  th e 
experimen t  presente d i n thi s paper  wil l  n o w b e proposed . 

An Uncertainty Theory of Belief Bias 

Set  withi n th e genera l  framewor k o f  th e menta l  model s 
theor y o f  syllogisti c reasoning ,  th e uncertaint y theor y assert s 
tha t  whethe r  belie f  ha s a n effec t  i s determine d b y th e abilit y 
t o construc t  a  menta l  mode l  i n whic h a  conclusio n i s fals e o r 
tru e withou t  th e possibilit y  o f  ther e bein g alternativ e 
falsifyin g models .  Peopl e ar e mor e successfu l  i n 
constructin g suc h 'decisive '  menta l  model s wit h vali d an d 
determinatel y invali d problem s tha n wit h indeterminatel y 
invali d one s (th e representationa l  effec t  tha t  give s ris e t o thi s 
distinctio n ha s bee n discusse d earlie r  i n thi s paper) .  W h e n 
successful ,  participant s wil l  b e certai n o f  th e correctnes s o f 
thei r  logica l  evaluations ,  an d ignor e th e believabilit y  statu s 
of  th e conclusion .  However ,  i f  peopl e ar e unabl e t o construc t 
suc h a  menta l  model ,  the n the y canno t  b e certai n o f  th e 
correc t  response .  I n thi s situatio n the y wil l  fal l  bac k upo n a 
belie f  heuristi c i n orde r  t o resolv e th e "interna l  conflicf '  tha t 
exists . 

The uncertaint y theor y resemble s th e misinterprete d 
necessit y mode l  inasmuc h a s belie f  bia s i s sai d t o hav e it s 
effec t  upo n response s afte r  attempt s a t  logica l  reasonin g 
hav e take n place .  However ,  th e uncertaint y theor y suggest s 
tha t  peopl e ar e ofte n unabl e t o determin e th e falsit y o f 
indeterminatel y invali d conclusions ,  an d no t  tha t  the y 

misinterpre t  th e notio n o f  logica l  necessit y -  althoug h th e 
theor y doe s no t  rul e ou t  thi s possibility .  Als o unlik e th e 
misinterprete d necessit y model ,  th e uncertaint y theor y show s 
ho w belie f  m a y bia s response s wit h al l  type s o f  syllogism , 
and no t  jus t  thos e wit h indeterminatel y invali d conclusions . 
I n thi s wa y th e ne w theor y overcome s th e fault s tha t  als o 
exis t  wit h th e selectiv e scrutin y mode l  (whic h canno t 
accoun t  fo r  th e effec t  o f  logi c o n believabl e problems )  an d 
th e menta l  model s accoun t  (which ,  withou t  a d ho c 
modifications ,  canno t  accoun t  fo r  th e effec t  o f  belie f  o n one -
model  syllogisms) . 
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