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Institut e o f  Behavioura l  Sciences ,  Universit y o f  Derby , 
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Cognitiv e an d Behaviora l  Science s Researc h Group , 

Institut e o f  Behavioura l  Sciences ,  Universit y o f  Derby , 
Mickleover ,  Derby ,  D E 3 5 G X ,  U K 

Abstrac t 

Studies of syllogistic reasoning report a strong non-logical 
tendenc y t o endors e mor e believabl e conclusion s tha n 
unbelievabl e conclusions .  Thi s belie f  bia s effec t  i s  foun d t o 
be stronge r  wit h invali d argument s tha n wit h vali d ones .  A n 
experimen t  i s reporte d i n whic h participants '  eye-movement s 
wer e recorde d i n orde r  t o gai n insigh t  int o th e natur e an d 
tim e cours e o f  th e reasonin g processe s associate d wit h 
experimenta l  manipulation s o f  logica l  validit y an d 
beiievability .  Result s ar e considere d i n relatio n t o prediction s 
derivabl e fro m contemporar y account s o f  belie f  bias .  Th e 
logica l  statu s o f  conclusion s wa s foun d t o influenc e th e 
duratio n o f  gazes ,  supportin g th e vie w tha t  invali d 
conclusion s ar e mor e demandin g t o evaluat e tha n vali d one s 
and th e ide a tha t  a  valid-invali d processin g distinctio n 
underpin s th e interactio n tha t  i s  observe d betwee n logi c an d 
belief .  Prediction s concernin g effect s o f  beiievabilit y  upo n 
gaze behaviou r  tha t  wer e derivabl e fro m th e menta l  model s 
accoun t  (e.g. ,  Oakhil l  &  Johnson-Laird ,  1985 )  gaine d littl e 
support .  Th e pape r  argue s fo r  th e valu e o f  eye-movemen t 
analyse s i n reasonin g researc h a s a n importan t  adjunc t  t o 
existin g process-tracin g techniques . 

Introduction 

The syllogis m i s a  deductiv e reasonin g proble m comprisin g 
tw o premise s an d a  conclusio n (se e exampl e give n below) . 
The premise s featur e thre e terms :  tw o en d term s (on e i n 
eac h premise )  an d a  middl e ter m (feature d i n bot h 
premises) .  A  logicall y vali d conclusio n t o a  syllogis m i s a 
statemen t  tha t  describe s th e relationshi p betwee n th e classe s 
of  item s o r  individual s referre d t o b y th e en d term s i n a 
way tha t  i s  necessaril y  true .  Statement s tha t  ar e simpl y 
consisten t  wit h th e premise s bu t  no t  necessitate d b y the m 
ar e invalid .  I t  shoul d b e note d tha t  a  logica l  argumen t  i s 
vali d b y virtu e o f  it s  form ,  an d no t  becaus e o f  it s content . 
That  is ,  th e actua l  word s o r  othe r  symbol s tha t  coul d b e 
use d a s term s withi n a  syllogis m ar e irrelevan t  whe n 
considerin g validity . 

Some artists are beekeepers 
No beekeeper s ar e carpenter s 
Therefore ,  S o m e artist s ar e no t  carpenter s 

Participants in syllogistic reasoning experiments are 
require d eithe r  t o produc e thei r  o w n logicall y vali d 
conclusion s fro m give n premises ,  o r  t o evaluat e th e validit y 

of  a  presente d conclusio n (o r  conclusions )  fro m give n 
premises .  I t  ha s bee n foun d tha t  participants '  response s i n 
suc h experiment s var y systematicall y accordin g t o thre e 
mai n factors .  T w o factor s relat e t o th e logica l  for m o f  th e 
syllogis m an d ar e termed/z^ar e an d mood .  Figur e refer s t o 
th e arrangemen t  o f  th e term s withi n th e premises .  Ther e ar e 
fou r  possibl e figures:  A -B ,  B-C ;  A -B ,  C-B ;  B-A ,  C-B ;  an d 
B-A ,  B- C (wher e A  refer s t o th e end-ter m i n th e first 
premise ,  C  refer s t o th e end-ter m i n th e secon d premise ,  an d 
B refer s t o th e middl e term) .  M o o d refer s t o th e differen t 
combination s o f  logica l  quantifier s feature d withi n th e 
premise s an d conclusion .  Fou r  differen t  quantifier s ar e use d 
i n standar d Englis h languag e syllogisms .  Thes e ar e 
commonl y referre d t o b y letter s o f  th e alphabet :  A  =  all ,  E  = 
no ,  I  =  some ,  an d O  =  som e .  .  .  ar e not .  Th e syllogis m i n 
th e abov e example ,  therefore ,  ca n b e sai d t o b e i n th e A -B , 
B- C figure ,  an d i n th e l E O mood .  Sinc e ther e ar e fou r 
differen t  figures  an d eac h o f  th e tw o premise s ca n featur e 
one o f  fou r  standar d quantifiers ,  ther e o r  6 4 standar d 
syllogism s ~  onl y 2 7 o f  these ,  however ,  yiel d vali d 
conclusions .  Studie s hav e foun d tha t  differen t  combination s 
of  figure  an d m o o d hav e a  marke d effec t  o n reasonin g 
performance .  Indeed ,  som e form s o f  syllogis m ar e s o eas y 
tha t  nearl y al l  participant s ar e abl e t o giv e correc t  responses . 
Other s ar e s o difficul t  tha t  fe w individual s respon d withou t 
erro r  (e.g. ,  se e Johnson-Lair d &  Bara ,  1984 ;  Johnson-Lair d 
& Byrne ,  1991) . 

I n additio n t o th e effect s o f  figure  an d mood ,  participants ' 
prio r  knowledg e an d belief s hav e bee n foun d t o bia s 
responses .  Ther e ar e thre e basi c findings  tha t  deriv e fro m 
studie s o f  belie f  bia s i n syllogisti c reasonin g i n whic h th e 
validit y o f  logica l  argument s ha s bee n manipulate d 
alongsid e th e prio r  beiievabilit y o f  presente d conclusion s 
(se e G a m h a m &  Oakhill ,  1994) .  First ,  believabl e 
conclusion s suc h a s " S o m e addictiv e thing s ar e no t 
cigarettes "  ar e mor e readil y endorse d tha n unbelievabl e 
one s suc h a s "Som e millionaire s ar e no t  ric h people "  (thes e 
example s ar e take n fro m Evans ,  Barsto n an d Pollard ,  1983) . 
Second ,  logicall y vali d conclusion s ar e mor e readil y 
endorse d tha n invali d ones .  Third ,  ther e i s a n interactio n 
betwee n logi c an d belie f  suc h tha t  th e effect s o f 
beiievabilit y ar e stronge r  o n invali d problem s tha n vali d 
ones . 

F e w studie s hav e directl y attempte d t o investigat e th e 
processe s underlyin g belie f  bia s effect s i n syllogisti c 
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reasoning .  O n e notabl e exceptio n i s th e stud y carrie d ou t  b y 
Evan s e t  al .  (1983 )  w h o recorde d an d analyse d th e think -
alou d protocol s o f  participant s evaluatin g th e validit y o f 
believabl e an d unbelievabl e presente d conclusions .  Th e 
majorit y o f  th e protocol s wer e classifiabl e unde r  on e o f 
thre e headings :  (a )  conclusion-onl y protocol s i n whic h 
participant s referre d t o a  syllogism' s conclusio n withou t 
mentionin g th e premises ;  (b )  premises-to-conclusio n 
protocol s i n whic h participant s referre d t o th e premise s o f 
th e syllogis m an d subsequentl y t o th e conclusion ;  an d (c ) 
conclusion-to-premise s protocol s i n whic h participant s 
referre d t o th e conclusio n an d subsequentl y t o th e premises . 
A clea r  relationshi p wa s foun d betwee n th e typ e o f  protoco l 
and th e leve l  o f  belie f  bia s observed :  belie f  bia s wa s foun d 
t o b e stronges t  o n problem s wher e conclusion-onl y 
protocol s wer e observe d an d weakes t  o n problem s wher e 
premises-to-conclusio n protocol s wer e observed .  O n thi s 
basis ,  th e verba l  protocol s wer e take n t o indicat e distinc t 
reasonin g strategie s (cf .  Evans ,  Newstea d &  Byrne ,  1993) . 

Th e analysi s o f  concurren t  verba l  protocol s i s a n 
establishe d metho d i n proble m solvin g researc h (se e 
Ericsso n &  Simon ,  1993 )  and ,  t o a  lesse r  extent ,  i n 
reasonin g researc h (e.g. ,  Beatti e &  Baron ,  1988) .  Ther e has , 
however ,  bee n a  longstandin g debat e ove r  th e natur e o f 
concurren t  verba l  protocol s an d wha t  the y ca n revea l  abou t 
cognitiv e processe s an d strategies .  O n th e latte r  issue , 
Ericsso n an d S imo n acknowledg e tha t  whils t  man y form s o f 
verbalisation s m a y no t  impac t  upo n th e structur e o f 
reasonin g processes ,  suc h verbalisatio n m a y impac t  upo n 
th e completenes s o f  th e report s produced .  Thi s i s becaus e 
task-oriente d processe s wil l  ten d t o hav e priorit y ove r 
verbalistio n processe s whe n suc h processe s ar e i n 
competition .  A s a  consequence ,  participant s m a y a t  time s 
sto p verbalisin g whe n th e cognitiv e demand s o f  th e primar y 
tas k ar e high ,  thu s producin g incomplet e report s o f  th e 
product s o f  reasonin g processes .  Concern s ove r  th e 
completenes s o f  verba l  report s durin g reasonin g encourage d 
us t o explor e a n alternativ e process-tracin g techniqu e t o 
investigat e th e processe s underlyin g belie f  bia s i n syllogisti c 
reasoning .  Th e techniqu e chose n wa s eye-movemen t 
analysis . 

Eye-movemen t  analysi s i s a  techniqu e tha t  ha s bee n use d 
extensivel y i n readin g research .  Experimenter s i n thi s fiel d 
assume a  clos e associatio n betwee n pattern s o f  ey e 
movement s an d th e though t  processe s underlyin g th e 
understandin g o f  writte n tex t  (cf .  Liversedge ,  Paterso n & 
Pickering ,  1998) .  Tha t  is ,  th e positio n o f  a  visua l  fixatio n i s 
take n t o indicat e th e piec e o f  tex t  tha t  i s  currentl y bein g 
processe d b y th e reader ,  an d th e lengt h o f  a  fixatio n o r  a 
gaz e (whic h m a y includ e tw o o r  mor e fixations )  i s take n t o 
indicat e th e eas e wit h whic h a  piec e o f  tex t  i s  processed . 
Similarly ,  th e numbe r  o f  retur n fixation s (o r  regressions ) 
provide s a  furthe r  inde x o f  understandin g (i.e. ,  participant s 
m ay nee d t o retur n t o a n ite m o f  tex t  i n orde r  t o resolv e 
ambiguitie s i n meaning) .  Th e validit y o f  a  propose d 
associatio n betwee n though t  processe s an d ey e movement s 
i s supporte d b y a  larg e bod y o f  researc h whic h show s tha t 
th e linguisti c propertie s o f  tex t  hav e a  direc t  influenc e o n 
readers '  fixation s an d gaze s (e.g. ,  Rayne r  &  PoUatsek , 
1989) . 

Evidenc e fro m studie s o f  readin g woul d sugges t  tha t 
monitorin g participants '  ey e movement s whils t  the y ar e 
engage d i n a  text-base d reasonin g tas k coul d provid e 
insight s int o th e natur e an d organisatio n o f  th e underlyin g 
processe s associate d wit h differen t  type s o f  syllogism . 
Indeed ,  eye-movemen t  analysi s m a y affor d distinc t 
advantage s a s a  tracin g techniqu e ove r  thin k alou d protoco l 
analysis .  Sinc e ey e movement s ar e typicall y quit e fas t  an d 
spontaneous ,  a n analysi s o f  ey e movement s m a y provid e 
mor e detaile d record s o f  th e sequenc e an d organisatio n o f 
processin g tha n thin k alou d protocols .  Furthermore ,  sinc e 
ey e movement s d o no t  plac e additiona l  processin g demand s 
on workin g memor y i n th e manne r  tha t  verbalisation s 
might ,  workin g m e m o r y i s lef t  fre e fo r  primar y task -
oriente d processing ,  an d ey e movement s associate d wit h 
task-oriente d processin g shoul d no t  ceas e whe n th e 
processin g demand s o f  th e primar y tas k ar e high .  Indeed , 
eye-movemen t  investigation s o f  readin g woul d sugges t 
quit e th e reverse ,  tha t  is ,  whe n th e processin g demand s o f 
th e primar y tas k ar e high ,  lengthie r  fixation s o r  a  greate r 
number  o f  fixation s upo n th e relevan t  tex t  m a y b e recorded . 

Th e questio n remains ,  however ,  wha t  ca n a n analysi s o f 
participants '  ey e movement s durin g a  syllogisti c reasonin g 
tas k tel l  u s abou t  th e cognitiv e processe s underlyin g th e 
task ? Thi s questio n ca n b e addresse d i n th e followin g way . 
Sinc e workin g m e m o r y i s th e cognitiv e syste m withi n 
whic h man y aspect s o f  comple x task s suc h a s deductiv e 
reasonin g ar e carrie d ou t  (c f  Gilhooly ,  1998 ;  Johnson-Lair d 
& Byrne ,  1991) ,  an d limite d capacit y an d fragilit y  o f 
storag e ar e ke y characteristic s o f  thi s system ,  evidenc e fro m 
studie s o f  readin g woul d sugges t  tha t  participant s wil l  nee d 
t o rea d an d re-rea d part s o f  th e proble m informatio n whic h 
the y ar e processin g i n orde r  t o construct ,  refres h o r  fles h ou t 
thei r  menta l  representation s whe n necessary .  Thus ,  th e hig h 
processin g demand s associate d wit h som e syllogism s ma y 
caus e participant s t o gaz e fo r  longe r  upo n element s o f  th e 
proble m informatio n tha n wit h othe r  les s demandin g 
problems .  Evidenc e fo r  th e applicatio n o f  propose d 
heuristic s whic h motivat e reasoner s t o scrutiniz e th e logica l 
validit y o f  som e argument s mor e tha n other s m a y als o b e 
detecte d i n ey e movements ,  suc h tha t  longe r  gaze s upo n 
proble m informatio n m a y b e eviden t  wit h syllogism s wher e 
consideratio n i s give n t o th e logica l  argumen t  tha n wit h 
othe r  syllogism s wher e les s logica l  scrutin y i s applied . 
Base d o n thes e assumptions ,  prediction s ca n b e derive d 
fro m contemporar y theorie s o f  belie f  bias . 

Th e menta l  model s accoun t  o f  syllogisti c reasonin g (e.g. , 
Johnson-Lair d &  Byrne ,  1991 )  assume s tha t  peopl e begi n 
reasonin g b y constructin g a  menta l  mode l  i n whic h a 
minima l  amoun t  o f  informatio n concernin g th e logica l 
relationship s betwee n th e term s withi n th e premise s i s mad e 
explicit .  I f  a  putativ e conclusio n i s tru e i n thi s initia l  model , 
the n i t  i s  teste d agains t  fleshe d ou t  model s whic h mak e 
explici t  mor e o f  th e informatio n withi n th e premises .  I f  a 
conclusio n i s foun d no t  t o b e consisten t  wit h a  menta l 
model ,  the n i t  i s  rejected ,  otherwis e i t  i s  accepted .  S o m e 
syllogism s (terme d one-mode l  problems )  ar e sai d t o b e 
relativel y eas y becaus e the y requir e th e constructio n o f  a 
singl e menta l  model ,  an d thu s plac e a  minima l  loa d o n 
workin g memory .  Other s ar e sai d t o b e mor e difficul t 
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becaus e the y plac e les s manageabl e load s o n workin g 
memory,  requirin g th e constructio n o f  multipl e models .  Th e 
ide a tha t  th e difficult y o f  syllogism s i s closel y associate d 
wit h th e numbe r  o f  model s tha t  nee d t o b e constructe d ha s 
receive d stron g suppor t  fro m empirica l  studie s (e.g. , 
Johnson-Lair d &  Bara ,  1984 ;  Bara ,  Bucciarelli ,  &  Johnson -
Laird ,  1995) . 

The menta l  model s accoun t  o f  belie f  bia s (e.g. ,  Oakhil l  & 
Johnson-Laird ,  1985 ;  Oakhill ,  Johnson-Lair d &  G a m h a m, 
1989 )  assume s tha t  prio r  belief s determin e whethe r 
participant s wil l  fles h ou t  a n initia l  mode l  o f  th e premise s 
when testin g th e logica l  validit y o f  a  putativ e conclusion . 
Conclusion s tha t  ar e tru e i n a n initia l  mode l  ar e accepte d i f 
the y ar e believable ,  bu t  teste d agains t  alternativ e an d 
potentiall y  falsifyin g model s i f  the y ar e unbelievable .  I n thi s 
way,  th e logi c b y belie f  interactio n i s explained .  Thi s 
accoun t  seem s t o predic t  tha t  ther e wil l  b e a n overal l  effec t 
of  belie f  o n gazes ,  sinc e greate r  consideratio n i s give n t o th e 
informatio n withi n th e premise s whe n evaluatin g a 
conclusio n tha t  i s unbelievabl e tha n on e tha t  i s believable . 

The menta l  model s accoun t  assume s tha t  tw o stage s o f 
menta l  model s constructio n tak e plac e wit h syllogism s tha t 
lea d t o unbelievabl e conclusions :  (a )  a  pre-conclusion-gaz e 
stage ,  an d (b )  a  post-conclusion-gaz e stage .  Onl y on e stag e 
of  menta l  model s construction ,  however ,  woul d occu r  wit h 
syllogism s leadin g t o believabl e conclusions :  a  pre -
conclusion-gaz e stage .  I f  tw o clea r  stage s suc h a s thes e ca n 
be identifie d fro m eye-movemen t  analyses ,  the n a n 
interactio n betwee n reasonin g stag e (pre-conclusio n /  post -
conclusion-gaze )  an d believabilit y  migh t  b e expected .  Thi s 
interactio n woul d b e suc h tha t  th e effec t  o f  belie f  upo n 
gaze s -  whethe r  measure d i n term s o f  duratio n o r  numbe r  o f 
gaze s woul d b e greate r  i n th e post-conclusion-gaz e stag e 
tha n i n th e pre-conclusion-gaz e stage . 

Althoug h muc h suppor t  ha s bee n claime d fo r  th e menta l 
model s accoun t  o f  belie f  bias ,  i t  ha s bee n criticise d fo r 
failin g t o explai n som e ke y findings  o f  belie f  bia s researc h 
(e.g. ,  Evan s e t  al. ,  1993) .  Fo r  example ,  th e accoun t  predict s 
tha t  n o logi c b y belie f  interactio n shoul d b e observe d wit h 
one-mode l  syllogisms ,  sinc e vali d conclusion s wil l  b e 
accepte d an d invali d conclusion s rejecte d wit h suc h 
problem s irrespectiv e o f  thei r  believabilit y  status .  Althoug h 
suppor t  fo r  thi s predictio n wa s foun d b y Newstea d e t  al . 
(1992) ,  withou t  a d ho c modification s (e.g. ,  th e additio n o f  a 
conclusio n filter )  th e accoun t  ha s difficult y i n explainin g th e 
unpredicte d finding  o f  a n effec t  o f  belie f  wit h one-mode l 
syllogism s (se e Oakhill ,  e t  al. ,  1989) . 

I n a n attemp t  t o explai n belie f  bia s findings,  Quayl e an d 
Bai l  (1997 )  hav e propose d a n accoun t  o f  belie f  bia s base d 
aroun d th e notio n o f  metacognitiv e uncertainty .  Se t  withi n 
th e genera l  framewor k o f  th e menta l  model s theory ,  thi s 
accoun t  assume s tha t  th e tendenc y t o respon d i n accordanc e 
wit h belie f  i s  determine d b y th e relativ e load s place d o n 
limite d workin g m e m o r y resource s b y differen t  type s o f 
syllogism .  I n accordanc e wit h th e menta l  model s approach , 
i t  i s  assume d tha t  som e syllogism s plac e greate r  an d les s 
manageabl e load s o n workin g m e m o r y tha n others ,  an d tha t 
when workin g m e m o r y i s overloade d participant s ar e n o 
longe r  abl e t o tes t  th e trut h o f  putativ e conclusion s agains t 
model s o f  th e premises .  I n thi s instance ,  i t  i s  argue d tha t 

bein g uncertai n o f  a  conclusion' s logica l  status ,  participant s 
fal l  bac k o n a  belief-base d respons e a s a  second-bes t  option . 

The metacognitiv e uncertaint y account' s explanatio n o f 
th e logi c b y belie f  interactio n hinge s o n th e observatio n tha t 
wit h vali d multiple-mode l  syllogisms ,  correc t  response s ca n 
be give n afte r  th e constructio n o f  a  singl e menta l  model , 
whils t  invali d multiple-mode l  syllogism s requir e th e 
consideratio n o f  mor e tha n on e mode l  (cf .  G a m h a m,  1993 ; 
Hardma n an d Payne ,  1995) .  I n orde r  t o illustrat e thi s idea , 
usin g Johnson-Lair d &  Byrne' s (1991 )  notatio n th e menta l 
model s tha t  woul d b e constructe d fo r  th e syllogis m give n a s 
an exampl e earlie r  ar e show n below . 

a [b ] 
a [b ] 

[c ] 
[c ] 

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

[c ] 

a [b ] 
a [b ] 
a [c ^ 
a [c ; 

The As ,  B s an d C s i n eac h mode l  represen t  th e classe s 
"artists" ,  "beekeepers "  an d "carpenters "  respectively .  Eac h 
horizonta l  lin e represent s th e relationshi p betwee n th e thre e 
term s (th e numbe r  o f  individua l  clas s member s represente d 
i n eac h mode l  i s  arbitrary) .  Fo r  example ,  th e to p tw o line s 
of  th e mode l  o n th e fa r  righ t  sho w tha t  ther e ar e A s tha t  ar e 
Bs tha t  ar e no t  Cs ,  whils t  th e botto m tw o line s depic t  A s 
tha t  ar e no t  B s bu t  ar e Cs .  Th e squar e bracket s denot e 
exhaustiv e representation .  Th e clas s o f  B s i n eac h mode l  i s 
show n t o b e exhaustivel y represente d i n relatio n t o th e clas s 
of  A s -  tha t  is ,  ther e ca n b e n o B s tha t  ar e no t  As .  T h e thre e 
dot s belo w eac h mode l  indicat e tha t  ther e i s premis e 
informatio n no t  ye t  m a d e explici t  i n th e model . 

The vali d conclusio n t o thi s three-mode l  syllogis m i s 
"Some A  ar e no t  C" .  A s th e secon d ter m i n thi s conclusio n 
(th e C  term )  i s represente d exhaustivel y i n relatio n t o th e B 
ter m i n th e initia l  menta l  mode l  (o n th e fa r  left) ,  th e 
relationshi p betwee n th e en d term s i n th e mode l  tha t  show s 
th e conclusio n t o b e tru e (th e to p tw o lines )  remain s 
unchange d whe n th e mode l  i s fleshed  out .  Hence ,  th e 
consideratio n o f  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  response s afte r  th e constructio n o f  a 
singl e model .  N o w let' s  conside r  th e indeterminatel y invali d 
conclusio n "Som e C  ar e no t  A" .  Th e botto m tw o line s o f  th e 
initia l  mode l  sho w thi s conclusio n t o b e true .  However , 
sinc e th e secon d ter m i n th e conclusio n (th e A  term )  i s no t 
represente d exhaustivel y i n thi s model ,  i t  i s  necessar y t o 
flesh  ou t  th e mode l  t o b e certai n o f  th e conclusion' s logica l 
status . 

I n th e presen t  study ,  an d i n earlie r  studie s o f  belie f  bia s 
tha t  hav e employe d a  conclusio n evaluatio n methodology , 
bot h th e vali d an d th e invali d problem s tha t  wer e use d ha d 
determinat e premise s -  tha t  is ,  one s tha t  yiel d a  vali d 
conclusion .  S o lon g a s figure  i s kep t  constant ,  th e us e o f 
suc h material s mean s tha t  ther e shoul d b e littl e differenc e i n 
th e gaz e behaviou r  betwee n vali d an d invali d syllogism s 
prio r  t o th e poin t  a t  whic h th e conclusio n i s first  gaze d 
upon .  However ,  th e ide a o f  a  valid-invali d processin g 
distinctio n suggest s tha t  afte r  viewin g th e conclusio n 
participant s wil l  b e likel y t o gaz e upo n th e premise s fo r 
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longe r  wit h invali d problem s tha n wit h vali d ones .  Fo r  thi s 
reason ,  th e metacognitiv e uncertaint y accoun t  predict s tha t 
an interactio n betwee n reasonin g stag e (pre-conclusion -
gaze/post-conclusion-gaze )  an d logi c wil l  b e eviden t  i n 
participants '  gazes . 

The mai n ai m o f  thi s stud y wa s t o tes t  th e differen t  eye -
movement  prediction s mad e b y th e tw o theorie s describe d 
above ,  an d i n thi s way ,  t o arbitrat e betwee n thes e account s 
of  belie f  bias .  T o thi s end ,  participants '  ey e movement s 
wer e recorde d usin g a n eye-trackin g devic e whils t  the y 
evaluate d logica l  argument s whos e presente d conclusion s 
varie d i n validit y an d prio r  believability . 

Method 

Participants 

Twent y undergraduat e psycholog y student s a t  th e 
Universit y o f  Derb y too k par t  i n th e experiment .  Non e o f 
th e participant s ha d take n forma l  instructio n i n logi c an d al l 
wer e teste d individually . 

Materials 

Whils t  th e participant s carrie d ou t  th e reasonin g tas k thei r 
ey e movement s wer e monitore d usin g a n A S L (Applie d 
Scienc e Laboratories )  4200 R Ey e Trackin g System .  Thi s 
eye-trackin g devic e operate s o n th e 'Doubl e Purkinj e 
image '  method .  Measurement s ar e take n o f  th e relativ e 
change s i n angl e o f  infra-re d ligh t  reflection s fro m th e fron t 
of  th e corne a an d rea r  o f  th e lens .  Thi s metho d allow s fo r  a 
degre e o f  fre e hea d movemen t  whils t  monitorin g i s takin g 
plac e (Megaw ,  1990) . 

T wo form s o f  three-mode l  syllogis m (e.g. ,  a s classifie d 
by Johnson-Lair d an d Byrne ,  1991 )  wer e used .  On e for m 
was vali d an d on e for m wa s invali d (i.e. ,  th e conclusion s 
di d no t  follo w logicall y fro m th e premises) .  Bot h th e vali d 
and invali d syllogism s wer e i n th e sam e A-B ,  B- C figur e 
wit h conclusion s o f  th e for m A-C .  Th e vali d proble m wa s i n 
th e lE O mood ,  whils t  th e invali d proble m wa s i n th e EI O 
mood.  Th e invali d conclusion s wer e indeterminatel y invali d 
(i.e. ,  th e conclusion s wer e consisten t  wit h th e premise s bu t 
the y wer e no t  necessitate d b y them) . 

A se t  o f  potentia l  conclusion s whic h wer e fals e b y 
defmition ,  (e.g. ,  "Som e king s ar e no t  men" )  wa s chosen , 
togethe r  wit h a  se t  o f  believabl e conclusions ,  fo r  example , 
"Some animal s ar e no t  cats" .  Th e conclusion s wer e devise d 
so a s t o appea r  believabl e whe n th e term s wer e presente d i n 
one order ,  bu t  unbelievabl e whe 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 pre-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 - 3 (totall y unbelievable )  t o -1- 3 
(totall y  believable) .  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 . 
Hal f  o f  th e vali d an d invali d syllogism s wer e presente d wit h 
conclusion s whic h wer e believabl e an d hal f  wer e presente d 
wit h conclusion s whic h wer e unbelievabl e b y definition .  I n 
additio n t o th e fou r  type s o f  three-mode l  syllogis m ther e 
wer e thre e one-mode l  fille r  syllogism s whic h wer e use d t o 
distrac t  th e participant s fro m th e form s o f  th e syllogism s o f 
interest . 

The syllogism s wer e presente d individuall y o n displa y 
card s i n time s ne w roma n fon t  siz e 3 6 (lowe r  cas e =  6 m m 
high ,  uppe r  cas e =  8.5mm) .  Th e tw o premise s wer e printe d 
at  th e to p o f  eac h car d (th e distanc e betwee n th e botto m o f 
th e letter s i n th e firs t  premis e an d th e to p o f  th e lowe r  cas e 
letter s i n th e secon d premis e wa s 23.5mm) ,  an d th e 
conclusion s wer e printe d approximatel y tw o third s o f  th e 
way dow n th e pag e (th e distanc e betwee n th e botto m o f  th e 
letter s i n th e secon d premis e an d th e to p o f  th e lowe r  cas e 
letter s i n th e conclusion s wa s 112mm) .  Th e respons e word s 
"yes "  an d "no "  wer e printe d o n th e lef t  an d right  side s a t  th e 
botto m o f  eac h page . 

Design 

A withi n participant s desig n wa s used ,  wit h al l  o f  th e 
participant s receivin g th e fou r  three-mode l  syllogism s 
togethe r  wit h th e thre e fille r  syllogisms .  Thes e wer e 
precede d b y 3  practic e syllogism s (1 0 syllogism s i n total) . 
The orde r  o f  th e proble m type s wa s varie d usin g a  fou r  b y 
fou r  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 2nd ,  4t h an d 6t h places .  Th e 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 fou r  differen t  set s o f  materials .  Th e fou r 
set s o f  material s wer e distribute d evenl y an d randoml y 
amongst  th e participant s (i.e. ,  fiv e participant s pe r  se t  o f 
materials) .  A t  th e beginnin g o f  eac h bookle t  thre e practic e 
syllogism s wer e give n i n orde r  t o familiaris e th e 
participant s wit h th e task .  Th e participant s wer e unawar e 
tha t  thes e wer e practic e syllogisms . 

Procedure 

Each participan t  wa s seate d i n a  chai r  wit h a  car d displa y 
rac k i n fron t  o f  them .  Th e distanc e betwee n th e displa y rac k 
and th e participants '  eye s wa s approximatel y 60cm .  Onc e 
tha t  th e eye-trackin g devic e ha d bee n calibrated ,  th e 
followin g instruction s wer e presented : 

"Thi s i s a n experimen t  t o tes t  people' s reasonin g ability . 
You wil l  b e give n te n problems .  Yo u wil l  b e show n two 
statement s an d yo u ar e aske d i f  certai n conclusion s (give n 
belo w th e statements )  ma y b e logicall y deduce d fro m them . 
You shoul d answe r  thi s questio n o n th e 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 poin t  t o th e wor d "yes" ,  otherwis e th e wor d 
"no" . 

Pleas e tak e you r  tim e an d b e sur e tha t  yo u hav e th e right 
answer  befor e givin g you r  response .  Afte r  yo u hav e give n 
you r  respons e th e nex t  proble m wil l  b e presented .  Than k 
yo u ver y muc h fo r  participating. " 

The 1 0 proble m card s wer e place d i n a n uprigh t  pil e upo n 
th e car d displa y rack .  Afte r  th e participan t  ha d indicate d 
thei r  respons e t o a  syllogis m (b y pointin g t o eithe r  th e "yes " 
or  th e "no" )  tha t  proble m car d wa s remove d t o revea l  th e 
nex t  proble m card .  Th e participant s wer e allowe d a s muc h 
tim e a s the y require d t o complet e th e reasonin g task . 

A vide o camer a mounte d o n th e ceilin g abov e an d behin d 
th e participan t  recorde d a n imag e o f  eac h proble m car d a s 
wel l  a s th e participant' s pointin g responses .  Horizonta l  an d 
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vertica l  ey e movement s wer e recorde d usin g th e infra-re d 
trackin g device .  A  smal l  blac k squar e indicatin g ey e 
movement s wa s superimpose d ont o th e vide o imag e b y th e 
trackin g device .  A  digita l  time r  (displayin g hundredth s o f 
seconds )  wa s als o superimpose d ont o th e botto m righ t  han d 
comer  o f  th e vide o image . 

Results 

Conclusion Acceptances 

An analysi s o f  th e conclusion-acceptanc e dat a reveale d a 
significan t  effec t  o f  Belief ,  p  <  .01 ,  one-taile d sig n test ,  wit h 
participant s acceptin g mor e believabl e conclusion s tha n 
unbelievabl e conclusion s ( 7 0 % -  4 0 % =  3 0 % ) .  Th e effec t  o f 
Logi c wa s i n th e standar d direction ,  wit h mor e vali d 
argument s accepte d tha n invali d one s ( 6 3 % 4 8 % =  1 5 % ) , 
but  fel l  shor t  significance .  Ther e wa s a  significan t 
interactio n betwee n Logi c an d Belief ,  p  <  .01 ,  one-taile d 
sig n test ,  suc h tha t  th e effec t  o f  belie f  wa s greate 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 . 

Eye-movement Analysis 

For  th e eye-movemen t  analyse s fou r  fixatio n area s wer e 
identified :  premises ;  conclusion ;  yes-n o respons e words ; 
and blan k area s o f  displa y cards .  Th e eye-movemen t  vide o 
recording s wer e analyse d fram e b y fram e (sinc e ther e wer e 
25 frame s pe r  second ,  th e shortes t  fixatio n tha t  coul d b e 
identifie d wa s 4 0 mse c i n duration )  i n orde r  t o establis h th e 
tim e duratio n o f  eac h gaze .  A  gaz e typicall y include d mor e 
tha n on e separat e fixation ,  an d wa s define d a s an y tim e 
spen t  viewin g a  fixatio n are a tha t  wa s greate r  tha n 20 0 mse c 
i n duration .  Gaze s o n th e 'yes '  an d 'no '  respons e word s an d 
blan k area s o f  proble m card s ar e no t  include d i n th e 
followin g analyses .  D u e t o refractiv e o r  pathologica l  ey e 
defect s th e eye-movemen t  vide o recording s fo r  thre e ou t  o f 
th e 2 0 participant s wer e uninterpretable .  Th e recording s 
made fo r  thes e participant s have ,  therefore ,  bee n exclude d 
fro m th e followin g eye-movemen t  analyse s 

I n orde r  t o establis h whethe r  viewin g th e conclusio n ha d 
an effec t  o n subsequen t  premis e gazes ,  th e premis e gaz e 
time s dat a fo r  eac h typ e o f  syllogis m wer e divide d int o pre -
conclusion-viewin g an d post-conclusion-viewin g times . 
Thes e dat a wer e subjecte d t o a  multi-factoria l  analysi s o f 
variance .  Th e factor s wer e Stag e (tw o levels :  pre -
conclusion-viewin g /  post-conclusion-viewing) .  Logi c an d 
Believability .  N o n e o f  th e thre e factor s wa s significant . 
However ,  Stag e interacte d wit h Logic ,  F  (1,16 )  =  5.06 ,  p  < 
.05 ,  suc h tha t  wit h th e invali d problem s participant s gaze d 
upo n th e premise s fo r  a  greate r  amoun t  o f  tim e afte r 
viewin g th e conclusio n tha n before .  Wit h th e vali d problem , 
however ,  thi s effec t  o f  stag e wa s somewha t  smalle r  an d i n 
th e opposit e direction .  Othe r  interaction s wer e no t 
significant . 

Discussion 

Thi s stud y assume d tha t  th e length s o f  gaze s identifie d fro m 
an analysi s o f  participants '  ey e movement s woul d provid e 
some direc t  insigh t  int o th e processe s associate d wit h th e 

experimenta l  manipulation s o f  logica l  validit y an d 
believability .  Th e findin g o f  a n effec t  o f  belie f  togethe r  wit h 
an interactio n betwee n logi c an d belie f  i n th e conclusio n 
acceptance s dat a provide d a  goo d opportunit y t o investigat e 
th e processe s an d strategie s underlyin g thes e standar d 
effects . 

The menta l  model s accoun t  claim s tha t  ther e wil l  b e tw o 
stage s o f  menta l  model s constructio n whe n multiple-mode l 
syllogism s ar e presente d wit h unbelievabl e conclusions :  a 
pre-conclusion-gaz e stag e i n whic h participant s construc t  a n 
initia l  mode l  o f  th e premises ;  an d a  post-conclusion-gaz e 
stag e i n whic h participant s fles h ou t  th e initia l  mode l  i n a 
searc h fo r  counter-example s whic h migh t  sho w th e 
conclusio n t o b e false .  O n th e othe r  hand ,  w h e n syllogism s 
ar e presente d wit h believabl e conclusion s th e menta l  model s 
accoun t  claim s ther e wil l  b e onl y on e stag e o f  menta l 
model s construction :  a  pre-conclusion-gaz e stage .  Th e 
menta l  model s account ,  therefore ,  appear s t o predic t  tha t 
ther e shoul d b e a n interactio n betwee n stag e (pre -  /  post -
conclusion-gaze )  an d believability .  N o suc h interactio n wa s 
eviden t  i n th e data .  Th e findin g o f  a n interactio n betwee n 
stag e an d logic ,  however ,  i s  consisten t  wit h th e ide a o f  a 
valid-invali d processin g distinctio n tha t  lie s a t  th e hear t  o f 
th e metacognitiv e uncertaint y account .  I n th e presen t  study , 
and i n earlie r  studie s o f  belie f  bia s tha t  hav e employe d a 
conclusio n evaluatio n methodology ,  bot h th e vali d an d th e 
invali d problem s use d ha d determinat e premise s tha t  is , 
one s tha t  yiel d a  vali d conclusion .  S o lon g a s figur e i s kep t 
constant ,  th e us e o f  suc h material s mean s tha t  ther e shoul d 
be littl e differenc e i n gaz e behaviou r  betwee n vali d an d 
invali d syllogism s prio r  t o th e poin t  a t  whic h th e conclusio n 
i s viewed .  However ,  th e ide a o f  a  valid-invali d processin g 
distinctio n incorporate d withi n th e metacognitiv e 
uncertaint y accoun t  suggest s tha t  afte r  viewin g a  presente d 
conclusio n participant s wil l  gaz e upo n th e premise s fo r 
longe r  wit h invali d problem s tha n wit h vali d ones . 

Whils t  th e patter n o f  eye-movemen t  behaviou r  observe d 
i n th e presen t  stud y wa s predicte d b y th e metacognitiv e 
uncertaint y account ,  th e conclusion-centre d reasonin g 
strategie s identifie d fro m verba l  protoco l  analysi s b y Evan s 
et  al .  woul d predic t  quit e a  differen t  patter n o f  ey e 
movements .  Thi s observatio n support s th e clai m tha t  thin k 
alou d protocol s give n durin g syllogisti c reasonin g task s 
may b e incomplete .  W e suspec t  tha t  th e processe s involve d 
i n verbalisatio n m a y compet e wit h task-oriente d processin g 
suc h tha t  participant s m a y sto p verbalisin g a t  time s w h e n 
th e processin g demand s o f  th e primar y reasonin g tas k ar e 
high .  Evan s e t  al.' s  identificatio n o f  distinc t  reasonin g 
strategie s i n studie s o f  belie f  bias ,  therefore ,  m a y b e a 
methodologica l  artifac t  attributabl e t o th e employmen t  o f  a 
think-alou d verba l  protoco l  analysi s methodology . 

I n conclusion ,  th e stud y ha s demonstrate d h o w a n 
analysi s o f  participants '  eye-movement s durin g reasonin g 
ca n provid e direc t  an d detaile d insight s int o th e natur e an d 
tim e cours e o f  reasonin g processes ,  whic h i n tur n ca n allo w 
th e researche r  t o arbitrat e betwee n conflictin g account s o f 
reasonin g phenomena .  W e maintai n tha t  th e employmen t  o f 
eye-movemen t  analysi s i n othe r  reasonin g paradigm s 
alongsid e existin g methodologie s m a y enabl e researcher s t o 
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gai n a  mor e detaile d understandin g o f  huma n deductiv e 
competenc e an d performanc e tha n currentl y exists . 
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