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Abstrac t 

We propose a model of the representation and processing of 
uncertaint y an d us e i t  t o accoun t  fo r  dat a fro m a n experimenta l 
stud y o f  th e us e o f  probabilit y  words .  Give n tw o sentences , 
one usin g a  probabilit y  wor d an d th e othe r  phrase d i n term s 
of  reasons-to-believe ,  subject s wer e aske d t o judg e i f  th e sec -
ond wa s a n acceptabl e paraphras e fo r  th e first.  Fo r  certai n 
word/paraphras e pair s ther e wa s a  hig h degre e o f  consensu s 
about  acceptability ,  fo r  other s th e subject s wer e divided .  W e 
model  th e decisio n proces s a s involvin g tw o stages .  First ,  a 
concret e "mental "  mode l  i s constructe d whic h i s consisten t 
wit h th e first  phrase .  Th e secon d phras e i s the n teste d fo r  com -
patibilit y  wit h thi s model .  I n simulation s tw o differen t  repre -
sentation s fo r  th e meaning s o f  phrase s wer e tested ,  on e base d 
on probabilit y  intervals ,  an d on e base d o n qualitativ e argumen t 
structures .  Bot h version s o f  th e mode l  giv e a  goo d accoun t  fo r 
th e data ,  bot h i n term s o f  whic h paraphrase s ar e judge d t o b e 
acceptabl e an d th e relativ e proportion s o f  subject s agreein g o r 
disagreeing . 

I n t roduc t i o n 

What  i s th e meanin g o f  probabilit y  term s (suc h a s "probable " 
and "possible" )  a s use d i n everyda y language ,  an d ho w ar e 
suc h concept s use d i n cognitiv e processing ? Th e secon d o f 
thes e question s h o w suc h term s ar e use d i n processe s suc h 
as decisio n makin g -  ha s generall y bee n see n a s closel y re -
late d t o th e first  -  thei r  underlyin g cognitiv e representation . 
Historically ,  suc h term s hav e ofte n bee n take n a s conveyin g 
interval s o f  confidenc e o r  probabilit y  ove r  som e analogu e s -
cale ,  suc h a s a  probabilit y  scal e o r  fuzz y membershi p func -
tion s (Wallste n &  Budesc u 1995) .  A n alternativ e possibilit y 
i s base d o n th e vie w tha t  huma n reasonin g unde r  uncertaint y 
involve s a  proces s o f  logica l  argumentation ,  i n whic h qualita -
tiv e argument s fo r  o r  agains t  (o r  reason s t o believ e o r  doubt )  a 
propositio n ar e a s important ,  o r  possibl y mor e so ,  tha n repre -
sentatio n i n term s o f  quantitativ e value s (Fox ,  1994) .  O n thi s 
vie w probabilit y  word s m a y conve y qualitativ e structure s o f 
suc h argument s rathe r  tha n numerica l  degree s o f  belief .  Fo r 
example ,  th e wor d "probable "  migh t  mea n somethin g mor e 
lik e "ther e ar e bette r  reason s t o believ e thi s i s tru e tha n t o 
doub t  it "  tha n "th e probabilit y  o f  thi s bein g tru e i s greate r 
tha n 0.5" . 

I n thi s pape r  w e presen t  a  mode l  o f  a  decisio n proces s 
whic h i s applie d t o decision s abou t  paraphrase s fo r  c o m m o n 
probabilit y  words .  O n th e model ,  probabilit y  term s ar e use d 
by constructin g a  concret e (internal ,  o r  "mental" )  mode l  o f 
th e worl d tha t  i s  compatibl e wit h th e term .  S o m e mor e ab -
strac t  representatio n o f  th e meanin g o f  th e phras e -  b e i t  i n 
term s o f  probabilit y  intervals ,  argumen t  structure s o r  som e 

othe r  formalis m -  i s use d t o construc t  thi s worl d model ,  bu t  i t 
i s  th e mode l  tha t  i s th e basi s fo r  th e decisio n itself . 

Befor e discussin g th e mode l  an d simulatio n wor k i n mor e 
detai l  w e first  describ e th e experimenta l  dat a o n whic h i t  i s 
based . 

Experiment 

Th e experimen t  reporte d her e i s designe d t o investigat e th e 
relationshi p betwee n probabilit y  word s an d set s o f  argument s 
fo r  o r  agains t  propositions ,  wit h th e ai m o f  establishin g a  con -
sisten t  se t  o f  term s fo r  report s fro m risk-assessmen t  software . 

Subject s wer e presente d wit h stimul i  o f  th e for m "I f  (state -
ment  1 )  the n (statemen t  2) " ,  a s i n th e followin g examples : 

/ / 
i t  i s  T R U E tha t  smokin g cause s cance r 

the n 

Ther e ar e bette r  reason s t o believ e tha t 

smokin g cause s cance r  tha n t o den y i t 

/ / 
It  ca n b e raled  ou t  tha t 

benzoat e derivative s ar e carcinogeni c 

the n 

i t  i s  P R O B A B LE tha t  benzoat e derivative s 

ar e carcinogeni c 

The y wer e aske d t o judg e i n eac h cas e i f  the y agree d wit h 
th e "then "  statemen t  give n th e "if "  statement .  Stimul i  wer e 
presente d o n a  compute r  display ,  an d subject s responde d b y 
pressin g on e o f  thre e button s marke d "Agree" ,  "Disagree " 
and "Unclear" .  The y wer e aske d t o disregar d an y opinion s 
the y migh t  hav e o n th e trut h o f  th e statement s an d t o concen -
trat e onl y o n th e consistenc y o f  th e secon d wit h th e first.  I n 
ever y stimulu s on e o f  th e statement s use d a  probabilit y  word , 
and th e othe r  wa s phrase d i n term s o f  "reason s t o believe" . 
Bot h word s an d phrase s wer e selecte d fro m a  se t  o f  five  pos -
sibilitie s (Tabl e 1) ,  givin g 2 5 possibl e combinations .  Addi -
tionall y eac h pai r  o f  statement s wa s presente d i n bot h order s -
wit h th e probabilit y  wor d first  an d "reason s t o believe "  phras e 
second ,  an d vice-versa ,  yieldin g a  tota l  o f  5 0 stimuli .  Thes e 
wer e al l  presented ,  i n rando m order ,  t o 3 3 undergraduat e s -
tudent s w h o participate d fo r  credi t  o n a  psycholog y cours e a t 
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Tabl e 1 :  Th e probabilit y  word s an d "reason s t o believe "  phrase s use d i n th e experiment .  Th e latte r  ar e followe d b y th e acronym s 

use d t o identif y the m hereafter . 

Probabilit y  Word s 

Tru e 

Probabl e 

Possibl e 

Improbabl e 

Fals e 

"Reason s t o believe " 

The reason s t o believ e (p )  ar e totall y convincin g 

Ther e ar e bette r  reason s t o believ e (p )  tha n t o doub t  i t 

Ther e i s n o reaso n t o doub t  (p ) 

Ther e ar e bette r  reason s t o doub t  (p )  tha n t o believ e i t 

I t  ca n b e rule d ou t  tha t  (p ) 

(RBTC) 

(BRTB) 

(NRTD) 

(BRTD) 

(CBRO) 

Cit y University ,  London . 

Results 

Of  th e 165 0 response s o f  3 3 subject s o n 5 0 stimuli ,  onl y 11 1 
(6.7% )  wer e "unclear" .  I n th e curren t  wor k w e focu s o n th e 
"agree "  an d "disagree "  response s only .  Tabl e 2  show s th e 
proportio n o f  suc h response s t o eac h stimulu s whic h wer e "a -
gree "  rathe r  tha n "disagree" . 

Tabl e 2 :  Experimenta l  results :  Proportio n o f  subject s re -

spondin g "agree "  i n (a )  th e "Ter m the n Phrase "  conditio n an d 

(b )  th e "Phras e the n Term "  condition .  Entrie s sho w th e quan -

tit y (agre e responses )  /  (agre e -i -  disagre e responses) .  An y 

"unclear "  response s ar e no t  counted . 

(a) 

Tru e 

Probabl e 

Possibl e 

Improbabl e 

Fals e 

R B TC 

0.9 4 

0.2 6 

0.1 4 

0 
0.0 6 

BRTB 

0.8 8 

0.8 4 

0.7 1 

0.2 2 

0.0 7 

>4RTD 

0.8 8 

0.2 9 

0.1 7 

0.0 3 

0.0 9 

B R TD 

0.0 6 

0.0 9 

0.2 
0.8 7 

0.8 4 

CBRO 

0.0 3 

0.0 3 

0 
0.1 9 

0.8 4 

(b ) 

Tru e 

Probabl e 

Possibl e 

Improbabl e 

Fals e 

R B TC 

0.9 
0.7 9 

0.6 9 

0.0 3 

0 

BRTB 

0.3 7 

0.9 7 

0.9 6 

0.1 7 

0.0 6 

N R TD 

0.9 1 

0.7 9 

0.6 8 

0.1 9 

0.1 5 

BRTD 

0 
0.2 6 

0.6 6 

0.8 1 

0.3 4 

CBRO 

0.1 2 

0.0 3 

0.1 3 

0.5 7 

0.9 3 

A numbe r  o f  interestin g feature s emerge .  O n som e stim -
ul i  th e subject s wer e quit e consisten t  i n thei r  responses ,  o n 
other s the y wer e clearl y divide d wit h a s m u c h a s a  6 0 % : 4 0 % 
spli t  i n opinion .  Th e orderin g o f  th e statement s i n th e stim -
ul i  i s  importan t  -  fo r  example ,  2 0 % agree d tha t  i f  somethin g 
i s "possible "  the n ther e ar e bette r  reason s t o believ e i t  tha n t o 
doub t  it ,  wherea s 6 6 % agree d tha t  i f  ther e ar e bette r  reason s t o 
believ e tha n t o doub t  the n i t  i s stil l  "possible" .  Thi s asymme -
tr y make s sens e give n th e usua l  intuitiv e meaning s fo r  thes e 
phrases ,  bu t  i t  i s  interestin g t o not e tha t  thos e stimul i  whic h 
sho w suc h asymmetr y d o s o t o differin g degrees . 

Finally ,  w e not e tha t  th e phras e "Ther e i s n o reaso n t o 
doubt "  i s treate d a s ver y simila r  t o "Th e reason s t o believ e ar e 
totall y convincing" .  I t  seem s tha t  th e experimen t  i s no t  sen -
sitiv e t o th e difference s i n meanin g betwee n th e tw o phrases , 
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Figur e 1 :  Overal l  structur e o f  th e decisio n model ,  a s simulat -

ed i n th e C O G E NT modellin g package . 

whic h intuitivel y see m clear .  W e hop e t o prob e suc h differ -
ence s furthe r  i n futur e experiments . 

A computational model 

H ow migh t  on e characteris e th e cognitiv e processe s involve d 
i n decidin g whethe r  on e phras e i s a n acceptabl e paraphras e o f 
another ? Ou r  approac h i s base d o n tw o centra l  hypotheses : 

1. The task is carried out by forming a symbolic internal 
("mental" )  mode l  o f  th e firs t  phrase ,  the n testin g th e secon d 
phras e agains t  it .  I f  th e secon d phras e i s consisten t  wit h th e 
establishe d mode l  the n th e paraphras e i s accepted . 

2. The model of a phrase employed in this process takes the 
for m o f  a  se t  o f  alternativ e possibl e situation s i n whic h th e 
phras e woul d hold . 

These assumptions are embodied in the decision-making 
model  show n i n Figur e 1 .  Th e mode l  i s implemente d usin g 
th e C O G E NT cognitiv e modellin g syste m (Coope r  &  Fox , 
1998) ,  whic h allow s th e component s o f  th e mode l  t o b e full y 
specifie d s o tha t  it s operatio n ca n b e simulated . 

Th e overal l  simulatio n contain s model s o f  bot h th e tas k 
environmen t  (labelle d "experimenter" )  an d th e subject ,  al -
thoug h onl y th e subjec t  mode l  i s show n here .  Th e tas k en -
vironmen t  mode l  i s responsibl e fo r  presentin g pair s o f  phras -
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Tabl e 3 :  Th e se t  o f  possibl e situatio n model s whic h could  b e 

produce d unde r  eac h representationa l  scheme . 

Probabilisti c 

0. 0 

0. 1 

0. 2 

0. 3 

0. 4 

0. 5 

0. 6 

0. 7 

0. 8 

0. 9 

1. 0 

Reason-base d 

Confim i 

Exclud e 

Suppor t 

Oppose 

(Support ,  Oppose ) 

(Support ,  Support ,  Oppose ) 

(Support ,  Oppose ,  Oppose ) 

Tabl e 4 :  Meaning s assigne d t o eac h phras e unde r  th e differen t 

representationa l  schemes .  *  " N R T D "  i s equate d wit h "True " 

here . 

Phras e 

Tru e 

Probabl e 

Possibl e 

Improbabl e 

Fals e 

RBTC 
BRTB 
NRTD 
BRTD 
CBRO 

Probabilisti c 

p = 1. 0 

p>0. 5 

p>0 
p<0. 5 

p =  0. 0 

p=1. 0 

p>0. 5 

p=1.0 * 

p<0. 5 

p =  0. 0 

Reason-base d 

Confirme d 

Suppor t  >  Oppositio n 

Not  exclude d 

Oppositio n >  Suppor t 

Exclude d 

Confirme d 

Suppor t  >  Oppositio n 

Confirmed * 

Oppositio n >  Suppor t 

Exclude d 

es equivalen t  t o thos e use d i n th e rea l  experiment ,  an d fo r 
recordin g results . 

The layou t  o f  th e subjec t  mode l  i s intende d t o reflec t  hy -
pothesi s 1 .  Th e pai r  o f  phrase s presente d o n a  particula r  tria l 
ar e place d i n tw o storag e buffers .  Phras e 1  i s th e operativ e 
phras e fro m th e first  statemen t  presente d o n tha t  tria l  (fo r  ex -
ample  probabl e i n th e sentenc e "I t  i s  probabl e tha t  benzoat e 
derivative s ar e toxic") .  Phras e 2  i s th e operativ e phras e fro m 
th e secon d statement .  Th e proces s "Buil d Mode l "  imple -
ment s hypothesi s 2  b y constructin g a  se t  o f  situationa l  mod -
els ,  al l  compatibl e wit h Phras e 1 .  T o d o this ,  "Buil d Mode l " 
communicate s wit h anothe r  process ,  "Phras e Meaning" ,  t o 
chec k whethe r  eac h o f  a  standar d se t  o f  candidat e model s i s 
compatibl e wit h th e phrase .  A n y whic h ar e compatibl e accu -
mulat e i n a  "Mode l  Buffer" .  Th e final  se t  o f  model s i n thi s 
buife r  i s  take n t o conceptualis e Phras e 1 .  Th e approac h ha s 
similaritie s wit h th e "menta l  models "  approac h t o reasonin g 
(Johnson-Laird ,  1983 )  t o th e exten t  tha t  a  forma l  propositio n 
i s represente d b y a  se t  o f  concret e worl d model s wit h whic h 
i t  i s  compatible . 

The proces s "Prob e Mode l "  check s eac h situationa l  mod -
el  i n th e buffe r  fo r  compatibilit y  wit h Phras e 2 .  Agai n th e 
"Phras e Meaning "  proces s i s use d t o perfor m th e compati -
bilit y  check .  "Prob e Mode l "  respond s t o th e experimente r 
accordin g t o th e numbe r  o f  model s i n th e buffe r  tha t  ar e com -
patibl e wit h Phras e 2 .  I f  al l  model s ar e compatibl e th e para -
phras e i s accepte d (th e respons e "agree "  i s sen t  t o th e experi -
menter) .  I f  al l  ar e incompatibl e i t  i s  rejecte d (th e respons e i s 
"disagree") .  I f  som e ar e compatibl e an d som e incompatibl e 
th e situatio n i s unclear .  Unde r  eithe r  o f  th e representationa l 
schemes discusse d belo w 2 0 % o f  stimul i  resul t  i n thi s situa -
tion ,  wherea s onl y 6.7 % o f  subjects '  response s ar e "unclear" . 
It  i s  therefor e no t  obviou s tha t  suc h case s shoul d b e interpret -
ed a s "unclear "  responses .  W e retur n t o thi s poin t  below . 

To implemen t  th e situationa l  model s themselve s tw o dif -
feren t  representationa l  scheme s wer e investigated ,  whic h w e 
labe l  "probabilistic "  an d "reason-based" .  Table  3  show s th e 
set  o f  candidat e situationa l  model s whic h coul d b e considere d 
unde r  eac h representationa l  scheme .  Eac h situationa l  mode l 
i s intende d t o represen t  a  singl e possibl e stat e o f  th e worl d 
(we refe r  t o thes e a s "possibl e worlds" ,  althoug h th e ter m i s 
not  use d i n it s forma l  sense) .  Th e se t  o f  model s accumulat -

ed i n th e Mode l  Buffe r  represent s a  se t  o f  possibl e world s i n 
eac h o f  whic h Phras e 1  woul d b e true . 

We wil l  first  conside r  th e probabilisti c  scheme ,  whic h i s 
perhap s th e mor e compatibl e wit h traditiona l  idea s abou t  th e 
meanin g o f  probabilit y  words .  Her e eac h situationa l  mode l 
comprise s a  singl e quantity ,  whic h i s take n t o represen t  th e 
probabilit y  tha t  a n even t  wil l  occu r  i n a  particula r  possibl e 
world .  W e wil l  describ e th e operatio n o f  th e mode l  an d th e 
result s obtaine d usin g thi s representationa l  scheme ,  returnin g 
t o th e reason-base d schem e later . 

Th e "Phras e Meaning "  proces s check s th e compatibilit y  o f 
a particula r  situationa l  mode l  wit h a  particula r  phrase .  I t  con -
tain s a  definitio n o f  th e meanin g o f  eac h phras e unde r  th e ap -
propriat e representationa l  scheme ,  a s show n i n Tabl e 4 .  Fo r 
th e probabilisti c  schem e th e meaning s o f  phrase s ar e define d 
i n term s o f  probabilit y  intervals ,  an d a  straightforwar d se t  o f 
interval s i s chose n fo r  th e five  probabilit y  words .  Fo r  con -
sistenc y th e "reasons-to-believe "  phrase s ar e als o assigne d 
probabilit y  interva l  meanings .  T h e meanin g assigne d t o " N o 
Reaso n t o Doubt "  i s  th e sam e a s tha t  fo r  "Reason s t o Believ e 
ar e Totall y Convincing" ,  i n respons e t o th e clea r  tendenc y o f 
subject s t o trea t  bot h phrase s a s equivalen t  i n th e experiment . 
We retur n t o thi s poin t  i n th e discussio n section . 

Suppos e Phras e 1  i s "Probable" .  Unde r  th e probabilisti c 
representationa l  schem e th e "Buil d Mode l "  proces s woul d 
buil d a  concep t  fo r  th e phras e "Probable "  comprisin g th e se t 
of  probabilit y  value s {0.6 ,  0.7 ,  0.8 ,  0.9 ,  1.0} .  Tha t  is ,  al l 
candidat e model s wit h valu e >  0.5 .  I f  Phras e 2  i s "Possible " 
the n th e "Prob e Mode l "  proces s wil l  tes t  eac h o f  thes e value s 
agains t  th e meanin g fo r  "Possible "  ( > 0) ,  an d find  the m al l 
t o b e compatible .  Th e respons e "agree "  wil l  b e sen t  t o th e 
"experimenter" . 

Study 1 

Usin g th e probabilisti c  representationa l  schem e th e ful l  se t 
of  5 0 experimenta l  stimul i  wa s presente d t o th e model .  Fo r 
an initia l  compariso n wit h th e subjec t  dat a w e examin e thos e 
stimul i  fo r  whic h 9 0 % o r  mor e o f  th e subject s eithe r  agree d o r 
disagree d wit h th e paraphrase .  Ther e ar e 2 1 suc h stimul i  ( 6 
wit h mos t  subject s agreein g an d 1 5 wit h mos t  disagreeing) . 
I n ever y on e o f  thes e case s th e mode l  give s a n agree  respons e 
(wher e 9 0 % o r  mor e o f  subject s agree )  o r  a  disagre e respons e 
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(wher e 9 0 % o r  mor e disagree) .  Thi s confirm s tha t  th e mode l 
predict s th e decision s mad e b y subject s i n thos e case s wher e 
th e subject s themselve s agre e o n th e response . 

M a ny o f  th e remainin g stimul i  resul t  i n a  mixtur e o f  com -
patibl e an d incompatibl e situatio n model s i n th e mode l  buffer . 
As mentione d earlie r  i t  i s no t  obviou s h o w thes e case s shoul d 
be handled .  I n orde r  t o investigat e thi s furthe r  th e criteri a 
fo r  "agree "  o r  "disagree "  response s fro m th e mode l  wer e re -
laxed .  A n "agree "  respons e wa s mad e i f  5 0 % o r  mor e o f  th e 
situationa l  model s i n th e mode l  buffe r  wer e compatibl e wit h 
Phras e 2 ,  a  "disagree "  respons e otherwise .  Thi s allow s al l  s -
timul i  t o produc e a  response .  Unde r  thes e conditions ,  ever y 
"agree "  respons e fro m th e mode l  correspond s t o a  stimulu s 
fo r  whic h mor e tha n 5 0 % o f  subject s agree ,  an d ever y "dis -
agree "  respons e t o a  stimulu s fo r  whic h mor e tha n 5 0 % dis -
agre e (I n onl y on e cas e doe s th e mode l  produc e exactl y 5 0 % 
compatibl e models .  Thi s i s i n respons e t o a  stimulu s t o whic h 
mor e tha n 5 0 % o f  subject s responde d "agree") . 

Clearl y th e proportio n o f  "compatible "  model s i s a n excel -
len t  predicto r  o f  subjects '  response s a t  thi s coars e leve l  o f 
analysis .  Thi s resul t  suggest s a  possibl e interpretatio n fo r 
case s wit h bot h compatibl e an d incompatibl e model s i n th e 
Model  Buffer :  Th e rati o o f  compatibl e t o incompatibl e mod -
el s m a y correspon d t o th e rati o o f  subject s agreein g t o thos e 
disagreeing .  T o tes t  thi s ide a Tabl e 5  shows ,  fo r  eac h o f  th e 
5 0 stimuli ,  th e proportio n o f  "compatible "  situationa l  model s 
produce d b y th e simulation .  Th e proportion s d o indee d corre -
lat e strongl y wit h th e proportion s o f  "agree "  response s i n th e 
experimenta l  dat a o f  Tabl e 2  (Spearman' s rh o =  0.91 ,  p<.001 , 
one-tailed) . 

Th e averag e absolut e differenc e betwee n simulate d an d ac -
tua l  proportion s o f  "agree "  response s ove r  th e tabl e a s a  w -
hol e i s 0.12 ,  an d th e m a x i m u m i s 0.43 .  I f  w e loo k onl y 
at  stimul i  whic h resul t  i n bot h compatibl e an d incompatibl e 
model s ("mixed "  responses )  i n th e simulation ,  th e fit  appear s 
mor e uniform ,  wit h a n averag e i s 0.1 3 an d a  m a x i m u m o f  0.2 . 

Study 2 

Study 1 used a representational scheme based on simple prob-
abilit y  intervals ,  whic h i s compatibl e wit h establishe d idea s 
abou t  th e meanin g o f  probabilit y  phrases .  T o wha t  exten t  ar e 
th e result s o f  th e simulatio n dependen t  o n th e us e o f  a  quan -
titativ e representationa l  scheme ? I n thi s stud y w e adop t  a 
differen t  approach ,  base d o n qualitativ e "reason s t o believe " 
or  argument s fo r  an d agains t  a  proposition .  Thi s approac h i s 
base d o n th e ide a o f  logica l  argumentatio n a s a  mode l  fo r  rea -
sonin g unde r  uncertaint y (Fo x e t  a l  1992 ;  Fox ,  1994 ;  Kraus e 
et  al ,  1994) ,  a  proces s i n whic h qualitativ e argument s fo r 
or  agains t  (o r  reason s t o believ e o r  doubt )  a  propositio n ar e 
weighe d u p i n orde r  t o mak e a  decision . 

We classif y th e reason s on e migh t  hav e fo r  believin g o r  dis -
believin g a  propositio n int o fou r  classes ,  followin g th e typ e o f 
classificatio n c o m m o n i n argumentatio n theor y (Fox ,  1994) . 
Confirmin g an d excludin g reason s ar e thos e whic h establis h 
beyon d doub t  tha t  a  propositio n i s tru e o r  false ,  respective -
ly .  Supportin g an d opposin g reason s provid e qualitativ e bu t 
inconclusiv e evidenc e fo r  o r  agains t  th e proposition ,  respec -
tively .  Tabl e 3  show s th e candidat e situationa l  model s whic h 
ca n b e chose n fro m b y th e "Buil d Mode l "  proces s usin g th e 
reason-base d representationa l  scheme .  Thi s se t  o f  candidate s 

Tabl e 5 :  Proportio n o f  "compatible "  model s produce d 

fo r  eac h stimulu s unde r  th e "probabilistic "  representationa l 

scheme . 

(a) "Term then Phrase" condition. 

Tru e 

Probabl e 

Possibl e 

Improbabl e 

Fals e 

RBTC 

1 
0.2 
0.1 
0 
0 

BRTB 

1 
1 

0.5 
0 
0 

NRTD 

I 
0.2 
0.1 
0 
0 

BRTD 

0 
0 

0.4 

I 
I 

CBRO 

0 
0 
0 

0.2 
I 

(b )  "Phras e the n Term "  condition . 

Tru e 

Probabl e 

Possibl e 

Improbabl e 

Fals e 

RBTC 

1 
1 
1 
0 
0 

BRTB 

0.2 
1 
1 
0 
0 

NRTD 

1 
1 
I 
0 
0 

BRTD 

0 
0 

0.8 
1 

0.2 

CBRO 

0 
0 
0 
I 
I 

w as chose n t o giv e th e ful l  rang e o f  qualitativel y differen t 
structure s usin g th e fou r  classe s o f  reaso n -  thos e whic h sim -
pl y confirm ,  exclude ,  suppor t  o r  oppos e th e proposition ,  thos e 
whic h offe r  qualitativel y balancin g suppor t  an d opposition , 
an d thos e wit h m o r e supportin g tha n opposin g argument s o r 
vice-versa .  Tabl e 4  s h o w s th e meaning s assigne d t o phrase s 
unde r  thi s scheme .  I n thi s cas e th e reason-base d phrase s ar e 
m o r e obviou s i n thei r  mean in g tha n th e probabilit y  words , 
but  not e agai n tha t  " N R T D "  i s assigne d th e s a m e meanin g a s 
" R B T C " .  W e hav e attempte d t o assig n reasonabl e meaning s 
t o probabilit y  words . 

Tabl e 6  s h o w s predicte d proportio n o f  "agree "  response s 
usin g thi s representationa l  scheme .  T h e correlatio n (Spear -
man ' s rho )  wit h th e experimenta l  dat a (Tabl e 2 )  i s agai n 0.9 1 
(p<.001 ,  one-tailed) .  T h e tabl e differ s f ro m Tabl e 5  onl y fo r 
th e 1 0 "m ixed "  responses ,  fo r  wh ic h th e averag e absolut e d -
ifferenc e w h e n compare d wit h th e experimenta l  dat a i s lowe r 
tha n fo r  stud y 1 ,  a t  0.07 ,  stil l  wit h a  m a x i m u m o f  0.21 .  Th e 
overal l  averag e differenc e i s 0.11 . 

Discussion 

H o w ar e w e t o interpre t  th e fit  betwee n th e proportio n o f 
"compatible "  model s produce d b y th e simulatio n an d th e 
proportio n o f  "agree "  response s fro m subjects ? Thi s woul d 
make sens e unde r  th e assumptio n tha t  th e concep t  fo r  phras e 
1 comprise s no t  th e ful l  se t  o f  "possibl e worlds "  i n whic h 
tha t  phras e woul d b e true ,  bu t  onl y on e suc h worl d mode l 
(th e actua l  choic e migh t  b e influence d b y factor s suc h a s th e 
availability ,  simplicit y o r  concretenes s o f  models ,  fo r  exam -
ple) .  I n othe r  word s subject s ten d t o represen t  a  probabili -
t y phras e wit h th e first  appropriat e situationa l  mode l  whic h 
comes t o min d -  a  proces s o f  "satisficing "  consisten t  wit h 
idea s o f  bounde d rationalit y (Simon ,  1956 ,  1982 ,  Gigeren -
zer  an d Goldstein ,  1996) .  Th e importan t  featur e o f  th e mode l 
whic h allow s thi s fit  t o th e dat a seem s t o b e th e representa -
tio n o f  th e first  phras e a s a  concret e exampl e o f  a  situatio n 
compatibl e wit h th e phrase ,  rathe r  tha n a  mor e abstrac t  rep -
resentatio n capabl e o f  capturin g th e ful l  rang e o f  meanin g o f 
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Tabl e 6 :  Proportio n o f  "compatible "  m o d e l s produce d 

fo r  eac h stimulu s unde r  th e "reason-based "  representationa l 

scheme . 

(a )  "Ter m ihe n Phrase "  condition . 

Tni e 

Probabl e 

Possibl e 

Improbabl e 

Fals e 

Tru e 

Probabl e 

Possibl e 

Improbabl e 

Fals e 

RBTC 

1 
0.3 3 

0.1 7 

0 
0 

(b )  "Ph n 
RBTC 

1 
1 
1 
0 
0 

BRTB 

I 
I 

05 
0 
0 

is e the n T e 
BRTB 

0.3 3 

1 
1 
0 
0 

NRTD 

1 
0.3 3 

0.1 7 

0 
0 

BRTD 

0 
0 

033 
1 
1 

rm"  condition . 
NRTD 

1 
1 
1 
0 
0 

BRTD 

0 
0 

0.6 7 

I 
033 

CBRO 

0 
0 
0 

033 
1 

CBRO 

0 
0 
0 
1 
1 

th e phrase .  W e a s s u m e tha t  s o m e suc h abstrac t  m e a n i n g i s 
nonetheles s availabl e a t  s o m e leve l  t o allo w th e selectio n o f  a 
representativ e situatio n i n th e first  place ,  an d t o tes t  th e sec -
on d phras e agains t  it . 

A n importan t  issu e i n th e simulatio n i s th e choic e o f  candi -
dat e mode l s an d mean ing s assigne d t o phrases .  Bo t h clearl y 
influenc e th e n u m b e r  o f  compatibl e an d incompatibl e m o d -
el s accumulate d i n th e m o d e l  buffer ,  wh ic h i n tur n deter -
mine s th e predicte d proportion s o f  "agree "  an d "disagree "  re -
sponse s f ro m th e simulation .  A s fa r  a s candidat e mode l s ar e 
concerned ,  th e choic e fo r  th e probabilisti c  representationa l 
schem e appear s reasonabl e an d th e onl y rea l  degre e o f  free -
d o m her e wou l d b e t o alte r  th e grai n siz e o f  th e poin t  proba -
bilitie s availabl e (givin g a  distributio n i n th e limit) ,  no t  thei r 
range .  Thi s shoul d hav e n o effec t  o n th e predicte d propor -
tions .  T h e choic e o f  candidate s fo r  th e reason-base d s c h e m e 
was intende d t o captur e th e m i n i m u m se t  o f  qualitativel y d -
ifferen t  argumen t  structures .  Variou s alternative s coul d b e 
considered ,  fo r  e x a m p l e includin g excludin g o r  confirmin g 
argument s i n th e s a m e m o d e l s a s supportin g o r  opposin g ar -
guments ,  an d thi s migh t  alte r  th e predicte d proportions .  I n 
th e absenc e o f  a  principle d procedur e fo r  selectin g a rgumen t 
structures ,  however ,  i t  s e e m s unreasonabl e t o depar t  f ro m th e 
minima l  se t  w e hav e used . 

For  th e probabilisti c  s c h e m e th e se t  o f  phras e mean ing s 
we hav e use d ar e ver y simplisti c probabilit y  intervals .  T h e s e 
wer e chose n t o giv e a  neutra l  first  approximatio n t o th e in -
tende d mean ing s o f  th e phrase s rathe r  tha n wit h an y empirica l 
evidenc e i n mind .  Ther e ar e h o w e v e r  empirica l  result s con -
cernin g subjects '  willingnes s t o assig n particula r  probabilit y 
value s o r  interval s t o variou s phrases ,  an d thi s evidenc e coul d 
be use d i n a  m o r e principle d versio n o f  th e m o d e l .  C h a n g i n g 
th e interval s wou l d undoubtedl y chang e th e resultin g predict -
ed proportions .  Ther e w o u l d appea r  t o b e fa r  les s latitud e 
possibl e i n th e selectio n o f  reason-base d m e a n i n g definitions , 
whic h ar e essentiall y  qualitativ e i n nature .  T h e result s f ro m 
stud y 2  ca n accordingl y b e considere d m o r e robus t  tha n thos e 
fro m stud y 1 . 

Tabl e 2  suggest s tha t  subject s trea t  th e phras e " N o reaso n 
t o doubt "  a s substantiall y  equivalen t  t o " T h e reason s t o be -
liev e ar e totall y convincing" ,  despit e th e fac t  tha t  intuitive -
l y th e phrase s d o hav e differen t  mean ings .  I n bot h simula -
lio n studie s th e mean ing s o f  th e t w o phrase s hav e thu s bee n 
m a de identical .  I t  i s  no t  obviou s h o w " n o reaso n t o d o u b t " 
wou l d otherwis e b e represente d o n th e probabilisti c  s c h e m e , 
bu t  ther e i s a  clea r  candidat e m e a n i n g fo r  th e phras e unde r  th e 
reason-base d s c h e m e intuitivel y i t  shoul d correspon d t o a n 
absenc e o f  opposin g (an d excluding )  arguments .  W e a s s u m e 
tha t  th e curren t  experimenta l  tas k i s insufficientl y d e m a n d i n g 
t o brin g ou t  an y difference s be twee n th e phrases ,  an d w e in -
ten d t o investigat e thi s a n o m a l y furthe r  i n subsequen t  studies . 
Anothe r  are a wh i c h w e wil l  follo w u p i n furthe r  w o r k i s th e 
incidenc e o f  "unclear "  response s f r o m subjects .  A  large r  s -
tud y shoul d provid e a  m o r e reasonabl e n u m b e r  o f  thes e fo r 
analysis . 

Stud y 2  s h o w s tha t  a  representationa l  formal is m base d o n 
qualitativ e "a rgumen t "  structure s give s a t  leas t  a s g o o d a  fit 
t o th e dat a a s on e usin g quantitativ e probabilit y  values .  Th i s 
parallel s findings  f ro m othe r  model l in g w o r k i n h u m a n deci -
sio n makin g (Fo x an d Cooper ,  1997 ;  Coope r  an d Fox ,  1997 ; 
Yule ,  Coope r  an d Fox ,  1998 )  an d i s interestin g i n th e ligh t 
of  claim s tha t  a  forma l  theor y o f  decisio n makin g unde r  un -
certaint y base d o n a  logi c o f  argumentatio n (Fo x e t  a l  1992 ; 
Fox ,  1994 ;  Kraus e e t  al ,  1994 )  ma y provid e a  mor e natura l 
basi s fo r  understandin g huma n decisio n makin g tha n tradi -
tiona l  normativ e statistica l  approaches . 

Conclusions 

Bot h version s o f  th e mode l  giv e a  goo d accoun t  o f  th e data , 
bot h i n term s o f  whic h paraphrase s ar e judge d t o b e "correct " 
(includin g th e effec t  o f  orde r  o f  presentation) ,  an d th e relativ e 
proportion s o f  subject s agreein g o r  disagreeing .  Th e effec t 
of  th e orde r  o f  th e tw o statement s i n th e stimulu s (phrase s 1 
and 2 )  ca n b e qualitativel y understoo d fro m th e poin t  o f  vie w 
of  thei r  logica l  interdependencies ,  bu t  th e strengt h o f  th e ap -
proac h presente d her e i s tha t  i t  give s a  quantitativ e predictio n 
fo r  th e siz e o f  th e effec t  fo r  differen t  stimuli ,  base d o n th e pro -
portio n o f  "compatible "  an d "incompatible "  situationa l  mod -
el s generated .  W e conclud e tha t  th e tw o hypothese s o n whic h 
th e mode l  i s base d ar e appropriate ,  an d w e tak e ou r  result s a s 
suggestiv e tha t  subject s us e a  singl e concret e exampl e t o rep -
resen t  a  probabilit y  phras e fo r  th e purpose s o f  compariso n ( a 
resul t  consisten t  wit h idea s o f  satisficin g i n "menta l  models " 
approache s t o reasoning ;  Evan s &  Over ,  1996). 

The us e o f  qualitativ e "argument "  structure s i n th e simu -
latio n provide s a t  leas t  a s goo d a  fit  t o th e dat a a s th e us e 
of  mor e traditiona l  quantitativ e probabilit y  values .  Th e mod -
el  i s  thu s compatibl e wit h a  vie w o f  o f  reasonin g an d deci -
sio n makin g a s involvin g qualitativ e argumentation ,  whic h 
we believ e ma y provid e a  mor e natura l  basi s fo r  understand -
in g thes e cognitiv e processe s tha n quantitativ e statistica l  ap -
proaches . 

Acknowledgments 

The author s woul d lik e t o than k Davi d Hardma n an d Pete r 
Ayto n fo r  thei r  hel p i n carryin g ou t  th e experiment ,  an d An -
dre w Coulso n an d Richar d Coope r  fo r  thei r  comment s o n 
th e manuscript .  Thi s wor k wa s supporte d b y a n awar d fro m 

189 



th e U K Economi c an d Socia l  Researc h Counci l  (awar d no . 
L127251011 )  unde r  th e Cognitiv e Engineerin g Programme . 

References 

Cooper ,  R .  &  Fox ,  J .  (1997) .  Learnin g t o mak e decision s un -
der  uncertainty :  Th e contributio n o f  qualitativ e reasoning . 
I n Langley ,  P .  &  Shafto ,  M .  (Eds.) ,  Proceeding s o f  th e 19t h 
Internationa l  Conferenc e o f  th e Cognitiv e Scienc e Society . 
Madison ,  W I .  Cognitiv e Scienc e Societ y Incorporated . 

Cooper ,  R .  &  Fox ,  J .  (1998) .  C O G E N T:  A  visua l  desig n envi -
ronmen t  fo r  cognitiv e modeling .  Behavio r  Researc h Meth -
ods ,  Instrument s &  Computers ,  30 ,  553-564 . 

Evans ,  J.St.B. T &  Over ,  D.E .  (1996 )  Rationalit y an d Rea -
soning .  Hove :  Psycholog y Press . 

Fox ,  J .  (1994) .  O n th e necessit y o f  probability ,  reason s t o 
believ e an d ground s fo r  doubt .  I n G  Wrigh t  an d P  Ayto n 
(eds )  Subjectiv e Probability .  Chichester :  Joh n Wiley . 

Fox ,  J .  &  Cooper ,  R .  (1997) :  Cognitiv e processin g an d 
knowledg e representatio n i n decisio n makin g unde r  uncer -
tainty .  I n Scholz ,  R .  W.  &  Zimmer ,  A .  C .  (eds.) ,  Qualita -
tiv e Aspect s o f  Decisio n Making .  Pabst ,  Lengerich ,  Ger -
many. 

Fox ,  J. ,  Krause ,  P  &  Amble r  S .  (1992) .  Arguments ,  Con -
tradiction s an d Practica l  Reasoning .  In :  Neuman n B  (Ed ) 
ECAI92 ,  Vienna ,  Austria .  Proceeding s o f  th e 10t h Euro -
pea n Conferenc e o n AI . 

Gigerenzer ,  G .  &  Goldstein ,  D .  G .  (1996) .  Reasonin g th e fas t 
and fruga l  way :  Model s o f  bounde d rationality .  Psycho -
logica l  Review ,  103,650-669 . 

Johnson-Laird ,  P .  N .  (1983) .  Menta l  Models .  Cambridge : 
Cambridg e Universit y Press . 

Krause ,  P. ,  Fox ,  J .  &  Judso n P.  (1994) .  A n Argumentatio n 
Based Approac h t o Ris k Assessment .  Presente d a t  I M A 
conferenc e o n Risk :  Analysi s an d Assessment ,  14-1 5 Apri l 
'94 .  I n I M A Journa l  o f  Mathematic s Applie d t o Busines s 
an d Industry ,  5 ,  249-263 . 

Simon ,  H .  A .  (1956) .  Rationa l  choic e an d th e structur e o f  th e 
environment .  Psychologica l  Review ,  63 ,  129-138 . 

Simon ,  H .  A .  (1982) .  Model s o f  bounde d rationality .  Cam-
bridge ,  MA. :  M I T Press . 

Wallsten ,  T .  S .  &  Budescu ,  D .  V .  (1995) .  A  revie w o f  huma n 
linguisti c probabilit y  processing :  Genera l  principle s an d 
empirica l  evidence .  Knowledg e Engineerin g Review ,  10 , 
43-62 . 

Yule ,  P ,  Cooper ,  R .  &  Fox ,  J .  (1998) .  Normativ e an d In -
formatio n Processin g Account s o f  Decisio n Making .  I n 
Gemsbacher ,  M .  a .  &  Derry ,  S .  J .  (Eds.) ,  Proceeding s o f 
th e 20t h Annua l  Conferenc e o f  th e Cognitiv e Scienc e Soci -
ety .  Madison ,  W I .  Cognitiv e Scienc e Societ y Incorporated . 

190 


	cogsci_1999_185-190



