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Abstrac t 

Two experiments assessed the membership functions that Ger-
man speaker s assig n t o 1 2 adver b phrase s an d 1 7 moda l  ver b 
fonn s tha t  expres s probabilit y  assessments .  Thes e expression s 
fal l  largel y int o thre e rathe r  homogeneou s classes .  Th e mem-
bershi p function s ar e use d a s par t  o f  th e semanti c knowledg e 
bas e o f  th e natura l  languag e dialo g syste m Pragma ,  on e o f 
whose purpose s i s t o mode l  pragmati c an d contextua l  influ -
ence s o n th e us e o f  vagu e expressions .  Th e system' s normativ e 
model  account s fo r  th e role ,  i n th e selectio n an d interpretatio n 
of  vagu e probabilit y  expressions ,  o f  th e listener' s prio r  expec -
tations ,  th e speaker' s dialo g motivation ,  an d th e expression s 
tha t  th e speake r  coul d hav e use d bu t  di d no t 

In an old episode of the television series "L. A. Law", adop-
tio n agen t  Ros s tell s A n n an d Stuar t  tha t  the y m a y b e force d 
t o giv e u p thei r  adopte d daughter ,  becaus e he r  natura l  mothe r 
i s suin g t o reclai m her . 

Ann :  Yo u neve r  tol d u s sh e migh t  d o that ! 

Ross :  I  tol d yo u i t  ca n happen .  I  sai d i t  hardl y eve r  happens . 

Stuart :  No ,  no !  Wha t  yo u sai d wa s tha t  th e chance s wer e J  i n 
100 .  N o w thi s i s th e secon d damne d time :  Somethin g tha t  neve r 
happen s i s happenin g t o us ! 

Thi s exchang e illustrate s severa l  result s tha t  hav e emerge d 
fro m extensiv e experimenta l  studie s o f  th e us e o f  verba l  an d 
numerica l  expression s o f  probabilit y  judgments .  Peopl e ten d 
t o prefe r  verba l  t o numeri c formulation s whe n the y expres s 
probabilit y  judgments ,  althoug h thi s preferenc e i s maiicedl y 
les s stron g w h e n i t  come s t o receivin g th e judgment s (Wall -
sten ,  Budescu ,  Zwick ,  &  K e m p ,  1993) .  A n d th e sam e proba -
bilit y  (here ,  1% )  ca n b e expresse d verball y i n quit e differen t 
ways b y differen t  speakers ,  whic h make s th e interpretatio n o f 
suc h expression s a  challengin g an d error-pron e task. ' 

Th e exampl e als o illustrate s tw o point s tha t  hav e receive d 
littl e attentio n i n researc h t o date .  First ,  i n everyda y discourse , 
probabilit y  assessment s ar e ofte n expresse d usin g moda l  verb s 
(a s i n "i t  ca n happen") ,  a s wel l  a s th e adverb s whos e mean -
in g ha s usuall y bee n studied .  Second ,  th e motivatio n o f  th e 
speake r  influence s hi s o r  he r  choic e o f  a  vagu e probabilit y 
expressio n i n importan t  an d predictabl e ways ;  fo r  example , 
th e differen t  paraphrase s b y Ros s an d Stuar t  d o no t  represen t 
rando m interindividua l  variation .  I n experiments ,  t o th e ex -
ten t  t o whic h speake r  motivatio n ha s bee n identifiabl e a t  all , 
i t  ha s generall y consiste d i n th e desir e t o conve y a s accurat e 

as possibl e a n impressio n o f  th e probabilit y  th e speake r  ha s 
i n mind . 

Th e presen t  pape r  aim s t o she d ne w ligh t  o n bot h o f  thes e 
las t  tw o issues ,  a s wel l  a s o n som e previousl y documente d 
empirica l  phenomen a I n th e nex t  section ,  w e repor t  o n 
a pai r  o f  experiment s i n whic h th e probabilit y  implication s 
of  adver b phrase s an d moda l  ver b forms ,  respectively ,  ar e 
investigate d wit h German-speakin g subjects .  Thes e experi -
ment s wer e conducte d i n a  neutra l  contex t  designe d t o yiel d 
dat a tha t  coul d b e use d t o explai n differin g use s an d inter -
pretation s o f  th e expression s i n differen t  contexts .  I n th e 
subsequen t  section ,  w e presen t  a n idealize d computationa l 
model  o f  th e selectio n an d interpretatio n o f  vagu e probabilit y 
expression s tha t  take s speake r  motivatio n (an d it s perceptio n 
by th e listener )  int o account .  I n th e final  discussion ,  w e con -
side r  som e empirica l  result s reporte d b y othe r  researcher s i n 
th e ligh t  o f  th e model . 

Empirical Derivation of Membership Functions 

Althoug h th e mos t  nove l  aspec t  o f  thes e ne w experiment s 
i s thei r  inclusio n o f  moda l  verbs ,  t o ensur e comparabilit y  th e 
first  experimen t  look s a t  German-languag e adver b phrase s 
suc h a s thos e use d i n previou s (mainl y English-language ) 
research .  Thes e phrase s satisf y th e conditio n tha t  the y ca n 
expres s probabilit y  estimate s whe n the y ar e use d alon e a s 
wel l  a s whe n the y ar e use d i n combinatio n wit h moda l  verbs. ^ 

The Adverb Experiment 

Method .  Subject s wer e 2 4 graduat e an d undergraduat e stu -
dents ,  al l  nativ e speaker s o f  German .  Th e subject s wer e aske d 
t o imagin e tha t  the y wer e spectator s a t  a  gam e o f  chance .  I n 
thi s game ,  on e o f  eleve n wheel s o f  fortun e i s spinne d (cf . 
Wallsten ,  Budescu ,  Rapoport ,  Zwick ,  &  Forsyth ,  1986) .  Th e 
wheel s diffe r  widel y i n th e size s o f  thei r  blac k an d whit e por -
tions .  A  playe r  win s i f  th e arro w t o th e right  o f  th e whee l 
point s int o th e blac k secto r  whe n th e whee l  stops .  Th e sub -
ject s wer e aske d t o imagin e tha t  a  playe r  wa s aske d b y th e 
emcee abou t  th e resul t  o f  th e gam e befor e th e playe r  coul d 
see wher e th e whee l  ha d stopped .  Give n a  particula r  whee l 
an d a  particula r  adver b phrase ,  th e subject s wer e t o indicat e 
h o w "realistic "  the y judge d thi s phras e t o b e a s a n answe r  o f 
th e playe r  i n th e give n situation ;  subject s di d thi s b y placin g 
a mar k o n a  graphica l  ratin g scal e (cf .  Rapoport ,  Wallsten , 

'Zwic k an d Wallste n (1989 ,  p .  72 )  discus s evidenc e tha t  commu -
nicatio n failure s o f  thi s sor t  ma y hav e contribute d t o th e Ba y o f  Pig s 
fiasco  an d th e Challenge r  spac e shuttl e disaster . 

^At  th e tim e o f  thi s writing ,  w e ar e analysin g th e result s o f  a 
furthe r  experimen t  whic h looke d a t  combination s o f  adverb s an d 
modal  verbs ,  t o se e ho w th e interpretatio n o f  suc h a n expressio n ca n 
be predicte d o n th e basi s o f  th e meaning s o f  it s  parts . 
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& C o x ,  1987) .  Twelv e hypothetica l  answer s o f  th e playe r 
wer e presente d t o th e subjects .  Eac h suc h statemen t  use d a 
differen t  adver b phras e an d ha d th e sam e for m a s "Ic h hab e 
vermutlic h gewonnen "  (" I  presumabl y w o n " ) .  A lon g wit h 
eac h suc h statement ,  1 1 wheel s wer e (Hcsented ,  representing 
th e probabilitie s 5 % ,  1 5 % 4 5 % .  5 0 % ,  5 5 % an d 
95%.  Th e orde r  o f  th e wheel s wa s varied ,  an d a  cardboar d 
mask wa s use d t o preven t  subject s fro m seein g thei r  rating s 
fo r  mor e tha n on e whee l  a t  a  give n time . 

Results .  Fo r  eac h subject ,  a  curv e wa s obtaine d fo r  eac h 
adver b phras e showin g fo r  eac h probabilit y  (correspondin g t o 
a wheel )  th e valu e assigne d b y th e subject .  Thes e curve s wil l 
be calle d membershi p function s (a s i n fuzz y se t  theory) ;  the y 
ar e comparabl e t o th e curve s resultin g fro m th e experiment s 
of  Wallsten ,  Budescu ,  Rapoport ,  Zwick ,  an d Forsyt h (1986 ) 
and Zwick ,  Budescu ,  an d Wallste n (1988 )  o n Englis h adverbs . 
The uppe r  par t  o f  Figur e 1  summarize s th e dat a b y giving ,  fo r 
each adver b phrase ,  a  curv e showin g th e mea n membershi p 
valu e assigne d b y th e subject s t o eac h probability. ^ 

The curve s sho w tha t  abou t  hal f  o f  th e 1 2 adver b phrase s in -
vestigate d hav e monotonicall y increasin g mea n membershi p 
functions ,  an d tha t  th e difference s betwee n thes e function s ar e 
rathe r  small .  Th e generall y lowe r  membershi p value s fo r  th e 
first  thre e phrase s i n th e figure  sugges t  tha t  the y ar e see n a s 
bein g trul y appropriat e onl y fo r  ver y hig h probabilitie s (abov e 
95%) . 

Thre e o f  th e phrase s i n a  secon d group—moglicherweis e 
(possibly) ,  vielleich t  (maybe) ,  an d eventuel l  (perhaps)—ar c 
mainl y judge d realisti c  whe n associate d wit h mediu m proba -
bilities .  Th e membershi p value s give n fo r  thes e adverb s ar e 
les s ofte n clos e t o th e extrem e value s o f  0  an d 1 ;  an d sinc e 
intermediat e membershi p value s ar e les s well-defined ,  thes e 
adverb s sho w a  greate r  amoun t  o f  disagreemen t  amon g sub -
ject s (a s reflected ,  e.g. ,  i n th e averag e standar d deviatio n o f  th e 
membershi p value s fo r  a  give n probability) .  Th e membershi p 
functio n fo r  th e on e low-probabilit y  expressio n included—au f 
keine n Fal l  (n o way)—i s approximatel y th e mirro r  imag e o f 
tha t  fo r  th e opposit e expression ,  aufjede n Fal l  (i n an y case) . 
The Modal Verb Experiment 

Method .  Th e sam e experimenta l  arrangemen t  a s i n th e 
Adver b Experimen t  wa s used ,  bu t  moda l  ver b form s wer e use d 
instea d o f  adver b phrases .  Th e statement s presente d ha d th e 
same for m a s "E s dilrft e de r  Fal l  sein ,  da B ic h gewonne n habe " 
("I t  shoul d b e th e cas e tha t  I  won") .  O f  th e 1 7 moda l  ver b 
form s presented ,  9  wer e negated .  A s before ,  2 4 graduat e an d 
undergraduat e students ,  nativ e speaker s o f  German ,  serve d a s 
subjects . 

Results .  Her e again ,  fo r  eac h moda l  ver b a  mea n member -
shi p functio n wa s derive d (cf .  th e lowe r  par t  o f  Figur e 1) .  Fo r 
th e 8  nonnegate d moda l  ver b forms ,  th e result s  ar e ver y simi -
la r  t o thos e o f  th e Adver b Experiment :  O f  thes e forms ,  5  sho w 
monotonicall y increasin g membershi p functions ,  whic h diffe r 
mainl y i n tha t  tw o forms—muf i  (must )  an d wir d (will)—ar e 
judge d t o b e generall y les s realisti c  tha n th e other s fo r  prob -

^A mea n membershi p functio n coul d conceivabl y hav e a  shap e 
tha t  wa s atypica l  o f  th e shape s o f  th e membershi p function s fo r 
individua l  subjects ;  bu t  inspectio n o f  th e individua l  function s s h o w e d 
tha t  thi s w a s no t  th e cas e here ,  i n spit e o f  considerabl e difference s 
a m o ng th e individua l  functions . 

Adver b Phrase s 

aufjede n Fai l 
(i n an y case ) 

siche r 
(sureiy ) 

oawl i 
(dou l 

S 
[doubtless ) 

t i^aiditttHut k dAiitoiHtli A 5 l52S3545SSge7S» S 
bestlmm t 
(certainly ) 

hfichstwahrscheinlic h wahrschelnlic h 
(ver y protiably )  (probably ) 

5 lS»3S4555eS7S»S» S M a x e i i i k h K ^ 
W ON 
(I  suppose ) 

vermutilc h 
(presumably ) 

mfigiicherweJs e 
(possibly ) 

S 1S2S3S4SS6«675aS» S 
vielleich t 
(maybe ) 

eventuel l 
(perhaps ) 

auf  keirte n Fal l 
(n o way ) 

5 19253545556575859 5 5  1S25354S$S6575SS» 5 S  1525354S55857S»Sa S 

Modal  Ver b F o r m s 

muS 
(must ) 

mOOte 
(woul d hav e to ) 

wir d 
(will ) 

5 1525364556aS75858 5 152535 455S«^5»5» 5 5lSS»3s»6?7sB5 6 

sollt e 
(ough t  to ) 

dOrft e 
(should ) 

kan n 
(can ) 

5 I5253545S59575B59 5 
kfinnt e 
(could ) 

152535*55585756S» 5 ' i  li2535«SS5»i75859 5 

m ag 
(may ) 

5 15253545568575859 5 

braucht nicht 
(nee d not ) 

5 15253545558 6 75859 5 

muB nicht 
(mus t  not ) 

m ag nich t 
(ma y not ) 

5 15253545556575859 5 
muBte nicht 
(woul d no t  hav e to ) 

5 15253545558675859 5 
sollte nicht 
(ough t  no t  to ) 

5 15253545558575859 6 
dOrfte nicht 
(shoul d not ) 

5 15253645556575859 5 
wird nicht 
(wil l  not ) 

ts î̂ usssstTingi ? iS«:«4iaAS>S8 J 
k6nnt e nich t 
(couk J not ) 

kan n nich t 
(cannot ) 

5 15253545568575869 5 5 15253545558675859 5 5 15253545558575859 6 
Figur e 1 .  M e a n membersh i p function s fo r  th e adver b phrase s 
an d moda l  ver b form s investigated . 
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abilitie s u p t o 9 5 % .  Th e othe r  thre e nonnegate d form s ar e 
single-peaJced ,  bu t  almos t  flat,  bein g viewe d a s mor e o r  les s 
realisti c ove r  a  larg e par t  o f  th e [0,1 ]  probabilit y  interval . 

Th e negate d moda l  ver b form s sho w som e differen t  char -
acteristics :  Th e first  4  negate d form s show n i n th e las t  thre e 
row s o f  Figur e 1  wer e judge d rathe r  inconsistentl y (i.e. .  th e 
membershi p functio n fo r  a  give n subjec t  i n a  numbe r  o f 
case s exhibite d severa l  differen t  peaks )  an d sho w virtuall y 
flat  membershi p functions .  Th e nex t  3  negate d form s sho w 
membershi p function s tha t  ar e th e mirro r  image s o f  thos e o f 
th e correspondin g nonnegate d forms .  B y contrast ,  kdnnt e 
nich t  (coul d not )  an d kan n nich t  (cannot )  ar e monotoni c eve n 
thoug h th e correspondin g nonnegate d form s ar e single-peake d 
(thoug h almos t  flat). 

Discussion of Experiments 

Th e result s o f  thes e tw o experiment s sugges t  that ,  a t  leas t 
fo r  speaker s o f  German ,  th e se t  o f  moda l  verb s doe s no t  con -
stitut e a  differentiate d se t  o f  expression s fro m whic h the y 
ca n choos e i n orde r  t o expres s thei r  probabilit y  assessments , 
eve n whe n i t  i s  supplemente d wit h a  sampl e o f  1 2 adver b 
phrases .  Althoug h a  tota l  o f  2 9 expression s wer e investi -
gated ,  essentiall y  thre e mai n membershi p function s emerged : 
tw o monotoni c one s expressin g lo w an d hig h probabilities , 
respectively ,  an d a  m u c h flatter  single-peake d curv e coverin g 
a larg e par t  o f  th e interva l  [0,1] .  I n addition ,  4  o f  th e negate d 
modal  ver b form s appea r  no t  t o b e familia r  t o Germa n speak -
er s a t  al l  a s expression s o f  probability ,  o r  t o hav e unclea r 
probabilit y  implications . 

Th e apparen t  inefficienc y o f  th e se t  o f  moda l  ver b form s 
investigate d fo r  expressin g probabilit y  judgment s become s 
mor e understandabl e whe n on e consider s tha t  thi s  i s no t  thei r 
sol e linguisti c function .  A s i n English ,  eac h o f  th e Germa n 
modal  verb s ha s a t  leas t  on e sens e tha t  doe s no t  directl y in -
volv e probability ,  bu t  rathe r  concerns ,  e.g. ,  permissio n o r 
physica l  capability .  Not e als o tha t  eve n adverb s wit h sim -
ila r  membershi p curves—e.g. ,  vermutlic h (presumably )  an d 
wahrscheinlic h (probably)—ca n hav e differen t  semanti c im -
plication s (cf .  Tbigen ,  1988a) . 

Evidently ,  i n orde r  t o b e abl e t o expres s man y differen t 
assessments  o f  probability ,  th e speake r  mus t  mak e us e o f  lin -
guisti c hedge s (a s i n "I t  i s  very  likel y that..." )  o r  combination s 
of  adverb s an d moda l  verb s (a s i n "I t  m a y perhap s b e th e cas e 
that...") . 

To th e exten t  t o whic h thes e experiment s ca n b e compare d 
t o previou s experiment s o n English-languag e expressions ,  th e 
result s ar e generall y similar .  Fo r  example ,  th e noncom -
plementarit y o f  th e negate d an d nonnegate d form s o f  som e 
modal  verb s wa s foun d i n Englis h fo r  som e adverbia l  form s 
(Lichtenstei n &  N e w m a n ,  1967) .  S o m e furthe r  relationships 
wit h previou s result s wil l  b e note d i n th e final  discussion . 

A Model of Pragmatic Processing 

The experiment s jus t  describe d aime d t o asses s th e basi c 
and—i t  i s  hoped—relativel y context-independen t  meanin g o f 
some vagu e probabilit y  expression s b y creatin g a n artificia l 
tas k tha t  calle d fo r  muc h mor e primitiv e judgment s tha n thos e 
involve d i n everyda y speakin g an d comprehensio n (cf .  Fillen -
baum,  Wallsten ,  Cohen ,  &  Cox .  1991 ,  p .  57) .  W e wil l  no w 
presen t  a  computationa l  mode l  o f  ho w th e basi c meaning s 

of  suc h expressions ,  togethe r  wit h a  numbe r  o f  contextua l 
factors ,  determin e ho w th e expression s ar e actuall y use d an d 
understood .  Th e mode l  ha s bee n realize d withi n th e contex t 
of  th e natura l  languag e dialo g syste m P R A G MA (Ndiay e & 
Jameson ,  1994) ,  whic h simulate s eithe r  th e selle r  < $ o r  a  po -
tentia l  buye r  B  i n a  dialo g concernin g S' s use d car. ^  T o tak e a 
specifi c  example ,  suppos e tha t  B  ask s "Wha t  ar e th e chance s 
tha t  th e ca r  wil l  pas s th e nex t  inspection? "  an d tha t  S  ha s 
quit e a  definit e ide a abou t  thi s probability ,  namel y tha t  i t  i s 
onl y 2 5 % .  A s th e straightforwar d answe r  " 2 5 % "  woul d pre -
sumabl y mak e a  poo r  impressio n o n B ,  S  ma y loo k fo r  som e 
vagu e verbalization ,  suc h a s "Th e ca r  coul d pas s th e inspec -
tion" .  B ,  i n turn ,  nee d no t  tak e thi s statemen t  a t  fac e valu e bu t 
may wonde r  wha t  S' s assessmen t  o f  th e car' s chance s reall y 
is . 

Thi s situatio n raise s tw o genera l  issues :  1 .  Wha t  criteri a 
can a  speake r  us e t o selec t  a  vagu e probabilit y  expressio n t o 
verbaliz e a  precis e probabilit y  assessment ? 2 .  Wha t  reason -
in g ca n th e listene r  perfor m i n a n attemp t  t o reconstruc t  th e 
actua l  probabilit y  assessmen t  o f  th e speaker ? 

The computationa l  mode l  i s bes t  viewe d a s a n idealize d 
normativ e mode l  o f  reasonabl e processin g b y S  an d B .  I t 
take s int o accoun t  factor s tha t  appea r  t o b e relevant  t o th e 
task ,  bu t  i n orde r  no t  t o distrac t  fro m th e basi c logic ,  th e mode l 
does no t  tr y t o reproduc e th e typica l  styl e an d limitation s o f 
everyda y huma n thinking .  Th e mode l  i s base d o n severa l 
assumption s whic h ca n b e evaluate d independentl y o f  th e 
detail s o f  th e implemente d mode l  an d largel y independenU y 
of  eac h other .  S o m e o f  th e assumption s enjo y bette r  empirica l 
and theoretica l  suppor t  tha n others ,  a s wil l  becom e cleare r 
below . 

A basi c strateg y pursue d b y S ,  a s modele d b y Pragma ,  i s 
t o mak e comment s whic h alte r  i n a  wa y favorabl e t o S  th e 
impression s tha t  B  ha s o f  variou s aspect s o f  th e car .  W e no w 
addres s th e followin g question s i n turn :  1 .  W h e n B  interpret s 
a commen t  C  mad e b y S ,  ho w doe s B  for m a  correspondin g 
face-valu e impression—i.e .  a n impressio n base d solel y o n th e 
meanin g o f  C ,  withou t  considerin g S' s dialo g motivatio n o r 
th e alternativ e comment s she ^  migh t  hav e made ? 2 .  Whe n S 
i s lookin g fo r  a n appropriat e verbalizatio n o f  he r  probabilit y 
judgment ,  ho w doe s sh e evaluat e a  possibl e commen t  o n th e 
basi s o f  th e face-valu e impressio n i t  i s  likel y t o creat e i n B l 
3.  W h e n B  interpret s a  commen t  C ,  h o w doe s h e reconstruc t 
S' s selectio n proces s s o a s t o arriv e a t  a  pragmaticall y base d 
interpretatio n o f  th e comment ? W h e n discussin g th e process -
in g b y 5  o r  B  i n th e following ,  w e describ e th e wa y i t  i s 
performe d whe n P r a g m a take s th e correspondin g role . 

How B Interprets a Comment at Face Value 

T h e concep t  o f  a n impression .  Fo r  eac h evaluation -
relevan t  aspec t  o f  th e car ,  B  i s  assume d t o distinguis h som e se t 
ot  possibilitie s tha t  migh t  b e realize d b y th e car .  Fo r  ou r  ex -
ampl e aspec t  "Chance s o f  passin g th e nex t  inspection" ,  th e 1 0 
possibilitie s ar e th e 1 0 equal-size d interval s o n th e scal e fro m 

*Th e wa y PRAGMA handle s vagu e probabilit y  expression s repre -
sent s a  generalizatio n o f  som e o f  th e technique s use d i n th e syste m 
Imp (Jameson ,  1989) .  I n IMP ,  al l  comment s wer e assume d t o b e 
crisp ,  i.e. ,  t o have ,  i n any ,  situation ,  a  trut h valu e o f  eithe r  0  o r  1 . 

'Fo r  clarit y i n exposition ,  w e arbitraril y  us e feminin e pronoun s 
t o refe r  t o S  an d masculin e pronoun s fo r  B . 
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Prio r  I m p r e s s i o n : 

1. 

-7 5 
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-4 5 -3 0 -2 0 -1 0 
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Face-Valu e Impressions : 

2.  Afte r  "Th e chance s ar e 25% " 

1 
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10 2 0 3 0 4 5 
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3.  Afte r  "I t  coul d pas s th e inspection " 
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4.  Afte r  "I t  wil l  presumabl y pas s th e inspection " 

- ,  • • •  I  I 
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Impress io n B a s e d o n P r a g m a t i c Interpretation : 

5.  Afte r  "I t  coul d pas s th e inspection " 

-7 5 
5% 

-4 5 -3 0 -2 0 -1 0 
15% 25%35%45% 

10 2 0 3 0 4 5 
55%65%75% 85 % 

75 
95 % 

Figur e 2 .  Impression s involve d i n th e generatio n an d prag -
mati c interpretatio n o f  a  comment . 

0 % t o 100%,eac h interva l  bein g referre d t o i n term s o f  it s mid -
point .  Thu s th e interval s correspon d t o th e probabilitie s 5 % , 
15%,.. .  9 5 % tha t  wer e examine d i n th e experiment s (cf .  th e 
lowe r  ro w o f  label s i n eac h histogra m i n Figur e 2). *  P R A G MA 
uses a s th e trut h value s o f  a  commen t  th e correspondin g mea n 
membershi p value s derive d i n ou r  experiment s (Figur e 1) . 

Each possibilit y  ha s fo r  B  a  differen t  value .  Fo r  example , 
th e uppe r  ro w o f  label s i n eac h histogra m i n Figur e 2  reflect s 
th e assumptio n tha t  B ,  whe n evaluatin g th e car ,  wil l  ad d t o it s 
evaluatio n som e numbe r  o f  "points "  betwee n - 7 5 an d +15 , 
dependin g o n it s chance s o f  passin g th e nex t  inspection . 

On th e basi s o f  genera l  belief s abou t  cars ,  B  ha s eve n a t 
th e beginnin g o f  th e dialo g som e ide a o f  h o w likel y i t  i s 
tha t  th e car' s chance s o f  passin g th e inspectio n li e withi n a 

"Th e result e fo r  th e valu e 5 0 % ar e no t  use d i n th e computationa l 
model . 

give n interval. '  Thi s prio r  impressio n o f  th e car' s chance s 
i s operationalize d a s a  probabilit y  distribution .  Fo r  example . 
Impressio n 1  i n Figur e 2  show s tha t  B  consider s i t  a  prior i 
relativel y probabl e tha t  a  use d ca r  o f  th e typ e unde r  discussio n 
shoul d hav e goo d chance s o f  passin g th e inspection . 

Face-valu e impressions .  Th e procedur e b y whic h B  do -
m es a  face-valu e impressio n i s base d o n th e followin g as -
sumption :  Independen t  o f  pragmati c consideration s an d al -
ternativ e comments ,  th e likelihoo d tha t  S  wil l  mak e commen t 
C,  give n a  particula r  tru e possibilit y  V .  i s  proportiona l  t o 
th e trut h valu e o f  C  give n V .  Thi s assumptio n allow s B  t o 
deriv e hi s face-valu e impressio n b y applyin g Bayes '  Rul e t o 
hi s prio r  impression ,  usin g th e trut h value s o f  th e commen t 
as relativ e likelihoods. ^  Impression s 2  throug h 4  i n Figur e 2 
represen t  th e face-valu e impression s tha t  resul t  whe n thi s rul e 
i s applie d fo r  thre e o f  th e possibl e comments . 

Th e abov e assumptio n ca n b e see n a s reflectin g th e genera l 
dialo g conventio n tha t  (a )  statement s tha t  ar e fals e (i.e .  whic h 
hav e a  membershi p valu e o f  0 )  shoul d no t  b e mad e a t  all ,  an d 
(b )  al l  othe r  thing s bein g equal ,  a  commen t  wit h a  highe r  trut h 
vaJu e shoul d b e preferre d ove r  a  commen t  wit h a  lowe r  one . 

How S Selects a Comment 

The importanc e o f  th e concep t  o f  a  face-valu e impressio n 
lie s i n th e fac t  tha t  5  ca n tr y t o anticipat e th e face-valu e 
impressio n tha t  a  commen t  C  woul d creat e i n 5  a s a n initia l 
assessmen t  o f  th e impac t  tha t  C  woul d hav e o n B .  O f  course , 
S canno t  k n o w exactl y wha t  face-valu e impressio n a  give n 
comment  wil l  create ,  becaus e sh e doesn' t  k n o w exactly ,  fo r 
example ,  wha t  B' s prio r  impressio n is .  Fo r  simplicit y o f 
exposition ,  w e no w assum e tha t  S  make s precis e assumption s 
abou t  thes e factors ,  an d tha t  thes e assumption s happe n t o 
be correct .  H o w incorrec t  assumption s b y S  ar e take n int o 
accoun t  wil l  b e discusse d i n th e nex t  section . 

S determine s a  ratin g o f  th e desirabilit y  o f  a  commen t  C 
on th e basi s o f  th e followin g tw o criteria: ' 

Favorabilit y  o f  th e resultin g face-valu e impression .  Im -
pression s i n Figur e 2  lie s farthe r  t o th e right  tha n Impres -
sio n 2 ,  i.e .  i t  i s a  mor e optimisti c impressio n o f  th e car' s 
chance s o f  passin g th e inspection ;  an d Impressio n 4  i s mor e 
favorabl e still .  Th e mea n o f  a n impressio n ca n b e use d t o 
quantif y  it s relativ e favorability .  Sinc e S  i n Pragma' s dialo g 
situatio n i s biase d towar d creatin g favorabl e impressions ,  he r 
ratin g procedur e favor s comment s whos e face-valu e impres -
sion s hav e relativel y hig h means .  (Fo r  a n objectiv e speaker , 
th e ratin g woul d tak e int o accoun t  h o w clos e th e mea n i s t o 
th e valu e o f  th e possibilit y  actuall y realized. ) 

Trut h value .  Eve n a  biase d S  i s constraine d b y th e conven -
tio n tha t  comment s wit h lo w trut h value s ar e t o b e avoided . 
Accordingly ,  S  include s i n it s ratin g o f  a  commen t  C  a  penalt y 

^Fro m no w o n w e us e th e ter m chance s t o refe r  t o 5' s assessmen t 
of  th e probabilit y  tha t  th e ca r  wil l  pas s th e nex t  inspection ,  s o a s t o 
avoi d confusio n wit h th e othe r  probabilitie s tha t  ar e involve d i n th e 
processin g o f  th e comment . 

*Not e tha t  thi s assumptio n doe s no t  presuppos e tha t  a  fuzz y trut h 
valu e i s a  sor t  o f  probability ,  onl y tha t  i t  m a y i n certai n circumstance s 
be reasonabl e t o bas e a  probabilit y  assessmento n a  fuzz y trut h value . 

'5' s ratin g actuall y take s int o accoun t  severa l  othe r  factor s a s 
well ,  suc h a s th e relevanc e o f  th e commen t  t o th e curren t  dialo g 
focus ,  bu t  a s thes e factor s ar e o f  mino r  importanc e fo r  th e presen t 
examples ,  the y wil l  b e passe d ove r  here . 
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whos e siz e i s a  positiv e functio n o f  th e differenc e betwee n 1. 0 
and it s trut h value .  Thi s penalt y i s hig h fo r  th e commen t  "I t 
wil l  presumabl y pas s th e inspection "  (cf .  Impressio n 4  i n Fig -
ur e 2) ,  becaus e tha t  comment' s truth-valu e i s onl y .1 8 here ; 
fo r  th e commen t  "I t  coul d pas s th e inspection "  (Impressio n 3) , 
th e penalt y  i s moderate ,  a s th e trut h valu e i s .63 ,  an d fo r  "Th e 
chance s ar e 2 5 % "  (Impressio n 2 )  th e penalt y  i s 0 . 

Th e commen t  "I t  coul d pas s th e inspection "  e m o t e s wit h 
th e highes t  ratin g amon g al l  o f  th e possibl e comments ,  be -
caus e i t  combine s a  relativel y favorabl e face-valu e impressio n 
wit h a  reasonabl y hig h trut h value . 

How B Interprets 5's Comment Pragmatically 

When S has made a comment C, it is not necessary for B to 
for m onl y a  face-valu e impressio n o n th e basi s o f  C .  Sinc e B  i s 
awar e o f  th e criteri a tha t  speaker s us e i n selectin g comments , 
he ca n attemp t  t o reconstruc t  S' s commen t  selectio n proces s 
and s o t o deriv e a  mor e realisti c impressio n o f  th e tru e stat e 
of  affair s tha t  S  verbalize d usin g C . 

Th e cor e o f  thi s proces s o f  pragmati c interpretatio n b y B 
i s a s follows :  Fo r  eac h possibilit y  V  (i.e. .  eac h o f  th e 1 0 
interval s betwee n 0  an d 1) .  B  adopt s th e perspectiv e o f  S 
an d rate s eac h possibl e commen t  unde r  th e assumptio n tha t 
possibilit y  V  i s realized .  Le t  u s denot e wit h V  th e commen t 
othe r  tha n C  whic h receive s th e highes t  rating .  I f  B  coul d b e 
certai n tha t  he r  reconstructio n o f  5' s  rating s wer e correct ,  B 
could ,  simpl y b y comparin g th e rating s o f  C  an d V ,  identif y 
th e likelihoo d tha t  S  woul d hav e create d C  a s bein g eithe r 
1 (i f  th e ratin g o f  C  i s greate r  tha n tha t  o f  V )  o r  0  (i n th e 
opposit e case) .  I n fact ,  o f  course ,  whe n reconstructin g S' s 
ratin g proces s B  mus t  mak e assumption s abou t  al l  o f  th e 
factor s tha t  ente r  int o th e process .  A s thes e assumption s wil l  i n 
genera l  b e mor e o r  les s inaccurate ,  B  associate s considerabl e 
uncertaint y wit h th e rating s h e ascribe s t o S .  H e ca n tak e 
thi s uncertaint y int o accoun t  i n a  roug h wa y b y bein g cautiou s 
abou t  th e conclusion s h e draw s o n th e basi s o f  hi s compariso n 
of  th e reconstructe d rating s o f  C  an d V .  Specifically ,  h e 
ca n assum e tha t  th e conditiona l  likelihoo d tha t  S  woul d hav e 
produce d C ,  give n a  particula r  possibilit y  V ,  i s  a  positiv e 
monotoni c functio n o f  th e exten t  t o whic h th e reconstructe d 
ratin g o f  C  exceed s tha t  o f  V ,  approachin g 1. 0 onl y whe n C' s 
reconstructe d ratin g i s m u c h higher ,  approachin g . 0 whe n i t  i s 
m u ch lower ,  an d takin g th e valu e . 5 whe n th e tw o rating s ar e 
equal . 

Afte r  determinin g thes e conditiona l  likelihoods ,  B  J^plie s 
Bayes '  Rul e t o updat e hi s prio r  impressio n (i.e. .  Impressio n 1 
i n Figur e 2) .  Impressio n S  i s th e resulting ^  pragmaticall y de -
rive d impression .  Thi s impressio n i s les s optimisti c tha n th e 
correspondin g face-valu e impressio n (Impressio n 3) .  Th e rea -
so n i s tha t  i t  seem s ver y likel y t o B  tha t  S  woul d hav e chose n 
some mor e positive-soundin g commen t  i f  th e tru e chance s 
wer e highe r  tha n abou t  6 5 % .  I n sum ,  b y performin g prag -
mati c interpretation ,  B  i s abl e t o compensat e i n par t  fo r  S' s 
attempt s t o creat e a  maximall y positiv e impression . 

Discussion of the Model 

Influence of Prior Expectations 

Wallsten, Fillenbaum, and Cox (1986) have demonstrated 
tha t  listeners '  interpretation s o f  a  vagu e probabilit y  expressio n 

ca n b e strongl y affecte d b y thei r  prio r  expectation s concern -
in g th e probabilit y  i n questio n (cf .  als o Zimmer ,  1984) .  I n 
th e contex t  o f  ou r  scenario ,  thi s woul d mea n tha t  a  B  wh o fo r 
some reaso n wa s initiall y  pessimisti c abou t  th e car' s inspec -
tio n chance s would ,  afte r  hearin g th e commen t  "I t  coul d pas s 
th e inspection" ,  en d u p wit h a n impressio n whic h wa s farthe r 
t o th e lef t  tha n Impressio n 5  i n Figur e 2 . 

Onl y on e assumptio n o f  th e presen t  mode l  i s neede d t o 
accoun t  fo r  thi s effect :  th e assumptio n tha t  B  derive s hi s fi-
nal  interpretatio n o f  S' s utteranc e accordin g t o Bayes '  Rule , 
considerin g th e conditiona l  likelihood s tha t  S  woul d hav e pro -
duce d C ,  give n variou s specifi c  belief s abou t  th e car' s chances . 
Not e tha t  a  variet y o f  alternativ e theorie s ar e conceivabl e a s 
t o h o w B  migh t  asses s thes e conditiona l  likelihoods .  Not e 
als o tha t  thi s assumptio n i s compatibl e wit h a  wid e variet y o f 
theoretica l  frameworks .  I n particular ,  i t  doe s no t  presuppos e 
tha t  th e conditiona l  likelihood s associate d wit h a n expressio n 
ar e a  fixed  aspec t  o f  it s meaning .  O n th e contrary ,  a s th e res t 
of  th e mode l  illustrates ,  B  m a y bas e hi s assessmen t  o f  eac h 
conditiona l  likelihoo d o n hi s judgmen t  o f  a  numbe r  o f  aspect s 
of  th e curren t  situation ,  includin g S' s dialo g motivation . 

That  th e abov e assumptio n account s fo r  th e effec t  o f  prio r 
expectation s follow s fro m th e well-know n fac t  that ,  whe n 
Bayes '  Rul e i s applied ,  th e resultin g probabilit y  distributio n 
depend s i n genera l  o n bot h th e prio r  distributio n an d th e se t  o f 
conditiona l  likelihoods .  Th e impac t  o f  th e prio r  distributio n 
shoul d b e negligibl e onl y i n specia l  cases ,  e.g. .  whe n th e 
conditiona l  likelihood s ar e ver y lo w excep t  withi n a  limite d 
range .  Thu s th e abov e assumptio n fits  wel l  wit h th e result s 
of  Wallsten .  Fillenbaum .  an d C o x (1986) ,  w h o note d tha t 
th e effec t  o f  prio r  expectation s wa s smal l  o r  nonexisten t  fo r 
th e expression s amon g th e one s the y investigate d whic h wer e 
especiall y lo w i n vaguenes s (pp .  584-585) . 

Differences in Assessments by Speaker and Listener 

An experiment by Fillenbaum et al. (1991) asked subjects in 
tw o condition s t o rat e h o w "descriptive "  a  probabilit y  phras e 
was o f  a  give n probability .  O n e conditio n (th e evaluatio n 
task )  wa s quit e simila r  t o th e situatio n i n ou r  tw o experiment s 
and ca n b e see n a s yieldin g membershi p function s wit h a 
comparabl e interpretation .  I n th e othe r  conditio n (th e selec -
tio n task) ,  subject s too k th e rol e o f  speakers ,  selectin g fro m 
a lis t  o f  phrase s th e one s tha t  woul d b e suitabl e fo r  express -
in g a  give n probability .  Thei r  ratings  o f  "descriptiveness " 
ca n presumabl y b e interprete d a s assessment s o f  th e exten t  t o 
whic h th e phras e i n questio n wa s relativel y suitabl e fo r  th e 
purpos e o f  describin g th e give n probabilit y  t o anothe r  per -
son .  A s such ,  th e rating s i n thi s conditio n ar e comparabl e t o 
th e assessment s o f  th e relativ e desirabilit y  o f  a  commen t  i n 
Pragma' s model—excep t  tha t  th e dialo g motivatio n induce d 
by th e instruction s wa s a  purel y cooperativ e one . 

I n th e evaluatio n task ,  th e membershi p function s elicite d 
showe d form s simila r  t o thos e foun d i n ou r  experiment s (Fig -
ur e 1) :  Mos t  wer e monotonic ,  excep t  i n th e cas e o f  th e phras e 
possibly ,  whic h fo r  mos t  subject s showe d a  single-peake d 
curve .  B y contrast ,  th e curve s summarizin g th e ratings  o f 
desirabilit y  fro m th e speaker' s poin t  o f  vie w (elicite d i n th e 
selectio n task )  wer e mos t  ofte n single-peake d (excep t  fo r  th e 
expressio n improbable )  an d the y wer e narrowe r  tha n th e mem-
bershi p curves . 
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The assumptio n i n ou r  mode l  whic h account s fo r  thi s dif -
ferenc e i s tha t  th e relative  desirabilit y  o f  a  commen t  fo r  th e 
spealce r  i s no t  simpl y a  functio n o f  th e trut h valu e o f  th e com -
ment  itself ;  rather ,  i t  depend s o n th e othe r  possibl e comment s 
tha t  ar e availabl e an d take s int o consideration ,  i n additio n t o 
trut h value ,  th e locatio n o f  th e face-valu e impressio n create d 
by th e comment .  Fo r  example ,  th e phras e likel y doe s no t  hav e 
a hig h relativ e desirabilit y  a s a  verbalizatio n o f  a  probabilit y 
of  9 8 % ,  i n spit e o f  it s hig h trut h valu e fo r  tha t  probability , 
simpl y becaus e ther e ar e othe r  expression s tha t  d o a  bette r  jo b 
of  creatin g a n impressio n o f  a  v ^  hig h probability . 

Further Implications of the Model 

Two implication s o f  th e PRAGMA mode l  ca n a t  presen t 
mainl y b e evaluate d o n th e basi s o f  thei r  plausibility ,  al -
thoug h possibl e empirica l  test s readil y com e t o mind .  Th e 
first  implicatio n concern s th e importanc e o f  th e speaker' s  di -
alo g motivation ,  bot h i n th e selectio n o f  comment s b y th e 
speake r  an d i n thei r  interpretatio n b y th e listener .  Th e sec -
ond implicatio n i s tha t  th e willingnes s o f  a  speake r  t o us e a n 
expressio n wit h a  margina l  trut h valu e shoul d depen d o n th e 
exten t  t o whic h thi s drawbac k o f  th e expressio n i s compen -
sate d fo r  b y desirabl e effec t  o f  th e commen t  o n th e listener' s 
impression . 

Conclusion 

Althoug h ou r  computationa l  mode l  i s intende d a s a n ide -
alize d normativ e model ,  i t  account s fo r  severa l  phenomen a 
tha t  hav e eithe r  bee n documente d i n empirica l  researc h o r  ar e 
familia r  fro m everyda y experience .  I n particular ,  i t  explain s 
th e contras t  betwee n (a )  th e rathe r  surprisin g lac k o f  variet y 
foun d i n th e basi c semantic s o f  th e vagu e probabilit y  expres -
sion s examine d her e an d (b )  th e mor e specific ,  bu t  highl y 
context-dependen t  interpretation s tha t  listener s an d speaker s 
attac h t o the m i n concret e situations .  Adaptatio n o f  th e mode l 
i s require d befor e i t  ca n b e take n literall y a s a  descriptiv e 
model ,  an d suc h a  mode l  o f  cours e require s furthe r  empirica l 
testing .  Also ,  ther e ar e empiricall y establishe d contex t  ef -
fect s o n th e selectio n o f  probabilit y  expression s abou t  whic h 
th e mode l  a s ye t  ha s nothin g t o sa y (cf .  Gonzale z &  Frenck -
Mestre ,  1993 ;  Tsigen ,  1988b) .  Nonetheless ,  i t  appear s tha t  a t 
th e presen t  stag e o f  theorizin g abou t  th e us e o f  vagu e proba -
bilit y  expressions ,  a  normativ e mode l  ca n hav e considerabl e 
heuristi c valu e i n th e searc h fo r  a n appropriat e descriptiv e 
theory ,  b y drawin g attentio n t o importan t  feature s o f  th e task . 
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