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Abstrac t 

People tend to give subadditive probability judgments 
when aske d t o asses s eac h i n a  se t  o f  thre e o r  mor e 
exclusiv e hypotheses .  Th e degre e o f  subadditivit y i n suc h 
judgment s i s determine d i n larg e par t  b y th e evidenc e upo n 
whic h th e judgment s ar e based ,  bu t  th e characteristic s o f 
th e evidenc e tha t  influenc e subadditivit y hav e ye t  t o b e 
full y specified .  I n th e presen t  experiments ,  thi s issu e wa s 
addresse d usin g a  classificatio n learnin g task ,  i n whic h th e 
relationshi p betwee n th e evidenc e an d th e hypothese s 
under  consideratio n ca n b e controlle d experimentally .  T w o 
potentia l  evidentia l  influence s o n subadditivity-cu e 
conflic t  an d cu e frequency-ar e distinguishe d an d teste d i n 
thre e experiments .  Th e result s indicat e tha t  (a )  people' s 
probabilit y  judgment s ar e systematicall y subadditive~i n 
violatio n o f  standar d probabilit y  theory-eve n whe n th e 
judgment s ar e base d o n cue s learne d withi n th e 
experimenta l  context ,  contrar y t o th e prediction s o f 
"ecological "  theorie s o f  huma n judgmen t  whic h attribut e 
suc h biase s t o nonrepresentativ e ite m selection ;  an d (b ) 
cue conflic t  ha s a  reliabl e influenc e o n th e degre e o f 
subadditivit y exhibite d i n probabilit y  judgments . 

There is substantial evidence that people's probability 
judgment s ar e nonextensional ,  tha t  is ,  no t  consisten t  wit h 
th e rule s o f  se t  inclusion .  Recently ,  a  desciiptiv e theor y o f 
probabilit y  judgmen t  calle d suppor t  theor y (Tversk y & 
Koehler ,  1994 )  ha s bee n develope d t o accoun t  fo r  thes e 
findings .  Suppor t  theor y make s tw o basi c assumptions . 
The firs t  i s  tha t  Judge d probabilit y  reflect s th e relativ e 
suppor t  fo r  th e foca l  an d alternativ e hypotheses : 

siA ) 
(1 )  P i A , B )  =  ^ — 

siA )  +  siB ) 
That  is ,  th e Judge d probabilit y  o f  A  rathe r  tha n B  i s simpl y 
th e evidentia l  suppor t  availabl e fo r  A , s (A ) ,  normalize d 
relativ e t o tha t  availabl e fo r  it s complemen t  B .  Suppor t 
theor y i s  nonextensional ,  allowin g judge d probabilit y t o 
depen d no t  onl y o n th e even t  i n questio n bu t  als o o n h o w i t 
i s described .  Hence ,  A  an d B  refe r  t o description s o f  events , 
calle d hypotheses ,  rathe r  tha n t o th e event s themselves ,  a s i n 
standar d probabilit y  theory . 

Suppor t  theor y distinguishe s betwee n explici t 
disjunctions ,  whic h lis t  thei r  components ,  an d implici t 
disjunctions ,  whic h d o not .  Suppor t  theory' s secon d 
assumptio n i s  tha t  i f  H  i s a n implici t  disjunctio n (e.g. , 
homicide )  tha t  refer s t o th e sam e even t  a s a n explici t 
disjunctio n o f  exclusiv e hypothese s H q an d H g (e.g. , 
homicid e b y a n acquaintanc e o r  homicid e b y a  stranger , 
denote d H a v  //j) ,  the n 
(2 )  s(H )  <  s(H a V  H s )  <  siHa )  +  siHs) . 
That  is ,  th e suppor t  o f  th e implici t  disjunctio n H  i s les s 
tha n o r  equa l  t o tha t  o f  th e explici t  disjunctio n H ^  v  H^ , 

whic h i n tur n i s les s tha n o r  equa l  t o th e tota l  suppor t  o f  it s 
component s whe n assesse d individuall y (Rottenstreic h & 
Tversky ,  1997) .  I n short ,  "unpacking "  th e implici t 
hypothesi s int o it s  component s ca n onl y increas e it s 
support ,  an d henc e it s judge d probabilit y  (cf .  Fischhoff , 
Lichtenstein ,  &  Slovic ,  1978) .  Th e relationshi p betwee n 
th e suppor t  o f  th e implici t  disjunctio n an d tha t  o f  it s 
component s i s sai d t o b e subadditive ,  i n th e sens e tha t  th e 
whol e receive s les s tha n th e su m o f  it s parts . 

Suppor t  theor y implie s that ,  wheneve r  a  singl e well -
specifie d hypothesi s i s  evaluate d relativ e t o al l  o f  it s 
alternative s take n a s a  grou p (referre d t o a s a  "catchall "  o r 
residua l  category) ,  th e specifie d hypothesi s wil l  b e give n 
greate r  weigh t  tha n i f  i t  ha d bee n include d implicitl y  i n th e 
residua l  category .  Conside r  a n exampl e wit h thre e 
hypotheses :  A , B , m d C .  W h e n a  perso n i s aske d t o Judg e 
th e probabilit y o f  hypothesi s A ,  accordin g t o suppor t 
theory ,  th e probabilit y  Judgmen t  i s  determine d b y th e 
evidentia l  suppor t  fo r  hypothesi s A  normalize d relativ e t o 
tha t  fo r  it s  complement .  I n thi s cas e it s complemen t  i s a n 
implici t  disjunctio n o f  hypothese s B  an d C .  Suppor t  theor y 
assume s tha t  th e implici t  representatio n o f  th e alternativ e 
hypothese s decrease s thei r  suppor t  relativ e t o tha t  o f  A , 
thereb y increasin g A' s Judge d probability .  I f  separat e 
Judgment s ar e obtaine d o f  th e probabilit y  o f  hypothese s A , 
B,  an d C ,  th e tota l  probabilit y  assigne d t o th e thre e i s 
predicte d t o excee d one ,  i n violatio n o f  standar d probabilit y 
theory .  Th e degre e o f  subadditivit y i n thi s cas e ca n b e 
measure d b y th e exten t  t o whic h th e tota l  exceed s one . 

Th e degre e o f  subadditivit y observe d depend s o n a  numbe r 
of  factor s (se e Tversk y &  Koehler ,  1994) ,  includin g th e 
compatibilit y o f  th e evidenc e wit h eac h o f  th e hypothese s 
unde r  consideration .  Fo r  example ,  i n on e experimen t 
(Koehler ,  Brenner ,  &  Tversky ,  1997 ,  Exp .  1 )  participant s 
judge d th e probabilit y  tha t  a  colleg e studen t  ha d a  specifie d 
socia l  scienc e majo r  o n th e basi s o f  a  cours e tha t  studen t  ha d 
taken .  Th e course s provide d a s evidenc e varie d i n h o w 
compatibl e the y wer e wit h socia l  scienc e major s i n general , 
wit h tw o o f  the m bein g quit e typica l  (e.g. .  Wester n 
Civilization )  an d tw o bein g fairl y atypica l  (e.g. ,  Frenc h 
Literature) .  Th e degre e o f  subadditivit y o f  th e judgment s 
(measure d b y th e tota l  probabilit y  assigne d t o fou r  exclusiv e 
and exhaustiv e socia l  scienc e majors )  wa s significantl y 
greate r  fo r  th e typica l  course s tha n fo r  th e atypica l  courses ,  a 
resul t  referre d t o a s th e enhancemen t  effect . 

Whil e th e notio n o f  "compatibility "  betwee n evidenc e an d 
hypothese s serve s t o summariz e a  numbe r  o f  manipulation s 
observe d t o influenc e subadditivity ,  th e exac t  characteristic s 
of  th e evidenc e controllin g subadditivit y hav e ye t  t o b e 
explicated .  T o identif y mor e precisel y th e evidentia l 
characteristic s influencin g subadditivity ,  i t  i s  necessar y t o 
hav e direc t  experimenta l  contro l  ove r  th e relationshi p 
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betwee n th e evidenc e an d th e hypotheses .  Thi s wa s 
accomplishe d i n th e presen t  investigatio n throug h th e us e o f 
a simulate d medica l  diagnosi s task ,  whic h ha s bee n use d i n 
m u ch o f  th e recen t  wor k o n classificatio n learnin g (e.g. , 

Estes ,  Campbell ,  Hatsopoulos ,  &  Hurwitz ,  1989 ;  Gluc k & 
Bower ,  1988 ;  Nosofsky ,  Kruschke ,  &  McKinley .  1992) .  I n 
thi s task ,  participant s ar e presente d wit h a  se t  o f  symptom s 
("cues "  whic h serv e a s evidence )  reporte d b y a  "patient "  an d 
ar e aske d t o gues s whic h o f  a  se t  o f  possibl e disease s 
(typicall y two )  th e patien t  migh t  have .  Participant s ar e 
presente d wit h a  larg e numbe r  o f  patients ;  afte r  eac h gues s 
participant s receiv e feedbac k tellin g the m whic h diseas e th e 
patien t  actuall y had .  Durin g o r  afte r  th e learnin g phase ,  tes t 
trial s m a y b e give n (typicall y withou t  feedback) ,  i n whic h 
participant s ar e presente d wit h sympto m pattern s an d aske d 
t o estimat e th e probabilit y  tha t  th e patien t  ha s a  designate d 
disease . 

Thi s tas k wa s use d t o investigat e tw o possibl e 
interpretation s o f  evidentia l  compatibilit y  underlyin g th e 
enhancemen t  effect .  Th e first  possibilit y  involve s overal l 
cu e frequency :  Subadditivit y m a y increas e wit h th e 
frequenc y o f  presentatio n durin g learnin g o f  th e cu e use d a s 
th e basi s o f  judgment .  Tha t  is ,  i f  som e cue s simpl y occu r 
mor e ofte n i n conjunctio n wit h al l  o f  th e categorie s tha n d o 
others ,  presentatio n o f  thes e cue s fo r  judgmen t  m a y yiel d 
greate r  subadditivit y tha n les s frequentl y presente d cues .  Th e 
secon d sens e i n whic h enhancemen t  m a y operat e involve s 
th e degre e o f  conflic t  amon g a  se t  o f  cues .  Researc h o n 
enhancemen t  (Koehle r  e t  al. ,  1997 ;  Tversk y &  Koehler , 
1994 )  suggest s tha t  subadditivit y m a y b e increase d b y th e 
introductio n o f  evidenc e tha t  ha s mixe d o r  conflictin g 
implication s (e.g. ,  Peterso n &  Pitz ,  1988) .  I n th e curren t 
contex t  thi s possibilit y ca n b e examine d b y analyzin g 
differen t  pattern s o f  cues .  Increase d subadditivit y woul d b e 
exjjecte d fo r  thos e pattern s tha t  impl y o r  suppor t  mor e tha n 
one categor y o r  hypothesis . 

I n addition ,  th e presen t  se t  o f  experiment s afford s a n 
opportunit y t o tes t  tw o competin g theorie s o f  huma n 
judgment .  Suppor t  theory ,  wit h it s origin s i n th e heuristic s 
and biase s researc h programm e o f  Tversk y an d Kahnema n 
(e.g. ,  1974) ,  assume s tha t  th e inferentia l  mechanism s 
underlyin g probabilit y  judgmen t  ofte n produc e reasonabl y 
accurat e judgment s bu t  als o caus e systemati c biase s unde r 
certai n circumstances .  I n contrast ,  som e researcher s 
(Bjorkman ,  1994 ;  Gigerenzer ,  Hoffrage ,  &  Kleinbolting , 
1991 ;  Juslin ,  1994 )  hav e recentl y suggeste d tha t  judgmenta l 
biase s observe d i n experimenta l  setting s aris e becaus e 
participant s attemp t  t o appl y cue s the y hav e learne d 
accuratel y fro m experienc e t o a  se t  o f  item s selecte d b y th e 
experimente r  tha t  i s  non-representativ e o f  th e environmen t 
i n whic h th e cue-outcom e relationshi p wa s originall y 
learned .  Thi s clai m i s teste d i n th e presen t  experiments .  I n 
a classificatio n learnin g experiment ,  th e environmen t  i n 
whic h th e cue-outcom e relationshi p hold s i s define d b y an d 
learne d durin g th e trainin g sequenc e o f  th e laborator y tas k 
itself .  Thu s th e "ecological "  approac h lead s t o th e predictio n 
tha t  th e systemati c subadditivit y implie d b y suppor t  theor y 
shoul d no t  b e observe d i n th e presen t  studies ,  i n whic h 
nonrepresentativ e ite m selectio n i s no t  a n issue . 

E x p e r i m e n t  1 

Method 

Participants .  Participant s wer e 1 6 member s o f  th e 
participan t  pane l  a t  th e Medica l  Researc h Counci l  Applie d 

Psycholog y Unit ,  w h o wer e pai d fo r  thei r  participation . 
Dat a fro m thre e additiona l  participant s wer e replaced ;  on e 
participan t  faile d t o complet e th e judgmen t  tas k a s 
instructed ,  an d th e othe r  tw o faile d t o achiev e above-chanc e 
accurac y i n th e learnin g phas e o f  th e experiment . 

Stimuli and Apparatus. The stimuli were "medical 
charts "  consistin g o f  fou r  symptoms :  chills ,  cough , 
headache ,  an d sor e throat .  Eac h sympto m wa s denote d eithe r 
as bein g presen t  (i n upper-cas e letters ,  e.g. ,  C O U G H)  o r 
absen t  (i n lower-cas e letters ,  e.g. ,  n o cough )  o n th e medica l 
chart .  Eac h patien t  wa s t o b e classifie d a s havin g on e o f 
thre e type s o f  flu  strains ,  simpl y labele d #1 ,  #2 ,  an d #3 . 

Design. As in Estes et al. (1989) and Nosofsky et al. 
(1992) ,  al l  participant s wer e presente d wit h a n identica l 
trainin g sequence ,  consistin g o f  24 0 trials .  Thi s sequenc e 
was constructe d b y first  randoml y choosin g on e o f  th e thre e 
flu  strain s (wit h equa l  probabilities) ,  an d the n choosin g th e 
fou r  symp tom s (independently )  wit h conditiona l 
probabilitie s yieldin g th e followin g properties .  First ,  th e 
fou r  symptom s var y systematicall y i n thei r  overal l  frequenc y 
of  occurrence ,  wit h p(A )  =  55.8% ,  p(B )  =  46.3% ,  p(C )  = 
37.1% ,  an d p(D )  =  27.5% .  Second ,  eac h symptom ,  take n 
on it s own ,  ha s th e sam e diagnosticity .  Tha t  is ,  give n th e 
symptom ,  th e flu  strai n i t  i s  associate d wit h increase s i n 
probabilit y t o 6 0 % (wit h som e smal l  variatio n du e t o 
roundin g erro r  fo r  th e finite  serie s o f  learnin g trials )  an d th e 
othe r  tw o flu  strain s decreas e i n probabilit y t o 2 0 % each . 
Figur e 1  indicate s th e mappin g betwee n th e fou r  symptom s 
and th e flu  strai n wit h whic h eac h i s  mos t  strongl y 
associated . 

Th e actua l  sympto m labe l  (e.g. ,  cough )  assigne d t o th e 
fou r  abstrac t  symptom s A - D wa s counterbalance d ove r 
participants ,  a s wa s th e positio n o f  th e fou r  symptom s i n 
th e compute r  display .  Unlik e th e trainin g sequence ,  whic h 
was th e sam e fo r  al l  participants ,  th e orde r  i n whic h th e 
subsequen t  4 8 patter n judgment s wer e mad e wa s determine d 
randoml y fo r  eac h participant . 

Sympto m Fl u Strai n 

Figur e 1 :  Schemati c diagra m o f  symptom-fl u strai n 
mappin g i n Experiment s 1  an d 2 . 
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Procedure .  Participant s wer e tol d tha t  the y woul d b e 
takin g par t  i n a  simulate d medica l  judgmen t  task .  The y 
wer e tol d the y woul d b e presente d wit h a  serie s o f  24 0 
patients ,  eac h o f  w h o m wa s subsequentl y foun d (vi a a  bloo d 
test )  t o hav e on e o f  thre e influenz a strains .  The y wer e 
instructe d tha t  thei r  tas k wa s t o conside r  fou r  symptom s 
(chills ,  cough ,  headache ,  an d sor e throat )  tha t  coul d hel p 
the m determin e whic h o f  th e thre e fl u strain s a  patien t  wa s 
sufferin g from .  Fo r  eac h patien t  the y woul d b e tol d whethe r 
or  no t  th e patien t  ha d reporte d eac h o f  th e fou r  symptoms , 
and the n woul d b e aske d t o gues s whic h o f  th e thre e fl u 
strain s tha t  participan t  had .  Afte r  enterin g thei r  choice ,  the y 
woul d b e tol d whethe r  the y wer e correc t  o r  no t  an d whic h fl u 
strai n th e patien t  i n questio n actuall y had .  I n th e beginning , 
the y wer e told ,  the y woul d b e guessin g essentiall y  a t 
random ,  bu t  a s the y sa w mor e patient s the y shoul d begi n t o 
hav e som e sens e o f  whic h symptom s g o wit h whic h fl u 
strains .  The y wer e warned ,  however ,  tha t  jus t  a s i n rea l 
medica l  practice ,  thes e observabl e symptom s wer e no t 
perfec t  predictor s an d tha t  tw o patient s wit h th e exac t  sam e 
set  o f  symptom s migh t  no t  alway s hav e th e sam e fl u strain . 

Afte r  th e trainin g sequence ,  participant s wer e presente d 
wit h sympto m pattern s (lik e thos e see n durin g training )  an d 
wer e aske d t o judg e th e percentag e o f  patient s wit h tha t 
patter n the y woul d expec t  t o hav e a  designate d fl u strain . 
They wer e instructe d t o giv e number s betwee n 0 % an d 
100%,  wher e 1 0 0 % indicate d tha t  the y expecte d ever y patien t 
wit h tha t  sympto m patter n t o hav e th e designate d fl u strain , 
and 0 % indicate d tha t  the y expecte d non e o f  th e patient s wit h 
tha t  patter n t o hav e th e designate d fl u strain .  Participant s 
wer e aske d t o mak e suc h judgment s fo r  al l  4 8 possibl e 
combination s o f  th e 1 6 differen t  sympto m pattern s wit h th e 
3 differen t  fl u strains . 

Results and Discussion 

Learnin g Data .  Ove r  participants ,  averag e accurac y 
acros s th e 24 0 trainin g trial s wa s 5 5 % ,  a  figure  substantiall y 
greate r  tha n tha t  expecte d b y chance .  Al l  participant s 
include d i n th e sampl e achieve d above-chanc e accuracy .  T o 
determin e whethe r  learnin g wa s a t  asymptot e b y th e en d o f 
th e 24 0 trainin g mals ,  averag e percen t  correc t  wa s compute d 
fo r  fou r  consecutiv e 60-tria l  blocks .  O n th e first  block , 
3 9 % o f  participants '  guesse s wer e correct .  Fo r  th e nex t 
thre e block s th e correspondin g figures  wer e 5 9 % ,  6 2 % ,  an d 
5 8 %,  respectively .  Participants '  performanc e wa s n o longe r 
improvin g afte r  th e first  6 0 o r  s o trainin g trials ,  suggestin g 
tha t  b y th e en d o f  th e trainin g phas e participant s ha d learne d 
al l  the y coul d abou t  th e categor y structure . 

Pattern Judgment Data. Figure 2 displays the mean 
probabilit y  assigne d t o eac h flu  strai n fo r  th e 1 6 possibl e 
sympto m pattern s (presen t  symptom s ar e denote d wit h 
uppercas e letters ,  absen t  symptom s wit h lowercase) . 
Participants '  probabilit y  judgment s wer e strongl y relate d t o 
th e normativ e probabilitie s use d t o construc t  th e trainin g 
sequence .  Th e correlatio n betwee n th e se t  o f  mea n patter n 
judgment s an d th e normativ e value s i s 0.93 ,  showin g tha t 
participant s wer e abl e t o translat e wha t  the y ha d learne d 
durin g th e trainin g sequenc e int o reasonabl y accurat e 
probabilit y  judgments .  A s predicte d b y suppor t  theory , 

tota l  probabilit y 

fi  s  e  ^ 

i H s ^ s 

sympto m patter n 

Figur e 2 :  M e a n judge d probabilit y  o f  eac h flu  strai n an d 
thei r  tota l  fo r  eac h o f  th e possibl e sympto m patterns . 

however,  the probability judgments were clearly subadditive: 

The tota l  probabilit y  assigne d t o th e thre e possibl e fl u 
strain s consistentl y exceede d 100% ,  wit h a n averag e tota l  o f 
1 2 0 % (se e Figur e 2) . 

The degre e o f  subadditivit y varie d substantiall y  ove r  th e 
variou s sympto m patterns ,  allowin g a  tes t  o f  th e rol e o f  cu e 
frequenc y an d cu e conflic t  o n th e degre e o f  subadditivity . 
Firs t  conside r  cu e conflict .  A s a  simpl e comparison ,  th e 
averag e tota l  probabilit y  fo r  thos e pattern s wit h symptom s 
presen t  tha t  impl y eithe r  zer o o r  on e flu  strain s ( n =  6 ;  e.g. , 
abed .  Abed ,  a b C D )  wa s compare d wit h th e averag e fo r  thos e 
pattern s implyin g tw o o r  mor e differen t  flu  strain s ( n =  10 ; 
e.g. ,  ABcd ,  A B C d ,  A B C D ) .  A s predicte d b y th e cu e conflic t 
interpretatio n o f  enhancement ,  th e averag e tota l  wa s 
significantl y highe r  i n th e latte r  cas e ( M =  128% )  tha n i n 
th e forme r  ( M =  107%) ,  t  (254 )  =  4.86 ,  ̂  <  .001 . 

For  th e patter n judgments ,  th e cu e frequenc y interpretatio n 
of  enhancemen t  ca n b e teste d i n tw o ways .  Th e simples t 
way i s t o conside r  onl y th e pattern s wit h a  singl e presen t 
sympto m (i.e. ,  Abed ,  aBcd ,  abCd ,  abcD) .  Th e mea n tota l 
probabilitie s fo r  thes e fou r  pattern s ar e 116% ,  109% ,  105% , 
and 9 3 % ,  respectively ,  showin g tha t  subadditivit y di d 
increas e wit h cu e frequency .  Th e contras t  betwee n th e A  an d 
B symptom s an d th e C  an d D  symptom s i s statisticall y 
significant ,  t  (62 )  =  2.04 ,  g  <  .05 .  A  mor e complicate d 
analysi s involve s comparin g th e averag e total s fo r  th e eigh t 
pattern s tha t  includ e eac h sympto m s o that ,  fo r  example ,  th e 
patter n A B c d i s counte d a s a n A  patter n an d a  B  patter n bu t 
not  a s a  C  o r  D  pattern .  B y thi s analysi s th e averag e total s 
fo r  pattern s includin g symptom s A  throug h D  ar e 126% , 
124%,  124% ,  an d 120% ,  respectively ,  agai n consisten t  wit h 
th e cu e frequenc y interpretation . 

Experiment 2 

The first  experimen t  reveale d substantia l  subadditivit y i n 
probabilit y  judgment s elicite d afte r  learning ,  eve n thoug h 
th e tas k involve d onl y thre e categorie s an d gav e a 
frequentisti c interpretatio n t o th e respons e scal e (cf . 
Gigerenze r  e t  al. ,  1991) .  Th e degre e o f  subadditivit y wa s 
affecte d b y bot h cu e conflic t  an d cu e frequency .  I t  coul d b e 
argued ,  however ,  tha t  ha d probabilit y  judgment s bee n 
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elicite d withi n th e learnin g context ,  instea d o f  afte r  learnin g 

had take n place ,  th e effect s o f  cu e conflic t  an d frequenc y o r 
eve n th e genera l  observatio n o f  subadditivit y migh t  hav e 
bee n eliminated .  Th e feedbac k provide d afte r  eac h trial ,  fo r 
example ,  migh t  dra w participants '  attentio n t o th e fac t  tha t 
thei r  probabilit y  judgment s ar e generall y to o hig h an d henc e 
eliminat e th e subadditivit y foun d i n th e post-learnin g 
judgments .  Thi s possibilit y  wa s teste d i n Experimen t  2  b y 
askin g participant s t o mak e a  probabilit y  judgmen t  o n eac h 
trainin g trial . 

Method 

Pa r t i c i pan t s .  Participant s wer e 3 4 prospectiv e 
psycholog y undergraduat e major s a t  Universit y Colleg e 
London ,  w h o participate d a s par t  o f  a  laborator y 
demonstration .  Dat a fro m 3  o f  thes e participant s wer e 
droppe d a s thei r  learnin g performanc e wa s onl y marginall y 
bette r  tha n tha t  expecte d b y chance ,  leavin g a  tota l  o f  3 1 
participants . 

Design. Participants received the same training sequence 
as i n Experimen t  1 ,  bu t  assigne d a  probabilit y  t o a 
designate d fl u strai n rathe r  tha n choosin g whic h o f  th e thre e 
fl u strain s the y though t  wa s mos t  likel y o n eac h trial .  Th e 
fl u strai n designate d fo r  evaluatio n o n eac h tria l  wa s varie d 
betwee n participant s b y assignin g eac h participan t  t o on e o f 
thre e targe t  groups .  O n an y give n trial ,  th e thre e targe t 
group s eac h evaluate d on e o f  th e thre e possibl e fl u strain s s o 
that ,  acros s groups ,  judgment s wer e obtaine d o f  th e 
probabilit y  o f  eac h fl u strai n o n ever y trainin g trial .  Th e fl u 
strai n designate d fo r  a  give n targe t  grou p wa s determine d 
randoml y suc h tha t  participant s i n eac h grou p wer e assigne d 
eac h fl u strai n wit h approximatel y equa l  frequencie s acros s 
th e trainin g sequence .  Becaus e participant s wer e givin g 
what  wer e referre d t o a s patter n judgment s i n Experimen t  1 
on ever y tria l  o f  Experimen t  2 ,  participant s wer e no t  aske d 
t o giv e final  patter n judgment s a t  th e en d o f  th e learnin g 
sequence . 

Procedure. Instructions regarding the general nature of the 
medica l  judgmen t  tas k wer e simila r  t o thos e give n fo r 
Experimen t  1 .  T h e majo r  differenc e i s tha t  i n thi s 
experimen t  participant s wer e instructe d t o giv e a  probabilit y 
judgmen t  o n ever y trainin g trial .  I t  wa s explaine d tha t  on e 
of  th e thre e fl u strain s woul d b e selecte d arbitraril y  o n eac h 
tria l  a s th e designate d outcom e fo r  judgment .  Becaus e th e 
probabilit y  judgment s wer e obtained  durin g learnin g a s 
individua l  patient s wer e presente d fo r  assessment ,  th e 
judgment s wer e give n a  probabilisti c  interpretatio n (i.e. ,  th e 
probabilit y  tha t  th e patien t  i n questio n ha s th e designate d fl u 
strain) .  Probabilit y  judgment s wer e mad e o n a  scal e runnin g 
from  0 % t o 1 0 0 % i n increment s o f  1 0 % . 

Results and Discussion 

Learning Performance. In this experiment a more 
complicate d analysi s i s necessar y becaus e participant s judge d 
th e probabilit y  o f  a  designate d fl u strai n rathe r  tha n choosin g 
th e fl u strai n the y though t  wa s mos t  likely .  A  standar d 
square d erro r  measur e wa s compute d fo r  eac h participant . 

whic h assume d a  valu e o f  ( 1 -  jj )  o n trial s i n whic h th e 
designate d even t  occur s an d a  valu e o f  J 2 o n trial s i n whic h 
th e designate d even t  doe s no t  occur .  Give n chanc e 
performanc e (i.e. ,  i n th e absenc e o f  an y learning) ,  th e valu e 
of  thi s erro r  measur e depend s o n th e participant' s respons e 
distribution .  T o adjus t  fo r  this ,  a  correcte d performanc e 
scor e wa s compute d fo r  eac h participan t  b y first  calculatin g 
th e expecte d valu e o f  chanc e performanc e give n tha t 
participant' s respons e distribution ,  an d the n subtractin g th e 

resultin g valu e fro m th e participant' s actua l  performanc e 
scor e t o obtai n a  measur e o f  performanc e abov e tha t  expecte d 
by chance .  Th e resultin g measur e wil l  b e referre d t o a s 

correcte d performance . 
Al l  participant s performe d bette r  tha n chance ,  tha t  is ,  ha d 

positiv e correcte d performanc e measures .  Th e mea n 
correcte d performanc e valu e wa s 26. 3 ( S D =  11.8) .  Al l 
subsequen t  analysi s i s base d o n mea n dat a average d ove r 
participant s withi n a  give n targe t  grou p ( n =  9 ,  11 ,  an d 1 1 
fo r  th e thre e groups) .  A s i n th e previou s experiment ,  mea n 
learnin g performanc e wa s examine d fo r  th e fou r  sequentia l 
set s o f  6()-tria l  blocks .  Th e mea n correc t  performanc e valu e 
(compute d separatel y fo r  eac h participan t  an d the n averaged ) 
was 0.8 ,  8.3 ,  8.7 ,  an d 8. 6 fo r  block s I ,  2 ,  3 ,  an d 4 , 
respectively . 

Pattern Judgments. As the above analysis suggests that 
learnin g wa s a t  o r  nea r  asymptot e b y tria l  60 ,  th e patter n 
judgment s wer e obtaine d b y averagin g ove r  trial s 61-240 . 
Figur e 3  display s th e mea n judgmen t  assigne d t o eac h fl u 
strain ,  an d thei r  total ,  fo r  eac h o f  th e 1 6 possibl e sympto m 
patterns .  T h e correlatio n betwee n th e mea n patter n 
judgment s an d th e correspondin g normativ e value s wa s 0.92 , 
whic h i s essentiall y  identica l  t o tha t  obtaine d i n th e first 
experiment .  Th e correlatio n betwee n th e patter n judgment s 
obtaine d i n Experiment s 1  an d 2  i s 0.95 . 

Once again ,  th e probabilit y  judgment s wer e substantiall y 
subadditiv e fo r  al l  1 6 sympto m patterns .  Th e (unweighted ) 
mean tota l  probabilit y  assigne d t o th e thre e possibl e flu 
strain s i s 1 2 4 % ,  whic h i s slightl y greate r  tha n th e 
comparabl e valu e o f  1 2 0 % fo r  th e patter n judgment s o f 

tota l  probabilit y 

E 2 0 

% 5 

sympto m patter n 

Figure 3: Mean judged probability of each flu strain and 
thei r  tota l  fo r  eac h o f  th e possibl e sympto m pattern s i n 
Experimen t  2 . 
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th e first  experiment .  Participants '  judgment s wer e 
consistentl y subadditive ,  then ,  eve n whe n feedbac k regardin g 
th e actua l  outcom e wa s give n afte r  ever y judgment .  Indeed , 

compariso n wit h th e patter n judgment s o f  Experimen t  I 
suggest s tha t  th e feedbac k di d nothin g a t  al l  t o decreas e th e 
degre e o f  subadditivit y i n th e patter n judgments . 

Cue conflic t  ha d a  significan t  effec t  o n th e degre e o f 
subadditivit y observe d i n th e patter n judgments .  Thos e 
pattern s implyin g onl y a  singl e fl u strai n (o r  none )  receive d 

a weighte d averag e tota l  probabilit y  o f  1 1 5 % whil e thos e 
pattern s implyin g tw o o r  thre e differen t  fl u strain s receive d 
an averag e tota l  o f  132% ,  1  (178 )  =  6.03 ,  p  <  .001 .  Pattern s 
includin g onl y a  singl e presen t  sympto m (i.e. .  Abed ,  aBcd , 
abCd,  abcD )  faile d t o sho w a n effec t  o f  cu e frequency , 
thoug h i t  shoul d b e note d tha t  th e collectio n o f  judgment s 
durin g learnin g allowe d les s tim e fo r  effect s o f  frequenc y t o 
emerge . 

Experiment 3 

A final  experimen t  assesse d th e effect s o f  cu e conflic t  an d 
cue frequenc y usin g a  differen t  categor y structur e tha n tha t 
used i n th e firs t  tw o experiments .  Th e ne w categor y 
structur e wa s intende d t o completel y separat e testin g o f  th e 
tw o effects .  I n th e resultin g design ,  cu e conflic t  coul d b e 
teste d usin g cue s tha t  wer e equate d i n term s o f  frequency ,  an d 
cue frequenc y coul d b e teste d usin g cue s tha t  wer e 
completel y nondiagnosti c wit h regar d t o th e outcom e 
variable .  A s i n th e first  experiment ,  participant s mad e 
choic e decision s rathe r  tha n probabilit y  judgment s o n eac h 
of  th e trainin g trials . 

Method 

Participants .  Participant s wer e 1 6 undergraduate s a t  th e 
Universit y o f  Waterloo ,  wh o participate d i n exchang e fo r 
credi t  i n thei r  introductor y psycholog y course .  Dat a fro m 
tw o additiona l  participant s wer e dropped :  On e whos e 
learnin g performanc e wa s no t  greate r  tha n tha t  expecte d b y 
chance ,  an d on e wh o reporte d t o th e experimente r  tha t  sh e 
had faile d t o complet e th e judgmen t  tas k a s instructed . 

Design and Procedure. Participants were presented with 
informatio n regardin g five  symptoms ,  rathe r  tha n fou r  a s i n 
th e previou s experiments .  Symptom s A ,  B ,  an d C  wer e 
equall y diagnostic ,  an d wer e associate d wit h fl u strain s #1 , 
#2,  an d #3 ,  respectively .  Th e likelihoo d o f  th e sympto m 
associate d wit h a  flu  strai n (e.g. ,  o f  sympto m A  give n flu 
strai n #1 )  increase d t o 7 5 % i n th e presenc e o f  tha t  flu  strai n 
and decrease d t o 2 5 % i n it s absence .  A s i n th e first  tw o 
experiments ,  then ,  th e likelihoo d o f  a  flu  strai n give n th e 
presenc e o f  it s  associate d sympto m (e.g. ,  o f  flu  strai n # 1 
give n sympto m A )  wa s 6 0 % ,  wit h th e remainin g tw o flu 
strain s havin g a  probabilit y  o f  2 0 % each .  Symptom s D  an d 
E wer e nondiagnosti c an d differe d onl y i n term s o f  thei r 
overal l  frequency .  Regardles s o f  th e patient' s flu  strain , 
sympto m D  wa s presen t  wit h a  probabilit y  o f  7 5 % ,  whil e 
sympto m E  wa s presen t  wit h a  probabilit y  o f  2 5 % .  Not e 
tha t  thi s represent s a  greate r  differenc e i n cu e frequenc y tha n 
tha t  investigate d i n th e first  tw o experiments ,  allowin g a 
stronge r  tes t  o f  cu e frequency' s influenc e o n judge d 
probability . 

The trainin g sequenc e agai n consiste d o f  24 0 trials .  Thi s 
sequenc e wa s constructe d b y first  randoml y choosin g on e o f 
th e thre e flu  strain s (wit h equa l  probabilities) ,  an d the n 

choosin g th e five  symptom s (independently )  wit h th e 
appropriat e probabilitie s fo r  tha t  flu  strain .  I n contras t  t o 
th e fixed  trainin g sequenc e use d i n th e previou s experiments , 
th e orde r  i n whic h th e 24 0 patient s wer e presente d i n th e 
trainin g sequenc e wa s determine d randoml y fo r  eac h 
participan t  t o ensur e th e result s wer e no t  attributabl e t o 
some idiosyncras y o f  th e particula r  trainin g sequenc e bein g 
employed .  Th e introductio n o f  a  fift h sympto m 
("dizziness" )  increase d th e numbe r  o f  patter n judgment s mad e 
by eac h participan t  t o 96 ,  th e orde r  o f  whic h wa s determine d 
randoml y fo r  eac h participant .  Participant s mad e thei r 
judgments-whic h wer e give n a  probabilisti c  interpretation -
usin g a  probabilit y  judgmen t  scal e runnin g fro m 0 % t o 
1 0 0 % i n increment s o f  1 0 % . 

Results and Discussion 

Learnin g Performance .  Ove r  participants ,  averag e 
accurac y acros s th e 24 0 trainin g trial s wa s 4 7 % . 
Participant s wer e les s accurat e i n th e trainin g phas e o f  thi s 
experimen t  tha n the y wer e i n th e previou s two ,  a s woul d b e 
expecte d give n th e change s i n th e categor y structur e 
introduce d i n thi s experiment :  Participant s ha d t o conside r 
fiv e symptom s (rathe r  tha n fou r  a s i n th e previou s 
experiments) ,  onl y thre e o f  whic h wer e diagnostic .  Al l 
participant s include d i n th e sampl e achieve d significantl y 
above-chanc e accuracy .  Participants '  performanc e showe d 
littl e sig n o f  improvemen t  i n th e secon d hal f  o f  th e trainin g 
sequence ,  suggestin g tha t  b y th e en d o f  th e trainin g phas e 
participant s ha d learne d al l  the y coul d abou t  th e categor y 
structure . 

Pattern Judgment Data. The correlation between the 
mean patter n judgment s an d th e normativ e value s ove r  th e 
32 possibl e sympto m pattern s wa s 0.81 .  A s predicte d b y 
suppor t  theory ,  th e probabilit y  judgment s wer e clearl y 
subadditive :  Th e tota l  probabilit y  assigne d t o th e thre e 
possibl e flu  strain s consistentl y exceede d 100% ,  wit h a n 
averag e tota l  o f  142% .  Th e degre e o f  subadditivit y observe d 
fo r  thes e judgment s appear s t o b e considerabl y greate r  tha n 
tha t  o f  th e previou s experiments ,  perhap s becaus e th e 
inclusio n o f  a n additiona l  sympto m induce d a  greate r  sens e 
of  conflic t  o r  uncertainty . 

The averag e tota l  probabilit y  fo r  thos e pattern s wit h 
symptom s presen t  tha t  impl y eithe r  zer o o r  on e flu  strain s 
( n =  48 ;  e.g. ,  Abcde ,  aBcDE ,  abcde )  wa s compare d wit h th e 
averag e fo r  thos e pattern s implyin g tw o o r  mor e differen t  flu 
strain s ( n =  48 ;  e.g. ,  ABcde ,  ABCde ,  A B C D e ) .  A s predicte d 
by th e cu e conflic t  interpretatio n o f  enhancement ,  th e mea n 
tota l  wa s significantl y highe r  i n th e latte r  cas e ( M =  150% ) 
tha n i n th e forme r  ( M =  135%) ,  F(l ,  15 )  =  13.30 ,  g  <  .01 . 

Recal l  tha t  symptom s D  an d E  wer e introduce d t o provid e 
a tes t  o f  cu e frequency' s role .  Compariso n o f  sympto m 
pattern s abcD e an d abcd E reveale d n o significan t  difference , 
wit h mea n tota l  probabilitie s o f  1 2 2 % an d 1 2 7 % , 
respectively ,  1(15 )  =  0.26 ,  m -  Thi s differenc e i s i n th e 
opposit e directio n o f  tha t  predicte d b y th e cu e frequenc y 
interpretatio n o f  enhancement .  Note ,  however ,  tha t  thi s 
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analysi s i s base d o n onl y a  singl e observatio n pe r 
participant .  T o overcom e thi s problem ,  th e sympto m 
pattern s wer e divide d int o fou r  classe s o f  8  pattern s each :  d e 

(neithe r  D  no r  E) ;  d E ( E bu t  no t  D) ;  D e ( D bu t  no t  E) ;  an d 
DE (bot h D  an d E) .  Th e averag e tota l  probabilit y  assigne d 
t o thes e fou r  classe s wa s 134% ,  139% ,  146% ,  an d 148% , 
respectively .  Thes e fou r  classe s differe d significantl y b y a n 
omnibu s A N O V A,  £(3 ,  45 )  =  5.01 ,  c  <  .01 ;  mor e 
importantly ,  th e contras t  betwee n d E an d D e wa s a t  leas t 

marginall y significant ,  £(1 ,  45 )  =  2.85 ,  p  <  .10 .  Ther e i s 
some indication ,  then ,  tha t  cu e frequenc y play s a  rol e eve n 
when th e cue s i n questio n ar e completel y nondiagnostic . 

General Discussion 

Ther e ar e tw o majo r  empirica l  findings  i n th e presen t  se t  o f 
experiments .  First ,  whe n mor e tha n tw o categorie s ar e used , 
people' s probabilit y  judgment s i n th e contex t  o f 
classificatio n leaming-a s ha s bee n foun d i n othe r  domains -
ar e substantiall y  subadditive .  Furthermore ,  us e o f  th e 
probabilit y  judgmen t  tas k durin g (rathe r  tha n after )  th e 
trainin g sequenc e wa s insufficien t  t o eliminat e thi s effect : 
Participant s continue d t o giv e subadditiv e judgment s despit e 
th e provisio n o f  potentiall y  correctiv e outcom e feedbac k o n 
ever y trial .  Contrar y t o th e claim s o f  researcher s suc h a s 
Gigerenze r  e t  al .  (1991 )  an d Jusli n (1994) ,  systemati c biase s 
i n probabilit y  judgmen t  ar e no t  necessaril y  eliminate d b y 
design s whic h exclud e th e possibilit y  o f  non-representativ e 
ite m selection . 

The secon d majo r  empirica l  observatio n i s tha t  th e degre e 
of  subadditivit y i n people' s probabilit y  judgment s varie d 
substantiall y  a s a  functio n o f  th e evidenc e bein g use d t o 
make th e judgment .  Evidenc e tha t  implicate s o r  support s 
more tha n on e categor y tend s t o induc e greate r  subadditivit y 
tha n doe s evidenc e implicatin g onl y a  singl e category .  Thi s 
"cu e conflict "  interpretatio n o f  wha t  Tversk y an d Koehle r 
(1994 )  referre d t o a s th e enhancemen t  effec t  wa s strongl y 
supporte d i n bot h experiments .  (Th e rol e o f  cu e frequenc y i s 
les s clear. )  Whe n on e categor y i s specifie d fo r  judgmen t  an d 
th e alternative s ar e include d implicitl y  i n a  residua l  category , 
introductio n o f  "mixed "  evidenc e implicatin g multipl e 
categorie s i s interprete d b y participant s a s supportin g 
differentiall y  th e categor y designate d fo r  judgmen t  (cf . 
Peterso n &  Pitz ,  1988) .  Koehle r  e t  al .  (1997 )  sugges t  tha t 
categorie s o r  hypothese s include d implicitl y  i n th e residua l 
do no t  utiliz e th e suppor t  availabl e fro m th e evidenc e a s 
efficientl y  a s doe s th e specified ,  foca l  hypothesi s becaus e th e 
way i n whic h th e evidenc e support s th e specifie d hypothesi s 
i s mor e readil y apparen t  tha n i s th e wa y i n whic h i t  support s 
it s  negatio n throug h th e alternative s include d i n th e residual . 
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