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Abstrac t 

The senson- sampling model (SESAM, P. Juslin & H. Olsson, 
1997 )  account s fo r  th e underconfidenc e observe d i n sensor y 
discrimination s wit h pair-comparisons .  I n th e presen t  stud y 
th e mode l  i s applie d t o a  single-stimulu s tas k an d a  compari -
son i s mad e wit h pair-comparisons .  Th e mode l  predict s tha t 
i n th e single-stimulu s conditio n trainin g wit h feedbac k 
shoul d lea d t o poore r  calibratio n wit h mor e underconfidence . 
I n pair-compariso n th e feedbac k shoul d hav e littl e o r  n o ef -
fec t  o n calibration .  Th e result s confir m thes e predictions . 

Introduction 

A c o m m o n presumptio n i s tha t  experienc e shoul d improv e 
th e qualit y o f  ou r  judgment s an d foste r  insight s int o th e 
limitation s o f  ou r  knowledge .  Indeed ,  i n cognitiv e task s 
ther e i s  ampl e o f  evidenc e tha t  experts '  confidenc e judg -
ment s ar e mor e realisti c tha n thos e o f  novice s (fo r  a  review , 
se e Yates ,  1990) .  Th e evidenc e o n sensor y discriminatio n i s 
les s clear-cut .  S o m e studie s repor t  littl e o r  n o improvemen t 
i n realis m o f  confidenc e whe n participant s ar e provide d 
wit h outcom e feedbac k (W inma n &  Juslin ,  1993) ,  whil e 
othe r  studie s repor t  improvemen t  fo r  difficul t  tas k set s an d 
wors e calibratio n i n eas y tas k set s (Petrusi c &  Baranski , 
1997) . 

I n Jusli n an d Olsso n (1997) ,  i t  wa s suggeste d tha t  thi s an d 
othe r  discrepancie s betwee n inferentia l  an d sensor y dis -
criminatio n task s aris e becaus e tw o differen t  source s o f 
uncertaint y ar e involved .  Th e sensor y samplin g mode l 
( S E S A M)  wa s develope d t o elucidat e confidenc e i n sensor y 
discrimination .  Thi s pape r  extend s th e wor k t o th e cas e o f  a 
single-stimulu s tas k wher e th e participan t  i s  t o decid e 
whethe r  a  presente d lin e i s longe r  tha n a  specifie d bu t  no t 
see n referenc e lengt h (e.g. ,  a  Swedis h twenty-krono r  note) . 
We wil l  concentrat e o n tw o counter-intuitiv e prediction s b y 
S E S A M:  (a )  T h e underconfidenc e observe d wit h pair -
comparison s wil l  b e unaffecte d eve n b y prolonge d session s 
of  outcom e feedback ,  (b )  Th e realis m o f  confidenc e i n a 
single-stimulu s tas k wil l  deteriorat e wit h outcom e feedback , 
leadin g t o poore r  calibratio n wit h mor e underconfidence . 
Th e experimen t  reporte d belo w provide s a  tes t  o f  thes e tw o 
predictions . 

Realism of Confidence in Sensory Discrimination 

Realis m o f  confidence ,  o r  calibration ,  i s  commonl y investi -
gate d b y presentin g participant s wit h a  larg e se t  o f  two -
alternativ e decisio n tasks .  Fo r  eac h task-item ,  th e partici -
pan t  decide s o n on e o f  th e tw o alternative s an d assesse s hi s 
or  he r  confidenc e i n th e correctnes s o f  thi s decisio n a s a 
subjectiv e probabilit y  betwee n . 5 (rando m choice )  an d 1. 0 

(certainty) .  Participant s ar e sai d t o b e realistic ,  o r  wel l  cali -
brated ,  t o th e exten t  tha t  item s assigne d subjectiv e prob -
abilit y  .X X ar e correc t  wit h relativ e frequenc y .xx .  A n inde x 
of  over/underconfidenc e i s  obtaine d b y subtractin g th e 
overal l  proportio n o f  correc t  decision s fro m th e mea n sub -
jectiv e probability ,  wher e a  positiv e differenc e i s overcon -
fidence. 

I n a  revie w o f  earl y psychophysica l  studies ,  Bjorkman , 
Juslin ,  an d W i n m a n (1993 )  observe d tha t  thes e studie s 
ofte n sugges t  underconfidenc e (althoug h interpretation s i n 
term s o f  calibratio n ar e problematic ,  becaus e confidenc e 
was no t  assesse d a s subjectiv e probabilities) .  Fo r  one -
hundre d years ,  result s suc h a s thes e ha s le d researcher s t o 
speculat e abou t  subconsciou s menta l  processe s (Fullerto n 
& Cattell ,  1892) ,  o r  implici t  perceptio n (Kihlstrom ,  Bam -
hardt ,  &  Tataryn ,  1992) .  M o r e recently ,  underconfidenc e i n 
sensor y discriminatio n ha s bee n replicate d i n studie s wit h 
th e m o d e m calibratio n paradig m (fo r  a  review ,  se e Jusli n & 
Olsson ,  1997) .  I n a  meta-analysi s (Juslin ,  Olsson ,  &  Win -
man,  1998) ,  whic h aggregate d dat a fro m 2 1 sensor y dis -
criminatio n task s an d 4 4 inferentia l  tasks ,  a  clea r  mai n 
effec t  o f  sensor y versu s inferentia l  task s reveale d mor e 
underconfidenc e fo r  sensor y discrimination .  Thi s wa s tru e 
eve n whe n th e effec t  o f  proportio n correc t  wa s remove d a s 
a co-variate .  Thes e result s refut e th e clai m tha t  ther e i s n o 
differenc e betwee n confidenc e i n inferentia l  an d sensory -
discriminatio n task s (Baransk i  &  Petrusic ,  1994 ;  Ferrell , 
1995) . 

The Sensory Sampling Model (SESAM) 

Conside r  yoursel f  a s a  participan t  i n a  difficu h pair -
compariso n task ,  suc h a s decidin g whic h o f  tw o almos t 
equivalen t  line s i s th e longest .  I t  m a y tak e som e tim e befor e 
yo u reac h a  decision .  Th e presenc e o f  neura l  nois e make s 
computatio n o f  a n error-fire e estimat e o f  th e 'true '  differ -
enc e / i  betwee n th e tw o line s impossible ,  wher e th e tru e 
differenc e refer s t o th e estimat e tha t  woul d resul t  i f  ther e 
was n o nois e i n th e processin g o f  th e sensor y information . 
S E S AM propose s tha t  th e nervou s syste m repeatedl y com -
pute s ne w estimate d value s X f  o f  / i  tha t  var y from  moment 
t o moment  du e t o th e neura l  noise .  Th e X j  ar e assimie d t o 
be a  Normall y an d Independentl y Distribute d (NID )  rando m 
variabl e wit h mea n / i  an d varianc e a ^  .  wher e th e paramete r 
f l  i s  define d i n th e uni t  varianc e o f  X,' .  Sensor y discrimina -
tio n refer s t o a  perceptua l  tas k wher e erroneou s decision s 
emanat e primaril y fro m neura l  nois e (o r  approximation s t o 
thes e situations) . 

I n S E S A M,  th e decisio n abou t  th e differenc e n  i s base d 
on th e participant' s overal l  impressio n a s modele d b y a 
statistica l  aggregate ;  th e mea n sensatio n X  (wher e th e 
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inde x i  denote s tha t  th e mea n i s compute d afte r  sensatio n 
X/) .  However ,  thi s mea n i s compute d onl y fro m th e n  las t 
estimate s X i  tha t  ar e stil l  containe d i n a  memor y windo w 
tha t  represent s a  limitatio n i n th e processin g capacit y o f  (li e 
nervou s system .  Th e numbe r  o f  sensation s n  containe d i n 
th e memor y windo w a t  an y m o m e nt  i s th e sampl e siz e pa -
rameter .  W h e n a  ne w sensatio n enters ,  th e oldes t  on e i s 
pushe d ou t  an d fo r  ever y ne w X i  a  n e w mea n X ^  i s com -
pute d fro m th e las t  n  sensations .  Thus ,  th e proces s i s mod -
ele d a s a  capacit y limite d sequentia l  samplin g process .  A 
decisio n canno t  b e m a d e unles s th e absolut e valu e o f  th e 
mean x ,  exceed s a  respons e threshol d (p- ,  wher e th e 
threshol d correspond s t o a  definit e experienc e o f  a  differ -
enc e betwee n th e stimuli .  W h e n th e estimatio n o f  / x i s tha t 
/i> 0 the n th e decisio n wil l  b e tha t  th e lef t  lin e i s longer ,  an d 
vic e versa . 

Not e tw o consequences :  First ,  th e numbe r  o f  sensation s 
Xj  sample d befor e a  decisio n i s m a d e provide s prediction s 
of  respons e time s (afte r  a  linea r  transformation) .  Second , 
occasionall y ther e wil l  b e a n erroneou s decisio n du e t o th e 
samplin g erro r  i n th e estimate s Xj .  Th e probabilit y  o f  a 
correc t  decisio n i s determine d b y th e samplin g erro r  vari -
anc e G] f  o f  th e mea n use d t o mak e th e decision .  I n th e 
cas e o f  non-sequentia l  o r  stati c samplin g o f  n  sensation s 
(i.e. ,  obtaine d b y settin g th e respons e threshol d 0 -  a t  0) , 
thi s varianc e take s th e familia r  for m o f  ci \  =  a \  / n •  Finally , 
th e stoppin g paramete r  N^a x i s th e m a x i m u m numbe r  o f 
iterate d computation s o f  X f  befor e th e proces s i s ended .  I f 
no noticeabl e differenc e i s detecte d withi n th e allotte d time , 
a rando m decisio n wit h subjectiv e probabilit y  . 5 i s made . 

W h en makin g a  conditiona l  probabilit y  assessment ,  th e 
participan t  first  make s a  decisio n an d the n a n assessmen t  o f 
th e probabilit y  tha t  th e decisio n i s correct .  Sa y tha t  th e 
participan t  decide s tha t  /i>0 ,  tha t  is ,  th e lef t  lin e i s longer . 
According  t o S E S A M,  confidenc e reflect s th e consistenc y o f 
th e informatio n containe d i n th e sampl e use d fo r  th e deci -
sion .  I t  i s  propose d tha t  th e subjectiv e probabilit y  i s  com -
pute d a s th e proportio n o f  th e las t  n  sensation s tha t  suppor t 
th e decision .  If ,  fo r  instance ,  th e decisio n i s yU> 0 an d 7 0 % 
of  th e X ;  ar e large r  tha n zero ,  th e subjectiv e probabilit y  i s 
. 7 (an d vic e vers a whe n th e decisio n i s  /l<0) .  Thi s mean s 
tha t  subjectiv e probabilit y  i s  base d o n a  proportio n define d 
by th e varianc e a ^  o f  th e sensations . 

Whil e confidenc e reflect s th e variabilit y  o f  singl e sensa -
tion s (a ^  ) ,  decision s benefi t  fro m th e greate r  precisio n o f  a 
statistica l  aggregat e obtaine d acros s n  sensation s (define d 
by a ^  ) •  Th e mos t  immediat e tes t  o f  thes e assumption s i s 
tha t  whe n bot h proportion s o f  decision s /i> 0 an d mea n 
subjectiv e probabilit y  tha t  /£> 0 i s plotte d agains t  (negativ e 
and positive )  physica l  stimulu s differences ,  bot h function s 
shoul d approximat e norma l  ogiv e functions ,  althoug h th e 
ogiv e fo r  subjectiv e probabilit y  shoul d b e les s stee p (large r 
variance )  tha n th e ogiv e fo r  decisions .  This ,  indeed ,  i s th e 
common finding  (e.g. ,  Johnson ,  1939 ,  Jusli n &  Olsson , 
1997) .  A  secon d implicatio n i s tha t  i n studie s wit h condi -
tiona l  probabilit y  assessment ,  ther e wil l  b e a  dispositio n 
toward s underconfidence ,  i n particular ,  fo r  stimulu s differ -
ence s wit h moderat e an d hig h proportion s correct .  S E S A M 
provide s a  goo d accoun t  o f  subjectiv e probabilit y  distribu -
tions ,  hit-rates ,  an d respons e time s i n a  lin e discriminatio n 

tas k (Jusli n &  Olsson ,  1997) . 
Th e dispositio n toward s underconfidenc e i s alleviate d i n 

thre e circumstances :  First ,  whe n th e physica l  stimulu s dif -
ferenc e i s zer o o r  clos e t o zero ;  Second ,  whe n th e sequen -
tia l  samplin g proces s i s constraine d b y tim e pressur e (Ba -
ransk i  &  Petrusic ,  1994 ;  Olsso n &  Juslin ,  1998) ;  Third , 
when th e processin g i s dominate d b y a  perceptua l  bias . 

SESAM with Perceptual Bias 

O ne o f  th e mos t  strikin g demonstration s o f  perceptua l  bia s 
i n a  calibratio n tas k o f  th e kin d modele d b y S E S A M i s Ex -
perimen t  2  i n Baransk i  an d Petrusi c (1994) .  T h e partici -
pants '  tas k wa s t o indicat e whic h o f  tw o vertica l  line s wa s 
locate d farthe r  fro m a  vertica l  centra l  referen t  line .  I n thi s 
task ,  Baransk i  an d Petrusi c observe d a  "left-looks-farther " 
effect :  W h e n th e lef t  lin e wa s close r  t o th e centra l  referen t 
lin e (i.e. ,  th e lef t  lin e wa s locate d 29 6 pixel s t o th e righ t  o f 
th e centra l  referen t  an d th e righ t  lin e wa s locate d 30 0 pixel s 
t o th e righ t  o f  th e centra l  referent )  i t  wa s perceive d a s bein g 
farthe r  away .  Th e proportio n o f  correc t  decision s i n th e 
296 ,  30 0 orde r  wa s onl y .2 6 an d th e proportio n correc t  i n 
th e 300 ,  29 6 orde r  wa s .87 . 

•O-  m.mMif 
m.3ooiMi i 

.5 . 6 . 7 . 8 . 9 
Subjective Probability 

.5 . 6 . 7 . 8 . 9 
Subjectiv e Probabilit y 

Figur e 1 :  T o p panel :  Empirica l  calibratio n curve s fro m 
Experimen t  2  i n Baransk i  an d Petrusi c (1994) .  L o w e r 
panel :  Calibratio n curve s simulate d wit h S E S A M. 

I n realis m o f  confidenc e studies ,  dat a ar e sometime s pre -
sente d i n calibratio n curve s wher e th e proportio n o f  correc t 
decision s ar e plotte d agains t  th e level s o f  subjectiv e prob -
abilit y (i n a  conditiona l  probabilit y  tas k wit h tw o altema -
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live s thes e iir e .5 .  .6 ,  .7 ,  .8 .  .9 ,  an d 1.0) .  Th e effec t  o f  per -
ceptua l  bia s i s  dramaticall y illustrate d i n th e calibratio n 
curv e i n th e to p pane l  o f  Figur e 1 .  Fo r  th e 296 ,  30 0 order . 
th e participant s i n Baransk i  an d Petrusic' s experimen t  ha d a 
lowe r  proportio n o f  correc t  decision s whe n the y wer e ab -
solutel y certai n (1.0 )  tha n whe n the y wer e guessin g (.5) . 

Th e effect s o f  perceptua l  bia s ca n b e accounte d fo r  b y 
addin g a  perceptua l  bia s paramete r  b  (wit h a  permissibl e 
rang e o f  - « t o « )  t o / u i n S E S A M (Olsson ,  1999) .  Fo r  ex -
ample ,  conside r  a  lin e discriminatio n tas k wit h tw o line s A 
and B .  I f  w e assum e tha t  // = . 1 an d ̂  =  -.2 ,  th e participan t 
has a  tendenc y t o falsel y perceiv e lin e B  t o b e longe r  tha n 
lin e A .  Thi s mean s tha t  compare d t o a n unbiase d versio n o f 
th e sam e task ,  th e proportio n o f  correc t  answer s wil l  b e 
lower .  I f  th e bia s i s larg e th e proportio n o f  correc t  answer s 
ca n approac h 0 .  Th e lowe r  pane l  i n Figur e 1  show s simu -
late d calibratio n curve s obtaine d wit h perceptua l  bias .  Th e 
onl y paramete r  differenc e betwee n th e tw o calibratio n 
curve s i s th e sig n o f  th e bia s paramete r  (.1 7 an d .17) .  Th e 
othe r  parameter s were :  n = .06 ,  0 _ =  .35 ,  an d n  =  10 .  Th e 
stoppin g paramete r  N^a x wa s no t  use d i n thi s simulation .  I t 
ca n b e see n tha t  th e mode l  i s successfu l  i n accountin g fo r 
th e empirica l  calibratio n curve s fro m Baransk i  an d Petrusi c 
(1994 )  (se e Olsso n 1999 ,  fo r  a  detaile d account) . 

Pair-Comparison and Single-Stimulus 

Th e ide a o f  a  distorte d perceptua l  representatio n ca n no t 
onl y b e applie d t o a  pair-compariso n tas k bu t  als o t o a  sin -
gle-stimulu s tas k wher e th e referenc e i s a  memor y repre -
sentation .  Conside r  a  variatio n o f  th e pair-compariso n tas k 
use d b y Jusli n an d Olsso n (1997) .  Instea d o f  tw o line s yo u 
ar e lookin g a t  a  singl e lin e an d yo u ar e t o decid e i f  thi s lin e 
i s longe r  o r  shorte r  tha n a  state d referenc e length ,  sa y th e 
diamete r  o f  a  compac t  disc .  Eve n i f  yo u d o no t  kno w th e 
exac t  lengt h o f  thi s reference ,  yo u wil l  hav e som e appre -
hensio n o f  it ,  presumabl y b y retrieva l  o f  a  memor y repre -
sentation .  W h e n S E S A M i s applie d t o thi s single-stimulu s 
tas k th e nervou s syste m compute s th e subjectiv e differenc e 
betwee n th e memor y representatio n an d th e stimulu s line . 
Wherea s i n pair-comparison ,  al l  erro r  i s assume d t o ste m 
fro m neura l  noise ,  i n th e singl e stimulu s cas e ther e wil l  b e 
on e additiona l  sourc e o f  erro r  becaus e you r  memor y repre -
sentatio n o f  th e referenc e lengt h m a y b e biased . 

Effects of Feedback In a pair-comparison task dominated 
by neura l  noise ,  S E S A M suggest s tha t  feedbac k shoul d hav e 
littl e o r  n o effect .  Bot h decision s an d probabilitie s funda -
mentall y aris e fro m th e finite  precisio n o f  th e sensor y sys -
tem ,  an d thi s precisio n i s no t  likel y t o b e affecte d b y th e 
amount  o f  feedbac k provide d i n a  singl e experimenta l  ses -
sion .  Asid e fro m th e stimulu s unit s wit h ver y lo w propor -
tio n correct ,  w e thu s expec t  underconfidenc e bot h befor e 
and afte r  a  lon g feedbac k session .  Thi s i s illustrate d i n th e 
to p pane l  o f  Figur e 2  (se e W i n m a n &  Juslin ,  1993 ,  fo r  em -
pirica l  evidence) . 

For  single-stimulus ,  o n th e othe r  hand ,  w e expec t  th e 
provisio n o f  feedbac k t o allo w th e participant s t o detec t  th e 
bia s i n thei r  m e m o r y representatio n o f  th e reference .  Ini -
tially ,  ther e wil l  b e smal l  underconfidenc e o r  overconfi -
denc e dependin g o n th e siz e o f  th e bias .  Th e reductio n o f 

bia s wil l  mak e th e proportio n correc t  rise  an d subjectiv e 
probabilit y  wil l  no t  b e muc h affected .  Thes e prediction s ar e 
illustrate d i n th e lowe r  pane l  o f  Figur e 2 ,  wher e i t  i s  as -
sumed tha t  th e bia s i s  decrease d b y a  constan t  fraction . 
Thes e tw o effect s take n togethe r  impl y tha t  ther e wil l  b e a 
chang e toward s underconfidence .  I f  th e bia s i s completel y 
eliminated ,  th e tas k become s identica l  t o th e pair -
compariso n tas k an d th e predictio n i s thu s th e same :  Under -
confidence . 
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Figure 2: The predicted interaction between provision of 
outcom e feedbac k an d task .  To p panel :  Expecte d propor -
tio n correc t  an d subjectiv e probabilit y a s a  functio n o f 
feedbac k fo r  pair-comparison .  Lowe r  panel :  Simulate d 
proportio n correc t  an d subjectiv e probabilit y a s a  functio n 
of  feedbac k (o r  bia s b )  fo r  single-stimulus .  Th e value s o f  b 
was:  .15 ,  .12 ,  -.09 ,  -.06 ,  -.03 ,  an d 0 .  Th e respons e thresh -
ol d 0 _ w a s .35 ,  th e stimulu s difficult y  fj .  w a s .25 ,  an d th e 
sampl e w i n d o w paramete r  n  w a s 7  fo r  al l  simulations . 

T h e E x p e r i m e n t  I n on e conditio n participant s wer e t o 
decid e wh ic h o f  t w o line s tha t  w a s th e longer .  I n th e secon d 
conditio n participant s ha d t o decid e whethe r  a n observe d 
lin e w a s longe r  o r  shorte r  tha n a  give n bu t  no t  see n refer -
enc e length ,  th e lengt h o f  a  Swed is h twenty-krono r  note .  A 
pilo t  tes t  indicate d tha t  th e participant s di d hav e a  biase d 
representatio n o f  thi s referenc e lengt h (i.e. ,  the y gues s tha t  a 
presente d lengt h equa l  t o a  Swed is h twenty-krono r  not e i s 
longe r  tha n th e not e i n 7 4 % o f  th e trials) .  I n pair -
compar ison s ther e wil l  b e initia l  underconfidenc e tha t  pre -
vail s i n th e fac e o f  feedback .  W i t h singl e stimulus ,  th e pro -
visio n o f  o u t c o m e feedbac k shoul d m a k e th e participant s 
underconfident .  T o th e exten t  tha t  ther e i s n o stron g initia l 
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over -  o r  underconfidenc e bias ,  outcom e feedbac k wil l  mak e 
thes e participant s mor e poorl y calibrated . 

Method 

Participant s 

Twenty-fou r  participants ,  age d betwee n 1 9 an d 32 ,  at -
tended .  Thirtee n wer e male s an d eleve n wer e females .  Mos t 
wer e undergraduat e psycholog y student s a t  Uppsal a Uni -
versit y wh o participate d i n exchang e fo r  credi t  fo r  a  cours e 
requirement .  Al l  participant s ha d norma l  visio n o r  correcte d 
t o norma l  vision . 

Apparatus and Stimuli 

Al l  participant s responde d wit h a  mouse .  I n th e pair -
compariso n conditio n th e stimulu s displa y consiste d o f  tw o 
vertica l  lines .  Th e standar d stimulu s tha t  wa s 13 0 m m (th e 
same lengt h a s a  Swedis h 2 0 krono r  note—th e referenc e i n 
th e single-stimulu s condition) .  Ther e wer e thre e level s o f 
difficulty ,  L I  (hardest) ,  L2 ,  an d L 3 (easiest) .  Th e difficult y 
of  th e standard-variabl e combinatio n i s expresse d i n term s 
of  th e rati o r  o f  th e longe r  lin e t o th e shorte r  lin e i n th e pair : 
1.01 ,  1.02 ,  an d 1.025 .  Eac h stimulu s uni t  consiste d o f  tw o 
pair s o f  stimuli ;  i n on e pai r  th e lef t  lin e wa s longer ;  i n th e 
othe r  pai r  th e righ t  lin e wa s th e longer .  Thus ,  i n hal f  o f  th e 
presentation s th e standar d wa s o n th e left ,  i n th e othe r  hal f 
th e standar d wa s o n th e right .  Th e orde r  o f  th e standard -
variabl e pair s wa s determine d randoml y wit h a  ne w permu -
tatio n fo r  eac h participant . 

The line s wer e black ,  1  m m wid e an d appeare d o n a 
whit e background .  Al l  o f  th e standard-variabl e combina -
tion s wer e centere d bot h horizontall y an d vertically .  T o 
ascertai n tha t  th e stimul i  combination s wer e o f  correc t 
lengt h an d properl y centered ,  al l  combination s wer e meas -
ure d direcd y o n th e compute r  screen .  Thi s procedur e wa s 
repeate d o n severa l  occasions . 

I n th e single-stimulu s condition ,  th e participan t  wa s pre -
sente d wit h a  singl e line .  Hal f  o f  th e line s wit h stimulu s 
difficultie s LI ,  L2 ,  an d L 3 wer e longe r  tha n th e standar d 
referenc e an d th e othe r  hal f  wer e shorter .  Th e stimul i  wer e 
th e sam e a s th e variabl e stimulu s i n th e pai r  compariso n 
condition .  Th e lin e appeare d i n equa l  proportio n i n th e righ t 
and th e lef t  positio n wit h a  rando m orde r  o f  stimulu s pres -
entation . 

Design and Procedure 

T wo independen t  variable s wer e investigated ;  pair -
compariso n versu s single-stimulu s task s (between-subjects) , 
and performanc e befor e an d afte r  trainin g wit h outcom e 
feedbac k (within-subjects) .  Dependen t  measure s wer e deci -
sion s an d confidence ,  refine d int o measure s o f 
over/underconfidence .  Th e effec t  o f  feedbac k wa s studie d 
by first  presentin g participant s wit h a  pretes t  bloc k withou t 
feedback .  The n i n fou r  blocks ,  outcom e feedbac k wa s give n 
afte r  eac h trial .  Finally ,  a  posttes t  withou t  feedbac k wa s 
administered . 

Each bloc k consiste d o f  12 0 judgments .  I n a  bloc k th e 
participan t  mad e 4 0 judgment s o f  3  differen t  stimulu s units . 
I n th e pair-compariso n condifion ,  a  standard-variabl e pai r 
of  line s wa s show n o n th e scree n an d th e questio n "Whic h 

lin e i s th e longest? "  appeare d belo w th e stimulu s unit .  Be -
neat h th e questio n ther e wer e tw o smal l  buttons ,  on e labele d 
"Left "  an d on e labele d "Right" .  W h e n participant s ha d 
decide d whic h o f  th e line s the y though t  wa s th e longest , 
llie y clicke d o n th e appropriat e butto n wit h th e mouse .  The n 
th e scree n wa s cleare d an d th e participant s assesse d h o w 
certai n the y wer e tha t  the y ha d mad e th e correc t  decision . 
The subjectiv e probabilit y  scal e appeare d i n th e middl e o f 
th e scree n an d consiste d o f  si x button s labele d " 5 0 % , 
" 6 0 % " ,  " 7 0 % " ,  " 8 0 % " ,  " 9 0 % " ,  an d " 1 0 0 % " .  Th e writte n 
instruction s briefl y introduce d th e notio n o f  calibratio n an d 
th e scal e wa s anchore d wit h "rando m choice "  a t  " 5 0 % "  an d 
"certainty "  a t  "100%" .  Afte r  th e participant s ha d selecte d a 
subjectiv e probabilit y  leve l  wit h th e mouse ,  th e scree n wa s 
cleare d an d th e nex t  tria l  began . 

I n th e single-stimulu s condition ,  th e questio n wa s "I s thi s 
lin e longe r  o r  shorte r  tha n a  20-krono r  note? "  an d th e tw o 
button s wer e labele d "shorter "  an d "longer" .  I n othe r  re -
spect s th e condition s wer e identical .  Th e sessio n wa s inter -
rupte d b y a  20-minute s brea k an d th e whol e sessio n too k 
betwee n 2. 5 an d 3. 5 hours . 

Results and Discussion 

I n Figur e 3  proportio n correct ,  mea n subjectiv e probabilit y 
and over/underconfidenc e score s ar e plotte d fo r  th e pretest , 
th e fou r  trainin g blocks ,  an d th e posttes t  fo r  pair -
compariso n an d singl e stimuli . 

I n th e pair-compariso n conditio n trainin g ha d n o (posi -
tive )  effec t  o n proportio n correct .  I n fact ,  th e proportio n 
cortec t  wa s highe r  i n pretes t  tha n i n posttest .  Th e propor -
tion s correc t  wer e .7 9 (9 5 % confidenc e interval ,  CI , 
± .05) '  an d .7 6 (9 5 % CI ,  ±  .05 )  respectively) .  Th e pre -
dictio n wa s tha t  feedbac k woul d hav e n o (positive )  effec t 
and thi s i s th e case .  Th e confidenc e interval s overlap ,  s o w e 
ca n no t  b e sur e tha t  th e sligh t  decreas e i n proportio n correc t 
constitute s a  rea l  effect . 

I n th e single-stimulu s condition ,  trainin g ha d a  positiv e 
effec t  o n proportio n correc t  a s predicted .  I n Pretes t  th e 
proportio n correc t  wa s .6 4 ( 9 5 % CI ,  ±  .05) .  W h e n feed -
bac k wa s give n thi s figure  gre w steadil y wit h ever y bloc k 
unti l  i t  peake d a t  .7 6 (9 5 % CI ,  ±  .05 )  i n trainin g bloc k 4 . 
W h en feedbac k wa s withdraw n th e proportio n correc t  fel l 
t o .7 2 (9 5 % CI ,  ±  .05 )  i n th e posttest .  Th e dro p i n propor -
tion  correc t  fro m trainin g bloc k 4  t o th e posttes t  (.7 6 t o .72 ) 
i n th e single-stimulu s conditio n coul d b e a n effec t  o f  fa -
tigue.  On e additiona l  hypothesi s i s tha t  th e memor y repre -
sentatio n o f  th e referenc e lengt h ma y no t  b e ver y stabl e an d 
onc e th e feedbac k i s withdrawn ,  th e olde r  an d mor e biase d 
memory representatio n onc e agai n come s t o dominat e th e 
responses .  Thi s latte r  hypothesi s i s no t  supporte d b y th e 
data ,  however .  Th e bia s toward s respondin g "longer "  wa s 
.7 4 i n th e pretes t  o f  th e single-stimulu s condition ,  decrease d 
t o .5 7 i n th e trainin g bloc k 4 ,  bu t  wa s stil l  n o mor e tha n .5 6 
i n th e post-test .  Fatigu e seem s t o b e a  mor e viabl e alterna -
tive. 

Al l  withi n grou p comparison s hav e a  standar d erro r  contras t 
base d o n th e conditio n x  subjec t  i n group s mea n square ;  se e Estes , 
1997 ,  fo r  details . 
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Therefore ,  w e decide d t o tes t  th e effect s o f  trainin g o n 
trainin g bloc k 4  rathe r  tha n th e posttest .  Thi s ca n b e moti -
vate d o n tw o grounds :  First ,  th e proportio n correc t  i n train -
in g bloc k 4  o f  th e single-stimulu s conditio n (.76 )  i s simila r 
t o th e proportio n correc t  i n trainin g bloc k 4  fo r  th e pair -
compariso n conditio n (.77) ,  an d no t  muc h lowe r  tha n th e 
pretes t  resul t  o f  .7 9 fo r  pai r  comparisons .  Th e smal l  differ -
enc e betwee n th e tw o condition s i n trainin g bloc k 4  indi -
cate s tha t  nearl y al l  o f  th e bia s i s eliminated .  Th e structur e 
of  th e single-stimulu s conditio n i s thu s almos t  equivalen t  t o 
th e pair-compariso n task ,  bot h o f  whic h ca n b e modele d b y 
th e bias-fre e versio n o f  SESAM.  Second ,  th e sign s o f  fatigu e 
i n th e posttes t  o f  bot h condition s indicat e tha t  thes e dat a 
may no t  b e representativ e o f  th e tru e performanc e leve l  o f 
th e participants .  I t  i s  importan t  t o note ,  though ,  tha t  al l 
qualitativ e result s ar e th e sam e i f  th e posttes t  dat a ar e use d 
(se e Figur e 3) . 
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Figur e 3 :  Proportio n correc t  an d mea n subjectiv e probabil -
it y  fo r  pair-comparison s an d single-stimulu s a s a  functio n o f 
training-block .  Th e erro r  bar s ar e standar d errors . 

I n Figur e 3  w e se e tha t  mea n subjectiv e probabilit y  i s 
roughl y th e sam e i n bot h condition s an d constan t  acros s 
trainin g blocks .  I n th e pair-compariso n condition ,  th e pre -
tes t  mea n confidenc e i s .6 7 (9 5 % CI ,  ±  .03 )  an d i n trainin g 
bloc k 4  .7 0 (9 5 % CI ,  ±  .03) .  I n th e single-stimulu s condi -
tion ,  mea n confidenc e i s .7 0 (9 5 % CI ,  ±  .03 )  bot h i n th e 
pretes t  an d i n trainin g bloc k 4 .  Thi s mean s tha t  ther e wa s 
underconfidenc e -.1 2 (9 5 % CI ,  ±  .06 )  i n th e pretes t  o f  th e 
pair-compariso n condition .  I n th e pretes t  o f  th e single -

stimulu s conditio n ther e wa s a  moderat e overconfidenc e o f 
.0 5 (9 5 % CI ,  ±  .06) .  Fo r  th e pair-compariso n conditio n 
ther e wa s a  clea r  underconfidenc e bia s als o i n trainin g 
bloc k  4 ,  -.0 8 (9 5 % CI ,  ±  .06) .  A s  i s eviden t  fro m Figur e 3 , 
th e mino r  decreas e i n underconfidenc e i n th e pair -
compariso n condition ,  i s wholl y explaine d b y a  decreas e i n 
th e proportio n correct ,  perhap s du e t o fatigue ,  rathe r  tha n t o 
accommodatio n o f  subjectiv e probabilit y  judgment s t o 
feedback .  I n th e single-stimulu s conditio n ther e wa s als o 
underconfidenc e i n trainin g bloc k 4 ,  -.0 7 (9 5 % CI ,  ±  .06) . 
thi s confirm s tw o predictions .  First ,  i t  wa s predicte d tha t  th e 
reductio n o f  bia s shoul d lea d t o a  chang e i n th e directio n o f 
underconfidenc e and ,  second ,  tha t  th e single-stimulu s con -
ditio n shoul d giv e th e sam e resul t  a s th e pair-compariso n 
conditio n afte r  training . 

Note ,  finally ,  tha t  th e proportion s correc t  i n al l  block s ex -
cept  th e pretes t  o f  th e single-stimulu s conditio n (.64 )  ar e 
betwee n . 7 an d .8 ,  wherea s mea n subjectiv e probabilit y 
neve r  exceed s .7 .  Acros s al l  block s i n th e pair-compariso n 
condition ,  underconfidenc e i s -.1 0 a t  a  proportio n correc t  o f 
.78 .  Thi s patter n o f  unifor m underconfidenc e fo r  propor -
tion s correc t  betwee n . 7 an d . 8 deviate s fro m th e patter n i n 
cognitiv e o r  inferentia l  tasks ,  wher e ther e i s generall y clos e 
t o zer o over/underconfidenc e a t  thi s leve l  o f  difficult y (Jus -
lin ,  Olsson ,  &  Bjorkman ,  1997) . 

Conclusion 

As predicte d b y SESAM,  feedbac k produce d differen t  re -
sult s i n a  pair-compariso n an d a  single-stimulu s tas k wit h 
no improvemen t  i n th e forme r  an d deterioratin g realis m i n 
th e latter .  Thes e result s illustrat e tha t  t o predic t  th e effec t  o f 
outcom e feedbac k o n realis m o f  confidenc e on e need s t o 
tak e int o accoun t  ho w th e specifi c  tas k relate s t o th e cogni -
tiv e processe s an d representation s tha t  underli e perform -
ance . 

The result s fro m th e condition s wher e th e rol e o f  bia s wa s 
minimized ,  pretes t  an d trainin g bloc k 4  o f  th e pair -
compariso n condition ,  an d trainin g bloc k 4  o f  th e single -
stimulu s condition ,  replicate s th e findin g o f  underconfi -
denc e i n sensor y discrinunatio n (fo r  a  review ,  se e Jusli n & 
Olsson ,  1997) .  Th e result s als o indicat e tha t  bia s i s a n im -
portan t  limitin g conditio n fo r  underconfidenc e t o occur ,  a 
conclusio n tha t  i s consisten t  wit h th e dat a reporte d b y Ba -
ransk i  an d Petrusi c (1994) . 
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