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Abstract

The primary am o most squenial samplihng mode$s d discrimination ha keen to explan
subgcts ability to trade sped for accuracy Less cannonly, sudr mode$ have dtemptel to
acoourt for the wnfidence with which responsg are made Resilts are reviewd from sone
half dozen studies conformirg to an expanded judgmenparadigm in which a&curacy
respong time and coffidernce were measure@u of sverd suggestd theorgical base fa
corfiderce, the balance-of-eviderce hyothess appeas to be mos sweeessful However, the
resuts alo underine the inportance d assumpions regarding the proces n which interna
representdons d confidence are onvertal into o/ert reponses

In 1923 when Clark Trav wrote b J.B Waton to ask whawas the behavouris
postion on confidene Watn replied “I am draid you hae come ¢ the wrong market”
Despte this and evenfiwe exclide sdf-confiderce the topic dill has a mnsiderat# marke
currency. We deped on asessmestd confiderce b male invegmert choices to evaluag
the credilility of eyewtness teimony, and tocarry out (or underg9 surgcd procedures In
psychology confiderce measuie hae bea rdied on fa over a centuy to tes hypothess
abou percegtion, memoy and decison making- both diedly and through tb cnstrudion o
receive operding chaacterisic (ROQ curves for signd detedion theory analyses.

What is remarkal# is that desjite its pradicd importarce and pervasiverss the
variabke d confiderce seer o hawe playel a Cinderdla role n cogritive psytiology — relied
on for its usefulnessut overlookel & an interesing variabé in its own right.

A TAXONOMY OF CONFIDENCE EFFECTS

Before looking & alternative formuldions for confiderce it is usefl to ouline a
possibk taxonony of confiderce dfect. First, we neel to diginguish between differert kinds
of task Assuming tha we restri¢ ourselve © peceptuéjudgmentswe might then wart to
trea discriminaton, idertification, and deedion separately We might alo wart to
distinguish between tasks involving differert numbes d repons dternatives

The nex set d distinctions cmncerrs the way a tak is implemented For example a
familiar sensoy discimination would & an expeimert in which the sibjed is siown a par
of lines and ha o decide whid line is the longer Socdled expanda judgmentqEJ9 are
less familiar. On ead trid of an EJ task the subjed has the opporturity to insged multiple



stimulus elements rad to male a ydgmen concernng ather the sample preserdeor the
populaion from which the samples drawn The name “gpandel judgmerit mears tha the
tak atemps  externalise the hypothesisedinteriar process d sequertial samplng in a
psychophysid judgment (In eatier versons this meart expanding the proces intime.)

For example in a tenpord EJ task using discrete simulus elementsthe sibjed may
be present# with a seuerce d flashes on ore a the othe of two lamps with instrudions ©
decide which lamp & sé to flash moe frequerly. By comparien, in a tak usng
continuously varying elements the subjed might insped a succesbn d horizontd line
segmentsextending to tte right or the let of a central vetticd line, represeting zera The
subged is tod tha the seuerce s generatg by drawing from a norma distribution, with
negdive numbes beng represented by leftwaektendng segmerst and postive numbes by
rightwardextendng segmentsOn a given trial, the tak is © decide whethe the sample (o
the distrbution), usel to geneaite the segmenthiss a mea thd is postive a negaive.

In spatial EJ tasksthe elemert ae distrbuted spaially rathe than tempordy.

As with sensory judgment&] tasks mpaconfom to dther atime- or an information-
limited paradigm Fa example in a time-limited, discrete tenpord EJ task the subjead may
be presente with a sejuerce— of fixed length- of left or right flashes and be aske to cecide
whethe tha sampé ha moe right or more let flashes In an informéon-limited version
subject ae dlowed to cortinue inspeting flashe until they decide whethe the populdion
from which the flashe ae drawn ha moe right or more left flashes.

In an informéionlimited EJ discimination task thee are & leas four digtinct
variables tha afed repone pobablity, time, and confidewe The® are (1) the
discriminability of the two ses d stimulus elements(2) the speed-accuracy tradeoff (or
inferred degree of caution for both responsesydoptal by the aibjed; (3) the relative degree
of caution voluntaily exercised fo one repong in preferege b the other and (4 the
consciows expectation, hel by the subject, tha one a the othe repon® is moe likely.

Eadh o these variabls can be manpulated in variolss ways However, he mos$
extensivey studied variald is tha of discriminability. In the case ba discretetenpord EJ
task this would be manpulatel by varying tte relative frequency of the two binary $§mulus
elements|n tasls empbying corinuously varying mulus elementsthe stuation is a littl e
richer. Assuming thd the gimulus elements arnormdly distributed ther disciminability
can be manpulata in three man ways (1) varying the mean, m, while holding the standard
deviation, s, constant; (2) varying both mand s; or (3) varying s, while holdingm constant.

Each manipuléion d disciminability can be exanined for its dired effecs on
respone piobablity , time, and confiderce, and on tte intarelaions betveen the® variables.

HYPOTHESES REGARDING CONFIDENCE

Confiderce obeys thiee genellgsations (1) it is a dired fundion d disciminability;
(2) it is a dired¢ fundion d accuracy and (3 it varies inversey with respons time. Peice
and Jastrov (1884 first quartified the seond generigsation in tre descriive formula C =h
log (p/1-p), whee C represerst the measur@ degee d confiderce p denots the piobablity
of a repon® beng carect and h is a wnstant Later, Volkman (1934 tried to captue the
third, using the equaion, C = 0.5@/t-b) + 0.5 wheet istime anda andb are mnstants

A centuy after Peice’s first article three acount gpeared ead incorporéing
confiderce inb a theorécd modd of the discimination pracess In one Ratdiff (1979
propose a diffusion modé in which two conficting evidere strears ntinuousy drive a
randan wak towarcs one a the othe of two thresholds The rate 6 drift of the wak is
detemined by the disciminability of the dternatives while the threlsolds ae assumé to ke



sd by the sibject Becaus theonly informaion abot discriminabilily is the decisbn time,
Ratdiff proposel tha confiderce be a inverse function of the actual time taken bya subject.

A similar proposé was put forwad by Link and Heah (1975) In their random walk
model it is difererces betveen dternative gimulus inpus axd an internreferent that a
usel to drive the walk towards an uppe threold, A, or a lowe thresold, -A. In addtion,
the= differerces ae input to the wak at discree intervals rathe than cortinuously.

In Link and Heaths nodel confiderce & postulate to ke a findion d the distace
(A-O) traverse by the walk mutiplied by a disciminability parameter®, whee 6 is
evaluatd in terns d the parametex (m, ) of the distrbution o samplel differernces and O is
the stating postion d the wak (Heath 1984 see al® Vickers & Smith, 1985).

The thid modé is the accumulator, suggestd by Vickes (1979) In this model
stimulus differences ae sampld & discree intervals with postive and negéive differerces
being accumulatd in two separat totak urtil one a the othe reache a presethresold. On
this model confiderce s detemined by the balance-of-evidence (i.e., by the difererce
between the two totalsat the momenha decisbn is reaché or samfing teminated.

Recertly, Judin and Oson (1997 proposel a windowsamping modé of sensoy
discimination. In this nodel disciminal differences ae samplegdone & atime, and average
over a noving windov. Confiderce s detemined by tre ratio of samplel differerces in
favour of the succesfu regponse tha are presehin the windov when a repong is made

EMPIRICAL COMPARISONSBETWEEN ALTERNATIVE HYPOTHESES
| should like © compae thesehypothese @ou confiderce In paticular (though no
exclusively) | shdl examire ther acouns d the resits from some haf dozen EJ stidies

caried ou over the lag three yearsThe expeiimentd detaik ae sunmarisel in Tabke 1 |
shdl focus on specific featuresmoving sequetially (and setdively) through tte taconomy.

Tablel. Summary of expanded judgment tasks

Expt. Discrete/  Timelimited Informaion Discriminability No.Trials No.
Cortinuous Fixed/Variable limited pe Cond Ss
| Discrete F \% | p=.57/.43 600 20
Il Discrete F Y, | p=.57/.43 600 20
i Cortinuous F \Y I m=1Q s=40 600 20
\% Cortinuous F \Y I m/s=420,6/30,8/40 600 10
\Y Cortinuous F I m/s=2012,4/24,6/36 600 20
VI Cortinuous F I m=4, s=12/18/3 600 3
Time-limited tasks
In ou time-limited EJ expeiimens (I, 11, lll, and IV), empbying variabé seuerce

lengths and with both discret aad corinuously varial# maynitudes we found tha
confiderce increase asa direct fundion d the time for which observéions ae presentedcf
Vickers, Smith, Burt, & Brown, 1985) An inversefunction-of-time (IFT) hypothess predics
the opposte. Meanwlile, a raio-base hypothes would predid no incea® in confiderce It
isnat clea how Link and Hath's hypothess culd be nodified to apply to ths stuation.



By comparisonon the balanceof-eviderce (BE hypothesisthe expecta differerce
between the accumulaig postive and negéve totak ould be given by C, = nm, wheen is
the numbe of obsevations presentg andC, is the mnfiderce afte n observéions This
predics thd confiderce $ould increa® & a dired¢ fundion d the numbe of observéions
and tha it should be highe for more disciminable dimuli. The BE hypothess makes isilar
predidions for a tak employing binarwalued gimulus elements Wth probaliities p andq (p
>q, andp +q=1). Here,C,=n(p - g), and (p - q) isa measurefaliscriminability.

Confidencein correct and incorrect responses

When the distrbutions of observéions favouring the two dternatives ae synmetric
(as in thee epeiiments) then mean respons times for corred and incared regponses
predictel by ether the diffusion a the raxdan wak mode| should be equal Herce thes
modek predit tha confiderce in erors ould be equd to tha for corred reponses.

In contrast both the rdio modé and the BE hypothess predit that onfiderce n
incorred reponss will be lowe than for corred reponsesin the case bthe later, the mos
confidert reponss will be thos for which dl the evidence accumulatefavous one
aternative (and trigges a fas reponse) The leas confidert will be those where evidere
totals ae smilar (and samping ha keen cortinued fa longe).

Resuts from the informationlimited condtions o Expeiments VI show tha
confiderce n erors isuniformly lower than for corred reponse (d Vickers € al., 1985).

Effects of variationsin caution: The macro-tradeoff between speed and accuracy

Vickers and Packe (1982 found that in trials whee accurag was enphasised
subpcs wee more accurajetiook longe and wee more onfident Baransk and Petrusi
(1998 found tke same #ed in early - but not late - sessions They argued thasubjecs my
hawe useé confderce b regulaé repon® threviolds within a trial Be thd as it may, the
finding thd highe thredolds resit in greate accuracy longe regpons times and highe
confiderce i inmnsistem with the nation thd confiderce s a invers fundion d time. This
finding also corifcts with Judsin and O$n’s rdio hypothes (Vickers& Pietsch in press).

In contrastboth the BE hypothess and Link and Heaths formuldion ae mnsistem
with a @varigion d confiderce and responstime thiough tle maco-tradedf.

Confidence and the micr o-tr adeoff

Even if subjects alopt constan thresold valuesaccurag and resporestime will both
vary wheneve ther is ay variablity in the gimulus a in its intern& representatin. The
resuting micro-tradedfs (or condtiond accurag fundiong generdy shov an invere
reldion betveen accurag and resporestime (Expeimens I-VI; see ale Vickers € al.,
1985) This @nflicts with the diffusion, randam walk, and windowsamging models which
all predict thatthe pobalility of making a cared repon® $hould be the sametall points on
the repons time distrbution (except in the lag case for reponse exceednga deatine).

Information-limited expeiments with naninally constan discriminabiliy alsoexhihit
an inver® reldion betveen confiderte and responstime (Expeiiment I-VI; see ale Vickers
et al., 1985) This is in@nsistehwith a raio-basel hypothesiswhich predics thad confiderce
shout be independetnof regponge time in the micro-tradeoff (Vickers & Pietsch in press).

This finding also contradisttie randam wak formuléion, since the diséminability
parameter, 0, remains constant from trial to trial.

In contrastthe resit is enirely consistehwith a BE hypothesis



Confidence and relative caution

Besides manpulating the subject’s overdl tradeof between speed andaccuracyit is
possibe © influerce a sibject’s degee d cauion with resgd to ore repon relative to tha
for the other Heah (1989 predics that when thee is substatial ‘bias’ towards one
responsgor when the thredold for tha repone is reduced lessaccumulatd discrepancysi
requiraed befoe thd regpon® occursand the onfiderce in tha repone should be reduced.

A similar predidion is maa by the BE hypothesisHowever, tle predition o a dired
relaion betweenresponstime and confidee soppose to the IFT hypothesis.

As reported by Vickes (1985) when subgcs ae instructedin dternae blocks o
trials, to be more redy to male one a the othe reponse morequickly, they are morelikely
to male tha responsgethey male it more quickly, and they ae less confidert in makingit.

The resits ae onsisteh with both Link and tdath’s formuldion and vith the BE
hypothesisHowever, thg are quite inmnsistehwith an IF acourt of confiderce.

Confidence and expectation

In addtion to boh overdl and reldive cation, we can also manipulat theexpectation
that a subjed has mncerning tre reldive likelihood d one repon rathe than the other This
was exanined in a stidy, in which subgcts in aternae blocks d trials, were told (truthfuly)
that the piobablity of one d two dternative gimuli would be greate than tha of the othe
(Vickers, 1985) When subgct knew A stimuli would be morelikely, they were morelikely
to male A reponse (@rredly and inceredly), they made A reponses moe quickly, and
they were more onfidert in A reponse than when they thougtB stimuli were morelikely.

This finding is enirely consisteh with the BE hypothesis if it is assume tha
expectaion is represents by the anourt by which the stating podion is disphaced and tha
this anourt is added to the evidence totdor the caregponding responseThe dfed of this is
to male reponse for the expecta dternative morelikely, faste and more mnfident.

This resit is al® in line with an IFT hypothesis However,it canna be reondled
with Link and Heaths formuldion becaus the distance traverdeby the wak has been
shortend (whethe this accomfished by shifing the stating poirt or reducing the thresold).

Confidence and discriminability

Reslits from convertiond manpulaions d disciminability (varyingm and holdings
constanf ageequditatively with predidions by dl of the formuldions for confiderce.

The seond two wag d manipulating disciminability yield moe chdlenging resilts.
Varying both m and s, while holding the rdio m/s constant in a time-contrdled tak
(Expeimert V), produwces highe confiderce rdings for larger sdings This agees with
predidions by the BE hypothesisbut nat with thog o any raio-basel or IFT hypothesis

In the informdion-contrdled condtion, subjects ae al® moe onfidert (and faste)
at large scdings This agees with the BE and IFT hypothesesbut contradics the raio-basel
and Link and Heaths hypothesesaccording to which tle scéings ae equdly disciminable

In contrastwhen mis hell constahand s varied (Expemert VI), reslts ae quite
different In atime-contrdled task subjecs ae more accuratend moe confidert with lower
values d s. This mntradics the BE hypothess as presdty formulated.

In the informdion-contrdled condtion d Expetimert VI, subjecs ae al® more
accurate faste and moe onfidert with moe disciminable gimuli. This lag result agees



with the IFT and raio-basel hypothesgsas wel as with the hypothess d Link and Heath
but not with the curert formulation d the BE hypothesis.

CONCLUSIONS

Aside from this lag set d resuts, the balanceof-eviderce hypothess givesa good
quditative acourt of: (1) the mntrag in the reldions betveen time-limited and informéon
limited tasks (2) the difererce betwee cared and incared regonses the dfecs o
variaions in (3) overdl and (4 relaive cation; (5) the micro-tradedf between confiderce
and responstime; (6) the dfects d expectdion; and (7) estalished dfecs d converiond
manipuldions d disciiminability. A concise generasummay of predictel and empircd
confiderce measure d thee dfects would say thathey eath provice a veridical unbiasel
edimate d the piobablity that a judgmert is carect, given dl the evidence aviable.

Meanwtlile, the balanceof-eviderce hypothess al® appas t be capable ©
capturng the dfecs on peformarce d different scdings d stimuli of otherwis nominally
equd discriminability. However as curertly formulated the hypothess rdies for this on the
absolue (unaled magnitudes d the accumulat@ eviderce totals The reslts d varying s,
while holding m constaiy sugges that in this stuation & least we al® nedl to tale acourt
of the way in which such magtudes mg be mnvertal into ovet confiderce rdings.
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