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ABSTRACT
Peoples’ subjective feelings of confidence typically correlate positivelyatifective
measures of task performance, even when no performance feedback is provided. This
relationship has seldom been investigated in the field of human time perception. Here
we find a positive relationship between the precision of humamgmerception and
decisional confidence. We first demonstrate that subjective -aiglial timing
judgementg are more precise when people report a high, as opposed to a low, level of
confidence. We then finthat this relationshipgs more likelyto resultfrom variarce in
sensory timing estimates than the application of variable decision criteria, as the
relationshiphelpwhen we adopted a measure of timing sensitivity designi@ditahe
influence of subjective criteri@®ur results suggest analyses of timing perception and
associated decisional confiderredlectthetrial-by-trial variability with which timing
has been encoded.
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HIGHLIGHTS
e Subjective confidence estimates tend to correlate with objective perceptual
sensitivity
e Itis unclear whether this correlation holds tione perception
e We show that confidence correlates with the precisfdime perception
e Confidencesstimatesould provide insight into tridby-trial variability of

timing encoding
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INTRODUCTION

It has repeatedly been shown that humansueacessfullyeport when their perceptual
judgement have been accurate, even in the absence of expdidiback regarding task
performance (for reviews see Yeung & Summerfield, 2012; Fleming, Dolanitt& Fr
2012). This insight has been demonstrated in a number of contexts, including the
differentiation of motion direction (Zylberberg, Barttfeld, & Sigman, 20Xphtial
frequency, orientation (de Gardelle & Mamassian, 2014), and when judging luminance
contrast(Song et al., 2011Yhis sugges that, in each case, humans have access to an
accurate reportable estimatencerning thestrength of evidence underlying their
perceptual decisian Therefore, confidence has been classifizsl a form of

metacognition{Fleming, Dolan & Frith, 2012).

Despite its demonstration in many types of percepu@dgemens, netacognitive
insight into human time perception has seldom been investigated. One study, however,
hasprovided suggestive evidence. Allan (1975) Ipadticipants makewudio-visual
temporal ordejudgementsfollowed by a confidence categorisation (high or low)
concerning their timingudgementVisual gpraisal of distributiosof high-confidence

order judgemers showed a discrepancyrelative to overal distributiors (which
comprised both high and low confidenoeder judgemes). The different sets of
distributions seemed nguarallel, suggesting differemomputationalprocesses had

been involved in judgements of the téemporal ordes.

Allan’s (1975) observatiorsave interesting implicationasthey would contradicta
prominent class of timing perception models. These assume that encoded signals must

propagate to a common neural site, with relative subjective timing scaling with



differenees in arrival times ahe centracomparator (e.g., Sternberg & Knoll, 1973).
Further, these models assume thatiral propagation times vary from trialtrial,
obeying a Gaussian distribution, and that encoded timing differences asncefi
againstfixed timing critera (for instance, to denote when a given signal has preceded
or lagged another). Predicted discriminant funcicentake the form o cumulative
Gaussian, with a slope determinedthbgl-to-trial variancein encodedsignal arrival
timedifferences(Baron, 1969, see Figure 1). For simplicity, we can assume an unbiased
observer, such that the criterion used for categorising timing differencefnasng a

lead or lag is physical synchrony rfs), with negative and paisie encodedvalues

prompting audidead and lag categorisations respectively.
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Figure 1. Simulated temporal ordedgementdata The arrival times of audio and visusignals at a
central comparatagire assumed to be variable from triattrial, generating &aussiardistribution of
encoded arrival time differences for any given physical offset. Here mean &irmeatlifferences are
assumed to be equal to the physical timing difference, with standaratioles of 50ms. Theae
differences in encodedarrival time arecompared against a fixemtder criterion of 0 ms. Presentations
yielding a negativencodedlifference are reported as an auliad presentation, whereas presentations
yielding a positiveercodeddifference are reporting as a visual le@te prediction is well established
analytically, but for comparison with subsequent simulations, haoh ghysical stimulus onset
asynchrony was sampled 1,000 times.

The aboveyenericclass of human timingerception modsican be extended to capture
confidence by assuming 2 additional criteria, one dendhegxtent by which an
encoded signal must fall under tfveed timing criterion to prompt a highonfidence

lead response, and another denoting the extent by which an encoded signal must exceed

the fixed criterion to prompt a higtonfidencelag responselLow confidence is



reported when encoded differences fall between these two confidence .cfiteria
important point of difference between predictions of théss of modeland Allan’s
suggestive report, is thteypredictparallel high-confidence discriminant functions

(see Figure 2, left panel).

Responseisulations based on a generic model of human timiegcpption reveal

that this scheme alspredict a difference in low and higbonfidence discriminant
function slopes (see Figure 2, right pangbmething thafllan (1975)did notdirectly
investigate For audievisual judgemens, this implies one should transition from
predominantly respondingpund first, to predominantiespondindight first, over a
smaller expanse of test offsets when confident than when unconfident. This prediction
depends orall combinationsof order andconfidencerelying onthe same source of
information, in this case encoded sigaaival timedifferenceswhich vary from trial

to-trial (e.g., Sternberg & Knoll, 1973Yhis contrasts wittAllan’s suggestionthat

discrepant processes undedanfident sound and light firseéports
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Figure 2. Simulated temporal ordedgemers. Orderjudgemersg are made according tbe process
describedn main text and simulated in Figure 1. Here, twadditionalfixed confidence criteria are
placed(at-50 and +50ns). L ft) Distributions of highconfidence ordejudgemenrs, for reporting that
sound had led visual signals (plotted in reverse to aid comparisorfprameghorting that visual signals
had led sound. Note that these predicted discriminamttifins are paralleRight) Orderjudgemens
are plotted forhigh and lowconfidence ordejudgemens. Data are plotted for onset asynchronies
yielding between 20 and 80% high confidence. This aviliiisg discriminant functions for the two
confidence onditions to different ranges of physical test timingand prevents undesampled
asynchronies distorting functiditting procedures(e.g., large asynchronies are likely to be under



sampled in the loveonfidence distribution, while small asynchroniesliéey to be undeisampled in
the highconfidence distribution)Cumulative Gaussian functions were fit to simulated distributions of

encoded temporal order using the psignifit toolbox for MATLAB

An alternatepossibility is that, instead dfial-by-trial variability in encoded timing
differences, there is little ano such variability. Instead, discrepant low and high
confidence discriminant functions coulesult frompeople adoptingariable decision
criteriafrom triakto-trial (Ulrich, 1987; Yarrow, Jahn, Durant & Arnold, 201¥arrow,
SverdrupStueland, Roseboom, & Arnold, 201%or instance, people might adopt
more variable criteria when low in confidendéhis would predict thatonfidence-
based differences in the precision of timipgrceptionshould be minimisedor

eliminated by limiting the influenceof subjective decisionalriteria.

In this studywe aimedto determine whether subjective confidence predicts the
precision of human timing perception, and to assess whetherctidiolence
categoricabliscriminant functiongor timing are parallelWe present two experiments

In Experiment 1 we show that higlonfidence temporal ordgudgemend are more
precise than loveonfidence ordgludgemens, andthat highconfidence lightfirst and
soundfirst discriminant functions are, on average, parallel. In Experiment 2 we show
that the greateliming precision suggested in Experimentot high-confidence trials
generalises to objective performance itask designed tainimisethe influence of
subjectivedecisionalcriteria. In combination, our data are consistent with models of
human timing perception that assume Gaussianrhytttial distributions of encoded

timing differenceswhich are referenceaigainst fixed decisional criteria.

1 See http://www.bootstragoftware.org/psignifit/



1.0 Experiment 1

In Experiment Wwe made use of a classic temporal perceptior+taskinary temporal
orderjudgement (Hirsh & Sherrick, 1961)—followed by a binary classification of low
or highconfidence in the preceding timing decision. In line with previous literattee
predictthat psychological experiences of tempayeder will be more precise when

people report high confidence.

1.1 Methods

Eight adults (five maleyl = 25.38 yearssD = 6.59 years) volunteered participate in

three blocks of 24@rials each (detailed below). Three of the four authors participated,
in addition to five volunteers who were naive as to the purpose of the experiment. All
participants had normal or corredtto-normal vision and reported no history of

hearing loss.

At the start of each trial a red dot, with a diameter subtending 0.70 degresgaif vi
angle (dva) at the retina, was presented in the middle of the display.aAf¥ariable

delay (+1.5secands) an auditory and visual event were presentddhe visual event
consisted of a white Gaussi#@ob (diameter= 6.78dva, ¢ = 0.88dva) with a peak
luminance intensity oBpproximately120cdm?. Visual stimuli werepresented at
fixation for 8.33ms (1frame at 12(Hz) against a black background on a gamma
corrected 24dnch Samsung SyncMaster 1100p+ monitor with a resolution of
1024 x768 pixels. Visual stimuli were generated using a Cambridge Research Systems
ViSaGe stimulus generator and were vieweomf a distance of 57cm with the
participants’ head restrained by a chin rest. The auditory event was B2 @0de tone

presented for 1fhs with 5ms linear onset/offset ramps. These were presented



binaurally via Sennheiser HDA 200 headphones at an ihteok ~68dB SPL.
Auditory stimuli were generated via a Tucker Davis Techno{®@@) psychoacoustic
processor. Auditory triggers, timed to coincide with a monitor refresh, engreeide

timing of stimulus presentation.

On each tria(schematised in Figui® the presentation of visual and audio events was
offset by one of 12 prdefined stimulus onset asynchronies (SOAs; #3@80+200ms,
+100ms, £75ms, £50ms, & £25ms, with negative values indicatiag audioead).

These offsetsvere doubled for one participarRarticipants were required to report
which stimulus had been presented first by pressing one of two mouse buttons, or to
press a third button if they had experienced a lapse in attention/concentration. When
this third button was presseelst stimuliwerere-presentedbefore moving on to the

next trial. Following each ord¢gmdgementparticipants were prompted to report their

level of decision confidence (high or low) by pressing one of two mouse buttons.
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Figure 3. Stimulus presentation sequence in a 8&0audielag trial.

During each block of trials, each of 12 augtisual timing relationships was sampled
(without replacement) 20 timas a random ordetyielding 240 trialgper block(with

some trials containingdditional presentationd, the participant reported lapses in
attention/concentration). Each participant completed three blocks of tesldting in

each individual successfully completing 720 individual trials. For the purposes of
analysis, data wereollated across the three blocks of trials completed by each

participant.
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We fit cumulative Gaussian functions (using the psignifit toolbox for MATEAB

each participant’s ordgudgement (expressed as a proportion of trials on which the
participantreported an audiag) separatelyfor high- and lowconfidence trials
Participants’ just noticeable timing differences (JNDs) were estimated from the
difference between the SOAs associated with the 50% and 80% points on the fitted
functions. For each partpant we identified and analysed orgledgement from SOAs
associated with between 20% &8@Po reports of high confidence (SOAs associated
with extremely high or low confidence were not includethgseanalyses)This was

done to ensure that low and high confidence data related to a common range of test

SOAs.

1.2 Results

A pairedsampled-test compared participants’ INDs associated with-ragll low
confidencgudgement of temporal order (see Figude This analysis revealed that
participants reliably differentiateéédmporal order aamallerSOAswhen reporting high

(M =33.98 ms,SD = 20.09ms) as opposedo low (M = 80.68 ms,SD = 46.09ms)
confidence ¢ = 3.89,p = .006). This pattern was consistent across the majority of

observers; see individual plots in Figure 5.

2 See http://www.bootstragoftware.org/psignifit/
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Figure 4. Just noticeable difference (JND) magnitudes for lamd highconfidence trials for each
participant.Grey linesdepictindividual participantswhile the black line indicates group averages
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Figure 5. Cumulative Gaussian distributions fitted to participants™-lamd highconfidence reports of
temporal orde Negative stimulus onset asynchronies (SOAs) indicate dindigresentationsThese
distributions were fit t&&OAsassociated with high confidence on between 20 and 80% of trials.
Asterisks indicate author responses.

Low-confidence responsesight disproportionatelyepresentrials associated witla
lapse in attention/concentratiomesulting in guessing behavioand thus solely
explaining apparent sensitivitgifferences. Attentional lapsge should, howeverhe
uniformly distributed across sampledSOAs. To assess the possibility that low
confidence is driven by lapses, we fit Guassian distributions to individual data

describing proportions of lowonfidence trials as a function of test SOA. These

provided a good description of individual data, aredecentred approximately about
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physical synchrony(see Figure 6) These analyses show that loanfidence
distributions werehighly nonuniform relative to test SOA, witlparticipants more

likely to report low confidencéor smallSOAs.

To further teswhether lapse rate made a substantial contribution to apparent timing
sensitivity differences, we estimated individlabse ratesrom overall numbersof
incorrect responsest large SOA4+300msand+200ms), guided by the assumption
that erroneous ordgudgemend at these large SOASs resulted from lapsegtention
Lapse rates were estimated as double the individual error rate averaged as®ss th
SOAs. We theralculatedhe increase in individual gusag rates requireth explain
discrepancies between high and low confidence @atawas estimated from residual
differences (high confidence low confidence) in proportian of light/sound first
judgemens from chance (38). Individual data were averad acrosSOAsassociated
with high confidence obetween 20 and 80% trials. A pairedsampleg-test revealed
thattherequisiteincreases in guessimgtes M = 22.726, SD = 13.8%%6) were greater

thanestimatedapse ratesM = 4.1®%6, D = 6.0460; t7 = 3.24,p = .014)
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asynchrony (SOA)Negative SOAs indicate audist presentation€ach panel in Figuré
corresponds to the panel in the same relative location of Pigiserisks indicate author responses.

Allan (1975) claimedwithout inferential statistical support) that participants in her
temporal ordejudgementtask had produced skewed responses to the two temporal
orders under conditions of high confidenewth light-first responses negatively
skewedand tonefirst responses positively skewethis would call some models of
time perceptionnto questionas they predict parallel discriminant fiions for high
confidence judgementsiere (Figure 7)we plot individual discriminant functions for
high confidencerderreports along with data averaged acra@sgarticipantsificlusive

of data fromall participants except onewho had requiredthat physical offsets be
doubled). ¢ see no evidence of a systemdiiferencein the shapeof discriminant
functions We fit cumulativeGaussiarfunctions to individual discriminant functions.

A within-participantt-test foundthat the slope offunctions fitted toaudiofag data
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(M =70.76,3D =14.4) was not reliably different from audead data(M = 74.19,
SD =12.88), suggesting the two setsfurfictionsarebest described gsarallelacross

participantst = 0.27,p = .797).
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Figure7. High confidence reports fishirst (black), and *audiofirst (red) for all participantslong
with dataaverageacross 7 participanfsop-right). Negativestimulus onset asynchronies (SOksjicate
audiofirst presentationsAudio-first response probabilities have been subtracted fram facilitate
comparison.

1.3 Discussion
In Experiment lwe aimed to determine whethbumanshavemetacognitive insight
into thestrength of sensory evidence supporting their classifications of tengpdeal

We did so bymeasuring the magnitude dfet emporal offset required for participants



17

to reliably discern order when théyad expressed either high or low level of
confidence in their ordejudgements We found participants were able to discern
temporal order when presented withaller temporal offsets on trial& which they

hadexpressethigh as opposed to low confidence.

A common criticism ofanalyses of data split according to confidence is lthat
confidence responsesightdisproportionately capture trials on whigarticipantshad
experienced a lapse in attention/concentratiesulting in guessing behaviour. In the
extreme, it could be argued that there is no difference in sensitivity dretwgh and
low confidence datafter accounting for this influenc&wo features of our data speak
against thigossibility. First, lowconfidence reports were noamiformly distributed as
a function test SOA, concentratedila® smallesSOAs. This is inonsistent withow
confidence dataresulting from lapsedn attention as such lapseshould not
systematically coincide with a specific range of test SC8econd, we were able to
estimate what increase in guessing rate would be required to explaimpainsies
betweerthe precision of low and high confidenting data, and compatéis with
lapse rate estimate from performance on large SOA trial¥e found thaguessing
rates required to explain confidendmsed differences in task performance precision

(~23%) wereconsiderably greater thastimates of the observed lapse (aéo).

Overall, the results of Experiment 1 suggbesthumans have insight into tiserength
of evidence underlying their decision when making temporal guategzementsThis
was evidencedly participants needing a smaller temporal offset to trandit&iween
perceivedorders &uditory event before visual, or vice veradnenreporting a highas

opposed t@ low level of confidence However, it remains unclear whether the effect
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observed here is reflective gériabletiming encodings from triaio-trial, or to the
application of variable subjective decisiomaiteria In Experiment 2we aim to
determine which of thesexplanationss moreplausibleby taking steps to minimise

the influenceof subjective timing criteria.

2.0 Experiment 2

Experiment 2 aims to determine whether the positive relationship between noafide
and the precision ofubjective timingjudgemers generalises to more objective
measures of perceptual sensitivity. Further, this experiment aims to deternatier

it is more likely this relationshiis shaped by insight into the strength of encoded timing
information, or the application efariabletiming decisionalriteria. Here we use a 3
alternatve odd-onesut paradigm. Thisninimises the impact of subjective criteria, by
avoiding any requirement for participants to categorise inputs along a nedinat
dimension (suchsasound first, or light first). Instead, sensitivity to any difference is
assessed by having people choose which of three stimuli differs from the ather tw
Accuracy carthereforebe interpreted as a measureefceptuakensitivity(Green &

Swets, 1974, Stanislaw & Todorov, 1999).

2.1 Methods

Eightadults (six maleM = 26.14 yearsSD = 6.39 years) volunteered to participate in
four bocks of 120 trials each (detailed below). Three of the four authors participated, in
addition to five volunteers who were naive as to the purpose of the experiment. Seven
of eight participants had participated in Experiment 1. All participants rejootenal

or correcteeto-normal vision and no history of hearing loss.
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This task involved sequential presentasiofithree pairs of audtwisual signalsVisual
signalsconsisted of a single I@s pulse of a gredight-emitting diode, with a peak
luminance intensity of125cdn? and 5ms linear onset and offset rampsuditory
events consisted of a 1082 pure tone presented for &, with 5ms linear
onset/offset ramps. Tones had a peak auditory intenst@dB SPL at 5¢m and

were presented via a single PC speaker. Both visual and awsiljogysvere generated

and presented with precision timing by a TDT psychoacoustic workstation. The diode
was positioned directly in front of the speaker. Participants viewed the apparatus i

darkened room from a distance of &, with their head restrained by a chin rest.

On each trial, participants were required to report which of the three tesitpteses
wastemporally distinct. Audio and visual events during two of the tpresentations
were physicallysynchronous, whereas audio and visigthalsin the thirdpairingwere
asynchronous. Participantgdicatedwhich presentation they thought wiasnporally
distinctby pressing one of three buttons on a computer mousieewicouldreport a
lapse in attention/concentration by holding damymouse button until a distinct tone
occurredIf a participant reportka lapse, the trial was repeated with presentation order
re-randomised.Participants then reported their confidence (low or high) in their
judgement Interstimulus intervals varied randomly between 1 and 1.3 seconds on a
presentatiosby-presentation basj to avoid participants using presentation rhythmicity

as a reliable timing cu@&lo feedbackwas providedegarding task performance.

In two blocks of trials the target pairing was an atldax, whereas in the other two
the target was an audiag. Paricipants first completed block one of the autiiad

targets, and then all remaining blocks in randomised order. Participants wésélnot
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what type of target they were attempting to identify. The first 40 trials dirttdlock

(for each target typayere used to estimate a 75% accuracy threshold, with sampling
controlled via a oneip/onedown staircase procedure. This process involved the
presentation of trials containing an asynchronous target with an SOA determthed by
participant’s accuracy oiné previous trial. Stimuli in the target pairing were initially
offset by 400ms. Each correct/incorrect identification of the target decreased/increased
the SOA of the target pairing by #%s. Upon the completion of these trials, a logistic
function was fit to participants’ accuracy as a function of SOA using the psignifit
toolbox for MATLAB. We used this logistic function to estimate the SOA each
participant would be able to accurately identify on 75% of trials. These SOAs are
presented in Tables 1 and 2 with their corresponding overall and conditional acguracies

as well as the proportion of trials on which participants reported high confidence.

Synchronous
0 ms offset

1-1.3 second pause

Synchronous
0 ms offset

1-1.3 second pause

Asynchronous
100 ms offset

Figure 8. Stimulus sequence in an audlig-deviant blockon a trialwhere the target pairing was
presentedhird.
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In the final 80 individual trials of the first block of trials, and for all 120 trialshin t
second, théargetaudiovisual offset was set to the participarit§%threshold for that
experimental condition. The order in which the deviant target was presented(i.e., 1
2" or 39 wasrandomised (without replacemeritr each trial within eachblock
(including the thresholdssessment trials in the first block). Each participant’s
accuracywas calculated for higrand lowconfidence trialseparatelyfbased only on

non-staircase triajsand then directly compared within participants.

2.2 Reaults

In general, our calibration measures equated accuracy acrossypegahd between
participants at-75%. Tables 1 and 2 €lbow) present eacparticipant’sSOA in each
target condition, with their overall and conditional accuyaagthe proportion of trials

responded twvith high confidence

SOA High confidence Accuracy(%)
(ms) trials (%) Overall Low Confidence  High Confidence
-94 57 81.5 65.12 93.86
-189 60 92.5 81.25 100
-352 68.5 82.5 58.73 93.43
-166 52.5 72.5 65.26 79.05
-97 37 63 50.79 83.78
-181 61.5 53 31.17 66.67
—-229 67 79 66.67 85.07
-106 72 71 41.07 82.64
Mean 59.44 74.38 57.51 85.56
Table 1.Summary of dataollected from participants completing audiéad target blocks.
SOA High confidence Accuracy(%)
(ms) trials (%) Overall Low Confidence  High Confidence
89 67.5 88.5 67.69 98.52
20 24 52.5 49.34 62.5
282 47 64 48.11 81.91
108 71 79.5 65.52 85.21
70 28.5 46 41.26 57.89
385 53.5 39 35.48 42.06
320 81 80.5 55.26 86.42

70 66.5 79.5 52.24 93.23
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Mean 54.88 66.19 51.86 75.97

Table 2.Summary ofdata collected from participants completing atidip target blocks.

A 2 (targettype: auditorylead, auditorylag) x 2 (confidence: high, low) repeated
measures ANOVA on ternary detection accuracy revealed a main effect of coafidenc
on accuracy with participants demonstrating greatacuracywhen reporting high

(M =81%, SD=16%) as opposed to lowM(=536, SD = 14%) confidence
(F1,7=71.87,p =< .001; see Figur8). There was, however, no evidence for a main
effect of targetype on accuracy, with participants similarly able to identify alekol

(M =71%, SD = 1%) and audidag (M = 64%, SD = 20%; F1,7=2.25 p=.177)

targets This was expected, since performance was equated at ~75% for each target
type. Finally, there was no evidence of an interaction between thngetand

confidencelf1, 7= 0.72,p = .424.

100
80
60

40

Accuracy (%)

20

LC HC LC HC
AV Targets VA Targets
Figure 9. Participants’ acuracy in a 3AFC asynchrony detection taskoss low (LC) and high
confidence (HC). &rgets wergin separate blocksdn audio lead (AV; left) and lag (VA,; right). As in
Figure 4, grey lines indicate performance ioflividual participants, while black bars indicate group
means. Error bars represent standard error of the mean.

Accuracy can be artefactually depressed by a response bias, for examale by

participantpreferentially choosing one of three intervals when in doubt aghich
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interval might contain theéarget (NcNicol, 1972). To determine whether response
biases changed as a function of confidence, confounding our finding, we conducted a
3 (interval: first, second, thirdy 2 (confidence: high, low¥ 2 (targettype: auditory

lead, auditorylag) repeateaneasures ANOVA on interval choice frequency. This
yielded no systematic biases in interval choice frequenareflvasio main effect of
interval (F2,14=0.27, p=.746, ¢ =.90, nor an interaction betweemmterval and
confidence [2,14= 0.82,p = .433,¢ = .75).Hence we can conclude that the observed
difference in accuracy between higitnd lowconfidence trialsvas not a result of

distinct biases.

2.3 Discussion

The results of Experiment 2 agademonstratehat humanparticipantshave insight

into theaccuracyof theirtiming judgemers. By designin this experiment we limited

the influenceof subjective timingecriteria by asking participants to identify which of
three presentations was distifcbm the other two. This provides measure of
objective timing sensitivity, as opposed to the more common subjective timing
categorisation task (TOJ). Performance on the latter task can be strdagtgcaby

any preference to categorise trials as hgiwieen sound first, or light first, whereas the
former task disregards this subjective impression. Instead, the presentetzskes
participants’ ability to differentiate stimuli on the basis of physical diffezen
regardless of how those differences are experienced. Performané& @ tasks can

be affected by any preference to select one presentation over the other two, but an
analysis of our data revealed no such tendency. We can therefore conclude that
participants displayed insight into the degree to which they had encoded timing

correctly.
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As in Experiment lparticipantshad he option of indicating that they had suffered a
lapse inattentiontoncentration When this occurredthe trial was repeated with
presentation order i@ndomised. This meant that the oddball target was randemly
assigned tanyone of the three presentation intervAlssuming participants are aware
of their own lapseshts measureachieved two ends. First, it indicates low confidence
responses are not simply lapsesamcentrationMoreover, the reandomisation of
presentation order dictated that participants could not benefitdn@peated triallf
presentation order had not had not beeranglomised, the repetition of a given trial

order could haveesultedin improved performance and high confidence.

3.0 GENERAL DISCUSSION

Our results demonstrate that humans have insight into the strength of encoded
information underlyingqaudiovisual timingjudgementsThis was apparent as, without
task performance feedbaatonfidence predicted the precision of orglagements.
More precise ordgudgemens on high, as opposed to low confidence trials cannot be
attributed solely to peoplguessing on a disproportionate number of low confidence
trials, as lapse ratesuggestd by errors on simple trialerere toofew to account for
confidencebasedtiming sensitivity differences. Nor can our data be attributed to
people adophg more rigid subjective criteria on higas opposed to lowconfidence
trials, as wealsofound evidence for heightettming sensitivity on high confidence
trials when people completecg threealternative odd-oneeut protocol, which

minimisal the influence of subjectivesponse criteria



25

Overall, our data are consistent with a generic classmg perception models, which
assume that temporal orgadgemens, and confidence in those decisions, is informed
by a common source of variable encoded information (e.g., Allan, 1975; Sternberg &
Knoll, 1973. Here the pertinent information refers to variable encodings of -audio
visual timing differencesimportantly,in Experiment 2our data related to a constant
set of physical timing relationships, repeatedly sampled on different trials (two
synchronous audivisual presentations and one constaatiovisual asynchrony).

Yet, despite the constant nature of stimulation, confidence predicted the precision wi
which people could identify the discrepant asynchronous stimulus presentation on a
trial-by-trial basis. Moreover, as analyses revealed no evidence for a bias to
preferentially select one of the three test intervals on each trial, our datsistigg
relationship was due solely to trlay-trial differences in how the pertinent timing

relationships were encoded.

A plausibleinterpretationof our data is that, in this context, confidemogght bea
reportable estimate of the extdnyt which sensory evidence has exceeded decisional
criteria Ferrell & McGoey, 198D This presumes that temporgldgemensg, and
confidence in thosgudgementsare informed by a common source of information
encodings of timing differences that fluctuate from ttaatrial. This implies that
unless some additional factor exists, confidence #rel sensitivity of timing
judgementshould be invariably relateblowever, n other contextsaadditional factors
have been implicateor reviews, see Yeung & Summerfiell)12;Fleming, Dolan

& Frith, 2012) For instanceSpence et al(in pres$ recently reported that variable
motiondirection signals could be equatedterms of discriminability, but result in

differentlevels of decisional confidencege alsale Gardelle & Mamassian, 2015).
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Such findings suggest that sensitivity and decisional confidence rely on independent
and differentially weighted transformation encoded signal It remains to be seen
whether similar dissociationsf confidence and sensitivity will emerge in timing

perception

A final implication of our data is that encoded timing relationships are likely qoibe
variable. Within an individual, encoded timing relationships seem to vary frortcarial
trial, resulting in markedconfidencebaseddifferencesin the precision of timing
judgementsfrom-to-trial. Perusal of Figure 5 also suggests marked individual
differences in the extent of tridly-trial variability. This is interesting, as relatively
poor timingjudgemerg have been linked to suclnditions suclas schizophrenia,
depressiomnddysthymia (Rammsayer, 1990; Bonnot et al., 2011; Gil & Broiet,
2009), Parkinson’s disease (Pastor et al., 1992), and attelatiicit hyperactivity
disorder (Smith et al., 2002; Meaux & Chelonis, 20@3)r datathus suggesthat
confidence could be used as a tool to investigate the precidiomrg encoding both

on an individual basis anglithin specific clinical sufpopulations.
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