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ABSTRACT

Vertex evoked potentials were recorded from human subjgtts
performing in an auditory detection task with rating-écale rCSponseé.
~Three values of a priori probability of signal presentation were tested,
The amplitudes of the Nl‘énd P3 components of the vertex potential
associated with correct detections of tﬁb signal were found to be systcm-
atically related to the strictness of the response criterion and in-
dependent of variations in a priori signal probability. No similar
evﬁked potential components were found associated with signal-absent
judgements (misses and correct rejections) regardless of the confidence
llevel of the judgement or signal probability. These results strongly
support the contention that the form of the vertex evoked response is
closely correlated with the subject's psychophveical decision regavding
the presence or absence of a threshold-level signal. The implicétions
of these results for a general hypothééis Tfor describing the sensitivity .

of the P3 component to psychological variables are discussed.

KEY WORDS: vertex potential, '3 component, N1 component, responsé cri-

terion, Signal Detection Theory, signal probability, thresholds.



In the'inflﬁcnfial report of Sutton, Braren, Zubin, and John
(1965), a late-positive (I'3) compohcnt was shown to be introduced inteo the
vertex cvoked potcntiél when a stimulus cbnveyed task-relevant feeback
information (confirming or disconfirming a prior guess). Sutton et al,
fuftﬂér demonstrated that the amplitude of P3 increased as the oceurrence
of the relevant stimulus became less probable. Many subsequent studies
have verified that the amplitude of the P3 evoked.By one of a set of
clearly discriminable, task-relevant stimuli increases as a function of

increasing improbability, unexpectedness or unpredictability (Tueting,

Sutton, and Zubin, 1971; Squires, Hillyard, and Lindsay, 1973a; Donchin,

Kubovy, Kutas, Johnson, and Herning, 1973; Wilkinson and Ashby,‘1973;
Friedman, Hakerem, Sutton, and Fleiss, 1973; Squirgs, Squires, and Hillvard,
1974).  Furthermore, it has been firmly established that a.PS component can
alsu  Dbe ‘elicited [73% lnfrequent'omissions of an expectied stimulus from

a repetitive sequcnce (Klinke, Fruhstorfer, and.Finkenzeiler, 1968;

Barlow, 1969; Ruchkin and Sutton, 1973; Picton, Hillyard, and Gélambos,
1974; Picten and Hillyard; 1974), thus suggesting that the relationship

between P3 amplitude and event probability is similar whether the task-

‘relevant event is stimulus presence or stimulus absence,

These conclusions are derived from situations vhere the stimuli
were clearly recognizable and differentiable from one another. It appears .
that somewhat different rules apply when the alternative task-relevant-
stimuli are ambiguous, such as the presence or absence of a threshold-level
auditory signal, In that case the P3 component is reportedly associated
only with signal-present decisions {H1Ts), and its amplitude depends pri-
marily upon the confidence level of those decisions (Hillyvard, Squires,

Bauer, and Lindsay, 1971; Paul and Sutton, 1972; Squires, Hillyvard, and



Lindsay, 1973bj. Hiilyard et al, (1971] Suggestcd that the amplitude of
the P3 component clicited by signals that are difficult to detcect or
.discriminate'is governed by the iﬁteraction of two factors; P3.increases
with increasing decision confidence but decreases with greater expectancy
that £he signal will occur. In a subsequent elaboration (Squires,'Hill—
yard, and Lindéay; 1973a), it was postulated that internal neural models
or ”templatés” weré established fo; the purpose éf recognizing each of
the relevant stimulus alternatives; stimulug recognition then engenders
a P3 wave that increases with the confidence of the recognition (i.e.
tHe closeness of the "template match') but is reduced by the subject's
prior expectation of that stihulus. This two factor hypothesis, however,
does not readily explain the well—docﬁmented absencé of a P3 éomponent
with correct signal-absent décisions (correct rejections) in the thresh-
SLOCUion parad 15“ (iilivard, 1509; Hillyard et «l., .1571; Paul ﬁnd
Sutton, 1972}, paltlcularly when those correct rejections are made with
a2 high degree of confidence (Squires et al., 1973b) or are very 1mpr0bab1e
(Sutton and Paul, 1973). This absence of é P3 component for correct re-
jections in a threshold situation is cspécially ﬁuzzling in light of the
af01ement10n0u reports that P3 waves do accompany task-relevant omissions
of suprathleshold signals (c.f. Sutton, Tueting, Zubin, and John 1967},
The present studv was des:gned to determine how the two main
factors, confidence level of the decision and the probability of the de-
cision, interact to determine the P3 amplitude for both signal-prescnt
and signal-absent decisions, with the aim of accounting for the relation
of these types of &ecisf@ns to the P3 component, The frequencies of
occurrence of the variéus types of decisions were ranipulated by varying

the a priori probability of signal presentation in a thresheld signal-
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detection paradigm with decision confidence assessed on an eight—point'
rating scale., .In particglar,'we Qished_to Gctermine if the frequency of
éccurrenéc Qf the two kinds of decisions, over and above variations in
the.sﬁbject's Tesponse criterion, was a major determinant of P3 amplitﬁde;
if'so, we anticipated that whén signal absecnce was made an extremely

rare event a P3 compoenent migﬁt come to be associated with signal-absent
decisions of high confidence. Thus, for all types of decision, the
present study assessed the separate effects ofhaecisidn confidence and
decision probability in an attempt to arrive at the general principles

‘that govern P3 amplitude in the signal-detection paradign.
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METHODS

Subjects

Four young adults with normal hearing who had previcus experience
in Similaf experiments served as subjects in a séries of 6-10 two-hour ex-
perimental sessions over a period of two to three weeks, ‘Two of the subjects

(K5 and NS) were experimenters,

Procedure

During testing the subject sat in a reclining chair in an
acoustic chamber wearing TDH-39 earphones and fixating on a small neon
Abulb on the panel before him. His task was to decide on each ‘trial
whether or not a binaural 1000 Hz -sinusoidal signal of 50 msec duration
was presented against a background df wide-band white noiseland to rate
his confidence in that decision, The binaural neisc backzround was contin-
uously present at a level of 65 dB SPL. A'signal intensity close to -
detection threshold (defined as 75% correct with signal probability of
0.5) was chosen for each subject and was used throughout the éxperiment.

- Each trial began with a 200 msec flash of the neon bulb, which
served as a warning signal. On the '"signal-present" trials the offset of
the warning Qignal was followed after 500 msec by the tonal signal; on the
ngignal-absent" trials no signal was prescnted, No additional stimulus
served to mark the observation interval within which the signai might occur.
The signal-present and signal-absent trials occurrcd randomly, but with a
predetermined probability. The neon bulb was relit two sec after the
warning light, thefeby dirgcting the subject to respond by pressing one
of the eight numbered buttons on the panel before him, When highly confi-
dent that a signal had been presented the subject was instructed to press

button number 1; ratings 2 and 3 indicated decreasing confidence that a
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sjgnal had been pfesented, and a."4”‘indicated a marginally confident
decision that a signal had been presented. Similarly, a rating of 5
indicated marginal confidence that the trial had beeﬁ a signal-absent
trial, and ratings 6, 7, and 8 indicated increasing confidence that there
had been no signal presented during the observation interwval, lmmédiatcly
aftér each button press the feSponsc light was turned bff and one'of two
remaining lights was illuminated fbr 750 .msec, proyiding feedback as to
whether or not a signal had been presented on'thaf trial. Inter-trial
times were randomized between four and six sec.

Fach subject was given sufficient practice in ihg task.to”
stabilize his distribution of confidence ratings before data collection
began, Trials were presented in blocks of 75, with five or six blocks
per testing session.

Three values of a priori probability of signal presentation,
0.2, 0.5, and 0.8, were used in counter-balanced order. The subject was

informed of the signal probability prior to each block of triaié.

Evoked potential recording

Evoked potentials were vecorded from the vertex referred to
the right mastoid using Ag-AgCl electrodes (Beckman, nonnpolariiable)
and amplified with Grass model 7 polvgraph amplifiers (bandpass flat from
0,5.to_120‘Hz). Evoked potentials werc sampled over an epoch of 500 msec
beginning at the onsct of the observation interval (500 msec after the
offset of the warning light). Averaged waveforms werc computed separately
for cach of the sixteen stimulus-response outcomes, determined by the two
stijmulus conditions (signal-present and signal—abscnt) apied tﬁe eight confi-

dence-rating response categorvies. The vertical electro-oculogram was also
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averaged concurrentiy with the evoked potentials to ensure the absence of

eye-movenent artifacts,
Stimulus timing, signal selection and cn-line evoked-response

averaging were under the control of a PDP-9 computer,
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RESULTS

Psychophvsical judgements

Since all of the subjects were experienced with rating~sca1e 
judgemcnts; their response distribufions.répidly stabilized and reﬁaingd
consistent .across blocks of trials and across testing sessions. The
average response distributidns are shown in Table !, where the frequency
of occurrence of each signal condition and confidence-rating response is
tabulated for the three levels of a priori signal probability. Also pre-
sented is tha percentage of correct choices f;r each confidence-rating
category. Small numerical ratings signifying highly confident "signal-
present' responses were associated with a high percentage of trials in
which a signal was presented and,.hence, a high pefcent'COrrect. The
percent corvect diminished with decreasing confidence in the decision to
a minimuim for the mid-ratings and increascd again for the higher numerical
rafings which signified highly confident signal-absent decisions. .Finally,
the seven criterion cutoffs that define the dght separate confidence-
rating categories are shown (see Green and Swets, 1966)}. The criterion
cutoffs were derived from the response distribution data and are expressed
in standard-deviation units above or below the mean of the assumed distri-
" bution of cvents resulting from signal-absent trials [zn), since that
distribution can reasonably be assumed to remain constant across variations
in éignal probability. -It is evident that there was a systematic shift to

to a set of stricter criteria for making signal-present decisions as the
a priori probability of signal presentation decreased. For example, the
value of én for a rating of 1 increasgd from 2,15 to 2.23 to 2.60 as the
signal probability decreased from 0.8 to 0.5 to 0.2, There was, however,
no change in the overall dcte;tability of the signal as the a priori

probability of its presentation was varied, as can be scen from the
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receiver operating characteristic (ROC): curves shown in Figure 1., The

‘mean values of the detectability measure, ds’ were 1,04, 1,12, and 1.12

for signal probabilities of 0.2, 0.5, and 0.8 respectively. The parameter

ds was cﬁosen as the appropriate detectability measure because of the

evident asymnetry of the ROC curves which suggest that the variance of

~the signal-present gnd signal-absent response distributions were not equal
(see Green and Swets, 1966, Chapter 4). In agreement with Schulman and
Greenberg (1970), the slopes of the ROC curves plotted on normal-probability
axes were found to systematically decrease with decreasing signal probability
{slopes equalled 0.76, 0.68, and 0.57 for signal probabilities of 0.8, 0.5,
and 0.2, respectively) Fonsistent with an increase in the variability of

the signal-present response distribution as signal presentation be;ame

less frequent,

Evoked potentials

- The set of sixteen evoked-potential waveforms for one subject at
a signal probability of 0.5 is shown in Figure 2. As shown previously

{(Squires et al., 1973b)}, the highest confidence HIT (a rating of 1, signal

present) is characterized by a large negative component with a peak latency
of about 165 msec (N1} followed by a large positive peak with a latency of
about 330 msec (P3), For progressively less confident signal detections

these compenents diminished in amplitude and increased in latency until
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they became indiscernible at about rating-level 4. The evoked potential
waveforms for the other two values of a priori signal probability (0.2

and 0.8) were similar in form to those in Figure 2, but differed in ampli-
tude as shown in Figure 3. 'Ianigure 3 the amplitude 6f P3 texpressed as

the percent of the maximum P3 amplitude for each subject) is plotted as
a functioﬁ of confidence yatiﬁg for both signal-present and signal-absent
trials at fhe three values of signal probabifity. Component amplitudes
were measured baseline to peak; with the baseline defined as the average
voltage over the first 60 msec of the recording epoch. For signalQabscnt
decisions (ratings 5-8, MISSES and CRs)} no evoked components similar to
the large N1 and P3 associated with HITs were observed regardless of the_
confidence of the decision or the a priori signal prebability. 1In these
cases the P3 amplitude was measured from the largest peak between 300-400
msec post-stimulus, The average amplitude of the waveforms at this. latency
for high-confidence MISSES and CRs was only 25% of that for high confidence
HITs and was not affected by the signal or outcome prebability. This
result also held for an area measure of the queforms which was determined
as a check on the possibility that the P3- component for non-HIT triais.
might be poorly time locked to the averaging epoch, resulting in a small
peak amplitude while encompassing a substantial positive area. The area
function calculated for the interval between 250 and 450 msec post-stimulus
onset, referred to the 60 mscc baseline, was essentially the same as for
the amplitude measure shown in Figure 3,

In Figure 3 the P3 amplitude decreases with decreasing confidence

rating for HITs at all three signal probabilities. & given numerical rating
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at a low signal probability, howovcr,-has a higher cfiterion cutoff (as
defined by the z value) than the same rating with a high signal proba-
bility. The orderly relationship of P3 amplitude én HITs to criterion
cutoff is shown fof two subjects in Figure 4, vhere the evoked potentials
are ordered by the_criterion cutoff value regardlcés of the a priori -
signal probability and confidence raﬁing. In Figure 5 the mean amplifudes

over all subjects of P53 and N1 for HITs are plotted as a functioﬁ of the
mean value of the criterion cutoff at each numerical.rating for all
-values of signal probability. Since it was not possible in sﬁme instances
to make an accurate assessment of the N1 component ampiitude‘for the lower
confidence 11ITs, those data are not included, There is a clear decrease 1n
the size of the P3 component with decreasing strictness of the criterion
cutoff (correlations between P3 amplitude and z for individual subjects
ranged from 0.55 to 0,86 with a mean of 0.70, p< 0.001). Likewise, the
amplitude of the Nl componenf can be seen to decrease with decreasing
criterion cutoff (correlations for individual subjects ranged from 0,37 to
0.65 with a mean of 0,50, ﬁ( 04001). Most significantly, however, Figure
5‘demonstrates no systematic influence of signal ox outcome probability on
the amplitude of P3 over and above that due to variations in criterion
level at the different probabilities; in other words, P3 amplitudes as a
function of criterion for all of the threec probabilities fall along the
same line,

In Figure 6 the amplitude of the vertex P3 accompanying the two

highest confidence levels of HITs is plotted as a function of the mean



frequency of occurréncc of those events at the different signal‘probébi+
lities., There was a slight (non-significant) negative correlation bétween

P3 amplitude and the_relativelfrequency of a given evenf {dashed lines])

which could be attributed to the variations in criterion cutoff. A posi-

tive correlation held, however, between the PS5 amplitude and event probability
for any fixed level of signal probability (solid lines). The P3 associated
with the higher.confidence decision was lafgcr even though that event was

more frequent, supporting the idea that P3 amplitude is determined by

the criterion cutoff rather than the frequency of océurrence of the stimulus-

response event,
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DISCUSSION

In agrecement with previous studics (Hillyard et al., 1971;.

Paul and Sutton, 1972; Squires et al., 1973b), the émplitﬁdc of the P3
component of the auditory evoked potential associated with correct de-
tections of threshold—level signals (HITS) was found to %e_systematically
related to the strictness of the response criterion. A highly confident,
hlgh criterion HIT was associated with a large P3 compament of relatlvelv
short latcncy, and for decreasingly confident detectioms the amplitude of
that éomponent decreased while its 1gteﬁcy increased.

Seemingly at variance with the pfedictipns of our previous
proposals (Hillyard et al., 1971; Squires et 31., 19732, b), however,
varying the a p110r1 probability of signal preqcntatlon had no additional
influence on the ampiltuue of the P3 component for Ii¥s over and abuve
that determined by the variations in crlterlon level Accordlng to those
previous formulations the amplitude of P3 was presumed‘to be directly
related to the decision confidence and inversely related to the probability
of making such a decision. Accordingly, it was expected'that if decision. .
confidence was held constant the a priori signal probability would determine
the probabilities of decision outcomes and, in tﬁrn, the P3 amplitude,
Using the objectively determined criterion cutoff as the measure of de-
cisjion confidence, it was expected_tha{ the functions relating P3 amplitude
to confldence rating would describe thrce separate curves corresponding to
the three levels of signal probability. In fact when plottcd in this way,
the three P3 amplitude versus criterion functions appear to lie along a
single curve (Figure 5). Thus, while the P3 amplitude associated with a
high-confidence NIT did decrease as the signal probability increasced,

this effect can be entirelv accounted for by the shift to a less strict
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critefion cutoff for that confidence raﬁing'and not by the variation in
signal and decision probabili;y.

In two previous studies (Tueting et al., 1971; Squires et al.,
1973a), it has been demeonstrated that for unanbiguous feedback stimuli,
which shoud be unaffected by pcrcéptual factors such as decision confideﬁcé,
there is a strong negative correlation between the amplitude of P3 Qnd
the a priori probability of stimulus occurrenéc. These results, along
with those of Karlin and Martz (1973) showing a negative correlétion
between P3 amplitude and the probability of a signalled response, suggest
“that the amplitude of the P3 component elicitéd by readily discernible
stimuli is largely determined by the probability of the task-relevant
event (Tueting et al,, 1971). The results of this study, however, indi-
cate that the opposite relation holds st the two highest criterion level
HITs at a fixed level of 3‘priori signal probability: P3 amplitude and
event probability arc positively correlated under these circumstances.
Thus event probability aoes not influence the P3 componemt elicited by
ambiguous, threshold-level signals, which lie along a perceptual contin-
uum, in the same way that it does for distinctive, suprathreshold events.
For threshold-level signals the confidence factor evidently outweighs
the event-probability factor, possibly because the multi-category rating
events are not perceptually distinctive enough for the development of
separate expectancies for each event,

The NI amplitude versus response-~criterion function was also -
largely uninfluenced by the a priori probability of signal presentation.
This was to be expected if, as suggested previously {Squires et al., 1973b),
the amplitude of NI reflects the effective intensity of the stimulus.
Since the identical sigﬁﬂl intensity was uscd in all three probability

conditions and yielded equal measures of detectability im all cases, the

o e = e e e s

R C—

oy v g




16
trial-to-trial variatiéns in stimulus effectiveness shoud be.distributed
equivalently, and variations in N1 amplitude should only reflect the
differing sclection of response criteria, Although N1 and P3 covary in
ihe present study, their dissdciability is evident even with threshold-
level signals since N1 may be'present when no decision is required of
the subject, while P53 is not (Squires et al., 1973b).

Unlike for correct-detection trials (HITs), no evoked response
components vere found associated with correct rejections in any of the

experimental conditions, thus verifying previous reports (Hillyard et

al

3

1971; Paul and Sutton, 1972; Squires et al., '1973b). 1In previous‘
studies, however, the evoked potentials accompanying the correct re-
jections have received oniy a limited analysis. The results of this
study, where both wavefofm amplitudes and areas were measured to compen-
sate fér variability in time locking, indicate that there is no variation
in late positivity for the highest confidence CR over a wide fange of
response criteria (zﬁ = ~0.17 to z = -1,46) corresponding to a frequency
of occurrence ranging from 36% to 2% and a range of percent correct for
khat rating from 92% to 62% Over a similar range of response éritéria
there is 2 profound change in the amplitude  of the P3 component associated
with HITs.

Within the theoretical framework of Squires et al.(1973a) there
seem to be three possible explanations for this puz:zling result. First,
signal-absent decisions may never be made as confidently as signal-
present decisions, particularly when the siguallis near threshold.and
is embedded in noise. The manipulation of increasing the probability of
signal presecnce, whicﬁ resulted in a shift to a-stricter criterion for

high-confidence signal-absent decisions (1.3 standard deviations), also
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. produced a decrease in the percent correct for thése decisieons ffom 92%
to 60% due fo the increased probability of a MISS. Since the feedback
signals made the subjects aware of their relativeiy low percent correct,
?here is some doubt as to the confidence with which these decisions
were made, the numerical rating and criterion cutoff notwithstanding.
lh view of this, it séems unlikely that the probability manipulation,
which was designed to.increase the subject's confidence in signal-
absent decisions to a level comparable with that for 11Ts, had the de-
sired effect. In any case, there was no indication that the P3
amplitude for signal-absent decisions covaried with either the criterion
cutoff (unlike the signal;presént decisions) or with percent correct,
ovef a wide range of values,

Secondly, the signal-azbsent cvent may have been consistently
highly expected, regardless of the objective signal probability, since
a clear signal-present decision was rave in all three experimental
condifions. ~Accordingly, it may be impossible to prodw&e‘a rare and
.unexpected stimulus omission using threshold-level sigmals} However,
when stimuli are ébove threshold and signal-presence and signal-absence
are distinctive events, the P3 appears to vary in a similar manper with
the probabilify of occurrence for both (Ruchﬁin and Sutton, 1974; Squires,
Squires, and lillyard, in preparation),.

Finally, it is possible that the subjects adopied a strategy
whefeby auditory information was evaluated only with respect to an
internal template for the signal and that a P3 is associated only with
an affirmative decision. One of the purposes of the pf@bahility mani- -
pulation was to induce the subiect to modify such a strategy and to

analyze inputs with reference to a template for signal mbsence, thus
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reversing the standard association of P3s only with correct detections.
If however, stimulus absénce was an indistinct and highly expect;d event
under all signal probebilities, the stimulus templatc and decision
strategy would not be expected to change with the objective stimulus
probabilities.

The results of this study confirm that the ferm of the evoked
response associated wifh decisions in ?he.threshold—detect paradigm are
closely correlated with the subject's psychophysical response. The
amplitude of the P3 and N1 components for HITs were directly related
to the confidence level of the Aecisions, as measured by the objective
criterion cutoff, over a wide range of probabilities of signal pre-
sentation., The precise relationship between the amplitude of P3 and
response criterion reinforces the position of Sutton and colleagues
debate with Clark, Butler and Rosner (1969, 1970} on "1h¢ psychological
significance of evoked potentials.," ‘We must emphasize the necessity for
monitoring the subject's decision criterion and collecting evoked
potentials according to finely graded cafegories of pemcepfual events
if meaningful correlations of evoked potentials and p&ychophysicél
processes are to be obtained.

Futhermore, the P3 amplitude for a given criterion.was found
to be independent of the signa! probability, the probability of making
a particular decision, and the.pcrcentage correct (Sutiton and Paul, 1973)..
There was no evidence that a P3 component was associated with any de-
cisions of signal absence., While these results may be interpreted in

line with our previous proposals for describing the behavior of the P3



component it is evident that the relationship predicted between P3

and signal er decision probability is complex and depends upon the’

discriminability of the signal alternatives.
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TABLE 1: Frequencies of occurrence of psychophysical responses at

each a priori signal probability, plus the percent. corrcct ’

and criterion cutoff for each rating (mean of four subjects).

A

RATING CATEGDRY.

P(S) 1 2 3 4 5 6 7 8

0.2 SIGNAL .047 ,018 .015 ,015 .020 .014 .020 034
NOISE L0053 (012,027 ,042 .077 .22 174 .358

C .91 .63 .37 .29 .61 .89 .90 .92

o

™
3]
[
=
[\

.08 1.71 1.30 0.85 0,41 -0,17

.5 SIGNAL .122  ,055 ,068 ,075 .039 .041 :032 .042
NOISE .008 .014 033 074 .079 .095  .100 .123

.69 «SU .67 69 77 A7

o
)
s}
o=
~J4
oo

0.8 SIGNAL.  ,252 ,119 .118 .153 .056 ,035 .@28 .,[017

NOISE L0065  .014 027 .087 ,029 ,031 .026 .023

ol
]

.98 .93 .82 .70 .55 .51 .47 .60

2,15 1.38 0.84 -0.03 -0.42 -0.90 -1.46



Figure 1;

Figure 2:

Figure 3:
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FIGURE LEGENDS

Receiver operating characteristic (ROC) curves for the

- four subjects at the three values of a priori signal

probability. - Axes afe the probability of a signal-
present decision when a signal was presemted, P(HIT),

and the probability of a signal-present decision when a
signal was not presented, P(FA).

The evoked-potential wavcforms for subject KS at an a
priori signal probability of 0.5, averaged according to
thelsixtcen combinations of two signal cemditions (signal
present and signal absent) and eight confidence-rating
categories. Left column, signal present; and right column,
signal absent. Confidence ratings 1 fto & from top to
bottoﬁ range from highly confident decisions that a signal
was presented to highly confident that a signal was not
presented. Numbers beside traces indicate number of'
trials in each averaged waveform. The waweform for the
highest confidence FALSE ALARM was omitted due to an in-
sufficient number of trials. |

The average amplitude of the P3 component as a function of
the confidence rating for signal-presept and signal-absent
trials at the three values of a priori signal probability,
The amplitudes are normalized for each subject according
to the maximum amplitude of P3 for that swubject in all
experimental conditions. All amplitudes are taken baseline
to peak where the baseline is the average of the voltare

over the first 60 msec of the recording cpoch,
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Figure 4:

Figure 5:

Figure 6:
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The HIT evoked potential waveforms of two subjects (NS
and K5} for all three values of a priori signal probabi-
ity ordered accérding to the objective criterion cutoff.
the criterion cutdff.(zn) corresponding £o each waveform
is listed as well as the confidence rating and a priori
signal ﬁroﬁabiiity.

Average amplitudes of the'PS'and N1 components'for HITs
as a fupction of the criterioﬁ cutoff (zn)lfor the three
values of E;priori signal progability. Amplitudes cal-
culated as in Fipgure 3, ‘

Average amplitudes of the P3 components for the two
highest confidence level HITs as a functlon of the
frequency of occurrence of such decisions for the three
values of a priori signal probability. Amplitudes calcu-

lated as in Figure 3.
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