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Abstract

The sensorv sampling model (SESAM; P. Juslin & H. Olsson,
1997) accounts for the underconfidence observed in sensory
discriminations with pair-comparisons. In the present study
the model is applied to a single-stimulus task and a compari-
son is made with pair-comparisons. The model predicts that
in the single-stimulus condition training with feedback
should lead to poorer calibration with more underconfidence.
In pair-comparison the feedback should have little or no ef-
fect on calibration. The results confirm these predictions.

Introduction

A common presumption is that experience should improve
the quality of our judgments and foster insights into the
limitations of our knowledge. Indeed, in cognitive tasks
there is ample of evidence that experts’ confidence judg-
ments are more realistic than those of novices (for a review,
see Yates, 1990). The evidence on sensory discrimination is
less clear-cut. Some studies report little or no improvement
in realism of confidence when participants are provided
with outcome feedback (Winman & Juslin, 1993), while
other studies report improvement for difficult task sets and
worse calibration in easy task sets (Petrusic & Baranski,
1997).

In Juslin and Olsson (1997), it was suggested that this and
other discrepancies between inferential and sensory dis-
crimination tasks arise because two different sources of
uncertainty are involved. The sensory sampling model
(SESAM) was developed to elucidate confidence in sensory
discrimination. This paper extends the work to the case of a
single-stimulus task where the participant is to decide
whether a presented line is longer than a specified but not
seen reference length (e.g., a Swedish twenty-kronor note).
We will concentrate on two counter-intuitive predictions by
SESAM: (a) The underconfidence observed with pair-
comparisons will be unaffected even by prolonged sessions
of outcome feedback. (b) The realism of confidence in a
single-stimulus task will deteriorate with outcome feedback,
leading to poorer calibration with more underconfidence.
The experiment reported below provides a test of these two
predictions.

Realism of Confidence in Sensory Discrimination

Realism of confidence, or calibration, is commonly investi-
gated by presenting participants with a large set of two-
alternative decision tasks. For each task-item, the partici-
pant decides on one of the two alternatives and assesses his
or her confidence in the correctness of this decision as a
subjective probability between .5 (random choice) and 1.0
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(certainty). Participants are said to be realistic, or well cali-
brated, to the extent that items assigned subjective prob-
ability .xx are correct with relative frequency .xx. An index
of over/funderconfidence is obtained by subtracting the
overall proportion of correct decisions from the mean sub-
jective probability, where a positive difference is overcon-
fidence.

In a review of early psychophysical studies, Bjorkman,
Juslin, and Winman (1993) observed that these studies
often suggest underconfidence (although interpretations in
terms of calibration are problematic, because confidence
was not assessed as subjective probabilities). For one-
hundred years, results such as these has led researchers to
speculate about subconscious mental processes (Fullerton
& Cattell, 1892), or implicit perception (Kihlstrom, Barn-
hardt, & Tataryn, 1992). More recently, underconfidence in
sensory discrimination has been replicated in studies with
the modern calibration paradigm (for a review, see Juslin &
Olsson, 1997). In a meta-analysis (Juslin, Olsson, & Win-
man, 1998), which aggregated data from 21 sensory dis-
crimination tasks and 44 inferential tasks, a clear main
effect of sensory versus inferential tasks revealed more
underconfidence for sensory discrimination. This was true
even when the effect of proportion correct was removed as
a co-vanate. These results refute the claim that there is no
difference between confidence in inferential and sensory-
discrimination tasks (Baranski & Petrusic, 1994; Ferrell,
1995).

The Sensory Sampling Model (SESAM)

Consider yourself as a participant in a difficult pair-
comparison task, such as deciding which of two almost
equivalent lines is the longest. It may take some time before
you reach a decision. The presence of neural noise makes
computation of an error-free cstimate of the ‘true’ differ-
ence U between the two lines impossible, where the true
difference refers to the estimate that would result if there
was no noise in the processing of the sensory information.
SESAM proposes that the nervous system repeatedly com-
putes new estimated values X; of u that vary from moment
to moment due to the neural noise. The X; are assumed to
be a Normally and Independently Distributed (NID) random
variable with mean g and variance o , where the parameter
U is defined in the unit variance of X;. Sensory discrimina-
tion refers to a perceptual task where erroneous decisions
emanate primarily from neural noise (or approximations to
these situations).

In SESAM, the decision about the difference u is based
on the participant’s overall impression as modeled by a
statistical aggregate; the mean sensation X  (where the
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index i denotes that the mean is computed after sensation
X;). However, this mean is computed only from the n last
estimates X; that are still contained in a memory window
that represents a limitation in the processing capacity of the
nervous system. The number of sensations n contained in
the memory window at any moment is the sample size pa-
rameter. When a new sensation enters, the oldest one is
pushed out and for every new X; a new mean X, is com-
puted from the last n sensations. Thus, the process is mod-
eled as a capacity limited sequential sampling process. A
decision cannot be made unless the absolute value of the
mean X, exceeds a response threshold ¢, where the
threshold corresponds to a definite experience of a differ-
ence between the stimuli. When the estimation of y is that
(>0 then the decision will be that the left line is longer, and
vice versa.

Note two consequences: First, the number of sensations
X; sampled before a decision is made provides predictions
of response times (after a linear transformation). Second,
occasionally there will be an erroneous decision due to the
sampling error in the estimates X;. The probability of a
correct decision is determined by the sampling error vari-
ance Gy of the mean used to make the decision. In the
case of non-sequential or static sampling of n sensations
(i.e., obtained by setting the response threshold ¢_ at 0),
this variance takes the familiar form of 2 =2 /5 . Finally,
the stopping parameter Ny, is the maximum number of
iterated computations of X; before the process is ended. If
no noticeable difference is detected within the allotted time,
arandom decision with subjective probability .5 is made.

When making a conditional probability assessment, the
participant first makes a decision and then an assessment of
the probability that the decision is correct. Say that the
participant decides that p>0, that is, the left line is longer.
According to SESAM, confidence reflects the consistency of
the information contained in the sample used for the deci-
sion. It is proposed that the subjective probability is com-
puted as the proportion of the last n sensations that support
the decision. If, for instance, the decision is u>0 and 70%
of the X; are larger than zero, the subjective probability is
.7 (and vice versa when the decision is (<0). This means
that subjective probability is based on a proportion defined
by the variance o* of the sensations.

While confidence reflects the variability of single sensa-
tions (ox)s decisions benefit from the greater precision of a
statistical aggregate obtained across n sensations (defined
by 0‘7). The most immediate test of these assumptions is
that when both proportions of decisions >0 and mean
subjective probability that y>0 is plotted against (negative
and positive) physical stimulus differences, both functions
should approximate normal ogive functions, although the
ogive for subjective probability should be less steep (larger
variance) than the ogive for decisions. This, indeed, is the
common finding (e.g., Johnson, 1939, Juslin & Olsson,
1997). A second implication is that in studies with condi-
tional probability assessment, there will be a disposition
towards underconfidence, in particular, for stimulus differ-
ences with moderate and high proportions correct. SESAM
provides a good account of subjective probability distribu-
tions, hit-rates, and response times in a line discrimination
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task (Juslin & Olsson, 1997).

The disposition towards underconfidence is alleviated in
three circumstances: First, when the physical stimulus dif-
ference is zero or close to zero; Second, when the sequen-
tial sampling process is constrained by time pressure (Ba-
ranski & Petrusic, 1994; Olsson & Juslin, 1998); Third,
when the processing is dominated by a perceptual bias.

SESAM with Perceptual Bias

One of the most striking demonstrations of perceptual bias
in a calibration task of the kind modeled by SESAM is Ex-
periment 2 in Baranski and Petrusic (1994). The partici-
pants’ task was to indicate which of two vertical lines was
located farther from a vertical central referent line. In this
task, Baranski and Petrusic observed a ”left-looks-farther”
effect: When the left line was closer to the central referent
line (i.e., the left line was located 296 pixels to the right of
the central referent and the right line was located 300 pixels
to the right of the central referent) it was perceived as being
farther away. The proportion of correct decisions in the
296, 300 order was only .26 and the proportion correct in
the 300, 296 order was .87.
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Figure 1: Top panel: Empirical calibration curves from
Experiment 2 in Baranski and Petrusic (1994). Lower
panel: Calibration curves simulated with SESAM.

In realism of confidence studies, data are sometimes pre-
sented in calibration curves where the proportion of correct
decisions are plotted against the levels of subjective prob-
ability (in a conditional probability task with two alterna-



tives these are .5, .6, .7, .8, .9, and 1.0). The effect of per-
ceptual bias is dramatically illustrated in the calibration
curve in the top panel of Figure 1. For the 296, 300 order,
the participants in Baranski and Petrusic’s experiment had a
lower proportion of correct decisions when they werc ab-
solutely certain (1.0) than when they were guessing (.5).

The effects of perceptual bias can be accounted for by
adding a perceptual bias parameter b (with a permissible
range of -eo to o) to 4 in SESAM (Olsson, 1999). For ex-
ample, consider a line discrimination task with two lincs A
and B. If we assume that y= .1 and b = -.2, the participant
has a tendency to falsely perceive line B to be longer than
line A. This means that compared to an unbiased version of
the same task, the proportion of correct answers will be
lower. If the bias is large the proportion of correct answers
can approach 0. The lower panel in Figure 1 shows simu-
lated calibration curves obtained with perceptual bias. The
only parameter difference between the two calibration
curves is the sign of the bias parameter (.17 and -.17). The
other parameters were: u= .06, ¢ = .35, and n = 10. The
stopping parameter N, was not used in this simulation. It
can be seen that the model is successful in accounting for
the empirical calibration curves from Baranski and Petrusic
(1994) (see Olsson 1999, for a detailed account).

Pair-Comparison and Single-Stimulus

The idea of a distorted perceptual representation can not
only be applied to a pair-comparison task but also to a sin-
gle-stimulus task where the reference is a memory repre-
sentation. Consider a variation of the pair-comparison task
used by Juslin and Olsson (1997). Instead of two lines you
are looking at a single line and you are to decide if this line
is longer or shorter than a stated reference length, say the
diameter of a compact disc. Even if you do not know the
exact length of this reference, you will have some appre-
hension of it, presumably by retrieval of a memory repre-
sentation. When SESAM is applied to this single-stimulus
task the nervous system computes the subjective difference
between the memory representation and the stimulus line.
Whereas in pair-comparison, all error is assumed to stem
from neural noise, in the single stimulus case there will be
one additional source of error because your memory repre-
sentation of the reference length may be biased.

Effects of Feedback In a pair-comparison task dominated
by neural noise, SESAM suggests that feedback should have
little or no effect. Both decisions and probabilities funda-
mentally arise from the finite precision of the sensory sys-
tem, and this precision is not likely to be affected by the
amount of feedback provided in a single experimental ses-
sion. Aside from the stimulus units with very low propor-
tion correct, we thus expect underconfidence both before
and after a long feedback session. This is illustrated in the
top panel of Figure 2 (see Winman & Juslin, 1993, for em-
pirical evidence).

For single-stimulus, on the other hand, we expect the
provision of feedback to allow the participants to detect the
bias in their memory representation of the reference. Ini-
tially, there will be small underconfidence or overconfi-
dence depending on the size of the bias. The reduction of
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bias will make the proportion correct rise and subjective
probability will not be much affected. These predictions are
illustrated in the lower panel of Figure 2, where it is as-
sumed that the bias is decreased by a constant fraction.
These two effects taken together imply that there will be a
change towards underconfidence. If the bias is completely
climinated, the task becomes identical to the pair-
comparison task and the prediction is thus the same: Under-
confidence.

Pair-Comparison
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Figure 2: The predicted interaction between provision of
outcome feedback and task. Top panel: Expected propor-
tion correct and subjective probability as a function of
feedback for pair-comparison. Lower panel: Simulated
proportion correct and subjective probability as a function
of feedback (or bias b) for single-stimulus. The values of b
was: -.15, -.12, -.09, -.06, -.03, and 0. The response thresh-
old ¢ was .35, the stimulus difficulty u was .25, and the
sample window parameter n was 7 for all simulations.

The Experiment In one condition participants were to
decide which of two lines that was the longer. In the second
condition participants had to decide whether an observed
line was longer or shorter than a given but not seen refer-
ence length, the length of a Swedish twenty-kronor note. A
pilot test indicated that the participants did have a biased
representation of this reference length (i.e., they guess that a
presented length equal to a Swedish twenty-kronor note is
longer than the note in 74% of the trials). In pair-
comparisons there will be initial underconfidence that pre-
vails in the face of feedback. With single stimulus, the pro-
vision of outcome feedback should make the participants
underconfident. To the extent that there is no strong initial



over- or underconfidence bias, outcome feedback will make
these participants more poorly calibrated.

Method
Participants

Twenty-four participants, aged between 19 and 32, al-
tended. Thirteen were males and eleven were females. Most
were undergraduate psychology students at Uppsala Uni-
versity who participated in exchange for credit for a course
requirement. All participants had normal vision or corrected
to normal vision.

Apparatus and Stimuli

All participants responded with a mouse. In the pair-
comparison condition the stimulus display consisted of two
vertical lines. The standard stimulus that was 130 mm (the
same length as a Swedish 20 kronor note—the reference in
the single-stimulus condition). There were three levels of
difficulty, L1 (hardest), L2, and L3 (easiest). The difficulty
of the standard-variable combination is expressed in terms
of the ratio r of the longer line to the shorter line in the pair:
1.01, 1.02, and 1.025. Each stimulus unit consisted of two
pairs of stimuli; in one pair the left line was longer; in the
other pair the right line was the longer. Thus, in half of the
presentations the standard was on the left, in the other half
the standard was on the right. The order of the standard-
variable pairs was determined randomly with a new permu-
tation for each participant.

The lines were black, 1 mm wide and appeared on a
white background. All of the standard-variable combina-
tions were centered both horizontally and vertically. To
ascertain that the stimuli combinations were of correct
length and properly centered, all combinations were meas-
ured directly on the computer screen. This procedure was
repeated on several occasions.

In the single-stimulus condition, the participant was pre-
sented with a single line. Half of the lines with stimulus
difficulties L1, L2, and L3 were longer than the standard
reference and the other half were shorter. The stimuli were
the same as the variable stimulus in the pair comparison
condition. The line appeared in equal proportion in the right
and the left position with a random order of stimulus pres-
entation.

Design and Procedure

Two independent variables were investigated, pair-
comparison versus single-stimulus tasks (between-subjects),
and performance before and after training with outcome
feedback (within-subjects). Dependent measures were deci-
sions and confidence, refined into measures of
over/underconfidence. The effect of feedback was studied
by first presenting participants with a pretest block without
feedback. Then in four blocks, outcome feedback was given
after each trial. Finally, a posttest without feedback was
administered.

Each block consisted of 120 judgments. In a block the
participant made 40 judgments of 3 different stimulus units.
In the pair-comparison condition, a standard-variable pair
of lines was shown on the screen and the question “Which
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line is the longest?" appeared below the stimulus unit. Be-
neath the question there were two small buttons, one labeled
“Left" and one labeled “Right“. When participants had
decided which of the lines they thought was the longest,
they clicked on the appropriate button with the mouse. Then
the screen was cleared and the participants assessed how
certain they were that they had made the correct decision.
The subjective probability scale appeared in the middle of
the screen and consisted of six buttons labeled “50%,
“60%", “70%", “80%", “90%", and *“100%". The written
instructions briefly introduced the notion of calibration and
the scale was anchored with “random choice* at *“50%* and
“certainty" at “100%". After the participants had selected a
subjective probability level with the mouse, the screen was
cleared and the next trial began.

In the single-stimulus condition, the question was “Is this
line longer or shorter than a 20-kronor note?* and the two
buttons were labeled “shorter and “longer*. In other re-
spects the conditions were identical. The session was inter-
rupted by a 20-minutes break and the whole session took
between 2.5 and 3.5 hours,

Results and Discussion

In Figure 3 proportion correct, mean subjective probability
and over/underconfidence scores are plotted for the pretest,
the four training blocks, and the posttest for pair-
comparison and single stimuli.

In the pair-comparison condition training had no (posi-
tive) effect on proportion correct. In fact, the proportion
correct was higher in pretest than in posttest. The propor-
tions correct were .79 (95 % confidence interval, CI,
+.05)' and .76 (95 % CI, % .05) respectively). The pre-
diction was that feedback would have no (positive) effect
and this is the case. The confidence intervals overlap, so we
can not be sure that the slight decrease in proportion correct
constitutes a real effect.

In the single-stimulus condition, training had a positive
effect on proportion correct as predicted. In Pretest the
proportion correct was .64 (95% CI, £ .05). When feed-
back was given this figure grew steadily with every block
until it peaked at .76 (95 % CI, % .05) in training block 4.
When feedback was withdrawn the proportion correct fell
t0 .72 (95 % CI, % .05) in the posttest. The drop in propor-
tion correct from training block 4 to the posttest (.76 to .72)
in the single-stimulus condition could be an effect of fa-
tigue. One additional hypothesis is that the memory repre-
sentation of the reference length may not be very stable and
once the feedback is withdrawn, the older and more biased
memory representation once again comes to dominate the
responses. This latter hypothesis is not supported by the
data, however. The bias towards responding "longer” was
.74 in the pretest of the single-stimulus condition, decreased
to .57 in the training block 4, but was still no more than .56
in the post-test. Fatigue seems to be a more viable alterna-
tive,

! All within group comparisons have a standard error contrast
based on the condition x subject in groups mean square; see Estes,
1997, for details.



Theretore, we decided to test the effects of training on
training block 4 rather than the posttest. This can be moti-
vated on two grounds: First, the proportion correct in train-
ing block 4 of the single-stimulus condition (.76) is similar
to the proportion correct in training block 4 for the pair-
comparison condition (.77), and not much lower than the
pretest result of .79 for pair comparisons. The small differ-
ence between the two conditions in training block 4 indi-
cates that nearly all of the bias is eliminated. The structure
of the single-stimulus condition is thus almost equivalent to
the pair-comparison task, both of which can be modeled by
the bias-free version of SESAM. Second, the signs of fatigue
in the posttest of both conditions indicate that these data
may not be representative of the true performance level of
the participants. It is important to note, though, that all
qualitative results are the same if the posttest data are used
(see Figure 3).
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Figure 3: Proportion correct and mean subjective probabil-
ity for pair-comparisons and single-stimulus as a function of
training-block. The error bars are standard errors.

In Figure 3 we see that mean subjective probability is
roughly the same in both conditions and constant across
training blocks. In the pair-comparison condition, the pre-
test mean confidence is .67 (95 % CI, £ .03) and in training
block 4 .70 (95 % CI, £ .03). In the single-stimulus condi-
tion, mean confidence is .70 (95 % CI, % .03) both in the
pretest and in training block 4. This means that there was
underconfidence -.12 (95 % CI, £ .06) in the pretest of the
pair-comparison condition. In the pretest of the single-
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stimulus condition there was a moderate overconfidence of
05 (95 % C1, % .06). For the pair-comparison condition
there was a clear underconfidence bias also in (raining
block 4, -.08 (95 % CI,  .06). As is evident from Figure 3,
the minor decrease in underconfidence in the pair-
comparison condition, is wholly explained by a decrease in
the proportion correct, perhaps due to fatigue, rather than to
accommodation of subjective probability judgments to
feedback. In the single-stimulus condition there was also
underconfidence in training block 4, -.07 (95 % (I, + .06).
this confirms two predictions. First, it was predicted that the
reduction of bias should lead to a change in the direction of
underconfidence and, second, that the single-stimulus con-
dition should give the same result as the pair-comparison
condition after training.

Note, finally, that the proportions correct in all blocks ex-
cept the pretest of the single-stimulus condition (.64) are
between .7 and .8, whereas mean subjective probability
never exceeds .7. Across all blocks in the pair-comparison
condition, underconfidence is -.10 at a proportion correct of
.78. This pattern of uniform underconfidence for propor-
tions correct between .7 and .8 deviates from the pattern in
cognitive or inferential tasks, where there is generally close
to zero over/underconfidence at this level of difficulty (Jus-
lin, Olsson, & Bjorkman, 1997).

Conclusion

As predicted by SESAM, feedback produced different re-
sults in a pair-comparison and a single-stimulus task with
no improvement in the former and deteriorating realism in
the latter. These results illustrate that to predict the effect of
outcome feedback on realism of confidence one needs to
take into account how the specific task relates to the cogni-
tive processes and representations that underlie perform-
ance.

The results from the conditions where the role of bias was
minimized, pretest and training block 4 of the pair-
comparison condition, and training block 4 of the single-
stimulus condition, replicates the finding of underconfi-
dence in sensory discrimination (for a review, see Juslin &
Olsson, 1997). The results also indicate that bias is an im-
portant limiting condition for underconfidence to occur, a
conclusion that is consistent with the data reported by Ba-
ranski and Petrusic (1994).
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