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Abstract
The ability to remember previously encountered situa-
tions and the ability to give a subjective judgment on the
accuracy of a decision are two fundamental aspects of
adaptive behavior. Memory allows an individual to decou-
ple actions from momentary percepts, while confidence
provides graded degrees of belief that enable choosing
between competing alternatives. Humans possess the
ability to know when to trust recalled memories (high con-
fidence) and when to doubt them (low confidence). How-
ever, despite the evolutionary advantage of being able to
assign appropriate levels of confidence to memory recall,
the accuracy of such confidence reports have been ques-
tioned. In fact, previous studies have found positive, null
or even negative correlations between confidence and re-
call accuracy. Here we present a framework that resolves
the apparent paradox of negative correlations. We define
a decision variable that assigns a distinct difficulty level
for each memory recall decision. We show that within our
framework the confidence reports in memory recall fol-
low the signatures of a statistical definition of decision
confidence. The apparent paradox can be explained as a
difference between the objective and subjective category
of the stimuli.
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The reversal paradox of confidence in
memories

Are confidence reports in memories reliable? The answer to
this question requires an operational definition of confidence.
Confidence can be defined mathematically as the probabil-
ity of an event occurring given available evidence (Hangya,
Sanders, & Kepecs, 2016). Confidence can also be described
psychologically as a subjective feeling. A number of studies
have shown that confidence in memories can be correlated
with accuracy (Wixted & Wells, 2017). However, a number of
studies have also shown that in some situations confidence
and accuracy can be negatively correlated (Roediger & DeS-
oto, 2014).

Here we reanalyze data from DeSoto and Roediger who
examined the relationship between confidence reports and
accuracy in the DeeseRoedigerMcDermott (DRM) paradigm
(Roediger & DeSoto, 2014). Briefly, in their study subjects lis-
tened to 150 words taken from 10 lists that they had to remem-
ber. They then performed an unrelated general knowledge
task to ensure the absence of effects by short term memory

or working memory (Figure 1a). In the test phase, subjects
listened to 300 words and were asked to classify the words as
studied or unstudied . In addition to the 150 words previously
studies, the 150 new words were divided equally into 3 cate-
gories: (i) strongly related lures, words with strong semantic
links to the studied words, (ii) weakly related lures, weakly
semantically related to studied words and (iii) unrelated lures
that are not related to previously studied words. After hear-
ing each word, subjects were asked to report their confidence
in their choice. In the first experiment, subjects were asked
to enter a confidence rating in the range 0-100 with a key-
board and in the second experiment subjects entered their
confidence rating using a sliding scale.

The authors showed that for both confidence reporting tech-
niques, confidence was positively correlated with accuracy
for correctly identified targets and negatively correlated with
accuracy for incorrectly identified lures. These observations
lead to a paradox in which confidence and accuracy are pos-
itively correlated for correct choices and negatively correlated
for incorrect choices. This could imply that different cognitive
processes are involved in generating confidence estimates in
both situations. In the rest of this paper we resolve this para-
dox by showing that it arises from the lack of an explicit model
linking decision to confidence reports.

Identifying a decision variable for memory
recall

In the traditional signal detection theory analysis of memory
recall, targets and lures are grouped in one position for each
category. On a given trial, the memory of the stimulus will
be a sample taken from the corresponding gaussian distribu-
tion. It will classified by the subject as target or lure depending
on where the sample falls with respect to the decision bound-
ary.Using the hits, correct rejections, false alarms and misses,
one can estimate the parameters of the gaussians as shown
in figure 1A. There is no distinction in the difficulty of the re-
call within each category. In sensory psychophysics the dif-
ficulty to discriminate a sensory stimulus is a parameter that
can be explicitly manipulated and often so along an intuitive
scale. For example, in the classic random dot task, the motion
coherence towards one or the other side provides a simple
measure of stimulus discriminability. We define the position
of a given stimulus along this metric as the decision variable
associated with this stimulus. Here we propose to define a de-
cision variable for each memory recall decision. The memory
noise is still captured by a gaussian variable but the mean of
the gaussian depends on the value of the decision variable for
the given word as shown in figure 1B.
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Figure 1: Identifying a decision variable

The difficulty of the DRM task arises from the semantic re-
latedness of the words presented. Here we show that the de-
cision variable for a given word can be defined as the aver-
age accuracy for this word. For semantically related words,
the targets and the weak and strongly related lures, the ac-
curacy for a given word across the two experimental popula-
tions is strongly correlated, figure 1C-E. For semantically un-
related lures, there is no significant correlation between the
accuracy across the two experiments, Figure1F. These results
suggest that the difficulty induced by the semantic relatedness
is shared across the population and therefore that the aver-
age accuracy captures a measure of recall difficulty that is
shared across the population. Using this decision variable we
can assign a difficulty level to each memory decision in the
DRM task and apply decision models developed in sensory
psychophysics.

Confidence reports about memory recall have
signatures of statistical confidence

The confidence in a decision can be mathematically defined
as the probability of being correct given the available evi-
dence. Using assumptions similar to those presented above,
one can derive a statistical model of decision confidence
which shows how confidence should vary with the decision
variable and choice (Hangya et al., 2016). The statistical
model of decision confidence predicts that confidence fol-
lows 3 signatures: (i) Confidence predicts accuracy, (ii) con-
fidence increases with discriminability for correct choices and
decreases with accuracy for error choices and (iii) confidence
predicts accuracy behind stimulus discriminability. Here we
show that confidence reports in memory recall in the DRM
task follow the 3 signatures of the statistical model of decision
confidence.

In Figure 2A, we plot the calibration curve. We show that
confidence predicts accuracy for trials where the subjects an-
swered that they had seen the stimulus previously. In figure
2B, we plot the vevaiometric curve (from the Greek: βεβαιoζ

, certain). We show that confidence increases with discrim-
inability for correctly identified targets and decreases with dis-
criminability for incorrectly identified lures. In figure 2C, we
plot the conditioned psychometric curve. We show that, for

25 50 75 100

50%

75%

100%

Confidence

Ac
cu

ra
cy

0.25

50

75

100

Decision Variable

Co
nfi

de
nc

e

50%

75%

100%

Decision Variable

Ac
cu

ra
cy

0.5 0.75 1 0.5 0.75 1

A B C
r = 0.37
p < 0.001

r = -0.36
p = 0.01

Figure 2: Signatures of decision confidence in memory recall

a given level of the decision variable, if we condition the ac-
curacy on the confidence report, subjects are more accurate
when reporting a higher confidence. The analysis presented
here is performed across the population but having defined a
decision variable for each stimulus we can perform a similar
analysis at the single subject level. We extract some metrics
that allow us to compare and contrast the variability in the abil-
ity of subjects to report their confidence.

Resolving the confidence reversal paradox
In this work, we explain the apparent paradox of negative cor-
relations in confidence report as originating from a lack of ex-
plicit decision model. The paradox arises when there is a dis-
crepancy between the true category of a stimulus (target or
lure) and the subjective category of the report (seen previously
or new). The paradox is part of a broader category of reversal
paradoxes of which the most famous is Simpson’s paradox.
Our explicit model for generating confidence reports allows us
to show that the behavioral reports are entirely consistent with
reports based on the mathematically defined notion of confi-
dence, the probability of being correct given the evidence.
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