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In 10 experiments, we investigated the relations among curiosity and people’s confidence in their
answers to general information questions after receiving different kinds of feedback: yes/no feedback,
true or false informational feedback under uncertainty, or no feedback. The results showed that when
people had given a correct answer, yes/no feedback resulted in a near complete loss of curiosity. Upon
learning they had made an error via yes/no feedback, curiosity increased, especially for high-confidence
errors. When people were given true feedback under uncertainty (they were given the correct answer
but were not told that it was correct), curiosity increased for high-confidence errors but was unchanged
for correct responses. In contrast, when people were given false feedback under uncertainty, curiosity
increased for high-confidence correct responses but was unchanged for errors. These results, taken as a
whole, are consistent with the region of proximal learning model which proposes that while curiosity is
minimal when people are completely certain that they know the answer, it is maximal when people
believe that they almost know. Manipulations that drew participants toward this region of “almost
knowing” resulted in increased curiosity. A serendipitous result was the finding (replicated four times in
this study) that when no feedback was given, people were more curious about high-confidence errors
than they were about equally high-confidence correct answers. It was as if they had some knowledge,
tapped selectively by their feelings of curiosity, that there was something special (and possibly amiss)

about high-confidence errors.
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This article investigates the impact of feedback upon epistemic cu-
riosity (Berlyne, 1954; Loewenstein, 1994) or what is also called
“Curiosity1” (Metcalfe & Jacobs, in press)'—the goal-directed desire
to know the correct answer to a specific question. Feedback can pro-
vide yes/no information regarding the person’s accuracy: Is the an-
swer they provided correct or incorrect? Alternatively, feedback can
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be informational and assert an answer. The provision of an answer,
though, does not definitively imply that the answer that is so provided
is true and correct. In this series of 10 interrelated experiments, we
investigated people’s curiosity in relation to their confidence in their
own answers under several variants of feedback, including the provi-
sion of no feedback at all. Our objective was to manipulate people’s
certainty that they knew the answer, and to chart the effects on their
curiosity.

Our focus is on the predictions of the region of proximal learn-
ing (RPL) framework of curiosity (Metcalfe et al., 2020), though
we make reference to other models as well. The basic tenant of the
RPL view is that people are most curious—they are most eager to

! Note that Metcalfe and Jacobs (in press) argued that there is a second
kind curiosity, which they call Curiosity2. Unlike Curiosityl, it is goal
neutral or possibly goal averse, and is characterized by exploration and
play, rather than by the desire to get the rewarding answer. They argued
that this discursive kind of curiosity is often confounded with Curiosityl.
Jacobs and Metcalfe further proposed that Curiosityl and Curiosity2 are
anchored in different neural systems. According to this view, the habit-
related, reward/goal-oriented, reinforcement learning based (RL), striatally-
centered S-R neural system is associated with Curiosityl, while the reward
neutral, “novelty-philic,” episodic memory, default-mode, incidental learning,
cognitive, hippocampally-centered, S-S neural system is associated with
Curiosity2.
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know and to learn—when they feel they are close to knowing the
answer. Many other theorists have also proposed that “almost
knowing” piques people’s curiosity and primes a hunger to know
(Berlyne, 1954; Kang et al., 2009; Loewenstein, 1994; Marvin &
Shohamy, 2016; Metcalfe et al., 2017, 2020; Murayama, 2021).
Berlyne (1954) noted that items that are neither too easy nor too
difficult are those about which people are most curious. Atkinson
(1972), in his seminal model of learning, called such items transi-
tion items and demonstrated that selective machine-guided study
of them resulted in enhanced learning. Such items are thought to
be in an individual’s own RPL (Kornell & Metcalfe, 2006b; Met-
calfe et al., 2020). Metcalfe and Kornell (2003, 2005) and Xu and
Metcalfe (2016) have shown that when asked to choose what they
want to study, people select materials in their own RPL, and doing
so results in improved learning. High feeling of knowing items
show similar results (Brooks et al., 2021).

Tip-of-the-tongue (TOT) items are classic examples of Curiosity1-
evoking items that are on the verge of being known (Schwartz,
1999), and, as might be expected, TOT items have been shown to be
associated with very high levels of curiosity (Metcalfe et al., 2017).
On receipt of the correct response to TOT items, people’s encoding,
as evidenced by a distinctive ERP signature, and their later recall to
such items, has been shown to be enhanced (Bloom et al., 2018).

Curiosity is thought to depend on metacognition (FitzGibbon
et al., 2020; Kang et al., 2009; Litman, 2005; Litman et al., 2005;
Loewenstein, 1994; Metcalfe et al., 2020). If people believe that
they are far from knowing the answer or if they are convinced that
they already know the answer, they should not be curious. Thus,
metaknowledge that they almost know may be critical and neces-
sary for curiosity to be aroused. Indeed, as noted by Loewenstein
(2007): “A failure to appreciate what one does not know would
constitute an absolute barrier to curiosity” (p. 161).

Berlyne (1954) noted that once an answer is known, the drive-
to-know (curiosity) is immediately quenched. If the person knows
for sure that they have the correct answer, they should not be curi-
ous. Definitive feedback that one is correct, then, should satisty

Figure 1
The Region of Proximal Learning Model

Region of Proximal Learning

Curiosity

very low very high

known

curiosity. On the other hand, being told that they were wrong
when they were certain that they were right should result in a great
deal of curiosity.

An illustration of the RPL model (which we have modified
from Metcalfe et al., 2017), showing how curiosity would be cap-
tured in that framework, is presented in Figure 1. In the left-hand
panel there is a clear threshold between items that are known and
not known. If the person is correct and is given definitive feedback
that they are correct, they should be to the right of the threshold
indicating that they “know” the answer. As such, they should
show no curiosity. If, however, they receive yes/no feedback and
learn that they are incorrect, the RPL model predicts that the
greater was their confidence in their answer, the closer they should
be to the threshold of knowing, and the greater their curiosity. On
the other hand, if people are not provided with definitive feedback
about their knowledge, then the boundary between known-items
and high-confidence items is likely to be fuzzy, as is shown in the
right panel of Figure 1, and curiosity may vary depending on small
changes in confidence, especially among high-confidence items.
We explore both aspects of this model.

In the current series of experiments, we investigated the relation
between people’s curiosity and their confidence about whether
they knew the answer, using feedback manipulations that altered
their certainty or their belief that they knew the answer. The first
set of experiments, Experiments 1 through 4, investigated the
effects of yes/no feedback as compared to receiving no feedback.
In these, we looked at effects of feedback that provide a clear
knowledge boundary. The second set of experiments, Experiments
5 through 7, investigated the effects of correct-answer (i.e., true)
feedback, but under conditions of uncertainty: that is, when the
correct answer was given but participants were not told that it was
correct. The boundary between what was known and not known,
in these cases, was fuzzy. The third set of experiments, Experi-
ments 8 through 10, again examined a situation in which the
boundary was fuzzy, but this time investigating the effects of false
but uncertain feedback on curiosity.

Region of Proximal Learning

very low very high known

Subjective Knowledge

Note.

The region of proximal learning model with a hard boundary (left panel) indicating that the person has knowledge of

when an item is objectively “known,” such as occurs when yes/no feedback is provided and a soft boundary (right panel) for
when the distinction between known and unknown is noisy, that is, when the truth of the feedback is uncertain. See the online ar-

ticle for the color version of this figure.
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Part A. The Effect of Yes/No Feedback on Curiosity

Experiment 1: Effects of Yes/No Feedback on Curiosity
About Errors

In the first experiment, we put an emphasis on errors, insofar as
the errors that an individual commits constitute a particular oppor-
tunity for learning (Hays et al., 2013; Metcalfe, 2017). We were
especially interested in the relation between high-confidence errors
and curiosity. The question addressed was: are high-confidence
errors like known answers which evoke little curiosity, or do peo-
ple treat high-confidence errors as “almost” but not quite known
and, hence, like TOT items that evoke a great deal of curiosity?

High-confidence errors seem similar to TOT items in many
ways. For instance, correct answers to high-confidence errors are
hyper-encoded and recalled better than are correct answers given
as feedback to low-confidence errors (Butterfield & Metcalfe,
2001, 2006; Cyr & Anderson, 2013; Eich et al., 2013; Fazio &
Marsh, 2010; Metcalfe et al., 2012; Metcalfe & Finn, 2012; Sitz-
man et al., 2020; Van Loon et al., 2015), just as answers to TOTs
are hyper-encoded and remembered better than answers to non-
TOTs (Bloom et al., 2018; Schwartz, 1999). When a person is in a
TOT state, they have considerable information about the answer—
the first letter, the number of syllables, semantic information
(Brown, 1991; Kornell & Metcalfe, 2006a). Similarly, when peo-
ple make high-confidence errors they appear to have considerable
information: they make accurate second guesses; they can produce
the correct answer with only a few cues; they tend to choose the
correct answer on a multiple-choice test (Metcalfe & Finn, 2011,
2012). Furthermore, the high-confidence erroneous responses are
close to the correct answers in semantic space (Metcalfe & Finn,
2011; Sitzman et al., 2014, 2015); just as are blockers in TOT
states (Kornell & Metcalfe, 2006a). Finally, the corrections to
high-confidence errors elicit a distinctive event-related potential
(ERP) associated with encoding (Butterfield & Mangels, 2003;
Metcalfe et al., 2015) that is similar to that observed to the resolu-
tion of TOT states (Bloom et al., 2018).

But, despite these similarities, when people make high-confidence
errors they metacognitively indicate that they are highly confident
that they have the answer already, whereas when they are in a TOT
state, they know that they do not have the answer. Given that people
make their confidence ratings sincerely, curiosity about the answers
to high-confidence errors should be expected only if people are given
external feedback that they were wrong.

We have been able to find only two studies that investigated cu-
riosity and errors, but neither allowed us to definitively address the
relation between high-confidence errors and curiosity. In the first
study, Wade and Kidd (2019) showed that confidence in errors
was weakly, but positively, related to curiosity. Unfortunately,
they eliminated 13% of their data—the critical questions that peo-
ple answered incorrectly but thought they had gotten right (i.e., the
high-confidence errors). In the second study, Fastrich et al. (2018)
asked people to give answers to curiosity-evoking questions and
then to make confidence judgments about the correctness of their
responses. Only the errors were examined. A positive relation
between confidence and curiosity was found. However, in this study,
curiosity ratings were made before people were given the feedback
that they were wrong. Participants, presumably, still believed—for

the high-confidence errors, at least—that they were correct, and, as
such, it is puzzling that the relation between confidence and curiosity
was positive. Curiosity for high-confidence correct responses was not
reported. Thus, the results of this study escape easy interpretation.

In our first experiment, when people made an error, we told
them they were wrong (without giving them the correct answer),
and only then asked for curiosity ratings. The hypothesis was that
high-confidence errors would be firmly in the learners’ RPL and
the pattern of curiosity should mirror that shown in the left panel
of Figure 1, with curiosity monotonically increasing with confi-
dence in the error.

Method

Participants. Forty-four (34 female, nine male, one did not
answer) Columbia University and Barnard College students (age =
18-44 years) completed the study. The number of participants,
here and in all experiments in this series, was based on many pre-
vious experiments from our laboratory (e.g., Metcalfe et al., 2017,
2021) which produced highly reliable curiosity-related results in
similar paradigms with between 25 and 45 participants. They
received course credit for participating in the experiment. The pro-
cedures in all experiments were approved by the Columbia Uni-
versity Institutional Review Board (Protocol No.: AAAD4902).

Procedure. Ninety general information questions (see the
online supplemental material) from Nelson and Narens’ (1980)
norms, as updated in Bloom et al. (2018), were presented in a ran-
dom order. The participant typed in an answer and then made a
confidence judgment about the correctness of their answer on a
sliding scale from 0% (not at all confident) to 100% (completely
confident). They were then given yes/no feedback about the cor-
rectness of their answer. If incorrect, they rated their curiosity to
find out the correct answer on a sliding scale from 0% (do not
care) to 100% (care very much).

Results

The data were hand-checked to validate the automatic labeling
of correct and incorrect answers, resulting in the elimination of 87
observations (for example, the participant used two words instead
of one [e.g., “the Titanic” as compared to “Titanic”]). Participants
answered an average of 34% (SE = 2%) of questions correctly,
leaving 2,568 error trials where both confidence and curiosity
were provided.

We analyzed these data with a multilevel regression model,
where curiosity was regressed on linear and quadratic terms of
confidence. We treated all effects as random across participants
and included random intercepts for items. Although model com-
parison via Watanabe—Akaike information criterion (WAIC) did
not favor including the quadratic term of confidence in this first
experiment, we included it for consistency with subsequent experi-
ments, where model comparison favored its inclusion (see below).
We summarize the model’s parameters with the posterior 95%
quantiles (credibility interval [CI]), and the posterior probability
of direction p,, which indicates the probability that the effect is in
the observed direction and is numerically equivalent to one minus
the one-sided frequentist p-value. For convenience, we label pa-
rameters whose pq is greater than 97.5% as “significant.” We esti-
mated the model with the brms R package (Biirkner, 2017; R Core
Team, 2019).
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Confidence in the correctness of errors and participants’ curios-
ity were positively associated, as predicted; the quadratic compo-
nent was not significant (by jpeqr = .24, SE = .04, 95% CI [.16, .32],
Pa > 99.9%; bquadratic = -02, SE = .03, 95% CI [—.03, .07], ps =
78.4%; see Figure 2).

Discussion

Experiment 1 indicated that there was a positive relation
between confidence in one’s errors and curiosity, upon receiving
feedback that one’s answer was incorrect. The pattern of results is
similar to the expectation of what should happen in the RPL
model, as shown in Figure 1. This result is not puzzling. People
had just found out that they were wrong when they thought they
had been right. But they were objectively (according to past
research) very close to having the answer—exactly the conditions
that most researchers agree should provoke curiosity. They appre-
ciated that they were wrong, presumably because of the feedback
so indicating, but they felt close to having the answer.

But why did Fastrich et al.’s (2018) participants not show a
steep decline in curiosity at very high levels of confidence, given
that, when they made their curiosity judgments, they believed that
their high-confidence errors were correct? To further investigate
this issue, and the potential difference between their experiment
and ours, Experiment 2 manipulated whether people were or were
not told they were wrong, before asking for their curiosity ratings.
The results for questions for which the answers were correct were
also analyzed as a function of confidence, allowing us to explicitly
check that when people were certain that they knew the answer—
because they were explicitly told that they were correct—their cu-
riosity was, indeed, quenched.

Figure 2
Experiment 1: Curiosity Following Yes/No Feedback As a
Function of Confidence in Errors

100 4

751

= Error

Curiosity
8

251
0.
0 25 50 75 100
Confidence
Note. Thin lines indicate participant-specific regression lines; the bold

line and shaded ribbon indicate the average regression line and its 95%
credibility interval. See the online article for the color version of this
figure.

Experiment 2: Effect of Yes/No Feedback as Compared
With No Feedback on Correct Answers and Errors

Experiment 2 investigated curiosity for both correct and incorrect
answers when yes/no feedback was provided following people’s
answers, as well as when no feedback was given. We expected to
replicate the results of Experiment 1 in the incorrect answer/feed-
back condition. The RPL model predicts that without feedback,
though, the boundary between what is known and what is not known
will be noisy. As a result, curiosity should peak at a high level of
confidence, but then should decline (i.e., it should be nonmonotonic)
as is illustrated in the right panel of Figure 1. In the absence of feed-
back, it was predicted that curiosity for high-confidence correct and
incorrect responses should be the same because people presumably
have no way of distinguishing between their own correct and incor-
rect responses, other than what is reflected in their confidence rat-
ings. Finally, as all theories, including RPL, predict, if people were
correct and received definitive feedback that they were right, as is
the case with yes/no feedback, their curiosity should be sated and
fall close to zero, because the answer would then be known to them
with certainty.

Method

Eighty (42 female, 36 male, two did not respond) Columbia
University and Barnard College students (age range = 18-30
years) completed the study. A larger sample was used here than
was used in Experiment 1, because this experiment included both
a feedback and no-feedback condition (within subjects). Partici-
pants received course credit for participating. The stimuli were
128 general information questions. The procedure was similar to
that of Experiment 1 except that on a random half of the trials, par-
ticipants were given yes/no feedback about the correctness of their
answer, whereas on the other half of trials, they got no feedback.
Once participants received (or did not receive, in the no-feedback
condition) feedback, they rated their curiosity to find out the cor-
rect answer.

A learning phase and a testing phase then followed, using only
the no-feedback items from the initial phase. There were two
groups: The first group studied (for 4 s each) the questions and
answers associated with their lowest curiosity ratings (see the
online supplemental material), whereas the other group studied the
items associated with their highest curiosity ratings. After studying
all items, they were tested. The experiment was programmed with
JjsPsych (de Leeuw, 2015).

An otherwise identical pilot experiment (N = 72, age = 18-37
years) was conducted, but because of a programming error, the
number of trials in the feedback conditions was not balanced
(feedback was provided in 88% of trials). Nevertheless, this pilot
experiment was very similar to Experiment 2 and provides evi-
dence concerning replicability. The results of the pilot experiment
are shown in Figure 3 along with those of Experiment 2.

Results

Effect of Feedback. Fifty-four observations were removed
due to incorrect determination of accuracy (such as trivial spelling
errors) by the program, leaving a total of 10,186 trials for analysis.
The overall percent correct across participants was 24% (SE =
1%). We modeled the data in a manner that was similar to that of
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Figure 3

Experiment 2 and Pilot Experiment: Curiosity for Correct Answers and Errors

Experiment 2

Pilot
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Note.

Curiosity for correct answers (top panels) and errors (bottom panels) depending upon whether yes/no

feedback was given or feedback was not provided (no-feedback condition). Left panel: Results of Experiment
2. Right panel: Results of the pilot experiment. See the online article for the color version of this figure.

Experiment 1, but also included feedback condition and response
accuracy, and all their interactions, as fixed and random effects
over participants. Model comparison using WAIC strongly favored
including the quadratic term of confidence in the model (WAIC dif-
ference = 148, SE = 20).

The effect of feedback was dramatic for items on which the per-
son had been correct, as can be seen from the top panels of Figure
3. For their correct responses when there was no feedback pro-
vided, participants were quite curious to know the answer and
there was a peak in curiosity at moderate levels of certainty and a
decrease in curiosity as their certainty that they had been correct
increased (bineercept = 52.98, SE = 2.27, 95% CI [48.62, 57.59],
Pa > 99.9%; byinear = —27, SE = .04, 95% CI [—.35, —.20], pys >
99.9%; bguadraiic = —-31, SE = .03, 95% CI [-.36, —.25], p; >
99.9%). This pattern is what would be expected by the RPL model
when the criterion is uncertain, as in the right panel of Figure 1.
Once they were told that they were correct, however, curiosity fell
to close to zero, just as was expected (Pryercepr = 8.97, SE = 2.50,
95% CI [4.20, 13.94], ps = 99.9%; by inear = —07, SE = .03, 95%
CI [—.14, —.01], pg = 98.8%; bquadratic = -00, SE = .03, 95% CI
[—.06, .05], ps = 56.4%).

Erroneous responses are shown in the bottom panels of Figure
3. When participants made an error and were told that they had
made an error, curiosity at the low end of confidence stayed about
the same as was the case without feedback (difference at 10: —.32,
SE = .93, 95% CI [-2.23, 1.41], pq = 62.7%): they knew they
were guessing so the feedback that they had been wrong did little
to change their curiosity. However, curiosity increased selectively

and significantly for errors that had been made with high confi-
dence (difference at 90: 17.28, SE = 3.16, 95% CI [11.14, 23.5],
pa=100.0%).

Curiosity for Correct Answers and for Errors When No
Feedback Was Provided. The data presented were rearranged
to illustrate a serendipitous finding (see Figure 4): When no feed-
back was provided, there was a difference in participants’ curiosity
depending upon whether they had answered correctly or incor-
rectly. There was no overall linear effect of confidence on curios-
ity for errors though the quadratic effect was significant (bpjpear =
.00, SE = .04, 95% CI [-.08, .07], ps = 50.6%; bguadratic = —-16,
SE =.03,95% CI [—.21, —.11], ps > 99.9%); whereas for correct
answers, both the linear and quadratic terms were significant, with
the linear effect being negative (bpipear = —-27, SE = .04, 95% CI
[—.35, .20], ps > 99.9%: bguadraic = —-31, SE = .03, 95% CI
[—.36, —.25], pa > 99.9%). Furthermore, the difference in the lin-
ear confidence-curiosity association between errors and correct
answers, when no feedback was presented, was significant (.27,
SE =.04,95% CI[.19, .36], py > 99.9%). Similarly, the difference
between errors and correct responses (when no feedback was
given) was significant in the quadratic relations (.15, SE = .03, 95%
CI [.08, .22], ps > 99.9%). To further examine this unexpected dif-
ference in curiosity as a function of response accuracy we con-
ducted a post hoc test comparing high confidence (operationalized
as confidence = 90) errors and correct answers when feedback was
not provided. This contrast indicated that high-confidence errors
were associated with greater curiosity than were high-confidence
correct answers (Difference = 14.69, SE = 2.56, 95% CI [9.86,
19.911, ps > 99.9%).
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Figure 4
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Experiment 2 and Pilot Experiment: Curiosity Ratings As a Function of Confidence
for Correct Answers and Errors With No Feedback

Experiment 2

Pilot

100

Curiosity

== Correct
= Error

0 25 50 75

25 50 75 100

Confidence

Note.

Replication. The pilot experiment’s results replicated those of
Experiment 2, overall, as is shown in the right panels of Figures 3.
Furthermore, as is shown in the right panel of Figure 4, the unex-
pected difference in curiosity for high-confidence correct answers
as compared to high-confidence errors when feedback was not pro-
vided was observed in the pilot experiment. A post hoc contrast on
the pilot study data of curiosity at Confidence = 90 indicated that
high-confidence errors were associated with significantly greater
curiosity than were high-confidence correct answers (Difference =
23.39, SE =5.73,95% CI [12.43, 34.89], ps > 99.9%).

Recall. Finally, the recall data showed that the group that
studied and was tested on high-curiosity items recalled more on
the posttest (M = .81, SE = .02) than did the group that studied
their low-curiosity items (M = .63, SE = .03, #[59] = 4.64, p <
.001).

Discussion

These results indicate that yes/no feedback had a large effect on
curiosity. For correct answers, when people were told that they
were correct, their curiosity was almost completely sated. This
finding is consistent with virtually all theories of curiosity: Given
that curiosity is defined as “the desire to know,” once the person
does know, there is no further need to be curious.

Yes/no feedback that indicated to people that their high-
confidence errors were wrong increased people’s curiosity, selec-
tively, for those errors. Feedback that one was wrong made little
difference to people’s curiosity about their low confidence errors
(about which people remained only modestly curious both with
and without feedback). The finding of a relative lack of curiosity
about low confidence errors is consistent with the idea that people
are uninterested in materials that are outside their own RPL and
about which they know little.

Finally, when people were not given feedback about whether
they were correct or incorrect, they were, nevertheless, more
curious about high-confidence errors than they were about
high-confidence correct answers. This was a surprising finding,
suggesting that somehow making a judgment of curiosity might
have either alerted people who claimed to be highly confident
about their answers to the possibility that they might be wrong,

See the online article for the color version of this figure.

or, perhaps, that feelings of curiosity are a marker that, at least
some of the time, an answer given with high confidence as
being correct might be an error.

Experiment 3: Second—Order Subjective Uncertainty
About Correct and Incorrect Responses

Experiment 3 investigated the unexpected finding from Experiment
2 that people’s curiosity ratings were higher for high-confidence errors
than they were for equally highly confident correct responses. This
finding suggests the possibility that they knew something more about
the (lack of) truth of their answers than their own just-stated confidence
indicated.

One potential explanation for the difference is that individuals
might sometimes make judgments about the accuracy of their
responses impulsively. When probed to consider further (as they
might have done spontaneously when asked to make the curios-
ity judgment), they might have reevaluated, engaging in second-
order metacognition that could potentially be different from their
first-order judgments of confidence (Schwarz & Vaughn, 2002).
If primarily confirmatory evidence is considered in confidence
judgments, and disconfirming evidence is usually ignored but
could be brought to bear if people were pressed further, then peo-
ple might detect the possibility that they had made a mistake
only when they were asked to make a second-order metacogni-
tive judgment. The curiosity ratings might have served as such a
second-order judgment, causing people to reflect further on the
possibility of being wrong (and to be more curious, because now
the answers were “almost known” rather than “known”).

This possibility draws on several psychological theories con-
cerned with how people appraise truth (Gilbert, 1991; Gilbert
et al., 1990; Koriat, 1993, 2008a, 2008b, 2012; Lewandowsky
et al., 2012). One possibility forwarded is that people’s default
belief, upon retrieval of remembered facts or upon comprehension
of externally presented propositions, is not a balanced considera-
tion of whether the “fact” is either true or false. Instead, if the
proposition under consideration is easily understood (or fluent) it
is assumed to be true. This epistemic account of the ascertainment
of true beliefs fits well with many studies that have shown that
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confidence is positively related to the fluency of retrieval (e.g.,
Kelley & Lindsey, 1993; Kelley & Jacoby, 1996; Koriat, 2008b;
Undorf, 2021; Wang et al., 2016; and see Schwarz, 2015 for a
review). It is only upon further reflection that people may notice
features or information that make them reconsider. Such noticing
of the possibility that certain propositions may be false (i.e., the
flagging of doubt) may not be automatic. Doubt flagging—a pro-
cess that Asp et al. (2013) proposed is both slower and has differ-
ent neural correlates than the initial judgment—might be evoked
only if a second-order judgment is required.

There is a suggestion of support for the possibility that second-
order metacognitive judgments can, under some circumstances,
conflict with first-order judgements. Dunlosky et al. (2005) found
that asking people to rate how confident they were in their first
confidence rating brought those judgments into slightly closer
alignment with the truth. Buratti et al. (2013) had people answer
semantic memory questions and rate their confidence about their
answers. Although, overall, second-order judgments were very
similar to first-order judgments, when people were later asked if
they wanted to change any of their confidence ratings, the few that
people did change tended to be errors on which they had been
confident.

Experiment 3, then, endeavored to press people to consider that
they might be wrong by having them make a second-order meta-
cognitive judgment. After making their confidence rating, partici-
pants were asked to rate how surprised they would be if they
found out that the answer they had just given was wrong. The hy-
pothesis was that the second-order metacognitive judgments of
subjective uncertainty would reveal a difference between errors
and correct responses similar to that found, in Experiment 2, with
curiosity ratings.

Method

Because of COVID-19, we were unable to test college students
in person as in Experiments 1 and 2. Experiment 3, and the
remaining experiments in this series, were therefore conducted
online. Forty-eight adults were recruited to the study using Prolific
(www.prolific.com). Participants in this and all further experi-
ments were between the ages of 18 and 45 and were required to be
native English speakers. Participants averaged 24.4 + 6.80 years.
Thirty-one participants identified as female and 15 as male, one
identified as “other,” and one declined to answer. Sixteen partici-
pants reported that high school was their highest level of educa-
tion, three reported associate’s degree, 28 reported some college
(with 17 of them reporting that they were currently in college),
and one declined to answer. Participants in this and all subsequent
experiments were paid at a rate of $10/hr.

The Gorilla Experiment Builder (www.gorilla.sc) was used to
create and host this and all experiments that follow (Anwyl-Irvine
et al., 2020). After consenting to participate in the study, a visual
search bot check, in which the participant had to choose the picture
of the cat among five pictures of dogs presented in a 3 X 3 grid,
was administered. All participants in all experiments passed this
check. Each participant was then asked 64 of the general informa-
tion questions from the pool used in the previous two experiments
in a random order (see the online supplemental material). With
each question on screen, participants were asked to provide their
answer in a box, then on the next screen, they rated their
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confidence in the correctness of their answer on a sliding scale
from O (not at all) to 100 (very). Instead of being asked whether
they were curious to know the answer (as in the previous experi-
ments), in the current experiment participants were then asked
how surprised they would be if they found that their answer was
wrong. They made their responses on a sliding scale from O (not at
all) to 100 (very). Presumably, if they strongly believed they were
right, they would be very surprised to find out they were wrong. If
the second-order judgment was sufficient that people noticed when
they were wrong, then they would not be surprised to be wrong
(when, indeed they were wrong). Thus, we inverted this score,
coding their expectation of (having made an) error as 100 minus
their surprise score, and labeled this dependent variable “subjec-
tive uncertainty.” All responses were self-paced, and participants
had to respond to each part of the trial before moving on to the
next trial. Once all questions were answered and ratings were
made, we provided participants with the correct answers to all the
questions.

Results

We hand scored errors, counting as correct items that contained
spelling or grammar errors. Seven trials were excluded due to a
missing accuracy value. People were correct on 40% (SD = 15%)
of the questions. Confidence ratings were strongly correlated with
correctness (yM = .69, SD = .15) indicating excellent metacogni-
tion (see Wixted & Wells, 2017). This is a result that is typically
found in the literature, and provides assurance that participants
took the task seriously, despite its being online.

Our measure of second-order metacognition or “expected sub-
jective uncertainty” was operationalized as the complement of
their second rating (i.e., 100 minus their expected surprise at being
wrong). We analyzed these data as before. Model comparison
using WAIC again strongly favored including the quadratic term
of confidence.

Participants’ initial confidence negatively predicted subjective
uncertainty for both correct (byjpear = —-91, SE = .02, 95% CI
[—.96, =871, ps > 99.9%; bquadratic = —-11, SE = .03, 95% CI
[—.16, —.06], ps > 99.9%) and incorrect answers (by jpear = —.82,
SE = .03, 95% CI [—.87, —.76], ps > 99.9%; bquadraic = —-07,
SE = .02, 95% CI [—.11, —.03], py = 99.9%; see Figure 5). The
difference between these correlations was significant for the linear
comparison and not quite significant with the quadratic (Linear =
.10, 95% CI [.04, .15], ps = 99.9%; Quadratic = .04, SE = .02,
95% CI [.00, .08], py = 96.0%). A post hoc comparison on subjec-
tive uncertainty at confidence = 90, between correct and incorrect
answers indicated that high-confidence errors elicited slightly
greater subjective uncertainty than did high-confidence correct
answers (Difference = 8.02, SE = 1.84, 95% CI [4.46, 11.70],
Pa > 99.9%). As can be seen from Figure 5, even when they made
errors, participants, for the most part, stuck to their original level
of certainty that they had been correct. There was a small differ-
ence between highly confident correct answers and highly confi-
dent errors, however, and it was in the same direction as had been
observed with the curiosity ratings.

Discussion

The results of Experiment 3 indicated that people expected that
they would be slightly less surprised should they be wrong when
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Figure 5

Experiment 3: The Relation Between Subjective Uncertainty Ratings
and Participants’ Original Confidence in Their Responses With No
Feedback
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they had made an error with high confidence, than when they had
given a correct response with equally high confidence. These
results provide some support for the notion that curiosity ratings—
which show a similar, but possibly larger, difference between
correct and incorrect highly confident responses— may tap into
discrepant information which is ignored in initial confidence
judgments (perhaps because of a confirmation bias), but which
may be accessible with second-order metacognitive judgments,
especially those that specifically target the possibility of being
wrong (and see Brewer et al., 2005). Even so, the effects with
the subjective uncertainty judgments were small, and could not
be directly compared to those observed in curiosity ratings
because of differences in procedures and online versus in person
participant populations. A direct comparison was implemented
in the next experiment.

In addition, several theories (e.g., Friston et al., 2017; Gottlieb
et al., 2013; Gottlieb & Oudeyer, 2018; Loewenstein, 1994; Mar-
vin et al., 2020; Murayama et al., 2019) have proposed that curios-
ity is related to either the reduction of subjective uncertainty or to
prediction error. For this reason, a direct contrast of the relation
between people’s subjective uncertainty and their judgments of cu-
riosity is warranted.

Experiment 4: The Relation Between Curiosity and
Expected Subjective Uncertainty

To more directly determine whether curiosity ratings were
essentially “nothing more” than subjective uncertainty ratings, as
well as to compare the magnitude of the difference between high-
confidence errors and high-confidence correct answers for curios-
ity as contrasted to subjective uncertainty ratings, Experiment 4
was conducted. One group of participants made ratings of the ex-
pectation of surprise at the possibility of being wrong (i.e., subjec-
tive uncertainty ratings), while the other group made judgments of
curiosity.

Method

Ninety-eight adults with an average age of 29 * 6.7 years com-
pleted the study. Forty-five participants identified as female and 51
as male (two did not specify). One participant reported some high
school experience, eight participants reported that high school was
their highest level of education, 13 reported an associate or profes-
sional degree, 22 reported some college, 34 reported having a
bachelor’s degree, 18 reported having a master’s degree, and one
reported a doctorate degree (one did not report their level of
education).

The procedure was like that of Experiment 3: Participants were
asked a series of 64 general information questions (see the online
supplemental material), gave their answers, and then rated their
confidence in the correctness of each answer on a sliding scale
from O (not at all) to 100 (very). No feedback was given. Follow-
ing the confidence judgment, in a between-participants design
which randomly included 42 participants in the subjective uncer-
tainty condition and 56 participants in the curiosity condition, par-
ticipants were asked after each confidence rating, respectively,
either of the following: “How surprised would you be if your an-
swer was wrong?” or “How curious are you to see the correct an-
swer to this question?” Participants made their response to this
question on a sliding scale from 0 (not at all) to 100 (very). As
before, we inverted the surprise ratings to ratings of subjective
uncertainty. At the end of the experiment participants were
allowed to see the correct answers to the general information
questions.

Results

Participants were correct on 47% (SD = 19%) of the questions
(two trials were removed due to a missing accuracy value). Confi-
dence ratings were strongly correlated with correctness (YM = .68,
SD = .16), indicating excellent metacognition overall.

As can be seen by comparing the left panel of Figure 6 (portray-
ing subjective uncertainty) with the right panel (portraying curios-
ity), the two kinds of judgments were quite different from one
another (Differencey jyeor = —.63, SE = .07, 95% CI [—.77, —.50],
Pa > 99.9%; Differencequadraic = -04, SE = .04, 95% CI [—.04,
1], pa=80.2%). Uncertainty ratings showed a sharp and near lin-
ear decline with confidence (byjpear = —.77, SE = .05, 95% CI
[—.87, —.67], ps > 99.9%; bquadraic = —-10, SE = .03, 95% CI
[—.15, —.04], ps > 99.9%), whereas curiosity ratings showed an
inverted U-shaped curve overall (b jear = —.14, SE = .04, 95% CI
[—.22, —.05], ps > 99.9%; bquadratic = —-13, SE = .03, 95% CI
[—.18, —.08], ps > 99.9%).

We also looked specifically at the difference at high levels of
confidence between correct answers and errors for the two kinds of
judgments. As the left panel shows, participants’ initial confidence
negatively predicted subjective uncertainty for both correct (by jpeqr =
—.78, SE = .06, 95% CI [—.89, —.67], p; > 99.9%; bquadratic =
—.09, SE = .04, 95% CI [—.16, —.02]; pq = 99.1%) and incorrect
answers (b = —.76, SE = .06, 95% CI [—.87, —.65], ps > 99.9%;
bquadratic = —-10, SE = .03, 95% CI [—.16, —.04]; pq = 99.9%). The
difference between these correlations was not significant (Linear =
.02, SE = .04, 95% CI [—.06, .11], ps = 70.5%; Quadratic = —.01,
SE = .03, 95% CI [—-.07, .05], ps = 63.3%). In contrast, as the right
panel shows, when people were asked for their curiosity ratings (on
the same items), there was a negative correlation between curiosity
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Figure 6
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Experiment 4: Subjective Uncertainty Ratings (Left Panel) and Curiosity Ratings (Right Panel) for
Correct and Incorrect Items With No Feedback As a Function of Participants’ Confidence in Their
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and initial confidence for correct answers (b ipear = —.20, SE = .05, correct responses and errors. Asking if people are curious seems to

95% CI [-.29, —.11], py > 99.9%; bquagratic = —-16, SE = .03, 95%
CI [—.21, —.10]; pq > 99.9%), but there was no linear association
for errors (bpinear = —.07, 95% CI [—-.16, .02], p; = 93.7%; bqua-
dratic = —-10, SE = .03, 95% CI [—.15, —.05]; pg = 99.9%). The dif-
ference between these two trends was significant (Linear = .13,
SE = .04, 95% CI [.06, .20], ps > 99.9%; Quadratic = .05, SE =
.02, 95% CI [.01, .11], p; = 98.5%). A post hoc test of differences
in curiosity between errors and correct responses, at confidence =
90, showed that high-confidence errors were associated with greater
curiosity than were high-confidence correct answers (Difference =
7.22, SE=2.33,95% CI[3.41, 11.24], p; = 99.9%). The difterence
in subjective uncertainty, though, at confidence = 90, was not sig-
nificant (Difference = 3.36, SE = 2.33, 95% CI [—1.15, 7.86], p, =
92.2%). As Figure 6 also indicates, the three-way interaction
between correct/incorrect, linear confidence, and rating (curiosity or
subjective uncertainty) was significant (b = —.03, SE = .01, 95% CI
[—.05, .00], ps=97.7%).

Discussion

The difference in curiosity observed here between high-confi-
dence errors and high-confidence correct answers—replicating the
results of Experiment 2 and the pilot experiment—was significant.
People were more curious about their high-confidence errors. The
difference between high-confidence errors and high-confidence
correct answers with ratings of subjective uncertainty, though, was
not significant. These results suggest that curiosity ratings may tap
into discrepant information, indicating that an answer might be
wrong, to a greater extent than occurs by simply questioning peo-
ple about the possibility that they could be wrong. Thus, although
Experiment 3 had suggested that the difference between correct
and incorrect high-confidence responses on the curiosity measure
might be attributable to the curiosity query acting, merely, as a
second-order metacognitive rating or perhaps to “a Bayesian
resampling/regression” (Stephen Spiller, personal communication,
April 7, 2021), the present experiment indicates that people’s curi-
osity ratings are more potent in terms of distinguishing between

target some information that distinguishes correct responses from
errors, over and above the information that is accessed by a second
metacognitive question about subjective uncertainty.

The results of Experiment 4 also provide information about the
overall relation between subjective uncertainty and curiosity. Fris-
ton et al. (2017) have postulated that curiosity is based on a princi-
ple of uncertainty reduction or of free energy minimization:
“Resolving uncertainty about the world, through active inference,
necessarily entails curious behavior and consequent ‘aha’ or eu-
reka moments” (Friston et al., 2017, p. 2634). Similarly, a number
of theories have proposed a relation between prediction error and
curiosity (Gottlieb et al., 2013; Gottlieb & Oudeyer, 2018; Loe-
wenstein, 1994; Murayama et al., 2019). It should be noted that
insofar as the assessment of curiosity is prefeedback, there is no
way to evaluate the actual error of predictions at the time of curi-
osity assessment, since the ascertainment of the existence of an
error or lack thereof has not yet occurred. The estimates that par-
ticipants provided, though, provide a proxy as to what their subjec-
tive prediction error expectation was. Presumably, these
theoretical positions hold that the greater the expected prediction
error or subjective uncertainty, the greater should be people’s curi-
osity?. Subjective uncertainty, though, as assessed in this experi-
ment, was unrelated to curiosity.

Summary of Part A

Yes/no feedback had a dramatic effect on curiosity for correct
answers at all levels of confidence. When people had given the
correct answer and were told that they were right, their curiosity

21t is also possible that curiosity is associated with the change in
subjective uncertainty over time, that is, the rate at which uncertainty is
being resolved (see Kornell & Metcalfe, 2006b and Metcalfe et al., 2021
for related views). This can be evaluated, at least over very short intervals,
by comparing the original confidence judgment and the second
metacognitive judgment concerning subjective uncertainty. However,
Experiment 3 and 4 both indicted that there was little change at any level of
confidence.
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vanished, as expected. When they thought that they were right,
that is, they had high confidence, then were told that they were
wrong, their curiosity was piqued. If they had had low confidence
about their own erroneous responses, being told they were wrong
did little to change curiosity, presumably because they already sus-
pected that they were wrong.

Two other findings from Part A are notable. First, curiosity rat-
ings are not tantamount to assessments of subjective uncertainty,
free energy, or prediction error: The functions for curiosity and sub-
jective uncertainty were unlike one another. Second, in the absence
of feedback, people were more curious to know the answer to high-
confidence erroneous responses than to high-confidence correct
responses. It is as if the curiosity ratings tapped into some kind of
information about the truth of the answer that mere confidence rat-
ings did not access—perhaps a slight feeling of unease or conflict.
Even asking people to reassess the possibility that they might be
wrong, using second-order metacognitive judgments, did not have
as salient a discriminating effect as did curiosity judgments. Peo-
ple’s feelings of curiosity, then, distinguished between high-confi-
dence errors and equally high-confidence correct responses.

Part B. The Effect of True But Uncertain Feedback

In Experiments 1 and 2, we tested the effects on curiosity of sim-
ply being told, by a reliable source, whether a given answer was
right or wrong. When such unambiguous feedback is provided, the
effects on curiosity are large and straightforward, as was demon-
strated in those experiments. In the real world, though, it is often
the case that there is uncertainty associated with the feedback peo-
ple receive. People obtain information on the Internet, through
newspapers, from friends or coworkers, and from a variety of other
sources that may or may not be reliable. They often do not know
whether that information is actually true and correct (see, e.g., Rich
et al., 2017). Their curiosity might be affected, however, even when
the truth of the information producing the effect is uncertain. In the
following experiments, we investigated the effects of receiving in-
formation about the answer under conditions of uncertainty. To do
so, we provided participants with the answers purportedly given by
another participant. Those answers could be true or false.

In Experiments 5, 6, and 7, we investigated the effects of receiv-
ing true but uncertain informational feedback: We provided the
correct answer as feedback but under the guise that it was the an-
swer given by another participant and without telling subjects that
the answer was, in fact, true. In Experiment 5, we asked partici-
pants, after they received this informationally true (but uncertain)
feedback about their curiosity to know the answer. In Experiment
6, we investigated their degree of belief in the true answer, so
given. In Experiment 7, we investigated how certain they were
that they then knew the answer after having been provided with
true (but uncertain) feedback. Then we looked at the effects of
false but uncertain feedback in a similar manner. In Experiment 8,
we investigated curiosity following the receipt of false (but uncer-
tain) feedback. In Experiment 9, we investigated participants’
belief in the false feedback. In Experiment 10, we investigated
people’s certainty that they now knew the answer following
receipt of feedback that was false.

To lay the groundwork for comparisons of the effects of true and
false (but uncertain) feedback on curiosity about correct and incor-
rect responses, however, we first conducted a control experiment in

which no feedback was given. This allowed us to chart the change
in curiosity from no feedback to true feedback under uncertainty,
and from no feedback to false feedback under uncertainty. Further,
through the use of a slightly different procedure than that used in
our previous experiments, it provided an additional possibility for
replication of the finding that when no feedback is given people are
more curious about high-confidence errors than they are about
equally high-confidence correct answers.

Control Experiment: No Feedback Provided
Method

Participants. Fifty participants completed the experiment.
The average age was 27.5 = 5.99 years. Thirty-two participants
identified as female, 15 as male, and three as nonbinary. Eight par-
ticipants reported that high school was their highest level of educa-
tion, three reported associate’s degree, 18 reported college, seven
reported master’s degree, nine reported some college, and five
reported trade school.

Procedure. Participants were instructed that they would be
shown a series of general information questions (see the online
supplemental material) and that after each question they should
type in their answer, guessing if necessary, and that they would
then be asked for their confidence that their answer was correct.
They were told that at the end of the experiment they would be
shown the answers to 10% of the questions, and that they would
be given the opportunity to indicate how curious they were to see
the answer to each particular question. This instruction follows the
procedure of Bloom et al., 2018, which, they argued, resulted in
more discriminating curiosity judgments than did merely asking
people whether they were curious or not. (It differed from the curi-
osity conditions of Experiments 1, 2 and 4 but is the same as
Experiments 5 and 8 in this regard.) Each participant was asked 64
of the general information questions from the pool used in the pre-
vious experiments in a random order. After they answered each
question, they rated their confidence in the correctness of their an-
swer on a sliding scale ranging from 0 (not at all) to 100 (very).
They were then immediately asked to indicate their curiosity to
see the answer to that particular question, on the same sliding
scale, without having received any feedback.

Results

As is shown in Figure 7, the results of the no-feedback experi-
ment indicated that people were more curious about their high-
confidence errors than they were about their high-confidence correct
responses: Curiosity decreased with increased confidence for cor-
rect answers (Dryercept = 60.96, SE = 3.26, 95% CI [54.54, 67.15],
Pa > 99.9%; byinear = —.25, SE = .06, 95% CI [-.37, —.13], ps >
99.9%; bquagratic = —19, SE = .04, 95% CI [-.26, —.10], p; >
99.9%), but remained relatively stable for errors (bryercept = 59.92,
SE = 3.09, 95% CI [53.92, 65.92], ps > 99.9%; by inear = —-03,
SE = .06, 95% CI [—.14, .09], p; = 68.2%; bquadraic = —-11, SE =
.03,95% CI [—.16, —.05], ps > 99.9%). The linear trends were sig-
nificantly different (.22, SE = .04, 95% CI [.14, .31]), and a post
hoc test comparing curiosity at confidence = 90 between errors and
correct answers indicated that high-confidence errors elicited
greater curiosity than did correct answers (Error—Correct = 11.94,
SE=248,95% CI[7.01, 16.67], p; > 99.9%).


https://doi.org/10.1037/xge0001284.supp
https://doi.org/10.1037/xge0001284.supp

This document is copyrighted by the American Psychological Association or one of its allied publishers.

This article is intended solely for the

personal use of the individual user and is not to be disseminated broadly.

474 METCALFE, VUORRE, TOWNER, AND EICH

Figure 7
Control Experiment: Curiosity As a Function of Confidence for
Correct Answers and Errors With No Feedback
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Discussion

This result replicates the finding that curiosity is greater for
high-confidence errors than it is for equally high-confidence cor-
rect responses found in Experiment 2, in the pilot to Experiment 2
(see Figure 4, right panel), and in the curiosity condition of
Experiment 4. These results also provide the no-feedback baseline
for the true or false feedback given in the following Experiments 5
and 8, respectively.

Experiment 5: Effects of True Feedback Under Uncertainty
on Curiosity About Correct Answers and Errors

In Experiment 5, we again investigated the effect of feedback
on curiosity. Unlike in Experiment 2, however, where definitive
yes/no feedback was provided, in Experiment 5 we provided infor-
mational feedback and told participants that the provided answer

Figure 8

was the answer that had been given by another participant. Thus,
rather than being told definitively that their answer was right or
wrong, the correct answer to each question was provided under
conditions of uncertainty. We investigated how or if this correct
information swayed or sated participants’ curiosity.

Method

Participants. Fifty participants completed the experiment.
The average age was 24.71 £ 4.59 years (one participant did not
report). Thirty-eight participants identified as female, nine as
male, and three as nonbinary. Eight participants reported that high
school was their highest level of education, one reported associ-
ate’s degree, 18 reported bachelor’s degree, seven master’s degree,
13 some college, two trade school, and one declined to report.

Procedure. The procedure was identical to that of the control
experiment, except that immediately after making their confidence
judgment about their own answer, participants were shown an an-
swer (which was factually correct) and were told that another par-
ticipant had given it as the answer. After being shown this answer,
they were then asked to say how curious they were to “see the cor-
rect answer at the end.” Questions and answers are provided in the
online supplemental material.

Results

The results from Experiment 5 were compared with the control
(no-feedback) experiment described earlier by fitting a model to
the data from both experiments. The control (no-feedback) experi-
ment compared with Experiment 5 was coded as a dummy factor,
and interactions with it and all other effects were included. As is
shown in Figure 8 (left panel), there was no difference in the linear
association, though there was a small difference in the quadratic
association, between confidence and curiosity for correct responses
when true feedback was provided as compared with when no
feedback was given (true feedback vs. no feedback = —.13, SE =
.08, 95% CI [—.29, .03], py = 94.5%; quadratic difference = .11,
SE = .06, 95% CI [.00, .22], p; = 98.0%). The post hoc analyses
comparing curiosity at three confidence levels were as follows:
confidence = 10, true feedback vs. no feedback = 5.41, SE = 5.41,

Experiment 5: Curiosity Following the Provision of True, Uncertain Feedback Compared With No
Feedback As a Function of Participants’ Initial Confidence in Their Correct Answers (Left Panel)

or Their Errors (Right Panel)
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95% CI [—5.01, 16.06], p; = 84%; confidence = 50: —6.80, SE =
448, 95% CI [—15.55, 2.07], ps = 93.7%; confidence = 90:
—5.14, SE =5.61, 95% CI [—15.66, 6.38], p, = 81.7%).

As Figure 8 (right panel) shows, provision of the correct answer
under uncertainty, as compared to no feedback, had a slight effect
on errors: the linear confidence-curiosity association was greater
with true feedback than no feedback (difference in slopes for no
feedback versus true feedback: .14, SE = .07, 95% CI [.01, .27],
pa = 97.8%; quadratic: .03, SE = .04, 95% CI [-.05, .10], p; =
77.1%;. The post hoc analyses on errors were as follows: at confi-
dence 10 [true feedback vs. no feedback]: —3.40, SE = 4.74, 95%
CI [—12.30, 6.00], py = 76.1%; at confidence 50: .30, SE = 3.80,
95% CI [—7.11, 7.59], py = 53.1%; at confidence 90: 7.47, SE =
5.26,95% CI [—2.59, 17.87], pa=92.3%).

Discussion

It is plausible that people might have believed the other partici-
pant’s answer to be true and considered the possibility that their
own high-confidence answer was wrong when they were given an
answer that was different from their own and that was, in fact, cor-
rect. Such considerations might have been responsible for slightly
increasing their curiosity, in a manner similar to the effect of yes/
no feedback in which people became more curious when they
were told that the answer they had just given with high confidence
was wrong. However, the effects of true but uncertain feedback
were small. Further, this very small effect was quite different from
the large effect observed when yes/no feedback was given. With
the later, people’s curiosity decreased sharply, almost to zero
when they were right. In contrast, here, there was little to no
change in curiosity: merely telling the participant that someone
else gave the same answer was insufficient to push participants
over the hard boundary illustrated in the left panel of Figure 1:
they still did not know for sure whether their answer was correct
or not (perhaps the other participant was wrong), and hence their
curiosity was not extinguished.

The preceding explanation of the small effects of uncertain but
true feedback is predicated on assumptions about participants’
belief in whether the answers that were given by the other partici-
pant were true or not. Accordingly, in the next experiment, we
directly probed participants’ belief in the feedback.

Experiment 6: Belief in True Feedback Under
Uncertainty

Experiment 6 was identical to Experiment 5, except that instead
of asking participants for their curiosity ratings after they had
received an answer purportedly given by another participant, they
were asked to indicate how sure they were that the other partici-
pant’s answer was correct.

Method

Forty-eight participants completed the study. They averaged
23.00 ¥ 7.50 years (two participants did not report age).
Twenty-nine participants identified as female, and 19 as male.
Twelve participants reported that high school was their highest
level of education, one reported bachelor’s degree, 34 some
college, and one trade school. In order to offset the possibility
that participants would infer that all of the feedback was

correct, we included 6 items that were accompanied by false
feedback: two false feedback items were given at the beginning
of the experiment; two were given one third of the way through;
two were given two thirds of the way through (see the online
supplemental material for all items used). We only analyzed the
results for items that were accompanied by true feedback.

Results

Participants were correct on 32% (SD = 17%) of the questions
(we dropped one trial due to a missing accuracy value); confidence
ratings were strongly correlated with correctness (yM = .74, SD =
.14) and participants were overconfident; their original confidence
judgments averaged 43% (SD = 17%).

As is shown in Figure 9, it mattered for their belief in the feed-
back whether participants, themselves, had given the correct an-
swer or had made an error (baccuracy = —10.66, SE = .98, 95% CI
[—12.58, —8.71], ps > 99.9%). When participants had been cor-
rect, their belief in the (true) answer given by the other participant
was very high when they had originally been highly confident
about their own answer. For items other than their extremely high
confident responses, however, belief in the answer given by
another participant was not close to ceiling, indicating that partici-
pants had less than perfect confidence in this answer (by jnear = -35,
SE =.04,95% CI [.27, .44], p; > 99.9%), just as they had had less
than perfect confidence about their own answers.

When participants had made an error, they exhibited a moder-
ate amount of belief that the answer given by the other partici-
pant (which was different from their own response) was correct,
regardless of whether they had had high or low confidence in
their own answer. Notably, even when participants expressed
high confidence about their own answer, they acknowledged
considerable belief that the answer given by the other partici-
pant was correct (by jpear = —-20, SE = .03, 95% CI [—.26, —.13],
Pa>99.9%).

Figure 9

Belief in the True Answer Given as Feedback Under Uncertainty,
Depending on Correctness or Incorrectness of Original Answer,
and As a Function of Their Initial Confidence in Their Answer
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Discussion

The data from Experiment 6 are consistent with the idea that
true feedback under uncertainty does little to quench people’s curi-
osity when they had been correct, presumably because participants
remained uncertain about any but their highest confidence
responses. These data are also consistent with the idea that the
slight increase in curiosity for high-confidence errors might have
resulted from doubt flagging instilled by the feedback that they
thought might be correct (which implied that they were wrong).
Rather than showing disbelief in the conflicting feedback, they
showed considerable belief, even when they had initially had high
confidence that their own wrong answers were correct. If they had
rejected these answers when they thought their own answers were
right the pattern for errors would have tended to zero as people’s
confidence in their own answers increased. Instead, they showed
considerable belief in the correct answer when they had made
high-confidence errors. Although these data are generally consist-
ent with the RPL model, which proposes that curiosity is based on
people’s evaluation of whether they know what the answer is, or
instead only “almost known.” Thus, in Experiment 7, following
true but uncertain feedback, we asked them directly whether they
now knew the answer after they had seen the feedback.

Experiment 7: Feeling That They Knew the Answer
After Receiving True Feedback Under Uncertainty

In Experiment 7, we investigated the change in people’s confi-
dence in knowing the answer after being exposed to true (but
uncertain) feedback. We expected that participants would still not
be completely sure that they knew the answer when they had been
correct, for any but their highest confidence responses. For high-
confidence errors, we expected that the correct answer feedback
under uncertainty might undermine their confidence that they now
knew the answer: instead of being sure they knew, they might now
think that they only “almost knew” for some high-confidence
errors. The procedure was like that of Experiment 5, except
instead of being asked for their curiosity to know the answer, par-
ticipants were asked, immediately following the feedback, how
certain they were that they now knew the correct answer.

Method

Fifty-four participants completed the study. Participants aver-
aged 27.21 F 5.56 years (two participants did not report age).
Twenty-nine participants identified as female, 23 as male, and two
as nonbinary. Three participants reported that high school was
their highest level of education, 23 reported bachelor’s degree, 13
reported some college, four associate’s degree, eight master’s
degree, and two trade school.

Results

As is shown in Figure 10, when participants’ had been correct
in their answer, their certainty about knowing the true answer
increased, but did not reach ceiling, for low confidence corrects,
and it remained very high for high-confidence corrects (bercept =
84.71, SE = 2.28, 95% CI [80.03, 89.02], ps > 99.9%; byincar =
21, SE = .04, 95% CI [.12, .29], p; > 99.9%). When they had
given the wrong answer, their confidence that they now knew the
correct answer decreased for high-confidence errors and remained

Figure 10

Experiment 7: Participants’ Assessment of Knowing the Answer
After Receiving True (But Uncertain) Feedback As a Function of
Their Initial Confidence, Depending on the Correctness or
Incorrectness of Their Answer
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low for low confidence errors (byercept = 29.90, SE = 2.68, 95%
CI [24.82, 35.40], pg > 99.9%; by inear = .34, SE = .05, 95% CI
[.25, .43], py > 99.9%).

Discussion

Only when participants had initially expressed the very highest
level of confidence in the truth of their own answer and were also
given true feedback, were they convinced that they knew the cor-
rect answer. The finding that, even when given true feedback, par-
ticipants often were unconvinced that they now knew the true
answer even when they, themselves, had been correct initially,
seems sufficient to account for their curiosity not being sated by
true-answer feedback. It would seem that knowledge of truth has
to be definitive to have a sating effect. Similarly, the effect of true-
answer feedback when people had made high-confidence errors
was a decrease in belief that they now knew the answer. That
decrease might have resulted in their increased curiosity for those
answers, as was shown in Experiment 5. Under such circumstan-
ces, the discrepant feedback may have flagged some doubt and
stimulated curiosity, in a manner similar to what occurred upon
finding out that they had been wrong when they thought they had
been right in Experiment 2.

Summary of Part B

When people had been correct and were told that another partic-
ipant produced the same answer that they had, their curiosity
changed very little. Although participants belief in the correct an-
swer increased for all but the highest confidence correct answers,
it did not reach full certainty. Participants’ evaluation that they
knew the answer after being provided with feedback, also, did not
reach the highest levels of certainty for any but their highest confi-
dence correct answers. Thus, because they did not fully believe
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that they knew the answer after getting feedback, it is likely that
true but uncertain feedback did not have the same extinguishing
effect on curiosity that being simply told, explicitly, that they were
right had in Experiment 2.

True but uncertain feedback did change curiosity about high-
confidence errors, though the effect was small. The discrepant (but
true) answer given by the other participant decreased participants’
confidence that they now knew the answer and increased their cu-
riosity. Participants presumably recognized that there was a chance
that they had been wrong initially. The true but uncertain feedback
had a similar effect on curiosity as had the yes/no feedback: upon
realizing that they were, or might be wrong, curiosity about high-
confidence erroneous responses increased.

Finally, it is worth noting that the feedback given in this set of
experiments was purportedly provided by a nonauthoritative
source (another participant), and repeated only once. Our results
might have been quite different if the source had been the Trivial
Pursuits World Champion, or the Encyclopedia Britannica—a
fully trustworthy source (see Lewandowsky et al., 2012). The
results might also have been different if the source had been a
beloved in-group or an antagonistic out-group member, for
instance. Further research is needed to understand how the charac-
teristics of the conveyor of information affects curiosity. However,
as demonstrated here, the mere presentation of true but uncreden-
tialled information had surprisingly small effects on curiosity.

Part C. The Effect of False But Uncertain Feedback

The final set of experiments was nearly identical to those in Part
B, except that false feedback, rather than true feedback, was given.

Experiment 8: Effect of False Feedback Under
Uncertainty on Curiosity for Correct Answers and
Errors

Method

This experiment was identical to Experiment 5 except that the
feedback (the response given by the other participant) was a false,
but plausible, answer (e.g., “The capital of Canada is Toronto”)

Figure 11

taken from the materials of Metcalfe and Eich (2019; see also the
online supplemental material). Forty-six participants took part and
averaged 27.87 = 6.66 years (two respondents did not report age).
Twenty-two participants identified as female, 20 as male, one as
gender fluid, two as nonbinary, and one declined. Six participants
reported that high school was their highest level of education, 11
reported bachelor’s degree, 12 some college, two associate’s
degree, nine master’s degree, three trade school, one eighth grade,
one none, and one professional degree.

Results

As can be seen from the left panel of Figure 11, false feedback
under uncertainty had an effect on people’s curiosity when they
had been correct. The linear association between confidence and
curiosity for correct answers was greater in the feedback than in
the no-feedback condition (difference in slopes [false feedback vs.
no feedback]: .26, SE = .08, 95% CI [.09, .41], p; = 99.9%). False
feedback especially increased people’s curiosity about their high-
confidence correct responses (at confidence 10 [false feedback vs.
no feedback]: —7.93, SE = 5.44, 95% CI [—18.75, 2.57], ps =
92.6%; at confidence 50: —1.14, SE = 4.16, 95% CI [—8.85, 7.69],
pa = 61.8%; at confidence 90: 12.46, SE = 5.17, 95% CI [2.67,
22.76], pa=99.2%).

False feedback had little, overall, effect on curiosity about
incorrect answers. There was no difference in the linear associa-
tion between confidence and curiosity for incorrect items between
the experiments (difference in slopes [false feedback vs. no feed-
back]: .06, SE = .07, 95% CI [—.07, .20], p; = 80.5%). Post hoc
tests comparing curiosity for incorrect items between the no feed-
back and the false feedback conditions were not significant at con-
fidence = 10 [false feedback vs. no feedback]: —3.66, SE = 4.50,
95% CI [—12.30, 5.46], p, = 79.7, at confidence = 50: —2.85,
SE=3.72,95% CI [—-10.11, 4.77], ps = 78.5%, or at confidence =
90: 1.18, SE =5.50,95% CI [—9.06, 12.41], p; = 57.8%).

In this experiment, in which the false feedback that was pro-
vided was plausible, there was a possibility that when people had
committed an error, the false feedback provided could have
matched the error that the person had just made (e.g., the partici-
pant erroneously said that the capital of Canada is Toronto and

Experiment 8: The Effect of False Feedback on Curiosity
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was provided with “Toronto” as feedback). To evaluate the possi-
bility that this had a different effect on curiosity than did false feed-
back that did not match the participant’s own error, the error data
were separated into cases in which the erroneous responses given
by participants were the same and different from the false feedback.
Curiosity was not significantly different, overall, between these two
error-to-feedback match or mismatch types (—1.12, SE = 1.26, 95%
CI [-3.48, 1.44], p; = 81.8%), but the linear increase in the
confidence—curiosity association was significantly greater when the
participant’s response and false feedback did not match (.11, SE =
.04, 95% CI [.04, .18], ps = 99.8%). This difference suggests that it
is the discrepancy between the feedback and the high-confidence
response that provokes curiosity. We will leave replication of this
interesting finding to future research.

Discussion

False feedback had an effect on people’s curiosity about their
own high-confidence correct responses. When shown the discrep-
ant response given by the other participant, even though they had
been correct, people became curious to know the answer. Provi-
sion of false but uncertain information had little overall effect on
people’s curiosity for errors. However, when the erroneous feed-
back matched their own error they had less curiosity to find out
the truth than they had when the erroneous feedback failed to
match their own high-confidence error. In the two cases where the
false feedback highlighted a discrepancy—when it mismatched
with their own correct response and also when it mismatched with
their own error—people became more curious to know what the
correct answer was. Presumably, the change in curiosity about
people’s high-confidence correct responses occurred because the
false feedback undermined people’s feeling that their own correct
(or, indeed incorrect) answer was correct.

Experiment 9: Belief in False Feedback Under
Uncertainty

As before, people’s belief in the false feedback provided by
another participant was potentially important in determining whether
its provision increased curiosity or not. This belief in the false feed-
back (see, Marsh & Yang, 2018) was evaluated in Experiment 9.

Method

Forty-eight participants, average age 25.34 = 6.77 years (two
participants did not report age), completed Experiment 9. Twenty-
two participants identified as female, 23 as male, two as nonbi-
nary, and 1 declined to respond. Twenty participants reported that
high school was their highest level of education, 26 some college,
one associate’s degree, and one declined to say. One trial was
excluded due to a missing accuracy value. To offset the possibility
that participants would infer that all the feedback was incorrect,
half of the items were accompanied by false feedback and half by
true feedback (see the online supplemental material). We only ana-
lyzed the responses accompanied by the false feedback.

Results

The results of this experiment indicated that people expressed
less belief in the false feedback when they had been correct, as
compared to when they had made an error (baccuracy = 7.79,

SE = 1.16, 95% CI [5.57, 10.09], ps > 99.9%; see Figure 12).
The confidence (linear) by accuracy interaction was significant
(.19, SE = .04, 95% CI [.12, .27], pq > 99.9%), such that belief
decreased as a function of confidence for correct answers but
not for errors.

Discussion

When participants had been wrong, initially, they appeared to
simply not know whether to believe the false information that was
provided under uncertainty. Since they were agnostic about the in-
formation, it had little impact on their curiosity. Similarly, when
they had been uncertain about their own correct answer, they
appeared to not know whether the false information was true. Inter-
estingly, although they tended to discredit the false feedback with
increasing confidence in their own correct answers, they did not
entirely reject that feedback as possibly being true, even when they
had been confident about their own correct responses. Presumably,
this small amount of belief in the false information was sufficient
for them to question their own correct response and increase their
curiosity about their own high-confidence correct responses.

Experiment 10: Feeling That They Knew the Answer
After Receiving False Feedback Under Uncertainty

This final experiment investigated participant’s evaluation of
whether they now knew the correct answer after having received
false feedback under uncertainty. Of particular interest was the
possibility that participants’ feelings that they now knew the an-
swer after receiving false feedback would decrease for their own
high-confidence correct responses.

Method

Forty-six participants completed the final experiment. Partici-
pants averaged 27.87 * 6.66 years (two participants did not
report age). Twenty-two participants identified as female, 20 as

Figure 12

Experiment 9: Belief in the False Feedback Given Under Uncertainty
As a Function of Participants’ Initial Confidence in Their Correct or
Incorrect Answers
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male, one as gender fluid, two as nonbinary, and one declined to
report. Six participants reported that high school was their high-
est level of education, 11 reported bachelor’s degree, 12 reported
some college, two reported associate’s degree, nine master’s
degree, three trade school, one reported eighth grade, one
reported “no schooling,” and one reported having a professional
degree. A total of 64 questions were used in this experiment (see
the online supplemental material).

Results

The results indicated that people’s belief that they now knew
the correct answer following false feedback was altered very little
from what it had been before receiving the feedback (baccuracy =
1.60, SE = .83, 95% CI [—.04, 3.20], p, = 97.3%; see Figure 13).
Their initial confidence in their answer was positively associated
with their confidence in knowing the answer following false feed-
back, for both errors and correct answers (b jpear = .64, SE = .07,
95% CI [.50, .77], pa > 99.9%).

Discussion

People’s confidence in knowing the answer was impacted very
little by the receipt of false feedback. There was, however, a slight
decline in confidence for responses—both correct and incorrect— that
had initially been held with high confidence. The effect of the pro-
vision false feedback was dramatically different from that seen in
Experiment 7 in which true feedback was given (as shown in Figure
9). Although true feedback following correct answers considerably
increased people’s belief that they now knew the answers in Experi-
ment 7, false feedback did little to their belief that they now knew.

Summary of Part C

False feedback made people more curious when they had been
correct with high confidence. It did not increase curiosity when it

Figure 13

Experiment 10: Participants’ Assessment of Knowing the Answer
After Receiving False (But Uncertain) Feedback As a Function of
Their Initial Confidence and Depending on the Correctness or
Incorrectness of Their Answer
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matched their own high-confidence errors, though it did when it
mismatched their own high-confidence errors.

Conclusion

These results, overall, support the idea that curiosity is associ-
ated with almost, but not quite, knowing an answer to a question.
When people gave a correct answer and were provided with defini-
tive information that they were, indeed, correct, their curiosity
dropped to near-zero. Furthermore, feedback manipulations (e.g.,
factual truth) had little effect on low confidence responses. In addi-
tion, when people were correct and they were highly confident that
they were correct, they were not very curious. Presumably, under
these conditions, they knew that they knew.

People showed increases in curiosity only when they expressed
relatively high confidence that they were correct but feedback
manipulations undermined that confidence. This, we argue, put
them back into their RPL as when (a) they had high confidence
that they had been right, but they were told that they were wrong;
(b) they had high confidence that they were right (when they were
wrong) and got feedback that another participant had a different
answer (which was correct); (c) they had high confidence that they
were right (when they were wrong) and got feedback that another
participant had a different answer (which was wrong); and (d) they
had high confidence that they were right (when they were right)
but got feedback that another participant had a different answer
(which was wrong). In short, when their certainty that their answer
was correct was undermined, they became more curious.

These results are broadly consistent with a number of views of curi-
osity (e.g., Berlyne, 1954; Gruber, Gelman, & Ranganath, 2014; Lau
et al., 2020; Loewenstein, 1994; McGillivray, Murayama & Castel,
2015; Murayama, 2021) as well as with the RPL model of curiosity
(Kornell & Metcalfe, 2006b; Metcalfe & Jacobs, in press; Metcalfe
et al., 2020). People most want to know what the true answer is when
they think, metacognitively, that they almost know. When they think
they are far from knowing, they are less curious. When they know for
sure that they know, they are not curious at all.

A surprising result that emerged from this series of experiments
was that curiosity for high-confidence errors was higher than it was
for equally high-confidence correct responses. This finding was
replicated four times in the present series of experiments. This result
did not appear to be solely the result of curiosity judgments being
second-order metacognitive judgments in which subjective uncer-
tainty was appraised more thoroughly. Second-order subjective
uncertainty judgments showed only a hint of the difference between
correct and incorrect responses shown by curiosity ratings. The ex-
planation for why curiosity ratings tap into this distinction between
correct answers and errors awaits further research and scrutiny.

Even so, it is possible to speculate that curiosity ratings may be
particularly sensitive to discrepancies that indicate that something
is amiss. People are curious about slightly unsettling riddles and
stumpers (Bar-Hillel et al., 2019), insight problems (Gick & Lock-
hart, 1995; Kounios & Beeman, 2014), fantastic facts (Fastrich
et al., 2018), and magic tricks (Danek et al., 2014; Lau et al.,
2020). People might fluently perceive the woman being sawn in
half, the kerchief turning into a rabbit, and a ball being pulled
from a man’s ear. But they know that something beyond that fluent
perception must be occurring, indicating that the obvious might
not be true. Berlyne (1954) wrote extensively about the notion that
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curiosity is associated with some kind of “conflict.” Furthermore,
as detailed by Gruber et al. (2014) in their neural model of curios-
ity, a primary neural correlate of conflict-the anterior cingulate
cortex—is implicated in nearly all studies of curiosity (e.g., Jepma
et al., 2012; Ligneul et al., 2018; Morales et al., 2018; Oosterwijk
et al., 2020). The feeling of curiosity, from this perspective, may
not be a pure measure of only metacognitively perceived closeness
to the goal of knowing. The feeling of conflict, or the intuition that
something may be amiss, may be an additional component that con-
tributes to curiosity. Indeed, in the experiments presented here, only
conflicting feedback (yes/no information that a participant did not
know the answer when they thought they did, or information that
someone else disagreed with their answer) increased curiosity.
Investigations of confirmation biases in confidence judgments (see,
Nickerson, 1998; Schwarz, 2015) suggest that people neglect con-
flicting information when making those judgments. Evaluation of
conflict, however, may be intrinsic to assessments of curiosity. The
fact that one is curious, then, even though one’s confidence in being
correct is very high, may be a “tell.” That “tell” might provide a
clue that allows the discrimination of high-confidence errors from
equally high-confidence correct responses.

Context Statement

The RPL model posits that people are most curious when they
“almost know.” But how do they know that they “almost know”?
Presumably they use a retrieval cue (i.e., the question they are
asked to answer) to retrieve information. By one widely accepted
view, people are highly confident if a great deal of information
comes to mind fluently. If little information is retrieved or if it
comes to mind slowly, people are less confident. By this view,
“almost knowing” entails incomplete information coming to mind
quickly. However, “almost knowing” could come about not only
because of a slight lack of information or from slightly slow re-
trieval, but also via the recognition of the presence of conflicting
information. Our data suggest that curiosity assessments may be
more sensitive to this discrepant information than are confidence
ratings. This proposed difference in the weighting of the kind of
information invoking curiosity as compared with that on which
confidence judgments may be primarily based deserves further
empirical investigation. The consequence of curiosity being stimu-
lated by the feeling of conflict-based “almost knowing” would be
further information-seeking, perhaps with an emphasis on finding
potential flaws or errors. There are likely to be practical implica-
tions. If conflicting information triggers curiosity, then discrepant
information is, in the context of social media, click bait: It can be
used to stimulate curiosity. Such triggering could be used to good
end, of course, as when true, but discrepant, information can be
used to correct errors, ensure quality, and foster creativity. How-
ever, as was shown here, false information can also incite curiosity,
even when people were correct. The consequences of this may
sometimes be pernicious. The dynamics of curiosity—the condi-
tions under which curiosity occurs, its consequences, and how it is
stimulated—deserve further scientific investigation.
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