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Abstract

Accurately predicting one’s own performance outcomes is a
crucial skill for children and adults alike. Prior research, how-
ever, has shown that young children are notoriously overopti-
mistic, making predictions far beyond their actual performance.
Curiously, these findings contradict decades of work showing
that infants and children hold reasonable expectations about
the world, showing surprise—an indication of prediction er-
ror (PE)—when events violate their expectations. If children
have well-calibrated expectations about their own performance,
they might experience PE when they produce unrealistically
good outcomes. Using a probability-based game (Experiment
1, N=48) and a memory-based game (Experiment 2, N=64), we
show that preschoolers are indeed overoptimistic in their ex-
plicit predictions, but express surprise after achieving precisely
those unrealistic performance outcomes they predicted. These
results demonstrate an early-emerging sensitivity to prediction
error about the self, revealing a striking discrepancy between
what children say they can do and what they think they can do.

Keywords: cognitive development; overoptimism, prediction
error; surprise

Introduction
In everyday life, we often think about how we might do on
upcoming tasks: Can I win this treasure hunt? Can I make it
down this double-black ski run? Can I pass this math exam?
By making accurate predictions about the likely outcomes of
our own actions, we can make better decisions about what to
do next, whether to seek help, and how to improve our skills.

Reasoning about performance outcomes is an important
skill even for young children, who frequently face novel tasks
while also undergoing rapid changes in their motor and cogni-
tive skills. A task that seems feasible at first may in fact be out
of reach (e.g., opening a jar that is stuck), and what appears
well beyond their capabilities may become readily achievable
only days later (e.g., learning how to tie shoelaces). The
current work explores the development of this foundational
capacity: Can young children generate well-calibrated expec-
tations about their own performance outcomes?

A long-standing body of work on children’s overoptimism
has much to say about this question: Dozens of empirical
studies have demonstrated robust, persistent overoptimism in
children, especially in early to middle childhood, suggesting
they have a limited understanding of their own abilities (for
reviews, see Leonard & Sommerville, 2025; Xia et al., 2024).
Children’s tendency to make overly optimistic predictions—

also referred to as optimism bias—is present in a range of
domains and surprisingly resistant to practice and feedback.
For instance, even after predicting how far they can jump
and subsequently observing that their actual performance falls
well short of their initial prediction, 4- to 6-year-old children
continue to make unrealistic, inflated predictions about their
future performance (Schneider, 1998; Xia et al., 2022, 2023).
Similarly, children this age continue to overestimate how much
information they can memorize and recall even after receiving
feedback on their true (poor) performance (Flavell et al., 1970;
Lipko et al., 2009; Lipko-Speed, 2013; Schneider, 1998; Xia
et al., 2023; Yussen & Levy, 1975). Beyond these skill-based
domains, overoptimism shows up even in probability-based
tasks; children consistently overestimate the probability of a
desirable outcome, especially when the outcome results in a
reward for themselves versus for someone else (Hennefield &
Markson, 2022; Wente et al., 2020). In sum, this literature
suggests that children’s predictions and expectations relating
to themselves are fraught with bias and a lack of calibration.

Yet, prior work on metacognitive development suggests that
young children are not completely ignorant about their own
performance. Even 20-month-olds selectively ask for help
when they are uncertain about the location of an item (Goupil
et al., 2016), and children become increasingly better at mon-
itoring their uncertainty; by age 4, children can report their
level of confidence and strategically decide whether to skip
a question or exclude an answer from being evaluated (e.g.,
Hembacher & Ghetti, 2014; Lyons & Ghetti, 2011, 2013).
Notably, some studies have found that children can be over-
confident but nonetheless choose to revise their belief (Hagá
& Olson, 2017) or seek additional information (Lapidow et
al., 2022), suggesting a potential discrepancy between explicit
predictions and other behavioral markers of uncertainty (cf.
Destan & Roebers, 2015). While these findings involve judg-
ments made during or after the task and do not provide direct
evidence for children’s ability to predict their performance
outcomes, collectively this literature raises the possibility that
despite overoptimistic predictions, children have a better in-
ternal sense of how they might do on a task.

Children’s difficulty with predicting their own performance
outcomes also stands in stark contrast to decades of prior
work documenting young children’s ability to make accurate
predictions about the world. Infants look longer at physically
impossible events (e.g., a ball appearing to pass through a wall;
Spelke et al., 1992; Stahl & Feigenson, 2015) or statistically



improbable events (Xu & Garcia, 2008), suggesting that they
had a priori expectations about the outcomes of these events.
They also hold expectations about their social world, show-
ing surprise when agents do not act efficiently with respect
to their goals (e.g., Gergely & Csibra, 2003; Liu & Spelke,
2017) or approach someone mean vs. nice (Kuhlmeier et al.,
2003). Such systematic responses to unexpected outcomes are
consistent with prediction error (PE)—a signal that indicates
a discrepancy between an actual outcome and an expected
outcome (Clark, 2013; Hohwy, 2020; Niv, 2009; Pessiglione
et al., 2006; Schultz et al., 1997). Beyond looking time, sur-
prising events that elicit PE can also give rise to systematic
changes in facial expressions, pupil dilation, and other phys-
iological measures (e.g., Camras et al., 2002; Gredebäck &
Melinder, 2010; Moll et al., 2016; Ni et al., 2023). These
indices of PE provide evidence that humans, starting early in
life, can hold rich, sophisticated expectations about the world.

Collectively, these findings raise an intriguing possibility:
Even though young children make overoptimistic predictions,
they might still have reasonable expectations about their own
performance. While extensive work has documented how
children respond to events that violate their expectations about
the external world, little work has examined violations of ex-
pectations about the self —i.e., surprising outcomes result-
ing from their own choices or actions. Insofar as PE serves
as a domain-general learning signal, it might manifest not
only when children passively observe surprising outcomes,
but also when they actively produced those surprising out-
comes. Granted, it is not always easy to distinguish surprise
about the world vs. surprise about ourselves, as the efficacy
of our own actions often depends critically on the properties
of the external world. Yet, at least in the sensory motor do-
main, prior work has identified evidence for ‘self-PE’—error
signals in the brain that plausibly pertain to the outcomes
of one’s own actions and their sensory consequences (e.g.,
Blakemore et al., 1998; Knolle et al., 2013; Wolpert et al.,
1998). Furthermore, recent work suggests that unexpected
success increases exploratory play in young children (Doan
et al., 2020), suggesting a potential role of self-PE.

Inspired by these findings, we hypothesize that although
children make overoptimistic verbal predictions about the out-
comes of their own actions, they might report being surprised
after having achieved those unrealistic outcomes. This hy-
pothesis is rather counterintuitive: We predict children will
be surprised even when the observed outcome is consistent
with their explicit predictions. If children are surprised by the
unrealistic outcomes they themselves predicted to achieve, that
constitutes evidence that children can generate internal repre-
sentations of predicted outcomes that are better-calibrated to
their actual competence than their explicit predictions.

To test our prediction, we created an experimental paradigm
in which children experienced the same successful outcome
under different conditions: In the Uncued condition, which
served as our main condition of interest, children performed
either a highly challenging probability-based (Exp. 1) or a

memory task (Exp. 2) without any visible aids, similar to
setups in prior work. In the Cued condition, which served as
our control condition, children performed the same tasks with
clearly visible cues such that they were guaranteed to succeed.
This design allows us to directly compare children’s surprise
responses across two conditions that vary in the likelihood of a
desirable outcome while holding the outcome itself constant.
Importantly, the successful outcome they experience under
this setup is one that is aligned with their explicit overopti-
mistic predictions. We conduct our initial investigation with
4- to 6-year-olds, tapping the earliest ages at which prior stud-
ies have examined children’s explicit predictions about their
performance outcomes (Leonard & Sommerville, 2025; Xia
et al., 2024). See https://osf.io/9bcjw/ for data and code.

Experiment 1
In Exp. 1, children played a simple probability-based card
game and achieved a desirable outcome. We asked whether
children express more surprise when the desirable outcome
was highly improbable (Uncued) than when it was fully ex-
pected (Cued). Critically, drawing on prior work on children’s
overoptimism in probability-based predictions (Hennefield &
Markson, 2022; Wente et al., 2020), we also sought evidence
for overoptimism in children’s explicit predictions.

Methods
Participants Forty-eight 4- and 5-year-olds (𝑀𝑎𝑔𝑒 (𝑆𝐷) =
4.92 (0.68) years, Range: 4.02-6.00 years; 54% girls; 52%
white) were recruited online via Children Helping Science
(CHS; Scott and Schulz, 2017) and randomly assigned to ei-
ther Uncued or Cued conditions (𝑛= 24 in each). An additional
22 participants were excluded due to incompletion (𝑛 = 6) and
interference/distraction (𝑛 = 11), or selecting non-target cards
in the Cued condition (𝑛 = 5; see Procedure).1 No child failed
the attention check. All families were compensated with a $5
gift card for their time.

Procedure See Figure 1 for an overview of the procedure.
Children were first introduced to a set of 15 cards arranged
in three rows of five. Three cards (20%) had a star, while
the remaining 12 (80%) did not. The distribution of star and
non-star cards was highlighted using flashing animations and
verbal emphasis in the accompanying voiceover. The goal
of the game was to find all three stars; children answered
an attention check question with feedback, ensuring that they
understood this goal. The cards were then flipped over and
shuffled on screen, and the game unfolded in four phases.

In the Choice phase, children picked one card at a time,
yielding a total of 3 chosen cards. Each time they chose a
card, their choice was marked and held for later reveal. After
their final pick came the Prediction phase, where children
were asked, ‘Do think you got no stars, 1 star, 2 stars, or 3
stars?’ (increasing/decreasing order of card numbers coun-
terbalanced). Children responded by clicking an image cor-

1This exclusion rate is typical in asynchronous online studies.

https://osf.io/9bcjw/


Figure 1: Overview of task procedure in Exp. 1 (probability-based game). The game involved choosing 3 cards from a deck of
15 cards (face-down), only 3 of which had a star. In the Uncued condition, the cards were shuffled and children had to guess;
in the Cued condition, the cards had visible cues (green dots) identifying the star cards. After choosing 3 cards (Choice phase),
children indicated how many star cards they think they found (Prediction Phase). Once the outcome was revealed, which always
showed 3 star cards (Reveal Phase), children indicated their level of surprise (Surprise Phase). In Exp. 2, children played a
variant of this game where they had to remember the locations of star cards (see Exp. 2 Procedure).

responding to their desired option. In the Reveal phase, the
outcome of children’s choices was revealed: It was rigged
such that children in both conditions saw 3 stars regardless
of their choice in the Choice phase. In the final Surprise
Response phase, children were asked: ‘Are you surprised or
are you not surprised that all 3 cards you chose are stars?’ and
responded by clicking an image of a child with a surprised
or neutral expression (order counterbalanced). Those who
responded ‘surprised’ were prompted to indicate their level
of surprise using a similar pictorial scale: ‘Are you a little
surprised, pretty surprised, or very surprised that all 3 cards
you chose are stars?’ (order of options counterbalanced).

The procedure was identical across the two conditions, ex-
cept for one crucial difference: During the Choice phase, chil-
dren in the Uncued condition saw identical images of cards,
forcing them to choose randomly, whereas those in the Cued
condition were told that the star cards have a salient cue in the
back, allowing them to know which ones are star cards.2

Results and Discussion
In the Cued condition, children almost certainly knew they
would get 3 stars, and all 24 children appropriately predicted
such; these responses are irrelevant to overoptimism. In the
Uncued condition, however, these responses would indicate
overoptimism. Replicating prior work, a majority of children
in the Uncued condition said they would find 3 stars (75%, 18
of 24). While some ‘hedged’ their predictions (i.e., other re-
sponses included 2 (𝑛 = 1), 1 (𝑛 = 1), and 0 (𝑛 = 4) stars), the
average number of stars (𝑀 (𝑆𝐷) = 2.38 (1.17)) far exceeded
the expected value assuming random choice (0.6 stars): 𝑡(23)
= 7.42, 𝑝 < .001 (one sample t-test). See Figure 2A.

Next, we turned to our key analysis: Given the same pos-

2All but 𝑛 = 5 children in the Cued condition followed the cues
and chose the 3 marked cards. Note that children who chose un-
marked cards observed an outcome that deviated from the rest; these
participants were thus excluded from analyses; see Participants.

itive outcome (3 stars), were children more likely to express
surprise when the outcome was highly improbable (Uncued
condition) than when it was anticipated (Cued condition)? We
fit a logistic regression model with condition as a predictor and
found a significant effect: Children in the Uncued condition
were more likely to report surprise than children in the Cued
condition (Uncued vs. Cued: 66.7% vs. 37.5%, 𝛽 = 1.20, 𝑝 =
.046). Children’s reported level of surprise mirrored this pat-
tern (Uncued vs. Cued (𝑀 (𝑆𝐷)): 1.75(1.36) vs. 0.71(1.12)):
𝛽 = 1.44, 𝑝 = .013, ordinal logistic regression. No effect of
age was observed in either measure. Importantly, the effect
of condition was reduced but largely remained even after ex-
cluding children in the Uncued condition who predicted fewer
than 3 stars (𝑛 = 6); it was marginally significant in the binary
surprise measure (𝛽 = 1.20, 𝑝 = .066) and remained signifi-
cant in children’s level of surprise (𝛽 = 1.42, 𝑝 = .022). Thus,
the condition difference was not driven by the few children
in the Uncued condition who made more realistic predictions
and were reasonably surprised by the improbable outcome.

In sum, these findings reveal a striking discrepancy between
children’s explicit predictions and their self-reported surprise
about their own action outcomes. While children in the Un-
cued condition said they would achieve a highly improba-
ble outcome—showing the well-documented overoptimism
effect—their self-reported surprise suggested otherwise: Af-
ter observing the outcome, they reported feeling more sur-
prised than children in the Cued condition who achieved the
same (but expected) outcome. Notably, these results held even
when matching children’s predictions across conditions.

In our task design, the observed outcome was held constant
across conditions; the main difference was whether children’s
choice was uncued or cued, which affected the likelihood of
success, and presumably, their subjective levels of uncertainty
during the Choice phase (guessing vs. following cues). The
effect of condition in children’s surprise responses suggest that
they were sensitive to this difference. This is particularly strik-



Figure 2: Results for Exp. 1 (probability-based game). Error bars represent bootstrapped 95% CIs. (A) Prediction; dashed line
indicates expected value when guessing (.6 stars). (B) Binary surprise. (C) Graded surprise. ∗∗∗𝑝 ≤ .001; ∗∗𝑝 ≤ .01; ∗𝑝 ≤ .05.

ing because all children observed the outcome they said they
would achieve, which should, in principle, be unsurprising.

However, one might question whether these findings truly
reflect children’s prediction error about their own performance
outcomes. Given that this was a probability-based game, it
is possible that children’s surprise purely reflected a response
to the statistical nature of the outcome, rather than anything
about their own actions or choices. If so, we may not find the
same effect in domains where outcomes are mainly driven by
the child’s competence rather than chance. Furthermore, this
initial experiment was unpreregistered with a relatively small
sample (𝑁 = 48), raising questions about its replicability.

To test the generalizability of our findings, we sought to
conceptually replicate the key effects in a skill-based domain:
memory. We chose this domain for two reasons. First, the
classic effect of overoptimistic performance predictions was
first documented using a memory-based task (Flavell, 1970)
and was replicated many times (Lipko et al., 2009; Lipko-
Speed, 2013; Schneider, 1998; Xia et al., 2022). Second, it
was possible to design a memory task very closely matched to
the card task used in Exp. 1, minimizing potential concerns
about procedural differences between experiments.

Experiment 2
In Exp. 2, we adapted our probability-based task to create
a task in a different domain: a memory-based task. As in
Exp. 1, we examined children’s verbal surprise alongside their
explicit, a priori predictions. This study was preregistered
(https://aspredicted.org/jcmm-z553.pdf).

Methods
Participants Sixty-four 4- and 5-year-olds were recruited
via CHS and randomly assigned to either the Cued or Uncued
condition (𝑛 = 32 each); 𝑀𝑎𝑔𝑒 (𝑆𝐷) = 5.02 (.59) years, Range:
4.02-6.00 years; 44% girls; 61% white. An additional 𝑛 = 36
children were excluded due to incompletion or missing data (𝑛
= 4), interference/distraction (𝑛 = 20), failing attention checks
(𝑛 = 7) and selecting non-target cards in the Cued condition
(𝑛 = 5; see Footnote 2).3 Families received a $5 gift card.

3We deviated from our preregistration which erroneously omitted
two important exclusion criteria: attention checks, and selection of

Procedure The procedure was similar to Exp.1 (see Fig. 1)
except for two major changes. First, we expanded the card set
from 15 to 50 cards, displayed in five rows of ten. Second,
to tie children’s card game performance to skill rather than
chance, we adapted the game to (purportedly) rely on memory.

Children were first introduced to the set of 50 cards. Chil-
dren were then prompted to remember the location of star
cards, and then the cards were flipped over. Unlike Exp.1
where the cards were also shuffled, the spatial arrangement
of cards remained the same. The game then unfolded in the
same four phases: Choice, Prediction, Reveal, and Surprise
phases (see Exp.1 Procedure for details). As in Exp.1, the
procedure was identical across the two conditions, except for
one crucial difference: During the Choice phase, once the
cards were flipped over, children in the Uncued condition had
to rely on memory to locate the star cards, whereas children
in the Cued condition could use a salient cue in the back of
the star cards, making them trivially easy to find.

Results and Discussion
Given that this was meant to be a skill-based task, we first
sought to confirm that children made genuine attempts at lo-
cating the star cards and that our manipulation of success ex-
pectancy worked as intended. For children’s incorrect choices
in the Uncued condition, the majority were within 1-card dis-
tance from an actual star card (Manhattan distance across 3
card choices: 𝑀 (𝑆𝐷) = 1.40 (.65). Despite the high level
of engagement, most children located either 0 star cards (𝑛 =
16) or just 1 star card (𝑛 = 14); only 2 children located 2 star
cards, and no child remembered all 3 locations. In sum, even
though children expended genuine effort, this memory game
proved to be quite difficult for them.

Despite the difficulty of the task, did children in the Uncued
condition still expect to remember the locations of all 3 stars?
Consistent with Exp. 1 and previous literature, 62.5% of chil-
dren in the Uncued condition (20 of 32) predicted to obtain 3
stars. Although some hedged their bets (6 children predicted
0 stars, 𝑛 = 4 predicted 1 star, and 2 children predicted 2 stars),
children’s prediction average (𝑀 = 2.13, 𝑆𝐷 = 1.24 stars) sub-

non-target cards in the Cued condition. This allowed us to ensure
children understood the task and maintain consistency with Exp.1.

https://aspredicted.org/jcmm-z553.pdf


Figure 3: Results for Exp. 2 (memory game). Error bars represent bootstrapped 95% CIs. (A) Prediction; dashed line indicates
children’s true performance (𝑀 = .56 stars). (B) Binary surprise. (C) Graded surprise. ∗∗∗𝑝 ≤ .001; ∗∗𝑝 ≤ .01; ∗𝑝 ≤ .05.

stantially exceeded their true average performance (𝑀 = .56
stars, 𝑆𝐷 = .62): 𝑡(31) = 7.14, 𝑝 < .001 (one sample t-test, pre-
registered). All children in the Cued condition appropriately
predicted 3 star cards. See Figure 3.

We then asked whether children reported more surprise
when they had to rely on their memory versus a visual cue
guaranteeing success. Given the absence of any age effect
in Exp.1, our main preregistered analysis was to use logistic
regression with condition as the main predictor. However,
condition alone was not a significant predictor of children’s
surprise, either in the binary measure (Uncued vs. Cued;
37.5% vs. 53%; 𝛽 = .64, 𝑝 = .211, binomial logistic regres-
sion), or level of surprise (𝑀 = 1.19 (𝑆𝐷 = 1.31) vs 𝑀 = 1.00
(𝑆𝐷 = 1.34); 𝛽 = .41, 𝑝 = .402, ordinal logistic regression).

We then turned to our preregistered exploratory analysis
to examine the effect of age. Including age (in years) with
an interaction term4 yielded an interaction between condition
and age (marginal in the binary measure, 𝛽 = 1.92, 𝑝 = .068;
significant in the level of surprise, 𝛽 = 2.47, 𝑝 = .015). Follow-
up analysis found the predicted effect of condition in 5-year-
olds (𝑛 = 37), who reported more surprise in the Uncued vs.
Cued (binary: 𝛽 = 1.48 𝑝 = .037, level of surprise: 𝛽 = 1.44,
𝑝 = .035), whereas 4-year-olds (𝑛 = 27) did not (𝑝s > .165).

Similar to Exp.1, this difference was not driven exclusively
by the children in the Uncued condition who made more real-
istic predictions and were (reasonably) surprised by the out-
come. Given the smaller sample size, the effect of condition
among 5-year-olds was weaker but remained marginal even
after excluding those who predicted fewer than 3 stars in the
Uncued condition (𝑛 = 6), in both binary surprise (𝛽 = 1.37,
𝑝 = .081) and level of surprise: 𝛽 = 1.31, 𝑝 = .081).

To complement these findings,we examined whether the
Manhattan Distance measure predicted self-reported surprise.
If children reported more surprise as a function of the distance
between their chosen locations and the true locations (repre-
senting greater implausibility that the chosen card is actually
a star card), we should see the latter predicting the former. A
pair of regression analyses showed no effect of distance on
surprise (𝑝s > .128 for binary surprise and level of surprise),

4While we did not specify how age would be included in the
preregistration, we find similar results with a continuous age variable.

suggesting that children who made wildly inaccurate guesses
were not necessarily more surprised than those who made
effortful guesses.

In sum, the results of our first experiment replicated among
the 5-year-old children in our sample, confirming that while
children showed the widely documented overoptimism in their
predictions, their surprise uncovered well-calibrated expecta-
tions over their performance outcomes. When success ex-
pectancy was low, the older (but not younger) children were
significantly more likely to report surprise upon succeeding
than when success expectancy was high. Children’s surprise
responses were not driven purely by violation-of-expectation
over specific card locations: The present game allowed us
to precisely track which locations children expected to hold
target cards (card choices measured by click inputs), and the
distance between chosen location and true location was unre-
lated to their later surprise.

Put together, these findings suggest that children’s sensi-
tivity to expectation-outcome discrepancies applies not only
to a probability-based task but also to a skill-based task. By
around five years of age, children’s self-reported surprise is
sensitive to success expectancy across both domains, and is
largely independent of superficial features of the task.

General Discussion
Do children hold reasonable expectations about their perfor-
mance outcomes? Although children tend to say they will
achieve unrealistic performance outcomes, we find that at
least by 5 years of age, their surprise suggests otherwise.
In a probability-based task (Exp.1) and a skill-based memory
task (Exp.2), children consistently predicted to achieve a de-
sirable outcome, but after having achieved that outcome, they
were more likely to express surprise when the outcome was
unlikely than when it was guaranteed.

Drawing on prior work on overoptimism (Leonard & Som-
merville, 2025; Xia et al., 2024) and uncertainty monitoring
(Goupil et al., 2016; Hembacher & Ghetti, 2014; Lyons &
Ghetti, 2011), these results demonstrate a striking discrepancy
between children’s explicit (and wrong) predictions and their
internal (and more reasonable) expectations within the same
individual participants. Going beyond prior findings suggest-
ing that children are aware of an internal signal that indicates



subjective uncertainty during a task, the current work raises
the possibility that children are also capable of generating
reasonable expectations about their future performance. Con-
sistent with the idea that surprise reflects prediction error—a
discrepancy between expected vs. observed outcomes—these
findings also extend prior work on children’s ability to predict
the outcomes in the external world; just as observing unex-
pected physical and social outcomes elicits surprise, children
in our study reported being surprised when the outcomes they
themselves generated violated their expectations.

Recent work on metacognitive development has demon-
strated similar discrepancies in different ways. For instance, 4-
and 5-year-olds claim that they know what color ‘chartreuse’
is, but are more likely than older children to adopt a peer’s
answer when asked for the chartreuse crayon (Hagá & Olson,
2017). However, this finding comes from a comparison be-
tween age groups, suggesting older children—perhaps rather
surprisingly—held onto their choices even when they were
uncertain. Thus, it leaves open questions about the underly-
ing reason for the selective divergence in younger children.
Another study with 4- and 5-year-olds showed that children
claim overconfidence in a perceptual decision task (e.g., re-
porting they know the shape of an object behind partially or
fully occluded windows), but given a choice to look behind
the window, the vast majority chose either the fully occluded
(64%) or partially occluded (24%) window over the clear
window. This dissociation, however, was shown across two
separate experiments rather than within participants. Further-
more, in both studies, children were likely incentivized by
their desire to find the correct answer (Hagá & Olson, 2017),
which may have been driven by their uncertainty.

The present work adds to these findings by demonstrating a
striking discrepancy between an explicit measure of prediction
and self-reported surprise as an indirect measure of prediction.
By tapping into children’s beliefs about the outcomes their
actions can produce in the world, we were able to measure this
discrepancy as prediction about, and reaction to, the outcome
within the same participants. Yet, one limitation of the current
work is its reliance on self-reported surprise. Although prior
work has demonstrated converging evidence between self-
reported surprise and real-time changes in facial expressions at
the time of receiving surprising information (e.g., Chuey et al.,
2026), the current work cannot rule out the possibility that this
measure reflects the uncertainty children accumulated during
the challenging task, rather than their a priori expectations.

From this perspective, leveraging additional measures to
find converging evidence for prediction error—such as pupil-
lometry (e.g., Colantonio et al., 2023), gaze data using head-
mounted cameras (Long et al., 2024), facial coding (Chuey
et al., 2026; Ni et al., 2023), as well as physiological (e.g.,
skin conductance) or neural measures (e.g., OPM-MEG)—is
an exciting direction for future work. Broadening the range
and nature of measures will enable the study of pre-verbal
populations, assessment of convergent validity of measures,
and checking for biases in children’s verbal self-reports (e.g.,

a discrepancy between implicit and explicit surprise).
Given that we did not find an effect of age in Exp. 1, the

difference between 4- and 5-year-olds in Exp. 2 was rather
unexpected. While we remain cautious about interpreting this
finding, it is possible that younger children found it more chal-
lenging to estimate the difficulty of the memory task (Exp. 2)
than the probability-based task (Exp. 1), or struggled to repre-
sent their memory skills; both are crucial for generating well-
calibrated expectations about their performance outcomes.

What might explain the discrepancy between children’s ex-
plicit prediction and surprise? While the current study does
not provide an answer, we can entertain at least two possibili-
ties. First, this might reflect the well-documented discrepancy
between ‘implicit’ measures (e.g., looking time) and more ex-
plicit, verbal responses. Examples of divergence between
these types of measures have been found in the domain of
physical reasoning (Hood, 1995; Hood, Carey, & Prasada,
2000; Hood, Santos, & Fieselman, 2000), probabilistic rea-
soning (Doan et al., 2023; Xu & Garcia, 2008) and Theory
of Mind (Onishi et al., 2007; Rakoczy, 2022, but see Powell
et al., 2018; Schuwerk et al., 2021). Another possibility is
that children’s overoptimistic predictions reflect their desire
to appear confident (e.g., due to its perceived social benefits;
see Birch et al., 2020) or their tendency to verbalize the out-
comes they want to see (Bernard et al., 2016; Wente et al.,
2020) rather than their true expectations or beliefs. These ex-
planations are neither mutually exclusive nor exhaustive, and
further investigating the mechanism behind this discrepancy
remains an important area for future work.

Our findings also open up new questions. For instance, what
are the inductive constraints on children’s expectations over
their abilities in various domains? Quantitative modeling can
be useful for explicitly formalizing the role of children’s pri-
ors over their competence, and their understanding of the task
difficulty, as well as how children might integrate their expe-
rience with the task to update these representations. In light
of findings on children’s tendency to explore after observing
surprising outcomes (Doan et al., 2020; Stahl & Feigenson,
2015), another exciting question is whether self-PE would lead
to an increase in exploration, specifically to test hypotheses
about their competence. It is also interesting to think about
how children’s emotional and behavioral responses might dif-
fer in cases of unexpected failure (negative prediction error) as
compared to unexpected success (positive prediction error).
While negative prediction error might still promote curiosity
(why did I fail?) and even humility (how can I get better?),
it might lead to different behavioral consequences, such as
refusing to look at the outcome or reduced exploration.

The current work is only a first step in understanding how
young learners respond to and learn from the outcomes of
their own actions. By synthesizing research on prediction
error, metacognition, and active learning, further work in this
domain can help shed light on what makes humans remarkable
learners not only in learning about the external world but also
in learning about their own abilities.
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