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Abstract

Young children can use observed performance outcomes (e.g.,
successes and failures) to decide when to persist and which tasks
to pursue. However, learners often face situations where out-
comes either cannot be observed or are uninformative. Using a
simple tablet game, we asked whether preschool-aged children
can use mentally simulated outcomes to guide their decisions.
In Experiment 1, the game froze mid-trial so the final outcome
was unavailable. Children preferred to repeat the same game
when their attempt would have resulted in success (versus fail-
ure). In Experiment 2, an on-screen agent intervened mid-trial,
rendering the outcome uninformative about the child’s perfor-
mance. Children preferred to play the game without (versus
with) the agent when their attempts would have been successful
without the agent’s intervention. These findings suggest that
children can simulate alternative outcomes of their actions and
use them to guide how they pursue future tasks.
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Introduction
Imagine a child playing soccer in her local league. She
might use a variety of signals to gauge her ability as a soccer
player: how many goals she has attempted and scored, how
many passes she has completed, and how easily she can avoid
opponents’ tackles. These performance outcomes—directly
observable results of her own actions—provide an essential
source of information for building an accurate representation
of her abilities. In turn, these outcomes can guide further
decisions about whether to keep practicing, apply for a more
advanced league, or switch to a different sport.

Prior research suggests that children can leverage their own
and others’ performance outcomes (e.g., past successes and
failures) to guide their subsequent actions. For example, even
infants use information about others’ successes and failures
to identify the causes of their own failures (Gweon & Schulz,
2011) and calibrate their own effort on the task (e.g., Leonard
et al., 2017; Lucca et al., 2020). By age two, children use the
temporal pattern of their own successes and failures (e.g., im-
proving performance) to infer their abilities (Zhu et al., 2024);
by age five, children generate accurate predictions about how
their performance outcomes will change over time (Zhang
et al., 2025) and use the gradual change in their observed
performance to decide when to persist on a task (Leonard et
al., 2023). These findings suggest that children consider the
outcomes of their own actions as diagnostic of their abilities.

Clear performance outcomes, however, are not always avail-
able; learners often face situations where they must go beyond
what they directly observe. For instance, learners may have
initiated an attempt but the outcome is unavailable, either due
to an unexpected interruption or external interference. If a soc-
cer ball was headed toward the goal but a referee catches the
ball mid-flight and pauses play, the player never saw whether
the shot would have succeeded. Alternatively, outcomes may
be available but uninformative—for example, a teammate may
accidentally deflect the ball on its way to the goal, causing it to
miss. In this case, while there is an observed outcome (miss),
it may be uninformative about the player’s true competence.

In these situations, we as adults cannot help but think about
what could have happened: that the ball was heading for the
goal and likely would have made it if the interruption had not
occurred. Generating these alternative outcomes, however,
requires going beyond what is directly observable; it requires
using available evidence to mentally simulate an outcome that
could have occurred but never actually did. The current work
investigates whether young children can go beyond observed
evidence to reason about their performance outcomes. Can
they spontaneously engage in mental simulation to generate
plausible outcomes of their own actions?

A longstanding line of work suggests that mental simula-
tion can support learning and reasoning by generating out-
comes “in the mind” (e.g., Lombrozo, 2024). Humans deploy
simulation in a wide variety of settings, such as mechanical
and physical reasoning (e.g., Dasgupta et al., 2018; Hegarty,
2004), physical scene judgments (e.g., Battaglia et al., 2013;
Gerstenberg et al., 2017), social cognition (e.g., Wu et al.,
2023), spatial reasoning (e.g., Shepard & Metzler, 1971), and
scientific discovery (e.g., Brown, 1986). By using their mental
models of the world, humans not only predict what might hap-
pen but also infer what might have happened counterfactually
(Gerstenberg, 2024). By simulating possible scenarios and
event outcomes, adults can go beyond “learning-by-doing”
and benefit from “learning-by-thinking”.

The ability to engage in mental simulation—at least in rel-
atively rudimentary forms—may emerge early in life. Infants
move their eyes to anticipate objects moving in space (even
when the objects themselves are occluded from view; Johnson
et al., 2003), and coordinate their own reaching behavior to
act upon objects already in motion (e.g., von Hofsten et al.,
1998), suggesting that infants can use their mental model of
the physical world to generate online predictions about object



trajectories. By age two, children can use their knowledge
about the world in order to construct imaginary worlds in the
context of pretense and pretend play, such as predicting that a
character’s head would be wet after imaginary tea was poured
on it (Harris et al., 1993).

Research has also found a later-emerging capacity to en-
gage in more complex mental simulations. The ability to
entertain multiple simulated possibilities appears to emerge
after four years of age (Leahy and Carey, 2020; Redshaw and
Suddendorf, 2020; but see also Cesana-Arlotti et al., 2025),
and so does the ability to reason about hypothetical outcomes
(i.e., simulating a possible future outcome; e.g., Nyhout et al.,
2023) and counterfactual outcomes (i.e., simulating outcomes
that could have happened if something had been different; e.g.,
Nyhout and Ganea, 2019; Rose et al., 2025; but see also Ong
et al., 2021; Rafetseder et al., 2013, for development beyond
the preschool years). In one study (Kominsky et al., 2021),
children were asked how a soccer ball would have moved if a
wooden block had not altered its path; while 4- and 5-year-olds
used mental simulation, their answers systematically differed
from those of adults and older children. Together, this body of
work shows substantial changes in 4- to 5-year-olds’ capacity
for mental simulation, making this a particularly interesting
window to study its development.

Notably, this past work has primarily focused on children’s
ability to use mental simulation as third-party observers, rais-
ing questions about whether they can also simulate the out-
comes of their own actions. One possibility is that the same ca-
pacity for mental simulation underlies children’s inferences as
third-party observers and first-person actors, supporting simi-
lar developmental trajectories. On the other hand, a large body
of research has suggested that children make overwhelmingly
optimistic predictions about how well they will do on a range
of tasks—memory, motor, and probability-based (see Leonard
& Sommerville, 2025; Xia et al., 2024, for reviews)—raising
the possibility that such optimism may affect how they simu-
late their own performance outcomes. That is, children may be
similarly biased in reasoning about simulated outcomes that
they could have produced, entertaining optimistic alternatives
even when they are implausible. Finally, it is also possible
that young children rely exclusively on observed outcomes to
reason about their own performance; even though simulated
outcomes can be an informative learning signal, children’s
limited representational capacity may prevent them from uti-
lizing simulated outcomes, especially when these outcomes
differ from observed outcomes.

Here, we report two studies that investigate whether chil-
dren use mental simulation to reason about their performance.
Drawing inspiration from prior work (e.g., Kominsky et al.,
2021), we developed a virtual soccer game (see Figure 1): a
billiards-style task in which a ball moves towards a goal on
a screen. Critically, rather than passively viewing the event,
participants themselves attempted (i.e., by blowing into the
hole on a tablet device) to launch a ball towards a goal, such
that the outcome encoded the consequence of their actions.
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Figure 1: Experiment set-up. (A) Experimental device; an
iPad placed within a box, with a metal trumpet mouthpiece at
the bottom. (B) A participant blowing into the mouthpiece,
which appeared to launch the blue ball towards the goal (in
reality, the trajectory of the ball was predetermined).

Experiment 1: Direct Outcome Unavailable
Experiment 1 investigated whether young children can men-
tally simulate their performance outcomes when the actual
outcome is unavailable. In the virtual soccer game described
above (see Figure 1), children blew into the bottom of a box
to launch a ball towards a goal. On the critical test trial, the
game froze mid-trial, rendering the final outcome unavailable.
The key difference between conditions was that the ball was
headed either straight towards the goal (‘Almost condition’) or
veering for a miss (‘Miss condition’) before the game froze. If
children can use mental simulation to reason about their per-
formance, they should be more likely to play another round
of the same game (rather than switch to another task) in the
Almost condition than in the Miss condition.

We preregistered a sequential Bayes Factor (BF) analysis to
iteratively evaluate the effect of interest until a predetermined
evidentiary criterion or the final # was met (e.g., Mani et
al., 2021; Schönbrodt et al., 2017). This provides a data-
driven approach to determine the final sample size; researchers
predetermine their maximum sample size but also have the
option to stop data collection early in the presence of strong
evidence for either the null or the predicted hypothesis.1

Methods
Participants Forty-four (= = 22 per condition) 4- and 5-
year-old children were tested at a local preschool (Mage = 4�88,
SDage = 0�42). We excluded five additional participants for
the following preregistered exclusion criteria: not completing
the study (= = 3), experimenter error (= = 1), and tech error
(= = 1). See Results for sequential sampling procedure to
determine the final sample size.

Materials Children performed the task on an iPad device
housed in a casing made of foam board and yellow duct tape.

1Data, analysis code, stimuli, study scripts, and preregistrations
for both experiments are available at https://github.com/pzhu222/
soccr_cogsci_2026.

https://github.com/pzhu222/soccr_cogsci_2026
https://github.com/pzhu222/soccr_cogsci_2026


Figure 2: Experiment 1 methods and results. (A) Final outcomes of each trial: dark lines indicate the trajectory the ball took
(the lines were visible to the participants as the ball traveled along its path). After seeing the experimenter fail (Demo 1) and
succeed (Demo 2), participants attempted the game and failed three times (Trials 1-3). On the fourth trial, the ball froze midway,
but its trajectory before freezing di�ered by condition (�nal distance to the goal matched across conditions). (B) Proportion of
children choosing to play the same game (vs. switch to a di�erent task). Error bars show 95% bootstrapped CIs.

A red button and a trumpet mouthpiece were attached to the
casing (see Figure 1). Video stimuli, presented on the iPad,
were constructed using Keynote. Finally, a roll of gold star
stickers was used during the study.

Procedure All children were tested in a quiet room at their
preschool. Children were seated at a long table, with the
experimenter sitting beside them. The experimenter told chil-
dren that they would play a game and pressed the red button on
the top of the yellow iPad casing which appeared to �begin�
the game (in reality, all aspects of the game were surrepti-
tiously controlled by the experimenter). With the initial scene
on the screen, the experimenter said: �You have to make this
ball (at the bottom of the screen) go into this goal here (at the
top of the screen). In order to make the ball go, you have to
blow really hard right here (pointing to the mouthpiece at the
bottom of the casing). If you make the ball go into the goal,
you get one of these cool stickers!�

The experimenter demonstrated the game by blowing into
the mouthpiece and missing the goal, which displayed a red
�X� and made a loud buzzer sound. The experimenter then
attempted the task a second time, pressing the red button
between trials to give the appearance of �resetting� the game,
and succeeded on their second attempt (displaying a green
check and playing a ding sound e�ect). After succeeding,
the experimenter gave themselves a sticker. Children then
attempted the game three times, missing the goal each time.

After the child's third attempt, the experimenter o�ered
the child one more attempt (and reminded them that they'd
receive a star sticker if successful). Critically, the trajectory
of their ball di�ered by condition. In the Almost condition,
the ball headed straight towards the goal, whereas in the Miss
condition, the ball veered for a miss. Prior to the ball reaching
its �nal outcome, the game appeared to freeze, pausing the
ball at its current location, stopping the music, and displaying
a rotating gray circle (as if the game was bu�ering). We

controlled for the low-level properties of the �nal scene across
conditions: the total time the ball spent in motion until the
game froze and the Euclidean distance between the ball and
the goal in the �nal scene. See Figure 2A.

When the game froze, the experimenter noted: �Well, it
looks like I will have to restart this game . . . � Then the
experimenter asked the key test question: �If you want to
keep playing this game, I'll just have to restart my game�
it will be quick but you'll have to wait. Or, we can play a
di�erent game, and you can do that right now.2 So, do you
want to wait while I restart this game or do you want to play
a di�erent game right now?� Our key measure was children's
decision to play the same game or switch to a di�erent game.

Results

Across conditions, children's observed performance outcomes
in the �rst three trials were identical (all misses) and the fourth
outcome was unavailable. If children can use simulated out-
comes to make strategic task decisions, those children in the
Almost condition (whose simulated outcome was a success)
would be more likely to play the same game than children in
the Miss condition (whose simulated outcome was a miss).
Importantly, our key hypothesis for the current study focused
on a condition di�erence rather than a di�erence compared to
chance (50%), since children may have had a baseline pref-
erence to keep playing the same game (e.g., the star sticker
may be especially appealing) or to switch tasks (e.g., repeated
failure may feel especially discouraging).

Results are in Figure 2B. To test our predictions, we ran
a Bayesian generalized linear model with default weakly in-
formative priors in the rstanarm package (Goodrich et al.,
2025). We computed BFs using the bridgesampling pack-
age (Gronau et al., 2020), comparing a model with a condi-

2It was clear in context that restarting the game meant starting a
fresh trial, rather than simply unfreezing the current trial.
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