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Learning requires effort, but children cannot try hard at everything. Here, we evaluated whether children
use their improvement over time to decide whether to stick with a challenge. To eliminate the effect of
individual differences in ability or prior knowledge, we created a novel paradigm that allowed us to sur-
reptitiously control children’s performance. Across three preregistered experiments (N = 319, ages 4 to
6 in the United States), we found that children who were given evidence that their performance was
improving were more likely to persist on a challenging task than children who were given evidence that
their performance was constant, even when final performance was matched. This effect was robust to
differing reward contingencies, across in-person and online testing contexts, and was driven by the
demotivating effect of constant performance. Our results suggest that young children will be more per-
sistent if they are guided away from too-difficult tasks and toward opportunities that enable steady
growth.

Public Significance Statement
How do children decide which challenges are worth pursuing? We show that young children pay
attention to their rate of past performance: 4- to 6-year-olds are more likely to persist with a chal-
lenge if their past performance increases over time versus stays constant, even when their final score
is the same. Our results suggest that adults can help foster young children’s persistence by guiding
children toward achievable tasks just outside their comfort zone and highlighting their growth.
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The road to mastery is riddled with setbacks. Even though fail-
ure is aversive, sometimes we decide to keep going. Understand-
ing how children make decisions about effort is important,
because persistence sets the stage for a broad range of positive life
outcomes including academic success and strong interpersonal
relationships (Banerjee & Tamis-Lemonda, 2007; Eskreis-Winkler
et al., 2014; Martin et al., 2013; Messer et al., 1986; Mischel et al.,
1989). Once we understand how children decide when to persist

and when to give up, we can use this knowledge to develop strat-
egies that help people of all ages stick with their goals, build effec-
tive online learning platforms, and even design intelligent agents
that learn tractable problems.

One key factor that may impact persistence in young children is
learning progress: Children may feel more motivated to pursue
tasks when they are improving, compared with when their per-
formance is flat. This strategy is rational under theories of optimal
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learning (Metcalfe & Jacobs, 2010; Metcalfe & Kornell, 2005;
Son & Sethi, 2006, 2010) and has already been implemented in
some curiosity-driven intelligent machines and algorithms (Kim
et al., 2020; Oudeyer et al., 2007; Wang et al., 2020). Imagine one
child playing a game in which they get progressively closer to
the goal each time they play. Imagine another child playing the
same game, but they stay similarly close to reaching the goal each
time they play. Which child will keep playing the game? Theories
of optimal learning would predict that the child who is getting better
over time should keep playing the game, as they are more likely to
reach their goal on future attempts. Seeing oneself get better may
also lead to feelings of pride and a sense of progress (G€urel et al.,
2020), which may further motivate one to keep going. However, to
date, most evidence in support of this prediction is correlational and
centers on adults (e.g., Metcalfe & Kornell, 2005; Payne et al.,
2007; Ten et al., 2021). Thus, two fundamental questions remain:
Does learning progress causally impact decisions about effort? Do
children have the capacity to strategically allocate effort based on
past performance?
There is evidence that even very young children can rationally

detect when their efforts will pay off. For example, 13- to 18-
month-old infants try harder on tasks after watching an adult
effortfully versus effortlessly succeed, but rationally opt not to try
if they see that an adult’s efforts do not pay off (Leonard et al.,
2017; Lucca et al., 2020). Infants also weigh rewards: 12- to 14-
month-olds selectively crawl toward a jar with the higher propor-
tion of their favored lollipops (Denison & Xu, 2010). However, in
these studies, children reasoned about external evidence, not their
prior behavior, when deciding how to deploy their effort.
It is less clear whether young children can accurately reason

about their past performance. On the one hand, even infants dem-
onstrate rudimentary metacognitive abilities and ask for help when
they are uncertain (Goupil et al., 2016). Later in development, 4-
to 5-year-olds demonstrate metacognitive awareness by reporting
more confidence for items that they answer correctly versus incor-
rectly (Hembacher & Ghetti, 2014) and by proactively selecting
evidence that will be easier for them to discriminate (Siegel et al.,
2021). However, some aspects of metacognition may be later
developing (Metcalfe & Finn, 2013; Niebaum & Munakata, 2020).
For example, after doing poorly on a memory test, 4- to 5-year-old
children do not allocate more study time when presented with the
same task again (Flavell et al., 1970). Older children (ages 5–7),
but not younger children (ages 3–4), chose to be tested on easier
numerical discrimination items, suggesting that aspects of meta-
cognitive reasoning improve with age (Baer & Odic, 2019). In
short, it is unclear whether young children are capable of using the
trajectory of their past performance to predict their future perform-
ance and calibrate their effort accordingly.

The Current Study

Here, we tested whether 4- to 6-year-old children use the trajec-
tory of their past performance to inform decisions about whether to
persist with a challenge. To eliminate the confounds of individual
differences in skill or prior experience, we created a novel, intuitive
game in which we could surreptitiously control children’s perform-
ance. Across three preregistered experiments, two in-person and one
online, we randomly assigned children to a condition in which they
improved at a game, or a condition in which they stayed about the

same, with matched final performance. After four trials, we asked
whether children wanted to keep playing with the same challenging
version of the game, or switch to playing with an easier version. In
Experiments 1 and 2, we tested how reward contingencies interact
with information about past performance to inform children’s deci-
sions. In Experiment 3, we examined how children’s performance
expectations changed after receiving performance feedback and
whether our results generalized across contexts. We hypothesized
that children would be more likely to choose to stick with the chal-
lenging version of the task if they got better over time versus if their
performance stayed flat. In sum, we sought to establish clear, causal
evidence that performance curves impact young children’s decisions
to persist with challenges.

Experiment 1

Method

The Institutional Review Board at the University of Pennsylvania
approved all experiments. Parents provided informed, written con-
sent for their children’s participation in all experiments. In Experi-
ments 1 and 2, participants were recruited at an urban children’s
museum and tested individually in quiet testing rooms off the mu-
seum floor. The preregistration for Experiment 1 is here: https://osf
.io/vmu6e/?view_only=dc99339ec95d456a8a54e0972e6ee969; see
minor deviations from preregistration in the online supplemental
materials).

Participants

Seventy-three 4- to 6-year-old children were recruited for the
study, but only 66 were included in the data analysis (mean age:
63.77 months; range: 48–83 months1) because of the preregistered
exclusion criteria of missing video recording (n = 2), parental in-
terference (n = 2), or parent reporting diagnosed Autism Spectrum
Disorder (ASD; n = 3; note, owing to an oversight, ASD diagnosis
was not preregistered exclusion criteria. Main results do not
change with ASD participants included). The racial and ethnic
makeup of the final sample was as follows: 41% White, 24% His-
panic/Latino, 14% Black, 14% Other, 12% Asian, and 8% Multira-
cial (missing race data from eight participants and ethnicity data
from 11 participants). Parental education ranged from 12 to 20
years (M = 16.47, SD = 2.51; missing data from 6 participants;
68% holding four-year college degree). We preregistered running
33 subjects per condition from a power analysis anticipating a me-
dium-large effect (V = .4) and a power of .9. Children were ran-
domly assigned to one of two conditions: Increasing (16 F) or
Constant (22 F); age was matched across conditions, t(64) = �.49,
p = .63. All data were double scored by researchers blind to condi-
tion for all dependent variables and exclusion criteria with 100%
agreement.

Procedure

Children were introduced to two trees (one 17.5-in. tree and one
11.5-in. tree; see Figure 1a) and told that an egg had fallen out of a
nest and that their goal was to put the egg back in a nest (inspired
by a classic study by Stipek et al., 1984). The experimenter told

1 Age was coded in months throughout.
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children that they would receive two stickers for getting the egg to
the nest in the tall tree or one sticker for getting the egg to the nest
in the small tree (unequal reward). The experimenter said that they
would start by playing with the tall tree. Unbeknownst to the child,
the egg (a metal ball) stayed on the platform via a hidden electro-
magnet in the platform which the experimenter could turn on and
off with a remote control. While children pulled up the platform,
the ball wobbled, making it appear as a conceivably difficult bal-
ancing task, and fell off at prespecified heights. Children played
with the tall tree for four consecutive trials. In the Increasing con-
dition, the experimenter surreptitiously made the ball fall off the
platform at 800, 1000, 1200, 1400 sequentially during each respective
trial. In the Constant condition, the ball fell off around 1400 on
each trial. After the ball fell off on each trial, the experimenter
said, “Oops, it fell off! But good job!,” then marked children’s
progress by placing a marker with the trial number on the Velcro
trunk at the height where the ball fell off and prompted the child to
try again. After the fourth trial, the experimenter reviewed the
child’s performance by pointing to how high they got the egg on
each trial. Finally, the experimenter asked the critical question,
“You’re so close to getting to the top of this tree! Do you want to
try this tree again (pointing to the tall tree) or try the other tree
(pointing to the small tree)?”
Importantly, this paradigm capitalizes on children’s intuitive

understanding of relative distance (Boyer & Levine, 2015; de Hevia
& Spelke, 2010; Huttenlocher et al., 1994; Newcombe, 2014). To
check whether children thought the game was rigged, we asked chil-
dren to explain their final tree choice. In general, children believed
the manipulation: No child said that they chose to switch to the
small tree because the tall tree was broken or rigged. This was true
across all three experiments. We also asked children whether they
thought they got better or stayed the same at the game over time to
check children’s interpretation of the manipulation (scored as binary:
1 = response consistent with condition manipulation, 0 = response
inconsistent with condition manipulation). Finally, the experimenter

ensured that the child reached the nest on their chosen tree. All ses-
sions were video recorded, and data were double scored by research-
ers blind to condition for all dependent variables and exclusion
criteria with 100% agreement.

Results

The critical comparison was between children’s choices to stick
with a challenge in the Increasing condition versus the Constant
condition. Children in both conditions had failed four times and
ended up in the same place, but the conditions differed in slope of
progress. As predicted, a chi-square test revealed that children in
the Increasing condition chose to continue playing with the hard
tree more often than children in the Constant condition, v2(1, n =
66) = 4.95, p = .03, V = .30; Figure 1b). Children in the Increasing
condition chose to stick with a challenge significantly above
chance (binomial test against chance (50%): 70% hard, 95% CI
[55%, 85%], p = .04). Children’s choices in the Constant condition
did not differ from chance (binomial test against chance (50%):
39% hard, 95% CI [21%, 55%], p = .30).

Children understood the condition manipulation. A chi-square
test revealed that children in the Increasing condition were more
likely to say they got better at the game over time than children in
the Constant condition, v2(1, n = 59) = 9.4, p = .002, V = .43; no
data from seven participants). Children in the Constant condition
were above chance at endorsing that they stayed the same at the
game (binomial test against chance (50%): 79% endorse “staying
the same,” p = .004), whereas children in the Increasing condition
did not choose “getting better” at the game above chance (bino-
mial test against chance (50%): 65% endorse “getting better,” p =
.15). A linear model predicting whether participants got the manip-
ulation check correct revealed no effect of age (b = .008, p = .19).

Next, we explored age effects on tree choice. In a logistic
regression predicting tree choice with age and condition, both age
and condition were significant (age: b = .06, p = .02; condition:

Figure 1
Children Chose to Play With the Hard Tree More Often in the Increasing Condition Than in the Constant Condition
in Experiment 1, When Rewards Were Higher for the Hard Versus Easy Tree

Note. (a) In Experiment 1, children tried to get an “egg” (a metal ball) back to a nest in a wooden tree with a pulley device.
Unbeknownst to the child, the egg stayed on the platform via a hidden magnet in the platform that the experimenter could turn on
and off via remote control. Children were randomly assigned to the Increasing condition, where the ball fell off at increasing higher
intervals, or the Constant condition, where the ball fell off around the same point. Children could receive two stickers for getting
the egg back to the nest in the harder tree and one sticker for getting the egg back to the nest in the easier tree. (b) Children were
more likely to stick with a challenge in the Increasing condition than the Constant condition. Error bars represent bootstrapped
95% confidence intervals.
* p , .05.
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b = 1.31, p = .02), revealing that older children and children in the
Increasing condition were more likely to choose the hard tree. A
model that included an age by condition interaction on tree choice
revealed no significant interaction (b = �.03, p = .57).

Discussion

Results from our first experiment show that children are sensi-
tive to their rate of improvement: Children who got closer to
reaching a goal over time were more likely to stick with a chal-
lenging task than children who were consistently close to reaching
a goal over time, even when the distance to the goal on the final
trial was matched. Older children were also more likely to stick
with a challenge across conditions. Children chose to stick with a
challenge above chance only when their performance was improv-
ing over time. However, reaching the more challenging goal was
associated with a higher reward (two stickers vs. one), so it is
unclear whether increasing performance in the absence of higher
payoff will motivate children to stick with a challenge. To answer
this question, and replicate our condition differences, we ran a sec-
ond experiment where we offered the same reward for succeeding
on both the tall and small tree. Additionally, we added a Baseline
no manipulation condition to further interrogate the directionality
of our condition differences.

Experiment 2

In this experiment (preregistration: https://osf.io/dkyfe/?view_only=
9806a0e78c8c45618a6e5ae723643057) children were randomly
assigned to the Increasing, Constant, or Baseline (no prior experi-
ence) condition and told that they could get one sticker for getting
the egg back to the nest in the tall tree or small tree (matched
reward). We predicted that we would replicate our condition dif-
ference from Experiment 1, with children in the Increasing condi-
tion being more likely to stick with a challenge than children in
the Constant condition. However, we were unsure about whether
children in the Increasing condition would stick with a challenge
more than children in the Baseline condition or chance (50%). On

the one hand, children in the Increasing condition might find
increasing performance motivating in and of itself. On the other
hand, children may integrate information about their past perform-
ance with potential rewards and thus be split between sticking
with or abandoning a challenge (their probability of success and
rewards are essentially matched across trees). However, we pre-
dicted that children in the Constant condition should now be more
likely than chance to choose the small tree because their chance of
success is higher on this tree and rewards are matched across
options.

Method

Participants

In Experiment 2, 140 four- to 6-year-old children were recruited,
but only 132 were included in the data analysis (mean age: 65.34
months; range: 48–83 months) owing to the preregistered exclusion
criteria of meaningful distraction at the museum (n = 1), watching a
friend do the experiment (n = 1), experimental error (n = 2), or par-
ent reporting diagnosed ASD (n = 4). The racial and ethnic makeup
of the final sample was as follows: 59% White, 14% Black, 11%
Asian, 11% Hispanic/Latino, 8% Multiracial, and 5% Other (miss-
ing race data from four participants and ethnicity data from six par-
ticipants). Parental education ranged from 12 to 20 years (M =
16.23, SD = 2.62; missing data from two participants; 71% holding
four-year college degree). Children were randomly assigned to one
of three conditions: Increasing (24 F), Constant (29 F), and Baseline
(26 F); age was matched across conditions (age: F[2, 129] = .091,
p = .91). Based on an expected medium effect size for comparing
two conditions at a time (V = .3), we preregistered running 44 sub-
jects per condition with power of .8.

Procedure

The procedure for the Increasing and Constant conditions was
the same as in Experiment 1 except that children were offered one
sticker for getting the egg to the nest in either tree (Figure 2a) and,
as an additional measure of children’s perception of their task

Figure 2
Children Chose to Play With the Hard Tree More Often in the Increasing Condition Than in the Constant
Condition in Experiment 2, When Rewards Were Equal for Both Trees

Note. (a) Experiment 2 was the same as Experiment 1 except children could receive one sticker for getting the egg back to the
nest in the harder tree or easier tree and there was a Baseline condition. (b) Children were more likely to play with the hard tree
in the Increasing condition than in the Constant condition. There was no difference between children’s choices in the Increasing
and Baseline condition, however children in the Constant condition chose to play with the easy tree more than children in the
Baseline condition. Error bars represent bootstrapped 95% confidence intervals.
* p , .05. ** p , .01.
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performance, children were asked to make an ability judgment
prior to the critical task choice question. For the ability judgment,
the experimenter took out a piece of paper with a big thumbs up
and down and pointed to the corresponding symbols when asking
children whether they thought they were good or bad at the game
(order counterbalanced). If children said “good,” they were shown
a big and small thumbs up and asked if they thought they were
“somewhat good” (small thumbs up) or “really good” (big thumbs
up) at the game. Similarly, if children said “bad,” they were asked
if they were “somewhat bad” (small thumbs down) or “really bad”
(big thumbs down) at the game. In the Baseline condition, children
did not play with the tree at all before being asked “You get to
choose—which tree do you want to play with?” Children were not
explicitly told that one tree was harder than the other in the Base-
line condition but prior work suggests that preschool age children
are able to infer task difficulty from physical features (Bennett-
Pierre et al., 2018; Gweon et al., 2017).

Results

As in Experiment 1, a chi-square test revealed that children in
the Increasing condition chose to continue playing with the hard
tree more than children in the Constant condition, v2(1, n = 88) =
4.85, p = .03, Cramer’s V = .26 (Figure 2b). Following preregistered
analyses to explore the directionality of effects, we ran chi-square
tests comparing children’s choices in each condition to Baseline
and to chance performance using binomial tests. Children’s choices
in the Increasing condition did not differ from those in the Baseline
condition, v2(1, n = 88) = .18, p = .67, V = .07. In both the Increas-
ing and Baseline conditions, children’s choices did not differ from
chance (Baseline: binomial test against chance [50%]: 57% hard,
95% CI [43%, 70%], p = .45, Increasing: 50% hard, 95% CI [36%,
64%], p = 1.0). However, children in the Constant condition chose
to continue playing with the harder tree less than children in the
Baseline condition, v2(1, n = 88) = 7.94, p = .005, V = .32, and sig-
nificantly below chance (binomial test against chance (50%): 25%
hard, 95% CI [11%, 36%], p = .001).
Most children understood the condition manipulation. A chi-square

test revealed a trend for children in the Increasing condition to say
that they got better at the game over time more than children in
the Constant condition, v2(1, n = 85) = 2.66, p = .10 (no data from
three participants). However, within condition, children did not
choose the correct response above chance (binomial test against
chance [50%]: 58% endorse “getting better” in Increasing p = .36;
62% endorse “staying the same” in Constant p = .16). A binomial
regression revealed that older children were more likely to cor-
rectly match their performance (“getting better” vs. “staying the
same”) to their condition (b = .05, p = .04). Children’s subjective
judgements of ability did not differ by condition in a chi-square,
v2(2, n = 123) = 2.05, p = .36 (dropping the five responses to
“somewhat bad” and 0 responses to “really bad” to fulfill require-
ments for a chi-square; missing data from four participants). A bi-
nomial regression controlling for condition showed that children’s
ability assessments decreased with age—younger children were
more likely to say that they were “really good” at the game than
older children (b = �.05, p = .01).
Next, we examined age effects on tree choice within and across

conditions. A linear model predicting tree choice by condition and
age revealed main effects of condition, but not age (Constant b =

�1.38, p = .003; Increasing b = �.27, p = .53; age: b = .01, p =
.58). A model that included an age by condition interaction on tree
choice revealed a significant interaction of age for the Constant
(versus Baseline) condition (b = .09, p = .04) but not the Increas-
ing (versus Baseline) condition (b = .08, p = .07). Specifically,
there was a positive nonsignificant association between age and
choosing the hard tree in the Constant condition (b = .05, p = .15)
and a nonsignificant negative association between age and choos-
ing the hard tree in the Baseline condition (b = �.04, p = .15).

Discussion

Results from Experiment 2 again show that children are sensi-
tive to their past performance: Children whose performance
improved were more likely to stick with a challenge than children
whose performance stayed the same. However, unlike in Experi-
ment 1, we did not find that children’s verbal self-assessments of
performance or ability tracked with condition. Instead, children’s
verbal assessments of ability tracked with age more than condi-
tion, in line with work showing that younger children are more op-
timistic about their ability than older children (Flavell et al., 1970;
O’Leary & Sloutsky, 2019; Parsons & Ruble, 1977; Schneider,
1998; Stipek & Hoffman, 1980; Xia et al., 2021). Even so, child-
ren’s behavioral choices still differed by condition, showing that
children are sensitive to condition effects in ways not captured in
their verbal responses.

Results from Experiment 2 also suggest that children weigh
their likelihood of reaching a goal with the associated reward.
Only when rewards were higher for the harder goal (Experiment 1,
but not 2) did children choose to stick with the harder goal above
chance when their performance was improving. Children whose
performance stayed flat were more likely to switch to an easier
goal compared with children who had no initial experience of fail-
ure when reward were equal among outcomes. There was no dif-
ference in children’s choices between the Increasing condition and
Baseline condition. Thus, the condition difference between the
Increasing and Constant condition when rewards are equal appears
to be driven by the demotivating impact of stagnant performance.

However, given the disconnect between children’s verbal
endorsements of their performance and their task choice by condi-
tion, it is unclear how exactly children are interpreting their per-
formance. It is also unclear whether these results hold across
different testing contexts. In Experiment 3 we sought to answer
these questions. Specifically, we tested whether children would be
more likely to predict increases in their performance over time in
the Increasing condition versus the Constant condition. To lower
task demands and control for variability in young children’s verbal
abilities, we collected nonverbal predictions of future task per-
formance via pointing. We also tested whether we could replicate
our main condition effects (Increasing vs. Constant) from Experi-
ment 2 in an online, at-home context. We focused just on the
Increasing and Constant conditions because our main hypotheses
concern this condition difference.

Experiment 3

In Experiment 3, we explored children’s trial-by-trial predictions
of performance and tested whether we could replicate condition dif-
ferences from Experiment 2 (equal reward) in a home context
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(preregistration: https://osf.io/6jrfh/?view_only=805551e99ab34b81
a6bc8cbae56fb668). To this end, we adapted our paradigm to an
online touchscreen game that children could play at home with pa-
rental supervision. The paradigm was the same as Experiment 2
except for the following changes: (a) we added a prediction phase
before each trial, (b) we removed the Baseline condition, (c) we
offered gold tokens instead of stickers for getting the egg to the nest,
and (d) we had the egg fall off at slightly different places in the con-
stant condition to avoid the game appearing rigged or broken (see
Figure 2c).

Method

Participants

Participants were recruited through Facebook advertisements
and ChildrenHelpingScience.com. Of a total of 159 participants,
we excluded 38 owing to preregistered exclusion criteria: no
audio recording (n = 17), game malfunction midplay (n = 12),
second time playing game (n = 1), incorrect age (n = 2), audio
recording not from a child (n = 6). The final sample consisted of
121 four- to 6-year-old children (mean age: 65.31 months;
range: 48–83 months; 57% F Increasing; 44% F Constant),
which is more than our preregistered sample of 88 participants.
We found that online data collection was less amenable to pre-
cise sampling because only some children play the game after
the links are sent, and thus we had to oversample to get equal
distributions of age within and across conditions. To match the
preregistered sample size of 88, we selected the first 15 four-
year-olds, first 14 five-year-olds, and first 15 six-year-olds who
played in each condition. This age distribution also matched the
age distribution in Experiment 2. We report results from the full
sample in the main text and the preregistered smaller sample in
the online supplemental materials (main results do not differ by
sample). The racial makeup of the 121 subjects was as follows:
79% white, 12% Multiracial, 7% Asian, 2% other, and 2% pre-
fer not to share. Parental education ranged from 10 to 20 years
(M = 16.78, SD = 2.12; missing data from one participant; 86%
holding four-year college degree). Participants came from 33

states, with the majority from PA (n = 19) and CA (n = 11); see
the online supplemental materials for more information).

Procedure

We created a virtual touch-screen version of the tree paradigm
used in Experiments 1 and 2 using the JavaScript library React
(https://reactjs.org/). We hosted the game on Heroku (https://www
.heroku.com/) and used MongoDB (https://www.mongodb.com/2)
for the database. To play, parents went to the website that hosted
our game and entered their subject-specific ID and child birthdate.
First, the game listed “Parent information” for the parent to read,
specifying that they should stay with their child during the game
because they would be asked to confirm their child’s choices at
various points throughout the game. However, parents were
instructed not to tell their child what to do or communicate with
them by talking, using gestures, or cheering them on during the
game. Throughout the game, children and parents were guided by
audio recordings of the experimenter’s voice that cued certain
images or buttons to appear. The next screen prompted parents to
put the device on a stable surface and to make sure the Internet
connection was good. The next screen asked children to confirm
that a parent was around. Children were then asked to say their
name and age out loud and then put their hands on their lap and
pay careful attention. Children watched a quick video explaining
the rules of the game (using similar language to the instructions
used in Experiments 1 and 2). Children were told that they would
get a point (shown as a golden token) for getting the egg back to
either nest.

Children were randomly assigned to an Increasing condition or
a Constant condition. Instead of using a pulley to bring the egg
back to the nest, the online version of the task had children use
their finger to lift the egg up on a platform mounted on a ladder to
the nest (Figure 3a). Before children started playing the actual
game, they could practice moving the platform that would hold the
egg up and down the ladder with their finger. As in the in-person
version of the Experiment, children had four trials to try to get the
egg back to the nest. Before each trial, children were prompted to
touch how high they thought they would get the egg on the tree. A
star appeared at their guess and parents were asked to press “yes”

Figure 3
Children Chose to Play With the Hard Tree More Often in the Increasing Condition Than in the
Constant Condition in Experiment 3, an Online Version of the Experiment With Equal Rewards

Note. (a) In Experiment 3, children played on a tablet device at home. Children were randomly assigned to
an Increasing or Constant condition and made predictions about their performance before each trial. Rewards
were matched across outcomes. (b) Children were more likely to stick with a challenge in the Increasing condi-
tion than the Constant condition. Error bars represent bootstrapped 95% confidence intervals.
** p , .01.
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to confirm their guess or “no” if the child touched the wrong spot
(in which case, children were prompted to guess again). The star
from their past guess disappeared once they made another guess.
The position where the egg fell off was marked on the tree after
each trial. In the Increasing condition, the egg fell off at 28%,
44%, 60%, and 76% to the top (of 100; same as the in-person
intervals but scaled to 100) and in the Constant condition the egg
fell off at 76%, 75%, 75%, and 76% at the top. After four trials,
the “experimenter” went over the child’s past performance, using
the same language as in Experiments 1 and 2. Finally, children
were asked to touch which tree they wanted to play next. Parents
confirmed the child’s choice by pressing “yes” or “no.”
Before children were able to play with their choice of tree for

the final round, they were asked to say out loud why they picked
that tree and to pick whether they thought that they were staying
the same at the game (paired with a picture of a plant not growing)
or getting better over time (paired with a picture of a plant grow-
ing; order counterbalanced). We decided not to ask about ability
judgements owing to results from Experiment 2 showing that abil-
ity judgements were not sensitive to condition, but rather age.
Finally, children could play with their desired tree, get the egg to
the nest, and get a point. At the end of the game, parents could
mark whether there was interference and had a chance to leave
feedback. Any questions pertaining to interference or game play
were followed up via email correspondence with parents.
To ensure that a child was actually playing the game, and not an

adult, we recorded and analyzed children’s verbal responses to
questions about the game. We had two coders mark whether they
thought the audio recordings were from an adult or a child. Agree-
ment was 100%. We only included children who had audio
recordings.

Results

A chi-square test again revealed that children in the Increasing
condition chose to continue playing with the hard tree more than
children in the Constant condition, v2(1, n = 121) = 15.21, p ,
.001, V = .37 (Figure 3b). A binomial test (chance of 50%) showed

that children’s choices in the Increasing condition did not differ
from chance (45% hard, 95% CI [32%, 57%], p = .52), but chil-
dren in the Constant condition chose to play with the hard tree sig-
nificantly below chance (11% hard, 95% CI [3%, 18%], p ,
.001). In a linear model predicting tree choice by age and condi-
tion, there was no effect of age (age: b = �.004, p = .27; condition:
b = .35, p , .01). There was also no age by condition interaction
in a linear model predicting tree choice (b = �.003, p = .69). Thus,
the online version of this paradigm robustly replicated condition
differences from Experiment 2.

As in the in-person experiments, the paradigm was convincing to
children. No child said that they chose to switch to the small tree
because the tall tree was broken or rigged. A chi-square test showed
that children in the Increasing condition were more likely to say
they got better at the game over time than children in the Constant
condition, v2(1, n = 121) = 25.91, p , .001, V = .48. Binomial tests
against chance (50%) showed that children in the Increasing condi-
tion endorsed getting better at the game above chance (88% endorse
“getting better,” p , .001), whereas children in the Constant condi-
tion did not endorse staying the same above chance (57% endorse
“staying the same,” p = .31). A linear model predicting whether chil-
dren correctly answered the manipulation check question revealed
no effect of age (b = .004, p = .34).

Children made different predictions of their trial-by-trial per-
formance based on the condition. Before children played the
game, there was no difference between children’s predictions in
the Increasing versus the Constant condition, t(119) = .59, p = .56,
Increasing 1st prediction mean (SD): 82.57 (22.43), Constant 1st
prediction mean (SD): 84.85 (20.22; Figure 4). Furthermore, in a
linear model predicting children’s first predictions with age and
condition, neither were significant (age: b = �.07, p = .72, condi-
tion: b = �2.09, p = .60). However, a linear mixed-effects model
across trials 2–4 revealed a main effect of condition (b= �29.23,
p , .001), and a condition by trial interaction (b = 8.98, p , .001;
Figure 4) on children’s performance predictions. Within the
Increasing condition, a linear mixed-effects model revealed a posi-
tive main effect of trial on children’s performance predictions (b =
7.90, p , .001). When age was added to the model, it was not

Figure 4
Children’s Predictions of Performance in Experiment 3

Note. In the Increasing condition, children’s predictions changed after receiving perform-
ance feedback (“real curve”): Children predicted that their performance would improve
across trials. In the Constant condition, children did not change their predictions of per-
formance across trials (which can be expected when performance is constant). See the
online article for the color version of this figure.
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significant, and neither was an age by trial interaction. However,
within the Constant condition, there was no main effect of trial on
children’s performance predictions (b = �.39, p = .73). Again,
when age was added to the model, it was not significant, and nei-
ther was an age by trial interaction.

Discussion

Even on a virtual task conducted in a more naturalistic home set-
ting, children were more likely to stick with a challenge if they were
increasingly close to reaching a goal over time than if they
were consistently close to reaching a goal over time. Further-
more, we found evidence that children track their performance in
accord with the condition manipulation: Children predicted that
their performance would improve in the Increasing condition and
stay the same in the Constant condition.

General Discussion

We found that young children use the trajectory of their past
performance to decide whether to persist with a challenge. In line
with accounts of optimal learning (Metcalfe & Jacobs, 2010; Met-
calfe & Kornell, 2005; Son & Sethi, 2006, 2010), children whose
performance improved over time were more likely to stick with a
challenge than children whose performance stayed the same. This
was true even though the distance to the goal was matched on the
final trial across conditions, and the overall final score was higher
when children’s performance was constant versus increasing.
These findings held across in-person and online contexts and were
driven by the demotivating effect of constant performance. In line
with accounts of children as rational learners (Schulz, 2012; Ten-
enbaum et al., 2011), we showed that children are sensitive not
only to their chance of getting a reward, but also the magnitude of
that reward, when calibrating their effort. When rewards were
equal across goals, children were at chance when deciding whether
to stick with a challenge if their performance was improving.
However, when rewards were higher for the harder goal, children
chose to stick with a challenge above chance if they were getting
better over time.
Many features of our experimental design may have been criti-

cal to children’s successful reasoning. First, we developed a task
that was appropriate and intuitive for preschoolers. By having chil-
dren physically manipulate the task, which seemed tricky, yet pos-
sible, we led children to believe that they had agency over their
performance. Indeed, children accurately predicted that their per-
formance would improve in the Increasing condition and stay con-
stant in the Constant condition. Furthermore, no child reported
that the game was rigged or broken, and adding a jitter to the Con-
stant condition did not change any main results. This is in line
with prior literature showing that children have a bias toward
attributing actions of others to individual, person-specific attrib-
utes rather than external situational factors (Seiver et al., 2013).
We also used visual aids to lower memory demands and to help
children track their own progress. Absent any of these features,
children may not have been able to effectively monitor and act on
their past performance.
Why do children stick with a challenge more when their perform-

ance is improving versus staying the same? Based on results from
Experiment 3, we see that children notice and track their past

performance across both conditions and only predict that their future
performance will improve in the Increasing condition. Thus, we
believe that children’s decisions to abandon a challenge in the Con-
stant condition may reflect a rational inference that they are not
likely to reach the goal on the next try. Similarly, children’s deci-
sions to stick with a challenge in the Increasing condition may
reflect a rational inference that they are likely to improve on the next
try. However, it could also be that children in the Increasing condi-
tion felt a sense of pride or inferred that their ability is malleable
(see G€urel et al., 2020) which may have fueled their desire to stick
with a challenge beyond the inference that their performance was
improving. Similarly, children in the Constant condition may have
experienced more boredom, monotony, or predictability, which may
have motivated them to switch to a different task (Baker et al., 2010;
Chin et al., 2017; Kidd et al., 2012, 2014; Pekrun et al., 2010).
Future work with this paradigm should include measures of child-
ren’s affective state and sense of self to understand more precisely
how children interpret performance trajectories.

Results from Experiment 2 suggest that the condition difference
between Increasing and Constant performance is driven by the
demotivating effects of stagnant performance: Children’s chal-
lenge preferences were only statistically different from Baseline in
the Constant condition. In both the Increasing and Baseline condi-
tion, children’s choices were at chance between the harder and
easier goals. This pattern of results in the Increasing condition
could be seen as rational because children could get the same
reward for both goals and have the same chance of success on
both goals. However, it is possible that providing explicit rewards
may have dampened any intrinsic motivation children may have
felt from their task improvement in the Increasing condition (Blain
& Sharot, 2021; Deci, 1971). Thus, future work is needed to test
whether children choose to stick with a challenge above chance
when their performance is increasing in the absence of external
rewards for performance outcomes. Furthermore, future work
should explore whether children’s preference for a challenge after
increasing performance differs from children’s preference for a
challenge with no prior experience when they are offered a larger
reward for the more challenging option (as in Experiment 1).

Age effects differed across experiments. When rewards were
higher for the harder tree than the easier tree (as in Experiment 1),
older children were more likely to choose the hard tree across con-
ditions. This result is notable considering that we controlled child-
ren’s performance, so older children did not perform better than
younger children and should not have felt more competent. How-
ever, we did not find an effect of age on children’s choices when
rewards were matched across both outcomes (Experiment 2 and
3). We also did not find an impact of age on children’s predictions
of future performance across conditions, suggesting that older chil-
dren are not more sensitive to their past performance data than
younger children. Furthermore, in contrast to prior literature (Fla-
vell et al., 1970; O’Leary & Sloutsky, 2019; Parsons & Ruble,
1977; Schneider, 1998; Stipek & Hoffman, 1980; Xia et al.,
2021), we did not find that younger children were more optimistic
about their future performance than older children (though note
that we did find a predicted “optimism” age effect of younger chil-
dren endorsing being “really good” at the task more than older
children across conditions in Experiment 2). Thus, one possible
explanation for older children choosing the harder tree across con-
ditions in Experiment 1, but not 2 or 3, may be that older children
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are more sensitive to reward discrepancies than younger children.
However, future work is needed to more thoroughly test how age
relates to reward sensitivity and learning from prior performance.
Children’s verbal endorsements of “getting better” or “staying

the same” were not consistent across Experiments. In Experiment
1 (unequal reward) and 3 (online, matched reward) children were
more likely to say that they “got better” after four trials of playing
the game in the Increasing condition versus the Constant condi-
tion. However, in Experiment 1 this effect was driven by children
endorsing “staying the same” above chance in the Constant condi-
tion while in Experiment 3 this effect was driven by children
endorsing “getting better” in the Increasing condition. Further-
more, there was a weak, nonsignificant condition difference in
endorsements of “getting better” or “staying the same” in Experi-
ment 2. Why are children’s responses to this question so inconsis-
tent? One possibility is that 4- to 6-year-olds might not totally
grasp what these expressions mean or how they map onto the cur-
rent task. For example, some children in Experiments 1 and 2 said
that they stayed the same each time in the Increasing condition
because the ball always dropped off—thus children may have
been mapping this phrase to the feature of the ball consistently
dropping rather than where it dropped. Furthermore, some children
in the Constant condition claimed that they got better which may
have accurately reflected very small deviations in where the ball
fell off or a general optimistic bias in young children. Given the
ambiguities inherent in this question, it is hard to draw strong con-
clusions about children’s interpretation of the task from their
verbal answers. However, the nonverbal prediction data in Experi-
ment 3 suggest that children, on average, are sensitive to the con-
dition effects.
An open question is whether increasing performance is more

motivating than constant performance on tasks in which progress
is opaque or tracked over days, months, or years. This question
may be most pressing in a classroom context, where children’s
skills are constantly being evaluated. In 8- to 16-year-olds, com-
paring one’s current performance to one’s past performance rather
than other people’s performance effectively boosts pride and a
desire for self-improvement rather than superiority over peers
(G€urel et al., 2020). Thus, focusing on one’s past performance
curve may serve as an important intervention to enhance motiva-
tion in educational contexts. Future work should explore this inter-
vention approach and test whether its effects are domain-general
or specific (e.g., if you focus on self-growth on reading, do you
also try harder on writing?; see Doan et al., 2020). But perhaps the
more pressing question is how to motivate those whose perform-
ance has stayed flat.
In the real world, true performance feedback may be both moti-

vating and demotivating, depending on a child’s skill. For exam-
ple, many digital games provide explicit evaluative feedback in
the format of total progress, levels achieved, or time needed to
complete a goal. There is even research on what type of progress
bar is most motivating (e.g., completion bar vs. character building;
Siemens et al., 2015). Our results suggest that games that track
progress over time, rather than total score, may be the most moti-
vating when performance is progressing and can lead to greater
reward. However, this same type of feedback may backfire when
performance is stagnant. What counts as progress also varies by
task and domain. If you want to learn a new language, progress
may mean the number of new words you know, and if you are

trying to get better at running, progress may mean the distance you
are able to run. Both of these types of progress are easy to track
and plot. However, in contexts where progress is more subjective
or opaque, other forms of feedback, such as social accountability
or tracking “streaks” in participation, may be more motivating
(Dailey et al., 2018; Renfree et al., 2016).

This study has a number of limitations. First, our sample
included only participants from a Western, educated, industrial-
ized, rich, and democratic (WEIRD) country, thus we cannot
address how our findings might differ across social contexts. Sec-
ond, we controlled children’s performance and thus performance
on this task might not reflect naturalistic challenge-seeking behav-
iors. Third, asynchronous remote data collection is noisier than in-
person data collection, and there may have been interruptions or
interferences that were not captured. Despite this, we still observed
the predicted condition difference in our online Experiment 3.
Fourth, we said “Oops, it fell off! But good job!” after the ball fell
off, but it is possible that children may have interpreted this feed-
back differently in each condition. Future work should explore
how verbal feedback impacts how children perceive their past per-
formance. Fifth, we defined improving performance as getting
closer to an explicit, external goal, but feedback on progress could
have different effects on motivation depending on the task, the
skill, or the context. Finally, we only tested two learning curves,
but it would be interesting to see whether children are sensitive to
a larger range of performance curves (see Leonard et al., 2020).

As children grow and develop, they need to make calculated
decisions about when to persist with challenges and when to move
on and spend their effort on something more worthwhile. Here we
show that children make rational decisions about their effort allo-
cation based on their performance trajectory: 4- to 6-year-olds are
more likely to stick with a challenge if their performance is
improving over time versus constant over time. Our work suggests
that educators and caregivers can encourage children to persevere
by steering children away from too-difficult tasks and toward
opportunities in which children can improve over time.
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