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ARTICLE INFO ABSTRACT

Keywords: The ability to prepare for mutually exclusive possible events in the future is essential for everyday decision

F“t“r‘_f'orienmd thinking making. Previous studies have suggested that this ability develops between the ages of 3 and 5 years, and in

glanf]‘;_';_g young children is primarily limited by the ability to represent the set of possible outcomes of an event as
ossibility

“possible”. We tested an alternative hypothesis that this ability may be limited by the ability to represent the set
of possible actions that could be taken to prepare for those possible outcomes. We adapted the inverted y-shaped
tube task of Redshaw and Suddendorf (2016), in which children are asked to catch a marble that is dropped into
the top of the tube and can emerge from either the left or right branch of the tube. While 4-year-olds typically
place their hands under both openings to catch the marble, preparing for both possible outcomes (optimal ac-
tion), 3-year-olds often cover only one opening, preparing for only one possible outcome (suboptimal action). In
three Experiments, we asked whether first showing children the set of possible actions that could be taken on the
tube would enable them to recognize the optimal action that should be used to catch the marble (Experiments 1
and 3, total n = 99 US 3- and 4-year-olds) and enable them to use the optimal action themselves (Experiment 2, n
= 96 US 3- and 4-year-olds). We found that 3- and 4-year-olds performed similarly when they were given the
opportunity to observe the set of possible actions beforehand. These findings suggest that 3-year-olds’ compe-
tence at representing mutually exclusive possibilities may be masked by their developing ability to represent and
deploy plans to act on these possibilities.

Modal reasoning
Cognitive development

1. Introduction

Making decisions about what actions to take during complex situa-
tions in the real world often involves making predictions about the set of
possible future events and then generating the potential set of actions
that could be taken in response to those events. For example, imagine
you are planning a dinner party, and you are uncertain whether your
vegan friend is going to be able to attend. Although only one future
outcome can actually occur (your friend either will be there, or they
won’t be there), you may opt to cook some vegan and some non-vegan
dishes in order to prepare for both possible outcomes. While this is a
small and somewhat trivial example, humans deploy this process regu-
larly to make a range of decisions, in which actions now are planned in
response to the potential future time course of events. These decisions
range from relatively low-stakes decisions (like whether to carry an
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umbrella when there is a possible chance of rain) to much higher-stakes
decisions (like whether to build additional supports into a building in an
earthquake zone).

The ability to prepare for a variety of possible, often mutually
exclusive future events requires the coordination of multiple cognitive
and action processes. It requires the ability to think about events that
have not yet occurred (i.e., mental time travel; Atance, 2015; Atance,
Louw, & Clayton, 2015; Cheng, Werning, & Suddendorf, 2016; Martin-
Ordas, 2018; Suddendorf, 2017; Suddendorf & Corballis, 2008), the
ability to identify points of potential divergence in the future timeline
(that is, points in time at which the time course of events branches off
into distinct but possible future outcomes; Bulley, Redshaw, & Sud-
dendorf, 2020; Redshaw et al., 2019), and the ability to plan and execute
the relevant actions to take to prepare for those future outcomes (Atance
& O’Neill, 2005; Blankenship & Kibbe, 2019; Prabhakar & Ghetti, 2020;
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Prabhakar & Hudson, 2014). That is, to prepare for multiple, mutually
exclusive possibilities, one needs to not only represent the space of
possible outcomes of future events, but also the space of possible actions
that could be taken on those outcomes.

Earlier work established that, at least by age 5 years, children can
prepare for multiple possible but mutually exclusive outcomes of an
event (Beck, Robinson, Carroll, & Apperly, 2006; Robinson, Rowley,
Beck, Carroll, & Apperly, 2006), and recent research has examined the
developmental emergence of this ability. Redshaw and Suddendorf
(2016) adapted the task of Robinson et al. (2006) for younger children
and non-human primates by reducing the verbal instructions required
for the task. They showed 2-4-year-old children an inverted y-shaped
tube into which an experimenter could drop a marble such that it was
possible for the ball to emerge from either the left or right exit of the tube.
Children were then given the opportunity to catch the marble when it
emerged from one of the two exits on the bottom of the tube. Since
children could not be certain which branch of the tube the ball would
emerge from, in order to catch the ball, children needed to represent the
set of potential future locations of the ball (left branch or right branch),
and then take the correct actions to prepare for both potential future out-
comes — placing a hand under both openings of the tube to cover both
possibilities and guarantee the catch. They found that 4-year-old chil-
dren spontaneously and consistently placed a hand under each exit of
the inverted y-shaped tube, while 3-year-olds were more likely to
spontaneously place their hands under only one opening (for replica-
tions, see Redshaw, Leamy, Pincus, & Suddendorf, 2018; Redshaw et al.,
2019; Suddendorf, Crimston, & Redshaw, 2017). Later work suggested
that, when younger children do spontaneously cover both exits, they do
not necessarily do so because they recognize that it is the correct strat-
egy (Leahy, 2024).

Children’s behavior in tasks like the y-shaped tube task has led to the
suggestion that children’s ability to simultaneously represent multiple,
mutually exclusive possible future outcomes of an event does not
develop around until the age of 4 or older (e.g., Leahy & Carey, 2020;
Redshaw & Suddendorf, 2016; Redshaw et al., 2018; Suddendorf et al.,
2017; Harris, 2022; Gautam, Suddendorf, & Redshaw, 2021; see also
Beck et al., 2006; Robinson et al., 2006). Converging evidence for this
view comes from other variations on the Y-shaped tube task in which
children are asked to prepare for future events that either are guaranteed
or are merely possible. For example, Leahy (2023) showed 2.5-4-year-
old children scenarios involving two “slides™: an inverted y-shaped slide,
and a straight slide that did not branch. Children were told that an
experimenter would drop two marbles, one into each of the openings at
the top of the slides, and children were asked to place a container under
the opening of one of the slides to catch a marble. If children perform
optimally, they should always place the container beneath the straight
slide, since doing so would guarantee that they would catch the marble.
While 3- and 4-year-old children did use this strategy on the majority of
trials, both groups sometimes placed a container under one of the
branching openings. Similar results were obtained in studies in which
children did not have to prepare for a future action, but to instead reason
about the present location of two objects (Leahy, Huemer, Steele,
Alderete, & Carey, 2022; Mody & Carey, 2016). This pattern of results
has led to the suggestion that, while some young children may represent
mutually-exclusive possible future outcomes of an event, other young
children may have only a minimal representation of possibility (c.f.
Leahy et al., 2022): they focus on only one of the future outcomes,
represent that outcome as a sure thing (even when it is only merely
possible), and behave accordingly (by taking an action in response to
that one possible outcome, like placing the container under one of the
two branches of the y-shaped slide). Older children, who may have more
conceptual competence to represent the modal relationship between
possibilities, may be less likely to make errors (Leahy & Carey, 2020;
Ozturk & Papafragou, 2015; Rafetseder, Cristi-Vargas, & Perner, 2010;
Redshaw & Suddendorf, 2020). If this is the case, then 3-year-olds faced
with Redshaw and Suddendorf (2016) Y-shaped tube task may struggle
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to prepare for multiple future possibilities because they lack the
competence to represent multiple possibilities simultaneously, and are
therefore unable to represent the full set of possible future outcomes of
the ball dropping event.

However, recent evidence suggests that, under some circumstances,
younger children may be able to differentiate between mutually exclu-
sive possibilities in pared-down tasks that make fewer verbal and
physical reasoning demands. For example, Goddu, Sullivan, and Walker
(2021) found that toddlers showed evidence of being able to entertain
mutually exclusive possible hypotheses for a causal relationship. Infants
show some evidence of using mutual exclusivity to reason about the
identity of an ambiguous object (Cesana-Arlotti, Kovacs, & Téglas, 2020;
Cesana-Arlotti, Varga, & Teglas, 2022) or the referent of a novel label
(Pomiechowska, Brody, Csibra, & Gliga, 2021). In a recent study,
Alderete and Xu (2023) showed 3-year-old children two gumball ma-
chines, one which contained one or two gumballs of a single color and
the other which contained two gumballs of different colors, and asked
children to select which gumball machine would yield a specific color
gumball. They found that 3-year-olds successfully chose the gumball
machine that contained only the requested color gumball. While this
study does not necessarily present unequivocal evidence that young
children are representing possibility — since all the possible marbles were
simultaneously visible, children could use a strategy of simply avoiding
the undesired color - it suggests that very young children may at some
level be able to distinguish possible things from sure things.

Planning for mutually exclusive future possible events requires rep-
resenting possible outcomes of the event and representing the potential
actions that could be taken in response to those outcomes. The y-shaped
tube task (Redshaw & Suddendorf, 2016; Robinson et al., 2006) and the
slides task (Leahy, 2023) both require children to represent possibility
(the possible future location of a marble/marbles) and to represent and
select possible actions to prepare for those possibilities. If younger
children have some competence with representing the space of mutually
exclusive possibilities, perhaps their struggles in such tasks stem from
difficulty representing the space of possible actions that could be taken
on those future possible outcomes, or selecting the relevant action that
they should perform from this possibility space, rather than representing
the space of possible outcomes.

Indeed, 3-year-olds often struggle with tasks that require future-
oriented thinking, even in circumstances where there is no mutual-
exclusivity involved (see Atance, Ayson, & Martin-Ordas, 2023). For
example, 3-year-olds struggle to generate narratives about what could
happen in the future when asked open-ended questions (e.g., “Can you
tell me something you are going to do tomorrow?”’; Busby & Suddendorf,
2005). However, when the space of possibilities is constrained, 3-year-
old children (and younger) show greater competence at thinking
about the future, and even at making plans for future events (Atance &
O’Neill, 2005; Blankenship & Kibbe, 2019, 2022, 2023; Prabhakar &
Hudson, 2014). For example, Atance and O’Neill (2005) found that 3-
year-olds were more successful at choosing the relevant items to take
on a future trip, and explaining their reasoning behind their choices,
when they were given fewer items to choose from (i.e., a set of four
choices versus a set of eight choices). That is, when young children were
shown a limited set of future options, they were able to recognize the
correct options that could be needed in the future.

Given this previous research, we hypothesized that a primary
limiting factor on younger children’s ability to plan for multiple,
mutually exclusive future possibilities may not be their ability to
represent the space of mutually exclusive possibilities for the outcome of
a future event, but instead their ability to represent the space of possible
future actions that could be taken on those possible outcomes. To test this
hypothesis, we conducted three experiments with 3-year-olds and 4-
year-olds using variations on Redshaw and Suddendorf (2016) version
of the y-shaped tube task.

In Experiment 1, we asked whether young children could recognize
and select the optimal approach to prepare for mutually exclusive
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possible future events when they are not required to take any action
themselves. We showed n = 50 3- and 4-year-old US children videos of
two adult actors catching a marble from an inverted y-shaped tube. One
adult actor used the optimal strategy (covering both openings of the
tube) while the other adult actor used a suboptimal strategy (covering
only one opening of the tube). Crucially, both actors’ strategies were
successful: each actor caught the marble each time, and each caught the
marble once from the left side of the y, and once from the right side of
the y. Thus, while the actions that the actors took differed, the outcomes
of those actions were identical. After children watched the videos, they
were told that the actors would “play the marble game again” (i.e., in the
future) and were asked to choose which of the two actors would catch
the marble “for sure”. Thus, the task did not require children to take an
action to prepare for a future event themselves, but to instead select
(from all available options) which actor should act — and hence which
strategy should be taken — in the future. We reasoned that, if 3-year-olds’
difficulty in the y-shaped tube task is largely driven by difficulty rep-
resenting mutually exclusive possible outcomes of an event (as suggested
by Leahy and colleagues), 3-year-olds should choose between the two
actors at roughly equal rates, since both actors’ strategies are consistent
with a minimal representation of possibility. However, if 3-year-olds’
difficulty in the y-shaped tube task is instead driven by difficulty
generating representations of the space of possible actions that can be
taken to prepare for these possibilities in the future, we predicted that
younger children may be able to successfully recognize which of the
strategies would result in a higher likelihood of catching the marble at a
future time when they are shown the space of all possible actions, and
would therefore select the actor who used the optimal strategy over the
actor who used the suboptimal strategy. We predicted that 4-year-olds
should consistently choose the optimal actor, since they have previ-
ously been shown to be able to consistently take the optimal action
themselves in the inverted y-shaped tube task.

In Experiment 2, we asked whether showing children the space of
possible actions that can be taken on the inverted y-shaped tube would
impact their ability to select and deploy the optimal strategy themselves.
Ninety-two 3- and 4-year-old US children were asked to catch a marble
dropped into the inverted y-shaped tube. Half of the children (n = 48;
Intervention condition) first watched the videos of the two adult actors
from Experiment 1 demonstrating the suboptimal and optimal actions,
while the other half (n = 48; Control condition) did not receive any
intervention (a replication of Redshaw & Suddendorf, 2016). We
reasoned that, if younger children’s difficulty with the inverted y-shaped
tube task is driven by difficulty with representing the space of possible
actions that could be taken on the tube, then constraining the problem
by showing children the space of all possible actions could help 3-year-
olds use the optimal strategy themselves. We therefore predicted that 3-
and 4-year-olds in the Intervention condition would perform similarly
well on the task, while in the Control condition we should observe the
developmental pattern observed in previous work by Redshaw and
Suddendorf (2016), in which 4-year-olds outperform 3-year-olds.

Finally, in Experiment 3, we asked whether children would be able to
recognize and select which strategy was optimal even when they did not
observe the actors catching marbles. We told children that they were
going to watch how the actors played the marble game, and then showed
them cropped videos in which children only saw the actor place their
hands under one or both exits of the tube (but did not observe a marble
being dropped or caught). We then told children that the actors were
ready to play the marble game, and asked children to choose which actor
would “catch the marble for sure”. We predicted that, if children’s
ability to recognize and select the optimal strategy was dependent on
them simulating the path of the marble and observing how the actors’
strategies lined up with their own simulations, children should select
between the two actors at rates not different from chance. However, if
children recognize that the act of covering both exits covers both
mutually-exclusive possibilities, they should select the optimal actor.
Also in Experiment 3, we asked whether children represent the optimal
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actor’s actions as optimal only in a situation in which she is faced with
mutually exclusive future possible outcomes. Specifically, we asked
whether children who selected the optimal actor would go on to over-
imitate her strategy even when that strategy was not relevant for
another task. After children made their actor selection, we asked chil-
dren to catch a marble that could be dropped into one of two openings of
two parallel tubes. Because there is no ambiguity about where the marble
will emerge, the optimal strategy is to place hands under only one
opening. If children who chose the optimal actor over-imitate her
strategy, they should place their hands under both exits of the parallel-
tube apparatus. If they recognize that the optimal actor’s strategy only
makes sense in the context of uncertain, mutually exclusive possible
future positions of the marble, they should not over-imitate that strategy
on the parallel-tube apparatus, and instead place their hands under only
the relevant exit.

2. Experiment 1
2.1. Methods

2.1.1. Participants

Fifty children (24 3-year-olds, mean age: 42 months, 4 girls, 6 boys,
14 gender unreported; and 26 4-year-olds, mean age: 53 months, 7 girls,
6 boys, 13 gender unreported) were tested in the the Museum of Science,
Boston. The sample size was determined to be sufficient to detect dif-
ferences between 3- and 4-year-olds’ choices using an estimate of effect
size based on children’s own approach to the tube task in previous work
by Redshaw and Suddendorf (2016) (Fisher’s exact test, two-tailed, p1
= 0.38, p2 = 0.8, alpha = 0.05, 1-beta = 0.8, suggested n = 48). An
additional two children participated but were excluded from analysis
because they did not attend to the videos. The study was approved by the
Institutional Review Boards of the Boston University Charles River
Campus and the Museum of Science.

2.1.2. Apparatus and stimuli

Children at the museum watched a series of videos on a 13.3-in.
laptop computer presented using the Qualtrics survey platform. Chil-
dren watched a series of videos in which different actors interacted with
an inverted y-shaped tube and a yellow plastic marble (~2 cm diameter)
(see Fig. 1). The tube apparatus was constructed following the specifi-
cations provided in Redshaw and Suddendorf (2016). The tube was
made of cylindrical PVC pipes (9 cm diameter) connected with 90°
curved pipe fittings so that there was one opening at the top and a fork
with two openings at the bottom. The entire apparatus measured
approximately 50 cm high from the top opening to the center of the Y,
and the bottom of the apparatus approximately 20 cm wide from the
right to left opening. The experimenter could surreptitiously control
which side of the fork the marble emerged from by manipulating a
hidden cardboard switch that ran along the inside of the upper tube,
closing off one side of the fork and forcing the marble to travel down the
other. All videos used in this experiment can be found at https://osf.
io/5k9ms/.

2.1.3. Procedure
Children were seated in a chair at a table across from the
experimenter.

2.1.3.1. Familiarization. Children first watched a video of the six
Familiarization trials (Fig. 1; Supplemental Video S1). In the first
Familiarization trial, children saw an actor (henceforth referred to as the
Dropper) standing behind the inverted y-shaped tube holding a yellow
marble over the top opening of the tube. They then heard a recorded
female voice-over saying, “I want to show you a game. This is a marble
game. Someone will drop a marble in the tube, and another person gets
to catch it. Okay? First, let’s watch how the marble comes out of the
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Familiarization

Action Observation
Suboptimal Actor

Only covers one opening,
catches dropped marble

Test

Experiment 1
Actor Choice

r

Optimal Actor

Covers both openings,
catches dropped marble

“Who do you think will catch
the marble for sure?”

Experiment 2
Marble Catch

r

. > -
“Now it’s your turn!”

Fig. 1. Familiarization, Action Observation, and Test trials from Experiments 1 and 2. In Experiment 1, all children completed Action Observation trials. In
Experiment 2, only children in the Intervention condition completed Action Observation trials.

tube. Watch, he will put the marble into the top, and then look what
happens.” The Dropper then released the marble, which subsequently
dropped out of the right side of the tube and onto the floor. Children
then saw a white screen displaying the words “Let’s do that again” in
black letters, and heard the voice-over say, “Let’s do that again!”.

Children then watched five more familiarization trials. On each of
these trials, the Dropper held the yellow marble over the opening at the
top of the tube while the voice-over said, “Watch, he will put the marble
into the top, and then look what happens.” The Dropper then released
the marble, which emerged from one side of the tube and dropped to the
floor. The side the marble emerged from was pseudorandomized across
trials, following Redshaw and Suddendorf (2016) (right, left, left, right,
left, right). The entire 6-trial sequence took 81 s to complete.

2.1.3.2. Action observation trials. Children first saw two still photos
showing two different actors from the shoulders up. Captions above the
photos showed the actors names, while a voice-over said, “This is Suzy
[Suzy’s photo wiggled back and forth to draw attention]. This is Jane
[Jane’s photo wiggled back and forth to draw attention]. They will play
the marble game. But they do not know which side of the tube the
marble will come out” (Supplemental Video S2).

Children then watched a series of videos depicting the two different
actors using different strategies to catch a marble dropped into the tube
by the Dropper (Fig. 1; Supplemental Videos S3 and S4). One actor
(Suzy) used the “optimal” strategy of placing a hand under each of the
openings of the tube (which guarantees the catch). The other actor
(Jane) used the “suboptimal” strategy, placing both hands under only

one opening of the tube (for a 50% chance of catching the marble on
each trial). Children saw two examples of each actor using their
respective strategies to catch the marble. Crucially, both actors caught
the marble on each trial, regardless of the strategy they used, and both
actors used both hands to deploy their strategies. This ensured that the
only difference between the actors was the strategy they used to catch
the marble, and not outcome of deploying the strategy or the effort
required to use the strategy.

The order of presentation of the different actors’ videos, and the side
from which the marble emerged first, was counterbalanced across
children (half of the children saw the Optimal Actor catch the marble
two times, then saw the suboptimal Actor catch the marble two times;
the other half of children saw the opposite order). For convenience, here
we describe the condition in which the optimal actor is shown first (and
the marble emerged from the left first), followed by the suboptimal
actor.

In the first of two Optimal Actor trials (Supplemental Video S3,
Fig. 1), children saw a screen depicting only Suzy’s photo. The voice-
over said, “See, this is Suzy. Suzy is going to try to catch the marble,
but remember, she doesn’t know where the marble is going to come
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out.! Let’s see what Suzy does!” Children next saw the Dropper standing
behind the tube holding the marble above the opening, while Suzy stood
in front of the tube with her eyes fixed on the center of the bottom of the
tube (i.e., the point at which the two branches of the tube diverge). Suzy
then bent down and placed one hand under each tube opening (right
hand under the right opening, left hand under the left opening). The
Dropper then dropped the marble, which emerged from the left side of
the tube. Suzy caught the marble and then lifted it up to show the
Dropper. In the second Optimal Actor trial, children again saw a screen
depicting only Suzy’s photo. The voice-over said, “Suzy is going to play
again! Remember, she doesn’t know where the marble is going to come
out. Let’s see what Suzy does!” Children then watched Suzy place a hand
under each opening, catching the marble from the right side of the tube,
and showing it to the Dropper. In total, the entire Optimal Actor two-
trial sequence took 45 s to complete.

Children then watched two Suboptimal Actor trials (Supplemental
Video S4, Fig. 1). These trials proceeded similarly to the Optimal Actor
trials, except that children were first shown Jane’s photo, and were told
that “Jane is going to try to catch the marble, but remember, she doesn’t
know where the marble is going to come out. Let’s see what Jane does!”
Children then watched Jane catch the marble after placing both hands
(one hand on top of the other) under only one opening. In one trial, she
covered the right opening, and in the other she covered the left opening
(order counterbalanced across children). In both trials, she caught the
marble and showed it to the Dropper. In total, the entire Suboptimal
Actor two-trial sequence took 45 s to complete.

2.1.3.3. Test trial. In the single Actor Choice Test trial (Supplemental
Video S5; Fig. 1), the experimenter showed children the photos of the
Optimal Actor and Suboptimal Actor (whether the Optimal Actor was on
the right or the left was counterbalanced across participants) and said,
“We will play the marble game again, but this time you get to choose
who plays the game. Remember, our goal is to catch the marble. Who
will catch the marble for sure?” Children selected an actor by pointing to
her photo or by saying the actor’s name (43 children pointed, 7 children
said the actor’s name). The experimenter immediately entered chil-
dren’s responses by selecting a radio button under the chosen actor’s
photo. As an additional exploratory measure, the experimenter then
asked children “Why did you choose [actor’s name]?” and typed their
responses into the form (we did not conduct formal analyses on these
responses; descriptive statistics of children’s responses to this question
can be found in Supplemental Table S1).

2.2. Results

Children in both age groups chose the Optimal Actor at rates
significantly above chance (chance = 50%; 3-year-olds: 20/24 children
(83%) chose the Optimal Actor, binomial test p = .002); 4-year-olds: 23/
26 children (88%) chose the optimal actor, binomial test p < .001;
Fig. 2, left panel), and there was no difference in children’s responses
between the age groups (Fisher’s exact test p = .697). Data for Experi-
ment 1 can be found at https://osf.io/5k9ms/.

2.3. Discussion

Previous work has shown that 3-year-olds who were asked to catch a
marble from an inverted y-shaped tube often used a suboptimal or mixed

1 By design, both actors caught the marble on each trial, regardless of the
strategy they used. We therefore emphasized to children that the actors did not
know which side of the inverted y-shaped tube the marble would emerge from,
so that children would not attribute the actors’ strategies to special knowledge
about the outcome of the drop (i.e. so they would not think that the suboptimal
actor covered only one opening of the tube because she had foreknowledge that
the marble would emerge from that opening).
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strategy, placing their hands under only one opening of the tube (e.g.,
Redshaw & Suddendorf, 2016), which has been taken as part of the
evidence that 3-year-olds struggle with modal representation of multi-
ple, mutually exclusive possibilities (Leahy & Carey, 2020). In Experi-
ment 1, we asked whether 3-year-olds could distinguish between
suboptimal and optimal strategies and select which strategy should be
used in the future to catch the marble “for sure”. After watching videos
of adult actors deploying different approaches to catch the marble from
the inverted y-shaped tube, both 3- and 4-year-olds were able to choose
which actor’s strategy would likely result in future success. Importantly,
children’s choices could not have been driven by observing the success
rate of these different strategies, since both actors always succeeded in
catching the marble, regardless of the strategy they used and regardless
of which branch of the inverted y the marble emerged from. Further,
children’s choices could not have been driven by the effort that was
expended by the actors to catch the marble, since both actors used both
hands to deploy their action (i.e., the suboptimal actor placed two hands
under one opening, the optimal actor placed a hand under each open-
ing). Instead, the results of Experiment 1 suggest that 3-year-olds, who
typically struggle to take the correct action on their own, nevertheless
recognized the best strategy to act on multiple, mutually exclusive
future possible events when they were shown the set of possible actions
that could be taken on the inverted y-shaped tube apparatus. The results
of Experiment 1 suggest that 3-year-olds’ ability to prepare for mutual
exclusive possibilities of an event may be limited more by their ability to
represent the set of possible actions that can be taken on an event.

In Experiment 2, we asked whether showing 3-year-olds the space of
possible actions that can be taken on the inverted y-shaped tube also
might help them to spontaneously select and deploy the optimal strategy
themselves. We asked 3-year-olds, who typically use a suboptimal or
mixed strategy, and 4-year-olds, who typically use the optimal strategy,
to catch the object dropped into the inverted y-shaped tube. Half of the
children observed the Action Observation trials from Experiment 1
before doing the inverted y-shaped tube task, while the other half of
children did not observe any possible strategies for acting on the tube
before they were asked to take an action themselves (replicating Red-
shaw & Suddendorf, 2016). We hypothesized that the 3-year-olds who
saw the set of possible actions before they themselves did the tube task
would perform more like 4-year-olds in the task.

3. Experiment 2
3.1. Method

3.1.1. Participants

Ninety-six 3- and 4-year-old children were tested at the Museum of
Science, Boston. Sample size was determined as in Experiment 1, except
we doubled the sample to examine effects of condition (Intervention vs.
Control). Forty-eight children participated in the Intervention condition
(24 3-year-olds, mean age: 43 months; 15 girls, 9 boys; and 24 4-year-
olds, mean age: 54 months; 11 girls, 13 boys) and 48 children partici-
pated in the Control condition (24 3-year-olds, mean age: 43 months; 10
girls, 13 boys, and 1 non-binary; and 24 4-year-olds, mean age: 54
months; 9 girls, 15 boys). An additional 5 children participated but were
excluded from analysis due to parental interference (3), declining to
complete the study procedures (1), or equipment malfunction (1). We
first collected the sample for the Intervention condition and then pro-
ceeded to collect the sample for the Control condition. The study was
approved by the Institutional Review Boards of Boston University
Charles River Campus and the Museum of Science, Boston.

3.1.2. Apparatus and stimuli

Children in both conditions were asked to catch marbles dropped
into the inverted y-shaped tube depicted in the videos in Experiment 1
(see Experiment 1 Apparatus section for specifications). To accommo-
date child-sized hands, we made the bottom tubes’ openings slightly
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Fig. 2. The left panel shows the percentage of children choosing the optimal actor in response to the prompt “Who will catch the marble for sure?” in Experiment 1
(dashed line shows chance level, 50%). The right panel shows the percentage of children who used the optimal strategy (covering both openings of the tube) and the
suboptimal strategy (covering only one opening) when asked to catch the marble themselves in Experiment 2. Children in the Intervention condition completed
Action Observation trials before being asked to catch the marble. Children in the Control condition received no intervention.

smaller (5 cm) using white cardboard (see Fig. 1). We used the Famil-
iarization and Action Observation videos from Experiment 1. The
inverted y-shaped tube was placed out of children’s view while they
watched the videos.

3.1.3. Procedure

Children began by sitting with the experimenter at a table in the
museum. Children in the Intervention condition watched both the
Familiarization and Action Observation Trials videos from Experiment 1
(the order of the Action Observation trials was counterbalanced as in
Experiment 1). Children in the Control condition watched only the
Familiarization videos from Experiment 1. All children then proceeded
immediately to the Test trials.

3.1.3.1. Test trials. The experimenter said to children: “Okay, now it is
your turn to play the marble game. Let me grab the game.” The exper-
imenter took the tube out, held it up, and invited children to get up from
the chair and stand in front of the tube. Children then completed two
Marble Catch test trials. In the first Marble Catch test trial, the experi-
menter held the marble over the opening at the top of the tube and said,
“Okay, are you ready? Can you catch the marble?” The experimenter
waited until children placed their hand/s either under one or both
openings (usually 3-5 s). Once children had positioned their hand(s), the
experimenter dropped the marble into the top of the tube. If children
caught the marble, the experimenter said, “Alright!” and asked for the
marble back. If children did not catch the marble, the experimenter said,
“Alright!” and retrieved the marble from the floor. In the second Marble
Catch test trial, the experimenter said, “Okay, we will play again!” and
then proceeded as in the first Marble Catch trial.

Children’s catching strategy (placing their hands under both open-
ings or only one opening, and which side they covered if they covered
only one side) was recorded immediately after each trial by the
experimenter.

For all children, in one Marble Catch test trial the marble emerged
from the right side of the tube, while in the other test trial the marble
emerged from the left side of the tube (side order was counterbalanced
across children).

3.2. Results

Analyses were conducted on the first trial only in order to obtain a
“pure” measure of children’s catching strategies in the two conditions (i.
e., before children have a chance to learn by trial and error with the
apparatus; see Redshaw & Suddendorf, 2016). Results for the second
trial can be found in the Supplement. We used pairwise Fisher’s exact
tests to investigate the differences between age groups in the Control
and Intervention conditions. This decision was made after discussion
with a statistics consultant; due to the low variability we observed in the
data, other statistical methods such as Generalized Linear Mixed Models
(GLMMs) or chi-square tests were deemed unsuitable for our analyses
due to concerns related to model convergence and distribution as-
sumptions. Data for Experiment 2 can be found at https://osf.
io/5k9ms/.

The results from the first Marble Catch test trial are shown in Fig. 2.
In the Control condition, we found that 4-year-olds used the optimal
strategy significantly more than 3-year-olds (3-year-olds: 6/24 children
(25%) used the optimal strategy; 4-year-olds: 19/24 children (79%)
used the optimal strategy; Fisher’s exact test p < .001, two-tailed),
consistent with previous work (e.g., Redshaw & Suddendorf, 2016). In
the Intervention condition, we found that the majority of children in
both age groups used the optimal strategy (3-year-olds: 17/24 children
(71%) used the optimal strategy; 4-year-olds: 20/24 children (83%)
used the optimal strategy) and there was no difference between the age
groups in rates of optimal strategy use (Fisher’s exact test, p = .494, two-
tailed). Three-year-olds in the Intervention condition used the optimal
strategy significantly more than their age-matched counterparts in the
Control condition (Fisher’s exact test, two-tailed, p = .001), while there
was no difference in 4-year-olds’ strategies between the two conditions
(Fisher’s exact test, two-tailed, p = 1.0). Children’s performance in the
second Marble Catch test trial was similar to their performance in the
first Marble Catch test trial (Intervention: 96% of 3-year-olds and 96% of
4-year-olds used the optimal strategy; Control: 25% of 3-year-olds and
88% of 4-year-olds used the optimal strategy; see Supplement for
details).
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3.3. Discussion

In Experiment 2, we asked whether showing 3-year-olds the set of
possible actions that can be taken on the inverted y-shaped tube would
improve their ability to optimally prepare for multiple, mutually
exclusive future outcomes of an event. We replicated the developmental
effect of Redshaw and Suddendorf (2016) — with 4-year-olds out-
performing 3-year-olds in using the optimal strategy — in our Control
condition, in which 3- and 4-year-old children were simply asked to
catch the marble from tube after observing a series of familiarization
trials in which they saw the marble being dropped into the top of the
tube and emerging from one side or the other. By contrast, in our
Intervention condition, when children observed actors deploying the
range of possible approaches to the tube task before they were asked to
catch the marble themselves, both 3-year-olds and 4-year-olds used the
optimal strategy at similar rates, and 3-year-olds in the Intervention
condition used the optimal strategy significantly more than 3-year-olds
in the Control condition.

Together, the results of Experiments 1 and 2 suggest that 3-year-olds
can represent multiple, mutually exclusive possible future outcomes of
an event, but this representational competence may be masked by their
limited ability to represent the space of possible actions to take in
response to those possibilities. However, there are some alternative
explanations for younger children’s performance in Experiments 1 and 2
that do not require granting children conceptual competence with
mutual exclusive possibilities.”

First, 3-year-olds in Experiment 1 may have selected the optimal
actor because her actions were more consistent with the child’s own
minimal representation of possibility than the suboptimal actor’s actions.
Because children watched the entire sequence of events unfold (Dropper
holding marble, actor placing hands, dropper dropping marble, actor
catching marble), children had the opportunity to simulate the path of
the marble, and to then compare the outcome of their simulation to the
outcome shown by the actor. If children were simulating the path of the
marble and consequently representing the marble in one location (and
not the other), then the optimal actor had a 100% chance of catching the
marble from the exit that accorded with the child’s own representation.
By contrast, the suboptimal actor had only a 50% chance of catching the
marble from the side that accorded with the child’s representation of the
marble’s location on each trial (that is, a 25% chance across both trials).
Children’s subsequent selection of the optimal actor when asked “who
will catch the marble for sure?” may therefore reflect the child’s
observation of the optimal actor’s consistency with their own minimal
representation of possibility, rather than the child’s recognition that the
optimal actor’s strategy covered both possible future outcomes. If this is
the case, then we would expect 3-year-olds’ ability to choose the optimal
actor when asked “who will catch the marble for sure” to be limited to
conditions under which they had been given the opportunity to simulate
the path of the marble and observe whether the actor’s actions are
consistent with their simulation.

Second, 3-year-olds in Experiment 2, who went on to use the optimal
strategy themselves after observing the Action Observation trials, may
have been doing so not because they recognized that the optimal strat-
egy was the better one, but instead because they were over-imitating the
optimal actor’s actions. That is, 3-year-olds’ behavior in Experiment 2
may show that they can use the action of the optimal actor, but not that
they understand why the strategy is the better one. If this is the case, we
would expect children to over-imitate the actor’s actions even when it
doesn’t make sense to do so (e.g., when there is no ambiguity about
where a marble will emerge).

We attempted to address both of these alternatives in Experiment 3.
Children again observed a series of Action Observation trials. However,
unlike in Experiments 1 and 2, we told children that they were going to

2 We thank two anonymous reviewers for pointing out these alternatives.
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watch how the actors play the marble game. We cropped the videos so
that there was no Dropper in the video and therefore no marble dropped
into the tube. Instead, children simply observed the suboptimal actor
place her hands under one exit, and the optimal actor place her hands
under both exits. Since no marble was dropped into the tube, there was
nothing for children to simulate. And since neither actor caught a
marble, there was no outcome for children to match to their own rep-
resentation of the marble’s location.

We had two dependent measures. First (similar to Experiment 1), we
told children that the actors would play the marble game, and asked
them who would catch the marble for sure. Second (similar to Experi-
ment 2), we told children that they were going to get to play a marble
game. We showed children an apparatus consisting of two, separate
parallel tubes, such that there were two exits (like in the inverted y-
shaped tube apparatus), but also two entrances. When the experimenter
held a marble over one of the two entrances, there was no ambiguity
about which exit the marble would emerge from. We measured chil-
dren’s hand positions when asked to catch a marble themselves. For the
parallel-tubes apparatus, placing hands under both exits would be
inefficient and non-obvious (although it would result in a catch), while
placing hands under only the relevant exit would be the most efficient
strategy.

4. Experiment 3
4.1. Method

4.1.1. Participants

Forty-nine children (24 3-year-olds, mean age: 40 months, 27 days,
13 girls, 11 boys; and 25 4-year-olds, mean age: 54 months 6 days, 15
girls, 8 boys, 2 gender unreported) were tested at the Museum of Sci-
ence, Boston. Sample size was determined as in Experiment 1. The study
was approved by the Institutional Review Boards of Boston University
Charles River Campus and the Museum of Science, Boston.

4.1.2. Apparatus and stimuli

Children were presented with a series of videos displayed on a 13.3-
in. laptop computer presented using the Qualtrics survey platform (full
video stimuli are available at https://osf.io/5k9ms/). Children also
interacted with a tube apparatus consisting of two parallel PVC pipes
(each 60 cm in length and 9 cm in diameter). Two thin metal bars kept
the tubes 20 cm apart and allowed the experimenter to grasp and hold
the apparatus between the two tubes with one hand while dropping a
marble into one of the openings with the other hand. The exits on the
parallel-tubes apparatus were the same distance apart as the exits on the
inverted y-shaped tube apparatus used in Experiment 2. Fig. 3 depicts
the parallel tube apparatus.

4.1.3. Procedure

Children first observed the six Familiarization trials from Experi-
ments 1 and 2. Children then observed a series of Action Observation
trials. First (as in Experiments 1 and 2) children viewed images of Suzy
and Jane and were told “This is Suzy and this is Jane. They will play the
marble game. They want to try to catch the marble. But they do not
know which side of the tube the marble will come out.” Children were
then told that they would watch how the actors play the marble game
(“Let’s watch how they play the game!™). Below we describe the condi-
tion in which the optimal actor was shown first, but whether the optimal
or suboptimal actor was shown first was counterbalanced across chil-
dren. To facilitate comparison between the experiments, deviations from
the script of Experiments 1 and 2 are italicized. See Supplemental Video
S6 for a video of the Action Observation trials of Experiment 3.

In the two Optimal Actor trials, children were shown a photo of the
optimal actor and heard a voiceover say, “See, this is Suzy. This is how
Suzy plays the marble game. Remember, she doesn’t know where the
marble is going to come out. Let’s see how Suzy plays the marble game.”
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Fig. 3. Familiarization, Action Observation, and Test trials from Experiment 3. At Test, children in Experiment 3 completed an Actor Choice trial, immediately

followed by two Marble Catch trials with the parallel tube apparatus.

Children then observed two videos of the optimal actor taking an action
on the inverted y-shaped tube. In the first Optimal Actor trial, children
observed a video in which the optimal actor stood facing the tube
apparatus, and then placed one hand under each exit and paused for 5 s
(Fig. 3). Children then observed the photo of the optimal actor, and
heard the voiceover say, “Let’s watch Suzy again. Remember, she doesn’t
know where the marble is going to come out. Let’s see how Suzy plays the
marble game.” Children then again observed the Optimal Actor placing a
hand under each exit. The two Suboptimal Actor trials proceeded
similarly, except that children were told that they would watch “how
Jane plays the marble game”. They observed two Suboptimal Actor trials,
one in which the suboptimal actor placed both hands under the right exit
and paused, and one in which she placed both hands under the left exit
and paused. Crucially, in all of the videos, children did not see the
Dropper, did not observe a marble being dropped into the tube, and did
not observe either actor catching a marble. The only thing depicted in
the videos was the strategy by which the actors place their hands under
the exit(s) of the tubes.

In the Actor Choice test trial, children then observed photos of the
optimal and suboptimal actors. The experimenter said, “OK now Suzy
and Jane are ready to play the marble game. But you get to choose who
plays the game. Remember, the goal is to catch the marble. Who do you
think will catch the marble for sure? Who do you want to pick?” (Fig. 3).
As in Experiment 1, children indicated their selection by pointing or
saying the actor’s name, and the experimenter immediately entered
children’s responses by selecting a radio button under the chosen actor’s
photo (most children pointed, although we did not track individual
children’s response modality in Experiment 3). As in Experiment 1, we
also included the exploratory question, “Why did you choose [actor’s
name]?”; descriptive statistics of children’s responses to this question
can be found in Supplemental Table S2.

All children then completed two Marble Catch trials (Fig. 3). The
experimenter said, “Okay, now I have a marble game for YOU to play. Let
me grab the game.” Children then completed two Marble Catch test
trials, which proceeded similarly to the Marble Catch test trials of

Experiment 2, except the experimenter used the parallel-tube apparatus
(Fig. 3). The experimenter held the marble over one of the two top
openings of the tube (right or left, counterbalanced across trials and
children), waited for children to place their hand(s) under the exit(s),
and then dropped the marble. We recorded children’s hand placement
on each trial.

As in Experiment 2, children completed two Marble Catch trials, and
we planned to analyze only the first Marble Catch trial in order to get a
“purer” measure of children’s strategies on the parallel-tube apparatus.
We reasoned that, if children over-imitate the “both sides” strategy in a
context in which it is not a relevant approach, they would be more apt to
do so on the first Marble Catch trial, before they have experience with
the parallel-tube apparatus. Children’s performance on both trials can
be found in the Supplement (Fig. S2).

4.2. Results

On the Actor Choice test trial, children in both age groups chose the
optimal actor at rates significantly above chance (chance = 50%j; 3-year-
olds: 20/24 children (83%) chose the optimal actor, binomial test p =
.002); 4-year-olds: 23/25 children (92%) chose the optimal actor,
binomial test p < .001; Fig. 4, left panel) and there was no difference
between 3- and 4-year-olds (Fisher’s exact test p = .42). Children’s actor
choices in Experiment 3 (in which they had only observed the actors’
strategies prior to the Actor Choice trial) were not significantly different
from their choices in Experiment 1 (in which they had also observed the
marble being dropped and caught) (Fisher’s exact test p = 1).

On the first Marble Catch test trial, a majority of children in both age
groups placed their hands under only the exit from which the marble
could actually emerge (23/24 3-year-olds (96%); 20/25 4-year-olds
(81%); Fig. 4, right panel), and there was no significant difference be-
tween 3- and 4-year-olds’ strategies (Fisher’s exact test p = .19).

We also compared the 3-year-olds who completed the Intervention
condition of Experiment 2 to the 3-year-olds in Experiment 3. Recall
that, in Experiment 2, 3-year-olds who observed the Action Observation
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Fig. 4. Children’s responses in the Actor Choice test trial (left panel) and the first Marble Catch test trial (right panel) of Experiment 3.

trials subsequently used the optimal strategy on the inverted y-shaped
tube significantly more than children in the Control condition (who did
not observe the Action Observation trials). If 3-year-olds’ behavior in
Experiment 2 was due to simply imitating the cover-both-exits strategy,
we would expect children to use a similar approach in Experiment 3,
even when it was not relevant to do so. Instead, 3-year-olds’ approach in
Experiment 2 was significantly different from their approach in Exper-
iment 3, (Fisher’s exact test p < .001).

4.3. Discussion

In Experiment 3, we found that when children were shown only the
two strategies, but were not given the opportunity to simulate the paths
of the dropped marbles nor observe the actors catching marbles, they
were able to recognize the optimal strategy for preparing for both
mutually exclusive future possibilities. Further, even though the ma-
jority of children chose the optimal actor when asked “who would catch
the marble for sure”, they did not subsequently imitate her actions in the
parallel-tubes task when her strategy was not relevant.

Could children in Experiment 3 have been simulating the path of a
marble in the Action Observation trials despite not having directly
observing a marble being dropped into the tube nor observing either
Actor interacting with a marble? Since children observed a series of
Familiarization trials prior to viewing the Action Observation trials, they
had some experience with observing that marbles dropped into the tube
can emerge from either exit. Perhaps in the Action Observation trials,
children simulated the trajectory of the marble based on their memory of
the familiarization trials, matched the actor’s actions with a possible
outcome (e.g. simulated marble comes from the right exit, actor who
places hands under both the exits would therefore catch it), and used
these simulations as the basis for their choices. However, we think this
unlikely for several reasons. First, it is not clear why children would do
this given the structure of the Action Observation trials. Children were
told that they would watch “how the actors play the marble game” and
then saw videos of actors taking actions. The videos were shot from a
different angle than the Familiarization trials, the top of the tube was

obscured, and the actions of the actors were extremely brief. To the adult
eye, there are no cues that would prompt one to simulate a marble (and
we encourage readers to view Supplemental Video S6 to observe this for
themselves). Second, the cognitive load involved in maintaining in
memory the trajectories of the marbles of the Familiarization trials, and
then applying simulations of those trajectories to the quite different
Action Observation trials (entirely in the mind, in the absence of visual
input), while also encoding and retrieving information from the Action
Observation trials, would be considerable, and is not reasonably within
the capacity of children in the 3—4-year-old age range. Instead, we argue
that the results of Experiment 3 show that children’s recognition of the
effectiveness of the different actors’ strategies does not depend on being
able to simulate the path of the marble.

Together, the results of Experiments 1-3 suggest that young children
have competence with representing multiple, mutually exclusive future
possibilities, and seeing the set of possible actions that can be taken to
prepare for those possibilities supports their ability to recognize the
optimal action and to take the optimal action themselves.

5. General discussion

The ability to plan for multiple, mutually exclusive possibilities in
the future is an essential part of everyday decision making (Bulley,
Henry, & Suddendorf, 2016, Harris, 2022, Phillips, Morris, & Cushman,
2019, Redshaw & Ganea, 2022, Shtulman & Phillips, 2018). Previous
research has suggested that children younger than 4-5 years often
struggle to take the relevant actions to prepare for mutually exclusive
future possibilities, often preparing for only one possible future outcome
of an event (e.g., Leahy, 2023; Redshaw et al., 2018, 2019; Redshaw &
Suddendorf, 2016; Suddendorf et al., 2017). This has led to the sug-
gestion that a primary constraint on this ability in young children is the
ability to simultaneously represent multiple, mutually exclusive possi-
bilities (e.g., Leahy & Carey, 2020). However, preparing for mutually
exclusive future possibilities requires not only representing the space of
merely possible outcomes of future events, but also representing the
space of possible actions that could be taken to prepare for those
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outcomes. In three experiments, we tested the hypothesis that a primary
constraint on younger children’s ability to act on mutually exclusive
future possibilities may be their ability to represent the set of possible
actions that can be taken to prepare for those outcomes and/or to select
and deploy the optimal action from that set of possible actions. Our
results suggest that young children’s ability to prepare for mutually
exclusive future possibilities may be limited more by their ability to
generate representations of the set of possible actions that can be taken
in response to possible outcomes, and less by their ability to represent
the set of possible outcomes.

Our results are consistent with work that has shown that future-
oriented thinking and planning abilities develop significantly between
the ages of 3 and 5 years (see Atance et al., 2023, for review). Three-
year-olds struggle with future planning in unconstrained tasks (e.g.,
Busby & Suddendorf, 2005) but show more success in more constrained
tasks (e.g., Atance and O’Neill, 2005; Blankenship & Kibbe, 2019, 2022,
2023; Prabhakar & Ghetti, 2020). Our results extend this pattern to
situations involving modal uncertainty and shed light on a potential
source of developmental change in future-oriented planning. The fact
that younger children recognize and quickly adopt optimal strategies,
but do not typically spontaneously generate those strategies themselves,
suggests that what develops in young children may not be the ability to
comprehend future possibilities or the actions that should be taken to
prepare for those possibilities, but the ability to spontaneously represent
the range of possible actions to take on those possibilities.

We speculate that 3-year-olds faced with future scenarios that
require planning may generate an initial representation of the set of
possible actions that may be limited to something like one-to-one cor-
respondence between actions and outcomes. For example, a 3-year-old
in the inverted y-shaped tube task who first observes the series of
familiarization trials (in which they watch the marble being dropped
into the top of the tube and emerging from either the right or left side;
Experiments 1 & 2; Redshaw & Suddendorf, 2016) may initially
construct a limited representation of possible actions which could look
something like: [the marble can emerge from the right branch, so a
possible action is to cover the right side]; [the marble can emerge from
the left branch, so a possible action is to cover the left side]. When then
given the opportunity to catch the marble themselves, they select be-
tween these two, roughly equivalent representations of possible actions.
However, when children were then able to observe a better strategy —
one that did not directly correspond with one or the other possible
outcome but accounted for both possible outcomes — children had an
“Aha!” moment: they recognized that it was a better strategy (Experi-
ments 1 and 3) and used that strategy themselves (Experiment 2). Our
results suggest that children’s initial limited representation of possible
actions may not be a conceptual limitation, but may readily be expanded
to include new strategies and new actions.

This hypothesis is consistent with the behavior of the subset of 3- and
4-year-olds in Leahy (2023) slides task who did not reliably take actions
consistent with a guaranteed outcome. Children in this task first learn
that they could place a container under the straight-path slide to catch a
marble, and then they are shown an inverted y-shaped slide and learn
that a marble can emerge either from the left or the right (but do not
practice catching the marble from the inverted y-shaped slide). At test,
children were shown two slides (e.g. a straight-path slide and an
inverted y-shaped slide), the experimenter held one marble over each
entrance (i.e. two marbles total), and children were asked to place the
single container under an exit to catch one of the two marbles. Since the
only action the child has learned to take (and indeed, the only action the
child can take) is to place one container under one exit, children may
initially construct a minimal representation of possible actions that in-
cludes [place the container under one opening to catch one marble].
When children are suddenly faced with two marbles in the test trials —
one held over the entrance to the straight path, one held over the
entrance to the branching path - this minimal representation of possible
actions would drive children to place the container under the straight
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branch half the time, and place the container under one of the two other
branches half the time (a similar explanation can be applied to the task
of Leahy et al., 2022, a task with similar logic that does not require
future-oriented planning). It is worth noting that 3- and 4-year-olds
performed similarly in Leahy (2023) slides task, while 4-year-olds
outperform 3-year-olds in the inverted y-shaped tube task of Experi-
ment 2 (control condition) and Redshaw and Suddendorf (2016). Why
would a large majority of 4-year-olds demonstrate conceptual compe-
tence with representing mutual-exclusive possibility when the inverted
y-shaped tube is presented on its own, but fewer 4-year-olds show that
competence (and look more like 3-year-olds) when the inverted y-sha-
ped slide is contrasted with a straight slide? We speculate that this is
because children’s performance on these tasks is limited less by repre-
sentational competence with possibility and more by planning compe-
tence. In the more complex two-marble, two-slide scenario, the demands
of selecting the correct action in the face of two physical dropping events
may have posed a greater challenge for both age groups.

Our results also are consistent with recent work with chimpanzees by
Engelmann and colleagues (2023). Previous work had shown that
chimpanzees typically approach the inverted y-shaped tube task using a
suboptimal strategy, similar to young children (Redshaw & Suddendorf,
2016), which had been interpreted as a lack of the ability to represent
multiple, mutually exclusive possibilities. However, Engelmann and
colleagues found that, when chimpanzees were competing with a human
for food rewards, they showed behaviors consistent with preparing for
both possible outcomes of an object dropped into the top of the inverted
y-shaped tube. The competition scenario, which is highly ecologically
relevant for chimps, may have supported their ability to generate and
select the optimal plan in an uncertain situation.

While we argue that the ability to represent possible actions is a
primary limiting factor on children’s ability to make future plans under
uncertainty, we do not argue that it is the only limiting factor. A whole
range of cognitive capacities are undergoing significant developmental
change between the ages of 3 and 5 which may play a role in future-
oriented thinking and planning, including executive functions and
episodic memory (e.g., Scarf, Gross, Colombo, & Hayne, 2013; Zelazo
et al., 2003), and which may separately or together support thinking and
planning beyond generating representations of possible actions. We also
do not argue that our results show that all 3-year-olds have an adult-like
concept of possibility (although we believe our results do show that they
are more competent at representing possibility than previously
thought). It is possible that 3-year-olds’ representations of possibility
may be developing in a graded fashion, rather than an all-or-nothing
fashion. For example, competence with recognizing mutual exclusivity
(as in, e.g. Alderete & Xu, 2023; Cesana-Arlotti et al., 2020, Cesana-
Arlotti et al., 2022) may develop earlier and potentially support con-
ceptual competence with representing possibility in tasks that require
children to make more sophisticated inferences (i.e. about things that
have not happened yet). Future work would further examine the sources
of limitation and developmental change in children’s ability to think
about and plan for future uncertain possibilities.

Our results have implications for how we think about constructing
tasks to examine young children’s conceptual competence. While a va-
riety of tasks have been deployed to examine possibility concepts in
recent years, all of these tasks make demands on other still-developing
cognitive processes, including future-oriented thinking and planning,
which undergoes protracted development throughout the preschool and
early school years (see Phillips & Kratzer, 2022, for related discussion).
We argue that careful manipulation of these demands can reveal a more
nuanced picture of children’s early competence with applying and using
what they know about possibility to achieve behavioral goals, and can
provide insights into how cognitive systems work together in early
development. Our results also suggest that targeting action representa-
tion and action planning may be a fruitful avenue for intervention for
researchers who are interested in improving younger children’s ability
to take actions under uncertainty.
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