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include reasoning about possible identities and suggest that this

ability may be available to children as young as 3 years.

© 2024 Elsevier Inc. All rights are reserved, including those for text
and data mining, Al training, and similar technologies.

Introduction

Humans are adept at navigating the inherent uncertainties of daily life. From deciding whether to
carry an umbrella on a cloudy day to planning emergency responses to potential natural disasters, we
engage in decision making that requires us to think about multiple, often mutually exclusive, possible
outcomes of events that have not yet happened but could happen. A growing body of literature exam-
ining the development of modal reasoning suggests that children’s capacity to plan for such uncertain-
ties is predicated on their ability to simultaneously represent multiple mutually exclusive outcomes of
an event (e.g., Beck et al., 2006; Gautam et al., 2021; Leahy & Carey, 2020; Mody & Carey, 2016;
Redshaw et al., 2018; Redshaw & Suddendorf, 2016; Robinson et al., 2006; Suddendorf et al., 2017;
for theoretical reviews, see Harris, 2022; Leahy & Carey, 2020; Redshaw & Ganea, 2022).

Children’s modal reasoning is usually assessed with tasks that require children to represent mutu-
ally exclusive possibilities while minimizing the need for extensive prior knowledge or the ability to
understand complex instructions. For example, Redshaw and Suddendorf (2016) asked children to
catch a marble dropped into the top of an inverted Y-shaped tube, such that the marble could exit
from either the right branch of the Y or the left branch of the Y. To succeed in this task, children needed
to represent the possible trajectories of the marble as it falls through the tube, reason that it may
emerge from either the right exit or the left exit, and act accordingly, placing their hands under both
exits to guarantee that they will catch the falling marble regardless of which exit it emerges from.
Redshaw and Suddendorf (2016) found that around 4 years of age children reliably place their hands
under the exits of both branches of the tube, covering both possible outcomes, suggesting that they are
able to simultaneously represent mutually exclusive possibilities. By contrast, children under 4 years
old are more likely to place their hands under only one tube exit, which has been taken as evidence
that they are unable to represent mutually exclusive possibilities and may represent only one possi-
bility at a time (for replications, see Suddendorf et al., 2017; Redshaw & Suddendorf, 2016; Suddendorf
etal., 2017; and Turan-Kiiciik & Kibbe, 2024; see also Leahy, 2023, 2024, for converging results from a
variation of this task that required children to track multiple object trajectories and contrast a guar-
anteed or impossible outcome and a merely possible outcome). Similar results were obtained in a task
that required children to represent the possible locations of stickers that could be hidden (out of chil-
dren’s view) in a set of opaque containers (Leahy et al., 2022; Mody & Carey, 2016).

Together, these studies have converged on a developmental picture of children’s modal represen-
tational capacities, one in which children typically begin to succeed at modal reasoning tasks around
4 years of age. Theorists have suggested that children younger than approximately 4 years are unable
to simultaneously represent mutually exclusive possibilities (e.g., Carey et al., 2020; Harris, 2022;
Leahy & Carey, 2020; Leahy et al., 2022; Redshaw & Suddendorf, 2016, 2020). Instead, theorists have
argued that younger children may have a minimal representation of possibility (e.g., Leahy & Carey,
2020; Leahy et al., 2022); younger children know that there are multiple possible outcomes of an
event, but instead of concurrently representing all possible outcomes as merely possible, they select
one possible outcome and treat that outcome as certain.

However, the study of children’s representations of multiple mutually exclusive possibilities has
been largely limited to a specific type of reasoning—reasoning about an object’s possible location in
physical space (i.e., an object can be in one location or another location, but it cannot be in both loca-
tions at once). These tasks typically require children to simulate the possible trajectories of a moving
object (e.g., an object dropped into a slide or tube, an object placed behind an occluder into one of sev-
eral containers), determine the possible locations at which the object will arrive (e.g., branches of the
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tube, containers behind the occluder), and take an action in response to those possible locations (e.g.,
position hands or cups to catch the falling object, select a container that might hold a sticker).
Although the above tasks differ from each other on several dimensions, ultimately children are being
asked to represent a similar type of possibility—the possible location of an object.

Because a large portion of the evidence regarding children’s ability to represent mutually exclusive
possibilities comes from tasks that tap similar physical reasoning processes, it can be difficult to draw
more general conclusions about children’s modal reasoning abilities, for several reasons. First, in chil-
dren’s everyday lives, they are faced with many different kinds of scenarios in which they must rep-
resent possibility. Children might know that they will get to play with only one of several possible
desirable toys at choice time and may need to plan accordingly. Or they may be told that if it is not
raining they will go to the playground, but if it is raining they will go to the museum. In these situa-
tions, children must represent multiple mutually exclusive possibilities in contexts that extend to
domains other than physical reasoning about an object’s location. Yet, less is known about whether
children represent possibility in other contexts.

Second, the type of physical reasoning required for many modal reasoning tasks may be particu-
larly challenging for younger children, who have been shown to have difficulty in reasoning about
the trajectories of moving objects in situations that do not require representing possibility. For exam-
ple, young children expect that an object dropped into a curved tube will fall straight down rather
than follow the curve of the tube (a “gravity bias”; Hood, 1995, 1998), and even older children struggle
when tasked with predicting the trajectories of two objects (Hood et al., 2006). This physical reasoning
limitation could pose a challenge for children faced with predicting the possible trajectories and final
locations of objects in many modal reasoning tasks. Indeed, previous work suggests that 4-year-olds
have more difficulty in responding correctly in tasks that require them to represent the possible tra-
jectories and final locations of two objects (Leahy, 2023, 2024) compared with tasks that require pre-
dicting only one object’s possible trajectories and locations (e.g., Redshaw & Suddendorf, 2016; Turan-
Kii¢iik & Kibbe, 2024). Furthermore, 3-year-old children have more success with taking a correct
action in modal reasoning tasks when they are given additional scaffolding, such as being shown
the possible actions that can be taken in the Y-shaped tube task before they are required to take an
action themselves (Turan-Kiiciik & Kibbe, 2024). And 3-year-olds can distinguish a guaranteed out-
come from a merely possible outcome in a task that does not require them to reason physically about
an object’s potential trajectory or location (Alderete & Xu, 2023). It is possible that children’s compe-
tence at modal reasoning tasks may be masked by physical reasoning demands that may be distinct
from limitations imposed by a developing representation of possibility.

One study examining children’s ability to represent possibilities did ask children to consider mul-
tiple possible identities of an object. Robinson et al. (2006) showed children an apparatus with three
colored chutes, one for each of three different colored blocks. Children were tasked with placing trays
under the exits of the chutes to catch a block placed in one of the chutes. In an unknowable condition,
children were told that the experimenter would place a block into one of the chutes from a bag con-
taining both orange and green blocks. Children were then given the opportunity to place one or more
trays under the chute exits before the experimenter removed a block from the bag. To succeed, chil-
dren needed to realize that the color of the block could be either orange or green and to place trays
under both the orange and green chutes, covering both possibilities. The authors found that children
under 5 years of age typically placed only a single tray, whereas 5- and 6-year-olds were more likely to
place both trays. Furthermore, in an unknown condition, where the experimenter selected and placed
the block inside the top of the chute (with its identity unknown to children), even older children strug-
gled with the task, placing only one tray more often. Whereas this task required children to think
about multiple possible identities, it also made significant demands on children’s physical reason-
ing—because children needed to reason about both possible identities and multiple possible object
trajectories and needed to make predictions about the future location of an object—making it unclear
whether children’s difficulty with the task was due to difficulty in representing mutually exclusive
possible identities or to other task demands.

Here, in two experiments, we aimed to examine whether 3- and 4-year-old U.S. children can rep-
resent multiple mutually exclusive possible identities of an object. We designed a novel modal reason-
ing task for 3- and 4-year-olds that did not require extensive previous knowledge and also did not
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require children to reason about possible physical trajectories or possible locations of objects. Instead,
we asked children to represent two mutually exclusive possible characters that could be involved in
an event. Our goals were twofold. First, we wanted to extend the study of children’s representation of
possibility to another domain of reasoning—reasoning about mutually exclusive identities. Second, we
wanted to examine whether developmental patterns observed in the previous modal reasoning liter-
ature—in which 4-year-olds typically outperformed 3-year-olds—would again be observed in a task
where children were asked to reason about possible identities rather than possible locations of an
object.

In Experiment 1, 3- and 4-year-olds were shown a playground scenario in which animal characters
could slide down a single playground slide and then eat “their favorite snack” as soon as they reached
the bottom of the slide. We introduced children to two animal characters (e.g., Bunny and Monkey)
and their favorite snacks (e.g., carrots and bananas, respectively) and told children that both animals
wanted to go down the slide, but they could not both fit inside the slide, so they needed to take turns.
In an Ambiguous Identity condition, we told children that which animal would slide down first was
unknown. Children were then asked to “get snack ready.” We measured whether children selected
only one snack, preparing for only one of the two possible animal identities, or both snacks, covering
both possible animal identities. We compared children’s choices in the Ambiguous Identity condition
with their choices in an Unambiguous Identity condition, where children were told which animal
would slide down the slide. In Experiment 2, we replicated and extended Experiment 1 while ruling
out a possible alternative explanation for the results of Experiment 1.

Across both experiments, we hypothesized that if children in the Ambiguous Identity condition
could successfully represent that one or the other animal will emerge from the slide, then they should
select both snacks—covering both possible identities—whereas children in the Unambiguous Identity
condition should select only one snack. Such a result would suggest that children can represent mutu-
ally exclusive possible identities. We also hypothesized that reducing the physical reasoning demands
of the task—by asking children to reason about possible identities rather than possible trajectories or
locations—might make the task more doable by younger children. Therefore, we predicted that 3- and
4-year-olds may perform similarly in the task. Such a result would suggest that younger children may
have more competence with modal reasoning than is evident from tasks that require children to rea-
son about possible trajectories or locations of an object.

Experiment 1
Method

Participants

A total of 96 children participated in Experiment 1, with 48 in the Ambiguous Identity condition
(n = 24 3-year-olds, mean age = 42.63 months, range = 36-47, 13 girls and 11 boys; n = 24 4-year-
olds, mean age = 52.46 months, range = 48-58, 9 girls, 14 boys, and 1 unknown) and 48 in the Unam-
biguous Identity condition (n = 24 3-year-olds, mean age = 41.79 months, range = 36-47, 12 girls and
12 boys; n = 24 4-year-olds, mean age = 53.92 months, range = 48-59, 12 girls and 12 boys). Sample
size was determined to be comparable to previous studies that examined age differences in children’s
responses in modal reasoning tasks. Children were tested in the Museum of Science, Boston. An addi-
tional 5 children participated but were excluded from analysis because of caregiver interference
(n = 4) or experimenter error (n = 1). The study was approved by the institutional review boards of
the Boston University Charles River Campus and the Museum of Science, Boston.

Apparatus and stimuli

Children interacted with a small model playground (measuring 50 cm in height and 25 cm in
width) constructed using cardboard and felt fabric of various colors. The playground featured a cylin-
drical slide made from a cardboard tube covered with yellow felt (6 cm in diameter and 30 cm in
length). The opening at the top of the slide was hidden by an enclosed cardboard box covered in blue
felt, and the bottom of the slide sat on a green felt base and was open and visible to children. Stimuli
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also included a set of fabric stuffed animal toys (a pig, a cow, a monkey, a rabbit, and a tiger, each mea-
suring ~ 7 cm in height) and a set of small plastic food items (corn, tomato, banana, carrot, and grapes,
all ~4-11 cm in height). Fig. 1 shows a schematic drawing of the apparatus (see Fig. S1 in the online
supplementary material for a photo of the apparatus in the museum setting).

Procedure
Children were seated in a chair at a table across from the experimenter. All children completed a
familiarization trial, followed by two condition-specific test trials.

Familiarization. First, the experimenter said (pointing to the apparatus), “This is my slide game! In this
game, animals love to slide down this slide! And as soon as they get to the bottom of the slide, the

“Can you get snack ready?” \

- )/

Unambiguous Identity Ambiguous Identity

-

“One of them is going to

EXperiment 1 [Bundy/Monkey] isrgoing to slide down first, but | don’t

slide down first”
know which one”

: “[Cow/Piggy] is going to “One of them is going to
Experlmenf 2 wait their turn in the box... wait their turn in the box...
One of them is going to One of them is going to
slide down the slide” slide down the slide”

Fig. 1. Schematic of the apparatus and method for Experiments 1 and 2 (top panel) and relevant samples from the scripts for
each experiment (bottom panel). In each test trial, the experimenter told children that two animals wanted to slide down the
slide but that they were going to take turns. In Experiment 1, the experimenter placed the two animals inside the top of the
slide. In the Unambiguous Identity condition the experimenter told children which animal would slide down first, whereas in
the Ambiguous Identity condition the identity of the animal was unknown. In Experiment 2, after placing the animals inside the
top of the slide, the experimenter told children that one of the animals was going to wait its turn in a separate opaque box
(which was then placed to the side). In the Unambiguous Identity condition children were told which animal was waiting inside
the box (and could use that information to infer which animal would slide down the slide), whereas in the Ambiguous Identity
condition the identity of the animal inside the box (and the identity of the animal that would slide down) was unknown. In both
experiments, children were asked to “get snack ready” before an animal slid down the slide.

5


move_f0005

E.N. Turan-Kiigiik and M.M. Kibbe Journal of Experimental Child Psychology 249 (2025) 106078

animals always want to have a snack!” The experimenter then placed the tiger on the top left side of
the playground and said, “This is Tiger. Tiger’s favorite snack is grapes.” She then placed the plastic
grapes on a table next to the playground. The experimenter put Tiger inside the box at the top of
the slide so that the tiger was no longer visible to children and explained, “Tiger is going to slide down
the slide! And remember, he wants to have snack right when he gets to the bottom of the slide. Can
you get snack ready so Tiger can have snack as soon as he slides down the slide [the experimenter
pointed to the opening at the bottom of the slide]?” Then the experimenter gently pushed the plastic
grapes forward into children’s reach. All children retrieved the plastic grapes and placed them at the
base of the slide (if children did not respond immediately, the experimenter again pointed to the
opening at the base of the slide and repeated the instruction). Once the children had placed the grapes,
the experimenter released the tiger into the top of the slide, retrieved the tiger from the opening at the
bottom of the slide, and pretended to have the tiger eat the grapes. She then removed the tiger and the
grapes from the table.

Ambiguous Identity condition. In the first test trial, the experimenter said, “Okay, let’s play again with
two friends. Now, this is Bunny [the experimenter placed the bunny on top of the slide box, to the left]
and this is Monkey [the experimenter placed the monkey on top of the slide box, to the right]. Bunny’s
favorite snack is carrots [the experimenter placed the plastic carrots on the base of the playground on
the left of the slide], and Monkey’s favorite snack is bananas [the experimenter placed the plastic
bananas on the base of the playground on the right of the slide].” The experimenter then placed both
Bunny and Monkey inside the box at the top of the slide so that children were not able to see the ani-
mals (Fig. 1) and said, “Bunny and Monkey both want to go down the slide, but they can’t go down the
slide at the same time because they won't fit and they might get hurt! So, they have to take turns! One
of them is going to go down the slide first, but [ don’t know which one: Bunny or Monkey. Can you get
snack ready?” The experimenter then pushed both plastic foods forward so that they were in the chil-
dren’s reach. The experimenter waited until children placed the food(s) at the base of the slide and
pulled their hands completely away from the foods. She then released an animal into the slide (the
identity of the animal was counterbalanced across participants) and said, “Okay, let’s see who goes
down the slide!” When the animal reached the bottom of the slide, the experimenter said, “Who came
down the slide?” If children placed both snacks or the correct snack, the experimenter said, “Good job!
Now, [Bunny/Monkey] can have snack!” If children placed the incorrect snack, the experimenter said,
“Where is [Bunny’s/Monkey’s] snack? There it is! Good job, now [Bunny/Monkey]| can have snack!”

The second test trial proceeded the same way except with two new animals (Cow and Piggy) and
two new foods (tomatoes and corn).

Unambiguous Identity condition. The test trials proceeded similarly to the test trials in the Ambiguous
Identity condition except that instead of saying “One of them is going to go down the slide first, but I
don’t know which one,” the experimenter explicitly told children which animal would slide down the
slide. In the first test trial she said “[Bunny/Monkey] is going to go down the slide first,” and in the
second test trial she said “[Cow/Piggy] is going to go down the slide first” (with animal identity coun-
terbalanced across children).

Analysis approach and hypotheses

We compared children’s choices in the Unambiguous Identity condition, where children were told
which animal would slide down the slide, with their choices in the Ambiguous Identity condition,
where the identity of the animal that would slide down the slide was uncertain. In the Unambiguous
Identity condition, we hypothesized that children would frequently choose only one snack (e.g.,
choosing the carrots when told that Bunny would slide down the slide).! In the Ambiguous Identity
condition, we hypothesized two potential patterns for children’s responses. If children had a minimal rep-
resentation of possibility (Leahy & Carey, 2020), we predicted that they would simulate a single animal

1 Our primary measure of interest was whether children chose one snack or both snacks. In the Unambiguous Identity condition,
we also coded whether children chose the “correct” snack given a particular animal’s identity. Descriptive statistics are reported in
the Results.
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sliding down the slide and therefore would choose one snack at rates similar to the Unambiguous Identity
condition. That is, under this hypothesis the Unambiguous Identity and Ambiguous Identity conditions
should produce similar patterns of behavior in children. However, if children were able to represent mutu-
ally exclusive possible identities, they should choose both snacks in the Ambiguous Identity condition, cov-
ering both possible identities. Under this hypothesis, children in the Ambiguous Identity condition
should choose both snacks significantly more often than children in the Unambiguous Identity condition.

Regarding age-related effects, we hypothesized that 3- and 4-year-olds should select only one
snack at similar rates in the Unambiguous Identity condition. In the Ambiguous Identity condition,
we hypothesized that, if developmental trends observed in previous tasks that required representing
possible trajectories and locations held in our task, 4-year-olds should outperform 3-year-olds, with 3-
year-olds selecting one snack more often than 4-year-olds and at similar rates to their age counter-
parts in the Unambiguous Identity condition.

We planned to concentrate our analyses on children’s responses in the first test trial only, before
children received any feedback about the success or failure of their choices. Details regarding the sec-
ond trial are available in the supplementary material (first and second trial data did not differ signif-
icantly; see Fig. S2). Because of low variability in the data, we used 2 x 2 non-parametric tests to
compare children’s responses between conditions and age groups (other statistical methods, such
as generalized linear mixed models, were not possible due to violations of distribution assumptions
and concerns about model convergence; see Turan-Kii¢iik & Kibbe, 2024, for a similar approach).
We report effect sizes for all 2 x 2 contingency tables as odds ratios (ORs).

Data for Experiments 1 and 2 are available at the Open Science Framework (https://osf.io/gsy3b).

Results

Children’s choices in the first test trial are shown in Fig. 2. In the Unambiguous Identity condition,
where children were told which animal would slide down the slide, we found that the majority of chil-
dren in both age groups (23 of 24 3-year-olds and 23 of 24 4-year-olds [both 95%]) selected only one
snack, with no difference between the age groups (Fisher’s exact test, p = 1, two-tailed, OR = 1.00).
Children’s food item choices matched with the animal they were told would slide down (96% of 3-
year-olds and 100% of 4-year-olds who selected only one snack correctly chose the named animal’s
“favorite snack,” i.e., carrot for bunny and bananas for monkey). In the Ambiguous Identity condition,
where children were told that only one animal would slide down but the animal’s identity was not
known, a minority of children selected only one snack (11 of 24 3-year-olds [46%] chose one snack
and 5 of 24 4-year-olds [21%] chose one snack), and there was no significant difference between
the age groups® (Fisher’s exact test, p = .125, two-tailed, OR = .31).

Critically, we found significant differences in children’s choices between the Ambiguous Identity
and Unambiguous Identity conditions in both age groups; both 3-year-olds and 4-year-olds were sig-
nificantly less likely to choose only one snack in the Ambiguous Identity condition compared with the
Unambiguous Identity condition (Fisher’s exact test; 3-year-olds: p < .001, OR = .04; 4-year-olds:
p <.001, OR =.01).

Discussion

In Experiment 1, we presented children with a scenario in which one of two animals would slide
down a slide, and children needed to “get snack ready” for the animal to eat when the animal reached
the bottom of the slide. We found that when 3- and 4-year-old children were told which animal would

2 Although we did not observe significant differences in children’s pattern of responses in the first and second test trials in either
condition, we did find that, in the second test trial of the Ambiguous Identity condition, 4-year-olds selected both snacks at rates
significantly greater than 3-year-olds (Fisher’s exact test, p =.004, OR =.06; see Fig. S2 in supplementary material), potentially
suggesting developmental improvements in children’s ability to prepare for multiple mutually exclusive possible identities,
particularly after receiving feedback on the task. However, this result should be interpreted with caution for three reasons. First,
we did not observe significant differences across the two test trials. Second, our task was not designed to detect such learning
effects. Third, we did not observe any such effects in Experiment 2 (see Fig. 2 and Fig. S2).
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Experiment 1
Both animals wait in the top of the slide
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Experiment 2
One animal waits in the top of the slide, one animal waits in a box
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3yearolds 4year-olds 3yearolds 4year-olds

Fig. 2. Cumulative percentage of children’s responses (choosing only one food item or choosing both food items) in the first test
trial of Experiments 1 and 2.

slide down the slide, they selected a single snack. By comparison, when children were told that one
animal would slide down the slide but that the experimenter did not know which animal it would
be, they were more likely to select both snacks, suggesting that they represented that either Bunny
or Monkey would emerge from the slide and therefore that they would need to cover both possibili-
ties. This result suggests that children in our task could represent multiple mutually exclusive
identities.

However, there is another potential explanation for children’s pattern of responses in Experiment
1. Specifically, although children in the Ambiguous Identity condition were told that the animals could
not both slide down the slide at the same time and that they would need to take turns, children might
not have understood. Since both animals were waiting in the top of the slide, children may have
expected both animals to slide down the slide or may have thought that the animals would slide down
one after the other in quick succession and therefore chose both snacks expecting both animals. For
children in the Unambiguous Identity condition, on the other hand, the fact that a single animal
was going to slide down the slide was made more explicit by the fact that they were told the identity
of the animal that would emerge from the bottom of the slide.

To examine this potential explanation for the results of Experiment 1, we conducted Experiment 2.
Experiment 2 was similar in structure to Experiment 1 except that we told children that one of the

8
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animals would wait its turn inside a separate box that was physically removed from the slide appa-
ratus so that there was only one animal waiting in the top of the slide. As in Experiment 1, the exper-
imenter first placed both animals inside the top of the slide. She then showed children a separate
empty box, placed one of the animals inside the box (behind the playground structure so that children
could not see which animal was placed in the box), shook the box so that the animal rattled around,
and told children that one of the animals was inside. In the Unambiguous Identity condition, children
were told which animal was waiting inside the box (e.g., “Cow is going to wait his turn in this box”). In
the Ambiguous Identity condition, the experimenter told children that one of the animals would wait
its turn inside the box but that she did not know which one. The experimenter then placed the box
under the table out of view. Children were then told that an animal would slide down the slide,
and they were asked to “get snack ready.” Critically, this manipulation meant that all children knew
that only one animal was inside the slide structure, and therefore only one animal could slide down. If
children’s responses in the Ambiguous Identity condition of Experiment 1 were driven by the mis-
taken belief that both animals would slide down the slide, we predicted that children in Experiment
2’s Ambiguous Identity condition should select one snack at rates similar to children in the Unambigu-
ous Identity condition, since it was made explicit in both conditions that only a single animal was
waiting to slide down. Alternatively, if children are able to represent multiple mutually exclusive pos-
sible identities and prepare for those possibilities, we predicted that children would choose both
snacks in the Ambiguous Identity condition significantly more than children in the Unambiguous
Identity condition.

Experiment 2
Method

Participants

A total of 105 3- and 4-year-old children participated in Experiment 2, with 49 in the Ambiguous
Identity condition (n = 24 3-year-olds, mean age = 41.33 months, range = 36-47, 13 girls and 11 boys;
n = 25 4-year-olds, mean age = 53.68 months, range = 48-59 months, 13 girls and 12 boys) and 56 in
the Unambiguous Identity condition (n = 25 3-year-olds, mean age = 42 months, range = 36-48, 5 girls
and 20 boys; n = 31 4-year-olds, mean age = 54 months, range = 48-59, 13 girls and 18 boys). Children
were tested at the Museum of Science, Boston. We aimed to recruit 96 children (48 children per con-
dition), corresponding to the sample size of Experiment 1. The final sample of 105 was due to over-
recruitment in the museum setting. An additional 9 participants were tested but were excluded from
analysis due to experimenter error (n = 3) or caregiver interference (n = 6). The institutional review
boards of the Boston University Charles River Campus and the Museum of Science, Boston, approved
the study.

Apparatus and stimuli

The apparatus for Experiment 2 included the same playground and animals that were used in
Experiment 1 plus two new animals, a dog and a panda, and two new plastic food items, a muffin
and a strawberry (similar in size to the stimuli used in Experiment 1). In addition, Experiment 2
included a separate black foam core box (10 x 10 x 10 cm), with a flap that could be opened or closed,
into which a single animal could be placed.

Procedure

Children were assigned to either the Ambiguous Identity condition or the Unambiguous Identity
condition. All children completed two familiarization trials, followed by two condition-specific test
trials.

Familiarization trials. The first familiarization trial was identical to the familiarization trial of Experi-
ment 1. In the second familiarization trial, we aimed to familiarize children with two animals and
turn-taking before introducing them to the removal of one of the animals from the scene. To this
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end, the second familiarization trial was identical to the first test trial in the Ambiguous Identity con-
dition of Experiment 1, in which children were told that both animals wanted to slide down the slide
but they needed to take turns, the experimenter did not know which animal would go first, and chil-
dren were asked to “get snack ready.” Thus, this trial served to familiarize children with the apparatus
and the concept of “turn-taking” as well as serving as a direct replication of Experiment 1’s Ambiguous
Identity condition.

Test trials. The test trials proceeded similarly to Experiment 1 except that one of the animals was
placed inside an opaque box, such that there was only a single animal waiting in the top of the slide.
In the first test trial, the experimenter introduced Piggy and Cow and their favorite snacks, hid the ani-
mals inside the top of the slide apparatus, and told children, “They want to go down the slide, but they
can’t go down the slide at the same time because they won't fit and they might get hurt! So, they have
to take turns!” The experimenter then showed children an opaque black box, shook the box, and said,
“Look, this box is empty!” She then held the box up to the back of the slide apparatus and placed one
of the animals inside the box out of children’s view (which animal was placed inside the box was
counterbalanced across children).

In the Ambiguous Identity condition, the experimenter then said, “This time, one of them is going
to wait their turn in this box. [experimenter shook box] See, one of them is inside the box! I'm going to
put the box away for now.” After placing the box under the table, she said, “One of them is going to go
down the slide, but I don’t know which one: Piggy or Cow. Can you get snack ready?”.

In the Unambiguous Identity condition, the experimenter placed an animal inside the box and said,
“This time, [Piggy/Cow] is going to wait their turn in this box. [The experimenter shook the box] See,
[Piggy/Cow] is inside the box! I'm going to put the box away for now.” After placing the box under the
table, the experimenter said, “One of them is going to go down the slide. Can you get snack ready?”
Note that, unlike in the Unambiguous Identity condition of Experiment 1, the experimenter did not
explicitly tell children which animal would slide down the slide. Instead, children needed to infer
the identity of the animal and then select the appropriate food for that animal.

After children made their choices, the experimenter gave feedback as in Experiment 1. The second
test trial proceeded similarly except with Dog and Panda and their favorite snacks, a muffin and a
strawberry, respectively.

Analysis plan and hypotheses

Analyses were conducted as in Experiment 1. We hypothesized that, if children represent multiple
mutually exclusive possible identities for the animal inside the slide, they would select both snacks
significantly more often in the Ambiguous Identity condition compared with the Unambiguous Iden-
tity condition.

In addition, we analyzed the results of the second familiarization trial and compared the results
with the Ambiguous Identity condition of Experiment 1 to examine whether the results replicated
across experiments.

Results

Familiarization trial

In the second familiarization trial, a minority of children (12 of 49 3-year-olds [24%] and 14 of 56 4-
year-olds [25%]) chose only one snack, not significantly different from children’s choices in the first
test trial of the Experiment 1 Ambiguous Identity condition in either age group (ps > .62).

Test trial

The results of the first test trial are shown in Fig. 2. In the Unambiguous Identity condition, where
children were told the identity of the animal that was waiting in a separate box, the majority of chil-
dren from both age groups chose only one snack (3-year-olds: 15 of 25 children [60%] chose one snack;
4-year-olds: 26 of 31 children (84%) chose one snack), and the difference between the age groups was
not significant (Fisher’s exact test, p =.07, OR = .29). Children in both age groups were largely success-
ful at inferring the identity of the animal that was waiting in the slide after hearing which animal was
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waiting its turn inside the box, as evidenced by children’s choice of snack (11 of 15 3-year-olds [73%]
and 19 of 26 4-year-olds [73%] chose the correct snack for the animal); the majority of children chose
Cow’s favorite food when they were told that Piggy was waiting inside the box and chose Piggy’s
favorite food when they were told that Cow was waiting inside the box, with no differences between
the age groups (Fisher’s exact test, p = .74, OR = .68).

In the Ambiguous identity condition, where children were told that one animal was waiting inside
a separate box but were not told the identity of the animal, the majority of children in both age groups
selected both snacks (3-year-olds: 5 of 24 children [21%] chose one snack; 4-year-olds: 5 of 25 children
[20%] chose one snack), and there were no significant differences in children’s choices between age
groups (Fisher’s exact test, p = 1, OR = .95). Children’s choices in the Ambiguous Identity condition
did not differ significantly between Experiment 1 and Experiment 2 (Fisher’s exact test, p = .174,
OR = .51).

Importantly, we observed significant differences in children’s snack choices across the two condi-
tions in both age groups; children in the Unambiguous Identity condition were significantly more
likely to select only one snack than children in the Ambiguous Identity condition (3-year-olds: Fisher’s
exact test, p = .009, OR = .18; 4-year-olds: Fisher’s exact test, p <.001, OR = .05).

Children’s responses on the second test trial are shown in the supplementary material (first and
second trial data did not differ significantly; see Fig. S2).

Discussion

In Experiment 2, we found that 3- and 4-year-olds, when tasked with preparing for two mutually
exclusive possible identities, were able to do so successfully. These results are consistent with the
results of Experiment 1 while ruling out a potential confounding factor from Experiment 1. In Exper-
iment 2, only one animal was available to slide down the slide after the other animal was physically
removed from the scene. Children again selected one snack significantly more often when they could
infer the specific identity of the animal inside the slide (Unambiguous Identity condition) compared
with children who did not know the specific identity of the animal inside the slide (Ambiguous Iden-
tity condition), who were more likely to select both snacks, accounting for both possible identities. We
discuss the implications of the results of both experiments in the General Discussion.

General discussion

In two experiments, we asked whether U.S. 3- and 4-year-old children could represent mutually
exclusive possible identities. Children were tasked with preparing “snack” for one of two possible ani-
mal characters that was going to slide down a single playground slide. Children could choose one or
both of the snacks that corresponded to the animals’ favorite foods. We found that when 3- and 4-
year-old children were explicitly told the identity of the animal that would slide down the slide, they
selected only one of the two possible snacks. However, when the identity of the animal was uncertain
(i.e., children knew that one of the two animals would slide down the slide but did not know which
one), children in both age groups were more likely to select both snacks, accounting for both possible
identities. Our results suggest that both 3- and 4-year-old children were able to represent multiple
mutually exclusive possible identities and could take the relevant actions to prepare for those
possibilities.

3 Interestingly, while children in Experiment 1’s Unambiguous Identity condition were nearly at ceiling in correctly selecting
only a single snack and correctly selecting the particular animal’s favorite snack, a subset of children in Experiment 2's
Unambiguous Identity condition selected two snacks and sometimes made errors with their choice of one snack at greater rates
than in Experiment 1 (p = .002). Experiment 2’s Unambiguous Identity condition required children to infer the identity of the
animal inside the slide by excluding the known identity of the animal inside the box. Reasoning by exclusion about object
identities can be challenging for younger children (Cheng & Kibbe, 2024). We speculate that children who had more difficulty in
reasoning by exclusion may have selected both snacks because they were uncertain about which animal was hidden inside the
slide and wanted to cover both possibilities.
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These results extend the literature on modal reasoning, which has largely focused on children’s rea-
soning about possible object locations, to include reasoning about possible identities. Children
encounter many scenarios in everyday life that may prompt them to think about mutually exclusive
possible identities. A child with a new unopened pack of Pokémon cards knows that the cards inside
the pack depict Pokémon with a range of possible specific identities, but the identities of the specific
cards in the pack are unknown until the pack is opened and the cards are examined. A child at her
birthday party may recognize that a wrapped present contains a LEGO set based on the box’s size
and shape, but whether she will get to build a castle or a spaceship or some other set is not known.
In these example cases, specific identity is uncertain, but the possibility space is fairly well-defined
and the possibilities are restricted by mutual exclusivity. We constructed a similar type of scenario
in our experiments and found that 3- and 4-year-old children could represent mutually exclusive pos-
sible identities and could generate appropriate behavioral responses based on those representations.
Our results suggest that young children’s capacity for modal representation may include possible
identity.

Previous research using physical-reasoning-demanding modal tasks often observed age differ-
ences, with 3-year-olds typically performing worse than 4-year-olds on tasks that require modal rea-
soning about multiple mutually exclusive possible locations of an object (Leahy, 2023, 2024; Leahy
et al,, 2022; Mody & Carey, 2016; Redshaw & Suddendorf, 2016; Redshaw et al., 2018; Suddendorf
et al., 2017; Turan-Kiiciik & Kibbe, 2024). Our results suggest that the 3-year-old children in our sam-
ple showed some competence at representing mutually exclusive possibilities in a task where they
needed to represent possible identities, as evidenced by the 3-year-olds selecting both snacks more
often in the Ambiguous Identity conditions compared with the Unambiguous Identity conditions in
both experiments. This result joins other recent work suggesting that younger children may be more
competent at modal reasoning tasks than previously thought (Alderete & Xu, 2023; Turan-Kii¢iik &
Kibbe, 2024). We speculate that although younger children may have the capacity to represent mutu-
ally exclusive possibilities, they may require more scaffolding than older children to engage those
representations.

One source of scaffolding in our task was the fact that children did not need to engage in physical
reasoning about objects’ trajectories and possible locations and did not need to coordinate motor
actions to anticipate and engage with those possible locations (for related discussion on the cognitive
demands of action planning, see Turan-Kiiciik & Kibbe, 2024; see also Phillips & Kratzer, 2024). Per-
haps this explains why our findings contrast with a previous study by Robinson et al. (2006), who
found that even 5- and 6-year-olds struggled with a task that required both representing possible
identities and predicting multiple possible object trajectories. In our task, children needed to think
about the possible identity of an animal in a single location with a single exit (requiring simultaneous
representation of possible identities without extensive simulation of possible trajectories) and needed
to place relevant objects in an area where an animal will appear. This may have made it easier for
younger children to demonstrate their competence with representing possibility.

Another potential source of scaffolding for younger children in our task was the language used to
describe the scenario to children. Children in the Ambiguous Identity conditions of Experiments 1 and
2 heard modal language—specifically the word one combined with the disjunction or—in our descrip-
tion of the task scenario (e.g., “One of them will slide down, but [ don’t know which one, Bunny or Mon-
key”). One advantage of physical-reasoning-heavy modal reasoning tasks is that they rely on children’s
intuitions that objects that are released will drop down (even if children’s intuitions about those tra-
jectories are not always accurate; e.g., Hood, 1995, 1998; Hood et al., 2006), and therefore these tasks
can be deployed with less exposition about what the task requires. We attempted to reduce physical
reasoning demands in our task, but in doing so we introduced language that could provide clues into
the modal nature of the task. Younger children in particular may have benefitted from such modal lan-
guage, allowing them to engage representations of possibility that might not necessarily have been
spontaneously available to them. Whether these younger children would spontaneously represent
mutually exclusive possible identities in the absence of such language is an open question that we
plan to pursue in future studies.

On the other hand, some previous work has found that younger children sometimes are confused
by disjunctive language—in some contexts, children (and adults) may interpret the disjunctive word
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“or” as the conjunctive “and” (e.g., Singh et al., 2016; Tieu et al., 2016). For example, a young child who
views a picture of a person holding an apple and hears the statement “The boy is holding an apple or a
banana” may report that this statement is false (although it is logically true; Singh et al., 2016). If chil-
dren in our task interpreted the word “or” as “and”, they may have selected both snacks because they
expected both animals to slide down the slide. We think that a conjunctive interpretation of “or” in
our task is unlikely for several reasons. First, other work suggests that, given additional context, young
children can and do show that they interpret “or” disjunctively and not conjunctively (Jasbi & Frank,
2021; Skordos et al., 2020). Second, children were explicitly told at the outset that only one animal
could slide down the slide at once. Third, the sentence in which “or” was embedded did not require
children to use implicature to interpret the meaning of the word “or”—children were explicitly told
that the “or” statement refers to a single animal’s identity: “One of them will slide down, but I don’t
know which one, Bunny or Monkey.” In this context, interpretation of “or” as “and” would result in a
pragmatically odd interpretation. Finally, the way that “or” was used in our task is common in chil-
dren’s natural language environments. For example, a child might be asked, “Do you want ice cream
or cookies?” (to which it would be unnatural to reply “Yes!” as if the question was conjunctive,
although we suspect a child might reply with “Both!”). Nevertheless, future work should aim to better
understand how children think about mutually exclusive possible identities in tasks without modal
language.

It is also worth noting that, although we did not find significant differences in task performance
based on age, inspection of Fig. 2 and Fig. S2 suggests that 3-year-olds may have found our task a
bit more challenging than 4-year-olds did. Developmental change in modal representational capacity
could be one factor driving this (as suggested by Leahy and colleagues; e.g., Leahy & Carey, 2020), but
development of other cognitive processes that are undergoing substantial change between 3 and
4 years of age, such as future-oriented thinking and planning (Atance et al., 2023; Atance & O’Neil,
2005; Blankenship & Kibbe, 2019, 2022; Prabhakar & Hudson, 2014), general language abilities
(Conti-Ramsden & Durkin, 2012), and executive functions (e.g., Zelazo et al., 2003), could also drive
developmental differences. Further work is needed to identify potential sources of developmental
change driving children’s performance on a variety of modal reasoning tasks, including tasks that
require representation of possible identities.

Some have theorized that the capacity for thinking about possibilities may be a domain-general
process that allows individuals to simultaneously represent conflicting representations as merely
“possible,” thereby allowing them to consider and prepare for such possibilities (e.g., Redshaw,
2014; Redshaw & Suddendorf, 2020; Suddendorf, 1999). Our study provides an additional develop-
mental data point to this theorizing by showing that young children can represent possible identities
in addition to possible object trajectories and locations. Future work is needed to examine the extent
to which children in these tasks rely on a more general “metarepresentational” capacity to represent
possibility across a range of different types of uncertain scenarios.
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